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PROJECTS FOR ALL! -
DRILL SPEED CONTROLLER o
| TV SOUND AMPLIFIER sa ke

DIGITAL TEST METER

RIAA PREAMPLIFIER

ENVELOPE SHAPER

SURVIVAL GAME

VOCODER




8K ON BOARD MEMORY!

5K RAM. 3K ROM or 4K RAM, 4K ROM ({link
selectable). Kit supplied with 3K RAM, 3K ROM.
System expandable for up to 32K memory.

2 KEYBOARDS!

56 Key alphanumeric keyboard for entering high level
language plus 16 key Hex pad for easy entry of
machine code.

GRAPHICS!
64 character graphics option — includes
transistor symbols! Only £18.20 extra!

MEMORY MAPPED )
high resolution VDU circuitry using discrete
TTL for extra flexibility. Has its own 2K
memory to give 32 lines for 64 characters.

KANSAS CITY

low error rate tape interface.

PSI COMP 80
Z80 Based powerful
scientific computer
design as published

in
WIRELESS WORLD

2 MICROPROCESSORS

780 the powertul CPU with 1568 instruction, including
all 78 of the 8080, controls the MM57109 number
cruncher. Functions include +, —, ', /, squares,
roots, logsggxponemia@ trig functions, inverses etc
Range 107~ t0 9x 197" to 8 figures plus 2 exponent
digits.

EFFICIENT OPERATION

Why waste valuable memory on sub routines for

numeric processing? The number cruncher handles
everything internally!

RESIDENT BASIC

with extended mathematical capability. Only
2K memory used but more powerful than
most 8K Basics!

1K MONITOR
resident in EFROM

SINGLE BOARD DESIGN
Even keyboards and power supply
circuitry on the superb quality double
sided plated through-hole PCB.

COMPLETE KIT
NOW ONLY
£225 + VAT

Cabinet size 19.0'" X 157" X 3.3"". Television not included in price

The kit for this outstandingly practical design by John
Adams published in a series of articles in Wireless World
really is complete. Included in the PSICOMP 80 scien-
tific computer kit is a professionally finished cabinet,.
fibre-glass double sided, plated-through-hole printed
circuit board. 2 keyboards PCB mounted for ease of
construction, IC sockets, high reliability metal oxide

resistors, power supply using custom designed toroidal

transformer. 2K Basic and 1K monitor in EPROMS and,
of course, wire, nuts, bolts, etc.

KIT ALSO AVAILABLE AS SEPARATE PACKS
For thoss custemers whe wish te apread their purchaze of buiid a persosalised system the kit is available-as
separate pocks eg. PCB (16" X 12.5") £43.20. Pair of keyboards £34.80. Firm iv EPROMS £30.00.
Tereidal transtormer and powsr supply componuals £17,50. Cahinst [vory ruggud. made trom stesl. ruslly
beautifully finished] £26.50. P.S. WEl greally enhanca amy other singls basrd compuler including OHIO
SUPERBOARQ for which it can he readily modified. Olher packs listed in our FREE CATALOGUE.

PSI COMP 80 Memory Expansion Sys-
tem

Expansion up to 32K all inside the computer’s own cabinet!

By carefully thought out engineering a mother board with buffers and its
own power supply (powered by the computer’s transformer) enables up to
38K RAM or 8K ROM boards to be fitted neatly inside the computer
cabinet. Connections to the mother board from the main board expansion
socket is made via a ribbon cable

Mother board: Fibre glass douole sided plated through hole
P.C.B..8.7" x 3.0' set of all components
including all brackets, fixing parts and ribbon
cable with socket to connect to expansion plug

. £39.90

THIS MONTH’'S FRONT COVER FEATURE!

* ETI VOCODER «

POHERTAON

Panel size 19.0” x 5.25”. Depth 12.27,

14 CHANNELS! 2 OSCILLATORS!
NOISE GENERATOR! VOICED/UNVOICED DETECTOR!
SLEW RATE CONTROL! LED PPM METERS!

COMPLETE KIT ONLY £195 + VAT

8K Static Fibre glass double sided plated through hole  Kit includes FREE foot control and test oscillator!
RAM board PCB. 56" x4.8" C....... £1250 ; ) ) o 1
Set of components including IC sockets. plug Like all our kits the ETI VOCODER really is complete — fully finished metal work, professional quality com-
and socket but excluding RAMs . £11.20 ponents (all resistors 2% metal oxide), nuts, bolts, etc. — even a 13A plug!
2114L RAM (16 required) . ... £5.00
Complete set of board, components, 16 RAMS
A . £89.50 {
BK Fibre glass double sided plated through hole M ANY M 0 R E KITS
OM board P.CB.5.6""x4.8" o S . £12.40
R Set of components including IC sockets. plug 0 N PAG E 8
and socket but excluding ROMs £10.70
2708 ROM (8 required) . .. .. £8.00
Complete set of board, components, 8 ROMs
S 2 o ... ... £78.50 PRICE STABILITY: Order with confidence. Irrespective of any price changes we
will honour all prices in this advertisement until October 31, 1980, if this month's
ouUR cATALOGUE IS FRE E! wWRITE OR PHONE NOW! advertisement is mentioned with your order. Errors and VAT rate changes excluded.

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

: documentation.
POW E RT RA N E L E T R N I Cs U.K. ORDERS. Subject to 156% surcharge for VAT. No charge is made for carriage,

PORTWAY INDUSTRIAL ESTATE

or at current rate if changed.
SECURICOR DELIVERY: For this optional service (U.K. mainland only) add

\ £2 50(VAT inclusive) per kit. :
ANDOVER SALES COUNTER: If you prefer to collect kit from the factory, call at Sales

ANDOVER, HANTS SP103NM (STD 0264) 64455 Counter. Open 9a.m.-12 noon, 1430 p.m. Monday-Thursday.
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Vocoder ET! excitation p.58

FEATURES

NEWS

HEAD AMP DESIGN
CURRENT AFFAIRS
MICRO BASICS

SPOT DESIGNS
AUDIOPHILE

RAVEN ON

DESIGNERS NOTEBOOK
TECH TIPS

7 The first and best right here.
Matching your moving coil.
Conducive reading this.

A potted computer history.
Tested circuits for all.

It’s music to your ears.

This one’ll leave you speechless.
An attenuated Project Editor.
We leave it up to you.

PROJECTS

VOCODER

DRILL SPEED CONTROLLER
TV SOUND TUNER
DIGITAL TEST METER

—

Testing Time p.79

s

SURVIVAL GAME
ENVELOPE SHAPER
RIAA PREAMP
FOIL PATTERNS
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Orchestrate your vocals.

Holy smoke!

Sound and vision.

Are your digitals up to scratch?
It's do or die on this one.
Shape’your keyboards.

Pure magnetism.

102 The nitty-gritty of our projects.
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INFORMATION

NEXT MONTHS ETI
NEXT MONTH’S CT
CLOCK RADIO OFFER
BOOK SERVICE
ETIPRINTS

14 Look out for October.

31 Fill your RAMs here.

41 Time for a tune.

85 . A tome for the home.
105 PCBs galore.
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The Sinclair ZX80.

Price breakdown
ZX80and manual: £69.52
VAT: £10.43
‘-_ Post and packing FREE
Please note: many kit makers quote VAT-exclusive prices. ‘ \\\\\\\K

’Ve‘ly

You've seenthe reviews...you've heard the excite-

ment...now make the kit!

Thisisthe ZX80. 'Personal Computer World' gave

it 5 stars for'excellent value.' Benchmark tests
say it's faster than all previous personal com-
puters. And the response from kit enthusiasts
has been tremendous.

To help you appreciate its value, the price is
shown above with and without VAT. Thisis so
you can compare the ZX80 with competitive
kits that don’'t appear with inclusive prices

‘Excellent value’ indeed!

Forjust £79.95 (including VAT and p&p) you
get everything you need to build a personal
computerathome...PCB, with IC socketsfor
allICs; case; leads fordirect connectionto a
cassette recorderandtelevision (black and
white or colour): everything!

Yetthe ZX80 really is a complete, powerful,
full-facitity computer, matching or surpassing
otherpersonal computers at several times
the price.

The ZX80is programmed in BASIC, and you
canuse itto do gquite literally anything from
playing chess to managing abusiness.

The ZX80is pleasantly straightforward to
assemble, using a fine-tipped soldering iron.
Itimmediately proves what a good job you've
done; connectitto your TV.. linkitto an
appropriate power source*...and you're
ready to go.

Your ZX80 kit contains...

@ Printed circuitboard, with IC sockets for
allICs. .

@® Complete components set, including all
ICs-all manufactured by selected world-
leading suppliers.

@® New rugged Sinclairkeyboard, touch-
sensitive, wipe-clean.

@® Ready-moulded case.

| ® {.eadsand plugs forconnection to
domestic TV and cassette recorder.
(Programs can be SAVEd and LOADed
on to a portable cassette recorder.)

@ FREE course in BASIC programming and
usermanuai.

Optional extras

@ Mains adaptor of 800mAat9VDC
nominalunregulated (available
separately —see coupon).

@ Additional memory expansion boards
allowing up to 16K bytes RAM. (Extra
RAM chips also available -see coupon).

*Use a 600 mA at 9 VDC nominal unregulated mains
adaptor. Available from Sinclair If desired (see caupon)
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The unique and
valuable components of the

Sinclair ZX80.

The Sinclair ZX80 isnotjust another
personal computer. Quite apart fromits
exceptionally low price, the ZX80 has two
uniguely advanced components: the Sinclair
BASIC interpreter; and the Sinclair teach-
yourself BASIC manual.

The unigue Sinclair BASIC interpreter offers
remarkable programming advantages:

@ Unique ‘one-touch’ key word entry: the
ZX80 eliminates a great deal of tiresome
typing. Key words (RUN, PRINT, LIST, etc.)
have their own single-key entry. -

@ Unique syntax check. Only lines with correct
syntax are acceptedinto programs. A cursor
identifies errors immediately. This prevents
entry oflong and complicated programs with
faults only discovered when you try to
runthem.

@ Excellent string-handling capability ~takes
up to 26 string variables of any length_ All
strings can undergo all relationai tests (e.g.
comparison). The ZX80 also has string input-
torequestaline of textwhen necessary.
Strings do notneed to be dimensioned

@ Upto 26single dimension arrays.

@® FOR/NEXT loops nestedup to 26

® Variable namesofany length.

® BASIC language also handles full Boolean
arithmetic, conditionai expressions, etc.

@ Exceptionally powerful edit facilities, allows
modification of existing programtines

® Randomise function, useful forgamesand
secret codes, as wellas more serious
applications.

@ Timerunder program control.

@ PEEK and POKE enable entry of machine
code instructions. USR causesjumptoa
user's machine language sub-routine

@ High-resolution graphics with.22 standard
graphic symbols.

@ All characters printable in reverse under
program control.

® Linesofunlimited length.

\\%{\\
A i \\“\ AP gl

A\\\\\\\\

\\\\\
\\\\‘:::‘ \‘ \\\\\\
‘“\\\\\\“ \ \ Ty \\\\\\\\
\\\\\\\ “ \\\‘

\\\\
\\\\\\\\\\\

o N \\\‘%\\\\‘\ e
%\}7 %\\\ \\%\\\\W‘ v,,%\\\\\\\&\ \\\\\%\p\‘\\\\\ 5§

\\\“' S - con @\\\\\\\'\Q\\\\\\\
\\%\\\ W\\\\g\\\\\\\@b\&\\“ \

Fewer chips, compact
design, volume production—
more power per pound!

The ZX80 owesitsremarkable low price to
its remarkable design: the whole system s
packedon to fewer, newer. more powerful
and advanced L.Sichips Asingle SUPERROM,
forinstance, containsthe BASIC interpreter,
the character set, operating system, and
monitor. And the ZX80's 1K byte RAM is
roughly equivalentto 4K bytesin a conven-
tional computer-typically storing 100 lines of
BASIC. (Key words occupy only asingle byte.)

The display shows 32 characters by 24 lines

And Benchmark tesis show that the ZX80
is fasterthan all other personal computers.

No other personal computer offers this
unique combinaticn of high capability and
low price.

780 A microprocessor-new, Sockets forTV,
fasterversion of the famous cassette recorder.
Z-80 microprocessor chip, power supply.
widelyrecognised as the best

ever made. SUPER ROM.

UHF TV
modulator.

RAM chips.

ETI SEPTEMBER 1980



The Sinclair teach-yourself
BASIC manual.

{fthe specifications of the Sinclair ZX80
mean httle to you-don't worry. They're alt
explained in the specially-written 128-page
book free with every kit! The book makes
learning easy, exciting and enjoyable. and
represents a complete course in BASIC
programming -from first principles to complex
programs (Available separately -purchase
price refundedif you buy a ZX80 later.)
Ahardware manualis also included with
every kit.

The Sinclair ZX80. Kit: £79.95.
Assembled: £89.95. Complete!

The ZX80 kit costsa mere £79.95. Can't
wait to have a ZX80 up and running? No
problem!it's also available, ready assembled
and complete with mains adaptor, for
only £99.95.

Demand for the ZX80 is very high: use the
coupon to ordertoday for the earliest possible
delivery. All orders will be despatched in strict
rotation. We'llacknowledge each order by
return, and tell you exactly when your ZX80
will be delivered. If you choose not to wait, you
can cancel your orderimmediately, and your
money will be refunded at once. Again, of
course, you may return your ZX80 as received
within 14 days for a full refund. We want you to
be satisfied beyond all doubt-and we have

no doubt that you will be

=]
Science of Cambridge L.td

6Kings Parade, Cambridge, Cambs., CB2 1SN.

Tel: 0223 311488.
ETI SEPTEMBER 1980

ZX80 software-
'~ now available!

See advertisements in Personal
Computer World, Electronics Today
International, and other journals.

New dedicated software -developed
independently of Science of Cambridge -
reflects the enormous interest in the ZX80. More

software available soon~from leading consult-
ancies and software houses.

To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB2 1SN.

Sinclair ZX80 Manual(s) (manual free with every ZX80 kit
orready-made computer).

5.00

NB. Your Sinclair ZX80 may qualify as a business expense.

TOTAL

£

ORDER Remember: all prices shown include VAT, postage and packing. No hidden extras.
FORM  pleasesend me: I
Quantity | item Item price Total I
£ B, -
Sinclair ZX80 Personal Computer kit(s). Price inzludes I
ZX80 BASIC manual. excludes mains adaptor £79.95
Ready-assembled Sinclair ZX80 Personal Computer(s) l
Price includes ZX80 BASIC manual and mains
adaptor £99.95 l
Mains Adaptor(s) (600 mA at 3V DC nominal unregulated) 8.95
Memory Expansion Board(s) (each one takes up to I
3K bytes). 12.00
RAM Memory chips -standard 1K bytes capacity 16.00 I

Please print

I
I
I
]
I
I
|
I
I
I
I

Address

Name. Mr/Mrs/Miss

lenclose a cheque/postal order payable to Science of Cambridge Ltd for £

!
N
l
I

l ETI/9/80 I
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VAT

La by TEXAS.
7400 11p
74500 0p
7401 12p
7402 12p
7403 14p
7404 1dp

‘7405 18p
7406 36p
7407 36p
7408 17
7409 19p
7410 16p
7411 24p
7412 20p
413 30p

7414 40p
74C14 90p
7416 27
7417 27
7420 17p
7421 40p
7422 22p
7423 34p
7425 30p
7426 40p
7427 34p
7428 36p
7430 17p
7432 30p
7433 40p
7437 36p
7438 35p
7440 17,
7441 70p
74428 s0p
7443 112p
7444 12p
7445 100p
744BA 93p
7447A 75p
7448 80p
7450 17p
7451 17p
7453 17p
7454 17p
7460 17p
7470 38p
7472 30p
7473 34
7474 30p
7475 38p
7476 32p
7480 S50p
7481 100p
7482 84p
7483A 90p
7484 100p
7485 110p
7486 34p
7489  210p,
7490A 36p
7491 80p
7492A 48p
7493A 36p
7494 84p
74954 70p
7496 65p
7497 180p
74100 130p
74107 34p

74109 58p
74116  200p
74118 130p
74119 210p
74120 110p
74121 34p
74122 48p
74123 80p
74125 75¢
74126 80p
74128 75p
74132 75p
74136 75¢
74137 50p
74141 50p-
74142 200p
74145 90p
74147  190p
74148°  180p
74150 130p
74151A 70p
74153 70p
74154 120p
74155 90p
74156 20p
74157 70p
74159 190p
74160  100p
74161  100p
74162 100p
74163 100p
74164  120p
74165 " 130p
74166  120p
74167 200p
74170 240p
74172 450p
74173 120p
74174 90p
74175 85p
74176 90p
74177 20p
74178 160p
74180 93p
74181 160p
74182 90p
74184  150p
74185 150p
74188 500p
74188 325p
74190 120p
74191 120p
74192 100p
74193 100p
74194 120p
74195 95p
74196 95p
74197 80p
74198 150p
74199  150p
74221 180p
74251  140p
74259 250p
74278 290p
74279 110p
74283 160p
74284  380p
74285 380p

74290  180p
74293 150p
74298  200p
74365  100p
74366 100p
74367 100p
74368 100p
74390  200p
74393 200p
74490  226p
74LS SERIES
74800  14p
741502 18p
741503 18p
741504  16p
741505  26p
741508  22p
741810 20p
74111 40p
74513 40p
74814 80p
74515 46p
74520  20p
741521 4Qp
741527 3%
741830  20p
74(832 27
741537 30p
741838 38p
741842 70p
740547  90p
74851 24p
74155  30p
741S73  50p
74574 38p
741575 48p
741576 45p
741583 70p
74185  80p
74LS86  40p
741590  S0p
741592 70p
741593 sOp
741596 110p
7415107  48p
7415109  80p
745112 40p
7415113 90p
745114 asp
7415122 80p
748123 708
7415124 180p
7415125  50p
7415126 60p
7415132 60p
74Lsuga 30p
745136
7415138 ?‘s}‘:
7418139 75p
745145 120p
7418147 220p
7415148 175
7415151 80p
7415153 60p
7415154  200p
7415155  80p
74LS156  80p
745157 60p
74(5158  60p
74LS160  90p
7415161 100p
7415162 140p
7415163 100p
7415164 120p
7415165 140p
7415166 180p
7415173 110p
741S174  100p
7405175 1
7415181
7415190 100p
7415191 100p
7415192 100p
7415193 100p
7415195 140p
74LS196 120p
7415197  %0p
7415221 120p
7415240 176p
7415241 17%p
7415242 170p
7415243 170p
7415242 150p
7405245 350p
7415247 140p
7415248 140p
7415249 1a0p
74(5251 140p
7415253 90p
7415257  80p
74(S258 180p
74L5259 180p
7415266 100p
7415273 170p
7415279 90p
7415283 90p
74(5298 2489
7415324 200p
7415348 200p
7415365 48p
7405367  70p
7415368 100p
7415373 150p
7415374 150p
74(5378 140p
7415390 160p
7415383 160p
7415445 140
74L5668 100
7415669 100p
74L5670 400p
4000 SERIES
4000 150
20p
20p
95p
25p
80p
40p
S0p
25p
25¢p
Sp
84p
84p
45p
80p
asp
45p

3
4020 1 TRANSISTORS | 8FR40 250 TIP3 1A 58p, 1 2N3553 m; 40409 88p 10A 400V 200p
B oo sSsERIES Tt ES0p 745114-120p | AC125  26p | BFR&1 28y | TIP3IC 82 | IN3565 30 | 40410  8en | son ooV 400p
4022 100w 9302  175s 74504  80p 745124 300p | AC127/B 20p | BFR79  25p | TIP32A  88p | N3584 250p | 40411  300p
4023 27p | 9308 318p 74505 75p 745132 180p | ACt76 25¢p | BFRBO 26p | TIP32C  82p | 2N3pA3/4 4Bp | 40594  120p
4024 S0p | 9310  278p 74508  76p 745133 7%p | AC187/8 28p | BFR81 26p | TIP33A  90p 02/3 12p | 40595 120p ZENERS
4025 20p | 9313 275p 74510  80p 745138 228p | AF116 50p | BFX29 30p | TIP33C 114p | 2N3704/5 12p | 40673 i 2.7v-33v
4026 130p | 9312 150p 74520 60p 745139 226p | AD149 70p | BFX30 34p | TIP34A 115p | 2N3706/7 14p' | 40847 90p 400mwW o
4027 s50p | 9314 1859 74530 80p 745157 250p | AD161/2 4Sp BFXB4/5 40p TIP34C 160p | 2N3708/9 12p 4087172 90p w 15p
4028 84p | 9316 226p 74532  90p 745174, 250p | AUYOT  200p | BFXB6/7 30p | TIP3SA 225p | 2N3773  300p
4029 100 | 9321  228p 74537 90p 745175 320p | BC107/8 11p | BFXBB  30p | TIP3SC 280p | 2N3819  2%p
4030 88p | 9322 150p 74564 80p 745194 380p | BC109 11p | BFW10 90p | TIP36A 270p | 2N3820 ;w TRIACS
4031 200p | 9334 360p 74574  90p 745241 4BOp [ BC117  20p | BFYSO  30p. | TIP36C 340p. | 2N3IB23  70p oo PLASTIC
4033 180p | 9368 250p 74585 300p 745260 70p | BC147/8  #p | BFYS1/2 30p | TIP41A  eSp | N3ace  sop | DMODE 12p | 3400V eop
200p | 9370  300p 74586  180p 745373 BOOp | BC14S ~ 10p | BFYSE  33p | TIPAIC  78p | 2N3902 9% | Byx35.300] 20p | 3AS00V  €8p
4035 1100 | 9374 200p 745112 120p 745374 800p | BCIS7/8 10p | BFYSO  80p | TtP42a  70p | 2N3%03/4 18p | BYXI! £ 400v  70p
4036 298p BC159  11p | BAY3 45p | TIP42C  82p | 2N305/6 20p | ] 18p | 6AS00V  88p
4037 1155 | LINEAR ICs T MK50398 750p | BC169C 12p | 8SX19/20 20p | TIPS4  160p | 2N4037 e5p | OAB 21 sasoov 7
4038 120p | AY10212 s00p | “mLo20 7780 | BC172  12p 1 226 | TIP120 120p | 2N40S6/0 12p |. o0 ap | BAS00V  95p
4039 340p | AY1.1313 88 | MM57160  620p | BC177/8 17p | 'BUIOS  180p |'7IP122 130p | 2N40ED  12p | 940 2| t2ad0v ssp
4040 100p | AY1-1320  320p | !NES3 150p | BC179  18p | BUIDB  260p | TIP142  130p | 2N4061/2 18p | LC op | 12A500v 108p
4041 80p | AY15050 140p | 'NE5SS 22p | BC182/3 10p | BUI0S  228p | TIP147 130p | N4123/4 27p | OO o | 16A200V 110p
4042 80p | Av3.1270 840p NE556 70p | BC1B4 1p | BU205  200p | TIP29SS  78p | 2N4125/6 27p | oo 10p | 16AS00V 130p
4043 %0p | Av5122aA  240p | NESE1B 426p | BC187 ~ 30p | 8U208 200p | TIPAOSS 70p | 2N4401/3 27p | CRASOZ ap | T2800D 1309
4044 90p | AY51315 600p | NESE28 5p [ BC212/3 11p | BUAOE  14Bp. | TIS43 2N4d27  90p | (Lo ™
4046 110p | AYS13174  778p | NES64 520p | BC214  12p | E300 S0p 1 TIS83  (30p p, 2NSE7) 80w poucha &
4047 100p | AY54007D  620p | NESES 130p | BC237  18p | E308 Sop | ZTX108 120 | INSO87 27 | |Naco1/2  Sp
4048 Ssp | CA3019 8op | NEses 188p | 8C327  18p | E310 S0p | Z1X300 13 | NSOS 2P | iN4003/2  ep
4049 s0p | Ca3046 700 | NES6? 1750 | BC337  18p | MU2501 228p | ZIXS00  18p | INS172  27p | [TEOND 6 | THYRISTORS
4050 48 | Ca3048 225 | Nes71 428p | BC338  16p | MI29SS  90p | ZTXS02  18p | 2NS179 8O | JUR2 . 38 | A SOV 40w
4051 80p | Ca3080F 72 | NESs3aA 280p | BCAGT ~ 36p | MJI001 228p | ZTXSO4  30p | 2NS191 80w | (US) 1ap | 1A400V  6Bp
4052 80p | CA3086 43p RC4151 400p | BC477/8 30p | MJE340 60p | 2N457A 250p | 2N5194  90p INS404/7 19p | 3ad00v  80p
4053 80p | CA3089¢ 2250 | ss668 270 | BCS16/7 8Op | MJE2955 100p | 2N696  35p | N5245  40p ) O o | 8600V 140w
4054  180p | CA309-AQ 378 | sam3zo9 POA | BC5478  18p | MJE3OSS 70p | 2N697  25p | 2N5296  j8p | 124400V 180p
4055 128p | CA3130E 0p | SAD1024A  1260p | BCS4BC  8p | MPF102 2NB98  48p | IN5401 SO0 | ey giNks 16A 100V 160p
4056 138p | CA3140€ 50p | SFF96364  1100p | BCS4SC  18p | MPF103/4 40p | 2N70BA  20p | 2N5457/8 40P | £o\ 70220 voh- 16A 400V 180p
4050 500p | CA3160E 100 | siag0 400p | BCSS7B  16p | MPF105/6 40p ( 2N708A  20p | INS450  4Op | .. peocng 16A 600V 220p
4060 140p | CANIGIE 180p | sn76003N  260p | BCSSOC  18p | MPSES31 SOp | 2NO1S  A8p | ONSE60 80w | 1o 0" 225 | grios . 1108
4063 12p | cAllG2e  450p | SN78013N  140p | BCY70  18p | MPSES534 8Op | 2N930  18p | NS4S Mdp | cITOC"  12p | Cioep 4ge
4066 8Bp | CA3189E 300p | SN76013ND  120p | BCY71/2 22p | MPSAOS 30p | 2N1131/2 20p | 2NSB7S  280p MCRIOY  36p
4067  480p | CA3280 100p | SN76477  200p | BD131/2 SOp | MPSA12 80p | 2NT613  26p | JN6027 48p |  BRIDGE 2N3525  130p
4068  27p | DAC14088  200p | SPBs1S 750p | BD135/6 Bdp | MPSA13 SOp | NT711  26p | 2NG107  65p | RECTIFIERS Nasda 140p
4069  20p | FX209 750p | TAAG21 278p | BDWWE& W%WP | MPSA20 BOp | 2NMZ102 70p | 2N6247 190 | 1A 5OV 1% | 3Nsog0 34p
4070 30p [ 1cL7106 850p | TBAS41811 225 | BD140  8Qp | MPSA42 BOp | 2N2160 380p | 2N62S4 130 | 1A 100V 20 | Iusosd  4op
4071 28p | 1CL8038 3400 TBABS1 200p | BDI1B9  60p | MPSA43 60p | 2N2219A 30p | 2NB290  86p | 14 400V 285p
4072 25 | ICM7555 80p | 7BAS00 90p | 8D232 98 | MPSASE 32p | IN2222A 30p | 6202 6Bp | 1A GOOV  30p
4073 25p | tFasep 96p | TRARIO 100p | 80233 75p | MPSA70 5Op | 2N2369A 26p | 25C1172 150p | oa sov  30p
4075 28p | M10C a28p | tBAB20 90p | BD235  85p | MPSUOS 83p | 2N2484  30p | 3N128  120p | 54 100v  38p
4076  107p | LM3I0IA 30p | TBASSO 300p | BD241  70p | MPSUO7 90p | 2N2648 4Bp | 3N140  120p | 2p a00v  45p | LOUD-
4081 27p | Man 70p TCA210 250p | 80242 70p | MPSU4S 80p | 2N2904/5 30p | 3N141  110p | 34 200v 60p | SPEAKERS
4082 27 | wm3ig 2000 | TCA220 350p | BOYSS 200p | MPSUBS 78p | 2N2906A 30p | 3N201  110p | 3a Goov  72p | Sie
4086 72p | (M319 226p | TCAS40 178p | BF200  32p | OC28  130p | 2N2907A 30p | 3N204  100p | 4 100V 98p | 2% 64R 80p
4089 138 | LM324 asp | TDA1004 300p | BF2448  36p | OC35 ~ 130p | 2N2926  8p | 40290  260p | 4a 400v 100p | 22 B8R 80p
4093 sop. | M330 76p. | TDA1008 320p [ BF25sB  70p | TIP20A  40p | 2N3053 30p | 40360  40p | ¢a sov sop | 2 8 90p
4094 250p | M348 #5p | TDA1O1O 226p | BF257/8 32p | TIP29C  BBp | 2N30S4  65p | 40361/2 759 | ga 100V 100p 1%  8R 100p
4095 95p | M377 175 | TDA1022 870p | BF259  36p | TIP30A  48p | 2N3055 48p | 40364 1200 | 55 400v 120
4096 86p | LM380 75 | TDA1022 120p | BFR39  26p TIP30C 60p  2N3442 140p 40408  70p
3(0)3; % mgg :1! AN : & }g: ;(1):7135 ;& gl‘:ogltz)rlss - uufo L LOW PROFILE DIt. SOCKETS BY TEXAS
- AY-3-1015P 500p
o |22 | wzan o | [Basges’ B | 207 soop AVE1013F  400p 8pin % 18pn 18p  24pn 24p
40101 132p | Lm725 3s0p | |TL079 a5p 21122 1 i - oy il 1 PV ¥ 'L
40102  180g | tM733 100 | |1i072 asp | 2112 = IMSOONING! 400 | Wejpn We  Zzpm. 22p] (30N 40P
40103 180p | LM741 18 | .Ti074 130 | 51940t Al
40104 99p | LM747 70 | 7L081 A8 40273 37 CHARACTE WIRE WRAP SOCKETS BY TEXAS
40105  99p | Lm748 350 | ‘Tios2 00 | 4044 oo GENERATORS 8pn 259  18pm  S0p  24pn  70M
40106 90p | 1m2017 280p | TLOB4 10p | 4116 asanc, W Yapn  38p  20pn  80p 28  BOp
prird 4"3: M3909 ;g: s z::: o :;2 RO32613UC. .oopw 16pin  40p  22pin  85p  40pin  100p
RO-3.2513LC. M .
o el Gl EE | el mR ) GG RS | RUGRN W s aecsolsewme
40114 280p | LM3915 250p | uN2003 100p 2518 5 Toggle e 415
4502 120p | (ma13s 120p | xr2208 360p | ROM/PROMs KEVBOARD sper sop | Gy &
4503 700 MC1310P 150p XR2207 200p 71301 700p ENCODER en 5 CX-17W 425p
4507 S6p | MC1458 asp XR2240 400p 745188 225p AY-5.2376 700p Skot 759 CCN-15W 425p
4508 290p | MC1495.  380p | Zn414 sop | 143287 3500 oo 2 | X2 4aop
4510 99p | MC1496 100 | znatsc 225y | 745387 350p oo 258 | sparesits
48511 180p | MC3340p 120p. | ZN424f 1259 745470 850p TRANSFORMERS o k"’ g 25p | C/CX/CCN S0p
4512 80p | MC3360P 120pt | Zna2se 400p 748471 850p | (pim 220/240V) red P 50p
4514 26859 I ASSIN 850p | 606 100maA  8gp | Pushistching SPCO SPARE ELEMENTS
4515 300p | VOLTAGE REGULATORS 825137 7500 | g09 75mA  92p 8 C/OX/X25 180p
4516 Ti0p | Fued PlasscT0-220 - a2 :9& 0120 12500ma 280p | SUDEOPDT ;g CON 200p
4518 100p [ b 7805 80p 7905 65p QR 2500 | waren ADCOLA IRONS
7912 # 93446 650p 9.09 1A 270p
iz oo iy e 7015 Jou. Baaas 2000 | 12v24 3sop | 1P/1ZW Al aon0 oo
4526 108p [ 113V 7818 sop 7918 70p | CPus 12000 | S02as01a 2400+ | 4P/3W asp |
4527 150p { o4y 7824 80p 7924 709 1802CE .| 2prew 45p | VEROBOARDS
528 1200 | o6ma 1092 26504 2000 Plosse a0 500 b8 chorge ot B
7905 7 case add S0p p&p charge
4oy ;;g v 78105 30p 79012 7g: 6502 10000 | to all marked * above our nor- CRYSTALS R 328p
12v 78L12 30p 6800 €50p 100KHz (Suitable for 20 x 14 pin or
4538 120p | j2¥ 78115 309 9L 700 | O300 12509 | ™ Ple charge) MMz 370p | 16 X 76 pin DIL ICs) DIP
4543 180p | GyyeR REGULATORS  78HGKC 600p 6809 2500p 1 DOBMHz 370p | Breadboard asabove with tracks
s 4% | mzosx 135p 7BHOSKC 800 | g0s0n 450p | RESISTORS High 32768Min  380p |"lor 31 way connecior 375
Ao LM317T 200p *78MGT2C 5 | gogsa 1200p | Stab 5% E12 2579545WHE 2008 [\ 1CEmoedseniCs o
ey ooop | (M3 s80p 78PO5 900p | 1NSB0BO  1000p | Carbon Fim 4MHz 350p | (Norack curting)
e mwp‘ M723 37p 79HGKC %% | z30 €10 | 8.867237MH: 400p C ONRECTOREIUG
4583 90y | OPTO-ELECTRONICS 280A 1150p | YW 1ORIM  Jp/Spes | 10.7MHz a80p) | o NECTON FLUGS 3
4584 %0p | 2NS777 4%  ORPEO 120p EPROMs one value 18MH; 3000, | e, bl
4585 150p. | OCPI1 130, ORPGY 120 17024 ooovl 1 vahgRHomM) FispBoeef|| (ZEIGIOMEE 2809 [ ERam ke 15008
4724 250p | ORPI2 1200 Tivs S6p 2708 450 one veiue ZAROMEL , 2109 | ey o
40097  90p | OPTO-SOLATORS DO 10 :
14411 11008 | o070 1 0 o0p SUPPORT DEVICES Miniature Presets €DGEBOARD CONNECTORS 0.156" PITCH
14412 1009 | orss 130p L pod 3242 800p | Hor/Ven 100R-1M  12p 2x10way 86p  2x22way 1389
18433 1100p' | Mosaaon  1o0® i 90p 3245 450p | Carbon Track Pots 2x15way  100p  2x25way  160p
14500 7000 | M5 %0p 6532 1000p 5K-1M Log or Lin 2x18way  120p
14599 290p (l)-E&g" 02" 6820 500p Single 30p
022100 3509 | U025 B R 10p 6827 375p Single with Switch  80p | COUNTERS E——
CD22101 T 6845 2500p Dua 720 | 74C925 475
00p | 111209 Red 13p TIL222 Gr 18p P MC4024 328p
o | NS thmw S | %20 % | aloeseme”| GR 0 UE | b o
INTERFACE 1.Ca | TI212Ye 2% Recanguier 8212 225¢ i sop | ICM72168 ’“op 10116 70p 1
OMB123 178p | TIL216 Red 8p LEOs(R,G.Y)  Mp 8216 2285p LOG 10K 80p | Zn1040F 7008 10231 380p
DPS304 450p | DISPLAYS Ty 5700 8224 2750
DS8835 2 3015F 200p 8228 52 : = z \
DSeols 1son | DL7oa 10p  TL3T3 soop 8251 S50 SPECIAL OFFERS (subject to stocks)
MC1488  76p | OUO7Ra  1a0p M3 1O | 8253 1000p 555 £18/100 7805 £5/10
MC1489  75p 707G 140p 8255 560p
25510 350p | DL747Red  228p  IIL330 1409 8257 950p 741 £16/100 7812 £5/10
75107  180p 747 Gr 225p  7750/60 200p 8250 12000 2114L-3 £4.00 7905 £€6/10
75150  175¢ FND357 120p gg;:ilt o %gg::’?o :& 2708 (450 ns) £4.50 7912 £6/10
75154 17 FND500 121 -
e 3| Foee 12> a6 300p g o g;c])g (slso Ef} 1 :g.gg 2114L 450 ns £24/8
75322 300p | MAN3840  178p  UDNG118 320p MC14411  1100p {plus 5V only) g
75324 375p | MANGG40  200p  UDNG184  320p MC14412  1100p 4116 (200 ns) £28/8 P&P + VAT Extra
75325 37 - = >
75361 :wz: BREADBOARDS PROTOBOARD (R) SOLDERLESS BREAD- 16 KEY KEYPAD as0p
75363 400p EXP3503.6 x2.1 £3.18 QOARDS {Reed Switches) VEROBOARDS
T5365  350p {Up to 3 x 14 pin ICs) Socket Strips/Bus Strips/ Binding Posts mounted  UHF Modulator 6MHz  £3.75 1
75451 72p |' EXP6503.6 x24 £3.60 on sturdy base plate. UHF Modulator 8MHz ~ 450p {copper cladl  Pkiof 100pins  S0p
75491/2 98p (Up to 1 x 40 pin IC) PBE 6x 14 DIL ICs £8.20 Reed Swiiches {(12VA)  £0.28 2.5x3.75 85p  Spot tace cutter 8ep
8726 200p EXP3006 x2.1 £6.78 pg100 10x 14 DiL ICs £11.80° LOGIC PROBE £18.00 255 75p  Pininsernontool 118p
8728 250p (Upto 6 x 14 pin [Cs) PB102 12x 14 DIL ICs £22.98 SUPERTESTER 680R  £33.00, 3.75%3.75 75p  Vero Wiring Pen
8795 200p EXP60O6 x 24 £6.30 pR103 24 x 14 DIL ICs £34.45  MICROTEST 80R £€17.00! 3.75x5 B0p  + 2 wire spools
8797 160p (Upto 1 x 40 pin DCs) PB104 32x 14 DIL (Cs £46.95 ' TMKS00 €22.00! 3.76x17 290p  + combs 370p
B81LS95 120p {The above boards are suitable for alt DIL ICs j Pocket multimeter £4.78' 475%x179 380p Combs 7p
81LS6  140p
C TEST CLIPS g = ;
g:tgg; :2'# 'MLE,, £2.60 24 pin £4.90 We carry alarge stock of 74 and 74LS TTLs, CMOS, Linears, Memories, etc_and can normally ofter
9501 1::: 16 pin £2.75 40 pin £7.80 ex-stock deliveries. We welcome inquiries for volume guantities both from local and overseas
9602 220p buyers.

RATE: Please add VAT at

15% on total order value
Access and Barclaycard accepted

Please send SAE for hist

Please add

) p&p & VAT

Government Colleges etc Orders accepted
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B ernard Babani (Publishing) Ltd
of The Grampians, Shepherds
Bush Road, London W6 7NF have

brought out a brand new
catalogue of Radio and Elec-
tronics books which they publish.
They cover such subjects as Elec-
tronics, Semiconductors, Com-
puters, Television, Radio, Hi-fi,
etc. Whether you are a hobbyist,
engineer, designer or student,
they have something for you. The
catalogue is free, just send them a
reasonably large stamped address-
ed envelope and you will recieve
your copy by return.

Power Cuts On
The Way

I n 1968 your 20 inch colour telly
using 90° deflection would
have consumed over 200 W. Now,
the figure is around 65 W. A new
development from Finland will
further reduce that to about 40 W.
The system, which results in a
reduction of about 40% in power
consumption, has been incor-
porated in the Salora G Series of
portable colour sets, The design is
- basically a 90% efficient couple
' between the power supply and
picture tube using an induction
transfer system. The resultant
cool running improves reliability
and extends operational life.

The G Series, with its 16, 20
and 22 inch models, will operate
from a standard 60A/hour 12 V
battery for 15 hours, or from
mains for as long as you pay your
biils.

Al the models feature
automatic electronic tuning, fine

" tuning and memory plus add-on

options for remoted control, 12 V
battery and video frequency inter-
face unit.

Salora products are available
in the UK from Salora (UK) Ltd,
25A Techno Trading Estate, Swin-
don SN2 6EZ,

Computer
Aided Yacht
Race

This year the 1980 Observer
Single Handed Transatlantic
Yacht Race is being aided by a
computer-based system. Known as
the Argos system, each of the
yachts involved in the race has an
on-board transmitter which emits
a signal picked up by two
satellites regularly crossing the
Atlantic. These signals are then re-
bounded to earth for decoding
and processing. The information
is fed via Toulouse in France to a
Cll Honeywell Bull computer in
Paris and then is further process-
ed by a Micral Computer in the
Paris offices of Europe 1 radio sta-

tion. A Benson drafting machine
on line to this computer is then
able to give a graphic representa-
tion of the yachts’' positions. This
information is used by the radio
station for its coverage of the race
and also allows the race
organisers to keep a constant eye
on the progress of each yacht.
This means increased safety for
the race, as Coastguards can be
immediately notified if they are in
difficulty. After the disasters
which occurred during last year's
Fastnet race, this system will
hopefully increase the safety fac-
tor in open sea racing.

Powering Down

very piece of electrical and
E electronic equipment needs a
power supply of some sort. Larsen
Sweeney’s latest forecast of the
use of power supplies in Europe
up to 1986 reports a general
downtrend. Not only is the
general power supply business
slowing down, but, in particular,
newer supply systems, eg swit-
ching regulated and switched
mode, are also feeling the pinch.
This is largely a result of a
slowdown in new product design
and development.

The report warns that British
power supply designers are at a
distinct disadvantage in this
marketplace and many will not
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survive the recession. Their com-
petitors in West Germany, France,
Sweden and Japan are supported
financially by their respective
governments, but the British com-
panies are on their own.

The 243 page Larsen Sweeney
report covers 16 European coun-
tries and 34 power supply product
groups, including sections on
marketing, the industry, the end
user and distributors. Every home
should have one. You'll have to
raid the piggy bank, though.
‘Power Supply In Europe To 1986’
will set you back £695. Beat the
rush. . .send your life savings now
to Larsen Sweeney Publications
Ltd, P O Box 36, Maidstone, Kent.

EMP — The Govt. Speaks

Your Ref.......... HOME OFFICE,
QUEEN ANNE'S GATE,
Our Refe... .. LONDON, SWIH 9AT
2. 7. v
The Under Secretory of State desires 1o acknowledge the receipt of
your letter of the ............. ‘Q 7é £ 80 e R
which is receiving attention.

< This is the entire text of the replies we have received to date from the vast

machinery of the British government. Receiving attention? We shall keep plug-
_ging away though, and report any sensible answers we do manage to obtain.
Meanwhile what are your views on the subject of EMP? Let's hear about them.

Vetting VDUs

I If your work involves reading
data from a telly screen
(operating a computer terminal,
for instance) you may occasional-
ly wonder if it affects your
eyesight, especially if you go
home every night with a splitting
headache.

The twin evils of radiation
and eyestrain have attracted some

attention with respect to VDU -

usage. For this reason the VDU
Eye Test (VET) Advisory Group
was set up to devise a test
package for VDU users. Their
final report has now been publish-
ed as a 12 page booklet.

The Group foupd ‘that no
significant hazard from X-ray,
ultra-violet, visible or RF radia-
tion has been detected’ in modern
VDU design. Moreover, the

Group found no evidence that
VDU use could cause eyestrain.
We consulted a practising
Ophthalmic Optician who told us
that normal use of the eyes can-
not cause damage.

The report did, however, list
several factors that could cause
discomifort, which the layman
might call eyestrain. These includ-
ed the posture of the VDU user
and the working environment.

The Group concluded that
VDUs can be used safely, if
designed and intalled with proper
attention to the user’s ergonomic
requirements. Where there is in-
tensive use of VDUs, the user's
eyesight should be checked with
the test recommended in the
report.

If you would like a copy of
the VET Advisory Group’s report,
write to Tom Stewart, Butler Cox
& Partners Ltd, Morley House,
26-30 Holborn Viaduct, London
EC1A 2BF.



TRANSGENDENT DPX

DIGITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER

Another superb design by synthesizer expert Tim Orr — published in Electronics Today International

The Transcendent DPX is a really versatile new 5 octave keyboard instrument. There are two audio outputs which can be used simultaneously. On the firstthere isa beautiful harpsichord or
reed sound — fully polyphonic, i.e. you can play chords ‘with as many notes as you like. On the second output there is a wide rangg of different voices, still fully pplyphonic. It can be a
straightforward piano or a honky tonk piano or even a mixture of the two! Alternatively you can play strings over the whole range of the keyboard or brass over the whole range of the
keyboard or should you prefer — strings on the top of the keyboard and brass at the lower end (the keyboard is electronically split after the first two octaves) Or vice versa or even a
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make the keyboard touch sensitive! The harder you press down a key the louder it
sounds — just like an acoustic piano. The digitally controlied multiplexed system makes practical touch sensitivity with the complex dynamics law necessary for a high degree of realism.
There is a master volume and tone control, a separate control for the brass sounds and aiso a vibrato circuit with variable depth control together with a variable defay control so that the vibrato'

comes in only after waiting a short time after the note is struck for even more realistic strong sounds.

POWERTRAN

Cabinet size 36.3" X 15.0 x5.0'" (rear) 3.3"' (front)

| COMPLETE KIT ONLY £299 ..var

To add interest to the sounds and make them more natural.there is a chorus/ensemble unit which is a complex phasing system using CCD (charge coupled device) analogue delay lines. The
overall effect of this is similar to that of several acoustic instruments playing the same piece of music. The ensemble circuitry can be switched in with either strong or mild effects.

As the system is based on dig‘?tal circuitry digital data can be easily taken 10 and from a computer (for storing and playing back accompaniments with or without pitch or key change, computer
composing, etc., etc.)

Although the DPX is an advanced design using a very large amount of circuitry. much of it very sophisticated. the kit is mechanically extremely simple with excellent access 1o all the circuit
boards which interconnect with multiway connectors, just four of which are removed to separate the keyboard circuitry and the panel circuitry from the main circuitry in the cabinet.

The kit includes fully finished metalwork, solid teak cabinet, professional quality components {all resistors 2% metal oxide), nuts, bolts, etc., even a 13A plug v i

MANY MORE KITS ON PAGE 110 MORE KITS AND ORDERING
INFORMATION ON INSIDE FRONT COVER

TRAN sc EN D E N T 2000 SINGLE BOARD SYNTHESIZER

LIVE PERFORMANCE SYNTHESIZER DESIGNED BY CONSULTANT TIM ORR (FORMERLY SYNTHESIZER DESIGNER FOR EMS LIMITED) AND FEATURED AS A
CONSTRUCTIONAL ARTICLE IN ELECTRONICS TODAY INTERNATIONAL.

The TRANSCENDENT 2000 is a 3 octave instrument transposable 2 octaves up or down giving an effective 7 octaverange. Thereis portamento, pitch bending, a VCO with shape and pitch
modulation, a VCF with both low and high pass outputs and a separate dynamic sweep control, a noice generator and an ADSR envelope shaper. There is also a slow oscillator, a new pitch
detector, ADSR repeat, sample and hold, and special circuitry with precision components to ensure tuning stability amongst its many features.

The kit includes fully finished metalwork, fully assembled solid teak
‘cabinet, filter sweep pedal. professional quality components (all
resistors either 2% metal oxide or 2% metal film) and it really is
complete — right down to the last nut and bolt and last piece of wire!
There is even a 13A plug in the kit — you need buy absolutely no more
parts before plugging in and making great music! Virtually all the
components are on the one professional quality fibreglass PCB printed
with component locations. All the controls mount directly on the main
board, all connections to the board are made with connector plugs and
construction is so simple it can be built easily in a few evenings by
almost anyone capable of neat’ soldering! When finished you will
possess a synthesizer comparable in performance and quality with
ready-built units selling for many times the price.

COMPLETE KIT
ONLY
£168.50+ VAT!

Comp_rehensive handbook supplied with all complete kits! This fully -
dgscnbes'conslruction and tells you how to set up your synthesizer
with nothing more elaborate than a multi-meter and a pair of ears!

.Cabinet size 24.6''x 15.7'' x4.8" (rear) 3.4"' {front)



Metering Your
‘Multis

T he Alpha V is the latest and
smallest hand-held digital
multimeter from Gould In-
struments. It has a 3a-digit liquid
crystal display with 25 measuring
ranges covering the five basic
functions of DC voltage, AC
voltage, DC current, AC current
and resistance. It has a maximum
reading of 1999 and maximum
resolution of 100 uV. Range and
function selection is by two rotary
switches on the clearly coded
front panel. The multimeter is
powered by a 9 V carbon zinc or
alkaline battery (PP3 or
equivalent), the latter giving a
typical life of 200 hours. Thereisa
battery low indicator provided by
the display, which shows ‘BAT
when less than 10% of useful bat-
tery life remains. The case is of
high-impact ABS plastic and the
display is shock mounted behind a
polycarbonate plastic window.
Accessories supplied with the
basic instrument include standard
red and black test leads, battery
and handbook. The cost is £85.00
(plus VAT) from Gould In-
struments Division, Roebuck
Road, Haina

Status Symbols

R aindirk of Downham Market
Norfolk are now supplying the
Status range of audio equipment.
Their Status 500 power amplifier
delivers 250 W per channel into
8R, using power MOSFET output
stages. Ths Status 20 Stereo Con-
trol Unit is a rack-mounting
system with a modular disc replay
amplifier that can be remotely
located, three band equaliser with
continously variable turn-over fre-
quencies, built-in headphone
amplifiers and external mains
power supply. The range will soon
also include a parametric
equaliser. You can get more infor-
mation on the Status 500 and the
rest of the Status range from Rain-
?ill'l( itd, Downham Market, Nor-
olk.

Anti Car Theft

M aywood Security Services
Ltd.is marketing a method of
deterring vehicle thieves. A
mobile service is offered which in-
volves abrading the vehicle
registration number on every win-
dow of a car, caravan, commer-
cial vehicle or boat. This means
that in order to mask the identity
of a stolen car the thieves must
replace all of its windows. The
abrading process takes about five
minutes at a cost of about £5 per
vehicle (quantity discounts may
be given). Maywood Security Ser-
vices Ltd are operating as a fran-
chise for Safecar and they will
quite happily call at your place of
work or home. This method has
received the support of police
crime prevention officers
thoughout the country who have
to deal with some 350,000 vehicle
thefts a year. The address is
Maywood Security Services Ltd,
Peake House, 232 High Street,
Harlington, Hayes, Middlesex,
UB3 5DS. They cover North West,
West and South West London.
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Sharp Shapes

S harp Corporation are now
marketing an alternative to
conventional tubular LEDs. They
are designed for flush fitting to
front panels and are currently of-
fered in the form of round ‘point’
indicators, equilateral and
isosceles triangles, square and flat
sections, all in three different
sizes, (3, 4, and 5 mm) and three
different colours — red, yellow
and green. The shapes make good
function indicators and the
‘squares and flats’ can be stacked
to form bar graphs. For 1,000
pieces the price is between 5p and
10p each depending on the size,
shape and colour. They are

available from CRP Electronics
ttd, 13 Hazelbury Crescent,
Luton, LU1 1DF.

-NEWS: Digest

Robot School

I ntegrated Computer Systems
Inc. have announced details of

_ their new courses in ‘ADA’ and

‘Computerised Robots’. ‘ADA’, a
new high level computer
language, has been developed by
the US Department of Defence in
co-ordination with European

Defence Ministries and may
become an industry standard.

Aimed at managers, engineers
and programmers, 1CS's ‘Com-
puterised Robots’ course will pin-
point where the new breed of ‘in-
telligent’ robots can be used to in-
crease productivity and
streamline production.

Japan is currently the major
employer of robot labour with
6,000 in use (40,000 if you include
the simplest automata). The USA
has 3,500 while Europe has only
2,000. If computer companies
enter the robotics market, it is
estimated that there could be
200,000 robots in use by 1990 in
the USA alone with over 35% of
all production in robot ‘hands’ by
the turn of the century. As the in-
creasing use of robot labour
changes the face of society, all we
will need is a machine that enjoys
living in it.

You can get more information
on the course programme from Dr
David C Collins, 1CS Publishing
Co Ltd, Pebblecoombe, Tadworth,
Surrey.

Small is
Beautiful

miniature hi-fi system is now
A available from Misubishi Elec-
tric, called ‘System 4'. It delivers
50 W per channel, both channels
driven into 8R and it measures
27W X 42.4H X 27cmD. The four
units consist of the M-A04 Power-
amp, M-P04 pre-amplifier, M-FO4
AM/FM Tuner and the M-T04
front-loading Cassette Deck
which is metal tape compatible.
Their latest speaker system is also
available. A 50 W 8R two way in-
finite baffle speaker, the SS 630E,
retails at £115.00 for the pair. Fre-
quency response is 60 Hz to 22
kHz and dimensions are 305W
X 544H X 257mmD.
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SPECIAL REPORT
Just £1
to all readers

JULY 1980 ‘ ~ 60p

until youread this report

There are so many digital watches on the market,
with varying functions, that the average person is

bound to feel somewhat confused.

A new survey of the electronic watch
industry has been produced to clarify
this confusion and to give an unbiased
and objective answer to the many
questions that are constantly being
raised.

% How accurate are electronic
watches?

% Who makes Seiko’s?

% What is the importance between
brand names?

% Is solar power worth the extra
money?

% What are the most important
features in a watch?

% When will prices stop falling?

The survey answers all of these
questions and tells you what to look
for in a quartz watch; how they work;
why the prices vary so much; what
the future holds.

SPECIAL OFFER

Send today for this technical
report, plus news of a unique Metac
offer to beat all special offers.

Complete the coupon below and
send it FREEPOST (no stamp
required) and we will post, Same Day
Despatch, the technical report giving
you all you need to know about
electronic watches and details of our
special offer.

by Trevor Raven.
C.Eng. AMBIM. MIERE

= Retailprice
e £4.50
but just £1
toour
readers.

These four watches are very
different in price, durability and
functions. How would you choose
between them?

This unbiased and objective
report helps you to make this
decision and gives you a deeper
insight into the rapidly changing and
exciting world of the micro-chip.

For your copy of the report
complete and return the coupon
to: Metac Electronic & Time Cen-
tres, 24-hour Despatch Centre,
FREEPOST, 47A High St., Daven-
try, Northants,

ETI SEPTEMBER 1960



110 projects in every book.

The'110'books have been acclaimed GRRTRT
by enthusiasts, students and engineers.Se\ui\y
Each contains 110 different circuit A AR\
applications. Use them as project books

or as source books for circuit ideas.

110 CMOS Digital IC Projects for the Home Constructor 110 Operational Amplifier Projects for the Home Constructor
R. M. MARSTON 0 408 00216 6 £3.95 R. M. MARS'I}QN 0 408 00153 4 £3.95
110 Electronic Alarm Projects for the Home Constructor 110 Semiconductor Projects for the Home Constructor —
R. M. MARSTON 0 408 00269 7 £3.95 Second Edition

R. M. MARSTON 0 408 00322 7 £3.95
110 IC Timer Projects for the Home Constructor
JULES H. GILDER 0 408 004800 = £3.95 110 Thyristor Projects using SCRs and Triacs

R. M. MARSTON 0 408 00074 5 £3.95
110 Integrated Circuit Projects for the Home Constructor —
Second Edition 110 Waveform Generator Projects for the Home Constructor
R. M. MARSTON 0 408 00309 X £3.95 R. M. MARSTON 0 408 00353 7 £3.95

RADOFIN
MMON| =
Add on Adaptor

COMPUTERS

Available from your bookshop or in case of difficulty direct from the publishers.
Available August 1980 AVAILABLE
PRICE [iriemii:) MY  COLOUR CATALOGUE Biaiaal  over 13 different
CARTRIDGES £20 to £300
;,.€ iQ.0MAH1
Audio Feedback . ... GAMMONMASTER

T Technical Book
A'I' AR' INTELLIVISION MATTEL COMPUTERS
This is the most advanced TV ' oo AUGUST 1980
AVAILABLE WITH
COMPUTER 4
Plays 1/2/3 or 4 Hands A4/ 4" ; OMAR 2
Instant Response

IL \V] Borough Green, Sevenoaks, Kent TN15 8PH
NEW RANGE
(o] game in the world. P s o gt Al g A
I pxeas N/ next year into a fu S gk, AL ' _
SPECIAL A i e T microcomputer. | A wafll i machines & stock
.
DETAILS ON ALL THE models from
Problem Mode YOI CHALLENGER
Auto scorekeeping From £38 to £108. Send for further details.

INVADERS

‘F"-_ i

BT DRAUGHTS

|

. A A A e ———— COMPUTER * CHEAP TV GAMES
\*/ f.wﬂ“ L Solves Problems *TELEPHONE ANSWER[NG MACH'NES

HAND HELDS + CARTRIDGES ? & gt * Rejects illegal moves * AUTO DIALLERS
ATARI ACETRONIC ; - 2 level machine * CALCULATORS

PH|NZTHDN|C k n 3 ;. { £43 + VAT b o
RADOFIN - DATABASE etc o i . DIGITAL WATCHES

We keep a full range! 3 Vi £77.78 + VAT ¥ PRESTE L

Send for cartridge hists stating which

machine you own, w HAND HE LD GAM ES

MAIL ORDER SERVICE - Free postage & Packing IR ET R I e
TELEPHONE & MAIL ORDERS - accepted on > -'J J-'} JIJ J "J
Accrss * Barclaycard ® Amer can Express ® Diners Club SILICA SHOP LTD., Dept. ETI G

CALLERS WELCOME  at our shop in Wetling - Demonstratons datly 102 _Bellegmue Road
Open from Gam bpm Mon-Sat (Oam-1pm Wed) Welling, Kent DA16 3QF

GUARANTEE - Fuir 12 months + After Sates Support! Tel: 01-301 1111
Woe have {‘_{"H'H;]fi*l'n'rﬂ; Vi t;.-:n:f'mr'vs (31 a1 [JrD{iLlCIS PH:JSH it us know what wOu dre? II‘H}-‘H*SI{-'({ o andd wee will sened WL detared hrochares AND our ovn
32 paye cata ogue coverng maost games on the market,

ETI SEPTEMBER 1980




3 CHANNEL SOUND/LIGHT

CHASER
LB31000SLC

A high performance
sound to light system which
automatically switches to a chase when the music ceases. Super
sensitive with an anti interference circuit, the unit will operate
from practically any amp and controt up 10 1,000W/channel,
5Hz 10 70K.. Controls: bass/mid/treble/ master sensitivity /
chase speed.

3 CHANNEL SOUND/LIGHT

LB31000SL \

£21.40

All the advantages
of the SLC without chase.
Conttols: bass/mid /treble / master sensitivity .

2/4/8 GHANNEL CHASER

LB810OOLC

£26.50

An all logic chaser
system for use with up
to 8 channels at 1.000 watts each. Facilities include footswitch
trigger and module cascading (16, 24. 32 channel, etc.). chase
speed and re-cycle delay.

4 CHANNEL SEQUENCER
LB41000LS

£17.50

A 4 channe! sequence
generator for banks of
famps up 10 1.000W per channel, Two speed controls, cross
effect 10 provide settings between seconds and rapid burst.

1 AND 3 CHANNEL DIMMERS
LB31000LD

LB31000LD

£14.70

Single channel version

1100010 £6.70

Power dimmer units for theatre /stage applications up to 1,000W
per channel, with on board suppressing. The unit is also availabie
without rotary pots for use with sliders —

LB31000LD (no pots) £13.90 Siiders 75P each

£39.50

ROPE LIGHTS/DRIVER
LB41000LC-S

§4dt?:‘l :lopes ROPE LIGHTS
ed / Yellow
Blue/Gn:an £5I -75

A four channel chaser up to 1.000W per channet,
with a sound trigger facility. The music input signal
modulates the speed of the chase giving an
excellent sound/light effect. The unit will control up
o 10 ropes with chase speed and trgger leve!

STEREO DISGO MIXER/PREAMP

£30.70

Magnetic or ceramic deck
versions — please state

All the requirements of a sterco disco preamp on one board, left
and right deck mixers / tone controls / mic. mixer / tones/mic. auto
fade over decks/and P.F.L. The unit can be used with either
LB10V/ 150/ 250 and respective supplies

Full set of pots — £8.63 Stiders — £1 I.ZI

LBPA2
£17.20

A four channel mixer and
tone stage for mics, gui-
tars, ewc. Can be used
with any LB amps.

Set of pots £2.74, shiders
£5.23.

LBPAL
£19.50

A stereo hi-fi preamp and tone
stage for mag. p.u./tape/ tuner,
etc.

Set of pots £3.27, sliders
£4.49,

Buv itwith Wvess

control.

PROFESSIONAL ENGINEERING BY
PROFESSIONALS

ELECTRONIC
MODULES

45 Wortley Road, West Croydon, Surrey
CRO 3EB. Tel. 01-689 4138

1) You need a module
2) 1t must be reliable
3) It must be competitive

4) Its performance must be simply
excellent

5) Its finish must be outstanding

6) You require a connection and circuit
diagram

7) Yourequire L & B

Each module s manufactured from the highest quality
components, and fully tested and guaranteed for 12 months.

Al prices shown are VAT inclusive. Please include 50p "
post/ packing except where individually stated. To mail order
send cheque /P.0./registered cash/Barclaycard or_Access
number. C.0.D. service £1 extra. For the new Autumn
catalogue send 50p.

3-WAY ACTIVE CROSSOVER

LBACO!
£17.90

LBPsSBl
£6,20 ='

e Bass/mid/treble

active crossover with

stage booster! Available

with crossover points of 20W or 300Hz. and 2K or 3KHz
{please specity) LBPSU 1 supply for LBACO1.

LBRLD1 |
P £5.70
% o A de-thump unit for use with any LB
. = power amps.
PIEZO
HORNS
£5.75
P/P 50p

CELESTION LOUDSPEAKERS

(8ohms)
G12-65 G12-100 612-125
(12inch 65W) | (12 inch 100W)} | (12 inch 125W)

£20.70/}, |£26.45. ", | £46.00 ",
POWER SUPPLIES

POWER AMPLIFIERS

Tough dealing power amps for use in sound systems,
Open/short circuit protection and fused. Heavy gauge
heatsinks and rugged o/p devices {all operate down 10 4
ohms}.

25WRMS, | 10OWRMS. | 150WRMS. | 250WR.M.S.
20Hz 10 60K ‘| SHzto 25K SHz e 25K 5Hz to 25K
0.07% THS 0.1% THO 0.1% THD 0.1% THD
9608 S/N 11008 S/N- 11008 S/N 11008 S/N
1B25 L8100 18150 18250
£11.20 | £18.20 £26.50 £39.50

Note all models ace available with either 500mV or 7 75mV
sensitivity. Please state when ordering.

A range of rugged power supply units to complement our'
amos.

o P
LB250PS
LB25PS LB10OPS LB150PS LB250PS
£11.20 | £14.70 | £18.00 £24.50
P/P£1.20 P/P £1.40 P/PL£1.40 P/PE£1.70

ETI SEPTEMBER 1980
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PCB FOIL PATTERNS
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PCB Foil Patterns
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—PCB Foil Patterns
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ETIPRINTS are a fast new aid for
producing high quality printed
circuit boards. Each ETIPRINTS
sheet contains a set of etch
resistant rub down transfers of
the printed circuit board designs
for several of our projects.

ETIPRINTS are made from our
original artwork ensuring a neat
and accurate board. We thought

ETIPRINTS were such a good
idea that we have patented the
system (patent numbers 1445171
' and 1445172).

Shown below is the listing for Earlier sheets are available,
the last year’'s ETIPRINTS. ring Tim Salmon for details.
038 Buffer Jan 8C 040B ETI 80 — PSU Feb 80 042B  Touch Dimmer, Apr 80
Moving Coil Preamp Tuning Fork Battery Charger
Process Controller Filter RC Guardian
Coin Toss {Top,Bottom}1&2
038A Hum Filter Dec 79 :
{ae Ficks 041A  ETI Audiophile Margo 43 RSO preamp LR
ET} VCA eceiver, !
; Servo Tester,
Signal Trace VU —PPM
039B Long Period Timer Dec 79 E]Tl HC
in Al ectromyogram
?gl&:h g:;/?tch et 044A RGO Function June 80
Flash Trigger Board {Top & underside)
041B  VCM Mar 80 Control Circuit,
Pseudo Random
. Heater Controller Line Transmitter,
Noise Gen
Tape Response Meter
Ohmmeter
039C  Function Generator Dec 79 042A  300W Amp Module Apr 80
044B  FM receiver June 80
Fue! Level Monitor, Sep 79 PSU & Monitor Amp
O040A ETI80 — VCO Feb 80 Alarm, Screen Controller Drum Synth
and VCLFO Dynamic Noise Reducer {function board)

HOW IT WORKS

Lay down the ETIPRINT and rub
over with a soft pencil until the
pattern is transferred to the
board. Peel off the backing sheet
carefully making sur® that the
resist has transferred. If you've
been a bit careless there’s even a
‘repair kit" on the sheet to correct
any breaks!

BUY LINES

ORDER TODAY
Send a cheque or PO {payable to ETI Magazine) to

ET! PRINT, ETI MAGAZINE 145 Charing Cross Road.

London WC2H OEE. Price £1.20p.

ETI SEPTEMBER 1980
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MOTORS. 1.5V Medel melars 22P, Sub. min..

‘Big inch’ 135¥ DC 3 rpm meier 32p.

Roplacement 8 Wack 12V DC meters 5%p.

Goared mains meters, 2': rpm, T5p. 115V AG

4 rpm melor 959. Cagsatte moters, 58V OC

6x. squip. 70p. 9V OC Cazsette maters 309

E\‘ gm- melers, new standard jop. typa
| 5

RECORDING TAPE. Low asize mylar,
suppliad wabexed: 7 1200° £1.00. 7 1800
£1.75, 10" 3500° £5.00. |
JACKSONS C304 50 PF varishie tusing |
condonsers. Slandard i’ spindle. S0p each.

TOOLS. SOLDER Sucker, good suction.’
toflon mezzie, £4.99. Side cutters 5" £1.45,
Plers 5 £1.45, NEON DRIVER 8 LOMG

BUZZERS. Miniature seilé 3tats Vypa,
3317 15am, T0db at 3 foet 15ma draia,
oparaiss 4-15V DC 75p each. LOUD 12 wit
buzzer 50> 30wm G3p. Carters 12Y OC
Mizimits slsvm sirens £7.65. 12V DC SIREN,
s molsi reiary type. high pilched wail,
£8.50. Retary slarm sirem, 12V DC, vud
plasiic wail with menntisg brackit,
- §8 x 75mm, £4.50.

RELAYS. 2 types both sperats oa 12V DX,
saaled plastic cased types. 1350 obm with

Z make 5 amp comlacis Thp. 2—1,000 ehm.

with 2 chasgesver 1 amp centacis 759.

! 58p. MIYAMA 15 pin IC test clip £1.85. 5
PIECE pracisien scrawdriver sals, in-
dividust handies. £1.05. JUMPER TEST
LEAD SETS 10 pairs of leads wilh insulated

crocs each esd 90p. CRIMPING TOOL, =

combination type fer crimping red, bee nl?
wilew tarminations also iscorporaies a wiry
siripper (6 gauges) and wira cutter, insulaied,
hendins. saly £2.30.

F

MICROPHONES. Min. Tis pin, Oni, uses. |
el 2id battery [supplied] £4.95. Low cosl
condanser ECM 105 Omal, 600chas, on/off

gwiich standard jeck pley £2.95. EMSO7
Comdesnser, unl, 600chms, 30-1BkHz. highty'

SPECIAL OFFER SEMICONDUCTORS.
205062 SCRs 18p. BX504 opto iselalor 25p
CA3130 35p. TBaBO0

ZN3055 38y. IN4D05 10 fer 35p. BDZ3IE 28p.
BD430 28p. 7418 35p. ZN414 T TILIOD
sipha memoric display £2.50. MANIA Jme
LED displays 459. Min. LDRs 30p. LEDS 0.2"
CLEAR 15p. GREEN 12p. RED 0p. Imira-rad
dear LED 30p. WPUI131 PUTs, 40V, 200ma.

3T5mW 15p. 243773 £1.70. Texas A1036

{T03) Pewer trans, 50p. TAG4443 STR 45p.

50p. TOA1151 25p. 741
229. T23 35p. NESS5 24p. AD161/2 70p pair.

pelishod metal body, £7.95. DYNAMIC stick
micrephene dual imp.. 600chms or 20k
70- 15k iz, attractive biack metal bedy. £7.75.
EMS06 Candenser, cardisd, uni. 600shms or
50k. heavy chromed copper case. £12.95.
OYNAMIC P.A. Mike, mobils radio stc.
thumb switch 30k imp. £3.75. CASSETTE
'raplacement micrephions with 2.5/3.5 plugs:
£1.35. INSERT crystal replacoment;
35 10mm 40p. GRUNDN: Elsctrst inseris,
with beill in FET preawmp 3-6¥ DC, £1.00.

NEW STOCK ITEM — Wa are now stocking

txpe mini hand-held drills, thesa are 3

precision British-made iesl. ideal for P.C
board drilling. modai makers aic. They

opersie on 12¥ DC. Drilt kit supplied ini
plastic hinged caxs, wilh drill and 21’

'LED YU METERS. Utilisa sephisticaind

logic coatrel sircuil with adjustable rise B
. dacay Wmes vis wxternsl capaciter.Bpec: |

Respeuse —20Mz 1 100kNz. Telsrance |
accestarins, drills. samders, reamers,  withia B8, sperates o 12-19¥ DG. §2wm
hulters, etc, complets kil only £14.25. Drill- | * jgng, Sdmem high.
only £7.25. Drilt stand (o swil verfical drilll | MONOVERSION ............- £5.95
press £12.95 (pestage 5p). .| gTemEovERSIOM ............ EWOS

| .

Terms. Cash with order (offici'al orders welcomed frqm
colleges etc) 30p postage please unless otherwise
shown. VAT inclusive prices. S.A.E. for illustrated lists.

PLEASE ASK FOR OUR FREE

SPECIAL DFFER DEC TYPE BREAD-
BOARDS. Micrs DEC "A” wilk 2 16 gin DU
carriors £3.95. Micro DEC "B with 2
mlegral 16 pin GIL carriers £3.95. Both.
breadboards sppreximately hail original
seiling price.

tCOPPER LAMINATED PRINTED
CIRCUITT BOARD. Fibrogiass Single, Silad
typs fapprex. Zmm ikick] 150xSHmm 40p..
200x%0mm 55p. 250x145mm 65p. Deuble-
sidad Fibroglass 1mm tick, 180x135mm
~45g. PAXOLIM BASED TYPE: (2mm thick)
. 100x135mm 40p. 200x200mm 50y |

TAPE HEADS. Mono cassatte, £1.75.
Sterep cassetis £3.90. Slandard 8 frack.
sierss £1.95. BSH MM 1330 % track 50p7*
BSR SRPOO 4 track £2.10. TD10 deal head
assembly 2 baads beth 'z irack R/P with Ruill
in srase £1.25,

SWITCHES. Sub. min. Toggies. SPST
Ax5xTmm. 42, OPOT [8x7x7] 55p.
OPOT Cemtre off (12 11 < Smm] 77p.

PUSH SWITCHES [16x Gmm), rad lop.

push in maks 15p each, push om break
‘varsion black viayl 17p sach.

SLIDE SWITCHES all 0POT 15% 8 12mm’

13p. 1611 % 9mm 13p. 22 % 13 x Bmm 13p. :

22% 13x 8 centro off 14p. Maltipoks xlider

ouble achea |12 1ags) 29 < 9x 11mm 25p.

ROTARY SWITCHES fwafer] 3PAW, 4P3W,
ZPEW and T1P12W all 35p sach.

16 pin D11 SWITCHES saly 42p sach.

RIEBON CABLE B-way tingls core msnia-
ture 229 por mafra.

INCADS. A size 1.2 wits 500ma £1.10

MOTOROLA PIEZO
ELECTRIG
TWEETERS _

3 dirsct radiating type £3.85
3.5" flush meunting super horn £4.50

and can be wsed with systems wp o 100
walls. Froquancy response 3.8 & 2BKHz.

RANK ARENA sieras cariridge pream-
plifier modules. suitabla foy magmetic,.
cariridges, now, supplied with ceamaction’
details. £1.95. |

—

FINNED HEATSINKS. Supplied wndritlsd’
" 4mm Rick 27Tmm kigh. 79x 124mm G0p.
150 x 124mm 95p. Smalier version Z.7mm
thick. 75 108mm 48p. TRANSISTOR,
SOCKETS T05 or TO18 9p sach. TD3 type
15p sach,

l PIEZ0 TWEETERS, requira ns crossever . |

: - |

TRANSFORMERS. All 240V DC primary
(poslage per transiermer is sRaw in'
brackeis atter price]. MINIATURE RANGE
§-0-6Y 100ms, 9-0-9V 75ma, 12-0-12V H50ma .
.2 T9p each (15g] 12V 200ma 75p [159p). 05!

| 05 280ms £1.20 {20p} 6V 500ma £1.iD.

{209) 12¥ 2A £2.35 (45p) 12V 4A £2.85 [459]
15-0-15Y 1A £2.25 [45p) 30-G-30V 1A £2.85
WL 20-0-20¥ 2 £3.85 {S4p) 0-12-15-20-
ZA £4.75 [54p) 20V 2.54 £2.35 [54y).

TRIAC XEMON PULSE TRANS-
FORMERS. 11 {6P0 styte] 32p. | 1plus | sub. ’
min, pch mouating G5¢.

PROJECT BOXES. Stardy ARS bisck
‘plastic bexes with brazs imaeris aad Wi
T5x56x 35mm 65p 957 x 35mm 75p
Haxix3Tmm B7p.

VERD MAND WELD BOX. Whils ABS. Z4in
x 3.7 in tapared, with scrows Glg sach.

YERD POTTING PLASTIC Baxas with lid
and scraws 70xS50x20mni, hlsck, 43p
sach.

CLIFF CLICKTEST. 13 amp mRiRs CONREE-

ALUMINIUM PROJECT BOXES. 18
S.W.5, with filted lid and screws. ABI
Ix2x1 5Zp. ABZ 4x3Ix 1.5 b2p. AB3
4x3x2in 66p. AB4 GxdxZia T4p. ABS
Ex4dx3in Vp. ABS Bxbx2in £1.05. ABT
BxhxIm E1.25. '

—{ lor. ideal ler workshep, sic., provides rapid

and sale mains cosneclion. lsugh moulded
icase and lid with neen indicaler amd 'IISIH
- 15.15.

e T

.”““"?Ei

||||||||
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P00 KRT101 M/Meter, 1,000 ,
ool gpy. KV RG/DG Yells,

. 150ma BC cwreml. Besisl- -
-ance 0-2.5k. 0-100K, £4.35.

ST T NWS5 M/METER, 2,000
¥ opv. IK¥Y AC/DU VYeils,
100ma OC., Resistance O
10K, 0-1 MEG. £5.50.

| YN360 M/METER.
S8 20.000 egv.. IKV AC/DL.
«Volts, 250ma DC.. 4 resisl-
.ance ranges s 20 Wey..°
len has builin iransigter -
" ltestor with Isakage amd
' gain ranges £12.50.

SPECIAL OFFER DEMAGNETIZER.
Curved proba typs. suitabis for reel te resl or .

e

o

ANTEX SOLDERING IRONS. All 240V AC.
Mode! C 15 watis £3.95 Medel iCX 17 Watts
£3.95p. Medel X25 25 walis £3.95p. 373
'SOLDERIKG IRON STAND, suils ail Aatex irosy
£1.65.

s

I

MURATA TRANSDUCERS. REC/SENDER,,
MA4D1L 40KHZ £3.50 pair.

cassatie machings, operaias on 240Y AC ealy
£1.95. '

_

i

‘into 2 13 smp secket has 34 56, 1.5 and 8
volts O ¢ ost at sither 100 ar 400ma

supply 3-8-7.5-0V DC al 400ms. has palsrity
reversing aed on of! swilch aad i3 fully

regulated 10 give sxact voltaga irem he lead
i maximum current £5.50.

PROGRESSIVE RADIO
31 CHEAPSIDE, LIVERPOOL L2 2JD
ALL ORDERS DESPATCHED BY RETURN POST

POWER SUPPLIES. Switched type plegs

switchsbly £3.45. NC244R stabilised power *

" TMK500 M/METER.

. 30,000 spv. IK¥ AC/DC'§

~ Yelts, D.C. curremt to 12
amps.. Resistance to B0 F

« buill-in Dyzzer for con- |

Wity lesting. mﬁ

WEST HYDE CASES FOR E.T.1. PROJECTS

Bench Amplifier (August 1979) Order Code WEC 801
Audiophile Pre-Amp (October 1979) Order Code CL2 CDL
Audiophile Power Amp (October 1978) Order Code CL2 CGL
Audiophile PSU (October 1979) Order Code CL2 AEL

Pinball Wizard (November 1379) Order Code TEK 364
Points Controller (December 1979) Order Code BOC 680
Moving Coil Pre-Amp (January 1980) Order CL2 ADJ

Synthesiser Project Order Code TEK A23G

Stereo Image
o

\_

—

o T — e}

Co-ordinator (July, 1980). Order Code CL2 CDJ.

i
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80-PAGE CATALOGUE AND PRIGE LIST

THE BIGGEST SELECTION OF CASES IN EUROPE

WEST HYDE

WEST HYDE DEVELOPMENTS LIMITED., UNIT 9. PARK STREET INDUSTRIAL ESTATE AYLESBURY BUCKS THL 0296 204417
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Self-

Instruction
Courses

It’s faster and more thorough than classroom learning: you pace
yourself and answer questions on each new aspect as you go. This
gives rare satisfaction - you know that you are really learning and
without mindless drudgery. With a good self-instruction course you
become your own best teacher.

Understand Digital Electronics

In the years ahead digital electronics will play an increasing part in
your life. Calculators and digital watches mushroomed in the 1970's
-soon we will have digital car instrumentation, cash cards, TV
messages from friends and electronic mail.

After completing these books you will have broadened your career
prospects and increased you knowledge of the fast-changing world
around you.

DIGITAL COMPUTER LOGIC AND
ELECTRONICS £7.00

This course is designed as an

introduction to digital electronics and Digi‘al Computer "eflle,’e' £9.00

is written at a pace that suits the raw Logic and
beginner. No mathematical Electronics
knowledge is assumed other than the [yt
use of simple arithmetic and decimals
and no electronic knowledge is
expected at all. The course moves
painstakingly through all the basic
concepts of digital electronics in a
simple and concise fashion: questions
and answers on every page make sure
that the points are understood.
Everyone can learn from it - students, engineers, hobbyists,
housewives, scientists. Its four A4 volumes consist of:

Book 1 Binary, octal and decimal number systems; conversion between number systems;
conversion of tractions; octal-decimal conversion tables.

Book 2 AND, OR gates; inverters; NOR and NAND gates; truth tables; introduction to
Boolean algebra.

Book 3 Positive ECL: De Morgans Laws; designing logic circuits using NOR gates; dual-input
gates.

Book 4 Introduction to pulse driven circuits; R-S and J-K flip fiops; binary counters; shift
registers; half-adders.

DESIGN OF DIGITAL SYSTEMS £12.50

This course takes the reader to real A
proficiency. Written in a similar
question and answer style to Digital 3
Computer Logic and Electronics, this
course moves at a much faster pace
and goes into the subject in greater.
depth. Ideally suited for scientists or L
engineers wanting to know more
about digital electronics, its six A4
volumes lead step by step through
number systems and.Boolean algebra

to memories, counters and arithmeti¢
circuits and finally to an
understanding of calculator and

computer design.

Book 1 Octal, hexadecimal and binary number systems; conversion between number
systems; representation of negative numbers; complementary systems; binary muttipiication
and division.

Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND, NOR and exclusive-
NOR functions; multiple input gates; truth tables; Da Morgans Laws; canonical forms; togic
conventions; karnaugh mapping; three state and wired logic.

Book 3 Half adders and full adders; subtractors; serial and parallel adders; processors and
arithmetic logic umts {ALUs); multiplication and division systems.

Book 4 Flip flops; shitt registers; asynchronous and synchronous counters; ring, Johnson
and exclusive—OR feedback counters; random access memores {RAMs) and read only
memories (ROMs).

Book 5 Structure of calculators; keyboard encoding; decoding display data, register
systems; control unit; program ROM; address decoding: mstruction sets; instruction
decoding; control programme structure.

Book 6 Central processing unit {CPU); memory orgamzation, character representation;
program storage; address modes; input/output systems; program interrupts; interrupt
priorities; programming; assemblers; computers; executive programs; operating systems and
time sharing.

Flow Charts and Algorithms

are the essential logical procedures used in all computer programming
and mastering them is the key to success here as well as being a
priceless tool in all administrative areas -presenting safety regulations,
government legislation, office procedures etc.

THE ALGORITHM WRITER’S GUIDE £4.00

explains how to define questions, put them in the best order and draw
the flow chart, with numerous examples.

Microcomputers are coming - ride
the wave! Learn to program.

Millions of jobs are threatened but
millions more will be created. Learn
BASIC - the language of the small
computer and the most easy-to-learn
computer language in widespread
use. Teach yourself with a course
which takes you from complete
ignorance step-by-step to real
proficiency with a unigue style of
graded hints. In 60 straightforward
jessons you will learn the five
essentials of programming: problem
definition, flowcharting, coding the
program, debugging, clear
documentation. Harder problems are G
provided with a series of hints so you #——-0—————
never sit glassy-eyed with your mind a blank. You soon learn to tackle
really tough tasks such as programs for graphs, cost estimates,
compound interest and computer games.

COMPUTER PROGRAMMING IN BASIC

Book1 Computers and what they do wet!; READ, DATA, PRINT, powers, brackets, variable
names; LET; errors; coding simple programs.

Book 2 High and low level languages; flowcharting; tunctions; REM and decumentation;
INPUT, IF....THEN, GO TO; limitations of computers, problem definition,

Book 3 Compilers and interpreters; loops, FOR....NEXT, RESTORE; debugging; arrays.
bubble sorting; TAB.

Book 4 Advanced BASIC; subroutines; string variables; files; compiex programming;
examples; glossary.

THE BASIC HANDBOOK £11.50

This best-selling American title usefully supplements our BASIC
course with an alphabetical guide to the many variations that occur in |
BASIC terminology. The dozens of BASIC ‘dialects’ in use today
mean programmers often need to translate instructions so that they
can be RUN on their system. The BASIC Handbook is clear, easy to
use and should save hours of your time and computer time. A must
for all users of BASIC throughout the world.

A.N.S. COBOL £4.40

The indispensable guide to the world’s No. 1 business language. After
25 hours with this course, one beginner took a consulting job,
documenting oil company programs and did invaluable work from the
first day. Need we say more?

GUARANTEE - No risk to you

If you are not completely satisfied your money will be refunded on

return of the books in good condition.

-----——--------------—------—---—-—----

Please send me:-

....Digital Computer Logic & Electronics @ £7.00
..Design of Digital Systems @ £12.50

Algorithm Writer's Guide @ £4.00

Computer Programming in BASIC @ £€9.00

....BASIC Handbook @ £11.50

....A.N.S. Cobol @ £4.40

FOUR WAYS TO PAY

1) A U.K. cheque or a U.K. postai order {Not Eire or overseas)

2) A bank draft, in stering on & London bank {available at any major bank}

3) Please charge my Access/M.Ch(C]  Barclay/TrustC/Visa D Am. Exp (] Diners[]
4} Or phone us with these credit card details - 0480 67446 {ansaphone} 24 hour service

CArd NO..ov e e s s .Signed. o e R
THESE PRICES COVER THE COST OF SURFACE MAIL WO WIDE. AIRMAIL:
Eur, N.AF, Mid.E. add A to price of books: Jpn, Aus. N Z. Pefc add %: elswehere add V2

Name . .. . o s U L ¢

Address .. s » vt : s N

U.K. Delivery: up to 28 days

Cambridge Learning, Unmit 14 Rivermill Site. FREEPOST, St lves, Huntingdon,
Cambs. PE17 4BR England.
Reg. in Eng. No. 1328762
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CAPACITORS:
Mullard Ceramic 63v range

1pF to 10,000pF E 24 range

all at £0.06 each

Siemens Ceramic 63v B37448/9

01: .022: .033: .047mF @ £0.06

068: .1mF @ £0.08: .22mF @
£0.11

CSF High Voltage Ceramic Discs
Prices £0.07 to £0.18 Range
100pF to 10.000pF

Voltage range up to 6Kv.

See catalogue for details.
Comprehensive range Siemens
L.ayer Polyester Caps: .001 to
3.3mF

Prices £0.07 to £0.63.

See catalogue for details.

Large range of Mullard/Siemens
Electrolytic Axial/Radial
Capacitance values 1.0mF to
10,000mF

Voltage ranges 25v: 40v: B3v:
100v:

Prices and types as catalogue
Also Mutlard C280; Siemens

B32231/4 and B32110. All prices
net + VAT and postage/packaging.

BOXES & CASES

See catalogue for full range.
Aluminium boxes 13 sizes.
Rexine Covered boxes 7 sizes.
NEW RANGE TMEC CASES
Send S.A.E. for details & types
Price range. £14.04 to £ 17 .00
ABS PLASTIC BOXES

| 3" x2%'" x 13"
| 3% x 2%" x 15"
42" x 3% x 1%
8" x4%"'" x 3"
BAZELLI INSTRUMENT CAS
B sizes.

Prices as
catalogue

Misceltaneous hardware
including

Vero Board: Superstrips:
Vero Breadboard.

Vero boxes (see catalogue for
full range).

Card Frames: Fliptop boxes:
etc etc.

A. Marshall (London) Ltd., Kingsgate House,
Kingsgate Place, London NW6 4TA
Industrial Sales: 01-328 1009

Mail Order: 01624 8582

Also retall shops: 325 Edgware Road, London W2.
40 Cricklewood Broadway, London NW2. 85 West Regent St., Glasgow.
T08A Stokes Croft Bristol.

TTL see catalogue for full range{SOLDERING EQUIPMENT

TOOLS BAHCO \
Side Cutter with Bezel.  \3
Side Cutter without Bezel.
End Cutter without Bezef.

Vero Metal Shears.
Other items as catalogue,

[

How many times have you considered building a remote control project for the
home but were put off by the dozens of ICs, special colls, lenses and other hard
to get components, not 10 mention the need for a well equipped lab to set the
unit up T K. ELECTRONICS have changed all that. Three ICs can busid a
sophisticated system that requires only a capacitor and resistor 10 set the ciock
frequency (which can dnft by up to 20% without aftecting performance).
Control radios, hi-fi (including bass, treble and volume}, hghting, toys. garage

doors. etc. Still not convinced? then look at the prices!

._'_'..r"'

1980 CATALOGUE ezl
U.K.: 65p post paid MOIS
Europe 85p post paid

Rest of Worid £1.25
post paid

Mail order: 01-624 8582

"

L
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RUN YOUR HOME BY
REMOTE CONTROL

LD271 IR Emuttng Diode 36p
SFH205 Photodiode Detector 85p
SL480  IC Pulse Amplifier £1.40
SL490 Keyboard Controller Encoder / Transmitier £2.40
MLS22 10-channel Receiver & 3 Analogue Outputs £4.20
MLB28 16-channel Recewver (4 Momentary binary outputs) £1.40
MLO2B 16-channel Recaiver (4 latched binary outputs) £1.40

Data sheets (per device) Sp

These ICs can also be used with ultrasonic and radio links, depending on range. cost and speed of operation For
more details, why not gwve us a nng — or send s a ¢ We will be pleased to advise you

NEWKIT +++ NEWKIT +++ NEW

If you o not require @ sophisticated multi-channe! remote control, we have developed o simple
single-chantiel ONSOFF infra red transmitter and receiver The transmitier uimnil comes complete with
a hand heid box and requires a PP3 {9V} hattery. The receiver includes g tnac capable of switching
up o H500W a1 240V ac and comprnises 4 E‘:::earnﬂhhe:, bistable latch dand 4 Mmains puwer supply
making e aeut compietaly self-contained The small size of the receiver chisbiles the uiit 10 be
Dl it sl knds of equipment from laimps ta tape recorders. The munimarm range 15 20 leet A
sutlabile box ot the receiver 1s avatlable o required

oy £12.00

MINI TRANSFORMERS

Standard mains
primanes 240V a
tO0OmA secondanies
6 O6Yv
4 9y
1 O 12V

80p

85p
#0p

M

D.IL. L.C. SOCKETS

Ep
12p

14p

17p

24p
36p

8 pin
14 pin

1b N

18 piny
28 DN
40 pin

-—w R W R | T M W

-

TKs SPECIAL OFFERS
OF THE MONTH

Ovrders must be received by 30/9/80

5X TIC 106D 5A/400 VSCR £1.75
5X TIC 206D 3A/400 VTRIAC £2.00
5X TIiC 226D 8A/400 VTRIAC £2.50
10X RECTANGULAR Green LED .
..................... . £1.75
10x Rectangular Yellow LED £1.75
§X 78 L1S 1ZV 100m A regulator
£1.10
. EZ2.29

iiiiiiiiiiiiiiiiiiiiii

5X 7805 5V 1A regulator

T S A A T T T T B Y W W R W W W W W w ay

All
specificatton
RATE

components

108

brang new and
Add VAT AT CURRENT

Access
o aBOVE pRICES PLus 3s5p TTINER A
Callers welcome by ap- V’SA

P &P Mail Order

pomntment

TKELECTRUN'CS (PE' 106 Studley Grange Road. London W7 21X Tel 015795794

to BARCLAYCARD

ols

e,

-

SN7400N £0 14 SN7491AN £0 54
SN7401N £0.14 SN7492N €0 31
SN7402N £0 14 SN7493N £0.32
SN7403N £0.14 SN 7494N £0 80
SNT404N £0 14 SMN7495N £0.55
SN7405N £0.15 SN7496N £0 34
SN7406N £0 34 SN7497N £1 80
SNT407TN £0 26 SN74100N £1.10
SN7408N £0.15 SN74107N £0.21
| SN7409N £0.16 SN74118N £0 76
SN7410 £015 SN74110N £1 20
SN7411N £0.15 SN74121N £0 25
SN7412N £0.20 SN74122N £0.48
SN7413N £0 28 SN74123N t0 42
SN 7414N £0.47 SN74124N £0 53
SN7416N £0 22 SN74125N £0 40
SN7417N £0 22 SN74141N £0 50
SN7420N £0.15 SN74145N () g4
SN7423N £0 18 SN74148N £1 05
SN7425N £0 19 SN74 150N €0.79
SN7426N £0 19 SN74151N £0 55
SNT427N £0 19 SNJ4154N £EQ 55
ES SN7430N £0 15 SN74154N £0 90
SN7432N £0.17 SN74155N £0.60
SN7437N £0 21 SN74157N £0 59
SN7438N £0 21 SN74'60AN  £0 70
SN7440N £0 15 SN74161AN  £0 70
SN7441AN £0.572 SN74162AN  £0. 70
SN7442N £0 40 SN74163AN  £0 70
SN7445N £0 66 SN74164N £0 80
SN7446AN £0 .48 SN74 165N €0.80
SN7447AN £0 48 SN74167N £1 20
SN7448N £0 45 SN74174N €0 80
SN7450N £0 15 SN74175N £0 63
SN7451N £0 15 SN74176N £0 74
SN7453N £0 15 SNT74177N £0.73
SN7454N £015 SN74180N £0 70
SN 7460N £0 15 SN74181N £1 65
SN7470N £0 26 SN74182N £0 83
SN7472N £0.24 SN74184N £1 79
SN7473N £0.25 SN741B5AN  £1 10
SN7474N £0.25 SN73186N £1.35
SNT478N £0 31 SN74188AN  £184
SN7476N £0.26 SN741B9N £2 26
SN7480N £0 33 SN74190N £0 74
SN7481N £0.71 SN74191N £0 79
SN74BIZN FOoh SNT4192N £0 79
SN74AB3IN t0 60 SN74193N £0 79
SN74B4N £0.95 SN74196N £0 74
SN7485N £0.70 SN74197N £0.74
SN7486N £0.25 SN74198N £1 09
SN7489N £166 SN74199N £1.09
SN7490AN £0.33

IRONS-ANTEX
15watt C15 £3.95
15watt CCN £4.20
17 watt CX17 £4.20
25 watt X25 £4.20
Stand £1.50

|DESOLDERING TOOL

Solder £6.50 c—?

SINCLAIR INSTRUMENTS
Digital Mulitimeter
PDM35 £ 34.50

= DM235 £ 52.50
| i DM350 £ 72.50
e DM450 £ 99.00
Digital Frequency Meter
PFM200 £ 49.80
! Low Power Oscilloscope
SC110 £139.00

CRIMSON ELEKTRIK HI Fi

rr

F i

KNOBS & SWITCHES

Big selection as catalogue -
Also Resistors: Presets; Pots;
Opto; Semiconductors etc.

. Sohed State Relay Kits, £25.25
DISPLAY LIGHTING KITS

tach unit has 4 channels (rated at 1KW a1 240V per
channel) which switch lamps to provide sequencing
eftects, controlled manually or by an optional opto-
isolated audio input

DL100OK

Thus kit features a bi-directional sequence. speed of
sequence and frequency of direction change being
variable by means of potentiometers Incorporates
master dimming control, £14.60
| DLZ10OOK

A lower cost version of the above, featuning undirectio-
nal channel sequence with speed variable by means of a
l preset pot Outputs switched only at mains zero crossing

points to reduce radio interference to mimimum  £8 .00
Optional Opto Input DLA1 60p

INTEGRATED CIRCUITS

555 Timer 21p

I 741 Op Amp 19p

Javng e AY-5 1224 Ciock £2.60
AY-5-1230/2 Clock/Timer £4.50
AY-3-1270 Thermometer £8.20
ICL7106 DVM (LCD drivel £7.00
LM377 Dual 2W Amp £1.45
LM379S Dual BW Amp £350
LM380 2W Audic Amp. 80p
LM382 Dual low noise Preamyp £1.00
LM386 250mW low voltage Amp 75p
LMI1830 Fluid Level Detector £1.50
(M2307 f-v Converter {8 pini £1.40
LM2917 fv Convertar {14 pin) £1.60
LM3809 LED Flasher/Oscillator 55p
LM39 11 Thermometer £1.20
LM3314 Dotv'Bar Driver £2.10
MM74C911 4 chiait display controlier £6.50
MM74C315 7 segment-BCD converter 96p
MM7Z74C926 4 digit counter with 7 seg o/p £4.50
S5668 Touchdimmer £2.50
§9263 Touchswitch 16-way £4.85
SN76477 Complex Sound Generator £2.52
TBAB00 5W Auchio Amp 58p
TBAB10AS 7W Audio Amp 85p
TDA1024 Zero Voltage Switch £1.20
TDAZ2020 20W Audio Amp £2.85
ZNI10O34E Timer £1.80

All 1Cs supplied with data sheels
Data Sheets only Sp cach device

] The CT4000 ivas been designed to preset the state (on or oft) of four
| outpots At four tunas per day far up to 7 days in advance enabling
(her uret 1O control tape recordars, appliances, central heating. hghts.
SR Fhe times are sat on o C 1" high red LED display by mmeans of &
'i keyboard and the output states are displayed on four LEDs Each
Lutput can switch up to 20mA at 9V. For mains foads use our Soid
| Stutr Relay Kit iIMK2), The kit includes a PCB, keyswitchas |1C 4
igit LED display, transformer, plus all other components and 4
sCreen panted and drilled box which can also accommodate up to 4

¢« WA OUh O ER WA OWE WA WA YA WA OTh YR WA TR W WA WA ER. O Uh Wh R VA . WA W

MODULES

CE608 Power Amp £18.26
CE1004 ” *  £2%1.30
CE1008 " " £23.91
CE1704 “ " £30.43
CE1708 " " £30.43
CPS1 Power Unit £16.96
CPS3 o " £20.43
CPS6 " “  £26.09
CPR1 Pre Amp £29.57
CPR1S Pre Amp £38.70

All prices + VAT + postage/
packaging

“"‘““““‘ A . W . W YR

~ €T4000 CLOCK/APPLIANCE TIMER KIT %o

Size. 1012 x4.5 cms.
Colour: Black.

MINI KITS

These Kis form useful subsysiems which may be
incorporated into larger designs or used alone.
Kits include PCB short instructions and all com
ponents

MK1 TEMPERATURE CONTROLLER/
THERMOSTAT

Uses LM3911 IC to sense temperature (80"C

max! and triac 1o switch heater

500W £3.20

MK2 SOLID STATE RELAY

ldeal for switching motors, hghts heaters, etc.
from logic Opto-isolated with  zero voltage
switching Supphed without triac. Select the re-
quired triac from our range £2.60

MK3 BAR/DOT DISPLAY

Displays an analoyue voltage on a hnear 10
element LED display as a bar or single dot. ideal
for thermomelers. level mcicators etc. May e
stacked 1o obtan 20 1o 100 element dispidvs.
Requires 5 20V supply 4.75
MK4 PROPORTIONAL TEMPERATURE

CONTROLLER

Based gn the TDA1024 Zero voltage switch this
it may be wired 1o torm a " buist tire power con-

KW £3.50

rrolfer Gr a  proporuonal temperature controller
enablhing the temperature of an enclosute 10 be
mantamned 1o within Q 5 -C

1. 5kW  £5.25 3KW  £5.55
MK5 MAINS TIMER

Based on the ZN10O34E Timer 10 this kit will

switch a mamns load on (or offl for 4 preset ume
trom 20 minutes to 3% hours Longer or shorter
penods may be realsed by minor component
changes Maximuem 0ad TKW £4.50

. A WA T W W O wh W W . R W Y N W

D.V.M. THERMOMETER KIT

Based on the ICL7106 Thss kit contains 3 PCB, ‘
resistors, presents. capacitors, diodes, IC and O 5¢
hiquid crystal display Components are also included to '
enable the basic DVM kit to be modified 10 a Digital '
Thermometer using a single diode as the sensor.
Requires a 3mA9V supply (PP3 battery). £20.75 ‘

!
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P.C. BOX 23, 34 SEAFIELD ROAD, COPNOR, PORTSMOUTH,
HANTS., PO3 58!

GIANT 0.8" LED clock display, comman cathode
non-multiplexed. With data £3.98 each. ALARM clock
module with 0.7' LED display. With daza £5.99 each.
LIQUID crystal clock display. 0.5* digits. With data
and FREE socket, £5.25 each. FLUORESCENT reject
caiculators, Modern, 10 function with fu!l memory.
Most repairable but na g'tees €2.99 each. TEN
transistor |.F. transtormers. All brand new. May include
several types. 55p for 10. CLOCK CHIP MM353161.C
(has alarm output). Brand rew with daiz £2.35 each.
POLARIZING filter, piastic. 0.00€"* thick. Any size cut
from 1 sq. in. W max. size 19" X 250 feet. 3p per sq.
inch. MOMENTARY (push to “make’) switch. Red cap.
15p each. SLIDE switch, 2 pole c.o. 16p each. TWO
calculator keyboards {not compatible with 4204 calc.
chip). 89p the pair. MULTIMETER CHIP. MM5330
1.C. to build 4% digit d.m.m. {neads additional
circuitry). With data £3.55 each. KNOBS, slider control
knobs, fits & or Bmm shafts. State colour, 14p each.
Rotary control knabs. biack {1 8mm diam) with coloured
cap, state colour required. 20p each. Skirted rotary
knob, same as rotary control knob above but has *flared”
skirt around base. State cap colour required. 27p each.
Colours available, biack, red, green, biu€, yeilow, grey,
white. B DIGIT common cathode caiculator display.
0.1", multiplexed, with data. 99p each. LED WR|ST-
WATCH CHIP with dala, 95p cach. LED WRIST-
WATCH DISPLAY matches above watch chip. With
data. 95p each. NOTE, the wristwatch chip and display
are housed in ‘legless flatpack’ style package and
require some fairly fine soldering. QUALITY jack
sockets, mono 26p each, stereo 30p each LM555
‘timer |.C. with applications booklet. 25p each.
MEMORIES 2102 static RAM with data, 99p each. .
NORTEC 4204, 4 function calc. chip. With data, 80p -
each. UNTESTED 0,17 LED displays 10 single dignt

dispiays for 95p. "U’ 10 test.

Post and packing please add 40p (overseas orders add
£1)

For your FREE copy of our latest catalogue please send
MEDIUM sized SAE. VAT ADD 15% TO TOTAL COST
(INCLUDING POST AND PACKING)

“Cash back’ satisfaction guarantee on all items

Atari Basic Programming. You'll get the
A basics of computer language and pro-
e i gramming. What to' say. And how to say
i it £34.50.
Alarm mains unis £98.50,
- Keyboard controller £11.95
Qrders being booked for Human Cannon-
ball and Circus at£15.20.

SPACE INVADERS Game Program
The ultimate Game Programme with 112
game variations including Maving

Laser Bombs, invisible Invadersand 1 & 2
Player Games! This superb cartridge uses

Packing. Order Now!
$PACEINVADUSS ~ Gome Program *

special price.

It's you and your favourite advarsary,
pursuing one another through bleak big
city streets. And blowing each other away
with the bazoakas on your hoods.
i The first to blast his opponent twenty-
five times is the winner.
So get set for the wildest action since
cops discovered robbers. £15.20. Orders
now taken. -

Slot racers™

GOLF — Now you can play-golf at home,
even in stormy weather. There are nine
tournament-quality hotes on Atari's
course, each with a designated par. Total
par for this course is 36 points. When
playing a one-player game, try to match or
beat par In a two piayer game, the winner
is the player with the least amount of
strokes. But swing carefully. There are the
usual sandtraps. lakes and trees to avoid
The wrang play may cost penaity strokes.
.£15.20 .

ADVENTURE — Adventure plays like the
addictive Dungeons and Dragons fantasy
role playing board game and includes tha
added dimension of video. A wicked
magician has stolen an Enchanted Gabiet
and hidden it somewhere in tha Kingdom.
The oblect of the game is to rescue the
Goblet and replace it inside the Golden
Castle where it belongs — no easy task.
Three deadly dragens and a black bat
hinder your quest, but scattared through-
out the Kingdom are objects to help you
slay the dragons and outwit the avil
magician. £22.50 plus 50p P&P

GO Game siogram -

Kramer & Co., Dept. ET12, 25 October Place, London NW4.
Tei: 01-203 2473. Tolox 888941. Attn.: K7.

Visa, Access. Barclaycard & Company orders accepted. Orders by
telephone/telex. Open Mon.-Fri.{Sunday by appaintment only)

Shields, Zigzagging Laser Boembs, fast

the joystick contrallers and costs only
| £27.50 incl. VAT plus 50p Post and

Alarm with Space Invaders, call us for a

ETCH RESIST TRANSFER
KIT SIZE 1:1

Complete kit 13 sheets 6in x 4%in £3.00
with all symbols for direct application to
P.C. board. Individual sheets 30p each.
(1) Mixed Symbols (2) Lines 0.05 (3) Pads
(4) Fish Plates and Connectors (5) 4 Lead
and 3 Lead and Pads (6) DILS (7) BENDS
90° and 130° (8) 8—10—12 T.0.5.
Cans (9) Edge Connectors 0.15 (10) Edge
Connectors 0.1 (11) Lines 0.02 (12)
Bends 0.02 (13) Quad in Line.

‘FRONT AND REAR PANEL
TRANSFER SIGNS ,

All standard symbols and wording. Over
250 symbols, signs and words. Also
‘available in reverse for perspex, etc.
Choice of colours, red, blue, black, or

white. Size of sheet 12in x 9in. Price
£1.20.

GRAPHIC TRANSFERS
WITH SPACER
ACCESSORIES

Available also in reverse lettering, colours
red, blue, black or white. Each sheet
12in. x 9in contains capitals, lower case
and numerals Yin kit or %in kit. £1.20
complete. State size.
Ali orders dispatched promptly.
All post paid
Shop and Trade enquiries welcome
Special Transfers made to order
E. R. NICHOLLS
P.C.B. TRANSFERS
DEPT.ET19

46 LOWFIELD ROAD
STOCKPORT, CHES. 061-480 2179

ETI SEPTEMBER 1980

~'NEW COMPONENTS

A10 10 PP3 battery leads 50p

A30 10 Red or black crocodile clips. 45p

AB0 10 Red or black phono plugs. 80p

AB1 10 single phono sockets, 70p

A70 10 2.5mm unscreened jack plugs. 80p

A72 10 3.5mm unscreened jack plugs. 80p

A73 10 3.5mm chassis sockets, 80p

A74 10 Standard mone jack plugs. 130p

A75 10 Standard switched jack sockets. 170p

AB4 105 pin 180" DIN plugs. 120p

A85 10 5 pin 180° DIN chassis sockets. 100p

c1o 5 Standard toggle switches SPST. 190p.

Cc20 10 Miniature DPDT slide switches. 130p

C30 10 Miniature push to make switches. 130p

C31 10 Miniature push to break switches 1 70p

Cc40 Pair of ultrasonic transducers. 360p

C50 20 Texas B pin sockets, 170p

C51 20 Texas 14 pin sockets. 200p

€52 20 Texas 16 pin sockets. 220p

E10 Resistor kit 10 each value 4.7Q 10 1M W type
Total of 650 resistors. 480p
AW 5% carbon resistors. 18p per 20
Multiples of 20 per value only

E33 104.7u 63V radial electralytics. 50p

E34 10 10u 25V radial electrolytics. 50p

E37 10 100u 25V radial electrolytics. 75p

E44 10 1u 35V tantalum capacitors. 100p

E50 10 0.01u Muilard C280 polyester. 50p

EE4 10 0.1 Mutlard €280 polyester. 50p

F11 10 BC108 transistors. 90p

F15 10 BC184L rransistors. 90p

E17 10 BC214L transistors. 90p

F25 10 2N3702 1ransistors. 80p

F26 10 2N3704 transistors BOp

F27 10 2N3819 vransistors. 190p

F29 10 2N3905 rransistors. 90p

F41 4 2N3055 transistors. 200p

FA6 57805 1A BV regulatars 300p

H10 20 1N4002 rectitier diodes. 75p

H50 20 0A81 signal diodes. 110p

HE0 100 1N4148 signal diodes. 180p

H70 5 C106D 4A 400V thyristors. 200p

H75 5 TIC246D 16A 400V triacs. 520p

J10 200.2in red LEDs. 170p

J1s 50 0.2in red LEDs. 400p

J20 1000.2in red LEDs 750p

430 20 0.2in green LEDs. 280p

J50 20 0.2in yelllow LEDs. 280p

J8o 4 FND50O0 displays. 350p

K10 5741 gperationatamps. 8 pin 90p

K25 +5 LM301A operational amps, 8 pin 140p

K30 1 LM 324 aperational amplifiers. 50p

K80 5 CA3140 operational amps. 225p

K60 5 NE5S55 timers. 110p

M10 8 2114LP memories. 2800p

NS5 1 Dalo printed circuit board pen. 80p

All prices inctude VAT. Please add 50p carriage on alt orders
below £10. Send SAE for our detailed list. Mail order only

RAPID.ELECTRONICS

Hillcroft House, Station Road, Eynsford, Kent

(The finest ampliﬁcation\
from Crimson Elektrik

LATEST DEVELOPMENTS

CRIMSON ELEKTRIK Power amplifiers are the most
sophisticated on the market today. Yat now with the
iatest Issue 5 innovations THEY ARE EVEN BETTER! We
have included sonic improvements and developed a
unique electronic protection circuit which obviates the
need for output fuses. In fact, such fuses can seriously
degrade the performance of an amplifier. They can blow
under heavy drive conditions — even with non faulty
loads {due to thermal fatigue), they can be a time
consuming nuisance and even dangerous to replace, but
more importantly they are responsible for “envelope
distortion’” i.e dynamic compression of the signal, even
fuses in the feedback loop suffer from the first two
disadvantages, and the latter to a lesser extent

B :

CP3000 POWER AMP MODULE 300 WRMS 4R

BEST VALUE

CRIMSON have an enviable reputation for supplying the
best value amplifier kits. You can proove this to yourself
by checking out the competition in the following crucial
areas: * Professional grade phono sockets for ALL signal
connegtions * Silver/Gold plated switch contacts
Adequate heatsinking for tull rated output « Available
from stock * Manufactured by a specialist company with
a reputation for friendiy and helpful service before and
AFTER sale * Forms the basis for high quality active
loundspeaker systems. Considering the advantages of
CRIMSON Kits. Why choose anything else?

SOUND ADVICE

Crimson Amplifiers are versatile and dependable. The
new CP3000 will give up to 300 watts into 4 ohms at
0.03% THD and is the obvious choice for P.A. and
Disco's requiring the best performance. For Hi-Fi we
produce the ever popular pre- and power amp hardware
kits which enable our advanced modules to be housed in
attractive metalwork and include everything down to the
{ast nut and bolt.

Our Pre-amplifier can be fitted with the moving coii
module allowing 1t to be used with the latest M.C.
cartridge {(which can now be bought for as little as £30). -
Write for details, specifications and full price list or send
50p cheque/p.o. for our comprehensive application /
users manual.

Space precludes us from publishing all our products and
prices, below are just a few examples

* Power Amp Modules {singie channel)

CE 608 {60 WRMS/ 8 ohms) £23.10
CE 1708—(170 WRMS/8 ohms) £38.50
CP 3000—(300 WRMS /4 ohms}) £58.00

# 60 + 60 watt stereo pre and power amplifier complete
kit 2 £208.86
* Stereo Moving Cotl Pre-Pre Amplifier Moduie MC1
£28 50
* 3 Way Active Crossover (single channel) £32.60
Don’t forget, Crimson modules are available throughout
the country from all branches of Marshalls and Mail
order from Badger Sound Services and, of course
Crimson Elektrik.
Prices include V.A.T and post to anywhere in the U K.

Crimson

Hekirik

1A Stamford Street, Leicester LE16NL

Telephone (0533) 553508




Status Symbols

R aindirk of Downham Market
Norfolk are now supplying the
Status range of audio equipment.
Their Status 500 power amplifier
delivers 250 W per channel into
8R, using power MOSFET output
stages. Ths Status 20 Stereo Con-

trol Unit is a rack-mounting
system with a modular disc replay
amplifier that can be remotely
located, three band equaliser with
continously variable turn-over fre-
quencies, built-in headphone
amplifiers and external mains

power supply. The range will soon
also include a parametric
equaliser. You can get more infor-
mation on the Status 500 and the
rest of the Status range from Rain-
?.;II: Ltd, Downham Market, Nor-
olk.

—=NEWS: Digest

100 W Power
Amp (August)

I n Fig.7 on page 67, C1, 2 and 4
are shown the wrong way
round. However, they are shown
correctly on the component
overlay.

In the Power Amplifier Board
Parts List on page 68, R15 should
be 10R 1W and R16 should be 10R
2W. In the DC Sensing Board
Parts List on the same page R7
should be 4k7, R20, 23 are 82k,
R18 is 1k0, R26 is 91k and R27 is
5k6. C1,2 and 11 should be 22u 16
V electrolytic and C9, 10 should
be carbonate types.

The component overlays on
page 69 are correct.

Music To Your
Ears

Casio have brought out four
new calculators to follow in
the footsteps of their Melody
Card M-80. They all have eight
digits calculating capacity in four
functions, with full percent and
independent memory. Sliding the
mode switch to ‘music’ converts
them to an 11 note instrument for
‘the user to play tunes on the
numerals {0-9) and decimal keys.
The ML-720 is credit-card siz-
ed and is priced at £17.95. 1t is
powered by two G-8 size batteries
which last for 700 hours con-
tinuous calculating use. This is ex-
tended by an automatic power off
function with full memory. reten-
tion. The ML-860 is slightly bigger
with a RRP of £16.95 and uses the
larger G-10 batteries which last

PRI CE L e
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almost twice as long as the G-8
type.
For £25.95 you have the
choice of the ML.71 and the
ML-81 which both tell the time as
well. The ML-71 is credit-card size
and keeps continuous track of
time, with running second display
and date and includes a one-tenth
second stopwatch feature. It also
has an alarm for any preset time
of day as well as a countdown
timer. The G-10 batteries last
about a year. The ML-81 is larger
again with the same facilities as
the ML-71 plus an independent
alarm. The two G-12 batteries last
for 14 months continuous opera-
tion. All these calculators should
be available from dealers

soon, JE e

v S AVELRANE ==

¢

4,

R

Black Hole
(May 1980)

21, R83 and C10 should

be 1k0, 18k and 10nF respec-
tively. A 39k resistor should be
connected in series with C40. Cut
the appropriate PCB track and
solder the resistor across the
break. A 1N4148 diode should be
connected across each SAD512D
input (soldered to the underside
of the PCBY. Later issue PCBs from
Powertran will be suitably
modified.

5 [ ]
Kit News

K Electronics’ contribution
T to making legs obsolete should

. be available in September. It's a

touch-controlled light dimmer
with single alternate action touch
plate. Nothing strange in that, you
say. Well, TK have married their
touch dimmer with an infra-red
remote control system. So, you
needn’t leave your water bed,
with infra-red light controller in
one hand and ultrasonic TV con-
troller in the other (and the two
will not interfere with each other).
TK’s TDR300K 300 W Remote
Controlled Lightdimmer will pro-
bably cost around £10. Watch
their adverts in ET) for latest
details. Meanwhile TX can supply
an infra-red onjoff light controller
for £12 plus VAT (order model
RC500K). A multi-channel infra-
red remote control system for
models, hi-fi, etc is also available
separately.

Aura Sounds, who pioneered
the introduction of Wersi organ
kits in the UK, have been ap-
pointed marketing agents for
Heathkit Electronics. Both com-
panies and you and ! come out on
top — Heathkit broadens its sales
representation, Aura Sounds ex-
pands its kit business and
Heathkit products are a little
more widely avaiable to the likes
of you and me.

Hard Wire
Side Cutter

A new specialist side cutter for
use in the electronics and
electrical
available from CeKa.
wearing tungsten carbide tipped

is now
Its hard

industries

cutting edges provide the tool
with long working life and cutting
capacities of, for example, 0.6 mm
on piano wire and 1.6 mm on hard
electrode wire. The cutter is 4'%42”
in size and is box jointed for exact
location, flush cutting and the
prevention of cutting edge
overlap. A smooth and controlled
action while cutting in sensitive or
confined situations is achieved by
double leaf return springs. The
cutter handles are covered by
moulded black PVC grips. In addi-
tion to cutting hard wires, CeKa
states that use of the side cutters
continually on ordinary soft wire
will make its working life almost
indefinite. The RRP of the CK
Precision Side Cutter is £19.40
plus VAT. The address is CeKa
Works Ltd, Pwltheli, Gwynedd,
North Wales.

1



MPA 200 100 WATT (rms into 8Q) MIXER'/AMPLIFIER

Featured as a constructional article in ETI, the MPA 200 is an exceptionally low priced — but professionally finished — general purpose high power amplitier. It featur;s 8" adapt.iam‘e 'l':g:‘;
mixer which accepts a wide range of sources such as a microphone, guitar, etc. There are wide range tone controls and a master volume control. Mechanically the MPA 200 is simplicity

with minimal wiring needed making construction very straightforward.

The kit includes fully finished metalwork, fibreglass PCBs, controls, wire, etc. — compiete down to the iast nut and bolt.

COMPLETE KIT
ONLY

£49.90 +vaT!

MATCHES THE
- CHROMATHEQUE 5000
Panel size 19.0" X 3.5". Depth 7.3 PERFECTLY!

_ 5 CHANNEL LIGHTING
_ _ EFFECTS SYSTEM

‘This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels with individual level controls on each channel. Control of the
lights is comprehensive to say the least. You can run the unit as a straightforward sound-to-light or have it strobe all the lights at a speed dependent upon music level or front panel control

or use the internal digital circuitry which produces some superb random and sequencing effects. Each channel handles up to 500W and as the kit is a single board design wiring is minimat
and construction very straightforward. [

Kit includes fully finished m.2talwork, fibreglass PCB controls. wire, etc. — Complete right down to the last nut and bolt!

’ ' L ”Ghrmc.{hcqué 5000 s
COMPLETE KIT HD¥; T SR R Rt S

ONLY _ & S 2. T 3
i ngfmﬁ,’é & B 3 CHARNEL UGHTING EFFecTS SVSTam
£49.50 + vaT! : | . |

Panel size 19.0'' x 3.5'". Depth 7.3"

SYNTHESIZER KITS ON PAGE 8. MORE KiTS AND ORDERING
INFORMATION ON INSIDE FRONT COVER.

All kits also available as separate packs (e.g. PCB, component sets. hardware sets,
etc.). Prices in our FREE CATALOGUE.

POy =3 ’r /

DE LUXE EASY TO BUILD LINSLEY HOOD
NSRRI A S LS, YR T20 +20 20W STERED AMPLIFIER £33.10 + VAT
This easy to build version of our world-wide acclaimed 75W amphf:er kit based upon

circuit boards interconnected with gold plated contacts resulting in minimal wiring and . This kit, based upon a design published in Practical Wireless, uses a single printed circuit
construction delightfully straightforward. The design was published in Hi-Fi News and _board and offers.at very low cost, ease of construction and all the normal facilities found
Record Review and features include rumble filter, variable scratch fifter, versatile tone | on quality amplifiers. A 30 watt version of this kit (T30+30) is also available for
controls and tape monitoring while distortion is less than 0. 01%. £38.40+VAT. MATCHING TUNERS — See our FREE CATALOGUE!

Above 2 kits are supplied with fully finished metalwork, ready assembled high quality teak veneer cabinet, cable, nuts, bolts, efc. and full instructions — .in fact everything!

MUSIC EFFECTS DEVICE — AS FEATURED
IN ELECTRONICS TODAY INTERNATIONAL!

The BLACK HOLE designed by Tim Orr, is a powerful new musical effects device for processing both natural and
electronic instruments, offering genuine VIBRATO (pitch modulation) and a CHORUS mode which gives a

‘spacey’” feel to the sound achieved by delaying the input signal and mixing it back with the original. Notches
(HOLES), introduced in the frequency response, move up and d own as the time delay is medulated by the chorus
sweep generator. An optional double chorus mode allows exciting antiphase effects to be added. The device is
floor standing with foot switch controls, LED effect selection indicators. has variable sensitivity. has high
signal / noise ratio obtained by an audio compander and is mains powered — no batteries to change! Like alt our
kits everything is provided including a highly superior, rugged steel, beautifully finished enclosure.

compLETE KIT ONLY £49 .80 +vart single detay fine system)
De Luxe version (dual delay line system) also available for £59.80 + VAT
Cabinet size 10.0"' x 8.5'' x 2.5'" {rear) 1.8" (front)

HE)
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_each.

REMOTE CONTROL. 32-channel ultra-
sonic infra-red transmitter |.C. (SL490) £2.85
32 channel receiver IC.s
(ML928+ML929) £3.60 pair. Complete
data/projects booklet add 50p. P&P 25p.
Dataplus Developments, 81 Cholmeley Road,
Reading, Berks.

POWERTRAN TRANSCENDENT DPX
built to high professional standards available
for only £350. Package includes swell pedal,
handbook and “'Anchor’’ tuition course.
Phone High Wycombe (04 94) 36923 (office

hours). i

£110.00

+ VAT (£16.50)

BEST OFFER EVER

+ P/P £3.45 (inc. VAT)
Optional extra manual
£6. Total £129.95

Camera Kit, Lens,
Vidicon & Modulator

CROFTON

| Tek 01-8911923 5.
DELTA TECH & CO.

62 NAYLOR ROAD, LONDON, N20 OHN
yfor P&P

Please add

RESISTORS (5% E12) VOLTAGE
10 Ohms ta 10Mohms 1 REGULATORS
PRESETS (.15W HORIZONTAL) 7805 65p
100 Ohms to 2 Mohms 7 7812/15  65p
POTENTIOMETERS (s W) 7818/24  65p
Linear & Log Scales 7905 75p
4.7KOhms to 2. 2Mohms 30p | 7912/15  75p
VEROBOARDS (.1 COPPER) 7918724  75p
2.5 x 5" 55p DIL SOCKETS
375" x 5" 65p 8 pin *7p
ZENER DIODES (400mW) 14 pin *9p
5V6 Spx 9V1 6p 16 pin *10p
2V7 1o 33V 8p 18 pin 16p
POLYSTYRENE CAP (50V) 22 pin 20p
10 pF 10 1000 pF Sp 24 pin 21p
CERAMIC CAP (50V) 28 pin 25p
33 pF 10 4700 pF 3p 40 pin 35p
POLYESTER CAP (100V) OIOOES
1 nFto 68 nF 6p BY127 12p
100 nf 150 nf 7p 0A47 8p
220 nf 330 nF 9p 0A91 *Bp
4700F:  11p 680nF:  13p 0A200 6p
1uF:  18p 2, 2uF.  22p .0A202 9p
3.3uF:  15p» 4.7uF: 15pw 1N916 5p
ELECTROLYTIC CAP (uF/V) 1N4148 ap
1/251047/25: 6p 68/25, 100/35 8p 1N4001/2 4p
150725, 8p 160725 4pw 1N4003 5p
220/25: 10p 470/25: 8px 1NA004/5  6p
640/16: Sp¥ 1000710 5p* 1N4006/7  8p
1000/ 25: 22p 200/ 12: 6p* 1N5400  13p
1500/25: 12p% 2200/6.3V 10p* | 1N5401 14p
1N5402 15p
BRIDGE 1N5404 16
oPTO/ RECTIFIERS LINEAR .
ELECTRONIC WO2M 20p | CIRCUITS
» 2IN5777 55p WOEM 30p 709-8 28p
oCP71 65p. | jass0v  22p | 710-14 35p
ORP12 70p tA7100v  27p | 74318 20p
0L704 . 110p 1A/200v  32p | 747-14 50p
0L707  110p 1A/400v  34p | 7488 35p
0.125" &0.2 2A/50v  aop | CA3018 70p
LEDs: 2A/100V  42p CA3028A  85p
Red 10p 2a/200v  agp | CA3046 50p
Green 13p- | 2a/400v 55p | CA30BOE  785p
Yellow 13p | . CA3090AQ
: 0-135"_ Clip 3p THYRISTOR *200p
. <0.2” Clip 2N5064  w12p gﬁg} 28: 20p
Up

FOR
TRADE ONLY

ETI SEPTEMBER 1980

SEND FOR TRADE PRICE LIST

VHF/FM TRANSMITTER KIT. New
silicon chip design means low price (beats
anyone else) and better performance. Very
small — ideal bug etc. . . . Fully tuneable
88-108 MHz. Instructions etc. all included.
INTRODUCTORY OFFER £2,45 + 30p P&P
(unlicensable). M. Henry, Dept. ET!, 30
Westholme Gardens. Ruislip.

TRANSCENDENT 2000. Synthesizer. Fully
set up and in perfect working order. Must sel,
hence £200 only. Phone Worcester 354450
(evenings or weekends).

BOOKS BOOKS BOOKS — lLarge range of
electronics books in stock. Send s.a.e. for list.
Servio Radio, Dept ET! 10, 156-8 Merton
Road, Wimbledon SW19 1EG.

A SUPERB VALUE STEREO POWER
AMPLIFIER OFFER @ Stabilised PSU: 2N
3055 output @ Stereo 60 watt RMS; IC
Preamp. Case includes, controls volume,
selector etc., din output/inputs for magnetic
pick-up /microphone (3.mv) + Tuner +
Tape/Aux. 26 transistors — 2 IC Screened
Douglas Transformer, 240 V AC mains lead.
NEW-—-TESTED—DATA £19.95 (inclusive),
KLIFCO ELECTRONICS, 1 REGENT ROAD,

ILKLEY, W. YORKSHIRE LS29 9EA.

——

MSF TIME?

MSF CLOCK is ALWAYS CORRECT — never gains or
loses, self-setting at switch-on, 8 digits show Date.
Hours, Minutes and Seconds, larger digit Hours and
Minutes for easy QUICK-GLANCE time, auto, GMT/
BST and leap year, also parallel BCD output and can
racord when an event occurs, receives Rugby time
signals, 1000Km range, ACCURACY, £54 80.

60KMZ RUGBY RECEIVER, as in MSF Clock. serial
data output, built-in antenna, £15.70.

V.L.F.? EXPLORE 10-150KHz, Receiver £13.70.

Each fun-to-build kit includes all parts, printed circuit,

case, instructions, postage etc, money back assurance

so SEND off NOW.

CAMBRIDGE KITS

BRAND NEW COMPUTER POWER
SUPPLIES: —250v. 400mA. —12v. 2A.
+30v. 400mA. +12v. 500mA. and +5v. at
a staggering 12All Admirably Engineered
Units. £35 + £3.50 carr/insurance. Sold
tested and working but without guarantee.
Payment with order to: J. Wright, 27 Broom-
hill Drive, Glasgow G11 7AB.

45 (TJ) Old School Lane, Milton. Cambridge

LF351N adp | 4035 107p

LF356N 85p | 4041 75p | 7473 *16p
.LM301AN. 30p °[.4042 * 70p | 7474 *17p
.LM308N  55p | 4043/4 8sp | 7475 26p
LM318N  120p | 4047 92p | 7476 20p
LM318H  120p° | 4048 55p | 7480 32p
+LM324N §7p | 4049 35p | 7485 80p
LM339N  52p | 40508 asp | 7486 18p
LM348N  90p | 4066 50p | 7490 *22p
LM377N  175p | 4069 w16p | 7491 57p
LM380N  80p | 40708 20p | 7492 30p
LM38IN w120p | 4071/2 20p | 7493 *20p
LM382N  *90p | 4073 20p | 7494 50p
LM1310N 115p | 40B1/2 20p | 7495 40p
LM1458  #35p | 4086 gop | 7496 37p
LM3900N BOp | 4510 100p | 7497 200p
LM3909N  75p | 4511B *70p | 74100 sop
MC1496P 80p | 4516/8 100p | 74107 22p
NE531 110p | 4520/8 100p | 74109 34p
NE555 22p 74118 84p
NES56 *a6p. | TTL 74121 22p
NE566 140p | 7400/1 14p | 74122 30p
SN76115 #80p | 7402/3 14p | 74123 50p
TBAG41B 200p | 7404/5 16p | 74125/6 42p
TBABOO 75p | 7406 23p | 74132 60p
TBAB10S 110p | 7407 25p' [ 74141/5  46p
ZN414 100p | 7408/9 17p | 74150 55p
ZN1034E 220p [ 7410 13p | 74151 4a7p
CMOS AE 741172 17p | 74153 43p
4000 16p | 7413 21p | 74154 66p
40018 18p | 7414 4s5p | 74155 a6p
4002 15p | 7416 20p | 74156 a42p
40068 70p | 7417 25p | 74157 38p
4007 *17p | 7420 15p | 74160 70p
4008 gop | 7421 30p | 74161 §5p
4009 40p 7422 26p | 74162 60p
4010 a4p 7427 20p | 74163 a5p
40118 15p 7428 28p | 74164/5 56p
4012 20p | 7430 16p | 74166 95p
40138 35p | 7432 20p | 74173 70p
4014 8op 7437 14p ) 74174/5  55p
40158 75p 7438 18p | 74177 70p
4016 a4p 7440 13p | 74180 35p
4017 55p 7441 52p | 74181 80p
4018 80p 7442 32p°| 74182 a5p
4019 asp 7443 sop | 74190 50p
40208 95p 7444 100p | 74191/2  50p
4021 85p 7445 64p | 74193 50p
4022 *70p | 7446 e6p | 74194 65p
4023 22p | 7447A 45p | 74196 78p
40248 s0p | 7448 52p | 74197 54p
4025 20p 7450 10p | 74108 100p
4027 asp 7451/3 13p | 74199 800 |
4028 60p | 7454 10p | TRANSISTORS
4029 82p 7460 13p | AC126/7 22p -
4030 #35p | 7470 20p | AC128 20p

SPECIAL OFFERS * THIS MONTH

NUCLEAR RADIATION MONITOR. Es-
sential for the survivor of a nuclear attack.
Measures up to 100 rads/hour. S.a.e. de-
“tails: Ray, Nucleonics, 13 Rosemead Gar-
dens, Brentwood CM13 1HZ.

INTENSIVE COURSES IN

BASIC

AND

PASCAL

including hands on mini-computer opera-,
tion

These intensive courses are intended to

instruct from minimal knowledge to an

operational capability of computer pro-

gramming.

Courses are fully residential, allowing

maximum time for instruction and pro-

gramming.

BASIC — Weekends from Friday Evening

to Sunday Afternoon.

PASCAL — Weekdays Monday Morning

to Friday Afternoon inclusive.

For further details, dates available, fees
Phone {(0401) 43138, or write
CLEVELAND BUSINESS SERVICES
{Dept. ETI-2), Cleveland House

AC153 5p ZTX109 12 I
AC176 22p | BD131/2 35p | ZTX300/1 14p
AC187/8 22p | BD13510 ZTX302/3  18p
AC1B7K  30p | BD140 35p | ZTx304 23p
AD149  #55p | BF178 30p | ZTX311 18p
AD161/2 40p | BF180 34p | ZTx341 22p
AF114 30p | BF1B1 8p | ZTX500/1 15p
AF124 35p | Bri83 34p | ZTX502 20p
AF125/6 35p | BF184/5  25p | ZTX503 17p
AF127 35p | BF194/5  12p | ZTX504 24p
AF139 40p | BF196/7 12p | 2N696/7  20p
AF239 44p | BF2248 14p | 2N698 20p
BC107/8 10p | BF2448 35p | 2N706 14p
BC109 10p-| BF258 28p | 2N914 20p
BC117 23p | 8F259 a0p | 2N918 35p
BC142/3  30p | BFR39 *12p | 2N1131 20p
BC147/8 10p BFR79 32p | 2N1302/3 3Sp
BC149 10p | BFx29 25p | 2N1304  35p
BC157/8 12p | BFX84 25p | 2N1306  30p
BC159 12p | BFX87/8 25p | 2N1613  25p
BC167 14p | 'BFY50/1  20p | 2N1711 13-
BC169C 13p | BFY52 22p | 2N1893  25p
BC171 10p | BRY39 50p | 2N2217  18p
BC173 8p | BSX19 12p | 2N2219  23p
BC177/8  16p | BSX20 22p | 2N2222A  23p
BC179 16p [ BU205  150p | 2N2369  17p.
BC1B28 10p | BU208  210p | 2N2484  25p
BC182L #7p | MJ2955 110p | 2N2646  46p
BC183B 10p | MJE340  52p | 2N2904/5 21p
BC184 10p | MJE2955 110p { 2N2906/7 21p
BC1B6 25p | MJE3055 80p | 2N2926G  10p
BC207/9 13p | MPF102  45p | 2N3053  20p
BC212 10p | MPF103/4 40p | 2N3054  40p
BC212L *7p | MPF105  40p | 2N3055  4Sp
BC213L 10p | MPF106  4Sp | 2N30558 60p
BC214 10p | MPSAO6  26p | 2N3442  140p.
8C214L *8p | MPSA56  26p | 2N370210
BC23B 18p | MPSUO6  60p | 2N3711 11p
BC2618 14p | OC28 92p | 2N3772  120p
8€301/3 32p | 0oC35 92p | 2N3773  250p
BC32B 17p | TIP29 40p | 2N3819  21p
BC338 17p | TiP298 a2p | 283820  40p
BC461 a0p | TIP30 40p | 2N3823  70p
BC477 23p | TIP308B a2p (.2N3866  #55p
BC478 23p | TIP31/2  40p | 2N3903/4 15p
BC261B= TIP33 65p | 2N3906  15p,
SUPER BC478 TIP33C 70p | 2N4037  4Sp’
8C479 23p | TIP34A 75p |.2N4058/9 10p
BC547/8 12p | TIP35B  200p | 2N4060/1 10p
BC549 12p | TIP36A  200p | 2N5457/8 40p
BC557/8 14p | TIP36B  210p | 2N5459  40p
BC559 14p | TIPA1A 60p | 2N6027  #25p.
BCY70 18p | TIPA2A 60p [ 3NT28  *50p:
BCY71/2 18p | TIP2955  70p

BD115 58p | 11P3055 30p

8D121/3 75p | ZTX107/8 12p

m



RATES
1-3 insertions £6 per scc

4-11 insertions £5.50 per scc
12 insertions £5.00 per scc
23p per word (Min. 20 words)

Box No. of application

SEND TO:- ETI CLASSIFIED,

MODULAR SENSOR SYSTEMS

® Swiich
selects
MOS or TTL
levels

@ 5-15V
working
@16 LED
display

SPEED SENSOR

Gal/Hr PCB and 4 digit display without case requires
5V DC, 320 c/sec time base input £35.95

Total Galls

Total Litres ;

MPG, Km/L Complete system in case. 12V DC power
suitable for automotive and other speed/flow measurement
Hampsfell Road, Grange-over-Sands, Cumbria LA11 GBE

£27-40
J. E. Sinclare & Cao (Fl

FLOW SENSOR
L/ Hr 5V DC 400 cycles input time base £34.80
Complete system in case with reset. 12V DC
or L/ 100 Km SUBBIY  in s e v v @ s s B £44.75
projects.
Telephone: 044 84 4233/4
complete -
82 Plumstead Common Hoad

Signal processing / display systems:
RPM PCB and 4 digit display withoul case requires
power supply £29.95
All above prices include VAT, p&p UK, These systems are ideally
ENVIROSYSTEMS LTD.
fc
or send for data:
London SE18 3SRE

MK14 CORNER. Interface Board, includes
flag driven mains relays, LED Indicators for all

All advertisements in this section must be

pre-paid

publication

Closing Date:- 1st Fri. month preceding

Advertisements are accepted subject to the terms

and conditions printed on the advertisement rate

card (available on request).

145, CHARING CROSS ROAD, LONDON WC2H OEE.

PRINTED
CIRCUITS

HAR DWARE

Comprehensive range Constructors Hardware
and accessories.

Selected range of popular components
Full range of HE printed circuit boards
normally ex-stock, same day despatch at
competitive prices

P.C Boards to individual designs

Resist-coated epoxy glass laminate for the

d 1.y man with full processing instructions (no
unusual chemicals required)

Aifac range of etch resist transfers and other
drawing matenals for p.¢ boards,

Send 15p for catalogue.

RAMAR CONSTRUCTOR
SERVIGES

MAIONS ROAD
STRATFORD-ON-AVON
WARWICKS. Tal, 4879

TEL: 01-437 1002 Ext 26

e e i ——

CENTURION
ALARMS

BURGLAR ALARM EQUIPMENT
AT UNBEATABLE VALUE

JUST LOOK!
Order No

100 ALARM TRIGGER MODULE. 100% Solid Siate. Battery
operation. Pos. & Neg. Rings. N/C for 4-wire contacts. N/O for
Mats, etc. One Amp Switching Capacity. Only ......, £9.86

210 Quality White Flush fitting 4-wire MAGNETIC REED
CONTACT + matching magnet . . ... ... .., ,.... £1.10

220 Surface 4-wire MAGNETIC REED CONTACY ... £1.50
240 PRESSURE MAT, Standard size 4-wire 30"'x15" £2.20
250 PRESSURE MAT. Stair size 4-wire 23''x6%" ... £1.73
260 VIBRATION DETECTOR, Pendulum type in Ivory Case with
contacted Lid + self-adhesive backing. Adjustabie sensitivity £3.50
360 SIX INCHUNDERDOME BELL . ... .. . . £9.95
390 BEST QUALITY BELL HOUSING. PVC coated metal, not to
be confused with the cheaper decoy covers. Fully signwritten with
our Centurion Insignia . . . e wg wow s wew e D
400 DECOY P.V.C. !ELLCU‘U‘EH ..., £8.80
Note: All squipment operates on 12Uuln DC

710 SCOOP Offer SMOKE ALARMS. Self-contained lonisation
Type (1.5% obscuration) with low battery warning at the
UNREPEATABLE PRICE of only £8.75 While Stocks Lagti!]
Terms: Add 15% VAT tu Prices + 40p Postage & Packing.

. No Minimum Order.
Access telephone onders
welcome on:

I ewdoome wes| 0484-35627 or send
S A.E. for Full List to

CENTURION ALARMS & ELECTRONIC
SALES, Dept. ET|, 265 Wakefield Road,
Huddemfield, W. Yorks HDS 9BE

LARGEST STOCKS ANYWHERE sheets,

Serial 1/0, D/A and single step chips, and ,
prototype area; also suitable for other Micro- ﬂan.fglﬂg g%slégg S: fé?ewg:cil’::g:“é;ﬁﬁ

computers; PCB and circuit £3.95. Replace : S TS
calculator display with %2 FND 500s; PCD. plete Instruments/Systems. Write A J.

k) . : . ATTWOOD, C.Eng., MIERE, Heathercote,
filter, instructions £1.95. Ready-built
replacement keyboard £11. Useful notes on neatnernton Park, Taunton Somerset TA4

and manuals. Service sheets only £1 + sae.
Sole suppliers of the famous TV Repair Sys-
tems. Complete Diagram Collection. Mono
TV/Washing Machines/Col. TV/etc., in
huge binders, only £13.50 each. SAE brings
newsletter bargain offers, quotes: G.T., 76

MK14 75p. Rayner, “'Kismet’, High Street, 1ET or Phone Bradford-on-Tone (082- 346)
Colnbrook, Bucks.

DO YOU TRANSMIT

AUDIO SIGNALS
OVER CABLE
CIRGUITS?

We manufacture a full range of
interface equipment for transmis-
sion of audio signals over private
wire of telephone circuits, from
Narrow Band STD systems
(300Hz-3.4kHz) up to Wide Band

Music Circuits.

PARTRIDGE
ELECTRONICS

(A. C. Partridge Ltd.)

56 Fleet Road, Benfleet, Essex
Tel: (STD 03745) 3256

We also manufacture audio

mixers and sub-assemblies

112

536.

BARGAINS FOR THE ELEC-
TRONIC HANDYMAN
BRANDED L.E.D. DIGITAL

ALARM CLOCKS

Returned to Service
Department within

guarantee period.

1. With alarm repeat. S.R.S.P. of £17.00. Oﬁarﬂd at
£3.95, inc. VAT, or 3 for £9.85, inc. VAT.

2. With luxury lamp and repeat alarm. S.P.S.P.
£31.00. Offered at £7.95 inc. VAT each, or 3 for

£19.95 inc. VAT.
These will be sold as received from our customers with

the existing fault(s) and without guarantee.
U.K. only
Discounts availabie on large bulk purchase.

PRESCOTT CL(E_IB & WATCH CO.
PRESCOTT HOUSE, HUMBER ROAD, LONDON
NW2 6ER

Church Street, Larkhall, Lanarkshire (0698)
883334.

200 COMPONENTS £4. 100 diodes 85p.
150 caps £1.50. 100 resistors 85p. All
mixed. Lists 15p. Sole |Electronics (ETI), 37/
Stanley Street, Ormskirk, Lancs. L39 2DH.

TRANSCENDENT DPX Polyphonic Syn-
thesizer, fully working, mint condition, pro-
fessionally constructed. Save approximately
£100 on kit and construction costs! For sale,

£299. Telephone: 0282 35680 (Burnley).

DIGITAL WATCH BATTERY
'REPLACEMENTKIT

These watches all require battery
(power cell} replacement at regular
intervals. This kit provides the
means. We supply eyeglass, non-
magnetic tweezers, watch screw-
driver, case knife and screwback
case opener. Also one doz. assort.
push-pieces, full instructions and
battery identification chart. We
then supply replacement batteries
— you fit them. Begin now. Send
£9 for complete kit and get into a
fast-growing business. Prompt
despatch.

Al : |
BOLSTER INSTRUMENT CO. (ETI6)

11 Percy Avenue, Ashford, Middx. TW15 2PB
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BARGAIN PACKS

£1 + 25p P.P. ea

“Best guality NEW components at silly prices
Welwyn, Plessey. Wima. Pye, Sprague, eic

50 x 4.7 F/10¥ Tub Tantalum 30 x 47, F/10¥ Bead Tanfalum
50 x 0.1, F/100V Radiaf Polyester 40 % 0.1, F/250V Radial Polyester
20 x 0.22 «F/250V Radial Polyester 10 x 2.2 F/250Y Radial Polyester
80 x D.01 » F/400¥ Axinl Palysster 20 & 1.0uF/160V Axial Polyester
10 x 16, F/450V Tag and Lylics 7% 32, F/450V Tag and Lyfics
15 x 32, F/150V Trg and Lytics gﬂx I%&FF/%USVUJ? a;dan_lnx
i i 1 it wed thro

e w8 5011000 1820 74 W. . Res
2% 4500, F/Z5¥ Scraw Term Campster-grade Lyfics
6 x 50pF Jackson Variahle — Screwdriver idj.
40 x BC107 OR BC109 OR BCT0. New — leads croppad shert — but wsabis.
40 assorted high capacity pelystyrone hatwasn 106 and 470aF.
3D ssterted axial — WIMA typs detween | !
L 200 essacied ViW-law moise Mobal Oxide rasisters.
5 x 1uF/350V ol 70°C Tl Figer — lli.lm chctrenic :nmn ic.

Full refund It not detighted

T.SCOTT, 37 Regent Street. Rowhedge. Essex

TRANSFORMERS MANUFACTURED to
specification, many popular types ex-stock.
Fast turn around on volume production. Send
enquiries to Louth Transformers, Queen
Street, Louth, Lincs. Tel: (0507) 6064 36.

TRANSCENDENT 2000 SYNTHESISER.
Fully operational, with foot pedal and reverb
unit, must sell, £160. Phone Colchester
(0206) 211309, evenings.

MAPLIN DISCO UNIT, only needs light
unit fitting. Unit tested and used twice, fan
cooled heatsinks. Very robust case. Offers
around £180. Also Maplin Organ MESS
1/2/3/4. All PCBs finished and working
(unit built and disassembled owing to moving
house). Two 61-note keyboards, 13-note
pedalboard, rotating base speaker unit,
drawbars and stop tabs, reverb. Offers please.
Tel: 01-445 8336.

- ADAM HALL

Cabinet & Flightcase Fittings, fretcloths, coverings,
handles, castors etc., Jacks & sockets, Cannons,
Bulgins, reverb trays, Emilar compression drivers, AKG
mics, Celestion speakers, ASS glassfibre horns

Send 30p postal order for illustrated catalogues to:
ADAM HALL (E T SUPPLIES)
Unit B, Charlton Court
Grai Road, S S
Essex SS2 5BZ

SOFTWARE
NOW
| AVAILABLE
S ) E J

el
- ."

YO
R CEReN

| 3
LIVITED

35 GROSVENOR H‘aAbD , TWICKENHAM

Tel:01-891 1923

MIDDLESEX Tw1
B

0055000280000
50Hz SUPERBOARDS @

BRITISH MODEL ®
NOW FROM £159.95
+ Vs VAT + P&P o

Fully built, set up and tested
Accessories, software metal cases, etc.

®
@
®
: AUTHORISED dealer back-up :
®
@
9

C.T.S.. 1 Higher Calderbrook
Littleborough, Lancs. .
Tel. Littleborough 79332
any time ‘

CB CITY

PROUDLY PRESENT

AGGESSORIES
GATALOGUE
SHOWROOM

Telephone:
ALDERSHOT
0252 318141

Monday-Saturday

9a.m.-6 p.m.

(NO RIGS)

ZX80 GAME. Iingenious and . challenging
1-2 player game of capture for 1KZX80. Fully
documented. Send £1.50 to HINDLE, 139
Penrhyn Road, Sheffield, S11 8UP.

SPEED — VERSATILITY — ECONOMY

Designed originally for logic wmng applications, 1t is now

and used ex y thi hout industry, education

and reaaarch ROADFIUNNER is used by hobbytsts, students,

and to carry out work on:—

*P.C.B. REPAIRS 'ANALOGUE BREADBOARDING *SIMPLE

LOGIC WIRING *COMPLEX INTERCONNECTING OF MICROS
AND MEMORIES.

EURO INTROKIT £14.84. PROJECT INTROKIT £8.27. PENCIL,
WITH LOADED BOBBIN £2.44. WIRE DISTRIBUTION STRIPS:—
GLUE FIX 20/pkt 6" LONG £2.80. ADHESIVE 0-36/TUBE. PRESS
FIX 20/pkt 2" LONG £2.92. SINGLE EURQCARD HIGH DENSITY
3 PLANE (36x16 PIN DILS) £4.50. DOUBLE EUROCARD, WITH
CAPACITY OF 84x16 PIN DILS £7.25. PROJECT CARD HIGH
DENSITY SSIDED 20x14 PIN DILS £2.85. BOBBINS - BLUE
4/pkt £2.12 GREEN 4/pkt £2.12 PINK 4/pkt £2.12 GOLD 4/pkt
£2.12. 1 OF EACH COL. £2.20. TINNED COPPER WIRE 4/pkt
£2.12. RECOMMENDED SOLDERING IRON FOR ROADRUNNER *
HOBBYIST £4.80.

* Please add 40p for p&p + 15% VAT to all orders.
FOR FURTHER INFORMATION
ON ROADRUNNER PRODUCTS

SEND LARGES.AE. TO:—

T.J. BRINE ASSOCIATES,

. 116 Blackd: Rural | istrigs
Haste Hill, Haslemere, Surrey

ACORN COMPUTERS
AJD DIRECT SUPPLIES ............ 100

AVERTISEMENT INDEX

ALTEK INSTRUMENTS ............ 97
AMBIT INTERNATIONAL .......... 26
AUDIO ELECTRONICS ............ 90
AURASOUNDS .................. 35
BAYDIS .................. e.... 68
BKELECTRONICS ................ 72
B.N.RS. ....... S g R EEEE X E 43
BUTTERWORTHS ................ 100
CLACULATOR SALES & SERVICE .... 97
CAMBRIDGE LEARNING ENTERPRISES 107
CB.CITY ...............ciiiun.. 113
CHILTMEAD .................... 78
CHROMASONICS ................ 67
CLEFPRODUCTS ...........,.. 99
CODESPEED .................... 109
COMMODORE ...... e e e 71
COMP, COMP, COMP ........ 114 & 115
CRIMSON ELEKTRIK ............. 109
CROFTON ELECTRONICS . ......... 52,
CS.C. ... .. i e 33
CYBER ELECTRONICS ............ 76
DELTATECH&CO ............... 111
DISPLAY ELECTRONICS ,.......... 38
DORAM ELECTRONICS ........... 56
DOVEELECTRONICS .._........... 46
EDR e s, o N G e e 46
ELECTRONIC MAIL ORDER ........ 68
ELECTROVALUE ................. 92
ENVIROSYSTEMS ....._ .......... 29
GMT ELECTRONICS ....... o waye rewa 97
GREENBANK .................... 51
GREENWELD .............. » 90
HAMEGLTD .................... 70
HAPPY MEMORIES ............... 76
_HENRY'SRADIO .............. 57 & 86
1.cs. ...... . At e s 91

ILLP. ... L. <. 20& 21
INTERFACE COMPONENTS ........ 68
KEELMOORLTD ................. 77
KODE SERVICES ....... [E— 46
KRAMER & CO ......... b eeaas . 109
LASCAR ELECTRONICS ......... .. b2
LBELECTRONICS .............. 76
L&B ELECTRONICS ..... 4d b 40 101
MAPLIN ....................... 116
MARSHALLS ................... 108
METAC ...............cccin... 10
MICROCIRCUITS .............. .o 42
MICRO-PRINTLTD ............... 68
MITRAD ........... o Qoo de old o o 47
MOUNTAINDENE . ..,..... reeeen. 45
E.R.NICHOLLS ................. 109
NIC MODELS ...... wEn & L 52
POWERTRAN ........ reen.. 2,88 110
PROGRESSIVERADIO ..,.,........ 106
RAPID ELECTRONICS ......... D 109
JW.RIMMER .................. 43
RTV.C. ... .. i 22
SAFGAN ELECTRONICS ..........., 21
SCIENCE OF CAMBRIDGE  ........ 4&5
SILICASHOP ................... 100

SPECIAL PRODUCTS DISTRIBUTORS 9%

C.N.STEVENSON ...... ...._..... 22
SURETRON ..................... 13
SWANLEY ELECTRONICS .......... 57
TANGERINE ............. v... 36 & 37
TECHNOMATIC ., ............... 6
TEMPUS . ...................... 84
TIMEDATALTD .................. 76
TKELECTRONICS ................ 108
TRANSAM COMPONENTS ......... 27
T&TELECTRONICS ............... 92
WATFORD ELECTRONICS .. 12& 13
WEST HYDE DEVELOPMENTS i 106
WILMSLOWAUDIO ........... ... 43
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HIR S NEC OMPUPHONES
vi— SPINWRITER

8MHz Super Quality Modulators £4.90 Only YOU NEED NEVER M|SSAN
6MHz Standard Modulators £2.90 £1490 IMPORTANT CALL AGAIN
€12 Computer Grade Cassettes 10 for £4.00 + VAT TWO CORDLESS TELEPHONE
Anadex Printer Paper — 2000 sheets £25.00 ) o W SYSTEMS — DIRECT FROM USA

- 1 NEC's high quality printer uses a print “'thimbie’’ that has
Floppy Discs 5% Hard and Soft Sectored £3.50 less diameter and inertia than a daisy wheel, giving a quieter, F ]

" " = faster, more reliable printer that can cope with plotting and = 0 i
Floppy Disc Library Case 5% £3.50 printing (128 ASCII characters) with up to five copies, fric- i iy,
Verocases for Nascom 1 & 2 etc. £24.90 tion or tractor fed. The ribbon and thimble can be changed in . i

= seconds. 55 characters per second bidirectional printing —
Keyboard Cases £9.90 with red/black, bold, subscript, superscript, proportional
spacing, tabbing, and much, much more.

MEMORY UPGRADES

; HITACHI .
16K (8 x 4116) ' £29.90 + var PROFESSIONAL v ,
4K Compukit (8x2114) MONITORS THE ALCOM only £147 + VAT
£29.90 -+ var 9" — £129 e S e e e i
12” - £199 Eh?rlggrp?n%haigCuarili:"i\ling — Nicad rechargeable batteries.

EPROM 2716 £1250 + VAT @ Reliability Solid state circuitry using an IC and silicon

transistors ensures high reliability. ® 500 lines horizontai
resolution Horizontal resolution in excess of 500 lines is
achieved in picture center. ® Stable picture Even played |

COMP PRO M|XER back pictures of VTR can be displayed without jittering.

® Looping video input Video input can be looped through

H H H with built-in termination switch. ® External sync opera-
Profgssnonal audio mixer that p tion (available as option for U and C types) ® Compact
can bun[d YOUI'Self and save over £100. construction Two monitors are mountabie side by side in a

standard 19-inch rack.

6 into 2 with full equalization and echo,
cve and pan controls.

All you need for your own recording ! o ?
tudio is a stereo tape or cassette recorder. .
e ¢ THE BOHSEI only £126 + VAT
Base station connects to your telephone line. Remote

handset stylishly designed in red — Push button dialling
comes complete with charger unit for batteries in handset,

This superb mixer kit has slider faders,
leve! meters and additional auxilliary inputs.

Super Quality — Low cost printer. Tractor Feed with full 96

Only £99.90 ASClI character set Accepts R5232C at band rates between
100 and 9600 and Parallel Bit data
plus VAT f9r Attaches either direcily or through interfaces to Pet, Apple,
complete kit TRS80, Sorcerer, Nascom. Compukit etc
Plus FREE :
power, THE NEW ANADEX
supply DPS501
valued at

£2500 | | ¥ A PROFESSIONAL PRINTER

® Bi-directional printing
® Up to 220 chars/line

with 4 print densities Low COST TELEPHONE only
P ococrareurer 1| ANSWERING MACHINE £99,36

ideal for Parallel interface built in Microprocessor controlled answering machine. Plug into
® Full software control of matrix hone line. Records any phone call messages. Remote

DISCOS STAGE MIXING needies allowing graphics capability M k '
HOME STUDIOS 'AND MANY ©200 chars/sec ® Adustable width ractor feed. | | anpuners n the world. Uses Standird cassetics. Comes
) compiete with mains adaptor, microphone, remote bieeper,
OTH E R APPL'CAT‘ONS Alt this for only £895 + VAT. ) base unit, cassette with 30 sample pre-recorded messages.

COMMERCIAL © EXPANDABLE ©¢ COMPLETE
TRS 80 - MODEL 1i

This new unit from the world’s most successful micro company is now available
immediately with software.

The basic unit comes complete with 64 thousand characters {bytes) of Memory. The
built in 8’ Floppy disc adds another % million extra characters including the d
operating system. More disc expansion is now available.

The Model Il is a complete unit with a full keyboard including a numeric pad a~c 12”7
screen which gives 24 lines of 80 characters. The computer is supplied with bo:~ =2
disc operating system and the Level Il Basic.

A full self test routing is written into the power up procedure to eliminate
operation. Both serial and parallel expansion sockets are standard. A printer ‘s 2

SHINOLSNO HN0 Ld30XxX3 S30idd HnD dWV3aN L399 NVO AUDEDNI

operation.
Both hardware and software necessary to tatk to a mainframe are inc.izac. Ter— ~ai
usage is very possible. With the addition of CPM2 you can operate it~ 2033_.
FORTRAN, MBASIC, CBASIC in which languages are many cirer aco zztz-s
packages i.e. accounting, payroll stock etc.
COMING SOON 64K 1-Disk Model Il £1995.00 - .- cP M2 £95.00
26 megabyte ) RRP £2250.00 CIS COBOL £400.00
Hard Disc C BASIC £75.00
murlti—u;er 1 DISK EXPANSION M BASIC £155.00
DOS Room for 3 FORTRAN £220.00
500K per Drive gives total WORDSTAR  £255.00
WE USE THIS . .
MACHINE IN OUR BUSINESS of 1.6M Byte — 1 Drive plus Cabinet £799 - .x-
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COMMERCIAL ® EXPANDABLE ® COMPLETE
TRS 80 - MODEL il

This new unit from the world’s most successful micro company is now available
immediately with software.

The basic unit comes complete with 64 thousand characters (bytes) of Memory. The
“built in 8" Floppy disc adds another % million extra characters including the disc
operating $ystem. More disc expansion is now available. :

The Model Il is a complete unit with a full keyboard including a numeric pad and 12"
screen which gives 24 lines of 80 characters. The computer is supplied with both the
disc operating system and the Level Ill Basic.

A full self test routine is written into the power up procedure to eliminate incorrect
operation. Both serial and parallel expansion sockets are standard. A printer is a plug-in
operation.

Both hardware and software necessary to talk to a mainframe are included. Terminal
usage is very possible. With the addition of CPM2 you can operate with COBOL,
FORTRAN, MBASIC, CBASIC in which languages are many other applications
Packages i.e. accounting, payroll stock etc.

(%
G 4’4%0
0‘1&4//(‘2;8;4 1

&

COMING SOON 64K 1-Disk Model Il £1995.00 . a7 cP/M2 £95.00
26 megabyte RRP £2250.00 glgACSOIgOL ££74(N5I.(0”6
Hard Disc .
A 1 DISK EXPANSION M BASIC £155.00
DOS Room for 3 FORTRAN £220.00
500K per Drive gives total WORDSIAR %265:00
Rt e of 1.5M Byte — 1 Drive plus Cabinet £799 . var
MACHINE IN OUR BUSINESS :
EUROPE'S FASTEST SELLING
ONE BOARD COMPUTER SMHz Super Quality Modulators_ £4.90
6MHz Standard Modulators £2.90
* 6502 based system — best value for money on the €12 Computer Grade Casseties ol
market. % Powerful 8K Basic — Fastest around * Full Anadex Printer Paper — 3000
Qwerty Keyboard * 4K RAM Expandable to 8K on dl__sheots T £25.00
board. * Power supply and RF Modulator on board. ARRRYBES A AR e
* No Extras needed — Plug-in and go. * Kansas City Floppy Disc Library Case 5% £3.50
Tape Interface on board. % Free Sampler Tape including Verocases for Nascom 1 & 2 etc.  £24.90
powerful Dissassembler and Monitor with each Kit. % If Keyboard Cases i £9.90
you want to learn about Micros, but didn’t know which v
machine to buy then this is the machine for you. FOR{THE{COMBUKIT]
[ 40 pin Expansion Jumper Cable for Compukit expansion £8.50 + VAT —I assemblerjEdiion £14.90
" Screen Editor Tape £5.90
Build, Understand and Program your own KIT ONLY £179 + var Game Packs
Computer for only a small outlay NO EXTRAS NEEDED 1. Four Games £5.00
The C kit UK101 kit f th all th b d 2AECu oy £5.00
e Compukit comes In kit form with ail the parts necessary to be up an
working, sﬁpi}lied. No extras are needed. After plugging in just press the reset keys 3. Three Games 8K orily £5.00
= and the whole world of computing is at your fingertips. Should you wish to work in Space Invaders £5.00
- the machine code of the 6502 then just press the M key and the machine will be -
ready to execute your commands and programmes. By pressing the C key the world Chequers . £3.00
NEW MONITOR FOR of Basic is open to you. This machine is ideal to the computing student or Maths = —Tod
COMPUKIT UK101 ) student, ideal to teach your children arithmetic, and is also great fun to use. Real Time Clock d
4 ® In 2K Eprom 2716 Because of the enormous volume of users of this kit we are able to offer a new Case for Compukit £29.50
[ ] Al[ows screen editing ® Saves data on tape reduced price of £179 + VAT
S hehnsicusoleiTextlsorolydownl/E22:00 VAT Available ready assgmbled, tested & ready to go £229 + VAT All Prices exclusive VAT
. 1 We now have in stock
Yide g|,ve afullone | demonstration models of the . SPECIAL OFFER_ .
year's warranty Atari 800 and Texas 99/4. We will part exchange your Sinclair ZX80
on all our products. COME AND SEE THEM ~ for any of our products.

< i 's— £69.
WV TV GAME BREAK OUT  SECTHEEEER R e o o Suarantoed £0%0
Has got to be one of the world's greatest TV games. You really { upply depe P .

get hooked. As featured in ETI. Has also 4 other pinball games
and lots of options. Good kit for up-grading old amusement
games.

. MINI KIT — PCB, sound & vision modulator, memory chip
and de-code chip. Very simple td construct. £14.90 + VAT
OR PCB £2.90 MAIN LS| £8.580 Both plus VAT

We have one of the Iérgest collections of: Computer Books under
one roof, along with racks of software for the PET and TRS80.

COME AND SEE FOR YOURSELF

SHINOLSNI HNO Ld3OX3 S3I0Itd HNO HvanN 139 NVYIJ AQO8S0N

Please add VAT to all prices — including delivery. Please make cheques and postal orders payable to =
COMPSHOP LTD., or phone your order quoting BARCLAYCARD, ACCESS, DINERS CLUB or QD
AMERICAN EXPRESS number. pesan

CREDIT FACILITIES ARRANGED — send S.A.E. for application form.

14 Station Road, New Barnet, Hertfordshire, EN5 1QW Telex: 298755 TELCOM G

Telephone: 01-441 2922 (Sales) 01-449 6596

OPEN - 10 am - 7 pm — Monday to Saturday _

L. : Close to New Barnet BR Station — Moorgate Line. L COMPUTER AYCARS
Europes Largest Discount # NOW in IRELAND at: 80 Marlborough St., Dublin 1. Tel: Dublin 749933 COMPONENTS ?
BelsoneliComputer Stage COMPSHOP USA, 1348 East Edinger, Santa Ana, California, Zip C [

* " Telephone: 0131 714 54?252%6' etomia'sdnlCode] 92705 g (Part of the Compshop Ltd. Group) = A
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STEP INTO A NEW WORLD IRA1/ATIR\ A
WHEN YOU DISCOVER Wﬂ@D LN

_ For beginners or professionalé, the Maplin catalogue will help you
find just about everything you need for your project.

Over 5,000 of the most_usefulco‘ﬁ?ponents — from resistors to
microprocessors — clearly described and illustrated.

Send the coupon for your copy
and STEPUPTO e R,
MAPLINSERVICE « — "~~~/

Post this coupon now for your copy °
of our 1979-80 catalogue price 70p. .

Please send me a copy of your 280 page L ﬁﬂﬂﬁ@ﬂ.ﬂ@

! catalogue. | enclose 70p (plus 46p p&p).
— % iflam not completely satisfied t may return the ;
¥ catalogue to you and have my money refunded:
. If you five gutsideshe U K. send £1.35 or ten
&-". i International-Reply Coupons. {enclose

ELECTRONIC SUPPLIES L'FD Y

All mail to:- :

P.0. Box 3, Raylelgh Essex $S6 8LR. - A
Telephone: Southend (0702) 554155. =
Shop: 284 London Road, Westcliff-on-Sea, Essex. (Closed on Monday).
Telephone: Southend (0702) 554000. ' .

Catalogue now ava|lable in all branches of WHSMITH & u.,a Price £1.00
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WATFORD ELECTRONICS

We supply all the parts for

frequency readout.

(Send SAE for parts list).

ETI DIGITAI. TEST METER (Sept. 1980]

is low cost, high performance, easy to b

LCD Mulumeter with

WATFORD'S Some Common BASIC SWITCHES ~SUIBE Teov:
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Suretron Systems (UK) Ltd.
Piccadilly Place, London Rd., Bath BA16PW. Tel: Bath (0225) 23194

S
Top of all systems &
jlested byindependen

! nall\)nal authonty §

July 79

high perfdrmance electronic ignition,to add power,
economy, reliability, sustained smooth peak perfor-
mance, instant all weather starting, to your car.

Surefire has sold in its thousands in ready made form from big
name accessory firms. but it 1s now available in quality kit form to fit atl
vehtcles with coil ignition up to 8 cylinders.

ES200. A high performance inductive discharge ignition incorporating
a power integrated circuit (special selection): electronic variable dwell
circuit {(maximises spark erergy at ail speeds}: pulse processor
{overcomes contact breaker problems). Coil governor (protects coil)
Long burn output. Negative earth only. Compatible with all rev. counters.

€300.Init's ready built form (C3000) it came top of all systems tested
by an independent national authority July' 79. A high energy

capacitive discharge ignition incorporating a high output short cireurt
proof inverter, top grade Swedish output capacitor, pulse processor
circuit. transcient overload protection. Fast rise bidirectional output
ideal for tuel injection, sports carburation. oily engines. Compatible with
most rev. counters. {Low cost adaptors available for rare cases.
Application list enclosed with each kit. Note: Vetuules with Smiths/

- Jaeger rev. counters code RV on dial will require adaptor type TCI).

What's in the kits. Surefire's own precision anodised aluminium

extruded case. P.C. mounted security changeover switch, static i
timing light. Special selection Motorola semi-conductors. Capacitors,
resistors etc. selected after 5 years experience. Glass fibre pcb, solder,
complete down to last washer.

Fully illustrated comprehensive instructions
and full technical back up service.

Dept. ETIS

Name

Address

‘Phone order with Access Barclaycard Quantity
VAT and P & P mnc required
. [ = lenclose
ES200: Neg = 1395 | £11.95 chgiPO's

€300: Pos == [£1386 | £1595
C300: Neg == |£I1785 | £15.85 Chy No
Tacho Adapt. TC! | 1380
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October issue on sale September 6th - Don’t miss out order your copy today.

FM Radio Control

In the course of the past year you've seen all the others produce radio control projects.
You've also seen them make a right mess of the idea!

Next month ET! presents the definitive FM, easy-to-build, every-home-should-have-
one, radio control. We won't spin it out over 10000 issues either, our circuit is sufficiently
refined for us to be able to present full details in one issue!

If you're at all intrigued by controlling things at a distance ETI October is the place to
be.

Fuzz Sustain

Brilliantly innovative project to please all of the guitarists, all of the time. This nifty little
box can provide a really rich fuzz sound and/or a true sustain. We stress the ‘true’ because
there have been some attempts to pass off things which are decidedly second-rate before
now. As usual ET! gets it right! Inexpensive, ingenious and simply magnificent are words
which could well apply to this our latest musicians project!

Don’t miss it lest your plectrum gets lonely!

Circuits Circuits And More Circuits

Spot Designs is our new ‘tried and tested’ circuits features. All the ideas presented have
been built and proven — so it is not surprising that this is already a popular new addition
to ETI. Next month we're presenting six pages of this top-class ideas material, in response
tothe many requests to increase the size of the feature.

Thisis a’special’ one-time only offer so don't get left out circuitless!

Universal Cassette Interface

Into micros? Then ETI has something a little bit special for you next month — a tape inter-
face with switchable baud rate and flexible 1/O. It can be run with any system and any
tape machine (within reason) and offers all the benefits of being able to save programs on
tape at aridiculous price! Miss this and your fingers will undoubtedly drop off typing!

Einstein Relatives

Yep. The feature you said we would never do. A clear easily understood explanation of
the Special Theory of Relativity. This is the topic that those smug little physicists are
always telling us humans we can never hope to comprehend. Well we can. Just read ET]
next month and see for yourself.

Also Appearing . ...........

Taking part in next month’s production we also have: a Bench Amp for the experimenter;
a review for the HP-41C alphanumeric calculator; an audio signal generator; a flash trig-
ger for quick-off-the-mark photographers plus, of course, all our usual brilliant regulars.
It's got to be worth the mere 60p we ask in exchange!

Articles mentioned herein are in an advanced state of preparation. However, circumstances may dictate changes to the tinal contents.
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FEATURE

HEAD AMPLIFIER
DESIGN

If you've taken the plunge into moving coil cartridges and you're
looking around for a head amplifier, Andy Sykes of Videotone explains

how you can design your own.

bug, a’Head Amplifier’ is not the latest tool for psycholo-

gists. The term is borrowed from the telecommunica-
tions industry where a preamplifier sited at the mast head is
sometimes used to boost the received RF signal in areas of
poor signal strength.

Over the past five years there has been a tremendous up-
surge of interest in new methods of extracting the musical in-
formation from the depths of the record groove. Along with
this has come a re-appraisal of the relative merits of the mov-
ing coil and moving magnet pickup cartridges. Each has a
great deal to recommend it and we should start by comparing
thetwo, albeit briefly.

The principle of operation is the same, ie a current is induc-
ed in a coil by a(relatively) moving magnetic field. In the mov-
ing magnet type it is, as the name suggests, the magnet that
moves because it is mounted on the opposite end of the can-
tilever to the stylus.

F or those of you not yet smitten by the all consuming Hi-Fi

Mass Tendencies .

This system works well, but the mass of the magnet/stylus
assembly has a nasty tendency to resonate within or just
above the audio band. With careful design this effect can be
minimised, but some colouration of the sound still occurs.
Another problem is that the high impedence of the cartridge,
due to the high number of turns required to achieve a usable
output, also causes matching problems, lending to high fre-,
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guency losses in the signal lead capacitance.

Despite all this, excellent results are achievable for a
moderate cost and it worth noting that the most competitive
area for moving magnet cartridges is between£15 and £25.

L]
Role Playing
Recent developments in technology, however, have made
possible an effective reversal of the roles of magnet and coil,
neatly overcoming the problems just mentioned, as it is now
the coil which moves, inside a static magnetic field. (it is only
fair to mention at this point that Ortofon have been producing
very underated moving coil cartridges for many years and are
generally considered to be the pioneers of the field). The coil
can be made very light, reducing the resonance problem and
the output impedance is low due to the small number of turns
used, which cures the lead losses.
Allis not quite sweetness and light, however, as the system
brings its own set of problems, which can be summarised as:
1. Lowoutput — 150uV nominal
2. Verylowsource impedance
3. Expensive tomanufacture
These problems can be overcome at a price, however, and if it
is perfection for which you strive, the moving coil cartridge
can be considered the best method of transferring data from
the record to your ears at present. It is interesting to note that
most of the current batch of professional Hi-Fi reviewers use a
moving coil cartridge against which others are judged. =g
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Coming Up inthe World

A step up device is required to match the low output im-
pedance of the cartridge and to raise its meagre output to a
point comparable with the universal moving magnet input or
amplifier at approximately 5mV. One way to achieve this is by
the use of a matching transformer similar to those used with
low impedance microphones. This solution, however, brings in
problems such as secondary load matching, third harmonic
distortion, frequency response limitations and hum pickup, all
of which require careful and thus expensive design to over-
come successfully. An active amplifer is a more cost effective
(the watchword of the eighties) solution and has the added ad-
vantage of being within the design capabilities of the home
constructor.

Design Criteria

The criteria to be considered in the design of such a
preamplifier are primarily noise, frequency response and
distortion.

If we consider a general MC (Moving Coil) cartridge with
an output of 150 mV, source impedance of 10 R, and frequen-
cy response of 20 Hz to 25 kHz, a matching head amp would
have to have at least the following characteristics to achieve
Hi-Fi standards:

Gain x30 for nominal 4.5 mV output into 47k
Signal to noise ratio better than 60 dB

Distortion less than 0.05%

Overloadfactor better than 40 dB

Frequency bandwidth better than 20 Hz to 20 kHz

Thwh =

The input impedance should theoretically be the same as
the cartridge source impedance for maximum power transfer,
but it has been argued that MC cartridges work best into loads
somewhat higher than this, as it reduces the power dissipation
in the (cartridge) coil. Manufacturers differ widely in their
recommendations for input impedance, but values between
T00R and 470R are most commonly quoted. These values are
normally determined by audition, but in my experience strict
adherence to the recommended value is by no means as im-
portantasone is lead to believe, the differences in sound being
more likely due to circuit variation than to mismatch. A good
general purpose design should, therefore, be suitable for all
MC cartridges.

MILLER
lCAPACITANCE
—0
c
(D rce
Bb
»> -0

Fig.1. Equivalent noise circuit for a bipolar transistor.
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Noise Model

Noise can be thought of as an additional voltage appear-
ing at the input of an amplifier, the ratio between this voltage
and the input signal voltage being the measured signal to noise
ratio. It is assumed in this model that all noise introduced by
the amplifier is added to this input noise voltage and that
subsequent amplification of both signal and noise takes place
equally and noiselessly. If we wish to achieve a signal to noise
ratio of better than 60 dB, this implies an equivalent input
noise voltage of around 150 nV. As a comparison, a moving
magnet input stage with a signal to noise ratio of 80 dB would
have an input noise level of 450 nV and only the very best
amplifiers ever achieve anything like this kind of noise figure.

There are three main sources of noise in a transistor
amplifier; thermal noise, flicker noise and shot noise. The first
two are common to all electronic components, both active
and passive, whereas the last is produced in active devices on-
ly. Without getting too bogged down in semiconductor
physics, shot noise is caused by random fluctuations in the dif-
fusion of minority carriers at the base/emitter junction of the
transistor and also by recombination effects within the base
region.

Suffice it to say that this type of noise is proportional to the
emitter current flowing through the transistor (or diode) and is
broadband. Flicker noise is present in semiconductors,
resistors and thin metal films, and is produced by skin effects
in the surface of the conducting regions of the device. The
noise level depends upon the material, but is typically propor-
tional to 12/F, where 1 is the current flowing, and is thus often
called I/f noise. Thermal noise is, as the name suggests, pro-
duced by thermal agitation within the component material
and is again broadband in character and proportional to the
temperature of the device. The level of noise can be
calculated from the equation

e? =/ 4KTBR
where e = generated noise voltage

K = Boltzman’s constant

B=frequency bandwidthover
which to noise is measured

T=temperature indegrees
Kelvin

R = theresistance value

Armed with this knowledge, the potential noise generated
by any component used in our proposed head amp can be
measured and steps taken to reduce its contribution to the
total noise produced by the circuit.

In general there are four ground rules which should be
followed to help achieve good performance.

1. Choose low noise components

2. Pay careful attention to transistor biasing
arrangements

3. Keepresistorvaluesaslow as possible

4. Pay careful attention to avoid the pickup of exter-
nal noise sources

Couldn’tbe simpler could it?

Low noise types of resistors are metal oxide, close
tolerance metal glaze, or thick film. Avoid the use of large
electrolytics as the (inevitable) leakage currents generate
noise. Tantalum or polycarbonate types are best for the higher
capacitance values and polystyrene or silver mica the best
cost/size/noise level compromise for lower values. PTFE is the
best of all, however, but tends to be on the expensive side. The
noise levels produced by transistors are normally obtained
from the manufacturer’s data and there are several factors to
be considered.

ETI SEPTEMBER 1980
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FEATURE: Head Amplifier Design
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Fig.2. Noise curves for the BC413.
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Equivalent Thinkin

If we refer to the equivalent circuit for a transistor in com-
mon emitter configuration shown in Fig.1, and then consider
the various noise sources contained within this circuit, a
mathematical expression for the total noise generated can be
derived. The exact form of this equation requires far too much
deep thought for us to deal with it in detail here, but note that
both noise voltage and noise current terms would be involved.
Itis also immaterial because transistor manufacturers are kind
enough to measure it for us and provide noise versus frequen-
cy, and noise versus source resistance plots which take the
general form shownin Fig.2.

The overall noise level is dependent upon the collector
current flowing and for the lowest noise there is an optimum
source resistance.

For use in our head amplifier this should ideally be the
same as the source impedance of a moving coil cartridge,
about 10 R, but due to the need to optimise other parameters it
is more likely to be between 1k and 10k for a typical audio low
noise transistor. This is because the vast majority of uses for
these devices involve higher source impedances, ie 47k and
the manufacturers do not see sufficient market to justify the
production of a special low noise, low source resistance type,
except, thatis, for the ever-industrious Japanese.

A Nipponese semiconductor firm recently introduced the
answer to the head amp designers dreams with a range of low
noise transistors with optimum source resistances as low as
2R!

This ability to cobble up a special device to order, where
no standard model is adequate, is one reason why the
Japanese rule the audio kingdom.

Phenomenal

All is not yet lost, however, as there are two phenomena
which may be used to advantage when designing a low noise
amplifier with standard components. The first is that some
medium power transistors exhibit better noise figures when
driven from a low source resistance than normal low noise,
low level types. This is mainly due to the need to keep rpplow
(see Fig.1)in order to obtain good hfe figures when operating at
relatively high collector currents (values between1 mA and 10
mA are common), which tends to rule out battery operation.

This brings the additional problem of the mains supply, of
which more later. Suitable transistors for this type of use are
2N4405 or BC361, both of which have been successfully used
in commercial designs.
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The second possible answer is the use of a parallel tran-
sistor stage. This is where several transistors are wired in
parallel, obvious really isnt it? The main advantage of which
lies in the fact that in common emitter mode the base/emitter
junctions are in parallel and thus the noise currents and
voltages produced by each transistor are summed together,
see Fig.3. The basic rule for Communications Engineers con-
sidering the noise levels of their systems is that noise signals
from several separate sources, feeding into a common input,
addby power.

Therefore, the total noise voltage for our parallel stage will
be given by the equation Ent=Ep/N where N is the number of
transistors. Similarly the total noise current will be given by
Int= Nin. Now the best noise course resistance for a transistor
is given by Ro=Ep/ln and so for our parallel stage this is
Rot = Ent/int=Ro/N. Rot is thus dependent upon the number
of transistors used in parallel, the greater the number used the
lower the best source resistance becomes.

+Ve

Al [ L L 0

Vout

ov
O -0
A&En‘l
En2
o— L f {>—<!
c. En3 i
" ~ End Vout
A 1] 2] 3] 104

o— - , -0

Fig.3. Noise model of parallel stage.

Let us now consider a typical low noise transistor with a
best source resistance of 2k to be used with an MC of source
impedance 10R. The number of parallel transistors required
for the best match is given by 2000/10= 200. This is clearly im-
practical for reasons of cost, the physical space required and,
more important, the high value of Miller capacitance that
would result. As can be seen from Fig.1, the Miller capacitance
introduces feedback between the collector and base of the
transistor and is the factor which limits the high frequency
response. It would be a major problem if this many transistors
were used. In practice eight transistors seems to be the best
compromise and is the number most commonly used. Even so
it is important to choose a transistor with both a low best
source resistance and a good Ft if good results are to be obtain-
ed. The Ft of a transistor is the frequency at which the gain
becomes unity and should be in the region of 200 MHz.
Suitable types for this type of use are BC413, BC415, BC337,
2N4148. -
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Circuit Options
So much for the theory, we come now to consider the op-
tions open to us, in terms of the circuit configurations, which
may achieve the required specifications for our Head
Amplifier. Something to remember here is that any biasing
components used will also add to the noise. Take a standard
common emitter circuit, for example, with feedback to
counteract thermal changes as shown in Fig.4. The noise
voltages produced by R1, R2 and R3 all contribute to the
overall noise of the stage. The base bias resistors are par-
ticularly important as their noise voltages are effectively in
parallel with the input signal and will be amplified by such.
The contributions of these biasing components can be reduc-
ed by decoupling as shown in Fig.5. The biasing under DC con-
ditions remains the same, but the equivalent noise circuit is as
shown.
Note that only the noise associated with R3 will contribute
to the input noise and this may be made low in value reducing
the thermal noise from this component.

O

Vout
Vin
) ov

Fig.4. A standard common emitter circuit.

These examples serve to illustrate the principle because a
single stage circuit is unsuitable for use as a high quality Head
Amp. The main reasons for this are the variations in gain due to
the spread of Hfa values in any transistor type and the relative-
ly high values of distortion which are produced. Some form of
feedback is required to stabilise and reduce both these
parameters and, in general, at least a two stage circuit must be
used to produce an acceptable performance.

Controversial Distortion

There is no “best” circuit but there are, as always, some
points to bear in mind. In order to reduce the distortion to an
acceptably low level, a fair amount of feedback is required
and care should be taken to avoid Transient Intermodulation
Distortion (TID). This particular form of distortion has proved
to be somewhat difficult to define rigorously and there is not
an inconsiderable amount of controversy as to exactly what it
is and how to avoidit.

Nevertheless it is generally accepted that TID is reduced
by ensuring that any amplification stage has a greater gain
bandwidth than the stage preceeding it. TID also depends on
the amount of overall feedback applied around the circuit and
careful design of each individual stage to control the amount
of harmonic distortion produced will reduce the amount of
overall feedback required and hence reduce the circuit
susceptability to TID,
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Fig.5. Low noise base bias circuit.

Breakthrough

The frequency response of the design is also important for
two reasons. Apart from the obvious need to keep it wide
enough to encompass the whole audio band (traditionally 20
Hz to 20 kHz), it also plays a part in the circuit’s susceptability
to Radio Breakthrough. This is a problem because of the high
sensitivity of the front end coupled as it is to what is in effect a
tuned circuit made up of the cartridge inductance and the in-
put capacitance. My extensive, but completely unintentional,
researches into this subject have shown that the two most
popular sources of RF interference are Radio 4 at 200 kHz and
the local Police/Fire/Ambulance/Taxi Services at anything bet-
ween 90 and 120 MHz, though the latter is normally only a pro-
blem if the offending transmitter is passing close to your Hi-Fi.
So, don’t put your new moving coil set-up in the front room,
folks, if you live on abusy road. The installation of a Mu metal
garden gate'and front door might also help (for explanation of
Mu metal see Hums). Another potential source of RF comes
from Citizen’s Band transmitters on 27 MHz. But as we all
know these are illegal in this country and so nobody really uses
them, they just install them in their cars for show.

The offending RF signal is-normally received by the first
stage acting as a simple diode detector and can be tackled by
careful attention to earthing and by the provision of RF filters
in the input and supply lines. The input loading capacitor pro-
vides good RF decoupling only if a type with good high fre-
quency characteristics is used. Ferrite beads on the input con-
necting leads can also be used to increase their inductance.

Breakthrough occuring from supply line pickup requires
further decoupling to eliminate it Large electrolytics have a
substantial impedance at high frequencies and so should be
shunted by a capacitor with better characteristics. A 100n
ceramic is suitable here and a small inductor in the supply line
is also good practice.

Passing the Buck

Another method of avoiding breakthrough is to make the
bandwidth of the head amp wide enough to include any
potentially troublesome frequencies. A bandwidth of, say 10
MHz, would include most national AM stations and any signal
picked up would simply be amplified without being detected
and passed into the main amplifier. This is known as “passing
the buck” in the trade and relies upon the better RF rejections
characteristics of the RIAA equalisation stage.
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—FEATURE: Head Amplifier Design

And so to Details

Atypical two stage ampliferis shown in Figs. 6 and 7. These
are of the common emitter/femitter follower and common
emitter/common emitter types respectively and serve as good
examples of typical designs. Both circuits are direct coupled
and have overall negative feedback to set the required gain
and reduce distortion.

o— ~0

+Ve

o

R1
Vin l
ANV I—o
Vout
% ov
o — -0

Fig.6. Common emitter/emitter follower amplifier configuration.

The effect of temperature on biasing is also minimised and
note that the low noise method of biasing is used in Fig.7. To
reduce noise to a minimum the feedback components should
be kept as low in value as possible, preferably around the
1-10R mark, though this is only practicable in the latter circuit
as R1in Fig.6 is also the input impedance presented to the car-
tridge and thus should be somewhere near 100R.

This resistor is in series with the base of the first transistor,
however, and as this is probably near to the best source
resistance for this stage, assuming the use of parallel tran-
sistors, can provide a trade-off with the noise contributed by
the relatively high values of the feedback components.

O— -0

+Ve
Rb +R1
GAIN AT

PROVIDED
L L {R1+Rb)<R2
ll r
Vin
Rin ' C

Fig.7. Common emitter/common emitter amplifier configuration,

When using low feedback resistor values make sure that
there is sufficient drive capability in the circuit. A feedback
resistance of 10R in Fig.7, for example, will require a drive of
100 mA for a 1V swing and would, therefore, require the use of
amedium power transistor in the second stage.
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This component may also contribute its fair share of noise
and some degree of experimentation will be required to reach
the best compromise.

(o

[0 & . < i}

Fig.8. Differential input circuit.

Redundant Capacitor

A differential input stage as show in Fig.8 may be used to
great effect. The input is referenced to signal earth,
eliminating the need for an input capacitor. The resistance to
supply-borne interference and hum is also greater with this
kind of configuration and can be further improved by replac-
ing Re with a constant current generator.

This is just as well because the need for a differential supp-
ly m'akes battery operation expensive and somewhat imprac-
tical.

+Ve

Vout

Fig.9. Differential input with op amp.

A second gain stage may be added to increase the amount
of feedback applied and so reduce distortion. This may be
another differential stage or even an operational amplifier
(Fig.9).

This latter option may suffer a noise penalty due to the in-
herent noise output of the op amp but there are some good
low noise types now available, such as the TDA1034N and
TLO71.

Next month we bring Andy 'Sykes’ dissertation to a close with Part 2 of all you
need to know about head amplifier design. ETI
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ILP PRE- AMPS ARE
COMPATIBLE WITH ALL

ILP POWER AMPS AND PSUs

ead

POWER AMPLIFIERS

ILP Power Ampliﬁer; are oTio F s
encapsulated within " [ LOAD= Bf1ON ALL
heatsinks designed to % 005 EXCEPT HY400 AT4N START OF WAVE
meet total heat FORM CLIPPING
dissipation needs. They é 8
are rugged and made to |3 ooz I
last a lifetime. Advanced |2 \\
ctrcuitry  ensures  their § oo
suitability for use withthe |2
finest loudspeakers, pick-
ups, tuners, etc. using oE 3 § w0 20 56 00 Zho
digital or analogue sound OQUTPUT POWER -WATTS AM S
sources.
- Dis- Minimum
Model g:’;"::‘ tortion | Signsl/ ggvu'r . Size Weight |Price +
| AMS Typical | Noise ‘Vo‘l"?a:c in mm ingms |V AT,
~ at 1KHz | Ratio :
HY30 15w 0.02% - 20 -0-+20 [105x50x25 | 155 £6.34
into 8 £ Bads | ' +950
HY50 30w | G.o2% 100dB |25 0-+25 [105x50x25 |155  |£7.24
into 8 £ o (I +£109
HY120] 60 W 0.01% , -35 -0- +35 [114x50%85 |575  |£15.20
" ines © LE 1 £228
HYZ200(| 120 W 0.01% 100 dB 45 0- +45 {114x50x85 (575 £18.44
into8 . ) 1+ €277
HY400| 240 W | 0.01% 100 dB |45 -0- +45 [114x100x85 |1 15Kg [£27.68
into 4 §2 ~ +£415

POWER SUPPLY UNITS

o

e

Load impedance - all models 4 () - ao

Input sensitmty - all models 500 mv
Input impedance - all models 100K ()
Frequency response - all models 10Hz - 45KHz - 3dB

ILP Power Supply Units with transformers made in
our own factory are designed specitically for use
with ILP power amplifiers and are in two basic
forms — one with circuit panel mounted on con-
ventionally styled laminated transformer, for PSU

30 and 36

— In the other, for larger PSUs, ILP

toroidal transtormers are used which are half the
size and weight of laminated equivalents, are more
efficient and have greatly reduced radiation.

PSU 30

15V at 100mA 1o drive up to 12xHY6 or
6xHY66 £4.50+£0.68 VAT

THE FOLLOWING WILL ALSO DRIVE ILP PRE-AMPS

PSU 36
PSU 50

PSU 60
PSU 70
PSU 90

PSU 180

AVAILABLE ALSO FROM WATFORD ELECTRONICS, MARSHALLS AND CERTAIN OTHER SELECTED STOCKISTS.

for 1 or 2 HY30s £8.10+£1.22 VAT
with toroidal transformer for 1 and 2
HY50s £9.75+11.46 VAT
with torowdal transformer for 1 HY 120
£9.75+£1.46 VAT
with toroidal transformer for 1 or 2
HY120s £13.61+£2.04 VAT
with toroidal transformer for 1 HY200
£13.61+£2.04 VAT
with toroidal transformer for 1 HY400 or
2xHY200 £23.02+£3 45 VAT
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this time with two
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1L P POWER
SUPPLY UNIT
to other Ve
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0 ]
SCHEMATIC BLOCK DIAGRAM r—“"
OF HY6 PRE-AMP, WITH V-
STEREO CONNECTION SHOWN

HYB mono HY66 stereo

When ILP add a new design to their audio-module range. there have to be very
specialreasons for doing so. You expecteven betterresults. We have achieved
this with two new pre-amplifiers — HY 6 for mono operation, HY66|for stereo.
We have simplified connections, and improved parformance figures all round.
Our new pre-amps are short-circuit and polarity protected; mounting boards
are available to simplify construction.

Sizes -~ HY6 - 45 x 20x 40 mm |HY6#6 30 x 20x 40mm Active Tone Controf
circuits provide *+ 12dB cut and boost. Inputs Sensitivity - Mag PU. - 3mV
Mic - selectable 1-12mV Allothers 100mV: TapeO/P - 100mV

Main O/P - 500mV: Frequency response - D C to 100KHz - 3dB

HY6...

£5.60

+ VAT 84p

H Y 6 6 SR I LOW DISTORTION - Typically 0.005%

£10.60 I /N RATIO- Typically 90 dB (Mag. P.U.- 68dB). ; NO QUIBBLE
“VAT £1.50 I HIGH OVERLOAD FACTOR - 38 dB on Mag. P.U. 5 YEAR GUARANTEE
Connectors mchuded I LATEST BESIGN HIGH QUALITY CONNECTORS . 7 DAY DESPATCH ON
g i I REQUIRE ONLY POTS, SWITCHES, PLUGS AND SOCKETS. el CIRDEAS
866 Mounting Board I COMPATIBLE WITH ALL ILP POWER AMPS AND PSUs. BRITISH DESIGN AND

99p + 15p VAT
B NEEDS ONLY UNREGULATED POWER SUPPLY *15¥ to *50V..
ER SUPELY. 515V 19 2501 FREEPOST SERVICE

% ALL U.K. ORDERS DESPATCHED POST PAID e N ot e b e AR see below
HOW TO ORDER, USING FREEPOST SYSTEM '
Simply fill in order coupon with payment or

MANUFACTURE

credit card instructions. Post to address as I Sl

below butdonotstampenvelope — wepay 1 e Totatpurchaseprice £.................cccooiiniions
pg;tqgeon/allletterssenttousbyreadersof lenclose Cheque (] PostalOrders [J InternationalMoney Order (]
this journal.

Please debitmy Access/Barclaycard AccountNo.. . .

]
) & B —— o
q

ELECTRONICS LTD. e

FREEPQST 4 GrahamBeliHouse,RoperCiose, I ............ { AP i duk Ao AR . W
Canterbury, Kent CT2 7EP.
Telephone(0227}154778 Teiex 965780 Signature.... ..

—-ﬂ---------'

ETI SEPTEMBER 1980

21



N

s

Practical Electronics March issue.
The P.E. Traveller features pre-set tuning with five push

rotary control knobs, one, combining on/off volume and

simulated fascia.

module LP1181 ceramic filter type, pre-aligned and
assembled and a Bird pre-aligned push button tuning unit.
The P.E. Traveller fits easily in or under dashboards.
Complete with instructions.

The pack contains all the electronic components to build the
radio, you supply only the wire and solder as featured in the
button options, black illuminated tuning scale, with matching
tone-control, the other for manual tuning, each set on wood

The P.E. Traveller has a 6 watts output, negative ground and
incorporates an integrated circuit output stage, a Mullard IF

CONSTRUCTORS PACK 7

ALL THE PARTS TO BUILD THE
PRACTICAL ELECTF

e
-,
2,

£10.50

CONSTRUCTORS PACK 7A
Suitable stainless steel fully
retractable locking aerial and
speaker (approx6”x4")is
available as a kit complete.
£1.95 Per Pack, p & p £1.00.
Pack 7A may only be purchased
at the same time as Pack 7.
NOTE: Constructor’s pack 7A
sold complete with radio kit

£15.20 including p&p.

9.30am-5.30pm

' 323 EDGWARE ROAD, LONDON W2. For Personal Shoppers Only.  Mon-Sat
! ~ 21 EHIGH STREET, ACTON W3 6NG. Mail Order Only. No Callers.  Ciosed Thursday

NEW
12+412 K

AMPLIFIER KIT

An opportunity to build your own 12 watts per channel stereo ampiifier
with up-to-the-minute features. To complete you just supply screws,
connacting wire and solder. Features include din input sockets for

ceramic cartridga, microphone, tape or tuner. Dutputs—tape. speakers and
headphones. By the press of 8 butten it transforms into a 24 watt mono
disco amplitier with twin deck mixing. The kit incrporates a Multard

CURRENT -

LP1183 pre-amp module. plus 2 power amplifier assembly kits. Also mlcE
featured 4 slider leve! controls, rotary bass and trable conirols and § push
button switches. Silver tinish fascia panel with matching knobs. Easy to AT OVER

assemble teak simulate cabinet and eady made metat work. For further

information instructions are available price 50p. Free £ g

Size 9% x 8% x 4” approx with kit. £I3 9& N G 5

NOTE: for use with 4 to 8 ohms speakers. 5 i
e gl . renpack  SEEQURPRICES *

TWO WAY SPEAKER KIT To suit above amp. Comprising 2,

2 crossover capacitors £4,95 p&p £1.65.
Available only to tirst time purchesers of the 12 + 12 kit.

omans il SEE £18.25 0.4
8" approx Phillips base unit, and 2, 34" approx tweeters with PACK.1 2 xLP1173 10w RMS output power audio amp modules, Per stereo pair -
OUR PRICE £5 00 p&p £4.20
.

50WATTMONQ,
DISCO AMP

£30.60 ==
p&p £3.20 gt

Size approx 13%" x 5%" x 8%*
50 watts ms. 100 watts peak output. Big features include two disc inputs,
both for caramic cartridges. tane input and microphone input. Leve! mixing
controls fitted with infagral push-pull switches. Indepandant bass and treble
controls and master volume.

stereo controls tor treble. hass,
volume and balance,

ACCESSOMIES ARE ONLY o
| AVAILABLE TO THOSE
M una rd diasdyiae: 1100 WATT MOND S
DISCO AMP Bmshadalummm.m
AUDIOMODULES IN '
BARGAIN PACKS

CATALOGUE 3 -

+1LP1182/2 Stereo pre amp for ceramic and auxshary input.

————
PACK2 2xLP1173 10w RMS output power audio amp modules £25 50
+ 1LP1184/2 Sterea pre amp for magnetic. ceraminc and auxiliary Belt drve chassis turntable .
nputs. ." £7 65 unil semi-automatic, cieing device. p&p £3.00
HIUS. our PRICE . p&p £1.15 | Shure M75 6 Magnetic Cartridge
I ————

ACCESSORIES Suitable mans power supply parts, cansisting of
mains transtormer, bridge rectifver, smoathing capacitor and set of rotary

Two Way Speakjr Kit Compnsing of two 8" x 5" approx. 4 ohm
bass and two 3%" 15 ohm mid-range tweeter with two cross-over capacitors

Per siereo pair
plus p&p £1.70 £4.0

£76.00 %

fascia and rotary controls.  Sire approx. 14 x 4 x 104
Five vertical siide controls, master volume, tape level, mic level, deck level,
PLUS INTER OECK FADER lor perfect graduated change Irom record dack No. 1 to
No. 2, or vice versa. Pre fade level control (PFL) lats YOU hear next disc before
fading it in. VU meter monttors output (avel Qutpul 100 warts RMS 200 watts peak.

EMI SPEAKER BARGAI

Stereo pair 350 kit. Sysiem consisis of
13" 2 8" approz wooler with rolled
surround. 3% Goodman twester
crossover components and cucuit
diagram Frequency response 20 Hz

to 20 KHz Power handiing 15 watts AMS
20 wanis max

8 ohm impedance.

pép £1.10

BSR P200

3.0 0 plus p&p £1.60 B s Manual single play
record deck wilh aulo
feturn and cueing lever, fitted with stereo
ceramic cartndge 2 speeds with 45 rpm
sprndle adaptor :deally suited tor home

ounrnce £ 12.28 5

v c PHILLIPS RECORD PLAYER DECK GC037

RI|T;

HiFirecord player deck. belt drive complete with GP401 magnetic
cartndge—LIMITED STOCK.
uneearasee oFrear -~ £27.90 complere

[ a5

30 + 30 WATT STEREO AMPLIFIER

Viscount IV unit in teak simulale cabinet Silver fimish rotary controls and
pushbuttons with matching fascia, red mans indicator and stero jack socket

Functions switch for mic magnetic and crystal gickups, (ape tuner and auxihary
Rear panel features fuse holder. DIN speaker and input socket 30 + 30 watts
RMS 80 + 60 watts paak for use with 4 10 8 chm speakers.

Siza 14% x 3" x 10" approx £32
BUILT AND READY TO PLAY p&p £3 30 .

323 EDGWARE ROAD, LONDON W2
21 EHIGH STREET, ACTON W3 6NG

ACTON: Mail Order only. No callers
ALLPRICES INCLUDE VAT AT 15%
Al items subject to availability. Price comrect at
8/7/80 and subject to changs without notice
All enquires Stamped Addressed Envelope.

NOTE: Persans under 16 years not served without parent's authorisation. § | isted price over £30.00. PRIGE p&p 3

BUYER COLLECT ON|

BARGAIN OFFER

Ariston pick-up arm
manufactured in Japan.
Complete with headshell.

Personal Shoppers EDGWARE ROAD LONDON W2 Tei: 01-723 8432 9.30am-5.30pm Closed ail day Thursday ACTON: Mail Order only. No callers GooDs oesPaTcHED TO MAINLAND AND N, (RELAND ONLY

ETI SEPTEMBER 1980




FEATURE

CURRENT AFFAIRS

We seem to take for granted that circuits work, but why is it that
conductors, semi-conductors and insulators do just what their names
imply? A.S. Lipson takes us step by step through the whys and

wherefores of atomic structure.

is — the movement of electrons through a conduc-

tor. But there are some things that we tend to take for
granted. For instance, why is it that some materials, like
metals, conduct easily, whereas others — insulators — don't,
and still others — semiconductors — seem to be somewhere
in the middle; conducting, but not as well as metals? In order
to find out why, we'll first have to learn something about
atomic structure. .

First Theory

Essentially, the atom consists of a central, very small
positivelycharged lump called the nucleus, surrounded by
negatively charged electrons. Many books — particularly old
ones — tend to give the impression that the electrons are just
like little planets orbiting a sun (the nucleus) and that the atom
is like a miniature solar system. This is wrong. Electrons do not
behave just like little billiard balls, or little solid lumps. It is in
fact more accurate {although not quite so simple) to visualise
the electrons in an atom as being spread out ‘charge clouds’
around the nucleus, with most of this charge being concen-
trated at specific distances from the nucleus. The comparison
between the two points of view ismadein Fig.1,

M ost of us are reasonably familiar with what electricity

ELECTRON ORBITING
NUCLEUS

/ /

ELECTRON ‘CHARGE -
CLOUD’

NUCLEUS i

Fig.1. A hydrogen atom according to (a) The ‘Solar System’ model (b) The ‘Charge
Cloud’ model.

The electrons within an atom can have different energies.
If they obtain more than a specified amount of energy (for any
particular type of atom), then they can actually break free
from the atom. it is clear that the more energy a particular
electron has within an atom, the less energy that electron will
need to have added to it in order for it to break away from the
atom:; in other words, the easier it will be for that electron to
escape.

ETI SEPTEMBER 1980

Conduction and Insulation

But what has all this to do with conduction of electricity?
In metals, some of the outer electrons present have quite high
energies within their atoms and, in a solid lump of metal, one
or two electrons from each atom are more or less free of their
own atoms, although they are held into the metal as a whole.
The positively charged ions left when electrons are removed
from atoms are packed closely together and, in between them,
the free electrons move about at random, (acting as a sort of
‘atomic glue’). This negative charge attracts the remaining
positive charge on the ions, and holds the whole thing
together (See Fig. 2.) The charge-clouds of all the free elec-
trons join together, and form what is often known as an ‘elec-
tron sea’. Because of this structure — the way that they are
held together — metals can conduct electricity. Why?

POSITIVELY -
CHARGED
1ONS

T———____ELECTRON
= ~—— SEA’

Fig.2. The structure of a metal. Positively charged ions are surrounded by an
electron ‘Charge Cloud'.
*
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Because of all those free electrons, which aren’t held by any
particular atom, only by the metal as a whole. They are so
loosely attached that if you apply a potential difference
across the metal, they can drift along under its influence, and
so cause a current to flow. Ininsulators, on the other hand, the
electrons are held much more tightly by the atoms, there is no
‘electron sea’, and the atoms are bonded together by other
means. Consequently, if a potential difference is applied, the
electrons are unable to break free from their atoms, and so no
current can flow. Our problem is thus solved — we now know
how electrical current is conducted in metals, and why it isn’t
in insulators. Or do we? This theory was widely accepted for
some time, and in fact it’s still accepted as being broadly true,
but there are just one or two things it doesn’t explain. Semi-
conductors, for instance? And why should metals hold their
electrons less tightly than non-metals? Our theory is obviously
incomplete. . .

The New Approach

It was the physicists {(naturally . . .} to the rescue. So we
must once again return to the atom. .

In the first decades of this century, a startling new branch
of physics — Quantum Mechanics — made its debut. This
was the work of several men, including Einstein, Heisenberg
and Schrodinger. One of the first results Quantum Mechanics
produced was embodied in a conclusion that Niels Bohr
published in 1913, This was that, contrary to what had
previously been assumed, the electrons within an atom could
not have just any energy level, but could only exist at certain
set energy levels. (See Fig. 3a.) This was a radical departure
from what had been believed up until then, but it has been pro-
ved and is now unquestioned by physicists.

ENERGY

b

4al (b3 {e}

Fig.3a. The electrons within atoms can exist only at set levels. b) When two atoms
interact with each other, their energy levels are split. ¢) In a solid, millions of
atoms all interact with each other, and the energy levels are split into so many
‘sub-levels’ that they behave like continuous bands.

So electrons in atoms can only exist at certain set energy
levels. But if you get more than one atom together, the situa-
tion changes again — energy levels are split. If, for example,
you put two atoms close together, and then look at what has
happened to a particular energy level in each atom, you will
find that, in one atom, it has shifted up fractionally, in the
other atom, it has shifted down slightly. The two atoms act as
though the single energy level has been split into two (See Fig.
3b), one very slightly higher than the other. In a solid, where
there are millions of atoms all together, the energy levels are
split into so many ‘sub-levels’, all very close in energy, that
they act like continuous bands. (Fig. 3c.) In a solid, instead of
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there being several separate energy levels at which the elec-
trons can exist there are, instead, several energy ‘bands’, within
which electrons can have a whole range of energy levels. Bet-
ween these bands however — and this is the important bit —
there are still ‘forbidden gaps’; energy ranges in which elec-
trons cannot exist because there are no allowable energy
levels present. So how does all this help us to understand elec-
trical conduction? Patience . . . We're just comingtothat. . .

Electron Distribution

The way amaterial behaves electrically, whether it acts as
a conductor or an insulator or whatever, depends on the ar-
rangements of its energy bands, and the way that the electrons
are distributed within them. The energy bands of a) a conduc-
tor, b)an insulator and c) a semiconductor are shown in Fig. 4.
Firstly we will deal with the conductor. The energy bands
shown in Fig. 4a are fairly typical of a material like copper. As
in any material, the lower energy bands tend to fill up with
electrons more easily than the higher energy bands, and con-
sequently, they contain all the electrons that they can possibly
hold. There is then a ‘forbidden gap’ of energies, and above
this is another band — known as the conduction band. This
band, unlike those below it, is not full, but is capable of
holding more electrons than it in fact does. An electron in this
band is relatively loosely held by this atom and so it requires
only a very small amount of energy, which can be obtained
from an applied potential difference to raise it to a higher
energy but still within the conduction band.

It can now drift along within the metal under the in-
fluence of the potential difference. Thus, in ametal, which has
either a partially-filled conduction band (eg. copper) or an
empty conduction band which overlaps a full energy band, (as
in magnesium)it is possible for current to flow quite easily. So
far, so good. What about insulators? The energy-band theory
can also explain the behaviour of non-conducting materials
(Fig. 4b). In such substances, there are still full energy bands at
the lower energy levels, but the conduction band is empty. In
other words in insulators, electrons do not normally exist with
enough energy to be in the conduction band. And it is only in
this conduction band that electrons are free enough to take
partin a flow of electrical current. If it were possible to get the
electrons out of the lower energy bands into the conduction
band then these materials could conduct electricity, but in
order for that to happen electrons would have to cross the for-
bidden gap, and the energy required to make them do this is
much more than can be supplied by a normal potential dif-
ference. In terms of eV (the eV, or ‘electron-volt’, is a measure
of energy which atomic physicists find it convenient to work
with, 1 eV being the energy picked up by an electron in passing
through a potential difference of 1 volt), the forbidden gap in
insulators in normally about 5 eV, hence, under normal cir-
cumstances, insulators do not carry electricity.

PARTIALLY FILLED

EMPTY CONDUCTION
CONDUCTION BAND BAND

NEARLY EMPTY:
CONDUCTION BAND

e
# e o »
L4 . . 3 = FORBIDDEN GAP b ¥
FORBIDDEN GAP FORBIDDEN GAP l
¢« ¢ & » e o o ¢ ¢ s s o
. e e & & e ¢ ¢ s s o+ . ¢ ¢ o o+ e o
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FEATURE: Current Affairs

What About Semiconductors?

Semiconductors are really an ‘in-between’ case. Like in-
sulators, very pure semiconductors such as silicon or ger-
manium have empty conduction bands when the temperature
is ‘absolute zero’ (about minus 273°C), separated from the
other energy bands by a forbidden gap. At normal
temperatures the conduction bands are not completely emp-
ty. Why? Because in semiconductors the forbidden gap is
much smaller than in insulators — about 1 eV. It is so much
smaller, in fact, that at normal termperatures, the vibration of
the atoms in the semiconductor is sufficient to give enough
energy to a few electrons to reach the conduction band. Even-
tually they fall back to the lower energy bands — but more
electrons are entering the conduction band all the time, so
eventually a balance is struck, with the number of electrons
entering the conduction band in any period of time being
equal to the number falling back. At normal temperatures,
therefore, there are always just a few electrons in the conduc-
tion band of a semiconductor, and so it is able to conduct elec-
tricity. Though it conducts less well than a metal, since there
are far fewer electrons inthe conduction band.

But That's NotAll.....

There is, however, another means by which a semicon-
ductor can carry electricity. Every time an electron leaves a
lower energy band for the conduction band, it leaves an elec-
trically neutral space where there was previously some
negative charge. These neutral spaces, surrounded by
negativelycharged electrons, can behave almost like a
positively charged particle, and when a potential difference is
applied, this ‘hole’ as it is called travels in the opposite direc-
tion to that of the electrons. To understand how this happens,
imagjne a row of chairs, with someone sitting in each of them
except the one at the end. (Fig.5) If the first person in the row
moves into the empty chair, the next person moves into the
chair left empty by the first person, and so on, the ‘space’
where no one was sitting appears to move in the opposite
direction to the people, and that’s exactly how it works with
‘holes’ in semiconductors. While it appears that the hole is
moving in one direction, carrying positive charge, what is real-
ly happening is that the electrons in the lower energy bands are
travelling in the other direction, carrying negative charge, and
are moving into the spaces left by electrons which have gone
into the conduction band.

L]
Conclusion
Therefore, in a semiconductor, there are two types of
charge carriers involved in the conduction of electricity; elec-
trons and ‘holes’. Various experiments indicate that in ger-
manium, for example, about one third of all the current is car-
ried by the ‘holes’!

Fig. 4. Comparison of the forbidden gap position and magnitude in
the three basic types of material. Far left: a conducting substance.
The lower energy bands are full of electrons and the forbidden gap
is easily bridged by sufficiently energetic electrons which then enter
the conduction band. Center: insulators. Note the empty conduction
band and the wide forbidden gap in which there are no permissable
energy levels, On the right: semiconductor materials in which the
energy gap is around 1 eV and at room temperature sufficient energy
is imparted by heat action to allow some electrons to cross the gap
into the conduction band.
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Fig.5. As each person moves into the space next to them, it appears that the gap
moves in the other direction. In the conduction band this is an electrically
neutral space where there was previously a negative charge. These ‘holes’ can
behave almost like a positively charged particle when a potential difference is
applied this ‘hole’ moves in the opposite direction to the electrons.

You will remember that, in semiconductors, electrons
reach the conduction band because of the vibration of the .
atoms. This fact is quite important. At higher temperatures the
atoms vibrate more, and so more electrons (and ‘holes’) are
available for conduction purposes. To the extent that above
about 100oC for germanium, and 1502C for silicon, the con-
duction is no longer really under control, and so devices like
transistors, which use semiconductors, have to be kept below
these temperatures, if they are to remain reliable during opera-
tion. The fact that silicon is useful as a semiconductor at
higher temperatures than germanium, was the major reason
for the increased use of silicon rather than germanium

devices! ET'
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Complete Audio/Tuner Kits
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Mk HI FM Tuner series

The Mark Il series FM tuner has been updated, and now includes a
centre zero tuning meter as standard. The instruction manual has been
meticuiously revised, enabling easy assembly by constructors of various
levels of experience - a preview copy may be purchased for £1.00.
Mark I1l A series  ‘Reference series’ tuner modules £171.35 inc.
" Mark 111 B series ‘Hyperfi’ modules, with switched

|F BW, pilot cancel decoder £198.95 inc.
A matching synthesiser unit will be made available later this year, and can be
retrofitted to either version. All versions include digital frequency readout/clock,
VU deviation meters, 6 preset stations, 10 turn pot manual tuning, toroidal PSU,
output level adjustment, 110/240v AC input. Full alignment service available.

o rmance - h /
Power Amplifier oSl A

After a couple of preview comments, it seems that many of you are waiting to hear
about the matching HMOSFET power amplifier for the Mk IIl tuner. Well, it's out
at last - complete with twin toroidal PSUs for comfortable 80W RMS per channel,
over 100W peak, but limited by thermal shutdown of the HMOS. 10W-100W log
LED output peak indicator, DC offset protection and switch-on pause relay. AC or
DC input coupling, direct or relay protected output terminals. The works.

Only one version of this item: Complete kit £178.25 inc. Carr. £5.

Carriage for Mk Il tuner £3 inc

¥ More features and facilities, thanks
Pl'eampllﬁer to OC switching and control design
Previewing the most comprehensive audio preamplifier yet..... DC switching of 7 inputs, plus
two tape infouts. 2 low pass, 2 high pass active filters, genuine volume related loudness, 1dB
channel matching, with DC volume, balance, bass and treble controls. Suitable for bus/remote
control, tape dubbing, switched monitor etc. 80dB S/N+, THD -75dB or better. Pluggable PU
equalization boards, tone control override. Price for complete unit about £149 ax VAT.

Semiconductors

FOR COMPLETE LISTINGS —

RﬂdiO/CommunicationS ICs SEE OUR NEW PRICELIST

1.61
1.61
3.09

4.3
2.59
1.38
1.38
224
2.24
2.53
3.16

HA1197
CA3123E
TDA1072
TBAG51 2,53
TDA10%0 351
TDA1220 1.61
TDA1083 2.24
0.80 TDA1062 224

1.84 SL1626 2.80
1.84 SL1630 1.86
1.84 SL1640 2.7
217 SL1841 2.7
250 SL6600 4.31
280 SL6640 3.16
3.77 SL6690 368
250 MC1496 1.44

SD6000
TDA4420
MC1330P
MC1350P
KB4412
KB4413
KB4417
MC3357P

VARICAP DIODES.

A section from our PL:

BA102 0.35 16:1 ratio AM tuning
BB204 0.41 KV12159v triple 293
BB105 0.41 KV1211 9v dual 20
BB109 0.31 KV1225 25v triple 3.16
MVAM2 1.93 BB212 9v dual 2.25

CA3089E
CA3189E
HA1137W
HA11225
HA12412
KB4420
TBA120S
KB4406

SL1610
SL1611
SL1612
SL1613
SL1620
SL1623
SL1624
SL1625

POWER MOSFETS 100W PA’s made simple

ince pioneering the 100W complementary MOSFET technique - Hitachi have developed a range
of output devices and drivers that ought to revolutionise opinions and attitudes towards the
design of all LF amplification systems. We have a new 48 page application note (£1.50 inc) and
complete sets of parts, modules and now the new complete PA system (see above).
120v N-ch 100W MOSFET £6.33 2SJ48 Pch complement £6.33
25K135 160v N-ch 100W MOSFET £7.29 2SJ50 Pch complement £7.39
PA101B _ Kit for 100W MOSFET PA less Heatsink £16.10. (£23 inc heatsink/bkt)

ULTRA LOW NOISE PU PREAMPLIFIER

The HA12017 is the last word in PU preamps, and general low noise audio design.
It is an SIL IC, with 86dB S/N in RIAA configuration, 10v RMS output capability,
0.002% typ THD at 10v RMS output (imagine the overload margin !1). It camfort-
ably supercedes discrete circuit designs in terms of price/performance, and takes
the art beyond the TDA1042's capabilities. (Replaces HA1457) £1.80 each - or
an RIAA applications PCB with two ICs for £5.75. Complete with Rs&Cs £9.95.
. We have various RC ICs, including NE544

Rale Control ICS NES044, and two new ones fromgOK/
KB4445 - 4 channel dig.prop. FM TX IC. 30mW out (amplifyable) -£2.30 inc
KB4446 - 4/5 ch. dig. prop FM RX IC. Suits KB4445 or RCME syst. £2.65.
KB4445/6 pair' £4.75. New 8 page data sheet 35p + SAE. More RC 1Cs in list

CMOS, LPSNTTL, TTL, MPU:

Listings in the new pricelist. nears and 711 oK.
Things like ICM7216B, 1CL8038, 8080A, 6800P, 2708, NE555,NE556, etc

Coming SOOD........... Contain yourselves, RF fans ! Not yet readly for

25K133

Most CMOS is available in low

a full launch until autumn, but previewed here -

SSB transceiver system : 10kHz to 1000MHz !!

A modular VLF 1o UHF SSB TX/RX svstem at last. With the correct first mixer, the basic PCB
covers 10kHz to 1000MHz -
and RF PA for TX OP.0.2uV bhasic sensitivity in HF, Typ cost for HF synth SSB RX will be
less than £200. Add an RF PA for full TRX for another £50. See one in our foyer, and marvel.

CATALOGUES 60p es . alt three for £160

PRICES SHOWN MERE INCLUDE VAT
Please SEnd an POST/PACKAGE CHARGE NOW 35p
SAE with all
enquiries.
Phone orders by
ACCESS  but
mimmum £5

Callers welcome

using LO fed from ext. source {Our 2 IC Mullard synth for instance)

" amhit

INTERNATIONAL

200 nnrth Service Road, Brentwood, Essex

Radio/Audio/Communications Modules
LW-MW-SW-SW DC tuned and switched

All switching of bands by a single
pin to gnd. Varicap tuned, with LO
output for synth. MW/LW version
or MW/LW plus 1 or 2 SW bands
MW/LW: £1558 +1SW £16.73

VHF Tunerheads

Europes largest stock range for broadcast and
communications. Probably also the world's —
details in the catalogues and PL. Specials are
also supplied in the region 30-220MHz.

Again, Europe’s widest range of stereo decoders
including pilot cancel PLL types. The pic shows
the 944378 - pilot cancel including post decoder
26/38kHz filtering and muting preamp output

R
Broadcast FM [F strips for all occasions, including the new 911225 - with diode
switched narrow filter option, ultra linear phase ceramic filters, 84dB S/N, and
0.04% THD (40kHz deviation). Plus usual things like AGC, AFC, dev. mute, level
meter drive. £23.95 (supplied in screen can with 0.1 edge connection system)
Also the 7230 hyperfi series - as the 911225, but with slope controlled AFC that
operates in conjunction with signal level - and an extra IF amp stage for DXing.

The World's largest range of receiver DFMs is now
joined by the DFM7 (shown) - and L shaped version
of the DFM3 with remote display mount connector
possibility . TkHz SW resolution with 455kHz or
10.7MHz offsets, 100Hz res up to 3.9999MHz, and
VHF to 299.99 MHz in 10kHz steps : £41.75

Most popular types are available-
ex-stock, and in quantity.

£16.67
£17.82
£19.78
£2.30

Crystal Filters

25kHz Channel spacing 8pole

12%kHz e

2.4kHz SSB

Monolithic dual roofing filter

1.3dB loss, 80dB stopband HF

first filter in synth. RX £36.80

RC XTALS FM pairs (no spilts) £3.74
AM pairs .. £357

USB/LSB Xtals for 10.7SSB filter £2.88 ea

Piezo Sounders

The latest thing in electro-acoustic efficiency. TmA of drive from
CMOS will give an SPL of 8XB - 10v RMS drive from CMOS uses o
3mA for 100dB SPL at 4.8kHz (88dB at 1.65kHz) {
The data sheets shows various drive circuits, and give full X
specifications with regard to broadband responses and power \f&.
consumption etc. 1 off 44p inc. 100 off 28.75p (25p ex vat)

10.7MHz

34.5MHz

The most efficient warning so::aders yet

Keyboard switches and caps

From the world’s most widely used switch
manufacturers - ALPS - come the biggest and

best range of keyswitches, and data entry key-
board switches. The SCM81101 is shown here,
with the KTS 2-part cap {with clear top, to eriable
easy fitting of your chosen legend. Other types are
available with built in LED, 90° mounting etc.
SCM81101: 17p, KT5: 16p or 29p/pair

LCD CLOCKS Clocks use 1.5v
LCD DVM at 15uA only.

DVM 9v/1mA

CM161: 7mm LCD 12/24hr, alarms etc £11.44 each
CM172: 13mm, 12hr, alarms timer etc £14.32 each
CM174: 13mm, 12hr, min/sec stopwatch £14.32 ea

DVM 176: 1ICM7106 based LCD 3%digit £22.36 each

WHAT's NEW at AMBIT

NEW PRICELIST/SHORTFORM :-
28 pages, FOC with A5 SAE pse
If you stil) need convincing to invest £1.60 in the cats, be mean and get this first.
POWER MOSFET APPLICATIONS Ry g
HANDBOOK by HITACHI : nd the PATOTE -

and the PA1018B
Everything you should know about HMOSFET devices theory and applications.

overcap switch

complete unit’
4

Bigger print than our
recent one page list -
and vastly extended

CWO PLEASE  Commeirial MA terms an apphication
Goods are offered subject 1o avalabiity prices subject
0 change 5o please phone and check it i doubt

Parts 1.3
AMBIT
catalogues
60p ea, or
£1.60 the

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG
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Take a step up toyour next Computer!

THE CONCEPT
How many ways are there to buildan S100system? Not
manPy, and all expensive. TUSCAN changes all that.
ive S100 boards on one single board—just for

starters. Plus five extra slots for future expansion.

What a combination! Z80 and S100 with the
TRANSAM total package of system and applications
software.

How do we do it? Our prices start at £195 and you
can build up in easy stages to a fully CP/M compatible
disc based system. Something to think about!

THE HARDWARE
The first Z80 single board computer withintegral S100
expansion. British designed tothe new IEEE (8 BIT)
S100 specification, the TUSCAN offers total system
flexibility. A flexibility available now.

The board holds the equivalent of a Z80 cpu card,
8k ram, 8k rom video and I/0 cards with 5 spare
S100 expansion slots and offers a price/performance
ratio which is hard to beat.

Just compare our price withacommercial 5100 ten
slot motherboard with this specification.

THE SOFTWARE
TUSCAN offers the user the choice of system monitor,
editor, resident 8k basic, resident Pascal compiler or full

CP/M disk operating system. All options are upwards
ETI SEPTEMBER 1980

compatible and fully supported with applications
software. Both 514" and 8" drives are supported in
double density.

THE PACKAGE
TUSCAN is-available in kit form or assembled. With
several hardware and software options to suit your

requirements and budget. Attractive desk top case also
available holds 2 x 5%"’ Drives.

TRANSAM

NOBODY DOES IT BETTER!

Send to Transam Components Ltd., 59/61 Theobalds Road, London WCI1

i I am interested in the TUSCAN Z80 based single board computer
I with S$100 expansion and enclose a S.A.E. for further details.

| Name

| Address

I Telephone

I
f
1
l
i
I
|
I

L--------—--_--__--—-J

TRANSAM COMPONENTS LTD.. 59/61 THEOBALDS ROAD, LONDON WC1. TEL: 01-402 8137/405-5240 -



A
b

MICROBASICS |

Since the demise of Microfile, we felt it was time to initiate another
on-going publishing situation computingwise. Henry Budgett kicks off
the first instalment of this great new hardware series with a potted

history of the technology

Imost without fail we read in some publication or other
A that the age of computers is upon us. Whilst this state-

ment is unguestionably true it is well worth looking
back at the developments that have resulted in this prolifera-
tion of computers and computer-based systems. There is a
popular temptation to attempt to baffle readers with science
and technical terms in articles like this and this has led to an
almost ‘cult’ image being foisted upon the industry, whereas,
inreality, we should be trying to do exactly the opposite. Itis to
this end that | will attempt to define and explain each piece of
terminology as it is reached. It is also the reason that | have
chosen to begin the series at the beginning rather than to look
at just the current darling of the media, the microprocessor.

Three Wise Men

In taking a look over our shoulders at the names
associated with the very early computers we find that three
stand out as veritable beacons. Taking them in chronological
order, for no better reason than simplicity, we first meet Blaise
Pascal. Born in the seventeenth century in France he made a
considerable impact on the field of mathematics at that time.
His father was a tax collector and the sight of him spending
many hours adding figures stimulated Blaise to produce a

28

mechanical engine that would remove the drudgery. The
basic design worked, no mean feat in itself, and enjoyed a
limited commercial success. Its main drawbacks were that it
could only add or subtract (and only one of those at a time).
The Pascaline, as it was called, is still in use today recording
the mileage travelled in your car and its improved successor
which was capable of multiplication survived until the first
electronic calculator sent it to the scrap heap. If you are for-
tunate enough to have one lying in a corner it is worth the trou-
ble to take its lid off and reveal the guts. Remember as you
look that this was invented when the Industrial Revolution
was still in the future and there were no facilities for making
accurate mechanical parts, a problem that was to cause our
next innovator to fail.

Inventor With A Difference

Charles Babbage began in a similar manner to Pascal. He
was also a child prodigy in the field of mathematics and-soon
began to find fault with the tables of logarithms being publish-
ed. It was to the end of producing a machine for calculating
these tables that Babbage began his life’s work. It was for-
tunate that he was a wealthy man because despite a Govern-
ment grant of some £17,000 and eleven years work he finally
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abandoned his Difference Engine. Despite this failure his
thoughts on automated mathematical machines were still ac-
tive and he conceived the Analytical Engine that was to even-
tually ruin him. This idea was to incorporate all the essentials
of the Difference Engine but with the magic ingredient of be-
ing programmable’. The original specification of the machine
was that it could perform mathematical operations to order
ondata provided.

At this instant the concept of computers as we know them
today was born. The ‘Engine’ even incorporated most of the
elements found in modern electronic machines. However the
theory was not matched by the practice. The inability to make
precision parts once again spelled doom and Babbage died ag-
ed 80 with not much left to his name except a pile of cogs and
wheels. His son did manage to put together a working model,
which cantoday be seen in the Science Museum, London.

Herman The Wise

Less than twenty years later our third individual, Herman
Hollerith, forged the final link in the chain of events with his
Tabulator. Designed as an entry in a competition to find a
system that could analyse the results of the 1890 American
census it harnessed the newly developed power source, elec-
tricity. Hollerith’s machine completed the census in record
time and made its inventor a very rich man. Indeed, the com-
pany he founded, IBM, is probably the largest mainframe
computer producer in the world.

This combination of electricity and advanced mechanics
was by no means an ideal solution. In the case of the
‘Tabulator’, it was designed for one specific job and could not
be easily changed. This was not the programmable tool con-
ceived by Babbage. It is interesting to note that, just as Bab-
bage had looked toward the punched cards used by weavers
to control their looms, so Hollerith used similar cards to record
the census information on. These cards are still in use today in
many computer rooms (some things never change!).

The Electronic Age

Just as the application of electrical energy brought
Hollerith’s ‘Tabulator’ the success it did, so it spurred on the
development of the wide variety of electronic circuits based
around the thermionic valve. By the time of the second World
War there were many potential challengers for the title of the
first computer but they all shared one common characteristic.
The development of electronic switching had resulted in the
universal adoption of the binary number system. Thereasonis
simple, you can easily turn something on or off and hence
create a binary code, but it is obviously much harder to turn
something off or on in nine discrete steps. If Pascal or Babbage
had designed their systems around binary mathematics in-
stead of the conventional decimal they would have simplified
their problems ninefold and the world may even have been in-
troduced to the steam powered computer. Having taken the
step to binary, computers never looked back and giants such
as Collosus, ENIAC and ACE were born. Each of these was the
descendent of the ‘Analytical Engine’ in that it could be pro-
grammed to do any logical task, within reason, and consisted
of a number of basic elements, as in today’s computers.

in much the same way as the transition from mechanical
to electrical occurred, these early computers were replaced
by pure electronic devices based on the newly invented tran-
sistor. The thermionic valve was an unreliable object, slow in
operation and costly in terms of power consumption and
space. Indeed, the processing capabilities of most of today’s
microprocessors greatly exceed the facilities offered even thir-

ETI SEPTEMBER 1980

ty years ago. The advent of the transistor produced the ‘se-
cond generation’ of computers. A ‘generation’ in computer
terms is generally defined as a tenfold decrease in size with a
tenfold increase in processing throughput at a tenth of the
original cost. As the transistor became the descendent of the
valve, so the chip orintegrated circuit became the descendent
of the transistor. In those days, some ten to twelve years ago,
the first integrated devices consisted of perhaps a half dozen
transistors on a single chip of silicon. Rapid advances were
made and soon a new kind of computer was born.

The Minis

Just as the Mini car revolutionised the way the world look-
ed at motoring so the minicomputer changed the face of com-
puters. Up till the advent of the integrated circuit there had
been only ‘computers’, now there were ‘mainframes’ and
‘minis’. These two were rigidly divided into sectors of opera-
tion, the mainframes were used for serious purposes, the minis
were ‘toys’ used in research. Among the names of companies
who were to make their fortunes producing minis was DEC,
probably still the world leader. Soon the mini was to be found
everywhere from research labs to classrooms and their spread
was due simply to the fact that they were small, cheap and
relatively easy to use. They were even built into pieces of
equipment like machine tools. Indeed it is fair to say that the
mini paved the way for the micro, although the actual distinc-
tions between them have beenrapidly eroded.

The pilot model of the National Physical Laboratory’s ACE, one of the first com-
puter giants (Crown copyright).

Firms involved in the business of integrated circuit pro-
duction tend to follow a natural progression in the devices
that they make. First off the production line come the stan-
dard logic elements, the AND OR type gates, and once the pro-
duction of these is running at a profitable level they attempt to
squeeze a little more onto the slab of silicon. As soon as this
stage is proved they take another leap forward and so on. In
the terminology this is a progression from SSI(Small Scale In-
tegration) with about 1020 actual devices on the ‘chip’
through MS] (Medium Scale Integration) which has adozen or
so gates (rather than discrete elements) up to LS| (Large Scale
Integration) which is taken as being greater than 100 gates on
the chip. At this stage of the game we are still talking about
complex TTL type packages, the next jump is to VLSI which,
believe it or not, stands for Very Large Scale Integration. We
are now in the realm of memory devices and microprocessors.

-3
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Fig.1. Block diagram of a computer system.

Common Concept

If we take a look at Fig.1 we can see a generalised block
diagram of a computer. What kind of computer is not impor-
tant; they all have the same functional blocks within them, be
they micro or mainframe. The common misconception is that
the “mighty chip” is a computer, far from it. Your average
microprocessor still needs all the memory circuits, control cir-
cuits, mass storage devices and other components that even
the old valve machines needed; they are merely smaller. The
wvery first microprocessor came about in 1971 simply because
it was realised that it would be possible to make a device of
that complexity on a single chip. The device was called the
4004 and the company that made it was Intel. More on the
micro next month — first some explanation on the basic
building blocks of computers.

Eye Oh

The five fundamental elements of any digital computer
are:- the ALU or Arithmetic Logic Unit, the control unit, the
store or memory and the input and output devices. Taking
these in the reverse order we have the input and output
devices, often abbreviated to the /0. Obviously the machine
must be able to communicate with the outside world and vice
versa, so the most common form of 1/O is the Visual Display
Unitor VDU. This has, to a very large degree, replaced the old-
fashioned Teletype, a special electric typewriter often called a
TTY, and is totally silent in operation, which is a welcome
change from the racket the earlier device made. Other forms
of 1/O device are printers, for producing typed copy, plotters
for producing graphical output or in the most esoteric cases
digitisers and speech synthesisers.

The function of the /O was simply to enable the user of
the computer to load information for processing into the com-
puter and to be able to get the answers back. Quite apart from
this information there is the requirement of the computer pro-
grammer who wishes to put in information that will instruct
the computer to perform certain operations. This, the pro-
gram, is stored in the memory and of this vital component

)]

there are two types; general purpose memory and off-line or
backing memory. The general purpose memory is made up of
a large number of bistable elements manufactured in either
magnetic or semiconductor materials. In the context of the
micro we often refer to these as the user memory. Thebacking
memory is generally of a mass storage type like magnetic tape
in one of several forms or magnetic discs or drums. Whilst the
computer may have immediate access to some few thousand

The business end of NPL's ACE computer, used to develop sophisticated
mathematical techniques.

storage elements in the user memory, it can often store a few
million elements in the backing stores. We will discuss the
various types of memory in much greater detail at a later date
— only the concept is important at this stage.

The control unit performs the task of making sure that all
the various bits of the computer are working in the correct
order. It would not be a very efficient machine that had to
pause for information because it gave priority to looking after
a printer and left the user waiting. The basis of all the control
signalsis a clock, in fact a very accurate oscillator circuit runn-
ing at several million cycles per second. This is the heart of the
machine and almost without exception all the functions
within the computer are locked or synchronised to it.

The one remaining piece of the jigsaw is the ALU. This ex-
ists solely to perform arithmetic operations on the elements
that are fed to it. Some of these elements are recognised as be-
ing instructions, others are simply information which is to be
processed according to the previously received instructions.
All this takes place at the level of binary signals, that is, each
separate piece of information is represented by a pattern of
logical ones or logical zeros and this is commonly called
‘machine code’. Indeed, at this level of operation the com-
puter is only aware of two groups of patterns — those which
correspond to the defined set inside the machine, its “/instruc-
tion set” in computer parlance, and those patterns which do
not match this set which must be data.

To Pastures New

That’s the end of this month’s offering. In the next part our
concentration will lock on to the microprocessor itself and
just what goes on inside that little lump of silicon. Those with a
wish to pursue the hardware angle in books, might be in-
terested in the following recommended texts on the subject:
Introduction To Digital Computer Design by Woollons,
published by McGraw Hill. Consumers Guide to Personal
Computing and Microprocessors by Frieberger & Chew,
published by Hayden. ETI
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Unique in concept-the home computer that grows as you dol!

£

The standard ATOM kit includes:
@Full sized QWERTY keyboard @Rugged polystyrene case

@ Fibreglass PCB @ 2K RAM @ 8K ROM @ 23 integrated circutts
@Fuil assembly instructions including tests for faultfinding.
(Once built, connect it to any domestic TV and power source)

@ Power requirement: 8V at 800 M A. ATOM power unit available.
See coupon. PLUS FREE MANUAL written in - gy

two sections —teach yourself BASIC and
machine code for those with no knowledge
of computers, and a reference section
giving a complete description of the
ATOM's facilities. All sections are fully
illustrated with example programs.

The ATOM concept

Adding chips into sockets on the PCB allows you to progress

in affordable steps to large-scale expansion. You can see from
the specifications that the RAM can be increased to 12K allow-
ing high resolution (256 x 192) graphics. Two further ROM chips,
e.g. maths functions, can be added directly to the board giving
a 16K capacity. In addition to 5 170 lines partly used by the
cassette interface, an optional VIA device can provide varied
1/0 and timer functions and via a buffer device allow direct
printer drive. An optional module provides red. green and blue
signals for colour. An in-board connector strip takes the ATOM
communications loop interface. Any number of ATOMs may be
linked to each other —or to a master system with mass storage/

ease send me the following items:
item price inc

I Quantity ltem VAT +p&p TOTALS
I ATOMKIT 8K + 2K [MIN} @ 14000
ATOM ASS 8K ¢ 2K (MIN) @¢€17450
I ATOMKIT 12 + 12K (MAX! @ £255.00
' ATOMASS 12 + 12K (MAX) @ £28950
| IKRAMSETS @ €112
4K FLOATING POINT ROM @ 2330
| PRINTER DRIVE Bh22 VA @ £1035
Buffer (LS 244) @ 1317
I MAINS POWER SUPPLY (15 anps) @ £1020

Also available
ready-buiit

EI50

plus VAT and p&p

TOTAL

EThEE Il\corn Atom

plus VATand p&p. computer kit

Anoutstanding
personal

The ATOM-a definitive personal computer.
Simpleto-build, simpleto-operate. But a really
powerful full-facility computer. And designed on an
expandable basis. You can buy a superb expanded
package now-tailored to your needs. Or, you can
buy just the standard Atom kit, and, as you grow In

confidence and knowledge, add more chips. No need to

replace your equipment. No need to worry that your
investment will be overtaken by new technology. As you
need more power, more facilities, you can add them!

“The picture shown demonstrates nixed graphics and characters i three shades of grey
provided by the Standard Atom
hard copy facility. Interface with other ACORN cards I1s simplicity
itself. Any one ACORN card may be fitted internally.
So you can see there are a vast number of modular options and
additions available, expanding with your ability and your budget.
The ATOM hardware includes:
®Memory from 2K to 12K RAM on board (up to 35K in case)
@ 8K to 16K ROM {two 4K additions) @6502 processor @Video
Display allows high resolution {256 x 192) graphics and red,
green and blue output @ Cassette Interface - CUTS 300 baud
@ Loudspeaker allows tone generation of any frequency
@ Channel 36 UHF Modulator Output @Bus output includes
internal connections for Acorn Eurocard.
The ATOM software includes:
@32 bit arithmetic (=2,000.000,000) @High speed execution
@43 standard/extended BASIC commands @Vanable length
strings {up to 256 characters) @String manipulation functions
@27 32-hitinteger variables @27 additional arrays @random
number function @PUT and GET byte @ WAIT command for
© . timing @DO-UNTIL construction @ Logical opera-
Fr tors (AND, OR, EX-OR) @LINK to machine-code
. ' routines @ PLOT DRAW and MOVE.

ACORN

4a Market Hill,
CAMBRIDGE CB2 3NJ

COMPUTER

Your ACORN ATOM may qualify as a business expense. To order complete the goupon below and post to Acorn Computer for delivery within 28 days
Return as received within 14 days for full money refund if not completely satisfied. All components are guaranteed with full service/repair facility available.

e =

To: Acorn Computer Ltd., 4a Market Hill. CAMBRIDGE CB2 3NJ
| enclose cheque/postal order for £

Please debit my Access/Barclaycard No l
Signature l
Name {Please print) I
Address I I
Telephone No ‘ I

Registered No- 1403810, VAT No® 215 400 220 £T1;9/50 R

/

Ly Ly e SR A L g

ETI SEPTEMBER 1980



EXPERIMENTOR BREADBOARDS
No soldering modular breadboards, simply plug
components in and out of letter number identified
nickel-silver contact holes. Start small and simply
snap-lock boards together to build a breadboard of

any size.

All EXP Breadboards have two bus-bars as an integral
part of the board, if you need more than 2 buses
simply snap on 4 more bus-bars with the aid of an EXP
4B

EXP 325 £1.60 The ideal breadboard
for 1 chip circuits. Accepts 8, 14, 16 and
up to 22 pin ICs. Has 130 contact points
including two 10 point bus-bars

EXP 350 £3.15 Specially designed 4
for working with up to 40 pin ICs
perfect for 3 & 14 pin ICs.

Has 270 contact points inctuding
two 20 point bus-bars.

*

EXP 300 £5.75 The .
most widely bought
bread-board in the UK.
With 550 contact *
points, two 40 point
bus-hars, the EXP 300 will accept any size IC and up
to 6x 14 pin DIPS Use this breadboard with
Adventures in Microelectronics.

EXP 600 £6.30 Most
MICROPROCESSOR  *
projects in magazines -
and educational books
are built on the EXP 600. *

EXP 650 £3.60 Has -6"'centre
spacing so is perfect for
MICROPROCESSOR applications

EXP 4B £2.30 Four
more bus-bars in
“snap-on’‘ unit

The above prices are exclusive of P&P and 15% VAT

THE CSC 24 HOUR SERVICE
TELEPHONE (0799) 21682

With your Access, American Express,
Barclaycard number and your
order will be in the post immediately

CONTINENTAL SPECIALTIES CORPORATION

C.S.C. (UK) LTD Dept. 9PP

Unit 1, Shire Hill Industrial Estate,

Saffron Walden, Essex CB11 3AQ.

Tel: Saffron Walden (0799) 21682 Telex: 817477

ETI SEPTEMBER 1980

Available from selected stockists

ELECTRONICS BY NUMBERS

No. 7 DIGITAL DICE

Roll the dice — the electronic way! The
digital dice gives you an instant score
randomly chosen from 1 to 6, every time
you press the button. No fosing thig under
the table!

No. 8 QUIZ MASTER

Play your own 'Sale of the Century’l Up to
four contestants pit their wits; the first one
to get the answer lights up his 'win’ light,
and stops anybody else from having a go.
No. 9 MOVING TARGET GAME
Test your reactions! A moving 'line of light’
travels along from left to right, over and
over again. You've got to 'fire’ at just the
right moment to score a hit. Fun for all the
family!

Want to get started on building exciting
projects, but don’t know how? Now using
EXPERIMENTOR BREADBOARDS and
following the instructions in our FREE
‘Electronics By Numbers’ leaflets,
ANYBODY can build electronic projects.,
For example, take one of our earlier
projects, a L.E.D. Bar Graph;

Display ‘
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'

© o005 6o el -m--?m-
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You will need; One EXP 300 or EXP 350
breadboard, 15 silicon diodes,
6 resistors, 6 Light Emitting Diodes.
Just look at the diagram, Select R1, plug it
into the lettered and numbered holes on the
EXPERIMENTOR BREADBOARD, do the
same with all the other components,
connect to the battery, and your project’s
finished. All you have to do is follow the
large, clear layouts on the ‘Electronics by
Numbers’ leaflets, and ANYBODY can build
a perfect working project. ~

r-ﬂ

| Just clip the coupon

Give us your name and full postal address {in block

For full detailed instructions and layouts of
Projects, 7, 8 and 9, simply take the coupon
to your nearest CSC stockist, or send direct
to us, and you will receive the latest
‘ELECTRONICS BY NUMBERS' leaflet.

If you missed projects, 1, 2 and 3,0r4,5
and 6, please tick the appropriate box in the
coupon.

PROTO-BOARDS

The ultimate in breadboards for the minimum of cost.
Two easily assembled kits.

PB6 Kit, 630 contacts, four B-way binding posts
accepts up to six 14-pin Dips.
PROTO-BOARD 6 KIT £9.20

Proto:

PB 100 Kit complete with 760 contacts accepts up to
ten 14-pin Dips, with two binding posts and sturdy
base. Large capacity with Kit economy

PROTO-BOARD 100 KIT £11.80

= =m == e T'S EASY WITH C.S.Cm = =m =m mm =
TO RECEIVE YOUR FREE COPY OF PROJECTS 7,8 and 9

For immediate action i

The C.S.C. 24 hour, 5 day a week service.

l caprtals). Enclose cheque, postal order or credit card Telephone 0799 21682 and give us your Access,
number and expiry date, indicating in the appropriate American Express or Barclaycard number and your
boxl(es) the breadboard(s| you require. order will be in the post immediatley
EXPERIMENTOR| o\ IC CAPACITY [UNIT PRICE INC | Oty
| BREADRCARDS| CONTACT | SapinDip |Pape 5% vaT| eg | NAME e .
[ P S 1 T fam ADDRESS ... o rattin l
| EXP 360 0 3 f 488
I EXP 300 560 6 e [ | T i l
__EXP 800 £83 1 1 ... P
l use with ) I
EXP 650 276 D()ﬁs"gf: £ 5.00 ) enclose cheque/P.Q. forf .........
1]
l Bpus BarD Debit my Barclaycard, Access, I
3 Four 40 Point 4 American Express cardNo. ...... ...
) EXP 4B Bus-Bars £ 3.50 Exol
l - . ......Expirydate....... l
PROTO-BOARDS] If you missed project No's
I PB8 630 I 6 m7e | 1,2,3,4,5,and6, tickbox. O '
PB100 760 | 10 ] £14.72 [ 1 ForFree catalogue tick box o

C.S C. (UK) Ltd. Dept. 9PP, Unit 1 Shire Hill Industrial Estate Saffron Waiden Essex CB11 3AQ

Tel: Saffron Walden {0799) 21682. Telex: 817477
- E I I R N R ..



SPOT DESIGNS
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Slide/Tape Synchroniser

W ith the aid of a tape recorder and a slide tape synchroniser
it is possible to obtain programmed slide changing with an
automatic projector. By using a synchroniser and a stereo tape
deck or recorder it is possible to have music and a commentary
recorded on one channel and signals to give automatic slide
changes at the appropriate points on the other channel.

A slide/tape synchroniser has two sections; a tone generator
and an electronic switch. The tone generator is used to record
short bursts of tone onto the tape at the points where slide
changes are required. The electronic switch is fed with the tone
burst output of the tape recorder and closes a pair of relay con-
tacts for the duration of each burst. The relay contacts are, of
course, used to control the automatic slide change mechanism of
the projector. Usually the output of the tone generator is coupl-
ed to the input of the electronic switch, so that operating the
tone generator causes the relay contacts to close. This is useful
when recording a tape. With the projector loaded with slides, the
synchroniser connected to the projector, the output of the tone
generator fed to one input of the recorder and the music/com-
mentary signal ready to be fed to the other input, the tape is in-
serted. Then the music and commentary are recorded and the
tone generator is operated at the appropriate times so that the
slides are changed and the tone bursts are recorded onto the
tape. If the tape is then rewound, the slide magazine is brought
back to its starting point and the tone burst output of the tape
recorder is fed to the input of the electronic switch, replaying the
tape should give the slide show with accompanying sound track
and automatic slide changing. The operator only has to start the
tape at the beginning of the show and stop it at the end.

A similar technique is used when using the unit as a program-

Clipping Monitor

W hen using an amplifier at virtually its full output power
there is a risk of “clipping” occuring. The amplifier is over-
driven to the point where output peaks are flattened because the
amplifier simply cannot provide a high enough output voltage.
The distortion caused by clipping is often quite severe and readi-
ly apparent, but this is not always the case. It is not uncommon
for the tweeters in loudspeakers to burn out due to overloading
caused by clipping producing strong high frequency signals!

The circuit relies on the fact that with less than about 2 V ap-
plied to a LED it will not pass any significant current and will fail
to light up. If the voltage applied to the LED is only marginally in-
creased above 2 V, the LED avalanches, a heavy current flows
and it glows brightly. R1 is adjusted so that the voltage applied to
LED1 via current limiting resistor R2 is just sufficient to cause D1
to glow quite brightly when the amplifier is driven into clipping.

med slide timer, the only difference being that there is no sound-
track to bother with.

The tone generator uses Q1 in a straightforward phase shift
oscillator operating at about 500 Hz, although the exact
operating frequency is not of great importance. It is merely
necessary to use one at which the recorder is capable of
operating reasonably well. The output from the collector of Q1is
coupled to the tape recorder by DC blocking capacitor C5 and
resistor R6. The latter attenuates the output. R6 also ensures that
the oscillator cannot be so heavily loaded that it ceases function-
Ing. SW1is a non-locking, push to make switch. It is briefly press-
ed to connect the supply to the tone generator and produce the
tone bursts.

The tone generator is based on operational amplifier 1C1,
which is used in the non-inverting mode. Its voltage gain is set at
about 28 by R9,10 and R8 biases the non-inverting input to the
negative supply rail. R5,7 form a simple passive mixer at the in-
put of IC1, so that it can be fed from either the tone generator or
from the output of the tape recorder without the need for any
changeover switching. The output of IC1 is used to drive com-
mon emitter amplifier Q2, which has the relay coil and protec-
tive diode D1 as its collector load. Normally IC1’s output is low
and Q2 is cut off, but in the presence of an input tone the output
of IC1 goes strongly positive on positive going half cycles. C10 in-
tegrates these pulses so that Q2 is continuously switched on in
the presence of an input tone and the relay is energised. The
relay contacts then close and operate the slide change
mechanism of the projector.

The current consumption of the unit is only about 500 uA,
but rises to around 40 mA during the brief periods when the relay
iIs activated. The relay can be any type having a 6/12 V coil with a
resistance of about 185R or more, provided it has at least one set
of normally open contacts of adequate rating.

LED1
TIL209

With the amplifier driven just below the clipping threshold there
s just enough voltage applied to the circuit to cause LED1 to
visibly glow, although it does so at less than full brightness. If the
amplifier is driven significantly below the clipping level there
will be insufficient voltage fed to D1 to cause it to conduct and it
will not light up.
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2« AURA SOUNDS

Tomorrow’s Electronic
Organ Kit is Here

POSSIBLY A NEW NAME
TO YOU, BUT KNOWN IN
OVER 25 COUNTRIES FOR
THE SUPERIOR INSTRU-
MENTS WHICH THIS
GERMAN COMPANY
PRODUCE.

See us at 'RECRO '80’,
Leamington Spa, 1st-8th August.
It's a great day out for all the
family plus the opportunity to see
the whole WERSI range demon-
strated live.

Without doubt the most comprehensive
kits and the most up-to-date designs
available today. Just consider a few of
the features:

'WERSI is the first kit producing company applying the
‘latest achievements of the space age technology.

This has decisive effects on the technical and musical ® Precision Master Generator, using

quality of WERSI'S electronic organs for the do-it- MOS-LS 1

yourselfer. i . . i

The application of modern integrated circuits, so called ICs, ® Integrated electronic keying in 1 2

simplifies the organ construction considerably. A single IC technology.

may replace up to 10,000 conventional electronic com- : e : .

SETS ; @® Unique — All switch functions are

In addition, ICs save a {ot of space and they are extremely programmable.

\fZ“EaRbéﬁ d}fV‘CGS- B erauetn @i ®  Even the smallest organ has draw-
. however, went a step farther yet. IC’s which were . s s

not available on the open market, were developed for bars in addition to f!xgd StOpS..

specific purposes by WERSI engineering. They are being #® Craftsman-made cabinets available

produced by the most highly reputed IC manufacturers in in five veneers.

the world. The result: economical electronic organs with the o

most up-to-date techniques and .unsurpassed . musical ® R?a.dY'made wiring harnesses

capabilities. eliminate errors.

WERSI MAKES DO-IT-YOURSELF CONSTRUCTION EASIER THAN EVER
BEFORE AT A FRACTION OF THE PRICE OF THE FULLY ASSEMBLED
'WERSI RANGE. GET THE FACTS NOW.

AURA SOUNDS 14-15 Royal Oak Centre, Brighton Rd., Purley, Surrey. Tel: 01-668-9733
and at 17 Upper Charter Arcade, Barnsley, W. Yorks Tel: Barnsley (0226) 5248.

— et o e— —— ——— m— w2 — m— — . ot o a—
(— }Pf Please send me the full colour WERS! catalogue, price lists and supporting j

literature (weighing 1 Ib!) | enclose a cheque/p.o. for £1.00.,

Send now l
for the , Name
104 page ] Address. e . \ '
full-colour
catalogue. rl o '
L J k Send to Aura Sounds (ET|§), 14/15 Royal Oak Centre, Brighton Rd , Purley, Surrey -

I DR au  GRey S Guewd Smww) et vy e e map o o——
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- ‘MICRON" from

@ FULLY BUILT,TESTED,and housed in ATTRACTIVE CASES
® 6502 based microcomputer |
@® VDU alpha numeric display
Powerful monitor TANBUG
8K RAM

32 parallel 1/O lines

2 TTL serial /O lines
1serial /O port with
RS232C, 20mA loop and L
16 programmable Baud rates : 4
Four 16 Bit counter timers ' bt
300/2400 Baud filenamed

cassette interface

Data bus buffering

Memory mapping control

71key ASCIl Keyboard,including
numeric keypad

® Includes power supply

@® Also includes the first

¥ 10K MICROSOFT BASIC %
available in the UK.

All the usual BASIC commands
Integer and real numbers
Integer and real arrays

Intrinsic functions ABS,INT,RND,SGN,SIN,
SQR,TAB,USR,ATN,COS,EXP,LOG,TAN.
User defined functions

READ and DATA statements

Dump and load programs for cassette recorders

Program editing command

String function for text /O

BASIC can call user machine -code sub routine

X ® User machine-code interrupt handler interfaces with BASIC

£395

inc VAT, P&P,

x
'
%
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TANGERINE
TANRAM- 40K Bytes on one board!

Ava,/ab/e Soon, 12 slot SYSTEM MOTHERBOARD,
' supports 277K Bytes
SERIAL & PARALLEL 1/O boards
High Definition COLOUR GRAPHICS

For comprehensive
details send 12p stampto:-
Tangerine Computer Systems Ltd.
Forehill Ely,Cambs. Tel: (0353)3633

LAddreSS.qc.'-%Oﬁ&QOAnoowe"’&"'!@?'

EEEEEEEEEERERREREERE RS S NS &5 2
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THE CHIPS ARE DOWN
MOSTEK, INTEL, NEC, MOTOROLA
L.C. PRICES SLASHED!

A massive purchase of brand new
“state of the art’’ data processing
equipment enables us to offer the
following chips at never, and we mean
never to be repeated prices.

8085A Central Processor £11.99
8155C 2568 Static Ram £8.95
8253C Programmable Interval Timer £8.96

8255A Programmabie Peripheral interface £9.95

8259A-8 Programmable interrupt Control ~ £4.76

8755A 2Kx8 Eprom 16 1/0 Lines £34.50

MC6850P ACAI £3.70

2652 MPCC Comms. Controller ,

2102 1K Static 650 ns Rams 8 for

1702 256x8 Eprom 0
J5101 L1 256x4 Static Ram 450ns £4.95

And Remember All Chip Prices /nclude V.AT.

AN above 1.Cs are brand new or removed from new unused socketed
P.C8’s. Eproms supplied washed.

Al full spec. and guaranteed

DATA DYNAMICS 390
ASCII PRINTERS

ONLY
£135 + CAR

+ VAT
An advantageous purchase enables us to offer you
these superb condition quality printers at a fraction

2 COMPUTER WAREHOUSE

ow test equipm .
power suppli
C.'s, tools, components, v

BISPLAY

In stock 1
transformers

SUPERVALUE P.C.B. SPECIAL

Another great buy. Board contents include 62
Digital I.C.’s all located in 14 pin D.I.L. sockets.

eqhipment,l :
transistors, MICT
other stock lines. Jus

NOW OPEN
MONDAY-SATURDAY
9.30-5.30
ent. MiCToprocessors. teletypes,

{ d tors, per!
es, scopes. sig. g€ S mo
anacs, keyboards,

DU’s sub-assemblies * thous
traction of our vast range, !s
ns for callers

pheral

ands of
oswitches, V.
t a mere

Original cost over £90, our price only £4.95+ PP 85p. displayed below 100’ of bargas

OPT:

O SMASH !
TIL 302/MAN 7 7 segment LED readout
common anode direct drive {via
resistors) from 7447 £1.10 each
TIL 119/0C72 Darlington opto
isolator 3 for £1-00.

TIL3050.3" 7 x 5 matnx LEO
alphanumeric readouts £3.75 each
PHOTO TRANSISTOR

Fairchild FPT-100 NPN silicon 30v
25ma. 4 tor £1.00

and its effective

64Kx8 DYNAMIC/STATIC RAM CARDS

A masterpiece of electronic engineering and our own advantageous
buying enables us to bring you a complete memory system at a giveaway
price. Originally made for a large processor the RAM card has many
features, including on board refresh, internal parity generation and
checking. Standard TTL inputs/outputs, +5, +12, —15v supply rails
STATIC capability make it useable with many CPU’s. A
fast cycle time of approximately 400ns make this a snip at only £125.00
+£3pp. Supplied complete with circuits.

HOW TO
GET HERE

Victoria, London |
Bridge or Holborn
Viaduct to
Thornton Heath.

1 minute from
Thornton Heath
Station.

1.C. AND
S1sTOR BARG AINS
CHEAPER

Al 1.C.'s and Transistors by
well known manufacturers and fully
guaranteed. No fall outs. Comprehensive
dataon.C.'s 15p per type.

2N4351 N channel MOS FET

2N4352 P channel MOS FET

60p each £1.00 per pair.

HIGH VOLTAGE NPN POWER
SWITCHING transistors BVcbo 600v
BVceo 500v BVebo 15v 1¢ 5 amps

Pc 125 watts HFE 60 typ ft 2.5 mhz
ideal invertors. etc. TO3 £1.60 each

SCR's
2N3001 30v 350 ma T018 22p each 6 for £100
2N5061 60v 8U0ma T018 27p each 4 for £100
2N4441 50v 8 amps T0220 45p each 10 for £4.00
C106D1 400v 5 amps 70202 55p each 10 for £5.00
TRIACS
G.E. 12 amp 600y TD220AB 35p each 10 for 8.75_
VA.EL. 10 amp 400v ready mounted on 2§ x 2}
heatsink £1.00 each 4 for £3.75
LOW PROFILE I.C. SOCKETS
B8 0.1L. 10p each 12 for £100
14 0.1 L. 14p each 8 tor £1.00
16 0.1.L. Gold Plated mit grade 22p each & for £1.06
220.1.1. 27p each 5 for £100
240 1L 39 each 3for £100
40 0..L. 60p each 2 for £1.00

4 for £5.40. DTHER GOODIES
BF258 NPN 250v @ 200ma45p each  2N3055 (R.CA}65p each
3tor£1.08. 2N5843 RF. output 40 volts, t watt up to 1000MHZ

1.R. BSB01 2.5 amp 100v bridge rec.
P.C. mount long leads 35p each 4 for
£1.08.
IN4998 4 amp 100v P.C. mount diodes
tong leads 14p each 10 for £1 10.
LM309K +5v 1.2 ampregulator £1.10
each 6 for £5.35
AGFA C10 computergradecassettescom-
pletewithlibrary cases68peach, 10for£5.50
IN4004 SD4 1 amp 400v diodes 7p
each 18 for £1.00
I.R. 12 amp BRIDGE RECS 400 volt
£1.25 each

POWER DARLINGTON SCOOP!
M.J1000 NPN 60v 90w B amps T03 85p each
2N6385 NPN 80v 100w 10 amps T03 £1.25 each
MJH030 NPN 60v 150w 16 amps T03 £225 each

1.0555p each 10 for £5.00

INA308 WNT20F.ET transistor 37p each 3 for £1 00
LM3BON/SL6051 14 0.1.L. 2 watt AF. amp 80p
each B for £6.00

CA30288 0C. 120 MHZ ditferennal.cascode amp
£1.00 each 3 for £2.50

CA3011 20 MHZ wideband amp 7099 case 65p
each 2 lor £1.00

TMS3114 DUAL MOS 128 bit static shift reg. 0C
2.5 MHZ £150 each 4 for £4.25

NESSS 10 for £2.55

GEA24 7ero voliage switch, tnac SCR relay driver
T04 can £110 each 7 for £6.50

FSA2719 8 independent diodes INA148, INGT4
type sn 16 0 1.L. pack 38p each 3 for £1.00
£P03725 4 NPN 50v 500ma transistors in 14
0..L pack J0p each 2 lor £100

]

POWER SUPPLY UNITS

6 YOLT 2.5/8 AMP TTL Made for TTL this compact ex
computer systems unit features a 10 amp transformer. DC
outputs of 5 volts @ 2.5 amps and 7.5 volts @ 5 amps are
available. The 5v output is fully regulated and smoothed
with electronic current limiting. May be easily moded for
5 volts @ 7-8 amps. Sold complete with circuit, believed
workingbutuntested. £8.25 + £1.80pp.

5 VOLT 3 AMP Ex computer systems, com-
plete on one small chassis, features full
regulation and crowbar over voltage protection.

£8.50 + pp80p

PRINTERS
CENTRONICS 101A 132 column
Matrix printer, serialparaliel input £525 + VAT
DATA PRODUCTS 300-1100 LP.M. B0 column
Barrel printer, standard T.T.L paralle! interface £650+ VAT
Many other printers available from £45.00

of their original cost. The 390 is a standard
Teletype printer housed in a soundproof case.
Standard features such as 80 columns, 20ma/
R/S232 interface and 110 Baud enable direct
connection to your M.P.UJ. Supplied in excellent
condition and guaranteed in working order.

SEMICONDUCTOR
'GRAB BAGS'

Amazing value mixed serniconductors, include

transistors, digital, linear |.C.'s, triacs, diodes, bridge

recs. otc. etc. All devices guaranteed brand new, full

spec. with manufacturers markings. fully quaranteed.
50 + BAGE2.95 100 + BAGS£5 16

MUFFIN FANS

Keep your equipment Cool and Reliable with our tested ex-equipment
“Muthn Fans” aimost silent running and easily mounted. Available n

DECADE 0-9 THUMBWHEEL SWITCHES. Stackable, goid plated contacts,
dim. 33 x 43 x8 mm. 90p each, 10 for £5.50.

Miniature Continantal Series 12VDC 4c/o plug in relays £1.30 each.
Greenpar 50 BNC Chass. socket single hole fixing 65p

C90 Audio Cassettes screw type construction 45p each 3 for £1.00

Bulbs 24v 14 watt white frosted S.B.C. 8 for £1.00.

Bulbs 12v 100 watt clear, base similar $.B.C. 45p each

$.B.C. Bulb Holders All steel cad. plated panel mount easily fixed via nut and
round hole, ideal disco displays. scoreboards. etc. 4 for£1.10.

VMOS VMPI Siliconix T03 power FET 0-60v, DC-200 mhz will drive direct
from CMOS etc, £1.50 each. full date 30p.

Heavy Duty Fiat Insulated Earth Braid 100-200 amp braided tinned copper
in heavy clear PVC sheath 50p per metre. £6 for 15 metres + PP £1 per 15 metres.
BULGIN mimature 6 way male chassis mount socket and matching free plug
60p each, 2 for £1.10.

Red L.E.D."s full spec. 0.2 14p each. 10 for£1 25

Red L.E.D.’5!0.125 10peach 10 for 80p)

Dynamic Stick Mics 6009 with built in on/ off switch complete with lead and
min. jack plug £1.15 each. 10 for £10.00

TOS5 HEATSINKS ~“Thermaloy'’ black anodised press on alumimum finned
type 18p each. 8 for £1.00.

Atlasta coded 76 key cased ASCIl keyboard at the

KEYBOARDS
X 76KEYASCICASED X

right price. Housed in an attractive light grey case,
this unit was originally made for ICL for use in air-
port reservation systems so only the BEST parts
were used. It has everything, we think, to meet
your most exacting requirements, numeric
keypad, upper and lower case, cursor controls,
single 5 volt rail, serial and parallel data outputs,
plus eight LEDs mounted on the case. Supplied
with circuits, believed brand new, but may have

minor scratches on cases.
Only £43-50 + £1.60pp

two voliages 110 VAC. £5.05 + pp 65p OR 240v A.C.£6.15 + pp
65p DIMENSIONS 41" x 43" x 13 .

t LECTRONIC
COMPONENTS
& EQUIPMENT

0
DISCOUNT

Due to our massive bulk purchasing programme
which enables us to bring you the best possible
bargains, we have thousands of 1.C.’s, Transistors,
Relays, Cap's., P.C.B.'s, Sub-assemblies, Switches,
etc. etc. surplus to our requirements. Because we
don't have sufficient stocks of any one item to
include in our ads., we are packing all these items

STOP PRESS

Just arrived. Teletype
ASR33, ASC11, 80 Column printers
complete with keyboard and

8 bit paper tape punch and
reader. New low price -

into the “BARGAIN PARCEL OF A LIFETIME”
Thousands of components at giveaway prices!
Guaranteed to be worth at least 3 times what you
pay plus we always include something from our ads.
for unbeatable value!! Sold by weight

25kis £ 4.75+pp£1.25  Skis £ 6.75+pp £1.80
10kls £11.75+pp £2.25 20 kis £19.99+pp £4.70

ROM & RAM
STAR OFFERS
4116 16K DYNAMIC RAMS 200ns
8 for £28.50
2716 2Kx8 SINGLE RAIL EPROMS
£10.25 each
2716 2Kx8 3 RAIL EPROMS
£8.50 each

SHUGART SA800 %
8" Floppy Disk Drives

as new £225.00 + VAT

*

[

; = E EZ
A special bulk purchase enables us to offer the above keyboard at a
Jowest ever price. 43 coded keys encoded into a direct TTL compatible
7 bit output. Features such as delayed strobe, 5 volt D.C. single rail
operation and rollover protection make this an absolute must for the
MPU constructor! Supplied complete with connection diagram and edge

connector, at a semmﬂ\and£20.oo + P.P.£1.60

"no tme to test’
price of only
SUPER CASED VERSION Same as above spec but housed
in attractive two lone moulded. free standing case. Unit aiso
includes an all TTL parallel to secial convertor ino details)
etc

£235.00 + carr & VAT i £27.50 +P.P.£1.85
PHONE FOR MORE DETAILS. 0 Wz MR
o ]
BARGAINS GALORE! T\ PSS OROIDAL TRANSFORMERS
1n our watk round Warehouse Ba ‘f:éa.“‘ :Cf,.ock V8 e
NOW open Monday to Saturday 9.30-5.30 \J"“‘.;mo“*‘ WP 240v pri sec.2: 30v @ 4 amps 2 x 18y @ 1 amp £1100+pp £195
Sht dimensions 4§ x 2§

[ ]
]
[}
oee e

ECTRONIC

=

Telephone 01-689 7702 or 01689 6800

Unless otherwise stated all prices inclusive of VAT. Cash with order. Minimum
order vatue £2.00. Prices and Postage quoted for UK only. Where post and
packing not indicated please add 40p per order. Bona Fide account orders
minimum £10.00. Export and trade enquiries welcome., Orders despatched
same day where possible. Access and Barclaycard Visa weicome

= =

Dept. E.T.I. 6466 Metfort Rd., Thonton Heath, Surey. \ga1L ORDER
INFORMATION

38
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PR 240v pri. sec. 150 15 @ 2 amps dimensions 37 x 25 {4.85+pp 99
TM 240v:110v pr. sec. 150 15 8vA dimensions 24 x 17 {1 95+pp 30p
AN voliages measured off load.

Plugs, Sockets & Connectors Cannon 'D’ Range

Ways Plu Socket

9 £1.0 £1.26
15 £1.17 £2.01
25 £1.72 £2.58
37 £2.35 £4.14
50 £2.90 £5.46

25 way ex-equip. plug or socket £1.25
Edge connastg(ors, gold ploted

All connectors easily cut to size
1000 s of other connectors ¢ ¥ stock



NEWS

AUDIOPHILE

Empire’s new Dynamic Interface
series comes under scrutiny
this month and Ron Harris
has some second thoughts
on metal tape tests.

fter last months highly physical encounter with the ] VC
A AX9 and its 371bs of muscle rending weight, | decided to

cheat the truss a little longer and return to the realm of
the phono cartridge — where weight is measured in grams and
aman(and his assets) can feel comfortable in their woyk.

A friend of mine — yes, even editors have friends — has
for some time been muttering darkly about Empire cartridges
being the best thing since the Big Bang. But after they manag-
ed to ignore my pleas for an EDR9when last | lined up the can-
tilevers | had all but given them up as a figment of his lurid im-
agination.

However, with the dawning of a new day — and the shuf-
fling arrival of our geriatric postman — was delivered unto me
a small brown parcel, containing not one but two Empire car-
tridges. Once more | am forced to revise my model of the
Universe. Wrong again.

Having beaten off my friends grasping, avaricious little
paws and refused all offers to kidnap Felicity Kendal in return
for the contents of the box, I found myself confronted by the
new Dynamic Interface series in the form of its 600LAC and
400TC manifestations.

Right then, into battle, SME raised against the fall of night
and the howling of the wolves(i.e. neighbours).

Empire Strikes Back

These cartridges use a moving-iron principle to generate
their millivolts, inherently more linear than the more common
moving magnet. The top two in the range, the 600LAC and the
500ID also employ an ‘intemnally dampened’ cantilever to
overcome the mechanical h.f. resonance ataround 18 kHz.

Other innovations include a cantilever composed of an
Aluminium alloy with Boron deposited into it, reduced tip
mass and ‘two position locking’ for the stylus assembly to en-
surethatitis correctly located.

Benefits claimed are flatter frequency response due to
close control of resonance, reduced IM distortion, increased
trackability (sorry Shure!), good hum rejection and reduced
record wear. In fact everything short of the power of regenera-
tion. Maybe that comes with next year's model.

ETI SEPTEMBER 1980

The basic engineering concept of these cartridges differs
from the ‘norm’ in that here the coils and magnets are fixed in
place within the body, a hollow iron armature is attached to
the cantilever and generates the output in the coils by moving
within the field from the three magnets situated next to them.

Unusual is Empire’s use of two ‘front magnets to linearise
the field through the pole pieces and coils, which also act to
reduce hum pickup. Field strength is effectively concentrated
inthe gap where the armature is in motion. Empire say this also
reduces microphonics(susceptibility to outside vibration).

Inside Story

The 600LAC features the inertially dampened tuned
stylus (IDTS) system, Empire’s scheme to defeat h.f.
resonance. This employs an assembly INSIDE the cantilever,
consisting of elastomer ring and iron piecework, which pro-
vides an antiphase resonance at the critical point to produce a
much flatter “twin peak” overall response around resonance.

The diagrams explain this better than any combination of
letters and spaces.

Amplitude

~ Stylus Mechanical Overall
Resonance Stylus-

\ _-~, Canridge
7 \ Response
- N\

Original Mechanical
Resonant Frequency
T

“Double Tuned",
Mechanicat !

\
—

Cartridge TSy §

Electrical = Response

Response g i
<

Frequency Frequency s

Frequency response using Empire’s patented

—
Frequency response of a conventional
Inertially Damped Tuned Stylus.

stylus assembly.

Quter Elastomer  Armature

Tapered Cantiever
= I )T Y
} nerion K

ond Ti
Dy I Inner Elastomer

Empire’s patented Inertially Damped Tuned Stylus.

Saysitall better than words — Empire’s IDTS system.

s ¥



The 400TC pickup reclining in its box awaiting the moment of truth and the SME.
All the DI range are physically similar and are distinguished by the colour of the
stylus carriers. In the case of the 400TC thisisan extremely lurid red.

LAC stands for ‘Large Area of Contact’ and implies that
lower record wear should be expected from the 600LAC than
from a normal elliptical or spherical point. Under high-power
magnification a very high order of finish was revealed on our
sample, confirming the manufacturer’s claim of having paid
special attention to stylus polish. Such care would manifest
itself in better preservation of those irrepairable grooves and
lower surface noise.

The 400TC has the tapered cantilever of its more expen-
sive brethren, and a lower tip mass than most units in this price
range. The 400TC retails at around £30 and the 600LAC at

Stylus Guard
The ihree
posItiun Stylus
guard protects

Metal Body Poles (4)
Acisasashield The engineered
against exterior  angle and shape

Shunt Plate

serve 10 guide Completes the

hom
the slylus and and congenirate magnelic circuit
1s remopvable the magnetic of the pole
for less mass tlow in the gap oeces.
?h‘:‘":‘:‘ Terminal Pins
R oy Gold plated o

Connects poles!
and tunes out
migh frequency
resonances

assure good
electrical con-
nection to
tone arm

Houses the
tylus assembt: p
stylus y Terminal Board
Holds the ter-
minal pins and
dentfies R L

Diamond Stylus. LG and RG
an:

Precision cut Rear Shield

and polished 1o m:‘:::nf’;f‘ Shields trom | connection
Vi
recucelnEly | armature here
: ‘creates elec-
tronic signal Front n
\ toflow incoils  Magnets (2)
Equatizes the
Cantitever magnetic flow &
Extremely hght % when stylus 1 2
mass fube that g . not in moton
hnks the stylus @ to prevent
and armature / L microphonics 8
Elastomer Carry the cur- /
Armature Compliant rent from the .
Light mass. suspension for magnetc gap i
nollow iron accurale pos)- Strap N,
armature varnies  honing of the Grounds the

Rear Magnet
Ganerales
magnehc fiow
throughout

Stylus Carrier
Holds elastomer
and aligns arma-

the tlow among stylus
the poles as itis

moved about by

the stytus travel-

ing thraugh the

records groove

cartridge body
todivert unde»/
sirable hum to
ture with the amplilier ground
center ot the falso gold
magnetic gap plated}

An exploded view of an Empire cartridge. Note the use of two small magnets
ahead of the main assembly. This is to concentrate and linearise field strengthin
the region around the moving iron element.
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about £75 — both in very competitive areas indeed. Good per-
formance is not a bonus here, merely a basic requirement for
(commercial)survival.

Packet In?

One immediate disappointment must be the presentation
of the cartridges. Both arrive wedged into a block of
polystyrene, along with fixing hardware and mandatory
screwdriver. Outer packaging is a simple cardboard sleeve.
Whilst one can applaud the avoidance of expensive trappings
that do nothing to enhance performance, surely this is going a
little toofar — especially at the £80 or so of the 600LAC?

Indeed, the overall appearance of the cartridges
themselves does not manifest the overtly confident engineer-
ing that one gets from something like a Shure or an Ortofon.
Not that they are anything but well made — please don't go
thinking that Audiophile is casting needless aspersions! The
company offer a two year guarantee on all the range as proof
of their confidence in the product. It is certainly not misplac-
ed, I think.

Sound Evidence

After the measurements had been taken and the lab stool
vacated for a more comfortable armchair, the 600LAC was
auditioned mounted in the inevitable SME series 111 pickup
arm — still the Rolls Royce of its field. Comparison was drawn
against the Ortofon/SME 30 H and Coral MC81 (moving coil)
units.

Wh stever the criteria the 600LAC is a good cartridge. Its
sound is characterised by a solid bass and a forward presenta-
tion. Treble is very well extended and smooth. Resonances are
well controlled, so that damping is certainly effective audibly.
The Empire works well with any type of music, but undeniably
adds a certain amount of ‘life’ of its own that is most exciting
with rock.

Attimes | could detect a slight ‘edge’ on difficult, heavily
modulated passages although tracking was always impec-
cable and the 600LAC was never tricked into mistracking. It
has a great deal of the sparkle and transparency of the best
cartridges around, but loses out in the midrange where it is a
little veiled when judged absolutely. Nonetheless all hifiis a
compromise of some sort or other, and this pickup gives away
less to perfection than most. Good value, | thought.

Onto the 400TC, which was compared against the Shure
M97E) and Goldring G900 IGC reference. In a straight A-B
comparison the Empire betters the Shure, but falls short of the
more refined G900 IGC. It does offer very good returns on the
£30investment required to secure its services, however.

Like the 600LAC, the sound is forward in nature and pro-
jects the music outwards from the loudspeakers. Presentation
is confident with a good low frequency performance and very
smooth top end. As long as speakers are chosen to comple-
ment the distinctive style this Empire would be a worthy addi-
tion to any system in the £400-£600 price range.

In fact the 400TC is close enough to the 600LAC to make
me wonder what place exists for the 5001D, a model that sells
for£45 and sits between the two in the Empire range.

Conclusions

Overall then, two good units well placed to succeed and
which should be added to shortlists for audition at the friendly
neighbourhood dealers. Good features common to both were
an insensitivity to surface noise, extended bass and smooth
treble. Well worth alisten.

| can see Empire gathering quite a following for this new

ETI SEPTEMBER 1980



NEWS: Audiophile

Mode/ B00LAC 400TC
1 ﬁequ'erncy Response Bandwidth 6Hz - 50,000Hz 7Hz - 34,000Hz
2 .E/eqdency Reébonse 20Hz—28,000Hz+ 1% dB 20Hz - 20,000Hz +2 o8
3 ﬁac;fng Force Range 1to 2 grams Ya to 2 grams
4 Recommended Tracking Force 1y gréms 1'a grams
5 Separation @ 200Hz 2108 2048
T @k 3008 2848
@ 5kHz 2008 2048
@ 12.5kHz 17 dB8 16 d8
$ M. Distortion @ 354 cm/sec  0.1% 0.75%
- @ 1.5cmisec  04% 0.5%
7 Stylus Shape and Size LAC 0.2 x 0.7 mil bi-rachat
8 Cantilever - Boron vapored, :néma/ly damped. Tapered Aluminum alfoy

tapered Alurninum alloy
06 mg
20x 10 “ emidyne

9 Effective Tip Mass
10 Cornpliance (Dynamic)

06mg
20 x 10 *cmidyne

(Static) 28.5 x 10°° cm/dyne 23x 10 ¢ cmildyne
1 Tacking Ability @ 300Hz 179 cmisec 179 cm/sec
o @ ThkHz 38 cm/sec 32 ecm/sec
12 Channel Balance wittvn 1.0 0B within 1.0 dB
13 Vertical Traéking Angle 200 20
14 Output @ ThHz @ 3.54 cmisec 40 mV 38mv
15 Number and fypé of Magnets 2 Samanum Cobalt, 1 Indox V 2 Samarium Cobatt, 1tadox V'
16 Load Resistance 47k Ohms 47k Ohms
17 C:épaatance 150 pF 150 pF to 400 pF
(350 pF optimum)
18 Hum Sensitvity @ 60Hz 034 uVIA/m 05 uVIAIm
19 Total Weight 53 grams ' 5.3 grams
20 Stylus Replacement No & Color S600LAC (Biack) S4007C (Red)

How about this for a set of specs? Empire are certainly unafraid to lay it all outin
black and white. On test no significant differences were discovered. Hum
susceptibility was not tested — you'll note that they have specified this at 60 Hz.
Damn colonials again is it not? Tracking weight ranges are sensibly specified and
| found that the lower values worked well.

range of cartridges without too much difficulty, and 1 can
think of no higher praise than to comment that while audition-
ing the 600LAC | was in no hurry to return to the familiar tones
of myreference unit.

Tape Measures

Up-cock on the measurement front it seems. Many moons
ago | reviewed the TCK 55 Il from Sony and in doing so ap-
parently discovered that said machine would not function to
the best of its considerable ability with Sony tapes. Metal
variety, anyway. Since then Sony have made a valiant effort to
completely bury me in cassettes, on the principle that the one |
hadwas abad sample and all others will work.

After clambering out from under the little plastic boxes
and clearing a space to work, | sat down to do a retest with
some other examples of their metallic machinations. Lo and
behold. Better frequency response and improved linearity.
Suspicious editorial mind begins to dream up fiendish
Japanese plots to “fix” results. Is Audiophile having its
statistics interfered with?

A strong desire for impartiality, together with a fair help-
ing of cowardice led me to pack off the TCK 55 Il and all its lit-
tle metal ammunition for independent testing once more. |
neglected to tell the engineer concerned about the initial
discrepency on a particular tape type, just to see if he’d turn it
up independently. Come to think of it, those Samurai warriors
polishing their swords outside my door may have slipped my
mindtoo — still | probably imaginedit . . . .

It would appear from a consideration of both our results
that there ws something wrong with the tape rather than the
machine, after all. That probably clears Sony Tape Recorders
Ltd off my back, but enrages Sony Cassette Production 1921
Ltd, or some other such edifice.

(Maybe it is no coincidence that everyone in my train
compartment this morning was of oriental extraction and car-
ried a long and curved thin brown paper parcel. Anyone know
the Japanese for: “Me given up reviewing hi-fi, taken up knit-
ting instead”?) ETl

ETISPECIAL OFFER!

3-wave band alarm clock radio
ata price that won’t alarm you.

)

Every aspect of this beautifully désignéd'elec-‘ Tr—.
tronic alarm clock radic has been carefully thought out.

£21°%

special magazine
offer {inc p&p)

From the superb sound quality and immaculate white
housing to the dark face which gves clear and easy
reading of the time

And at approximately £8 cheaper than con-
ventional shop prices it also makes a superb gift.

WAKE TO MUSIC OFF THE ALARM

Uniike s0 many alarm clock radios you can
actually choose how you want to be woken-up-bythe
mnsistent alarm tone or by soothing music

And in case you feel the need for an extrafew
minutes in bed there's even a repeatable 9-minute
snooze button

Once the alarm or music has been activated you

can simply touch the snooze sensor e p
undisturbed, warming 9-minutes under the covers
before you are woken again.

Similarly. the music snooze sensor can be set

;%@rated a stand-by battery feature which automatically
takes over td power the internal electronic clock and to
keep the correct time and alarm setting accurate.

before you get into bed sothat you can be gently — —_Tr;"\{'_‘%dg:gs LECTSa;;es g'ch_e)_ 1
serenaded intosleep before the radio automatically I FlRI e e l
cuts itself off, |
enclose for larm clock radios.
NO FEAR OF POWER FAILURE jondsed TR Sl anh el
So many alarm clock radios let you down Name = ]
because they are totally dependent upon a constant "

supply of electric power
But not this one.
The advanced Hanimex design has even incor-

I Address

—|

e g o e



PRIME COMPONENTS
LOW PRICES

741500

MEMORI

4315
450NS

EPROMS

2114 300NS
4118 200NS
4116 150NS
tAKx 1}

C

275p
300p
395p
MOS
995p

6514 4K (1Kx4) CMOS

RAM450NS 795p

of p&p and VAT —
i orders from Schools,

* Low Power Dissipation
10W/BIT (TYP) @ 3.0V (STANDBY)

* Data Hetention Voltage 2V 10 & bV
> Single 5V Power Supply
Toshiba's TC5514P gndustry type 6514)
Ultra tow power dissipation means it can be used as batery-operates
batiery back-up. Operates irom a single 5V power supply with static aperation, hence no
supply circuit design. Three state outputs simplify memory expansion for minimum data

systems needs only simple crcuit Toshiba's original CZMUS technology also means wide operating and nosse margins The TC5514P
1s moulded in a dual-n-line 18 pin plastic package 0.3 inch in width.

SPECIAL OFFER! 4K CMOS RAM (1K x 4) 450 NS
ONLY £7.95! (8 for £50)

10W/BIT (TYP) @ 5.0V {OPERATING)

6502 795p
6504 795p
6505 795p
6800 695p
6802 995p
8080A 525p
80854 1095p
780 795p
780A 995p
28001 12500p
78002 5004
WDS000B 19900p

VOLTAGE
REGULATORS

7805/7812 55p
790577912 65p
78HO5SC 575p
78HGKC 625p

BIPOLAR PROMS

93448 51218 40 NS
83453 1kx 4 40 NS
93451 1k x B 45 ¥
93511 Zkx 8 50 NS

ZULU 11 CLOCK KIT

X-TRA VALUE. All the components and high quaity plated G-10 PC Boards are provided
X-TRA CARE IN DESIGN . No wires between readout board and clock board Large open fayout
X.CELLENCE IN IDEAS. 5 years of designed products for the amateur radio market.

The TC 5514P from Toshiba, CMOS equivalent of the 2114!

* 1B PIN Plastic Package

* Full Static Operation

* Three State Output

* Input/Output TTL Compatible

* Fast Access Time 450NS

is a tull static read write memory organised as 1024 words by 4 bits using CMOS technology
d portable memory sysiem and also as a non-volatile memory with

tefresh periods and a much simplified power
retention voltage is 2V, the battely back-up

X-RATED CLOCK!

WITH CALENDAR AND
NOXim CIRCUIT

X-CELLENCE IN INSTRUCTIONS: Clear step-by-siep i

assembly manual 1s not a read-between-the-lines afterthoug
X-TRA FEATURES: There has never been a clock kit with so
Unit operates on eitner 12 VAC or 12 VDC.

On board QUARTZ XTAL TIMEBASE.
Reads true 24 HOUR TIME and 31 DAY CALENDAR
When used mob¥le readouts blank iginition 1s oft

Special NOISE SUPPRESSION and battery reversal circ
Bright Y2’ LED’s show hours. minute and seconds

Just clap your hands and the ume appears tor 5 seconds {

onv£19.99

Custom high impact maulded
case with ruby lens, £4.99
P&P 82p + VAT

nstructions with quality itlustrations. The
ht!
many features — at any price!

Automatic BATTERY BACKUP®. Never warty ahout power failures agan!

Unique NOXtm CIRCUIT activates readouts with a handclap or they can be turngd on constantly

uits

ollowed by the date for 4 seconds A low

cost 9V transistor battery provides stand by power in the event of power failures up to 4 houss. With
the addition of 4 low cost 12V 300 MA transtormer. the unit will work on AC

 The SE-O

ts a complete kit that
contains all
the parts to
build a pro- -
grammable |
sound effects

Sound Chip,
the board
rovides
anks of
MINI  DiP
switches and
pots 1o pro-
gram the
various com-
binations of

the . SLr LI Y
Oscillator. e
VCO. Noise."

One Shot.

and Envelope Controls. A Quad Op Amp
IC is used 1o implement an Adjustable
Pulse Generator, Level Comparator and
Multiplex Oscillator for even more ver-
satility The 3''’ x 3" PC Board features a
prototype area to allow for user added
circuitry. Easily programmed to duplicate
Explosion, Phaser Guns, Steam Trains,
or almost an infinite number of other
sounds. The unit has a multiple of appli-
cations. The low price includes all parts.
assembly manual, programming charts,
and detailed 76477 chip specificanons. It
runs on a 9V battery {not included). On
board 100MW amp will drive a small
speaker directly. or the unit can be con-
necled ta your stereo with incredible
results! (Speaker nat included.)

COMPLETE KIT ONLY £14.99
P&P 67p + VAT

UNIVERSAL SGR

€ 106D 400V/5A Sale 30p

ULTRASONIC SENDER

TOTAL SECURITY! Completely invisible ultiasoni
photoelectric beam but is unaftected by light. heat or no:

RECEIVER KIT

c {23KHZ) Sound beam works like a
ise. Separate Transmitter and Receiver

can be used from B inches to 25 feet! A solid object breaking the beam causes an output to go
low that will sink up to 150 MA to Drive a Relay. TRIAC, etc. Complete electronics are
provided. Works on 12VDC (unregulated) and draws less than 1

00 MA. Use it for burgler

alarms, object
trap(?) and more.

s, door op L)

door belis, slectronic rat

ONLY £19.93 P&P 67p + VAT

3™ WRARBLE RLA:M Kit

A fun EASY kit to assemble that emits an ear piercing 10
watt dual tone seream. Resembles European siren
sound. Great for alarms or toys. Operates from 5-12VDC
at up to 1 amp (using 12VDC @ B ohm speaker). Over
five thousand have been sold. All parts inciuding PC
board, less speaker. ONLY £4.99 PRP 67p + VAT

M1871 RC ENCODER/TRANSMITTER
A LM1872 RC RECEIVER/DECODER

New from National The LM1B71 is a complete six-channel digital
woportional encoder and RF transnutter intended for use as a low
power. non-voice unlicensed communication device at carrier
fraquency of 27 MHz with a fieid strength ot 10,000 uV meter at 3
metres. In addition to radio controlled hobby toy and
indusirial applications. the encoder section can provide a senal
nput of six words for hard wired, infra-red or fibre optic
communication links Channel add logic 1s provided to control the
number of encoded channels from three to six, aliowing increased
design flexibility. When used with the LM1B72 RC receiver/
decoder. a low cast RF inked encoder and decoder system pravides
w0 gnalog ang two ON/OFF decaded channels. Super versatile

\\

s

PROGRAMMABLE DUAL OP
TRANSCONDUCTANCE
AMPLIFIER

New from National Semiconductor, the
LM 13600 15 a programmable dual operation
transconductance amplitier designed to be
used as a fundamental building biock in
current controlled amplhifiers, filters and
osciflators 1t can also be used in multi-
plexers, umers and even sample and hold
circuits. 1t is well suited for use in electronic
argans and music synthesizers, because it
can mpdulate waveshapes with ease. The 16
pin LM13600 1s programmable over six
decades, allowing it to function as a basic
building block in a broad range of electroni-
cally programmable resistors and filters A
truly remarkable circuit ONLY £1.25 +
VAT Data 25p

chip. Justoul Just look at the features — low current 9V battery
operation - on-chip RF oscillator/1ransmitter — one timing
capaciter for six propartional channels — pragrammable number ot
channels — regulated RF output power — external modulator
banowidih contral — un chip 4 8V regulater — up 10 80 MHz
carner frequency operation

LM1871 £5.50 LM 1872 £5.50 Pair £10.50.

Data sheats 25p each.

The AY3-1350 is a MO3

3v2:DIGIT LIQUID CRYSTAL DISPLAY
with ‘Low bat' indicator

® High Contrast Retio  #
® Wide Viewing Angle
® 0.5in. Digh Height

applicetiens in loys. music boxes and dosr chi

iotal ot 25 temss.
FEATURES

* Minimel axiernal compenents
* Aslomstic swick-off sigaal 21 end of for powar saving
i * Envelepa control 1o give orgam or piano guality
i * Seqseatisl tyne mede
* 4 deqr capahikly when used as door chime

i xiersal PROM if required (2708)

nEW!

AY-3-8910
2P Bang

weet
THE NEW GI
COMPUTER SOUND CHIP

The amazing AY-3-B910 1s a fantastically
powertul sound and music generator, perfect
tor use with any 8-bit micra pracessor. Contains
3 tone channels, naise generator. 3 channels of
ampliude conlrols. 16-bit envelope period
contol, 2 parallel 170. 3D/A converters plus
much more. All in 40 pin DIP. Super easy to
intertace to the S-100 ar other Busses
Only £8.50 + VAT, including FREE reprint of
BYTE '79 article! Also. add £2.25 for 60-page
data manual

Perhaps the next famous composer will not
direct a 150-piece orchestra but, rather atrio of
microcomputers cortrolling a bank of AY-3-
8910s ' BYTE July ‘79

po!

* Tusas inchuds; STAR WARS, BEETHOVEN'S 9TH ang STH. JINGLE BELLS. YANKEE
DOODLE, STAN SPANGLED BANNER, CLEMENTINE, 00 SAVE THE QUEEN. D SOLE
WH0, WESTMINSTER CHIMES. and DESCENDING OCTAVE CHIME PLUS MANY MORE!
With detailed spact and instruciions. EB 95

@® ULTRA Low Power C‘on-;nv;p;ion
TUNES SYNTHESIZER LCD106 .............ccc..n £6.45
i ol
)
25 ditfacont papslac and classical lunes_ In addition Thers are 3 chimes LED BAR GHAP" AND

ANALOG METER DRIVER

New trom Nanonal LM3914. Orives 10 LED
directly for making bar geaphs. audio power
meters, analog meters LED Oscitiators, etc
Units can be stacked tor more LEOs A super
versatile and truly remarkabte IC

Special price Only £2.25

12 page data 25p

Matching red bar display MV57164 £2.25
Data 25p

THE NEW ULN-2232A INTEGRATE

° Autpmanc Timed Reset
* 120 Hz Rejection

* Two Sound Patterns

* Long Range Operation

© 100mW Audio
° Visible or Intra-u

and high-current output drivers Add on tive small capacitors,

ONLY £7.801!

D MOTION DETECTOR

The most SOPHISTICATED MOTION DETECTOR available!

Output
ed Response

* 14.pin Dual indine Clear Plastic Package

Combiming 121 and Bipolar circuitry, the ULN-2232A Motion Detector 18 @ complex optolinear IC which includes an
on-¢hip photodiode, high-gain logarnithmic and linear amps, extensive digital cyrcuitry for sound generation and iming,
8 speaker and power source and you turn this
state-of the-art device into a complete Motian Detector sensitive to small changes in light level as a tunction of ime.
DETAILED DEVICE DESCRIPTION AND APPLICATIONS INFORMATION INCLUDE

D WITH EVERY ULN-2232A

Ordering information Unless otherwise
stated, tor orders under £50 add 50p p&p
Add 15% VAT 10 total Al devices are brand

THE INCREDIBLE NEW MUSIC WACHINE KIT!
ONLY £9.95 pius 65p p&p. and VAT
As teatured in BYTE. July 1979
Based ou 1he naw 6l Tunes Synihesisar chip AY-3-1350.
with 25 diftareal popular and classical wnes PLUS 3
ditferant chimes! Use it for a musical doar bell fup lo 4
doors!]. mobils Kern, loy 87 Mu3ic bax, Suoer Easy to build.

new. factory prime and full spec and subject
to prior sale and avaratility Pricessubjectio
change without notice
Mimimum telephone order
using ACCESS 1s £10

1f ordering by post with
Access, include name ad-
dress and card no written
clearly

741501 12p
741SD4  15p
741508  20p
741510 19p
741811 30p
741512 30p
741514  60p
741815  38p
741520  19p
‘741530 19p
741532 25p
741540  26p
741542  56p
741847 78p
741548  BSp
741549  99p
741573 30p
741874  30p
741575 39p
741586  38p
741590 p
7415107 40p
7415123 69p
7415125 50p
7415132 79p
7415138 69p
7415151 75p
7418153 75p
7415155 65p
7415161 78p
7415163 90p
7415164 . 90p
74(5168 190p
7415174 99p
7415175 98p
7415185 87p
7415221 110p
7415244 175p
7415245 325p
7415251 120p
7415257 110p
7515290 95p
7415293 120p
7415366 57p
7418373 170p
7415374 170p
7415375 140p
7415377 188p
7415393 135p
7405490 140p
7415670 260p
4006 75p
4007 19p
4008 80p
4009 35p
4010 4s5p
4011 24p
4012 24p
4013 38p
4014 70p
4015 75p
4016 35p
4017 75p
4018 76p
4019 a2p
4020 88p
4021 100p
4022 88p
4023 22p
4024 50p
4025 20p
4026 130p
4027 45p
4028 750
4029 80p
4030 50p
4031 195p
4033 145p
4035  104p
4036 290p
4037 105p
4038 110p
4039 290p

17024 a50p
4054 111p § 7708 450 NS 428p
4055  121p § 27165V450NS  996p
4056 121p | 2537 32K 450 NS 2995p
4059  560p
4080 112p
4063  112p
4066 56p
ey 43; AY-51013A 325p
4069 19p AY-3-1016D 298p
4070 28p | M6402 a2sp
4071 25p
4072 3Ll CHARACTER
4073 25p ETLINGT
4075 20p
sor8 3| roaesizuc
4078 29p
408) PXTN  KEYBOARD ENCODER
4082 25p
4085 86p .
ooy oo | Avs2are
jggg 1::" FLOPPY DISK
o S
PEIVRPYY CONTROLLERS
4095 99p
4096  325p || FOI771 801 $/D Inverted Bus
2098 110
4099 180p | FUIT91 01 0/D Ieverted Bus
4501 25p 4995p
4502  112p | FDITS2 BO1 S/D levertes Bus
4503 68, 349!
4507 52p | 01793 BO1 0/D Tree Bus
4508 288p .. 54
4510 76p o B3
4511 128p 0 3495p
4517 76p | FOI795 8 0/D levertsd Bus.
4514 250p 310 Bolect P
4515  290p | FOI7978  0/0 True Bus.
4516 109p side salect 5995p
4518 99p
1520 esp
g e 16520 495p
4526 105p | 527 795p
4527 13% | 6532 295p
oy 99 § 6551 1095p
4529 140p |} 6810 375p
4531 150p | gp30 a25p
4532 125p | 6821 425p
3222 ::g: 6850 425p
6852 425p
4556 700§ 0015 3950
4560  225p | 514 as0p
4569 240p § 4515 395p
4572 46p | gro4 395p
4584 79p | g378 395p
4585  125p | G557 a95p
8253 1125p
8255 495p
74C20  30p § 8257 1050p
74C76 60p § 8259 1325p
74CB5  145p § MC14412VL 797p
74C97 125p | 280 PIO 595p
74C98  125p § 7BOCTC 595p
74C107 100p § 78OA PIO 695p
74C160 110p § 7BOACTC 695p
7ac161 145p | zsooma 1995p
74C162 145p § 7ZBOADMA 2495p
7aC163 t1asp | zB0SID/O 2995p
74C197 175 || ZBOASIO/D 3495p
7aC183 178p | Z805I0/1 2995p
74C194 175p | Z80ASI0/1 3495p
7aC19% 175p | 280510/2 2995p
74C903  45p | Z80A 510:2 3495p
LINEAR IC's "z
LINEAR
AY 3.1350 795p | mc1488 90p
AY-3B910 825p | mciaBs  90p
709 30p | pmE123 125p
728 33p | 5150 1285
750 18p § 75154 126p
ICLya0B 595p § ;5182 195p
ICL7 107 895p | 75322  250p
iCLBO38 295p | ;2324 325p
ICM7216A 1875p | 75325 325p
ICM72168 1675p | 75361  350p
ICM 7585 80p | 75365  295p
LMI0IAN 30p | 75257 so0p
ey 50p | 75491.2 75
EM3LE 75p | gro6  175p
LMaz4 asp | grog  175p
LM330 asp § gr95  175p
4380, 65p § gro7  175p
LM1436 65p
IM1871 550p | LEDs
LM1877 550p ; 5
COR ] i
LA G 2250 | 517 15p
LM3815 2280 | 1050 12
LM 3600 128p STUS
NES55 e | 1022 P
NES56 sop | TL724 18
RC4136 85p
SN76477N 175p | DISPLAYS
TBAB10DAS 85p | FNDS00  80p
1071 s6p | FNDSIO  80p
11074 130p | FND567 125p
11082 75p | oL704  85p
TLoB4 110p § pL707  85p
71490 175p | mvs7164
XR2206 3285p 2
XR2207
ISOLATORS
4 pole D74 120p
6 pole 115p | Q71 325
& pole 1a0p ] MCTE 90p
10 pole 175p ] T 75
LOW PROFILE SOCKETS BY TEXAS _o\¢
8 pin 7p  1Bpin  15p  24pn  22p
tapn 9 20pm  18p 28pn  25p
16pin 10p  22pm  22p  40pn  28p

The XR2266 Decoder/Sense & Drive Chip for toy
cars that DRIVE LIKE REAL!

ONLY £5.45!

This versatile 18-pin dual in-line IC combines both the decoder and the sense

and drive functions to cut remote control

Steening, lights, indicators, speed control — all from the new XR22686 at only

£5.45!

Bideford,

car circuitry by atieast a tactor of two!

8953084.

1 ThicIo
HTH T B

4 Meeting Street, Appledore, Nr.

North Devon EX39 1RY.

Tel: Bideford (02372) 79507. Telex:




Wilmslow

POWERFETS

Some day all power transistors will be made this way!

vDS | D |PDiSS|RDSON
- . B 4 _CHAN }rr_nn V| max A Lmn W) Type Case | Price
A u d l 0 BD512 _{ P | 60 | 15 10 [13.5) | 70202 85p
BD522 N | 60 |15 | 10 ] 25 | To202 80p
VMP4 N | 60 | 20 | 25 | 2.0 |380.50E | 1250p
p— WVNIOKM | N | 60 |05 | 10 | a0 | Togzt 55p
THE firm for speakers! weica | n | 60 [125 | e | 03 | 103 | 7s0m
VNE7AF | N | 60 | 20 | 15 { 2.0 | T0202 | 75p
25549 P 140" | 70 | 100 | 10 703 | 395p
SEND 50P FOR THE WORLD'S BEST CATA- sz 1w a0 ] 70 | 100 | To vo3 | “39kp

LOGUE OF SPEAKERS, DRIVE UNITS, KITS,
CROSSOVERS ETC, AND DISCOUNT PRICE

LIST.

bl /p pro{(;c(ed

HARBETH

AUDAX - AUDIOMASTER - BAKER - BOWERS & WILKINS -
CASTLE - CELESTION - CHARTWELL - COLES - DALESFORD -
DECCA - EAGLE - ELAC - EMI - FANE - GAUSS - GOODMANS -,
- ISOPHON - 1.M.F. - JORDON - JORDAN WATTS -
KEF - LOWTHER - McKENZIE - MISSION - MONITOR AUDIO -
MOTOROLA - PEERLESS - RADFORD - RAM - ROGERS -
RICHARD ALLAN - SEAS - SHACKMAN - STAG - TANNOY -
VIDEOTONE - WHARFEDALE.

tour selection. VN/VM. 96-page Design Cat. 20p. Heat clips/sink T0202
12p. T092 8p, TO3 35p.

MANUFACTURERS/DESIGNERS. We will be stocking Powerfets by IR, Tl and inter-
sil as well as by Hitachi, ITT and Siliconix. We can advise you on applications and type
selection, supply samples and quantities

REMEMBER Powerfets need virtually no drive current, switch in nanoseconds, and are
2nd breakdown free, etc. etc.

CA3080E 70p
DACO8  250p
DM2502 555p
LM3900  43p
[M3915  280p

| NE529  145p

HI-FI ON TWO CHIPS

HA12017 (Presmp 0.001% distortion |

83dB S§/N in phono application) 89p
HA1397 (Poweramp 20 watts wn 8()
0.02% distortion (typ) 195p

Both with data and circuits.

SCOPE TRACE DOUBLERP.C.B.
Budt. C/ W shuft, chan select. choprate
controls and instructions, Useful dis
play trom DC to 10MHz. Runs from 9v
batiery £9.95

POWERFET AMPLIFIER. High
power designs offering very low distor-
wons Complete component set

VCA High quahty design offers
attenuation from 0dB to

NE555 25p -90dB. S/N 90dB. THD

SAD1024 1050p | MOumrttnicoommerss | 5008 s i bl Tookpi

?Egg]z ggP fwith circuits) Complete component set and
P | “into 80 tat all powers and all audio ircuit £2.50, .

TL082 55p IOk fmu'uel\cves © "

2102 80p Volt controlled pan-pot. Spec. as.

40018 17p LED VU/PPM METER above. Complete component set

40118 17p Complete component set. Dis- and circuit. £3.25.

40138 40p | plays positive and negative peak

SWAN WORKS, BANK SQUARE

40168 40p

WILMSLOW, CHESHIRE SK9 1HF % bo

tevels, and average levels
simultaneously on 10 LEDs, with
3dB resolution. With 10 reds

2uS ADC chip set (DALOS.
OM2502, NE529) with data
£9

HA1388 (Power amps. 18w

£6, with 7 green. 1 yellow and 2

red £6.40. from car battery). With data

195p.
30p post and packing Mail order ooly 1o

148 Quarry Street

J. W. RIMMER &yt

Tachnical enquiries to. 367 Green Lanes, London N4 1DY

] Telephone. 01-800 6667
Be it a career, hobby orl interest, l1ke 1t or not the Silicon Chip

will revolutlomse every human activity over the next ten years.
Knowledge of its operation and its use is vital. Knowledge you

can attain, through us, in simple, easy to understand stages.
Learn the technology of the future today in your own home.

MAS"‘ER ELE"\TRONICS LEARN THE PRACTICAL WAY

Y BY SEEING AND DOING

® Building an oscilloscope. @ Recognition of components.

® Understanding circuit diagrams. ® Handling all types Solid State ‘Chips’.

@ Carry out over 40 experiments on basic circuits and on digital electronics.

® Testing and servicing of Radio, T.V., Hi-Fi and all types of modern
computerised equipment.

MASTER COMPUTERS

LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW

THEY WORK -- THEIR ‘LANGUAGE’ AND HOW TO DO PROGRAMS.
® Complete Home Study library. ~ ® Special educational Mini-
Computer supplied ready for use. @ Self Test program exercise, - — —~— = — — — —— — — —__—____________ __ =1
® Services of skilled tutor available. E e atersted f
PRACT' CAL tLECTRONICS . ... ——

 MASTER THE REST

| :
i E OTHEE SUBJECTS ...
® Radio Amateurs Licence. ® Logic/Digital techniques. ll 5
1
l
!

Tel. 0625-529599 FOR MAIL ORDER AND EXPORT OF
DRIVE UNITS, KITS, ETC.

Tel 0625-526213 (SWIFT OF WILMSLOW) FOR HI-Fi
AND COMPLETE SPEAKERS.

%) 8: ”;MD' 9'

»

wred v FREE tvo b
Tabat

mmom

'3‘1;1’)(:'(‘ CA”S P‘LF Aé‘r“
LBF?ITISH NATIONAL RADIO & ELECTRONICS SCHC]OL} I
4 CLEVELAND ROAD JERSEY, CHANNEL ISLANDS. ETI/Q/SI}_!

(Dt sl yeone mierest |l
® Examination courses (City & Guilds etc.) in electronics.
@ Semi-conductor technology.
@ Kits for Signal Generators — Digital Meters etc.
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EN ON

Dave Raven of Metac Electronics chats about chips that answer back and

discusses display developments.

ques which are rapidly changing the interface bet-

ween humans and their machines. Until now we have
been content to read from a visual display or listen to pre-
recorded non-intelligent voices which merely pass on infor-
mation.

Today, however, it is possible to incorporate a human
voice which is not a recording and can appear intelligent by
varying its responses to the inputs received from humans or
data produced by a machine. If, in the past, a colleague was
seen listening or talking to a car, calculator, microwave oven
or television set, he would most likely be advised to visit a
psychiatrist at the earliest opportunity. But now thanks to
new devices and computer software technologies, behaviour
such as this will become commonplace.

Speak & Spell

The first consumer product which truly contains speech
synthesis and which is on the market is Speak & Spell,
developed by Texas Instruments. Working with a pair of
128kilobyte read-only memories and a special version of Tl's
TMS1000 8-bit microcomputer, the silicon chip can produce
a total of 2005 of sound for a vocabulary of over 200 words.
However, it is capable of accessing up to 2.1 megabytes of
memory. Since the speech generator uses memory at a max-
imum rate of only 1200 bits per second, it could be designed
to speak for as long as 30 minutes. The novelty value of
Speak & Spell does not wear off quickly as may be imagined
and from the reactions of my own young children, it was a
clear favourite over other electronic games they have been
shown. The word games and spelling tests produced a new
angle for creating an interest from children in learning and |
also found it quite compulsive myself.

Prior to the breakthrough by Texas Instruments in
speech synthesis, earlier products which have surfaced over
the last decade have been quite cumbersome and certainly
more expensive. Now, with rapid advances taking place in
large scale integrated circuits — both analogue and digital
— and developments in signal processing, it is realistic to ex-
pect a flood of new consumer and industrialised products
entering the markets.

Speech synthesis and voice recognition are techni-

MICROPHONE

Vocal Chips

The techniques used to design speech synthesis cir-
cuits are split into three different methods — formant
synthesis, linear predictive coding and waveform
digitisation with compression. Linear predictive coding is
the technique chosen by Texas Instruments for their
Speak & Spell Game. The chips which are incorporated
represent an integrated circuit model of the vocal tract.
Basic to the model is the linear predictive coding techni-
que (LPC) which provides feedback values or coefficients
for a digital lattice filter on the synthesiser chip. This
linear filter mimics the major resonant modes of the
vocal cavity in the human vocal tract. A microprocessor
then performs the calculations to derive the filter coeffi-
cients. The third chip is a wordstorage read-only
memory that holds the speech parts broken into four
parameters — voicing, pitch, amplitude and frequency.
From this information a complex software algorithm
manipulates the sound parameters to create the speech
synthesis.

Swings And Roundabouts

There are advantages and disadvantages with each of
the three speech synthesis techniques mentioned here since
they can vary considerably in the quality of speech provid-
ed, the amount of data required to achieve acceptable quali-
ty and the cost of memory for storing speech data. The
technique that is normally chosen depends upon the ap-
plication for which it is required.

Products using formant synthesis are currently being in-
cluded in a number of hobbyist computers, among them the
TRS80 home computer and PET, as well as in medical and
business applications.

During recent years probably one of the most
misunderstood pieces of consumer electronic technology
has been the liquid crystal display. | well remember an arti-
cle appearing in ETI which quoted some very out of date in-
formation on the life of liquid crystal displays (LCD), and for
years after, | experienced worried customers quoting this ar-
ticle back to me about the unreliable life-time of the display.

))))

PRODUCES VARYING
VOLTAGE
ANALOGUE 1 oiGITAL LINEAR READ ONLY LINEAR DIGITAL DIGITAL
TO DIGITAL SPEECH |3 PREDICTIVE |—3»| MEMORY {—Ji=4 PREDICTIVE — e  SPEECH TO ANALOGUE
CONVERTER T ANALYSER ENCODING | STORAGE DECODING ANALYSER CONVERTER
DIGITISED *AMPLITUDE L RECREATES SPEECH FROM DATA IN ROM |
SPEECH SAMPLES *PITCH >
*VOICED/UNVOICED SOUND
*FILTERING COEFFICIENTS

SPEECH PARAMETERS

Fig.1. A block diagram showing the elements of a speech synthesiser chip..
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NEWS

CALCULATORS.
They were of course referring to displays which appeared SCIENTIFIC
back in history during the very early seventies and it has V #SPECIAL OFFER
TEXAS T159 together with PC100C
been my experience that the LCD is probably one of the Comiotaasmangerster srepeciicationt)
most reliable display forms currently available. | stuck my £305.00
TEXAS /HP Accessories available
neck out in 1976 in an article published in ETI predicting that W T i
LCD would win the day over LED, (Light Emitting Diode) ATEXAS T158 (Key prog 480 steps af 60 mem) £60.00
*TEXAS PC 100C (Printing Unit for T168/158) £165.00
remember, and | propounded the rehab:llty of this technique STEXAS T157 (Key Prog 8 mem_ 150 Kaystookes /50 Prog Steps) Nt
back in those dark days. Well, they say that the good always :
o d 3 For your Texas T158/59 Caiculator
win and there is little doubt that LCDs have stood the test of ELECTRICAL ENG. MODULE
time sl."EISUHE (GAALME“) M%DULE
J RUCTUR. ENG. MODULE
NOW AVAILABLE
*TEXAS TI PROGRAMMER (Hexadecimal Oct} £46.50
Ph I C t ct *TEXAS T151/iii (10 mem 32 Prog Steps Stat/Sci) £28.50
sical Conta i . £53 oo
1/ Stats, 4
Recent advances in the SYntheSlS (that word keepS ap- TEXAS 753 (Sci. 32?’rog Steps-Coa Mem + 80 Prog List Applications book) ~ £25.00
pearing this month) of new liquid crystalline materials have TR
made it possible to manufacture plastic sealed LCDs having oTexee T158/89 Calculator,
Very |Ong Opefating “VeSA ThlS new teChniqUe pefmlts If you write your own programs this library is for you! Most programs in this library
economical production of large area displays and at the O L e o N AN ol B el
same time improves the performance of multiplexed ad- plotting 1o °dﬁ’3§3fe'ﬁ.ac'|'&§'§f"°a' routines.
dressing. Thus, these new displays are capable of handling P Apha gos. Printer F Superplotter. Sorting. Data:
an ever-increasing amount of information in alphanumeric Arrays. Data Packing. J""";:,:::r;‘,__,""""“!:.‘.."‘"“'“"‘..2:.".":‘,' 4
or quasi-analogue form. One of the major problems facing i el o | v.'mmm"m;t:;'c!a-:;m-c:;;w
designers in their attempts to increase the amount of infor- #TEXAS T158 with Maths/ Utilities €90.00
mation which can be displayed, is how to make physical [t gl D
contact with each segment of the display. This is also a pro- RSSO BVl atce £326.00
blem for chip designers who are restricted by the amount of = — T T
space for lead-outs. One solution which is getting around | ATEXAS T159 Caloulator (complete 35 manulacturor's spec. master module,
. . . . . " Cl S 1
this difficulty is by reducing the number of outside contacts b - e S e e el e
to a display, especially when the display has more than 40 | -
1 ¥ : NEW TEXAS T158Cx
Separately addre.ssable segment§. ThIS ca.n be aChleved. by *Continuous program facility on all 480 Program steps/60 mem even when
means of a technique known as time-multiplexed addressing, cootorswiched off N €79.50
in which appropriate segments aredconnectegi together fto TEXAS T80 o piipaE = Applied Stats. Module £228.00
form < group and aE Sequentla“y & dressed y HENS o1 8 [“"FHEE whiie stocks Isi wilh every purchase of HP 32F or HP 33E
BATTERY HOLDER WITH RECHARGABLE BATTERY" Normally costs £10 38 HoG
m:ggé ((gsf::)z‘v'e'gu?iloln&;n;n] Sooom | £69.50
T _4 «HP32E (advanced SC1 with stand) ’ £40.50
}'“ J- I J_ *HP34C (Sci ngzgo gﬁem) o e (8500
*HPB7A (K P 4 Ste 2Mm)....,. .. . £173.00
q;_/l_‘_‘_—',—_./}_ —4 1 tHP97AtFullryogrog with gf‘me«) e. A D R e S | VT |
V T —— HP41C (the newest calculator from HP) . ... . ... . . e £173.48
l —' HP41C Card Reader/ Printer etc. Modules | ; Now in stock
CASIO FX8100 (10 dig Sci/Sta. Stop Watch/Alarm) . . e £27.73
| ’ CASIO FX501P (Sci. LCD Prog. 128 Steps 11 Mem) ... . ....... .. €471.50
‘ | CASIO FX502P (Sci. LCD Prog 256 Steps. 22 Mem) ... .. ... ... ... .. £85.00
1% ; LEXICON LANGUAGE TRANSLATOR
Zl 0 [ /'\‘/Vnh_'f’)‘L'a‘r;g Module — French/luh.n/GermanlSplmsh ote.) ggggg
i i j e B s ]
_2V, l — NOW IT'S YOU AGAINST 'COMPUTERS’
CHESS CHALLENGER “7* (7 Lavels of game) . £76.50
Z 2 * CHESS CHALLENGER “VOICE {10 Levels — baymnl! to M‘sln PIus/Tho strangest Prog yet in
this series — twice as tast as the other challengers A microprocessor with 128,000 10 160.000 bas
T of read only Mem. Over 8G00 bits of Random Access Mem. Teaches opening & end gama solutions
__L_ L ] Plays against itself. Solves book problems etc — and in additon IT SPEAKS. Complete with Deluxe
playboard, hand carved men with magnetised base plus Deluxe carry case - . €170.00,
I i SARGON. The mast a(:g/::u:’-:i“c?:zs 'g::\: rv-eclhv:;:x.:::mr::i::va;lammy for olhetvzg‘nzm:;
ZN T % Super System 3 (as recommended by ETI) €134.75
Alarm TV games £98.50 inc. VAT
Fig.2. The principle of time-multiplexed operation. The selection interval ) ‘ LEARNING AIDS
fog gach_ digit, Z1 to ZN, is _cyclically repeated at intervals of T. Only the oA B(h:;?eﬁfr:geé:‘r:i; el eI 10. 3:;'65‘;5”0 B 1550
driving signal for segment G is shown. TEXAS SPEAK AND SPELL (for oider children 8/13 years) £39.95
IDEAL FOR STUDENTS
ALt WITH LCD DiSPLAY
rear electrode consisting of several parts. Direct addressing TEXASTIZ0Uun Sor & Conom) ... e e £12.00
of the LCD is presently employed in most watches and other TEXAS T138 (Scr/ Con Mem-Pola Rec Cany Dec Deg conv/ Deg Min Sec) €18.95
measuring instruments which means there is a direct connec- Pt P oM = A o e
tion between each display element and a corresponding con- Company Hospital and Governmant arers eccapted by phone
tact in the driving electronics, which is usually an integrated Borclaycard/Visa/ Access accepted by phone
circuit. this addressing technique, whilst resulting in lots of ) __TEI.. 01-455 9823 o
connections, does have its advantages, since it affords much r e e e e =
more freedom with respect to driving voltages and operating | i Freign A Post elvry |
& d i N reques!
temperatures than do other addressing systems. For a direct- _ 4 S
ly addressing display it is easy to increase the driving voltage MOUNTA'NDENE
to obtain a display which is readable over a wide range of
viewing angles_ ETI 22 Cowper St., London, EC2

ETI SEPTEMBER 1980 ‘ "



Allthese
advantages...

@ Instant all-weather starting

® Smoother running

@ Continual peak performance

@ Longer battery & plug life

® Improved fuel consumption

@ Improved acceleration/top speed
® Extended energy storage

.In kit form

SPARKRITE X5 1s a tugh performance top quahty inductive
discharge elect omeigmtion systemdesigned for the electronies
D.LY. world It has been tnied, tested and proven to be atterly
rehiable. Assembly only takes 1 2 hours andinstaliation [
even less due to the patented chp on’ e fitting

The superb techmaenl design of the
Sparknitecircont ehmimates problems of the
contact broaker Theres no omusfire doe to
contact breaker boance whichiselimmated
clectromeally by a pulse suppression
circunt which prevents the amt firmg f the
points bounce open at high RPM
Contact breakes burns ehomnited by
reducing the current by 99, of the norm

Theres also a unigue extended dwell
circont which allovss the conb a fonger
preriodof time to store its energy before
dischargme to the plugs The it e ludes,
Bealt i static nimmep ight oy

subi and SseCunty chatGeoy
WWoivsork all rev connte o

Fits all 12 v negative
distributor

a6 R Cileh e e esdraded
> and heat smk., col mounting chps and accessonies Al kit
components are guatanteed for apecod of 2 years from date of
purchase Fullyillustrated assembly and installation mstructions are
included

Roger Clark the world famous rally driver
says ‘Sparkriteelectronicignition systems
are the best you can buy!’

Spsrhril

HIGH PERFORMANCE
ELECTRONIC IGNITION

Electronics Design Associates, Dept. ETI/9
82 Bath Street, Walsall, WS13DE. Phone: (0922) 614791

Name - . :
Address -

Phone your order with Access or Barclaycard
| enclose chequePQ's for

Inc. VAT and PP QUANTITY REQ'D. £
X5KIT £1695 | T
ACCESS OR BARCLAY CARD No. Send SAE 4 brachure only required

| We supply all tools and test equipment, plus a company car

QUESTION?

Is your hobby home computing or electronics?

Do you understand the application of IC’s, Transistors,
Diodes, etc?

Have you used or applied analogue or digital techni-
ques?

Are you applying TTL Logic to your home computer?
Are you programming your home computer using
simple software techniques?

ok W M=

If the answer is YES to any of these questions then why not
consider turning your hobby into a career — applying your
knowledge to servicing electronic equipment ranging from
basic terminals and data processing machines through to
advanced micro-processor systems.

We will train you through to advanced technology at the
company training school, fitting the individual in at their
own level.

We have vacancies over the whole of the U.K. especially in
the London area, with the successful applicants working
from home, usually in a radius of no more than 60-70
miles.

which is available for private use.

If you are interested, then why not contact Mr. C. Mark-
lew on 0249 813771 to discuss your own career oppor-
tunities in confidence, or write to:

KODE SERVICES
LIMITED

Station Road, Calne, Wiltshire

HHUJH Interlocking’ Touch Switch Systems
T } Y

.. Have you ever made a quality project, for
 which you needed interlocking switches, but
all that was available was an unreliable,
unsightly and electrically noisy mechanical

, switch?

You can now get an electronic switch,
touch-opersted, with L.E.D. displays to |
indicate which channel has been selected, and
incorporating totally reliable solid state relays
. 10 perform the switching

There are three options available:2 channel; 4
channel: and 6 channel, On each channel there
are 2 sets of relay contacts acting in parallel, so
that stereo signals may be switched — for
example, when selecting between the tuner,
deck, tape, or auxiliary nputs to an amplifier
using the 4 channe! unit.

&

plete; showing the front panel, the
circuilry, and the ribbon cable con-
necting the two

The units are supplied as easy to assemble kits, evéry kit containing: —

* ALL the necessary components, including a high quality p.c.b. and |.C. sockets

* An attractive ready assembled front panel — comprising wipe clean stainless steel
touch plates on a heat resistant white plastic base. which is pre-drilled for easy
mounting on the front panel ot your project; complete with

* LEDs above each switch plate 1o indicate which channel has been selected (the
brightness of these may be adjusted)

+ Complete easy to follow assembly instructions

* Fuli technical information

Some of the special features are: —

* Operation from a single supply rail, from 3V-18V

% Current consumption only 20mA

* It is IMPOSSIBLE to switch on more than one charmel at a ime — « more than one
switch plate is touched either none or only one channel will be selected

# EXTREMELY long life — far longer than that of mechanical switches

* The HAWKTM range are the ONLY interlocking touch switch systems that the home
enthusiast can buy as complete systems

Please note" the solid state relays used are C.M.0.S. 4016 and the imus of these devices
must be observed.

Please send to M . L at (address) . o
Number 2 channel units @ £3.99 ea
Add 25p "
Number 4 channel units @ £5 99 ea. P/P per
order =
Number .. 6 channel units @ £7.99 ea

Total remittance enclosed Cheque/P.0. No

OR Please send me the technical information only {enclose s a.e.) {7J uck box
OOVE ELECTRONICS o

4A Harcourt Road, Redland, Bristol BS6 7RG
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MITRAD GHRONO QUARTZ
WATGH/TIMER

Multi-function watch and stop-watch timer ONLY £20.95 (+ p&p)
with FREE Slimline ‘Credit Card’ Calculator (our usual price £7.95)

TRADE DISCOUNT

Trade discount is available for quantity orders of the Quartz Timer only.
Prices are:

5-10 11-15 16-50

£13.95 £13.10 £12.65

Prices are exclusive of VAT (15%) which should be added. Post and packing
for all trade orders is £1.50, which includes insurance.
Please do not use the coupon for trade orders.

Unigue neckband/lapel/pocket watch and timer with large easy-to-reod M Im D

liqui i !
o £8.70vighsret
Shows the time in hours, minutes and seconds. Press abutton and it shows the Kettering,
day, date and month. Northants.
2. TIMER Tel: 0536 522024
I 4

MITRAD CHRONO

Accurate to Viooth second stop-wotch function. Shows elapsed fime in hours,
'y ¥ X 1 X A

minutes, seconds and "rooths of seconds. Alsorecords laptimes inthe middle
To MITRAD, 68-70 High Street,
Kettering, Northants.

of timing the overall event. Maximum capacity 24 hrs.
Overall dimensions of the fimer are approximately 3%s x 2% x "1sin (79x 66
17mm) so that it fits comfortably into the paim of the hand with the lop/reset and
start/stop push buttons perfectly positioned tor operation by thumb and ] PR
forefinger. In fough, impact resistant, block cage), Please send me: .........coeeenn QTY Price inc VAT & £1.05 p&
MITRAD Chrono Quartz Timer
Total value of my order £

GUARANTEED. MONEY BACK IF NOT DELIGHTED

The Mitrad Chrono Quartz Timer is fully guaranteed for 1year. Andifyouare '
not completely satisfied, just send it back within 10 days and we!ll refund your { enclose my cheque/postal order
money. Instructions for use included. ' Or debit my Access Card No.

SLIMLINE ‘CREDIT CARD’ CALCULATOR
Hardly any bigger than an ordinary credit card. Has liquid crystal display;
addition, subtraction, multiplication, division, square root and memory ADDRESS
facilities. '
USUal‘y £7_95 bu' ABSOLUTELY FREE ................................................ sean
with every Mitrad Chrono Quartz Timer ' Allow 28 days for delivery. BOCK LETTERS:-
i




NOTEBOOK

ETI project editor Ray Marston devotes this month’s ‘Notebook’ to the
rather unglamorous but vital subject of passive attenuators.

design engineer's armoury of ‘vital weapons’ is

the apparently: simple passive circuit known as
the ‘attenuator’. Naturally, these apparently simple weapons
are full of nasty little surprises and have a tendency to ex-
plode in the face of the unwary designer. This month’s
‘Notebook’ is devoted to a brief discussion of the subject.

O ne of the most important types of artillery in the

Attenuators »

Attenuators are used to reduce an awkward value input
or output signal to a lower and more convenient level. The
simplest example of a practical attenuator is the ‘pot’ circuit
of Fig.1, which may be used as a volume control in an audio
system or as an output level control in a simple audio
generator, etc.

The input signal to the pot attenuator is connected
across the total resistance chain and the output is taken
from the pot slider. Note that the pot effectively comprises
an upper (R1) and a lower (R2) resistive arm, thus forming a
basic 'L'-type attenuator and that the degree of attenuation
is determined by the ratio of lower arm resistance divided by
the total resistance.

The precise amount of attenuation provided by a pot is
generally of little importance and the control is usually left
uncalibrated. If a precise amount of attenuation is required,
a simple’ switched potential divider network of the type
shown in Fig.2 may be used. It is important to note, however,
that this circuit is designed to feed into an infinite im-
pedance, or at least one that is very large compared to the
total resistance of the divider chain.

Vin R2 Vout
Yook :

Vout = Vin < R2 >
; R1+R2

Fig.1 A simple ‘pot’ attenuator, as used for a volume control or an un
calibrated output level control (left) is a common version of the ‘L’ attenuator

(right).

Vin RV1 COMMON

10k

COMMON

48

Design Tips

The first step in designing an attenuator of the Fig.2 type
is to decide what its input impedance or total resistance is to
be. Next, the values of the individual resistors are determin-
ed. Here the design is carried out in a simple sequence of
logical steps, there being as many steps as there are at-
tenuator switched positions. In each of these steps, the cir-
cuit is considered to consist of an upper and a lower half on-
ly. An example will help clarify matters.

Assume (as in our example) that the total resistance is to
be 10k and that two attenuation positions (excluding unity)
are required and are +10 and +100. The values for the
greatest amount of attenuation are always determined first,
so for +100 the lowest arm must contain 1/100th of the total
resistance, or 100R. This gives the value for R3 and leaves the
remaining 9900R in the ‘upper (R1 + R2) arm.

The values for the + 10 position are next calculated and
it is found that 1k0 is needed for the ‘lower arm. In this case,
however, the ‘lower arm consists of R2 + R3, but as R3 is,
already known to be 100R, R2 must be 1k0 — 100R = 900R.
The upper arm, R1, must obviously contain the remaining
9k0 of the 10k chain.

This simple design procedure may be expanded up to
give as many attenuator steps as are required for a particular
application.

Vin

COMMON
Fig.2 The method of designing this simple switched attenuator is explained in
the text.

It should be noted that the simple attenuator circuit of
Fig.2 is only accurate at low frequencies or when moderately
low values of resistance are used. At high frequencies, stray
capacitance will shunt the values of all resistors and may
significantly reduce their values and thus the accuracy of the
attenuator. This effect is particularly acute when high value
resistors are used: a mere 2pF of stray capacitance
represents a reactance of about 800k at 100 kHz and will
have a very significant shunting effect on any resistor with a
value greater than a few tens of kilohms.
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Compensation

This problem can readily be overcome by shunting all
resistors with correctly chosen values of capacitance, as
shown in Fig.3.

Here, each resistor of the chain is shunted with a fixed
capacitor, the reactance values of capacitance being in the
same ratios as the resistive arms of the attenuator. The
highest reactance (smallest capacitance) is connected to the
largest resistor and typically has a value in the range 15 to
S0pF, the value being large enough to ‘swamp’ strays but
small enough to present an acceptably high impedance to
input signals.

This ‘compensated’ type of attenuator is invariably used
in ‘scopes and various other types of high freqency test gear,
as shown in the typical circuits of Figs.4 and 5. Once again,
note that the compensated attenuator is intended to feed in-
to a high impedance load.

QO
=1
—w R1
71— c1 900k
20p
+10
e S0k
gz
00
Vin d -0
-]- +100
! R3
c3 9k0
2n0
)
-L =-1000
R4
ca 1k0
18n

Fig.3 A method of providing frequency compensation (to give a wide frequen-

cy response) to a simple attenuator network.
“ .
100n

DC

Pot Pitfalls

At this point in our discussion it may have dawned on
you that, because of the effects of stray capacitance, there
can be certain pitfalls in using pots in some types of circuit.
Suppose, for example, that you have designed an audio
amplifier with a beautifully flat frequency response but
have, in a moment of madness, fitted it with a 500k volume
control. You will (hopefully) not be unduly surprised to con-
sequently find that, at low volume settings, stray
capacitance of a few picofarads across the upper arm of the
pot causes the amplifiers treble response to be boosted by
several dB at 12 kHz or so!

Again, suppose that you have disigned a superb LF
sine/square generator which produces square waves with rise
and fall times of a mere 50 nS or so, but have fitted the beast
with a simple 10k pot as an output level control. Naturally,
you will not be surprised to find that the few picofarads of
strays across the upper arm of the pot acts as a reactance of
only a couple of thousand ohms to your fast rise and fall
time signals and consequently causes your square waves to
appear incredibly ‘spiky’ at low amplitude settings.

Both of the above problems can be solved or minimised
by using pots with sensible low resistance values, bearing in
mind the effects of strays at the operating frequencies in
question.

» uNITY-GAIN

R > {VOLTAGE
oM g W FOLLOWER
€2 v
25p {1000}

OUTPUT TO
MV fad AC
INPUT INDICATOR

3
10k

13
Ll
o8
AN

l COMMON

_—
sw1 ©

AC

w
iNPUT
o [
=
ez
50p

A &
1
s
gw
FAAAA
EN

R?
950k

:
L %

50k

COMMON

QuUTPUT
e

0
AMPLIFIER

20mv &

j 1
= =

-0
oy g W25

Fig.4 Section of a typical 'scope ‘Y’ amplifier attenuator. i
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Matched-Resistance
Attenuators

Often, an attenuator is needed to feed into and/or from
a fixed load of some kind, in which case the simple potential
divider types of circuit discussed above are of little use. In-
stead, one of the many versions of the socalled matched-
resistance attenuator must be used. Two of the most popular
attenuators of this type are shown in Fig6, together with
their basic design formulae. Note that these formulae are
valid only when the attenuators are correctly terminated at
each end.

The ‘T'type attenuator is a perfectly simple design and
several sections can readily be cascaded to form variable at-
tenuator networks, as shown in the practical circuit of Fig.7.
Here, the attenuation can be varied from 0 dB to 60 dB in 20
dB steps by switching individual sections into or out-of the
circuit.

The 7 attenuator sections cannot be directly cascaded,
as is made clear in Fig8. Nevertheless, sections can be
cascaded in modified form to produce a laddered attenuator
network, the most popular of all attenuator types.

Looking at Fig.8, you can see that if three individual 7
sections are wired in cascade (Fig.8a) their adjacent R2 sec-
tions connect in parallel to give an impedance of P/2 (Fig.8b)
while the two R2 end sections have impedances of P. If an
external load, RL, is simply switched to the different outputs
of the cascaded 7 attenuator sections (Fig.8¢) the load will
clearly see impedances of roughly half of the correct value
and so be severely mismatched. To put things right, the for-
mula for the component values of the ladder network of
Fig.8c are re-jigged as shown.

The ladder attenuator of Fig.8c is very widely used in AF
and RF signal generators. Figure 9 shows the practical circuit
of a fully variable 600R attenuator that can be used in sine/s-
quare generators, etc. The odd resistor values (correct within
2%) can be made up by wiring pairs of resistors in series or
parallel.

Rs 4
\in

~ COMMON
T — TYPE ATTENUATOR

R1=R (2) R2-R (%)

Fig.6 Two popular types of matched-resistance attenuator.

RL Vout

Rs

<
-‘—5.

"~ COMMON
‘7' — TYPE ATTENUATOR

= n2 -1 = n+1
R1 R<—2-n—> R2 R( n—1>

Fig.7 Three identical 20 dB 600R ‘T’ attenuators cascaded to make a 0-60 dB
switched attenuator unit.

COMMON

COMMON

_p( 021 _ n+l
& R( n P_ZR(n~‘l)

Fiﬁ.’abThe ladder attenuator (c) is a development of the basic 7 attenuator (a
al ).

SW1
(COARSE)

—meen)
v

TmV

ourt
(600R )

6k0 6k0

1v (FINE) = ]
14 660R
l > 1kB 730R %mm
- “COMMON

Fig.9 Practical 600R output attenuator network for a modern sine/square
generator. RV1 gives fine control. SW2 gives coarse control.
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fibreglass with gold plated edge connector). 80 CPY 2 mﬁo £9.90 UV ERASABLES - e ::3:":|'D"I""ﬁ.:"|"::“;:h‘" s e
IP2 8 line opto isolated input board £9.40 ;ggg}ag;.:m £595  SEIZe £SO Dencrate eate aveilabla o0
; 1910 (2/1MHz] £6.60 x .75 ahove. Rot SWA. §
OP2 8 line relay oytput board £940 {Add €4 for the 4MHz version of 271672516 2K x B single Sv 1K Elektor Junior IIIZ'IN! £19.95 c50-page Finite Siste Fantasies (Cartoons putting
SI0 RS232 serial interface board £9.40 any of the abeve 3 chips | £17.95  1.K ELBUG (3% 5204)  £35.00 rogramming on human leval) {Matrix Press) £2.00
SC/MP Il RAM 170 2532 K x 8 (59 £47.00 ETIBUG | (1X5204]  £14.95
MXD2 16K dynamic ram board £9.40 SC/MP Il 4MN2) tap2  PROMWASHING sach Prom EVBUEZ[Ix5204]  £14.95 || 175 pauu Home Compuinra: Bugianers Blsssary and
INS 815 A 148 818 50p |+30p+VAT}  STMP/KB |1 X 5204) £14.95 Gulde by Millar and Sipp! {DITFthium) £4.95
41527 28 74LS76 40p | 74181 604
s P Ec lA L o F F E R 74LS | 79528 45:: Jasm a0 utség so: s R 32{52“’ Eggg 33{2553 ng ;ﬁ:ﬁ? T
st 4 s g: s REEARERL Sp | uskes g | Talsesl i | T fiom | Tdsam e
. ] TALS136
(Subject to stock_s) 40502 .5: MIS33  3%p | TMS86  43p nts‘aa a:'; TR gg: ;:tgﬁ e ?2&52 é::g [ [za;:
No monthly accounts for these prices: 41503 tep | 740537 39 | jals90  60p | 7415139 B5p | JaSI73  £1.05 | 7alspen £3.50 | JASI2e  £240 ) 7diS36 86p
h 8 741504 16p | 74838 39p | 74801 €104 | 7uS185 £1.08 | JASIT 006 | 7aiS2a7 £1.90 | 7418325 £290 | 741530 €230
eac per 741505 20p [ 741840 28p | 74892 89p | 7AS14T EL70 | TAISI7S €110 | 7al5248 £1.90 | 74526 £294 ) 7418303 £2.30
2114 (450nS) — 1KX4 £2.99 £22.40 | 4% §§: ae]  on (B0 | st €173 | TSI £398 | Tlsads €190 | tasi) €286 | 748385 £2.18
2708 (450nS) — 1Kx 8 £5.25 £39.60 st 20p | T4S8 €120 | 74596 €116 | 7418153 15: §3t§§§3 Efi: lttéﬁéé tie iitéiil Hy ;:téggg éi}i
2516/2716 (450nS) — 2€x8 single 5 W B A e e of b aw e R B 82
R B 3 4!
£€12.00 £88.00 | s s | nasse 20 | stz S| asie % | SIG €130 45250 £160 | 7415365  65p | 74(s447 332
4116 (250nS) — 16K x 1 Dynamic SIS wp | 701863 e150 | asid  so Tt ;:;': it e "533 s :g: T ez
£3.99 £30.40 | i 2p | TASTA abp | TASiZe  70p | TALSIGD €128 | TAISIGE €100 | 2SI £244 | TALS3ES B6p | TALSE69 €182
41521 22p | 74374 4lp | 45123 70p | jusier  98p | TuS17 €140 {aisz75 £2.50 | MISI3 £1.80 | 74iS61) €248
74L526 asp | 7as7s  asp [ 7aiz4 €180 | raswez €038 | Tausez  96p | 7als7e  e6p | TAsan €185 " ‘
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HAND HELD GAMES

£21.00
£22.95
£21.50
. £24.95

MONITORS

MONITORS
MONITORS

Uncased from 3" to 12"
Cased from 5" to 20"

Supersonic Mastermind
Galaxy Invaders

Mattel Soccer

ENTERPRISE 4 in 1

3 Games and calculator in one
*Electronic Mastermind

U.F.0O. Master Blaster £24 .95
Amaze-A-Tron maze game £18.95
Touch Me by ATAR! {like Slmon) £26.95
Football {two players} £24.95
ZAP missile game
*DIGITS (like Mastermind)

. £12.90

£11.95
£14.95

ALL GAMES HAVE SOUND EFFECTS
EXCEPT *

Semi professional or

The latest from the U.S.A.

PINBALL WIZARD

# Sull available %
Featured in Nov. issue of E.T ¢
Home TV Game — B. W Kit

gasic kit £28.90

Contains everything except box and con-
trols
Box & Controls -— £6.50. Mains Adaptor

Play 7 games with 4 options on each
game
4-Pinball games 2-Basket, 1-Breakout

Versatile car alarm kit €18.90
See review 1n Hobby Electronics
November
CHROMA CHIME 24 wne door chimes kit

£10.75 Built £15.95
C B Aenals and Accessories

professional available
from stock.

ATARI video
computer

Monitor PCB's including
Transformers and Tubes
also in stock.

£29.95
£63.35

SPACE INVADERS CART
STAR CHESS T.V Game
DATABASE Prog T.V Game .
NEW £89. 95
NEW £59.95
£99.00
£160.00
£219.00
£54.00
£90.00

CHESSMATE 8 Level
CHESS CHALLENGER 7
CHESS CHALLENGER 10
VOICE CHALLENGER
CHECKER CHALLENGER 2
CHECKER CHALLENGER 4
ZODIAC Aslrology Computer
NEW £29.95
£14.90
£139.90
£169.00

Phone or write for
details.

CROFTON
ELECTRONICS

Snooze Alarm
EL-MAC 5MHz Scope
RADAT 10MHz Scope .

- SUPERBOARD 11 4K

COMPUTERS — Home,
Business etc.

. £458.85
£573.85

. £861.35
£918.85

. £180.00
£226.85
£286.35
£409.40
£271.40
£506.00

. £339.25
£1 805.00
£586.50

PET 8K

PET 16K e oW
SORCERER 186K
SORCERER 32K .

UK 101 Kit 4K

Built 4K g Jumse
TRSBO Level 2 16K

5%" Floppy Drive

Dual Drive . . ..
NASCOM 2 Kit

HEATH WHB9

HEATH WH 14 Primer

Softy Kit £115.00
Sotiy Built . £138.00
Intelligent EPROM Programmer

Sharp Software

PRINTE..< 21SCS : BOOKS

e e

Crofton Electronics Limited
35 Grosvenor Road, Twickenham, Middx.
Tel:01 891 1513

Rus it wath Mo

$.a.¢. Enquiries. Please allow up to 21 days for delivery. All preces inc. of VAT.

61 BROAD LANE, LONDON N.15 4DJ
Day 01-808 0377; Eve 01-889 9736

3's DIGIT LCD MULTI-
METERKIT

Build the Practical Eiectronics
handheld DMM.This superb product
offers professional precision with
extended battery life. Five function
operation (AC and DC VOLTS, AC
and DC CURRENT, RESISTANCE)
with ability to check diodes. 0.5" LCD
display with ‘Battery Low'warning.
Auto-polarity, Auto-zero. Full protection

FEATURED
ASA

PROJECTIN
PRACTICAL
ELECTRONICS

against transients and overloads with o= £ _|P&P| VAT [TOTAL
ability to withstand mains on any range. PE-DMMKIT[32.95] 1.00 | 509 |39.04
0.5% basic DC accuracy and 15 ICL7106] 8.95| 0.50 | 1.42 |10.87
different ranges. It measures AC/DC LCDDISPLAY| 7.95| 050 127 | 9.72
voltages from 0.1mV to 500V. AC/DC ] PCB| 4.95[ 050|082 | 6.27
current from 0.1pA to 2A. Resistance from FULLY ASSEMBLED)| 39.70| 125 | 6.14 {47.09
0.1Q to 2M(1. 200 hour battery life. DMM (INC. LEADS)

The Kit contains all parts needed to
construct the multimeter plus assembly
instructions, battery and test leads.

We also offer a calibration service
(£5.00 + VAT) and atrouble-shooting and
calibration service (£7.50 + VAT). Various other
component parts are also available as listed.

The multimeter is also available fully assembled

Name

“To: Lascar Electronics, Unit 1, Thomasin Road, Basildon, Essex.
Please send me Data [[] FULLY ASSEMBLED DMM (INC. LEADS)£47.09 [J
PE—DMM KiT £39.04 [] ICL 7106 £10.87 [] LCDDISPLAY £972 ] PCB£6.27 ]

and calibrated at a cost of £39.70 + P&P + VAT. Address

Tel No

Lascar Electronics Ltd., Unit 1, Thomasin Road, Basildon,

Essex. Telephone No: Basildon (0268) 727383.  enclose cheque/P O value

~-ﬁ-----------’
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FEATURE

—Jr

RAMP FREQUENCY
~0.1 Hz Vp—p = 2V

—Jr

PR1
10k

+9V

Car Radio Suppressor
L. Marks, Lancs.

T his circuit will suppress mains-borne
interference every time the car drives
over a buried power line. It may also be
used for suppressing ignition HT by a
modification to the following equation:

1
fe= ___.._
27 R1 C1

whereR1 = “:R2, C1 = “2C2.
The circuit works as a band reject
notchfilter.

T

L .
10u Ou N l
159R 318R 159R [
I s

159R

1
-I—ZZU [, C110u
0 ) i

R % 159R

FREQUENCY

TO CAR

\ RADIO OR

TAPE DECK

VLF Ramp Generator

C. Malloy, Whitby.

I t is always satisfying to exploit the
otherwise unwanted property of a
device — the reverse bias current of a
leaky germanium diode, in this circuit.
This reverse saturation current is
typically a few microamps for the OA90
and is relatively constant over 210 V.
This constant current is used to linearly
charge the capacitor in the relaxation
oscillator built around the 741.

When the diode becomes forward
biased the capacitor is rapidly discharg-
ed by the limited output current of the
op-amp. Frequencies below 001 Hz are
possible, though measures may have to
be taken to improve the linearity of the
ramp.

PR1 allows some degree of DC off-
set of the ramp and the source follower
(Q1) reduces the loading on the
capacitor which tends to degrade the
ramp’s linearity. For the same reason
tantalum (ie low leakage) types should
be used for large values of C3. Linearity
can be further improved by the use of a
FET inputop-amp such as the 3140,

The frequency can be made
variable by using the FET constant cur-
rent generator shown in Fig. 2, which
should replace the diode, D1. With RV1
at 100k the current will be about 30 uA
and roughly inversely proportional to
RV1. This constant current generator
needs a voltage of about 3 V to function
well. This may require an increased
power supply. However, the resuiting
linearity is excellent, especially with the
suggested FET inputop-amp.

Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items.
ETl is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for. Drawings should be as clear
as possible and the text should preferably be typed. Circuits must not be subject to copyright. Items for consideration should be sent to ETI
TECH--TIPS, Electronics Today International, 145 Charing Cross Road, London WC2H OEE.
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Parametric Equaliser
C.E.Read, Norwich

T he parametric equaliser offers six
bands of tone control separated by an
octave in frequency, each frequency
band being selected by the six position
rotary switch.

Potentiometer RV1 permits the
selected frequency band to be boosted
or cut by 12 dB. The filter is particularly
ideal for use with a guitar to modify and
enhance the tonal qualities of the in-
strument.

For example, the 500 Hz settin
with cut gives a hollow funky sound,
whilst the 500 Hz setting with boost
gives an overdriven valve amplifier, the
raunchy sound favoured by many rock
guitarists, but without the unpleasant
muddy, harsh should resulting from
boosting the entire audio frequency
spectrum,

FREQ (Hz) | C2(pF) | C3 {pF)
a 125 47000 4700
b 250 22000 | 2200
c 500 12000 1200
d 1k 1 5600 560
e 2k 2700 270
f 4k 1500 150

+9V at 3.5mA

c4
+1% outPuT

Ni-Cad Charger

). Grainger, Rugby

T his circuit makes use of the new con-
stant current LEDs which are now
available for about 50p (Radio spares).
These devices pass a constant current
of about 15 mA for applied voltages in
the range 2-18 V and will also block up
to 18 V peak in the reverse direction.
Furthermore, they may be parallelled
directly to give any multiple of 15 mA
and, of course, they light up to give an
indication that they are working.

The circuit shown will charge a
single cell at 15, 30 or 45 mA, or cellsin
series up to the supply voltage limit
(about 14 V). If it is desired to charge
cells at less than 15 mA, several cells
may be parallelled using suitable shar-
ing resistors, which should drop about
10V at the cell current. The LEDs will be
damaged if the peak voltage of the sup-
ply exceeds18 V(13 VRMS).

54

PCBs From Film

1. Parker, Bath.

T here is no doubt that the most pro-
fessional method to produce printed
circuit artwork is by the photographic
method. Unfortunately this involves the
use of expensive cameras and complex
enlarging systems.

However, the amateur can use this
simple cheap method that produces
equally good results.

Take the printed circuit artwork
(from the back of ETI) to a commercial

printers and ask them to make an
overhead transparency copy of it. This
looks like an ordinary photocopy but in-
stead of being printed onto paper the
image appears on transparent film. Lay
this on top of a piece of presensitised
PCB (obtainable from most electronic
retailers), use bulldog clips or adhesive
tape to make sure of good contact.
Then expose to sunlight for about half
an hour, spray the board with the
developer (following instructions
carefully) and then etch the board in a
normal solution of Ferric Chloride.

PARALLEL
CELLS

240V . -
0—(‘./ TR Ve ]
] 1 FS1 .
! ; SERIES
; CELL
! ! SINGLE —
i . I
200vAC , LED3  SW3 =
50 Hz ! 7 o
p ; =
' 1€ T
] [}
| SWib i v
N ov =
;C "//C [\ O td pre
o
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FEATURE: Tech Tips

e T R el —
= % _ TO CLOCK OF
AR o Ladl R =R g el 0 5 NEXT STAGE
vdd L
?‘
16 6 1
— e e s e e e s e e | = e . em e e e e -
L I T0
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LINE OF
9l 1 NEXT
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O————-{ DATA A " DATA !
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0 o______,4 b [ SRR o
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INPUT OF
NEXT STAGE
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Burglar Alarm
P.N. Durrant, Chester.

The original circuit was developed
as a car burglar alarm, but it could
be used as a digital combination
lock or, with slight modifications —
removing counter 2 a home
burglar alarm.

A suitable 4 or 5 digit code is
selected and, via a BCD switch
wired to the appropriate latches of
the 74118. Unused numbers com-
moned to the reset latch. Switch
common is earthed through a push-
button. Each is selected and entered
by pressing the “enter” button. An
incorrect number resets the latch. If
the code is right then the unit is all
reset and the relay is pulled in. The
alarm is now disarmed.

If the code latch is reset a “0”
appears at point A, counter 1 starts
to count until it reaches eight, which
sets the first RS latch, arming the

ETI SEPTEMBER 1980

detector latch.

A digital “0” from the detector
switches resets the latch and starts
counter 2, which allows a set time to
elapse before RLA drops out and the
alarm sounds.

Since originally designed for cars
without external reset, the final
delay was included to allow the
owner to enter and reset before the
alarm was activated. Therefore the
oscillator is set to the fastest time
the code can be set.

To arm the unit a noncode
number is set in. This leaves enough
time to leave the car before the unit
is armed. | used an illuminated push-
button and connected it to show
when the counter had reached its
reset point. This also has the advan-
tage of showing the thief that your
system is all go. -

The power supply must be quite
heavily smoothed as the unit was
found to be quite sensitive to the
noise found in car electrics. The
coding switch was a thumbwheel
type, since it fitted the holes already
in the vehicle it was designed to be
used in. A touch type keyboard
could be substituted, but an enter
button must also be fitted.

The whole unit can be built using
CMOS, especially if it is required to
run from a separate supply from the
main battery. The relay is a reed
type holding in a larger multicontact
relay with its many enabling and
disabling uses in a car. it will also
operate many anti-theft devices in
the home. A slow code input and 5 S
clock acts as a reaction timer, which
could be embarrassing after a “li-
quid lunch”.



Steam train and whistle {80019) Simulates the

sound on steam and whistle £6.50

Clap switch {79026). You clap your hands and the

light comes on £6.60
Elekdoorbell (79095) Program your own sngnalure

£22.00

Touch dimmer (7806 5) Room hghtmg comrolled by
single touch . . £6.8

.. £3.75

.. £5.70

.. £3.85

. £7.85

£9.95

. £8.80

TV sound modulator (9925)

Simple sound effects (79077)

Electronic nuisance (80016}

Ultrasonic transmitter (audio) (79510)

Ultrasonic recewver (audio) (7951 1)

DJ killer (79505) .

Quiz master (79033) . £6.50

Variable tuzz-box {9984) £6.55

loniser (9823). Produces a h|gh concentration of
negative ions . £9.55

Oscillographics (9979) Random dlsplays panerns on’
£11.

your oscilloscope . 25
Cackling egg timer (9985) Tnmes your egg, then
clucks like a henl £7.20
Pools forecaster {79053). Weighs up the odds and
could win you a fortune £8.15
Loudspeaking telephone ampllher (9987) Ampllfles
signal without direct connection . £11.50
Sensitive lightmeter (9886). Light measurement
using silicon photodiode . . . £12.55
Nicad charger {79024). Automatically prevents over
charge of cells £15.20
Proximity detector (9974). Detecls movemem in a
room (electric field change) £9.80
Central alarm (9950) Master station slave stauon
B . £10.85

Alarm unit . . e £3.10
Touch tuning FM preselect unit (79519) With digital
display £17.50
Talk funny (80052). Deliberate eleclromc distortion of
speech and music signals using a single 1C, the
2206 2 £9.60
Colour generator (80027). Usmg co|oured Ilghl foran
effective display . . . £19.70

Pools predictor (79053) - £8.15

HIGH FREQUENCIES
Aerial amplifier (80022). improves the sensitivity of
an existing receiver specify VHF/UHF . £5.45
UHF/VHF modulator (9976). Generates a carrier for
TV signals .. £6.25
Mini shortwave receiver (9920) Interesting introduc-
tionto SWradio . .. £6.95
FM IF strip (78087). Usmg the CA '3189 limiter
demodulator {C .. £13.05
Stereo decoder (79082). Compatible with lhe FM iF
strip £15.10
Digital tunlng scala (80021) A sophlsncaled digital
frequency indication . £46.30
Ohm aerial {80076 1 + 2) A pvacnca! shortwave
aerial for 1.8-30MHz . £10.30

£57.90
Elektor vocoder (80060) The first vocoder designed
10 be built from a kit with excellent features. It has
10 channels 162.50
Front panels for vocoder per channel .. £E1.25
Analog reverberation unit (9973). Kit with 1 SAD
1024 £27.70
Piano. Excellem kn of an electronlc piano with three
voices.
Master tone oscillator / generator . £37.00
Octave PCB {9914) . £18.75
Filter PCB (9981) . £16.50
Power supply (9979) . 519._05
Digital reverberation untt main board £67.20
Extension boards = . . £46.30

« Battery protection (80109). Forgetting to turn
off the headlights need no longer be a motorist's
nightmare. This project is designed to monitor the
battery voltage and switch off the lights automati-
cally in all kinds of motor vehicles £5.15

* Transistor ignition (80084). A system which
combines the most significant advantages of other
syslems lncludmg the conventional system! ..
; g £20.45

* Intelligent wiper delsy (80088). This wiper
delay only needs 10 be told once what is required of
it. It will than carry out your orders until you
change them, which you can at any time,
instantly . . £15.85

* Active car aerial (B0018—1 + 2). If there is one
place 1o use a good aerial itis inacar . €£13.

* Stop thief! (80097). There are all sorts of systems
for protecting cars, but this one is unusual: it is
deception, rather than protection . . £4.2

* Battery vohage indicator (80101). Only a few
components are needed to obtain an optional
indication of the battery condition: a single lamp
that changes colour as the banery goes Into the
danger area . £6.85

* Pest Pester (80130). An electronic insect
repellam Confuses mosqunos with hlgh pitch tone

£2.35

* Morse Trainer (80072). Can be preset to generate
the morse alphabet for tuition purposes. Morse key
required ¥ £11.00

* Luxury Tr;nllltorTesur (80077). Not only checks
that the device is functional but dlsplays HFE group
£15.54

u bow B

NEW CATALOGUE

Send 40p for our new catalogue giving details of our
project packs and component range

MEASURING
Digital thermometer (80045)
LCD display (supplied without relay)
LED display (supplied without relay)  £23.20
Relay (two pole changeover) . £2.45
AC millivoltmeter (79035). FET mpu( meler circuit
and audio generator . £6.30
‘Universal digital meter (79005) D|g|ta| replacement
tor pointer instruments . £14.86
Precision timebase (9448) Genera(as a precision 1
Hertz pulse £13.10
Power supply for imebase . ES 40
Universal timebase (78100) Crystal controlied
timebase £
1/4GHzcounter (9887 1 + 2 + 3 + 4). Excellent kit
count up 10 250 MHz £98.15
Minicounter (9927). 1KNz 4 digit display ~ £27.70
Audio analyser (9932). An analyser which can point
the deficiencies in a particular audio chain or
environment . £14.80
Spot sinewave generator (9948). Programmab|e
sinewaves with less than 0,0025% THD £12.95
Simple function generator {3463). Sine, square and
sawtooth outputs . £27.70
Sinewave generator (79019) Always smewaves
when you need them £8.90
TV scope basic version (9968 | / 5) Produces display
upto 1 KHzon TV . £34.50
TV scope advanced vers:on (9969 1/3). Converts
basic scope to 100KHz bandwidth . £48.25
Digiscope (9926) £32.35
Digifarad (79088) A dignal capacnance meter with a
wide rany £25.10
Gate dlpper (79514) Checks the resonant frequency
of a circuit . £16.00

£28.85

AUDIO

Equaliser {9832). Single channel audio equaliser with
slidepots B £12.70

with turnpots
with preset pots .

UAA180 LED meter (981 7) A two-channel d-splay
meter with LEDs . £13.00

Peak programme meter (9860) For use with
UAA 180 LED meter 10 give stereo audio display

£13.00

Luminant (9949 1 + 2+ 3) Anovel LED audlo level
indicator

Parametric equaliser (9897)

filter section (9897-1) .
Tone control section (3897- 2)

Audio analyser (9932). An analyser which can
pinpoint the deficiencies in a particular audio chain
or environment . £14.80

Preconsonant {9954). ‘A high-performance amplifier

. £6.75

Consonam (9945) A com plete audno control pream-
phtier £34.65

Toppreamp (80031) Mini preamplifier for Topamp or
any other Hi-Fi poweramp o £34.30

Topamp (80023). Hybrid audio power amplifier with
OM 931 (output 30 watt) £18.50

with OM 961 (output 60 watt) £33.40

Stentor (79070) A ponable amplifier |deally suited
for PA £30.00

Elektornado (9874). A 2 X 50 watt or snngle
100-watt power amplifier £19.50
Electret microphone preamp (9866) Compacl design
that fits.into the mike £4.85

HOW TO ORDER: @

Send a cheque or postal order 1o DORAM ELEC-
TAONICS LTD., Fitzroy House, Market Place,
Swaffham, Norfolk, PE37 7QH. All our prices
include V A T. Please add 40p for postage and
packing.

©

Office hours: Monday-Friday, 9a.m. 10 5 pm
Telephone Swaffham (0760) 21627. Telex 817912

Buying one of our PROJECT PACKS will save you the
frustration of tracking down those evasive com-
ponents that hold up the completion of your project
Our packs include Printed Circuit Board, all the
components listed in the article together with sockets
and solder. Cases, knobs, etc., can be supplied as
extra items if required. Ask for more information !
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PRICE OF STANDARD SUPERBOARD I1.

BOARD H
£159.95 + 15% VAT
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A SAE FOR DETAILS

AT BLINKIN’ LAST!
COLOURBOARD I1li

THE NEW 50HZ COLOUR VERSION OF OHIO SCIENTIFIC'S SUPER-
BOARD 111S HERE AND LIKE ATON OF BRICKS DOWN CRASHES THE

50HZ UK BLACK AND WHITE SUPER-

POST FREE

COLOURBOARD Il £205 + 15% VAT

THE UNIQUE SPECIAL
OFFER YOU CAN'T RESIST
* ok ok kdkhkhkdhk ok hkh

* If baught with suparboard or colour

board these items are a1 the reduced *

* prices shown first. Also sold separately *
at the bracketed prices. Add 15% VAT,

* Modulator and power supply kit £7.95 *
(€11). 4K extra ram £20 {£24). Case "

W £23 (£26). Cassette recorder £13
{€£15). Super Print 800 MST printer

% £389 (€389). Colour conversion
board for Superboard |1 £45 (£48).

wlieo- XXXXXNEEXXXN
WE CAN CONVERT YOUR SUPERBOARD TO COLOURBOARD, SEND

SINGLAIR PRODUCTS

COMPUTER GAMES

PEM200 £61.95, case £2.07, adaptor £4.20, con-
nector kit £13.95. Microvision TV £89, mains adaptor
£6.88. POM35 £34.23, mains adaptor £4.20, case
€2,07. DM350 £76.70, DM450 £102.17, DM235
£55.86. Accessories for all 3 models:— rechargeable
batieries £7.99, mains adaptor/charger £4.20, case
£8.90. Enterprise prog calculator £19.98. New SC110
10MH; oscilloscope €£144.95. TG 105 pulse generatar

£87. Berch frequency counter £150. gammon £33.95).

New Sensory Choss Challenger B £109. Chess chal-
lenger 7 (Mlustrated) £7%5. Chess champion 6 £49.95.
Checker challenger 2 £39. Star Chess £62. Grandstand
video entertainment computer £79,98. Videocarts
£12.60. Philtips G7000 Videopak home computer
£139. Video paks £12.98. Atari Videocomputer £129.
Cartridges £14.BB {excepi chess £43.98 and back-

Dept. ETI, 32 Gokisel Road, Swanley, Kent BRS BEZ.

customers deduct 13%  Ofticial credit orders welcome

SWANLEY ELEGTRONICS

Manl order only Please add 35p postage. Prices includa VAT unless stated. List 27p post tree Overseas

TV GAMES
AY-3-8500 chip
£3.00. Kit £4.286.
Stunt cycle AY.3.
8760 chip £0.14, kn
£4.95. 10 game
paddle 2 AY-3-8600
chip £8.98, kit
£7.03. Modified
shaot kit £5.28. Col-
our generator kit
£9.05.

MAINS TRANSFORMERS
6-0-6V 100ma 80p, 1% £2.60. 9:0 9V 75ma
BOp, 12 £2.40, 23 £3.94. 12-0-12v 100ma 89,
12 £2.80. 15.0-16V 1a £3.15.

JC12 and JG20 AMPLIFIERS

Integrated cwrcuit audio amphfier chips with data
and printed circuits. JC12 6 warts £2.08. JC20
10 watts £3.54.

CONTINENTAL SPECIALITIES
PRODUCTS

£XP300 £6.681. EXP350 £3.62. EXP325 £1.84.
EXPBS50 £4.14. EXP4B £2.64.

STABILIZED POWER KITS

The first price is for kit without 1ransformer. the
bracketed price includes transformer TTL.
computer supphes 5V 2A £3.13 (£7.44), 5V 4A
£5.12 (€12.60). B-way types 3/4%/6/7'%4/9/
12715718V 100ma €1.84 (£2.60), 1A £3.30
(£6.50), 2A £5.60 (£9.84). Variable voltage
models 2-1BV 100ma £1.84 (£2.60), 1-30V 1A
€3.30 (£6.75), 1-30V 24 £5.60 (£12.10).

PRINTED CIRCUIT MATERIALS

PC etching kits:— economy £2.42, standard
£4.76. 40 sq ins pcb 45p. 1 |b FeCl £1.50. Ech
resist pens — economy §0p, dale 84p. Dnif bits
1/32" or 1mm 34p. Etching dish 92p. Laminate
cutter £1.20.

BI-PAK AUDID MODULES
AL30A £4.53.
.31,

PS12 £1.75.
7538 £2.70.
$450 £27.90.
AL6BO £5.62.
PA100 £19.24.
SPMBO £5.26.
BMTB0 £6.06.
Stereo 30

£23.94.
ALBO £8.56.
2114

Fult apec. memory chips .
Low current, 300NS
Only £3.45

CDMPONENTS

iN4148 0.9p. 1N4002 3.1p. 723 14 dit 33p.
NES55 8 dil 24p. 741 B dil 18p. bc547. bc549,
bctB2, be184. bc212. be214, be548 8.5p.
tipdtc, tipd2¢ 38p. updic 40p. bd132 27p.
plastic equiv bcy72 4.8p. fuses 20mm X S5mm
Boviidge 16, 35..5. 12, 3, SAmp quickblow
2p. resistors 5% %W £12 10R to 10M 1p, 0.8p
for 50+ of one value. polyaster capacitors 160V
.015, .068mf 2.8p, .1mf 4.0p, .01mf 3.0p,
022, .033mt 3.3p, .047ml 4.0p, .15. .33mf
4.9p, 47mi 8.0p. polysiytens capacitors £12
83V 10 10 1000pt 3p, 1n2 10 10n 4p. ceramic
capacitors 50V E6 22pt to 47n 2p. slecirolytic
capacitors 50V 5, 1, 2mi 8p, 25V 5, 10mf 8p,
16V 22, 33mi 8p, 47, 68mt 3.8p. 100mf 7p,
330, 470mt 9p, 1000mf 11p. zeners 400mw
E24 2V7 10 33V 7p. preset pots subminiature
0.1W horiz or vert 100 10 4M7 7p. poten.
tiometers %W 4K7 to 2M2 log o lin single 28p,
dual 7tp. W" red LEDS 9.7p. ic sockets 8 dit
8.7p, 14 dil 10.1p, 16 kil 12p.

BATTERY ELIMINATORS
A-way lypes with
switched output
and 4 way mult
jack:— 374%/6V
100ma £2.67, 6/
7%2/9V 300ma
£3.14. 100ma
radio types with
prass-stud connec-
tors 9V £3.77, 6V

£€3.77, anv
£3.77, 9+9V
£4.99, 646V

£4.99, 42 +4'hV

£4.99. casseite

recorder mains unit 7%V 100ma with § pin din
plug £3.57. tully siabilized type 3/6/2%A/9V
400ma £6.80, car convertors 12V dc input,
output 714V 300ma £1.19, output  3/4%/6/
7%1/9/12V B00ma £2.78.

BATTERY ELIMINATOR KITS

100ma radio types with press-stud connectors
4%V £1.48, BV £1.49, 9V £1.49, 4 +4%V
£1.92,6+6V £1.82, 9+9V £1.92, cassette type
7%V 100ma with din plug £1.49. heavy duty
13-waytypes 4V /6/7/8%¢11/137%4717/
21/25/28:34/42V A £5.52. 2A £8.80. car
convertor input 12V dc. output 6/7%/9V 1A
stabiized £1.35.

S-DECS AND T-DECS

S-Dec £3.79. T-Dec £4.59. 16 dil adaptor £2.31.

EX-STOCK FROM US

from the
famous firm of G.

GEC quaury

J v BELT DRIVEN
i srernORNTABLE ¢ | 10+ 10 watt AMPLIFIER
AUDIO TECHNICA | WITH AM/FM STEREO TUNER
CARTRIDGE

IDEAL FOR THE HOME

A cancelled export order
brings you this offer
world-

E.C.

AM/FM stereo Tuner Amplitier

STEREO

LIST PRICE OVER £50

J.V.C. Turntable supplied com-
plete with Audio Technica AT10
stereo magnetic cartridge.
* Belt driven .

'S shaped tone arm.

Modern design

Full size 127 platter.

weight (0-3 grms).

Anti-skate (bias) device.

Size — 12%7 X 15%" (approx)
AT ONLY

LIMITED
STOCKS

PLUS VAT £3.89 Fost 12 50

Calibrated counter balance

Ready built. Comprising of a tuner/pre-amp. board and
separate power supply/power amp. board with
wiring diagram.

Rotary Cantrols: Tuniag, on/ci volume. baiance.
ireble. bass. Stereo Beacon indicator.

Push-button Controls. Mono. Tape. Disc. AF.C.
.M. [VHF] LW, MW. SW.

Power Qutput: 7 watts RMS par channel. al better
than 2¢. THQ into 8 ohms. 10 waits speech and
music.

frequency Respense: 60Hz-20KHz within = 3dB.

Tape Sensitivity: Output — typically 150 mv. Input -
300 mv for rated output.

Oisc Sensitivity: 100 mv [ceramic cariridge)

Radio: FM {VHF) 87 5MHz-108MHz.

Long Wave 145KHz-265KHz -

Medium Wave 520KHz-1620KHz.

Short Wave 5.8KHz-16MHz.

Size: Tuner — 2'un. x 15in. X 7' zin. Power Amp — 2in.
X 71rin_x 4tsin.

Limited stocks
Superb Value
Don't delay
order one today

EX-MOTOROLA

CAR STEREO CASSETTE MECHANISM

* Front loading 12 volt transistorised
* Speed & Voltage control

b * Ex-equipment — Tested O.K.

"%

onwy £7.50

WITH pre-amplifier and M. & Long wave assembly.
Supplied as Iwa built and lested units.

*
*
* RF, and |F. slereo preamplifier and radio 4 x 2 x 1.
*
*
*

LoW \
PR'GE ON/DFF BALANCE. TREBLE. BASS. MOND TAPE Phono AFC FM LW MW SW Tuning.
DFFER Yolume

Fully Guaranteed Ex-Stock
ONLY
S Ppam_ £19.95 w | £19.95
IN CABINETS 'OWATTS U o CARRIAGE €2 50
5+ 5 Watt Car Stereo Amplitier made for Motorola

BRAND NEW
Only €5 + VAT

EX-

545 watt slareo amplifier 12/14 R 42 2x 1" + VAT
INC VAT Complele with circuit. data and conneclion disgrams. Post 50p MOTOROLA
Takes standard CB0 cassette POST 80p Limiled quantity avaitable. ex-stock.
- PRO M25 Pr ional capacitor boom-arm microph hy»Eagle. . LIST PRICE
A gracetul 60 cm boom-arm capacitor studio microphone using a cardioid capsle. A high 37 40
ENR 5 standard of linish lor in-vision use and yat robusi enough 10 withsiund long periods between OUR PRICE
maintenance. Supphed complete with ! red and 1 black windshield and & maires of iwin £19 95
screened cable terminating a1 the microphone end in an XLR conneclor. .
Rhiaae] {0y 328 190549 | \.E.D Impedance: 600 ahms (lisating]. Response: 20-18.000 K. Sensitivity: — 10 68V. posv?c VAT
404 Edgware Road, London W2, England |.E.D. Cable: 6 metres iwe conductor shietded. Connector: XUR 3-11C, Battery type: HP7. £1.60
ETI SEPTEMBER 1980 57




VOCODER

Change sex or orchestrate yourself (same thing, really) with the ETI
Vocoder, designed by Richard Becker of Powertran.

ETI VO

W &

will, in real time, superimpose the spectral character-

istics of one signal upon another. To leave it at that,
however, would result in many a yawn and a few skipped
pages. In fact vocoders are anything but boring! Put speech
and the output of an instrument into a vocoder and the
instrument, not the operator, appears to be doing the talking
or singing! Use the internal excitation oscillators, change the
frequency and the speaker suddenly changes sex. Use the
noise generator and there is whispering in the breeze. Use the
output of a cassette deck and the London Symphony
Orchestra recites the Karma Sutra! Just a few of the
possibilities!

Human speech is built up from two basic components
— the sound from the vocal chords which buzz when air is
passed over them and the sound of air rushing past the teeth.
These sounds are used to produce voiced and unvoiced
speech respectively. By opening and closing the mouth and
the nasal cavity, and by moving the tongue, thereby
adjusting the resonances, the basic sounds are modified in
amplitude and harmonic content. If the variations in
amplitude and harmonic content can be analysed and
applied to suitable electronic control circuitry then the basic
sounds of speech can be substituted for by almost anything
and this is just what a vocoder does.

The first part of a vocoder is a spectrum analyser
producing control signals which are a measure of the
strength of the speech signal in each of the frequency bands
(14 in this design). The substitution (excitation) signal is also
split into a number of frequency bands (using identical filters
to those used for analysis) and each of these signals is passed
through a voltage controlled amplifier whose gain is
determined by the control signals. The sum of the outputs of
these amplifiers is the vocoder output.

a vocoder could be simply defined as a device which

The system

The speech signal, after passing through the pre-
amplifier and tone control stages, is separated into 14 bands
by bandpass filters, a low pass filter and a high pass filter. The
bandpass filters are double tuned that is to say each of the
two stages has a slightly different resonant frequency. The
effect of this is to broaden the band of accepted frequencies
and give the response curve a flattened top. A high Q makes
the filters cut off rapidly out of the pass bands.

The envelope followers consist of an active full wave
rectifier and a low pass filter, the output of which is the
control signal for the synthesiser section. The control signal
passes through a sample and hold stage which is used to
freeze the music, by means of a footswitch, at any required
point of articulation. The stage is also used for slewing rate
control which smooths out the control signals for slower and
smoother changes in spectral balance and amplitude
resulting in speech being changed into singing or chanting.

Holy Responses

In the synthesis section there is a filter bank identical to
that of the analysis section. Voltage controlled amplifiers
modulate the outputs of these with the control signals from
the analysis section. The outputs are then summed to
produce the output signal. Alternate channel outputs are
inverted since there is a change in phase as a signal is swept
through the resonant frequency of the filter. Therefore, at the
midpoint between adjacent bands phase cancellation will
occur producing deep holes in the overall frequency
response. By having adjacent channels outputs inverted with
respect to each other there is addition instead of subtraction
at the midpoints.

ETI SEPTEMBER 1980



PROJECT
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The analysisisynthesis board occupies the front half of the case. All the potentiometers are PCB mounting for ease of construction. The Power Supply

Unit {to be described next month) is a respectable distance away, mounted on the rear panel.

SPECIFICATION

14 channel: Filters — 4th order with bandpass filters at 4 octave
spacing.

LED Bar Display PPMs for both speech and excitation,

Speech input: amplifier:

mic input: sensitivity 1 mV

mic input: impedance 100k

line input: sensitivity 500 mV

line input: impedance 10k

tone control: £+ 6 dB Treble boost — Bass cut/Bass Boost - Treble
cut.

excitation input amplifier:

low input: sensitivity 10 mV

low input: impedance 100k

high input: sensitivity 500 mV

high input: impedance 10k

tone control; + 6 dB Treble boost-Bass cut/Bass boost-Treble cut

Internal excitation:

pseudo-random counter noise generator
2 oscillators — range: 15 Hz-250 Hz
pulse width: fully variable

Slew rate control: 100:1 range. FREEZE by footswitch

Voicejlunvoiced detector:
AGC on noise generator to follow excitation signal

Output amplifier:

mixing controls for vocoder, speech bypass and external excitation
bypass

Output level: 1V

The internal excitation board.
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ANALYSIS SECTION SYNTHESIS SECTION

) HIGH PASS
ENVELOPE ! VOLTAGE CONTROLLED FRRIER
(RECTIFIER, % MPLIFIER / (a™s
FILTER LOWPASS 1 AN o $gmxirﬂxi
FULTER | SAMPLE & HOLD [ ™ s
1 le. 2 I ~ . N e
[ ~ 1 % "N\ mn
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1 Ehe ouTeuT 2 BYPASS
\ 1 ne TO MIXER
2 | ™ 0 ) l& 7
~ » S— VWA oD >< o~
sggrmarl | 00 o ] x ~
1 | : /75
: MIXER MIXER
' > >t
-
CHQI!I‘NELS 5 ouTPUT
ASCHAN 2 { CHANNELS OUTPUT
INPUT FROM P R yevEL
we  AMPLIFIER — CHANNELS !
; 1-9 1
INVERTING
SPEECH L b
INPUTS D ~- ; Z MIXER
miemm! COMPARATOR b
LiNE I|
FROM i
CHANNELS B
13414 i CHANNELS
4 ) A X ~s 35.2.8,11,13 OUTPUTS
3 . o
i g (2.4 QurpuT 13
3 0 MIXER
INPUT  TONE u [ o ‘ po | X .y
LEVEL S PP EXCITATION
~J - vv\k\ x> ~ — BYPASS
o ~ | e 2.2
.-—O
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MIXER
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l ' : !
. | S
N !
I
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| L BAR DISPLAY
LED PPM
o o T BT aE DS T S T e o R ety e = )
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Fig.1. Block diagram. SRton
EXCITATION SECTION FREEZE
2 TREETE w5,
i
VOLTAGE |
5 CONTROLLED |
O e AVPLIFIER |
NOISE - !
GENER- X
ATOR ' R NS
N VOICED/UNVOICED DETECTOR
l ELECTRONIC SWITCH
Ny
pry [ -
osc ~ V/UV OET ON/OFF
PULSE WIDTH | INPUT
AMPLIFIER | qw ;
FREQUENCY MIXER U e E
//\ q EXCITATION
< INPUTS
osi : 4 § n HIGH

PULSE WIDTH “——’%f

TONE

FREQUENCY

I A A

z

—,
T

Details of the smaller boards devoted to slew rate control (left), input amplifier (middle) and output amplifier (right) will be given in the concluding
part of the Vocoder project next month. i
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PROJECT: Vocoder
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*RV3, 4 & 6 ARE ON THE UNDERSIDE OF THE BOARD
Fig.2. Component overlay of the internal excitation board.

PARTS LIST
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RESISTORS — ALL 2% METAL OXIDE CAPACITORS

Cc1,3 100n polyester
R1,9,29,34,40,44,45,50 10k Cc24 10n ceramic
R2,10 5k6 C5 220p ceramic
R3 M 18k Cé 33n polyester
R4,12 560R c7 100p ceramic
R5,13 11k c8 10n polyester
R6,8,16,18,35,39,43 47k c9 10u 16V tantalum
R7,15 150k Cc10 100n polycarbonate
R14,30,42 ™ can 220n polycarbonate
R17 100k C12 1u0 polycarbonate
R19 15k
R20,24,25,26,27,28 4k7 SEMICONDUCTORS
R21,32 22k 1C1,2,7,10,11 1458
R22 330k 1C3,8 TLO82 or LF353
R23 27k 1C4 741
R31 3k9 IC5 4006
R33,38 470k 1Cé6 4030
R36,37,46 1k5 1C9 CA3080
R41,47,48 1k 1C12 4016
R49 3k3 Q1,3 BC182L

Q24 BC212L

ZD1,2 5V1 Zener
POTENTIOMETERS D1-Dé6 1N4148
RV1,2,5,7 10k {ogarithmic LED 1 TIL209
RV3,4,6 10k logarithmic
PR1,2 100k preset MISCELLANEOUS
PR3 220k preset 9 way connector and pins, IC sockets, terminal pins, rotary on/off
PR4,5 2k2 preset switch.

el
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RI9  C8
5k “i‘_.

RVT
10k
log
-’
Tes
3an
4 N
mn
9 0 4 2 1
6 13
3
4
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;; 100p; “1av
A NOTE
y 33 1C1,2.7 10 & 11 ARE 1458
4 iLas IC3 & 8 ARE TLOBZ OR LFI53
R22 1CA 15 741
330k €5 + iC5 15 4006
2300 == cd 16 15 4030
0u IC9 15 CA 080
161715 4016
7 Dt B ARE 1N4148
— NOISE GENERATOR 1 01%& 3 ARE BC182L
Q2 & 4 ARE BE212L
+12v
PR Riz
222 1004
FROM
EXCITATION
INPUT AMP
MIXER * * PRECISION RECTUFIER e

[
FREQUENCY

A2
560R

Fig.3. Circuit diagram of the internal excitation network.

Raising the analysis/synthesis board reveals the smaller boards.
From left:- speech input amplifier, internal excitation, external
excitation amplifier, output amplifier. Most pots are held firmly
on their PCBs by pot mounting frames.
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PROJECT: Vocoder

HOW IT WORKS

IC1, 2 form a pair of relaxation oscillators. 1C2 is an integrator
driven by the output of 1C1. C1 is charged until it reaches about
T one third of the supply line voltage when the Schmidt trigger (1C1)
CONTRO! changes state and C1 starts discharging until it reaches about one
third of the supply line voltage in the opposite direction, making
1C1 change state again. The output of 1C2 is a triangular waveform
which is compared with an adjustable DC voltage by IC3 to
produce a pulse output of adjustable markjspace ratio. The
outputs of the two oscillators are mixed with the external
excitation and the noise by IC4.

The noise generator is a pseudo-random counter. IC5a,b form
& viv an oscillator operator at about 40 kHz. This clocks 1C6, which is an
(F;gggzi i""‘”"" 18 stage shift register with feedback applied round it via 1C5¢, d
SWITCH) O —12V

TO EXCITATION
INPUT OF MAIN BOARD

1c12a

[

ON/OFF
v and Q1. The output of IC5c is a complex pulse train, which, when

filtered by C8, R19, C6 has the characteristics of random noise with
a very even frequency response.

The key part of the voiced/unvoiced detector is the
comparator 1C11a, which compares the levels of the speech
components over 4 kHz with those below 2kHz. It is not necessary
1C118 to use separate filters for this purpose as the control signals at the
y outputs of IC3 of the analysis section contain the necessary
information and these are summed by 1C10a, b before comparison.
When voiced speech is present IC11a goes low, Q3 turns off, its
collector goes high and the analogue switch 1C12b is opened
allowing the output of 1C4 to pass to the synthesis section. To
match the noise level to that of the excitation from I1C4 there is
AGC. IC7a s a full wave rectifier peak detector which is buffered
by IC8a. IC8b and Q2 are a voltage to current converter to provide
a control current for the OTA 1C9 through which the noise is

Iyt ANALOGUE | SWITCH

passed.
e e
e |
. ———— LOW PASS FLTER L——VDLYAGE CONTROLLED AMPLIFIER ———( Fig.4.(below) Filter frequency response Curves‘
CHANNEL 1 ‘
T —— CHAN 2 3 4 5 6 7 8 ] 10 1 12 13 14
0dB
-10d8 [ ] 1 / \
—20d8
-30d8
100Hz 200 " 300 400 500 600 700 800 900 2 3 4 5 6 7 8 9 10kHz

1kHz

-

8
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For external excitation, there is a pre-amplifier and tone
control circuit similar to that used for speech. The output of
this stage is mixed with the two oscillators (which generate
pulses of variable width and frequency) and also with the
output of the noise generator. The noise also passes through
an AGC circuit to match its level to the excitation signals.
This noise is then used to substitute for the other excitation
signals by the voiced/unvoiced detector electronic switch
when unvoiced speech is detected by the comparator which
determines whether the majority of the energy in the speech
is at low frequencies (2 kHz — voiced)or at high frequencies
(4 kHz — unvoiced).

BUYLINES

Powertran Electronics, Portway Industrial Estate, Andover,
Hampshire, are supplying a complete kit of parts for this project at
£195.00 plus 15% VAT. Delivery by Securicor is £2.50 extra.

Everything is included in the kit down to the last nut and bolt. They
even give you a ‘Freeze’ footswitch and a test oscillator for setting
it up!

IC1 in channels 2-13 is the analysis bandpass active filter. PR1
adjusts the first section in relation to the second. When correctly
set up there is an overall voltage gain of 10. In channels 1, 14 1C1is
a low pass filter and a high pass filter respectively. 1C2 rectifies the
signal to demodulate it to convert it into a control signal for the
VCA.IC3is an active low pass filter with a cut off frequency of 200
Hz or one fifth of the frequency of the bandpass filter, whichever is
the higher.

R14 takes the output of 1C3 out for analysis by the
voiced/unvoiced detector. IC4 is the slewing rate controller, Q1
and R15 acting as a variable resistor which, in conjunction with C7,
forms an RC network adjustihe slewing rate controller, Q1 and R15
acting as a variable resistor, which, in conjunction with C7, forms
an RC network adjusting the slewing rate of the stage. Being a FET
Q1 could, on its own, be used as a variable resistor by simply
varying the VGs, but there are 14 of them to control simultaneously
and without careful selection they would not track together. To
deal with this Q1 is used instead as a switch which is turned on and
off by a 1 kHz pulse signal of variable width. C7 is then charged and
discharged at a rate dependent on the duty cycle of the pulse

!._~I-

onan | emis | At | maz2 | mazs | meze | mezs | mezs  |mr
C [ e e |mo | mm | | e Jao

H
r

47k a30R | 220k |
| 47k | 43R | 220k
o e | o

c2*

cax
SPEECH IN o1 RS
ak7
®
R1¥ R3* | G
R7*
PR1* R4*
*» SEE TABLE
) BAND PASS FILTER |—

Next month we conclude the Vocoder project with con-

structional details of the remaining boards and power
supply, with notes on setting up and use.

HOW IT WORKS

signal and R15. During the ON period VGs is maintained at O by
the feedback viaR17,

IC5 and Q2 form a voltage to current converter, the gain of
which is set by PR2 to compensate for variations in gain in 1C6. For
correct operation 1C5’s input must never go negative. To ensure
that it doesn’t, a bias voltage is applied via R15. This voltage
together with the combined offset voltages of 1C1-5 is nulled out
by PR3.

IC6 is an OTA (operational transconductance amplifier),
which could have been our old friend the CA3080, but a better
device, the LM13600 is now available. It achieves very low
distortion by having linearising diodes at the input. Bias current
for these is supplied by R28. The gain is controlled by the current
supplied to pin 1. The output of the OTA is taken to a volume
control RV1 from where it goes back into 1C6 to a buffer stage
before being taken out via C12 and R30 to a virtual earth mixer.
C12 and R30 serve as a high pass filter to remove breakthrough of
the control signal. The excitation or music signal is applied to the
OTA via IC7 which is a filter identical to that of 1C1.

€2,49,11 1C1,7
TLOB2/LF353

1458

68k 47n
47k

47n

27n

27n 27n 1458

47k 470R 220k
47k 430R 220k
47k 560R 220k

WIRELINK
WIRELINK
WIRELINK

TLOB2/LF353
TLO82/LF353
TLOB2/LF353

4n7 4n7

an7

Table 1. Component values for the 14 channels of the analysis/synthesis section.

B4
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PROJECT: Vocoder

ToBIAS S 10k

INPUTS

NOTE:
O TO VOICED/UNVOICED 1C1& 7 SEE TABLE

DETECTOR 1C2 IS 1458

R36 IC3 1S 741
R14 100R IC4 1S LF351 OR TL081
100k IC5 1S %1458

1C6 1S % LM13600
D1-4 ARE 1N4148
Q115 BF244

Q2 IS BC212L

+12v
PR3
100k
RECTIFIER 4 L)
; M0
—12v
|- SLEW RATE
I
I OW PASS FILTER J O CONTROL
I ] . SLEWING RATE
CONTROLLER
co*
R22* —{l AN —g R30
l,. R27 C12* 27
€1 10k R31 PR4 ,:(3:
. 5
A2t c8 AAAA O TO OUTPUT
RCASA A _"__ ) oo A R2g AMPLIFIER
EXCITATION R23g e | ik0
) -—NVV‘——{
N 5 -
1c76* 12y
+
PRS*
R24*
R26*
ll - BANDPASS FILTER : | VOLTAGE CONTROLLED AMPLIFIER—
Fig.5a(above). Circuit diagram of analysisisynthesis section.
Cc13
SPEECH
IN O '
SPEECH
IN
Fﬁu
A4
220R
€14 10 c8
ot o,
R21
’EXCII“A'TION 10k EXCITATION
IN —
TO R27 oIR27,
R24
220R
Fig.5b. In channel 1 band pass filters are replaced by the low pass filters Fig.5c. In channel 14 band pass filters are replaced by the high pass

shown above. filters above. -l
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PROJECT: Vocoder
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Fig.6. Component overlay of the analysis/synthesis section. We haven’t shown the whole bo.
board (above) show channels 1, 2 and 14 and the power connections in the middle.
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ard, as the channels are very similar. The three parts of the

R1-7, 21-26
R8,9,10,11
R1213
R14

R15

R16
R17,19
R18
R20,27
R28

R29

R30
R31,32

PARTS COMMON TO ALL CHANNELS

RESISTORS ALL 2% METAL OXIDE

see Table 1
4k7

see Table 1
100k

2k2

15k

™

3k9

10k

12k

1k

22k

470R

POTENTIOMETERS
RV1

PR1,5

PR2

PR3

PR4

CAPACITORS
C1-4,8-12
Cs5,7

Cé

SEMICONDUCTORS
1C1,7

1C2,5*

1C3

IC4

IC6*

100k logarthmic
see Table 1

22k preset

100k preset
100R preset

see Table 1
100n polycarbonate
47n polycarbonate

see Table 1
1458

741

TLO81 or LF351
LM 13600

D14
Q1

1N4148
BF233C
BC212L

Q
*only % of IC used in each channel

PARTS SPECIFIC TO CHANNEL 1

R33,34
C13,14

220k
1u0 tantalum

PARTS SPECIFIC TO CHANNEL 14

R35

10k

PARTS SPECIFIC TO CHANNEL 13

R36

MISCELLANEOUS

IC sockets, 4 way connector, connector pins.

100R

ETI
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b WASING electronigs

56 FORTIS GREEN ROAD, MUSWELL HILL, LONDON N10 3HN
TELEPHONE 01-883 3705, 01-883 2_239

=
YOUR SOUNDEST CONNECTION IN THE WORLD OF COMPONENTS SE——T 7177\ —
PET s D.RAMS £ p
i 4027 2.75
T : 4050 (350NS) 2.35
2001-8N (8K RAM) 4060 (300NS) 2.39
4116 4.35
£399 5. Rams
2102A 1.09
2102A2 1.09
2001-16N (16K RAM) £4.99 21124 225
21102 .98
2114-4045 2.95
2001-32N (32K RAM) 4035 1.07
ALL WITH NE 4044-5257 6.93
W KEYBOARD BULK PURCHASE
AND GREEN SCREEN 8.2114 22.50
8.4116 29.95
PERIPHERALS 8.21L02 7.00
Service & Assistance available. BULK PURCHASE
Interfaces available are: 162114 39.95
X-Y Plotters, Analogues to Digital Converter external cassette deck suitable 16 channel interfaces. Bi- 16 21L02 13.00
directional interfaces etc. 32 21L02 25.00
FORALL PETS £55 64 21002 35.00
i UK101 NEW LOW PRICE EPROMS
: 2708 4.95
2716 (5v) 13.95
£179 IN KIT FORM 2532 39.95
£229 READY BUILT & TESTED
£249 COMPLETE IN CASE s (UC)ROMS ——-\5 s
No extras required 8x2114 £22.50 2513 (LC) 5.95
* Free sampler tape :
#* Full Querty keyboard
* 8K basic ASSEMBLER e CP)S meer—
* Ram expandable to 8K on board E%'J,OE" 6502 9.50
(4K inc}. . i 8080 4.75
* Kansas City tape interface ‘ £14.95 9900 25.95
" % NEW MONITOR ALLOWS FULL EDITING & CURSOR CONTROL 6800 5.90
£22.00 Z80 8.95
LATEST STOP PRESS AND PRICE LIST B BULEERS s
Send sae or phone for up-to-date PRICES ofaiiour range of items stocked 81L596 1.25
81LS97 1.25
811598 1.25
=CASES mu—q r—TAPES = MEMORY EXPANSION KIT == SN74365 52
Available for Unique stackable tape Suitable for UK101, Superboard gm;gggg g§
U.K. 101, Superboard storage unit. Interlocking expansion using 2114’s each board SN74368 '52
Nascom, . drawers. - has 16K ram capacity kit contains: 8726 1.78
Appx. DIM. 17/ x 15 45 drawers each containing 2 * On board power supply 8728 1‘75
435 X 384 mm C12 tapes * 4K Eprom expansion 8795 1'57
PRICE £24 50 10 drawers £9.50 * Fully buffered for easy expansion 8T96 1:57
e 5 drawers £5.25 . b2 d0pinsocket  pgg g5 8797 1.50
P. packing £1.50. Jd1 Slngle drawer £1.10 | * 16K kit £139.90 8798 1.57
PRINTERS r—BAUD RATE GEN'S sy
MC14411 8.75
Tx-ao £395 MM5307 8.75
EPSON TX-80 £395 UARTS
Dot-matrix printer with Pet AY-5-1013
graphics Interface: Cen- AY-3-1015
tronics paralle!, options: PET, MM5503
Apple and serial. 6011

P&P 30p. Place your order using your Access or Barclaycard. {(Min. tel order £5). Trade and export enquiries welcome,

'[ _ VISA credit facilities arranged.
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2N3709K ..
2N3866 ...
2N3906 ...
2N4058 ...
2N4427 ...

AddvAaT

. .8p
.8p

35p
10p
12p
60p

4A 400V ...
4A 600V ...
6A 400V ...
6A 600V ...
BA 400V ...
8A 600V ..
10A 400V .
10A 600V .
15A 400V .

15A 600V 1

54p
60p

p
26p

1544 with internal

4A 400V ...
4A 600V ..

0PTO 6A 400V .
Leds 6A 600V ...
125 Red ... 8p| 8A 400V ...
125 Green 12p| BA 600V ...
125 Yellow 12p| 10A 400V .
10p| 10A 600V . 1

trigger diac.

66p

.75p
.. 75p

90p
90p
95p
95p
00p

10p| 15A 400V . 120p

15A 600V . 1
110p

38p

. 160p | Prices correct
. 160p| atume of going

160p! 10 press

7812 .
7815 ...
7824 ...
7905 .
7912

LM320T5.149p
LM320T8.149p
LM320T15 149p
LM320T 18 149p
LM340T5.. 74p
LM340T8.. 74p
LM340T15 74p
LM340T18 74p

7493 .
7494 .. .
7485 ...
74100 .
74107 .
74121 .
74122 .
74123 ...
74145 .
74154 ..
74157 .
74161
74175 .
74180 ......
74181 ...
74191

TP
... 129p

BRIDGE RECTIFIERS

50V 100V 200V 400V 600V

| 2A 45p 52p 60p 75p 100p

4A 52p 60p 68p 82p 105p
6A 60p 68p 75p 90p 112p

25A 105p 1250 150p

RETAIL SHOP AND MAIL ORDER
WE STOCK A WIDE RANGE OF

» Semiconductors  Resistors- Capacitors * Soldering
Irons & tools * VERO products # OK Machine Tool Co.
Products * Microcomputers & Peripherals including

Nascom, PET, Sharp.

* Large range ot Microcomputer books

INTERFACE COMPONENTS L

OAKFIELD CORNER, SYCAMORE ROAD, AME
TELEPHONE:02403 22307. TEL

Write telephone or call. Access or Barclaycard accepted

175p 200p

MITE!

4584
4585

2708 ..
2716 ...
2732 .

Mk 3880 . 850p
Mk 3881 . 625p
Mk 3882 625p

All advertised

items available
for immed:ate
despatch while
stocks last.

35p P & P. VAT
additional

0,
HAM BUCKS HP6 6SU
X:837788

VALVE
BARGAINS

AERIAL
AMPLIFIERS

ANY 5-80p, 10-£1.50, 50-£6.

Your choice from the following: ECC82,
EFBO, EF183, EF184, EH90, RCF8O.
PCFB02, PCLB2, PCL85/805. PL504,
PY800. PY88, PFL200.

COLOUR TV VALVES. PL508-
PL509/519 — PYB500/A-PLBOZ. Al
tested 65p each

100-MULLARD c280/C281
JCAPACITORS. Values from .01uf to
1.5uf 2560V/W. Our choice. Good
mixed selection. Price per 100 £2.

Aerial Amplifiers can produce remark-
able improvement on the picture and
sound in fringe or difficult areas

B45 — For Mono or Colour this is
tunable over complete UHF television
band.

B11 — For Sterecor Standard VHF /FM
Radio.

B12 — For VHF Television Band 1t & 3.
All Amplifiers are complets and
ready to use.

Battery type PP3 or Bv to 18v DC, next
to the set type fitting. Prices £5.70
each.

SIGNAL INJECTORS with (Pre-set} variable AF. which emits RF Harmonics into
the UHF band. Protected up to 300 volts DC. Complete with leads £5.70 each

All prices include VAT at 15% P&P per order 30p. S.A.E. for Leaflets. Access Cards
accepted.

ELECTRONIC MAILORDER LTD.

62 Bridge Strest, Ramsbottom, via Bury, Lancs.
Tel. RAMS 3036

~ TANGERINE

Build your own Computer Kits,
available from £79.35

Assembled and tested from £90.85

S.a.e. or telephone

MICRO-PRINT LTD.

21 Bankhouse Road, Hanford

STOKE-ON-TRENT
(0782) 657893

for advice/ assistance and Order Forms

Prices include V.A.T. Post and packing extra.
; TRANSFORMERS 1

Panel Meters, Bridge Rectifiers, Power Supply Units
Multimeters - Semi Conductors - Timers - Safebloc

Minimum & Sub Miniature

Mitli- Ref. Price

amps No. £ PEP
Volits
3-03 200 238 2.55 .65
0.6,0.6 1ATA 212 295 .70
S-0-9 100 13 2.25 .65
09.09 330330 235 2.10 .65
089, 0-8-9 500 500 207 2.70 .70
089,089 1A 1A 208 3.80 .70
0-15. 015 200200 236 2.10 .65
0-20, 0-20 300300 214 2.70 85
20-12-.0-12-.20  700(DC) 221 3.45 85
0-15-20, 0-15-20 1A 1A 206 4.55 1.00
01527, 0.15-27 500 500 203 4.00 85
0-15.27.0-15-27 1A 1A 204 6.05 100
12 AND/OR 24 VOLT
Pri. 220-240 Volts

Amps Price
2v 24V Ref P&P

2 1

4 D 18 4.00 85
6 3 70 555 90
8 4 08 7.40 15
10 5 72 820 115
12 6 116 8.80 15
16 8 ;

20 10 115 13.80
30 15 187 16.80
60 30 226  33.30

30 VOLT (Pri: 220-240V)
Sec: 0-12-15.20-24-30V

T
50 VOLT (Pri: 220.240V)
Sec: 0-19-25-33-40.50V

Ref. Price’

Amps No. P& P
0.5 102 3.55 85
1.0 103 4.55 1.00
2.0 104 7.25 115
3.0 105 8.55 1.15
40 106 10.80 1.25
6.0 107 15.05 1.45
8.0 118 20.15 1.65

100 119 24.05 215

60 VOLT (Pri: 220-240)

Sec: 0-24-30 40-48-60

Ref. Price

Amps No. £ PP
05 124 3.80 .85
1.0 126 5.55 1.00
20 127 7.50 1.15
3.0 125 11.05 1.25
4.0 123 12,30 1.45
50 40 14.10 1.55
6.0 120 17.58 1.55

AUTO TRANSFORMERS

Input/ Qutput Tapped 0-115.210-240V

VA Ref. Price

(Watts) No. £ P&P
20 113 2.60 85
75 64 4.05 .85
150 4 5.55 1.00

Input/Output Tapped

0115.210-220-240V

300 53 10.05 1.18

500 67 10.80 1.45

1000 84 18.55 1.55

Ref. Price Also 1500/2000/ 3000VA
Amps No. £ P&P MAINS ISOLATING (Centre Tapped &
0.5 112 2.80 85 Screened) S comiIoT
1.0 79 3.55 85 Pri: 1207240V ec. 1 ov
20 3 555 1.00 VA Ref. Price
30 20 6.25 115 {Watts)  No. € P&P
4.0 21 8.55 118 60 148 6.55 1.00
50 51 9.55 1.15 ) 150 7% g-‘:
6.0 117 11.05 115 200 151 11.05 [
8.0 88 1430 145 250 152 13.25 145
100 89 1655 145 350 153 16.25 155
- 1000 156 37.0 15

Please add VAT at 15%
Barclaycard and Access facilities

available
k Trade and Education Welcome

74 William Street
Dls Herne Bay. Kent

Herne Bay 84586
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PROJECT

DRILL SPEED
CONTROLLER

Keep your electric
drill under control
with this handy

ETI

circuit. . . cheap W
and simple. x®
-
his circuit enablesyou to con
T trol the speed of any appli- ' o
ance that uses a ‘universal’ )

motor-drills, sanders, polishers, etc.
Only afew components are required

e /
e e
N

and this circuit is just about the simplest that can be built
fromdiscrete components. Don’t let that put you off though!
You get full-wave control from zero to full speed. Who could
ask for more?

Construction

We built our unit on its PCB into a standard plastic
switch-box and fitted the speed control onto a plastic
blanking plate. No heatsink was used on the prototype and
one will probably not be required for intermittent use.

Warning

Remember that when running an appliance at low
speeds, the efficiency of the cooling fan normally built onto
the motor-shaft will be severely reduced. This may result in
your motor burning out, so remember to allow the windings
to cool when running for an extended period or simply run
the appliance at full speed off-load for a short while.

There are no special points to watch with this circuit. A
PCB design is given, though any method of construction may
be employed. Note that 400 V polypropylene capacitors
were used in the prototype as these are better able to
withstand connection to the AC mains. Despite its simplicity,
this circuit will provide a smooth, wide-range control and
amply repays the little effort involved in its construction.

BUYLINES

O——— LoAD .
L
R1 NOTE:
6k8 D11$ DIAC (BR100)
Q1 1S 400V 8A TRIAC R3
100R
a1 | mT2
MT1
C3 =
100n T—
N
O

Fig.1. Circuit diagram.

HOW IT WORKS

All the necessary components should be readily available from
your usual suppliers. See mail order suppliers advertising in this
issue. The polypropylene capacitors are available from
Electrovalue Ltd, 28 St Judes Road, Englefield Green, Surrey
TW20 0BH.

The essential feature of the circuit is triac Q1. This bi-directional
electronic switch controls power flow through the load. This can
be any ‘universal’ motor as may be found powering an electric
drill, polisher, etc. The resistor-capacitor combination R3, C3
comprise a snubber network which prevents spurious switching
effects in the triac. The triac is turned on when the current flow
in its gate — MT1 junction exceeds a certain value. Direction of
current flow is unimportant, though there will be a small dif-
ference in the sensitivity of the triac, and the device will switch
on for both cycles of the alternating mains waveform.

The resistor-capacitor network built with R1, 2, RV1, C1, 2
cause an alternating waveform at mains frequency to appear at the
‘hot’ end of C2. Adjustment of RV1 controls the phase of this signal
with respect to the mains input. When the voltage across C2
exceeds about 30 V, current will flow in the gate circuit of the triac,
turning it on. It remains on until the applied mains voltage falls to
zero. It then remains off until re-triggered. Dissipation in the triac
is low as it is only ever either fully on or fully off and a heatsink is
unlikely to be required.

ETI SEPTEMBER 1380
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_PROJECT: Drill Speed Controller

(Left) The PCB fits snugly into a standard plastic switch box and the
speed control is mounted on a plastic blanking plate. A switched power
socket completes the picture.

Fig.2 (bottom left). Component overlay

Resistors

R1 6k8

R2 10k

R3 100R

Potentiometer

RV1 1MO linear

Capacitors

1 47n 400 V AC polypropylene
C2 10n polyester

3 100n 400 V AC polypropylene
Semiconductors

Q1 8 A 400 V triac

D1 Diac (BR100 or equiv.)
Miscellaneous

Case, PCB, Power Outlet, etc.

PERFORMANCE AND RELIABILITY

ARE THE SEALS FIRMLY STAMPED
ON THE COMPLETE HAMEG RANGE

AND |T IS A COMPLETE RANGE

HM307 SingleTrace DC-10MHz
Plus Built-in Component
Tester 149
HM312 Dual Trace DC-20MHz,
5mVfem. Full X-Y,.30MHz
Trigger.Plus TV Trigger 250
HM412 Dual Trace DCG-20MHz,
2mV/cm, X-Y.40MHz
Trigger. Plus Sweep Delay 350
HM512 DualTrace DC-50MHz.
5mVfem, X-Y, 70MHz
Trigger Sweep Delay.
Plus Single Shat, Sweep

Delay and After Delay
Trigger 580

HM812 Dual Tracé asper HM512
Plus Storage. Automatic
Storage and Variable

Prices UK List ex VAT

Persistence 1325
For FULL DETAILS and Hameg Ltd,
DISTRIBUTOR LIST 74-78 Collingdon St.,
° Luton,
HEds. - 413174
LU1 1RX. Tel: (0582)
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Buya microcomputer for t
and you..could,;be,o,n yourown!

Unlessit’sa Comm”’ dorePET

Commodore produce Britain’s
number one microcomputer. But we
don’t stop there. We also insist on
providing comprehensive support
throughout our national dealer
network.

Our dealers can examine your
needs and demonstrate which
hardware and software will suit you
best. Their trained engineers are
always at hand and a 24-hour field
maintenance service is available.
Your local dealer can tell you more
about the following Commodore
Services.

C‘ The Commodore PET

The Commodore PET computer
range covers everything from the
self-contained unit at under £500 to
complete business systems at under
£2,500:

Commodore Business

CK Software and Petpacks

Our software range covers
hundreds of applications. Business
software includes Sales and
Purchase Ledgers, Accounting,
Stock Control, Payroll, Word
Processing and more. In addition
over 50 Petpacks are available
covering such titles as Strathclyde
Basic Tutorial, Assembler
Development System, Statistics,
plus our Treasure Trove and Arcade
series of games.
c‘ Commodore Approved

Products
Compatible products of other

manufacturers with Commodore’s
mark of approval are also available.

Commodore Courses
Commodore offer a range of
residential training courses and one
day seminars. An excellent start.
And when you hav. installed your
system the PET User’s Club
Newsletter can keep you informed of
new ideas and latest developments.
ETI SEPTEMBER 1380

LONDON AREA

Adda Computers Ltd,

W5.01-579 5845

Advanced Management Systems,
EC2.01-638 931

Byteshop Computerland
W1.01-636 0647

CS.S. Sﬂuslness Equipment) Ltd,
E8 01-254 9293

Capital Computer Systems,
W1.01-636 3863

Centralex-London Ltd,
SE13.01-3184213

Cream Microcomputer Shop,
HARROW,01-863 0833

Da Vinci Computer Shop,
EDGWARE, 01 9520526

L&J Compulers.
NW9.01-204 7525

Home and Business Computers,
E12.01-4725107

Merchant Systems Limited,
EC4,01-3531464

Metyclean Ltd,
SW1.01-828 2511

Micro Computation,
N14.01-882 5104

Micro Computer Centre,
SW14.01-878 3206

Sumlock Bondain Ltd,
ECI1.01-2500505

Sumlock BondainLtd,
EC4,01-626 0487

TL.C. World Trading Ltd,
WC2.01-839 3894

TOPSTVLID,
S$W1.01-7301795

HOME COUNTIES

G.M. Marketing,
ANDOVER, 790922
HSV Mlcrocomput ers,
BASSINGSTOKE 62444

BEDFORD, 40601

Elex Systems Lid,
BRACKNELL. 52929

DDM DirectData Marketing Ltd,
BRENTWOOD, 229379
Amplicon Micro Systems Ltd,
BRIGHTON, 562163

RUF Computers {UK] Ltd,
BURGESSHILL, 45211

T&V Johnson (Microcomputers.
Etc) Ltd, CAMBERLEY, 20446
Cambridge Computer Store,
CAMBRIDGE, 65334

Wego Computers Ltd,
CATERHAM, 49235
Dataview Ltd,

COLCHESTER, 78811

South East Computers Ltd,
HASTINGS, 426844

Alpha Busmess Systems
HERTFORD

BrentCompmer Systems,
KINGS LANGLEY, 65056
Isher-Woods Business Systems,
LUTON, 416202

South East Computers Ltd,
MAIDSTONE, 681263

Micro Facilities Ltd,
MIDDLESEX.01-979 4546

J.R. WardCumputers Ltd,
MILTON KEYNES 562850

Sumlock Bondaln gEast Anglia} Lta.
NORWICH, 2

T&vJohnson‘g vcrocumpulers
EtcjLtd, OXFORD, 721461

H 5.V Microcomputers,
SOUTHAMPTON 22131

Super-Visio

SOUTHAMPTON 774023

Xitan Systems Lt
SOUTHAMPTON '38740

Stuart R Dean Ltd
SOUTHEND-ON-SEA, 62707

The Computer Room,
TUNBRIDGE WELLS. 41645

OrchardEfectronics,
WALLINGFORD 35529

-
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!
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l
|
|
|

L2 ;

Midi icati

S o Sossggonmncstonis. NORTH WEST AND
Oxtord C ter Syst i i i

;8805‘,’[’8%')’( eguyssyg"‘s Y:I:[‘;:!TEE E"’Ig:é‘tlrgincs servicesttd,  NORTH WALES

Co mpu(erCemre iSheﬂteld) Ltd, ".;?,';h’{g‘&';’é hisi

MIDLANDS AND T EHIELD 535 B+ B (Computers) Ltd.
SOUTHHUMBERSIDE  SHEFFIELD, 668767 PBO';og'éoze“t:'c i
Byteshop Computerland, sa“E?FIC&ertsnee;léyﬂems Ltd, F":RSESTON,'“EI"GBl € '

gIRMINGHAM.GZZ 7149 Catlands (Computers) Ltd,

CPS (Data Systems; Ltd,
BIRMINGHAM, 707 3866
Camden Electronics,
BIRMINGHAM. 7738240
Computer Services Midlands Ltd,
BIRMINGHAM, 382 4171
Catlands Corn uters) Lid,
BURTON- REN ,812380
thek Syslems
COVENTRY, B6449

WILMSLOW, 527161

LIVERPOOL

ughton Microsystems Ltd,
I ERPOOL 5 37788

E.C.C
LIVERPOOL 253 5738
Rockelitf Brothers Ltd,
LIVERPOOL, 521 5830

NORTHEAST

gson Ins!ruments

Cume&Maulh
GATESHEAD, 774540
Wards (Otfice Supphes Group,
GATESHEAD, 60591

Elfton Ltd,

HARTLEPOOL, 61770

Jondane Assoc-ates Ltd, Fiddes Marketing Limited,

Ve TRy eras0 e g L MANCHESTER AREA
Davidson-Richards ttd, Newcastle Computer Services, Byteshop Computerland,

DERBY, 36680 NEWCASTLE, 615325 ANCHESTE 2364737
Caddis Computer Syslems Ltd. Format Micro Centre, Computastor

MA CHESTER 832 4761

C lek U.| J

HE. TER 8724682
Execmwe Repro ra hic Ltd,
MANCHESTER, 2281637

HINCKLEY 61 3544

H.8.Com
KETTERING,83922
T?Ior-Wilson stlems Ltd,
N

NEWCASTLE, 21093
Tripont Associated Systems

Consultants Ltd,

SUNDERLAND, 73310

Machsize Ltd, N.S.C. Computer Shops Ltd,
LaECAluIzNGTON SPA, 312542 SOUTH WALES AND MANCHESTER, 832 2269
Office Computer Technlques Ltd. WEST COUNTRY Su';'nloc: E|‘e:r"tﬂlc Services
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B.K. ELECTRONICS

A SOUND CHOICE

* PROMPT DELIVERY % PRICES INCLUDE V.A.T. x AMPLE STOCKS
A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY
~ e—r—

|

STEREO CASSETTE TAPE DECK
ASSEMBLY. Comprising of a top panel
assembly and tape mechanism coupled to
a record/play back printed board assem-
bly. For horizontal installation into cabinet
or console of own choice. Brand new,
ready built and tested. Features: Pause
control, auto stop, 3 digit tape counter,
illuminated twin VU meters with in-
dividual level controls, twin mic, input
sockets, AC erase system, LED record
indicator. (Separate power amplifier re-
quired.) Input Sensitivity: 6 MV (with
level control set at max). input imped-
ance: 47 kOhms. Qutput Level: To both

”

left and right hand channels 150 MV. GEC AM/FM STEREO TUNER Tape Sensitivity: Output — typically
Output impedance: < 10k. Signal to AMPLIFIER CHASSIS. Originally 150 mV, Input — 300 mV for rated
noise ratio: 45 dB nominal. Power designed for installation into a music  output. Di:p Sensitivity: 100mV (cer-
Supply Requirements: 12V AC at centre. Supplied as two separate built  amic cartridge). Radio: FM (VHF},
300M /A, Connections: All connections and tested units which are easily wired 87.5MHz — 108MHz. Long wave
to the unit are via a wander lead termin- together. Note: Circuit diagram and 145kHz — 108kHz. Medium wave.
ated with a nine pin plug (socket pro- interconnecting wiring diagrams sup- 520kHz — 1620kHz._Short wave,
vided). Dimensions: Top panel — 11 %2in plied. Rotary Controls: Tuning, on/oft 5.8MHz =] 16M Hz._ Size: Tuner —
x 6%in. Mechanism fits through a cut out volume, balance. treble, bass. Push- Z%m_ x 15m_x 7' in approx. Power
5%in x 10%in. Clearance required under button controls: Mono, Tape, Disc., amplifier — 2in x 7%in x 4%in approx.
top panel 2%in. Supplied complete with AFC. FM (VHF), LW, MW, SW. Power 240V AC operation. Supplied complete
circuit diagram etc. Price £30.50 plus Qutput: 7 watts RMS per channel, at with fuses, knobs and pushbuttons, and
£2.50 postage and packing. Suitable better than 2% THD into 8 ohms. 10  LED stereo beacon indicator. Price

watts speech and music. Frequency  £21.50 pius £2.50 postage and pack-

ins 12-vol .00.
m3i08 e Lol 1S el £3:00 Response: 60Hz-20kHz within + 3dB.  ing.

6 piano type keys

JVC TURNTABLE. JVC Turntable
supplied complete with an Audio Tech-
nica AT10 stereo magnetic cartridge.

* 'S’ shaped tone arm.

* Belt driven.

* Full size 12in platter

* Precision calibrated counterbalance
weight (0-3 grms )

* Anti-skate (bias) device. Nylon thread
weight.

* Damped cueing lever.

* 240V AC operation, (50Hz).

* Cut-out template supplied.

Size — 12%in x 15%in (approx).

Price £29 plus £2.50 postage and
packing

Bl ot
SCOTT AM/FM STEREO TUNER MODEL 516. This Scott tuner is one
of the top American makes and is offered at a very realistic price. Features: *
FM tuning range 87.5 to 108 MZ % AM tuning range 535 to 1605 kHz %
Usable FM sensitivity 8 2dBF 2.2uV * 300 ohm & 75 ohm Aerial inputs for
FM * Signal strength tuning meter % Stereo beacon indicator * Ferrite aerial
for AM % Mute switch, 10 diodes, 9 transistors and 3 ICs. Size: Height 5in,
‘Width 14%in, Depth 12in. Silver front pane!. Black body. Modern stacking

This de-soldering pump made to a
very exacting specification 1s ideal
for the removal of small com-
ponents from printed circuit boards,

format. Suitable for 240-voit 50Hz AC operation. Price £40.50 plus £2.50 etc. Comes complete with spare
postage and packing. PTFE tip. £5.30 post tree.
PIEZO ELECTRIC TWEETERS — MOTOROLA B.S.R. P163 BELT-DRIVEN TURN-
Join the Piezo revolution. The low dynamic mass (no voice coil) of a Piezo TABLE. This famous B.S.R. turntabie is
tweeter produces an improved transient response with a lower distortion leve! ideal for both disco and hi-ti use where a
than ordinary dynamic tweeters. As a crossover is not required these units can more rugged unit is required.
be added to existing speaker systems of up to 100 watts {(more if 2 put in * 'S’ shaped tone arm
series) FREE EXPLANATORY LEAFLETS SUPPLIED WITH EACH * Belt driven
TWEETER. Type ‘A’ 3in round with removable * Slide-in cartridge carrier
wire mesh. ldeal for bookshelf hi-fi * Calibrated styli pressure gauge
speakers. Price (Type ‘A’) £3.75 each; * Calibrated anti-skate device
Type ‘B’ 3%in super horn. For general * Damped cueing lever
purpose speakers disco and PA sys- * 240v. 50Hz AC operation
tems, etc. Price £4.60 each. Size approx. 1%’ x 13'%' £22.00 +
Type ‘C’ 2in x 5in wide dispersion £2.50 P/P. Suitable magnetic cartridge
horn. For hi-fi systems and quality disco type TTC/J2203.
etc. Price £6.20 each. ) Price £4 post free. (Also available
Type ‘D’ 2in x 6in wide dispersion separately)
horn. Frequency response extending
o down to mid-range (2000 c/s) suitable LOUDSPEAKER
for hi-fi systems and quality disco. Price High quality full range 8'* loudspeaker.
e £9 each. : 10 watts RMS. BOHM. Rolled surround
o Post and Packing, all types, 15p each AT lcentis dorne:
Typa‘A’ Type'C’ Type'D’ (o AR Rgzbilestlets): Price £3.75 each + 75p Postage and

Packing each.

B.K. ELECTRONICS

37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS9 5TY

* SAE for current lists. * Official orders welcome. * All prices include VAT. * Mail order only. ® All items packed (where applicable) in special
energy absorbing PU foam. Callers welcome by prior appointment, please phone 0702-527572

Access and Barclaycard accepted

£TI SEPTEMBER 1980



PROJECT

Enjoy high quality TV sound with this unit, using pre-aligned commercial

modules for simple construction.

CHANNEL sEL’

some of its television music presentations. As well as pro-

viding stereo, this gives a dramatic improvement in
sound quality. In fact TV sound is transmitted with frequency
modulation and can provide good quality (though in mono).
The weak link in the system is the TV audio stage and small
loudspeaker.

This unit enables you to feed a high quality TV audio
signal into your hi-fi; so you will not have to chip your speakers
from their concrete columns or mount the TV in the fireplace
(even though the chimney does provide an excellent ven-
tilating system!} Use of ready built and aligned modules
makes the project very easy to build and it is not expensive!

T he BBC frequently ‘simulcasts’ the sound channel of

Tuner Control

An ELC1043 varicap tuner and IF board are bought
separately (see ‘buylines’) and assembled. A handful of other
components mount on our PCB and provide power supplies
and an optional monitor amp. The varicap tuner is controlled
by a single tuning voltage of 0-30 V. We used a surplus push-
button station selector unit but any source of astable voltage
may be pressed into service. If you are really up to date, you
can even tune the system with your home computer.

Construction

The tuner mounts directly on the IF board. All the holes
are there, as well as quite a few spares, though you will need to
enlarge the holes for the screening can lugs. Two resistors set
the AGC voltage and a capacitor filters the tuning voltage. Be

ETI SEPTEMBER 1380

careful when dealing with the IF board not to disturb any of
the adjustments. Remember the units are pre-aligned.

To The Manor Borne

We had our board running within an hour but then it failed
mysteriously. Manor quickly sorted us out and sent us away
with strict warnings about playing football with the board!
Remember that the TV signal comes in on a wing and a prayer
at a few hundred MHz and even the IF operates at 38 MHz so
show it some respect.

Construction of the PSU and amplifier PCB is straightfor-
ward. Take special care to connect the screening braids as
shown to avoid hum pick-up. When the unit is assembled into
its case, with an aerial connected, a station should be tuned in.
A slight buzz may be present. This can be nulled out by ad-
justing the tuning control whilst making slight adjustments to
the quad coil. This is preadjusted and should not need to be
moved more than a turn to compensate for the effects of add-
ed stray capacitance from the case, etc.

Home Programming

Two versions of the tuner front-end are available. They
are interchangeable. Our prototype used the cheaper Gl
device and we were unable to make any comparison with the
more expensive Mullard unit. You pays your money and you
takes your choice. Whichever you choose, this project will
reward you with quality TV sound. We cannot help with the

programmes . . . .
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Fig.1. Circuit diagram.

—HOW IT WORKS

The TV signal is converted from its UHF carrier frequency down to a
more manageable 38 MHz intermediate frequency (I} by the varicap
tuner module ELC1043. 'Varicap’ refers to the variable capacitance
diodes which replace mechanical tuning capacitors in the front end. The
capacitance of the diodes varies according to the reverse bias voltage ap-
plied to them. All diodes exhibit this effect but varicap diodes are op-
timised for operation as capacitors. A relatively high voltage is required
and an extra 30 V supply is generated (channels 21 to 34 can be tuned
with 0 to 12 V supply).

‘ The output from the tuner module is coupled to the IF stage via a
1n0 capacitor. Our unit came with the capacitor mounted in place — a
small disc ceramic is fine. The two cans on the IF sub-assembly are Philips
G8 colour receiver modules. Their output is coupled to the TAA570
detector via a 6 MHz ceramic filter which removes the video signal but

the 6 MHz FM sound carrier. Keep your wiring away from this
area of the board. If you touch a finger to the ceramic filter you will hear
a variety of AM broadcast stations come booming through! The audio H
output is coupled via a 1uF electrolytic capacitor.

Note that a video signal is available from the IF board. Although it
has a reasonable level — around 1V0 peak-to-peak — you will need to
buffer the signal before attempting to use it. Refer to the GB service
manual for suitable circuitry.

Both the tuner and IF board are supplied pre-aligned. A 100n
capacitor is added to the board to filter any track noise from the tuning
control and two resistors are used to preset the AGC for optimum gain. A
TAAS570 detects the sound signal and produces an AF output of a volt or
s0. This signal will drive your hi-fi directly or via a resistive divider if the |
amplitude is too high. We incorporated a simple monitor amplifier in
our design.

The power supply is quite conventional. A 30 V AC winding is half
wave rectified producing a DC voltage of about 43 V. This is pre-
regulated by the circuitry around Q1 to reduce the supply below the 40
V absolute maximum required by IC2. This is a 723 regulator chip con-
nected to provide a stable nominal 30 V supply for the station control
unit which feeds the tuning voltage to the TV front end.

Output current is limited to about 20 mA though in normal opera-
tion only about 1 mA or 2 mA will be drawn. A 12V AC winding is rec-
tified and regulated with a 7812 IC regulator. This supplies the IF board .-
(about 100 mA) and an on-board monitor amplifier — the LM380. If
you do not require an amplifier then omit RV1, IC3, C78 and the
loudspeaker. Note that IC1 runs rather warm and should have a small
heatsink fitted. Although we used a surplus TV station selector unit, any
multiturn pof(s) may be pressed into service. 100k units work well.

amp behind.

74

..........

The ready-built IF sub-assembly fits along the front of the case, with our monitor
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PROJECT: TV Sound Tuner

*

TUNING
CONTROL

~ VARICAP
/" TUNING VOLTAGE

S —

\ N saov
e MAINS

EARTH

BOLT EARTH ‘ /o AF OUT
THROUGH TO f
IF BOARD METAL CHASSIS <, - 2
AF OUT

(METAL CASE ACTS
AS EARTH RETURN)

LOUDSPEAKER

Fig.2. Connections between our amplifier and the ready-made IF board.

PARTS LIST N—

30V AC

Resistors All iW 5%
R1

1k0
R2 8k2
R3 39R
R4 33k
R5 10k
one 6k8 and one 2k2 resistor are required to set the AGC level.
Potentiometer
RV1 100k log.
Capacitors
(&] 220u 63V electrolytic
Cc2 1000u 25V electrolytic
Cc3 220n polyester
c4 470n polyester
C58 470u 25V electrolytic
cé 100p ceramic
c7 4u7 tantalum
one 100n capacitor is required to filter the tuning voltage.
Semiconductors
11 7812
1C2 723
IC3 LM380
Q1 BC108
D1—-5 1N4002
J D1 36V zener 1.3W (BZX61)
” Miscellaneous

12V transformer, 30V transformer, heatsink, loudspeaker, varicap tuner,
IF board, case.

BUYLINES #
. QUAD €D

The ELC1043 varicap UHF tuner and IF sub-assembly are available from: -

Manor Supplies,

172 West End Lane,

London NWe6.

Tel: 01-794 8751.

They can also supply a suitable push-button station control unit.

1= ! The UHF tuner mounted on the IF sub-assembly.

e
Pp. Sug

)
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_Happy
Memories

4116 200ns  £3.95 4116 150ns  £5.50
2114 200ns £3.95 2114450ns £3.45
2708 450ns £4.95 2716 5volt £10.95

MEMOREX mini discs soft sectored
£19.95 per ten with free library case

NASCOM OWNERS

-

T i

MICROPROCESSOR CASE

3
=" £222 + VAT

AT LAST . . . A Case you don’t have to lever your Micro into. Made
from 16 Guage Aluminium, strong enough to support a Monitor
and Cassette. Enough space for Keyboard, P.S.U. Mainboard AND
two Expansion Boards (Can also be used for other type Micros.,

etc.).

Send cheques or POs for £25.30 to:

) CYBER ELECTRONICS CO. LTD.
Pavement Square, Addiscombe, Croydon R0 6RD
(Trade enquiries welcome)

E'VE
MOVED ,

All prices include VAT, 30p postage on orders
below £10
Access and Barclaycard
All orders to:
Dept. ETI

HAPPY MEMORIES
Gladestry, Kington

ASCII CODED KEYBOARD £47.15

Designed for ease and accuracy of use, with 60 keys arranged
in stepped rows, auto repeat and 2-key rollover. UC and LC

ASCIl coding. S.a.e. for data.

THE ZX80 MAGIC BOOK £4.75

15 plus programs including Hammurabi, Animals and Othello.
Programming tips. Hardware notes. Memory extension circuit.

ZX80 | /0 and Memory Boards. S.a.e. for details

All prices inclusive of VAT, p&p

Herefordshire HR5 3NY
Telephone {(054422) 618

TIMEDATA Ltd.

57 Swallowdale, Basildon, Essex

PCB OFFERS

{1A) 100 bit shift register PCB,
116mmx94mm containing
9% 7491,6x%x 7496 and 1 x7441
Terrific bargain 85p. p&p 30p.
(1C) PCB 215mm x 290mm
12xTMS 3122J (or-sim.} Hex
32-bit Shift Reg + 39 ICs £2. +
50p p&p (imited stocks)

MPU CORNER
2122 (200ns), £3. 2114 (450ns)
£4.50.

1702 £2.50. 2708 (400Dns)
£4.50,

74125 for £1 + p&p 25p
MK 1002P (dual 128 bit Shift Reg)

35p.
;M71 1CH {Voltage Comparator)

Op.
MM5240 Character Generator +
Data 2560 Bit (64 X 8 x 5}
£3.50, p&p 25p
{All Full Spec)

2526 Character Generator (64 X 9
X 9) £2.95 + data & p&p 25p
International rectifier SOLID
STATE RELAY type A2402. Out-
put 240 VAC 2.5 amps input 90-
240 VAC/45-200 VDC £6.00
p/p25p

D TYPE CONNECTORS
15 Way' wirewrap plugs only 75p.
25 Way ribbon plugs £1.20.
25 Way. sockets (solder) £1.00.
50 Way: skt {wirewrap) £1.65.
50 Way' skt £1.45, p&p 25p

COVERS
37 Way: 80p. (plastic) p/p 25p

DISPLAYS
HP 5082 4 digit DIL dsplay fuli
spec £1.50 each p&p 25p. Large
quantities POA
MAN 72 7 seg CC £1.25 p&p 25p
Burroughs Panaplex 9 Dig. + skt
and bezel £1.00, p&p 25p
LED 3 Digit DIL 55p. p&p 25p
Bowmar 9 dignt 1in LED with red
bezel {As used in calculators)
£1.00 + 25p p&p

SUPERSAVER
Ribbon Cable Headers 16 DIL
Jermyn, gold plated. with cover
45p, p&g 25p.
UPERSAVER 2
Tantalum Capacitors 25 volt. 4.7
uF. 14 tor £1.00, p&p 25p.
SUPERSAVER 3
PRICE SMASH FND 500 .5in.
LED displays. futt spec £50p each,
p&p 25p, large quantities POA
SUPERSAVER 4
HYBRID SYSTEMS DAC 371-8 8
Bit. Dil packaged, ideal MPU users
with data, £2.95, p&p 25p
SUPERSAVER S
Battery eliminator 6VDC
200MA 240VAC input ideal for
calculators, radios, etc., give
away price 95p each. Large
quantities P.O.A.
SUPERSAVER 6
RS 338-383 Mimature Decade
Thumbwheelswitch. £1.65, p&p
25p.  SUPERSAVER 7
SN74116 Dual 4 Bit letch 75p,
o&p 25p.
SN7418 Arithmetic Logic Unit,
80p, p&p 25p
SN74194 4 Bit Register, 50p p&p

25p.
SN74198 8 Bit Shift Register, 75p
p&p 25p
SUPERSAVER 8
ITT 4cx 250b brand new full
spec £7.50 each p/p 25p
SUPERSAVER 8
4 digit 7 segment DIL lead displays
4 for £1.50 p/p 25p
SUPERSAVER 10
9 way male/female connector,
ELCO 8129. 0.1 inch pitch, gold-
plated PCB mounting. ideal. for
bussing two PCBs together
Superb value. 35p, p&p 25p
SUPERSAVER 11
STAR OFFER. Dynamic hand
microphone 200 ohm with lead
and 5 pin plug. £1.25 {(unrepeat-
able} p&p 30p
SUPERSAVER 12
TMS 3128NC Static shift register.
£1.50, p&p 25p

SUPERSAVER 13
PL259 (UHF} Elbow Connectors,
50p each, p&p 25p

SUPERSAVER 14
MPU pcb containing BO8A, 2708,
2114 x 24 (all socketed) plus
74TTL/LS etc.. sorfy no Circuit
diagrams £28.50 each p/p
£1.00.

SUPERSAVER 15
5K multiturn tnmpots. PCB moun-
1ing. per box of 14 £2.50, p&p

250 SUPERSAVER 16

Yet another star bargain. Astec
UM111E36 modulator 65p each,
p/p25p

«w*** LB ELECTRONICS e

GIVEAWAY
22 pin low profile dil socket,
goid
12p EACH
p&p 25p

W% TELEPHONE:

LEDs (Full spec).
TIL209. red 10p. 0.2in, red 12p.
0 2in. green 28p. 0.2in. yellow
28p.
RL54 red Axial lead. 15p.
P&p on all above 25p
VERNITRON Ceramic filters type
FM4 10 7MHz 45p, p&p 25p
TRANSISTORS, BD236 40p, ¢
BC183L 10p, BF195 10p, SGS
2N3055 30p, p&p on all 25p.
TBA 810S. with data. 85p, 4-way
Dil switches. 75p. MC1303 Dual
Stereo preamp with data, £1.25.
7in. Nylon cable ties 100 for
£1.50. All p&p 25p.
NEW SN76477 (Yes. back in
stock). Sound Generator IC (Train.
plane. explosion, laser gun etc.).
with data £3.25, p&p 25p.
PCB KEYBOARD, 65mm X
82mm, 18 key Clickers less Key
tops. ideal Hexadecimal use 35p,
p&p 25p.
CAPACITOR SCOOP. 1,600uF
at 10v. 160uF at 25v. Axial lead. 2
dozen for £1 + 25p pép. )
PAPST min-fans 80mm X 80mm
{approx) 220V 50Hz Brand new
£8, p&p £1 (limited stocks)
Pewec Boxer. As above but 115v
at £4.50 + p&p
iEC mains chassis plug 75p suit-
able socket 35p. p&p 25p.

WE STOCK PETs

8K version £699. SAE for the PET
SORCERER solttware lists at dis-
count prices.

We can also offer a 4B-hour repair
service for out ot warranty PETs
Telephone for details PET edge
connector 40x04 £1.40 each
p&p 25p

IC HOLDERS (Low-profile)

8 Dil 12p 14 Dil 15p
16 Dil17p 18 Dil 20p
22 Dil 28p 24 Dil 35p
28 Dit 45p Aft p&p 35p

WE STOCK a vast range of TTL,
CMOS some 74LS MINIATURE
TOGGLES. etc.
PSUs. We have a large stock af
power supplies at very realistic
prices {callers)

RELAYS
ITT 700 ohm Single pole
changeover. 45p. BANOR reset-
table double pole changeover 12V
£1. Both p&p 25p

CIRCUIT BREAKERS
4450v AC 65v DC 0.5A 50p; ditto
7A 80p, p&p 25p .
ALLEN KEYS, 7/16in 5p; 12 for
50p; p&p 25p.

ASR33 {with tape punch reader),
generally overhauled. £185.00
inc of VAT

Centronics secondhand printers,
varous types (o/h), phone for your
requirements.

MEMOREX 651 dual disk drives
complete with power supplies and
format electronics (sorry, no data
as yet), £350 each inc of VAT
Recordacall telephone answering
machines {GPO) line matching

55399
e Ali compenents full
spec

UXBRIDGE 55399

transformer removed) sold as is
from £2 to £10 depending on
condition. Fitted with very nice
standard cassette deck With
circuit diagrams. SORRY BUT FOR

CALLERS ONLY.

Terms cash with order {official

orders welcomed from colleges,
etc). All enquiries s.a.e. please. All

prices inclusive of VAT, unless

otherwise stated. Postage as

shown per item.

FOR THE PROFESSIONAL

USER. CP Ctare Keyboard

switches with buttons (blank) 65p °
each plp 25p.

Gould PMA 47/10 015V 3A

Brand new 45p p&p £3.50. Many

more in stock but in small

numbers. Please phone ftor

requirements

PLEASE DO NOT ORDER GOQDS

FROM OLD ADVERTS. PHONE

BEFORE ORDERING.

SURPLUS STOCKS

PURCHASED
FOR CASH

LB ELEGTRONICS
11 HERCIES ROAD
HILLINGDON, MIDDLESEX
UB10 9LS, ENGLAND

Al enquiries s.a.0. please

New retail premises, now open
Mon. Thurs Fri. and Sat. 9.30-
6.00. Lunch 1-2.15 weekdays.
Closed alt day Wednesday. We are
situated just off the A40 Opposite
Master Brewer.

- i
K. W UXBRIDGE
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I 1 @ in .B QUARTZ LCD
QUARTZ LCD Slim | QUARTZ LCD ALARM. | Alarm/Chronograph.
GENTS  QUARTZ GENTS QUARTZ LCD. Chronograph. 11- 6 digit, hours, mins, secs, iy u °'°’;S- g v
LCD, 5-function. SAME AS 1 - Alternative function. Hours, mins, day, date. 24-hour alarm daltns, msoe 1}51' l/alyd
Hours, minutes, secs, style. secs, 6 digit-month, date, with on/off indicator. 5 ce's,t wr:'nc'h lit
month,  date, ~ back- ONLY £4.95 day of week, 1/100 sec | QNLY £8.95 el 160 maties, 12
light. : stopwatch, split and lap ) and Za4phronuor r?\sc;des
ONLY £4.95 rao’slff'vbz‘;d'gr;' 24 houralarm.
' i 3 ONLY £12.95
IWe don't believe you
can find better value
combined with quality, .QUART.Z LCD
than these — our special Musical Multi-
introductory prices. TRROTAL Alarm/ Chronograph.

6-digit. Hours, mins,
secs, day, date,
1/100 second
stopwatch, split and
lap modes, 24 hour
alarm, dual time

Compare the savings we
offer and order now.

m CREDIT  CARD
CALCULATOR. Very

zone.

slim with standard 4

functions plus ONLY £13.45

memory, percentage

and square root.

Complete with a mock E] SINCLAIR

leather wallet with PROGRAMMABLE

credit card pocket. SCIENTIFIC
CALCULATOR

ONLY £6.95

@ BELTIME 29F. Alarm/
Chrono. Advanced
: and accurate, this
watch has 8 time
functions, 4 alarm
functions and 17
chronograph func-
tions. Complete with
backlight and stainless
steel bracelet.

ONLY £19.95

]12‘
GENTS ANALOGUE
QUARTZ. Conven-
tional display, ac-
curacy normally

associated with digital
watches. Automatic

Genuine programmable model
using micro processor
technology, this amazing device
is more like a computer than a
calculator. Ccmplete with
programme library book con-
taining approx. 370
programmeas for ELECTRONICS,
MATHS, PHYSICS,
ENGINEERING ETC. Limited
quantity available.

ONLY £7.95

+ 75p carriage.

LADIES QUARTZ
LCD. 5-function as
Gents No. .
Available with black
or white face.

calendar, elegant and ONLY £5.95
robust.
ONLY £19.95

AR s

TP

i

LADIES QUARTZ
LCD. SAME
FUNCTIONS AS 8. —
Alternative style.
Available with black or
white face.

All watches have fully ad- ONLY £5.95
justable, matching
stainless steel straps, and
demonstration battery

fitted (this battery is not 10
guaranteed). Please add §

LADIES QUARTZ
LCD SAME AS 10.
Alternative  “"Round”
shape. Available In
gold or silver colour

e 60p for each spare battery
required. LADIES QUARTZ
All products carry a Full 7- LCD. 5 functions,
Day Money-Back Reassu Dress Style. Functions
rance. plus 12-Month same as 1. Available
Guarantee Prices include in gold or silver colour.
VAL ONLY £8.95

|
I Please send me items..........c.. ... {iist numbers) l
Send stamped addressed | enclose cheques/P.Os for £ ...,
envelope for Colour ‘ INAM Bt i vesginss 573Kt nes o osenssseomamvases o o1 B
Brochure of 120 other 78 CASTLE STREET, l ADDRESS oo
bargains. MELBOURNE, DERBY, i i
DE?7 TDY Piease add 36p P/P per item ETI 4
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CONVERT THIS UNIT TO A
SUPER BATTERY
CHARGER

Attractive green ministry quality case with
removable top & bottom plates — heavy
duty power switches—high powered resist-
ors to control current — good quality centre
mounted Amp Meter — strip of wing nut
terminals on tront panel which can be used
tar connecting leads.

aLLTHis For £3.50. pep 2
FOUR UNITS FOR £12. Carriage £5.

STEPPING MOTORS

6712 position with additional where the

rotor 1s coils. Device can be used as a tacho

Diagram supplied. Will actually work on 5

volts, 12/24 recommended

£1.50 each P&P 75p or 5 for £5 p&p
£1.50

709 DIL 14 PIN
OPERATIONAL AMPLIFIERS

a2 8p each
100 off 25% discount

MINIATURE KEYBOARD
Push contacts, marked 0-9 and A-F and 3
optional function keys.  £1.75 ea. P&P 65

BLUE THERMAL PAPER
430ft. roll, 82" wide
£2 perroll. PEP £1.75

STEPPING MOTORS
North American Philips. 5 volt
3.3 amp operation. 2 wire. PPS
0-200 revs per min. 0-250 used.

Tested.

£16 each P&P £1.50

MUST CLEAR
POLARAD SPECTRUM

ANALYSER
5’ Display. These are supplied with STU 2
plug-in. 1to 45 GHZ,

£85 each
TRANSISTOR INVERTER

115V AC, 1.7Amp Input. Switching is at
20KHZ OQutput windings from Pot Core.
Can be rewound to suit own purpose or unit
can be broken for host of components.
Circuit supplied

£1.25 each rsr c2

Rxs 770R Mk. (I

940

OLIVETTI PRINTER & KEYBOARD type Te 300
with PUNCH & READER. Upper case ASCIl with V24 Interface. 240
volt operation.

£125 each

INFRA RED IMAGE
CONVERTER type 9606 (CV 144)

1%’ diameter. Requires single low current 3KV 1o 6KV supply.
Individually boxed. With data
£12.50 each P&P 75p Infra Red Lamps also advertised

S'TEPPING

MOTORS
200 steps — 20 o0z./in. torque.
12/24 volt input, 4 wire.

£12 each P&P £1.50

STEPPING

MOTORS
200 steps. 20 0z./in. torque
120 volt operation, 3 wire.

£4 each P&P £1.50

LARGE QUANTITY OF PHOTOMULT!-
PLIERS

770R used

RXs 730710 usea’

Limited quantity only .

£100

alt with information. British approx. 2"
window £2 ea. Bnitish approx. 5'' window
£3.50 ea. American approx. 2" window £4
ea. Special American version by RCA £6 ea.

P&P all photomultipliers £1.50 ea.

KEYBOARD PAD
Size 3 x 2% x 2" high with 12 Alma Reed
Switches. Blue keys marked in green 0-9
and a star with one blank.

£4 each rer £
oD for £15 rare2

BC172
B8Zv8B8av7
82v8813v
2N3006
tN4305
BZX79C12
BC2128B
SN76550
IC 7451

MCa001
MC4012
MC4020
74C20
74C08
74C10
MCa049

TiS92
TIS93
2N3704
2N5447
2N5449
2N3053

REGULATORS — att at 45p each. MC7B05, 7812 7815. 7912: 7915
MC14936L 70p

16 pin DIL Socket 10p. 14 pin DiL Socket 8p

LED 1ype TIL 209 Red with holder 10p each

SLOTTED OPTO SWITCH supplied with data — normally over £2 QUR PRICE 75p each

ROCKER SWITCHES 2 pole ¢ /0 — 18p cach

Spring Acton TERMINALS — noimally over 30p sa OUR PRICE 16p each

TOROIDAL TRANSFORMER O-115V-230V Input 13.5V — 0 — 13.5V rated 8VA output £1.70 each P&P 75p
Sub-min TRANSFORMER 0120.240V Input 12V-0.12V rated 4VA Output 78p each P&P 50p.

VER FEW
OF THESE
£175
EACH

24V INVERTOR VERSION
SPECIAL GOVT. QUALITY

VGC

LED.s
Standard White $2p; Standard Yellow 15p, Small White Bp.

BEAD
4 7ut
100 oft

TANTALUM
CAPACITORS.
25V. 10 oft £1;
£7.50.

TEXAS Low Profile 40 pin
IC Sockets 45p each.
SMALL TRANS-
FORMER. 240V Input
Output 2 windings 12V &
24V 1t amp. £2 each.

We still have a large quantity of
TEST GEAR, OSCILLOSCOPES,
SIGNAL GENERATORS ETC,
and they are priced to move.
Catters welcome or wite o1 Better Sull PHONE for details
REMEMBER WE WILL
CONSIDER OFFERS

DIODES
Ali new fult spec. devices. IN3063; BAX 13;
IN4148; 1S44. 100 off £1.50 — 1,000 off

SO SIMPLE — SO SAFE
Fit a push button CIRCUIT
BREAKER Small compact
3 retings 08 18 &
10AMP  State which one
wheh ordening 75p each.

MAGNETOS
NEW BOXED
Originalfy for 14 cyl-gipsy
Very adaptable

£4.75 each

AMP METER 2%’ dia
Scaled 0-80. Basic 76MV
FSD. Complete with exter-
nal 60Amp Shunt. £2.50
each. P&P £1.50.

dog) haopy -foe £1. PP (1 60
TRANSFORMERS

AUTO 240V input 116V 1 Ampoutput £1.25esch. P&P L1 25
240V input. So. BV | 86A Bkw Swe 2 x 2 x 2" Good
guahty £1.50 ea. P&P ¢ 1

240V inpus Bac 12V 0 82A Swe 2% x 2 x 2''

Misnore MDTDRS 12V with geared wheel (8 teeth 3
Sue 1%a = 3" dia New 30p ea.

MOTOR 12V DC with pulley and mtegral semiconductor Speed
Convrol New £1 e,

LEDEX ROTARY SOLENOIBS. 116V DC No switch assembly
15p ea.

16" da)

Good qualiy

£10.

VARIACS EX Equipment Good condion 8 Amps
20 AMPS
Soma 3 phase availlable Please enguire

CRYSTALS
19 2KHZ FLAT METAL CASE — 50p each.
10 MHZ B7G 50p aach.

& LOUD HAILERS
Tamsistanset! o tekd o feads
tuttenes supplied Howt swatch

£20 each. PRP 1+ 7

standard angrngl

TRANSFORMERS
Secondary outputs
6KV (1 75A £15 ea.
3430V 0 66A wnh matching 40H Choke £30 the pair

3KV 50MA £8 aa. 4 Voits 250 Amps £10 ea.

18%v JOMA £60.

22 5KV 110MA £50 es. 5KV 300MA €15,

60KV 0 0273 £150. 12KV 30MA £20.

MULTE PURPOSE MAINS TRANSFORMER 4 windinifs gach
winding 0 10 110 125 at 4BA £15 es.

425V B0HZ 2 Wee nput Qutpur 8 6Ky 2 55KVA Could be
i on 240V at ' rating £15 sa.

STEP DOWN ISOLATING TRANSFORMER input 220 250V
50HZ Qutpul 116V 1| BKvA BRAND NEW These are very
ronservatively rdied £20 ea.

CAPACITORS

Jwta 5KV £4 0 5 mitd 10KV EQ ea.

05 mid brY = 8 mtd 2 BKV £4 ea.
CARRIAGE an these s will be charged at cosl

Standard Mas inpuy

INFRA RED OUARTZ LAMPS.
-~ £1.51
BRIDGE RECTIFIER. 2 Amyp 50p an
PHOTODIODE DETECTOR 4" tiv leads 25p ew.
AMPMENOL 1wy hdsals mount sdge connedtots ¢
\;w nay 15p

tc Sldl‘oald MAINS LEAD. Moukted ¢ vertcal Hat pinscentre
ol “\( 11 60p ea.
FANS. 115V 13 Wants S 45 »
£4.50 #a. Srxanithand £2.50 ea.

2308 IO Watty S 137

. BRAND NEW

1 ox 1

DIAMONO H CONTROLS ROTARY SWITCH. Single pole-
1Q way Punted Creut Maunt New 10p ea

DELAY LINE. 50 nanosecs 3 connections ground-in out Swe 2
7 16 x 16" New 25p ea.

PULSE TRANSFORMER. Sut nun Suw '
Secongary centre lapped New 20p os.
MOTOR vy Iniand Moter Corp DC High Torque Reversible
Usebile 1orque ot SV Mdx voltage 24V £2.50 ea. P&P 12

REMO TV TYPE MULTIPLIER. Two bigh valtuye wutputs and

forus F1 each.

DON'T TAKE CHANCES. Use the proped EHT CABLE 10p per

metre «r £7.50 per 100 mewre /drum. P&P '3

MOTOR by Eastern Au Devicry I 128V eversible wilh oot
shutt 10 weeth a7 il Swe 20 o 75p ea. PAP 1
PHOTOGRAPHIC LAMPS. vai 230V 600 watt Screw capr
75p es. Bas ot 12 €650 P&R 1 50

MYSTERY IC PACK. Some 40 pin — good mixture — all new

devices 25 ICs for £1. P&P 50p You find out what they are and

we Bl by the informanon lrom you

VACUUM PUMPS — TRAPS, ETC, Send for list
DECOUPLING CAPACITORS. 0 05mid 10V. 0 01mid O 1mtd
50V 0 047mid 250V All values 100 tor £1.

E.H.T. CAPACITORS 500pt 8KV 20p each.

10-WAY MULT) COLOUR RIBBON CABLE. New 40p per
metre. 10 metres for €3.

GEC UHF 3-bution tuner £1.50 sach.
CENTAUR 115VFEANS D .+ 1+ 177
EX-USED equipmint st 60p each,
POTTER & BRUMFIELD TIMER RELAY, 116y AU Houy
tuty 7 g Coxowatn 2 seponi! delay Chargee R & C for iftttenne
“nung 50p each,

SPEAKERS 2° " Lt ohm U )W Niw 40p each

RAPID DISCHARGE capaciiors Bmtd 4kV £5 each. P&P 2
BI6G INCH Motor. 110V AC 3 ipm 50 cycle Very small §0p
aach,

CONTACTORS. Heavy Duty 24V OC % muke £1 each,

GEC UHF VHF & huaion wunr £2 sach,

DIGITAL 24-HOUR CLOCK with Ly atLihary as et 1 Bron
Dgutal ks smn- raanimyg Lorae onioated numienaly A
nay S 6 1 WS ONLV £3.75 esch.

931A PHOTO MULTIPLIER wsthiohess sleel et witk
WA L DI T Ton vnwmu £2 ench. P&P ;¢
SUIVER CONTROL 500W. Lug Singie track  Co
aophe Lty 25p each.

RANCO 250V 1BA THERMOSTATS wet (artint hnahs

lbeded SU D degne C £2.50 each

SOLID STATE UHF TUNERS. it £ each

BRANO REX tilue weare verdpn 400 00 s foor €1

Sin SOLID RUBBER RINGS 17 hs ibbwrs Keep 1 kidds «

X 5 18 x .

£4.50 ea.

Wl te wath

£1.50 ea. PAP (|
240V input 12V 100MA Size 60 x 40 x 42men 50p each.
240V input. Soc 12:0-12V 50MA Size 53 x 45 x 40mm £1
ea.

115Vinpur. Soc 5V 250MA Size 111 6 x 15 % 1%’ 2 for
50p.

SEMICONDUCTORS
At 5p each:

3BC147. BC148B BC157. BC158 BC237. BF197
OAB1 BAtS4 BA243

At 25p each: TIP3! TIPGI1A IN5(96 AF139 2Tx241
8Y127 10p. 85181 20p; BD239 49p; BD241 40p; MA343AT
40p; BD228 50p: BD233 & BD234 Comp Parr 25W — 80p per
pr. at 50p esch.

REGULATOR TBAB2S 8 10 20V 1in — 5V out 100MA TO5 Con
S0p each BF256C 2Cp. TV AMPLIFIER TBA 120 20p each.
Integrated Circuits

1N4005 — Bp; INAGO3 — 3p.
0A80

75325 £1
SN15862 4p
MCI028  69p
117 14p
7141 40p
74C86  50p
74161 24p

7453 5p IELREY 12p
351 5p J3R51 70
7402 12p 71538 10p
1476 20p 74502 12p
1495 35p 74154 70p
Bn s Jicoa 180
’ 7 74C74  18p

MOTOROLA DUAL i1 Line 6 pin Opto Caupier 30p each. Gold
plate 1ester version 50p each.

EPROMS 2708 £5.50 each.

TELEPHONES 706 stylc black o yrey £5.50 each. 746 siyle
black o1 qrey £7.50 emch. Older siyle tlack £2.50 each. P&P
11 50 pe: telephone

Houneywell humidity contoliers S0p each.

THYRISTOR TIMER. Salid State 18 secs adjustable eset) in
plashe 1e1ay case Star.dad 7 pm base Seres delay 50p each.
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3 way
10p esch.

VARIACS. 2 amp Stundard 240 volts £10 esch, PAP |7
ELECTROST/~IC VOLTMETERS. / 5KV £8 ewch. PAP ¢ 1 50
Othier 1anges avaiable Please enqune

TAIMMERS. Subnun (02510 1 25pt 1o 3 Spt 71 45pt All
at 6p ench,

TROWN repiarement MOTOR tor 1BM GOLFBALL TYPEWRITER
115volt 50HZ 1350 run § £4.50 ea. P&P ¢

SMITHS encapsuiated transstotised AUDIBLE WARNING
NEVICES 2V 12V Can be tnven rom 111 85p each

MINIMUM ORDER £ 3 VALUE OF GOODS MINIMUM P&P £1 — where P&P not stated please use own discretion — excess retunded CARRIAGE ALL UNITS
th P&P or CARRIAGE and VAT at 15 on total MUST BE ADDED TO ALL ORDERS

CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc.

BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome.

CHILTMEAD | |

NORWOOD ROAD, READING TELEPHONE NO. READING 669656

(2nd turning left past Reading Techmcal College i King s Road then first night ~ ook on tight for door with

Spoked Wheel )




—PROJECT

This unique and modestly priced piece of test gear uses the very
latest 32 digit LCD DVM module and acts as a combined 25-range
digital multimeter and a 5-range digital frequency meter. It's

another ‘first’ from ETI.

gear are the Digital Multimeter (DMM) and the Digital

Frequency Meter (DFM). These instruments are highly
accurate, rugged and can be used in any attitude (vertical,
horizontal, upside down, etc). Trouble s, they tend to be a bit
expensive; a decent pair of such instruments costs about
£200.

We have overcome the price by producing a unique
30-range digital instrument that acts as a combined 25-range
DMM and 5-range DFM. We've decided to call this new
instrument a Digital Test Meter, or DTM. Our DTM s
designed around the very latest 34 digit liquid crystal digital
voltmeter module (thereby simplifying construction), is
powered from two 6 V battery supplies and typically gives
several months of operation from a single battery set.

The AV (alternating voltage) ranges of the DTM are
frequency compensated; they are typical responses that are
flat within 1% to 40 Hz or to within 1 dB to 120 kHz.

The resistance indicating section of the DTM uses a
ratiometric measurement technique and a test voltage of
about 300 mV maximum, thereby enabling in-circuit
resistance measurements (such as a resistor in parallel with a
semiconductor junction)to be made without forward biasing
in-circuit junctions. The DTM is provided with an
independent facility (via a specific test terminal) for testing
semiconductor junctions

T wo of the most useful pieces of modern electronic test

The frequency meter section of the unit can be used to
measure frequencies in the range 10 Hz to 1.999 MHz. The
input impedance of the section is roughly 200 kHz and signal
levels in the approximate range 10 mV to 100 V can be
accepted.

The DTM is provided with a built-in precision 1V2 DC
reference, which can be used for basic calibration of the DC
and DV ranges. Resistance calibration is automatically
established by built-in standard resistors. The instrument
must be compared with external standards to calibrate the
basic AC, AV and frequency ranges.

Accuracy

The basic 3% digit DVM module used in the DTM is
intended to read 100 mV full scale, with 100% over-range
capability (giving a maximum reading of 199.9mV). The basic
module is capable of reading with an accuracy that is within
0.1% (one digit, or 100 uV) of full scale, once it has been
initially calibratéd against a suitable reference standard.

In practice, all other ranges of the DTM are obtained by
feeding inputs to the DVM module via resistive potential
dividers, current ranging resistors and resistance standards,

In our prototype DTM we've used 1% resistors in all
pertinent positions, thus giving the completed instrument an
overall accuracy of 1% which we consider to be adequate
for most practical purposes. If you want higher accuracy,
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Refer to the main circuit diagram and make the
following connections. Wire up SW1d and make the
connection to RV1 slider on PCB A. Wire up SW1f and make
the connection to COM terminal on the DVM module. Trace
the DV (direct voltage) path through the circuit and make the
appropriate connections as follows. From SK2 to SWia
common; from SW1a DV to R6 and from the R6-R12 chain to
the 1 to 6 pins of SK2¢; from SW2¢c commonto SW1b DV/AV;
from SW1b common to SWic DV and AC; from SWic
common to SW1e common and to the IN HI terminal of the
DVM module. )

Wwith all the above connections made, double check the
wiring and then switch the unit on. Short the instrument’s
input terminals and check that the DTM reads 000 on all
ranges in the DV mode. Switch to the 1 V range, connect the
unit’s input terminal (SK2) to SK1 and trim RV1 to obtain a
reading of 1V2 (1200). The unit is now approximately
calibrated (within 5%) on all DV ranges. Remove the
connection from SK1 and check that the unit is functional on
all DV ranges.

If you have access to a precision DV source or to an
accurate DMM, you can precisely calibrate the DTM by
switching it to the 100 mV DV range, connecting a known
input test voltage (100199 mV) and adjusting RV1 for a
correct reading.

' Decimal Pointing

Refer to the main circuit diagram and make the
connections from + 6V to SW2f common via R24 and from
the SW2f range pins to the D1, D2 and D3 terminals on the
DVM module. Switch the DTM on, on the DV ranges, and
check that the decimal point appears in sensible positions on
each range (eg 100 mV reads 100.0 on the 100 mV range or

"~ 100 on the 1 V range).

Refer to the main circuit diagram and trace the AV
(alternating voltage) path, making additional connections as
appropriate, as follows. From SK2 to the top of R6 via SW1a
and C1; from the output of the R6-R12 chain to SW1b via
SW2c; from SW1b common to R41 of the AC/DC converter
on PCB A and to the DV and DC pins of SWic¢; from R46 of
the converter on PCB A and to the DV and DC pins of SW1c
common to IN Hl on the DVM module.

When the above connections are complete, set the unit
to the 100 mV AV range, connect a 1 kHz sinewave of known
amplitude (100-199 mV) to the input of the DTM and adjust
RV5 for a correct reading. Switch the unit to the 1 V range,
increase the input signal to a sensible value and check the
frequency response of the instrument. The response should
be virtually flat from 20 Hz to 40 Hz; if necessary, the value of
C2 canbe padded upslightly toobtain the required response.
Check that the unit is functional on all other AV ranges.

DC Ranges & AC Ranges

Refer to the main circuit diagram, trace the DC (direct
current) circuit path (via R1-R5), add all appropriate
switching connections and then give the unit a functional
check on all DC ranges.

Refer to the main circuit diagram, trace the AC
(alternating current) circuit path, add any appropriate
switching connections and give the unit a functional check
on all AC ranges.

Resistance Ranges

Refer to the main diagram again, trace the resistance
measuring circuit (viaR13-R18 and SW2d, SW1d-SW1le-SW1 f
and from the IN Hi pin of the DVM module to SK2 via SW1c
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Fig.3. The mode switch assembly fits on its own PCB (above).

and SW1a) and make all appropriate connections. Give the
unit a functional check on all ranges by connecting
appropriate test resistors to the DTM test terminals.

Note that, due to the low-voltage ratiometric resistance
measuring technique used in this instrument, the readout
tends to jitter somewhat when used to test resistors with
values in excess of 200k or so. This tendency can be
minimised by keeping test leads as short as possible, to avoid
hum pickup.

Make the connection from R25 (on PCB A) to Diode Test
Socket SK1.Short SK1 to SK2 and adjust RV2 for a reading of
100.0 on the 100 uA DC range. Remove the short and check
that a reading of 00.0 is obtained. Connect a silicon diode
between the two sockets and check that a reading of about
60.0 is obtained in the forward direction and 00.0 in the
reverse.

Frequency Ranges

Construct the frequency-to-voltage converter circuit on
PCB B and make its supply connections via SW1g{+6V)and
SW1h (—6 V) and the supply common line. Make the input
connection to the PCB from SW1la and the output
connection to SW1c. Wire up SW2e as shown, noting that a
4k7 resistor is connected directly to each of the 1kHz, 10

st

. .v,....a?};:-v‘ﬁ
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PROJECT: Digital Test Meter

NOTE:
R47-50 ARE MOUNTED
OFF BOARD.

DIODE TEST
SOCKET
SW2d COM
+SWte

10kHz 100kHz TMHz QUTPUT INPUT
sW2 SW2e sw2 SW1c SW2e COM

Fig.4. Component overlays of the two Digital Test
Meter boards. Frequency ranging (top board) is
achieved by feeding IC6 from an appropriate
pointin the 1C2-5 chain.

Resistance measurements are made by using
one of the resistance ranging resistors R13-18
(bottom board). IC7 is the heart of the AC/DC

converter.
Resistors 4 W 5% unless specified Capacitors
R1 OR1 2W 1% C1 10n 2kV ceramic disc.
R2 1RO 2W 1% C2 33p silver mica
R3,12 10R AW 1% 3 470p silver mica
R4,11,13 100R 2W 1% C4 4n7 silver mica
R5,10,14 1k0 2W 1% Cs 150n polycarbonate
R6,18 10M VaW 1% C6,7,9,11 470u 16v electrolytic, PCB type.
R7,17 TM0 1W 1% c8 100n polycarbonate
R8,16 100k 2 W 1% c10 470n polycarbonate
R9,15 10k 2W 1% C12 2n7 ceramic
R19,30,39 1k0 Cc13 470p ceramic
R20,24,25,43,44 10k C14 10n polycarbonate
R21,26 5ké C15,17 220n polycarbonate
R22 3k3 C16 4u7 electrolytic, PCB type
R23 22k Semiconductors
R27 680k DVM 176M Rev. C.
R28,45 3k9 IC1 In423
R29,46 470k 1C2 4093B
R31 47R 1C3,4,5 4017B
R32,47,48,49,50 4k7 ICée 9400C)
R33 390k 1C7 CA3140
R34,35 2k2 Q1,23 BC109
R36,41 100k D1-4 IN4148
R37 820k Miscellaneous
R38 15k SW1a, 8 pole change over interlocking push button
R40 22R SW1,b,c,d,e, 6 pole change over interlocking push button
R42 2M2 SW2a-f, 2 pole 6 way wafers (3 off) rotary swiich

SW3, DPDT miniature toggle

Potentiometers SK1-4, 4 mm banana sockets
Rv1,2 4k7 miniature horizontal preset 2 off, 4 section battery holders for HP7
Rv3 47k miniature horizontal preset 1 off, 14" fuse & holder chassis fixing or similar
Rv4 470k miniature horizontal preset 1 off, winged knob
Rv5 2k2 miniature horizontal preset Case (see buylines)

kHz, 100 kHz and 1 MHz output pins of PCB B, with the
connections to SW2e made via these resistors.

When construction is complete, switch to the 1 kHz
range in the ‘f* mode, short the unit’s input terminals and
adjust RV3 for zero reading on the meter. Remove the input
short, connect a 1 kHz input signal and adjust RV4 for a
reading of 1.000 on the meter. Finally, check that the DTM is
functional on all other frequency ranges.

ETI SEPTEMBER 1980

BUYLINES

Watford Electronics have agreed to supply a full kit of parts for the
ETI DTM.

Our Case for this project was obtained from OK Machine and
Tool. (Order as CH23 Tan) Phone 0703-610944.

Ambit International Supply the DVM176 Rev. C.

ETI



Our condolences to purchasers of ZEON Hong Kong watches — ZEON have gone into voluntary

liquidation

Yet another reason for paying a little more for QUALITY, RELIABILITY AND CONTINUING SERVICE

Our best selling alarm chronograph is
now available from stock again

CASIO
81QS-358
ALARM
CHRONO

RRP £34.95

ONLY
£29.95

Solid stainless steel, mineral glass. Water resistant. 5-YEAR
BATTERY. Hours, minutes, seconds, day and day, date, month and
year. 12 or 24-hour display. 24-hour alarm, hourly chimes.
Stopwatch from 1/ 100 second to 7 hours; net, napand 1stand 2nd
place times.

NEW CASIO CGHRONOGRAPHS
F-300

£12.95 RN

Hours, minutes, seconds, am/pm, day and date. Automatic four '

year calendar. 1/ 100 second chronograph to 12 hours, measuring

net, lap and first and second place times. Backlight, 2-year lithium '

battery. Water resistant case. Mineral glass.

F-300 Rugged, lightweight resin case
110QS-37B Chrome plated. S/S bracelet

SEIKO

R S

100m WATER RESISTANT
SUITABLE FOR SWIMMING ETC

DFT 030/038

ALARM
CHRONOGRAPH

100m WATER
RESISTANT

ONLY
£49.95

Hours, minutes, seconds with alpha day and date on upper display;
and day, date, month calendar. Alarm and hourly chimes. COUNT-

DOWN ALARM. Stopwatch from 1/100 second to 12 hours; net,
lap and 1st and 2nd place times on double display. -

DER 028 SOLAR ALARM CHRONOGRAPH '
With weekly alarm, interval timer, 7-year battery.
100m water resistant

RETURN OF POST SERVICE

Postal and telephone orders received before 4,00 p.m. will normally be despatched the same day by FIRST CLASS POST.

Send your oraer by FREEPOST (2nd class post — no stamp required). Please phone urgent orders or use first class mail.

TEMPUS

PRICE includes VAT, P&P. Send your

Company Order, Cheque or P.O. or phone
your ACCESS or B'CARD number to.

Something to sing about with twelve program-
med mnlodmi'

CASIO

ML9O

MELODY o e e
RRP £21.95 | g R

e ] . '1"-'.*"'."-::::::'.3:-;
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Clock, hourly chimes, calendar to 1999 Alarm 1z 7
different melodies, changing daily, a fixed melody
or buzzer. Alarm 2: a fixed melody or buzzer. Date
memory 1: 'Happy Birthday''. Date memory 2
"Wedding March™' or "'Drinking song’". On De-
cember 24 /25 plays "‘Jingle Bells''. Calculator
with 11-note keyboard, full access memory, square
roots, %, 7/32%x 2% x4 inches. Wallet. 1 year
batteries.

'ONLY

You asked for a metal version of the best tallmg
C-80. Here it is! _—

CASIO
C-801

Watch
Calculator
Stopwatch

Dual time
RRP £34.95

L
._I.‘::__ “"_-.I- - e NN AT e i 3
[ . . et o
R e R e s
. "
. g o r $
s I .'|. I.
L* 1
W !I- o LY,
SRLEY £
L] ) . £ . .

N T
::i:_-::iiiii'-_:?:!'c iﬁ.ﬁii;i:"hfg
Finger touch keyboard. Hours, minutes, seconds,
am/pm and day. Day, date, month calendar
pre-programmed to 2009. Professional 24-hour
stopwatch, measuring net, lap and first and second
place times to 1/ 100 second. Dual time (24 hour).
8 digit calculator. Backlight. Water resistant
chrome plated case with stainless steel bracelet.

C-BO Black resin cased version £24.95

We PROMISE TO BEAT any sensible lower advertised
prices ON THE SPOT if the advertiser has stocks AND you

get Casio’s guarantee from us!

OTHER STAR BUYS

Watches
F-8C 8B digits. Resin. Nowonly ... . .. £8.95
F-200 Sports chrono. Resin . . . . . .. £€10.95

95QS-36B 1/100sec, 12/24 hr. Solid s/s

£19.95
Alarm chronographs
F-80 1/10sec. Resin. S/s trim £19.95
83QS41B 1/10 sec. S/s jacket £22.95
83QGS-418B Gold plated version . ... £29.95
81QS-40B As 81QS-358B but chrome £22.95
81QGS-35B Gold plated version £34.95

Casio ladies’ watches. 11 models, many with
stopwatch and dual time. From

£12.95

Calculators

MC-34

HR-10

Scientifics

FX-81 £12.95. FX-100 £15.95. FX-330 £15.95
FX-8100

FX-7100

FX-501P

FX-502P

FA-1

Master pack software kit (RRP £17.95)
Free of charge with FX-501P or FX-502P

SUMMERTIME SPECIAL OFFERS

FHEE on request with order

With any purchase made from this section before
September 30th 1980 GENTLEMAN'S
DIGITAL WATCH with comprehensive display
and long life battery from world famous manufac-
turer. Value around £12. An ideal working watch
for you or a present for someone else.

Offers subject to availability.

ON REQUEST

FREE withoroer

With any purchase made from this section before
September 30th, 1980

From world famous manufacturer:

GENT'S DIGITAL WATCH, around £17

or LADY'S DIGITAL WATCH, around £15

or CALCULATOR /CLOCK, around £17

Offers subject to availability

WATCHES with chronograph (stopwatch)
9505-428 12/24 hr Dual time. S/S jacket

................ £17.95
56QS-388 Dlg:fana Timer. chrome £24.95
C-80 Calculator. Dual time £24 .95

Alarm chronographs with hourly chimes

81QS-40B As 81QS-35B but chrome £24.95

83QS-41B 1/10sec. S/Sjacket . ... £24.95

79QS-39B 1 /10 sec. full calendar. Chrome . .
£29.95

CALCULATORS

AQ-2200 £19.95 MQ-12£19.95

Musical- ML-B2 £19.95. ML-71, ML-81 £22.95.
Ultra slim scientific: FX-3200£21.95,

WATCHES
56QS-50B Digital /analogue. Chronograph.
Timer. Sohid stainless steel .. £34.95
79CS-51B Universal calendar alarm chrono with
chimes, tone control. Solid s/s ... .. £39.95%'
59CS-33B Ultra slim dress watch with alarm . |
... £44.95
Scluntlflc cﬂlculatnr FX- 8000 Stopwatch, 2
alarm timers £31.95

—p =

ILLUSTRATED CATALOGUE
Casio and Setko products. Send 25p to: TEMPUS
(Information and Service Centre}, 19-21 Fitzroy Street,
< ] ' | Cambridge CB1 1EH.

Tempus (Dept. ETI)
FREEPOST, 164-167 East Road
Cambridge CB1 1BR. Tel. 0223 312866
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How to order: Make cheques payable to ET] Book Service. Payment in sterling only please. Orders should be sent to: ETI Book Service, Modmags Sales Office, 145 Charmg

Cross Road, London WC2. All prices include P&P. Prices may be subject to change without notice.

= = ) ‘ , | A—

—BEGINNERS =LOGIC
d . . = Logic Design Projects Using Standard 1Cs J. Wakerly £7.15
Beginners Guide to Electronics Squires £3.75 Practical Digital Design Using ICs J. Greenfield £16.00
Beginners Guide to Transistors Reddihough £3.75 Designing With TTL Integrated Circuits Texas Instruments £9.35
Beginners Guide to Integrated Circuits Sinclair £3.75 How To Use IC Circuit Logic Elements J. Streater £3.80
Understanding Electronic Circuits Sinclair £4.60 110 COSMOS Digital IC Projects for the Home Constructor
Understandm_g Electronic Components Sinclair £4.60 R. M. Marston £4.45
Beginners Guide to Radio King £3.75 Understanding CMOS Integrated Circuits R. Melen £4.15
e MRETAG eI OIS oIS D e Digital Electronic Circuits and Systems R. M. Morris £4.50
v o MOS Digital ICs G. Flynn £5.25
—COOKBOOKS; — o
TV Typewriters Cookbook £7.75 —TEST INSTRUMENTS
CMOS Cookbook £8.20
Active Fi(l):ers £11.30 The Oscilloscope In Use Sinclair £3.50
IC Timer Cookbook £7.50 Working with the Oscilloscope A. Saunders £4.25
IC Op-Amp Cookbook £10.00 Servicing with the Oscilloscope A. King £6.65 |
Video Cookbook £7.00 Radio Television and Audio Test Instruments King £7.00 H
TTL Cookbook £7.55
The Basic Cook £4.00 inc. p/p .
IC Converter Cookbook £9.50 -——OP-AMPS
— A P - Applications of Operational Amplifiers Graeme (Burr Brown) £8.45
PLICATIONS ’ 110 Operational Amplifier Projects for the Home Constructor R. M.
F i is £2. I Marston £4.45 g
ﬁgsva&dgz?ﬁfﬁals:&':;ﬁs,(yisttse(';":p%l Peiiz.ls Designing With Operational Amplifiers Burr Brown £19.00
110 Electronic Alarm Projects R. M. Marston £4.45 Operational Amplifiers Design and Applications G. Tobery (Burr Brown)
110 Semiconductor Projects for the Home Constructor R. M. Marston £7.55
£4.45. p
110 Integrated Circuit Projects for the Home Constructor R. M. "
Marston £4.45 .
110 Thyristor Projects Using SCRs R. M. Marston £4.45 '——-COMMUNICATIONS

110 Wave Form Generator Projects R. M. Marston £4.45 L N
Communication Systems Intro To Signals & Noise B. Carison £7.65

Digital Signal Processing Theory & Applications L. R. Rabiner £24.40
:CON[PUTING & MICROPROCESSORS__ Electronic Communication Systems G. Kennedy £8.75

Frequency Synthesis. Theory & Design Mannassewitsch £25.00

What is a Microprocessor? 2 cassette tapes plus a 72-page book Prineiples of Communication Systems H. Taub £8.40
£12.00 )

Beginners Guide to Computers and Microprocessors with Projects C. | l— ;

Adams £6.05 = THEORY

Basic Computer Games Ahl £6.05.

Basic for Home Computers A self-teaching guide. B. Albrecht £6.15. Introduction to Digital Filtering Bogner £10.60
Illustrating Basic D. Alcock £3.75 Transistor Circuit Design Texas Instruments £9.75

Intro to Microprocessors Aspinall £6.55

Z-80 Microcomputer Handbook W. Barden £7.75
How to Program Microcomputers W. Barden £7.25 .
Introduction to Microcomputers and Microprocessors A. Barna £8.60 — R E
Microprocessors in Instruments and Control R. J. Bibbero £13.00 REFE NCE
Basic Basic J. S. Coan £7.80

Foundations of Wireless Electronics M. G. Scroggie £5.60

Advanced Basic J. S. Coan £7.30 Electronic Engineers Reference Book (Ed. 4) L. W. Turner £34.50
Getting Acquainted with Microprocessors L. Frenzel £7.25 Electronic Components M. A. Colwell £2.90

Beginners Guide to Microprocessors C. M. Gilmore £4.90 Electronic Diagrams M. A. Colwell £2.90

Beginners Guide to Home Computers Grossworth £4.50 International Transistor Selector T. D. Towers New update £10.20
Beginning Basic R. E. Gosling £4.75 International FET Selector T. D. Towers £4.35

Microprocessor Programming for Computer Hobbyists N. Graham International Op-Amp Linear IC Selector Towers £7.65

£7.15 Radio Valve and Semiconductor Data A. M. Bell £4.00
Miniprocessors from Calculators to Computers Heiserman £5.00 Radio, TV and Audio Technical Reference Amos £30.40

Microcomputers, Microprocessors, Hardware, Software and Appli-
cations J. L. Hilburn £17.40 e |
Basic Programming J. G. Kemeny £7.25 —*MISCELLANEOUS

Microprocessor Systems Design E. Klingman £17.00

Intro to Microprocessors Leventhal £17.00 Electronic Fault Diagnosis Sinclair £3.55

Microprocessors — Technology, Architecture & Applications D. R. Integrated Electronics J. Milman £8.20

McGlynn £10.55 : Practical Solid State DC Supplies T. D. Towers £6.40

Interactive Computing with Basic Monro £4.25 Practical Triac/SCR Projects for the Experimenter R. Fox £2.35

Basic with Style P. Nagin £4.25 Printed Circuit Assembly Hughes & Colwell £2.80

Software Design for Microcomputers Ogdin £7.20 { - l

Microcomputer Design Ogdin £7.25
Microcomputer Base Design Peatman £5.70

Hands on Basic with a PET Peckham £9.55 o I
B Basic — A hands on method Peckham £6.95 |1 Fallen behind recent advances? ]
6800 Software Gourmet Guide and Cookbook Scelbi £8.90 .
8080 Software Gourmet Guide and Cookbook £8.90 Just starting out?
The 8080A Bugbook: Microcomputer Interfacing & Programming
P.H. Rony £8.38 Need a decent reference book?
8080/8085 Software Design Titus £7.60 ! ETI Book Service provides an easy
_ 57 Practical Programs & Games in Basic Tracton £6.65 .
Microcomputer Primer M. Waite £6.50 way of getting your hands

Your Own Compger Waite £1.60
Microprocessor/Microprogramming Handbook Ward £6.20

Dy
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MICRO-

MICROPROCESSOR BOARD (NASCOM 2)

IFANGERINIE

(nascom-2]
— QR?M;‘-;TER 4MHz zgo CPUS;O TV o Video + 1200 baud
: » | ansas City + Senal RS 232 printer
L*#Eha ;"?J%dEH COMPUTER SYSTEMS Interfaces; Keyboard; 128 character ASCII

plus 128 Graphics in 2 x 2K ROM; free
16-way parallel port; 8K BASIC; NAS SYS
M‘E operating monitor. £280 built and tested.
<

“MICRON’’ the latest ine i"“““““

In superb products £376.00 Frmware & MOS ICs
i Zeap Assembler (4, 1Kx8 EPROMS) £50

Nas Pen text editor (2, 1Kx8 EPROMS) £30

inc. VAT
BRITISH
DESIGN

&' YYYYYYVYYYYYPYYYYYYYYY

only £335 ;
+ VAT §

Full after sales

Expension boards (in kit form)
16K RAM £127.50 @ 32K RAM £175.00

service  TEN— N ® 6502 based microcomputer 48K RAM £220.00 |
D i,  Mhe hea ® VDU alpha numeric display High Resclution Programmakle Graphics £60
: ® Powerful monitor TANBUG our Kit £140
On-board, addressable memory. 2K ® 8K RAM High Resolution Colour add on £37.50
2K Monitor — Nas-sys 1. 1K Video RAM ® 32 parallel I/O lines
ety Lo § Loul o e
ICTO80 asic 7
(MK 3600 ROM) (8K Static RAM/2708E) ® RS 232 C/20mA loop, with 16 NASCOM PRODUCT LIST + VAT
N gfogf?rgrg:bb Baud r_atz:s /0 board kit less I/O chips ; 45.00
Microprocessors ZBOA. 8 bit CPU. This will run at our counter tim ! {IART + BAUD rate generator + crystal for V0
4MHz but is selectable between 2/4 MHz. This ® CUTS cassette recorder interface h?ard . " P 16.00
CPU has now been generally accepted as the most ® Data bus buffering Eiogk; ‘ﬂ‘“:‘stgf ;‘J;‘I}g‘;‘;::;"“l’t A
m:;u;(:: e P — ® Memory mapping control P/10 — MK3881 + interconnect for 1/0
Keyboard New expanded 57 key Licon solid state ® 71 KBY ASCH Kﬂyboar_d: including g?lgqnterconnoct only (for 170 board) ;2
Kmiboan: sepuaty for Nesha Loen s numeric keypad and with auto repeat Econographics kit for additional 128 char-
ard fvascom, monitor controhed, c g ® Including metal cabinets for both acters (N1 only) 30.00
T.V. The lv peak to peak video signal can drive a keyboard and modules 2708/2716 Programmer suitable for N1 and N2
monitor directly and is also fed to the on-board ! undar NAS-SY £20.95 plus VAT
mﬂdU|.t'ﬂr to dfl\"ﬂ' th! domestic T.V . ln'C'l..ldlng pOWGl' suwly Nn'com 19" r!ck mountlng c.rd fr'm'
1.0. On-board UART (Int. 6402) which provides 10K Microsoft BASIC for N1 and N2 32.50
:r;:lﬁh;gggzr}gnf;rrttzl :t:-;o?;g 't_:r:::etta interface ® All the usual BASIC commands :I;:—DA disassembler 3 EPROM for Nas- siiid
The cassette interface is Kansas City standard at ® Integer and real numbers MK36271 8K BASIC in 8K x 8 ROM 40.00
?ﬁ?m E?l:'n 122023?;:& TBharg is a link option on ® integer and real arrays | Naspen VS in 2 EPROM 30.00
2. aud. ; : itor in 2 EPR .
The RS232 and 20mA loop connector will interface ® Intrinsic functions ABS, INT, RND, S O o T oy
directly into any standard teletype. SGN, SIN, SQR, TAB, USR, ATN, Nasbug T4 2 x EPROM 285.00
Th; inp;t 1n.:| nutp;‘utbllidat of the UAH‘:" are COS, EXP, LOG, TAN. Eny Basic 2Bx EPROME w——- 3.00
independently switchable between any of the ® User defined functions uper Tiny Basic 3 x .50
options — Super Tiny Basic upgrade 1 x EPROM 1250
i.e. it is possible to have input on the cassette and ® READ and DATA statements T.E: SGﬂ;III"I ™
output on the printer. ® Dump and load programs ZEAP 1.2 tape and documentation for N1 30.00
EC?{MTQ% i:, also a totally uncommétl:tucilgnlrallal for cassette recorders ﬁEAP 2 tape and documentation for = 00
1) giving 16, programmable, Ines. ‘0 as-sys :
These sre ad raugbla ::020 x 8 bit ports with ® Progmm ed'?'n'g command 8K BASIC tape and documentation for N1  15.00
complete handshake controls. ® String function for text |/O MEMORIES Discounts 10% for 4, 15% for 8,
Docun}.nt-l:lon vtrt:" I4:::1:m:ltn..'l:::tiar.undar'tin::h.'a is pro- ® BASIC can call user machine-code fuor?aafgﬁ }gBO) for N1 7.80
vided for those who buy a kit and an extensive i J -
software manual is provided for the monitor and sub routine . MK3880-N4 (Z80A) for N2 7.96
Rasic ® User machine-code interrupt handier MK4116 16K x 1 dynamic RAM 7.50
Basic The Nascom 2 contains a full 8K Microsoft interfaces with BASIC MK4027 4K x 1 dynamic RAM 225
Basic in one Rom chip with additionai features like 2102 1K x 1 static RAM 1.00
DEEK, DOKE, SET RESET for simple programming. ﬁ 1n‘l ':_Br ;g lf;n Bm s:;ﬂzc_,g:hﬂ 1;-2
Unprogrammed 2716 19.98
e O TrT TRaE0 —TRITON IM6402 UART 4.50
on) 108 2114 1K x 4 Static RAM gg

NASCOM IMP

“en

TASA 56 key touch sensitive keyboard. All ASCII
characters including control keys. Parallel output
with strobe. Shift lock. Keys coded in 3 colours to
indicate function. 18 V DC at 35 mA. 15" x 6.25" x
0.385" thick. Biack resin encapsulated.

“.xg + VAT N

STAR DEVICES MK Ill 71 keytouch sensitive key-
board. With numeric pad. All ASCIl characters
including control keys. Auto key repeat. Parallel
output with strobe. Shift lock with indicator LED.
Built in ‘beeper’ with level control. 5V DC at 300mA
15 x 7" x 1.25"". Grey case with white keys on blue.

48.50 plus VAT

CARTER 57 key ASCIl ksyboard. Conventional key
board. 128 ASCII characters including control keys.
Parallal output with strobe. Shift lock. + 5V an

—12VDC. 12" x6.5” x 1.5”. Black keys with white
ledgends.

39.34 + VAT.

FERRANTI - “SIZE 14 x 6 x 3" SLOPING FRONT"

55 Key ASCIlI Coded in steel case. Complete with
rlu and Cable with circuit to convert to T.T.L.
evels.

In good condition at only £286 + VAT, P/P £2.50
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..... W N el S
"j"' "I;n'ri" P '..r'r'l".i".-‘r".-:.l".a",l"}";"‘.i'r' i N I e L o .
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EXCLUSIVE TO HENRY'S
50% OFF MAKER'S PRICE

PLAIN PAPER  Fully built and

housed in a
ER

£ 3 2 5 PRlNT for just't;i;ﬁh ;If:f'lo;:?

INTERFACES WITH ALL MICRO COMPUTERS

The Nascom IMP {Impact Matrix Printer) features
are

60 lines per minute. B0 characters per line.

@ Bi-directional printing. ® 10 line print buffer.

® Automatic CR/LF. 96 character ASCIl set

(including upper/lower case, §, £). ® Accepts 84"

paper {pressure feed). ® Accepts %" paper (trac-

tor feed).® Tractor/pressure feed. Baud rate from

110 to 9600. ® External signal for optional syn-
chronisation of baud rate.

IDEAL FOR WORD PROCESSING

£195

for: Software selectable 20, 40 and 80
TANDY column using 120mm aluminium-
¢ ised paper. 1 roll supplied.

PET, 150 lines per minute.
NASCOM®Centronics parallel data interface for
Nascom, Tandy, etc.
240 volt mains input. ASCII character sat
Paper feed, and on/off select switches
‘BELL’ signal Weight 10ibs
Size; 13" x 104" x 41"
New, boxed and fully guaranteed

POST PAID Price £195.00 + VAT

See COMPUTING TOUAY Recommendations
MARCH/MAY ISSUES

Ful ASCE keyboard (bulit) mr.u.oo ﬁ VAT W /‘_\m @EBEME anex (min. con} Kit, incl. VAT 49.45
The ASCII keyboard includes a numeric ribbon con- Tanex Assembled incl. VAT £60.95 |
nector. Cabinet available st £20.00 plus VAT. Y Lower case pack. incl. VAT £€10.90

We have produced a mini-rack which accepts MICROTAN 65 and LONDON STOCKISTS

Chunky Graphics Pack, incl. VA1 £7.50

Iwav v;::: :;? mﬁ %ml&wm it oiv.: Mfcmtan 05 RiL, indl. VAT £79.35 20 Way Keypad incl. VAT £11.50
your mini-system the professional finish. £43.00 plus VAT Microtan 65 Assembled, £90.85 Mini-mother board Incl. VAT £9.95

SEND FOR COMPLETE COMPUTER BROCHURE FREEPOST TO ADDRESS BELOW

London Tangerine and Nationa ADD VAT
Nascom Distributor |
Export Orders deduct VAT, but add 5% carriage Computer Kit Division

Official Export & Educational Orders welcome 404 Edgware Road, London, W2, England 1.E.D.
Qur Telex 262284 Mono Ref. 1400 Transonics ,  01-402 6822 -
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i PROJECT

A highly addictive but infuriating
game. Escape from the tyranical
machine if you can. Naturally, the
game has sound effects, LED
readouts and a skill level control.

contestant pits his wits against those of the machine.

The machine is a tyrannical device, dedicated to
enslaving you by repeatedly making threatening gestures
towards you (indicated by a brief flash of a LED as the threat
is unleashed). When a threat is made you can either submit,
by doing nothing, or you can defy the tryant by pressing a
JUMP button and trying to escape up a flight of steps
(indicated by a vertical column of ten LEDs).

To escape, you must press the JUMP button only when
the threat LED is on. Each time you make a successful jump,
you move a discrete amount towards the top of the steps and
eventual escape (indicated by a pulsed WIN sound as the top
LED of the column illuminates). If you make a single wrong
move while on the steps, however, the tyrant will instantly
strike you (indicated by a ‘bleep’ sound) and send you
tumbling back down to the bottom of the steps.
Alternatively, if you submit to the threats (by doing nothing)
the tyrant will slowly lure you down from your perilous
perch.

Survival is a small hand-held game in which the

An Evening’s Work

The machine makes a threatening move once every
second or so0, but the actual threat lasts for only a fraction of
this time. The game is provided with a SKILL level control,
which enables the threat duration (and thus the escape time)
to be varied from over 200 mS to less than 50 mS. At the
lowest skill level, it is possible to escape from the tyrant in
only four to five successful moves. At the top skill level,
between thirty and forty successful moves are needed to
ensure escape. The escape ‘steps’ are exponentially weighed,
so that climbing becomes progressively more difficult with
each move.

The SURVIVAL game is designed around three ICs and
three transistors, is reasonably inexpensive to build and is
powered from asingle 9V battery. The project can be builtin
one or two evenings.

ETI SEPTEMBER 1980
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Construction

Construction of this project should present few
problems if the overlay is followed with care. Note that IC3 is
a CMOS device and should be mounted in a suitable socket.

When construction of the PCB is complete you can
either make temporary connections to the eleven LEDs and
the transducer, etc and give the unit a functional check, or
you can dive in and fit the whole shebang in a suitable box
and give the unit a functional check afterwards. If you
decide on the latter approach, note that the unit typically
consumes some 30-40 mA and should ideally be powered
from a PP7 or larger battery, but that our own prototype is in
fact powered (or under-powered!) from a PP3.

It is advisable, before completing the interwiring, to
functionally check the performance of each of the eleven
LEDs used in the unit.

When construction is complete, switch the game on and
check that LED 11 flashes briefly once every second or so
and that the flash duration can be varied by RV1. You can
check the action of C4 and the ten-LED read-out circuit by
temporarily shorting the top of R8 to the positive supply line,
in which case the LEDs in the column should sequentially
illuminate and the WIN alarm (a pulsed tone) should sound
when the upper LED (LED 10) turns on. Finally, remove the
temporary short and press PB1 when LED 11 is off, checking
that the column of LEDs turn off and a brief tone is
generated. Your game is then complete and ready for use.

=
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PB1
JUMP

SW1

33k R7
820R

5 / 1
Vv
P —
+ 4
c4
LED11 220u
oV NOTE:

D1-4 ARE 1N4148

Q1 1S BC108
Q2 & 3 ARE BC212L

: tocite A8 : i s connect to the sound effects part of the circuit IS 555
Fig.1a. Circuit diagram of the game. Q2,3 collectors ¢ P 2 B -

C2 o
4u? R4
100R “

IC3 IS CD4011B

[Figg.1b). Press PB1 every time LED 11 flashes on to ascend the ladder of LEDs 1—10.
Tx IS AMBIT PB2720
PIEZO SOUNDER
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Construction of the Survival game is relatively straightforward — PCB in one half of the case, LEDs and controls in the other.

88 ETI SEPTEMBER 1980



PROJECT: Survival Game

Fig.1b. The sound effects generator consists
of two gated astable multivibrators. The
game just isn’t complete without it.

FROM Q3
COLLECTOR
O

FROM Q2
COLLECTOR
O

HOW IT WORKS

The basic operating principle of the game is quite simple. IC1is a
low frequency (less than 1 Hz) astable; its output switches
alternately between the low (zero) and high {+ 9 V) states, driving
LED 11 on whenever the output is high. The idea of the game is to
close PB1 whenever LED 11 is on, thereby causing C4 to slowly
charge up via R8, but to ensure that PB1isopenwhenever LED 11is
off, thereby preventing C4 from rapidly discharging viaR9and D2.
The voltage of C4 is monitored by a LED voltmeter (IC2 and ten
LEDs) and the game is won when C4 charges to roughly half supply
voltage (LED 10 on). IC3 is used as a sound effects generator and
produces a brief tone whenever C4 goes into the discharge mode
or a pulsed tone when the game is won.

The operation of the IC1 astable is slightly unusual. Here, C2
alternately charges (LED 11 on) via R1-D1-RV1-R3 in parallel with
R2 and discharges (LED 11 off) via R2 only, thereby producing a
non-symmetrical output waveform in which LED 11 is on for a
shorter period than it is off. The onjoff ratio is variable via RV1,
which thus acts as a Skill Level control.

The pin 1 (‘ground’) terminal of IC1 is taken to the 0V line via
the base-emitter junction of Q1, shunted by R4 and C3. Whenever
C4 is inadvertently discharged by closing PB1 at the wrong time,
the capacitor discharges through this junction and turns Q1 on,

thereby causing Q2 to turn on and activate the 1C3c-1C3d half of
the sound-effects generator circuit.

Capacitor C4 charges slowly in the exponential mode via R8
when PB1is correctly closed and discharges rapidly via R9 and D2
when PB1 is incorrectly closed. The capacitor discharges very
slowly via R10 when PB1 is open. The C4 voltage is monitored by
LED voltmeter 1C2, which drives a line of ten LEDs in the ‘dot’
mode. The voltmeter is programmed (via R11) to read full scale
(LED 10 on) when C4 is charged to approximately half supply volts
and is offset by approximately 600 mV via D3. The base-emitter
junction of Q3 iswired in series with LED 10, causing Q3 to turnon
and activate the 1C3a-1C3b half of the sound effects generator
when LED 10 turns on (game won).

The sound effects generator is made up of two gated astable
multivibrators. IC3c-1C3d act as a fast (1 kHz or so) astable which
directly drives a piezo transducer or sounder and is gated on via
Q2 collector whenever PB1 is incorrectly closed. 1C3a-1C3b act as
a slow (a few Hertz) astable which is activated via Q3 collector
when LED 10 turns on and pulses the fast astable on and off to
produce a distinctive pulsed-tone GAME WON sound.

The entire circuit is powered from a 9 V battery. The circuit
typically consumes some 30-40 mA, so this battery needs to be a
PP7 or larger size.

PARTS LIST

BUYLINES

Resistors all 4W 5%

Miscellaneous

PB1 momentary push button
SW1 SPST miniature toggle
B1 PP3

Tx1 transducer (See buylines)
Ceramic resonator

Case (See buylines)

and should present no problems.

Tool Ltd. Phone: 0703-610944. Order as Series HP colour tan.
Ambit International are stockists for the transducer.

All components used in the ETI Survival game are common types

The case for this project can be obtained from OK Machine &

R1,11,14,16 10k

R2 220k

R3 33k

R4 100R

R5,6 4k7

R7 820R

R8 12k

R9 120R

R10 330k

R12 470R

R13 1k2

R15 1M0

R17 68k

Potentiometer

RV1 470k

Capacitors:

C1,4 220u electrolytic axial
C2 4u7 electrolytic

C3,5 100n polycarbonate
Cé 10n polycarbonate
Semiconductors:

1cC1 NE555

1C2 LM3914

1C3 4011B

Q1 BC108

Q2,3 BC212L

D1-D4 1N4148

LED 1-10 TIL 220 or square LEDs
LED 11 TIL 220 standard red 0.2”
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TRANSDUCER LEO10 ANODE

sSwW1

ov

e

LED1 -9 ANODE

TRANSDUCER
LED11 CATHODE

;@‘_‘* LED2 CATHODE
LED3CATHODE

p* fmonssoiams LEDA CATHODE
i f;p— LEDS CATHODE
i AV g { EDG CATHODE
o o | ED7 CATHODE
LED8 CATHODE

>
{#———r—— |_EDY CATHODE
LED10 CATHODE

Fig.2. Component overlay. Lots o’ LED leads to lace up — there’s

nothing to it.
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AUDIO AND

or send cheque with order.

Test Equipment now in stock—send large s.a.e.
SCOPES—(UK P/P £2.50 ea.)

TEST EQUIPGMNETl\'I‘! i

Telephone your order with Access and Barciaycards

RETAIL

MAIL OROER
EXPORT ™
ALL PRICES
INCLUDE VAT

l

HAMEG @ TRIO @ LEADER @ SINCLAIR @ LASCAR @ LEVELL @ CSC

HM 307-3 TOMHz single beam with Camponenl Tester ... 170.00°
HM 312.3 20MHz dual trace ) 287.50
HM 412-4 20MH2 sweep delay dual (race . ..... 802,80
SINCLAIR 10MHz Miniscops. P/5 4.00, Nicads 7.95, Case 8.80
2.50
PROBES x1/x10 12.95. x10 10.50,x1 8.50. x100
DM235 Sinciair portable 3% digit LEO .. .. B850
PDM38 Sinclair Pocket 3% digt LED ... ... . ..... 36,50
DM350 Sinclair 3% digit 78.50
DM4BO Sinciar 4% digit (. ™" ’03""’""9" 107.95

{30Kv Probes 15.98. P/5 4.00. DM Nicads 7.98. Cases 8.80)
M1200 Bench Porisble 3Y; digit LED. Resolution 14A/0.1mv/

0.0lohm . . SPECIAL PRICE NOW tso 50
LMM 100 Lasclr 3% digit 2A LCD Bench 0.1% . g 3 .85
LM 2001 Lascar 3% digit 2A LCD Hand 0.1% .. .. . . .. 5‘ 70
LM 200 Lascar 3% dignt 2A LCD Economy 0.5% .. . .. 43.40
MESD2 3'% digit 108 LED plus transistor 1ester . . . £43.95

FREQUENCY

COUNTERS
OPTO 7010A 9 digit,
600MHz Portable. 0.1HZ
Resolution with NlCADS 3

£152.50

MAX 50 50MHz 6 dlgu
pocketcounter . 81
MAX 100 100MHz 8 digit
portable counter . . 88.7'
MAX 550 550MHz 6 dlgn
pocket counter . 108.00
500 MHZ Prescaler 'or
max 50 or max 100 . 40.00
PFM 200 Sinctar 200MHz
Pocket Counter B digit 54.50
OPTIONAL P/S 4.00. Con-

‘nectar Pack, PFM200 €9.96

€7216R. 10MHz. 8 Digit

Panel Mounting ... 55.80

€7218RP. 1 50MH: version
i ... 88.25

with AC current, etc. %

MULTI-METERS — GENERAL PURPOSE & ELECTRONIC

Mulii-Range Instruments featuring AC/ DC volts. OC curremi. Resistance Ranges (TM3 AC volis only). some

DRILLS AND DRILLKITS
9 to 12 volt Operated ‘s’ max,

KITS PR 6 9.20, PA 100 11.80.
SEPARATES EXP300 5.95, EXP600
8.50, EXP350 3.48, EXP650 3.85

TM 11 ncredible 120 Range Elactronic Multi-metert . “i7r2.80"
TM3B AC Micro voltmeter 3MHz >4 Magahm (large scale) .. 166.75
TM3A AC Micro voltmeter 3MHz >4 Megohm . .. .. 149.50
380TR 100k / voitx 23 Range (plus transistor chocker). Large scale B ... 3495
7080 20k /volt 26 Range. Large scale »4gn 28.95
7081 50%/volt 36 Range Multi-meter. vange doubler .. o ey 19.95
NH5S 2kv 10 Range Multi-meter - 5.95
NH58 20k /volt 22 Aange Popular Multi- mater . 10.95
LY101 1k/volt 12 Range Pocket Multi-meter 5.95
YN38OTR 20k /volt 19 Range Multi-meter plus lransls(ov che:k .... 13.95
AT205 50k / voit 21 Range Muiti-meter . b . . 24.95
ATH 2K/ volt 12 Range Muiti-meter Deluxe B 7.95
TMKS00 30/ volt 23 Range Multi-meter, withcase . . .. L. 22,95
AT¥1020 20/ volt 19 Range Multi-meter with transistor tester Deluxe . 18.95
AT2050 50k / voit 18 Range Oeluxe Plus transistor checker . . 28.50
AT210 100k /voltx 21 Range Multi-meter Oeluxe . . . 29.95
AVO 8s and a large rangs of replacement teets leads In nocu
GENERAL EQUIPMENT o,
TG152 Series 3Hz 300kHz 5 nges 57760
’ Y TG1820 . ... -
SE280)Signal Injectoy : 4,95 TG152Dm {with meter) .. 11388
TE7 Signal Tracer AF/RF 9.95 TG 200 Series RC Oxcillators Sine /Square output.
SWREO SWR/Power Meter ... 13.95 1Hz.1MHz 12 Ranges
DRB10 36 Value Resis. Box 3.95 762000 . . 12420
RP1240/24v 071 smp P/S Stabilised  42.00 TG 2000m (with meter) ... ... . 149.50
RE32AI3ampletsion 54.00 [l ' 7G2000mp (meter & fine control) . . . 165.28
RP2I0N 0730y 0/ 1 amp. 7 /S Twin 4001 Digital Pulse Generator 0. 5Hz-5MH2
Meters 86.00 105.00
TR1000 Transistor checker in/out circurt 11.95 2001 Function Generator-Sine /5q ey
MOD®&3 Signal injector S B.85 Triangle/TTL i 86.00
gfgf’cf""saw"%;";EKC":C“CL;/‘50/ 1935 $G2030 (RF) 6 bands 250KH2-300MHz 49.95
amp Meter ohm o
3007600 AC volts 0/ 300 amp 35.‘5 68052 PAL VHF / UHF Colour Bar Ganer.atozrso 5o
SWR40/9 SWR & FS Meter . 10.50 W re 1GH
SWR10 SWR Meter 1095 AG701 lAuduo) sine 19Hz-220Hz square 9010
MS318 2x100 Wart Audio Watt Meter . 13.96 AR 300 (RF-Audio) 18H2-200MHz . 78.80
“500V Megohmeter 500 Megohms 51.00
*2Y2 Amp Vanable transformer 21.95 PROTO BOARD IN STOCK

SMALL DRILL with collets
MEDIUM DRILL with 3 collets

VARIABLE Speed
12 volt %4'* Heavy Outy Drill

16 Pin 1C test clip

LOGIC PROBES AND MONITORS

SMALL DRILL with 20 drills/100ls L¥2000 Economy Probe. 10MHz 8.95
MEDIUM DRILL with 20 drills/ lools LM1 Monitor circuit powered 33.00
MAINS Eliminators LP1 Probe 10MHz ... 3550

LP2 1.5MHz 20.50

1.95

MAINS DRILL with 100! sel

TV SOUND
High quality TV sound from your Hi-Fi.

PIEZO HORN
TWEETERS

Up to, 100 watis each. No x-over

N reqd. Only 4.95 each
Simply plug into aerial socket of your FM Flared Horns 6.50
tuner, £8.50 (UK P&P 50p). Midrange Flared Horns . 9.50

{UK Post Fres)

SPECIAL BULK PURCHASE
BEC 10+ 18 watl
Tunar /Amphifier.
MW /LW /SW/Steres FN. Slullll
25 two saty t coneec! 8
: E21.85 PAP 1150

IN STOCK NOW
Large range of
speakers and kils,
public address
equipment,
microphones, muxers,
security systems,
intercomms, ham
equipment. See
catalogue

TM11 TMK500

CALL IN AND SEE
FOR YOURSELF

PRICES CORRECTAT 1/7/80

AUDIO ELECTRONIGS

301 EDGWARE RD., LONDON W2 1BN
01-724 3564. OPEN 9-6, MON-SAT.

REE

C ATALOGUE

STAMPED
g UK)

st

DDRESSE ENVFLOFE

A% 9718 Mow
£ORYOUR COPY

ALSO AT 248 TOTTENHAM COURT ROAD, W. 1

GREENWELD

443 A Millbrook Road Southampton S0O1 OHX
All prices include VAT @ 15% — just add 40p post

HAVE YOU GOT YOUR
" COPY OF THE

AMAZING GREENWELD

CATALOGUE YET?7??

WHY NOT?? — LOOK AT ALL
THESE FEATURES:

60p Discoum Vouchers

Quantity Prices for bulk buyers

Bargain List Supplement

Reply paid envelops

Priority Order Form

VAT inclusive prices

Also included is the NEW VERO catalogue.
normally 40p on its ownl!

ALL THIS FOR JUST 40p + 35p posth!

Can you resist such an ofler????

SLIDER POT SCOOP!!
Made by Pihar, types PL4OCP & PLEOC. Silly
.prices lor superb goods!!
PLAOCP — 69X 16X 9mm, 40mm slide length.
220R. 2k2 or 10k lin only. Prices (any mix). 1-24
20p; 25:99 17p; 100+ 14p.
PL60C — 84 X 10X 7mm, 60mm slide length. bk,
10k, 22k and 100k log. only. Prices {any mix)
1-24 259; 25-99 22p; 100+ 17p.

BUZZERS, MOTORS
& RELAYS

Z401 Powerlul 6V OC buzzer. ail melal construc-
tion. 50mm dia x 20mm 70p.

Z402 Miniature 1ype buzrer. 6. 9 or 12V, only
22%15% 16mm. Very neat 53p

2450 Miniature 6V OC motor, high quality type
32mm diax25mm high, with 12mm spindle.
Onty £3.

A372 Audible Warning device — sofid state circuit
drives high efficiency transducer to give high
outpul, Vohage reqd 4-18V. Can also be driven
direct from TTL or CMOS. Madule size
45% 21X 12mm. Comprehensive dala supplied
£1.50

W892 Heavy Outy 12V relay, leal tor car use —
single 154 make contact. Cail 25R in sealed metal
can with mounting bracket 85p.

W890 DIL Reed relay SPCO 2 4-10V. 200R col
Onty £2.20.

FSRAB0 retay. 2 X 10A contacts. M. 18, Coilis
250R. and rated 6OV ac. but works on 12-24 DC
Solid Encapsulalion with screw terminals makes it
ideal for car use. £1.20.

REGULATED PSU PANEL

Exclusive Greenweld design — beler spec. than
anything on the market being otfered at the price
Panel 110x82x33mm high contains all com-
ponents including bridge rectfier and smoothing
capacitor, Ready built and tested — just add a 30V
2A ransformer and two pots for a fully variable
voltage and current supply.
SPEC  Qutput voitage 0-28Y

Output current 20mA-2A

Source Impedance OR 1

Open circuit ripple 10mV
Send SAE for full details ot the many ways this
useful module can be used, together with price hist
of parts lor various opticns Only £6.75

TRANSISTOR PACK K516

Take advantage of this unbehevable offer!!

Small signal NPN/PNP 1transistors in plastic
package al an incredibly low low prece!! Almost ail
are marked with type number — almost all are futl
spec devices Somw have bent leads. Over 30
difterent types have been found by us including
8C184/212/238/307/328. BF196/7

2TX107/8/9/34Z/450550. eic. Only avail-
able as a mixed pack at £3 pes 100: £7 per 250
£25 per 1000,

BUY A GOMPLETE RANGE OF
COMPONENTS AND THESE
PACKS WILL HELP YOU

ALL PACKS CONTAIN FULL SPEC BRAND NEW
MARKED DEVICES — SENT BY RETURN OF
POST, VAT INCLUSIVE PRICES

PERE TS

K001 50V cerarmic plate capaciors. §%. 10 of
each value 22pF to 1 O00pF 1otai 210. £3.69.
K002 Extended range 22pF 100 14F 330values
£5.53.

K003 Polyester capacitors 10 each of these
values 0.01, 0.015. 0.022. 0.033. 0.047
0068 0.1. 015 0.22. 0.33. 0 47,. 110
aliogether for £6.07.

K004 Mytar capaciors nun 100V 1ype 10 each
all values from 1.000pF 10 10.000pf Total 130
tor £4.05.

K007, Elecirolytic capacitors 25V working small
physical size. 10 each of these popular values 1,
22.47.10,22.47 1004F Total 70 lor £3.59.
K008 Extended ranye. as above, atso mcluding
220, 470 and 10004 F Total of 100 for £8.05,
K021 Miniature carbon film 54 resisiors CR25 or
similar. 10 of each value from 10R to 1M, E12
series Total 610 resistors £6.15.

K022 Extended range Total 850 resistors from
1R 10 10M £8.50.

K041 Zener diodes 400mw 5% BZY88 etc 10
of each value from 2 7V 10 36V, E24 series Total
280 for £18.37.

TM4030 RAM
4096 on dynamic RAM with 3000s access time
470ns cycle tme, single low capacitance high
level clock 1/p. fully TTL compatible: low power
dissipation Supplied with daia £2.75.

COMPONENT PANELS
2525 Contains 11 BOOmA 60V 2N5061 SCRs,
11 6V8 reners, 11 1N4004 diodes plus fs. Cs.
eiwc. Only €£1.
74 Sevias ICs — Gates and complex logic, 20 asstd
ICs on panets £1; 100 ICs £4,
2527 2x6V reed relays. 6x 25030 or 28230
6400V rects. pius Rs Only 50p.
Z531.Tampot Pack — Ex-computer panels with 20
mixed value multi-turn types £1.00,

VEROCASE SALE!!
Only one size left now — these have sold
very fast — f you want a ¥z price case like
75-3008, only in GREEN, order one now!!
21051 180 120x85mm £2.30.

P.C. ETCHING XIT Mk IV

The besi value in eiching kits on the market —
comams 100 sg ins copper clad board, i Ferric
Chionde, Etch resist pen, abrasive cleaner. two
miniature drill bits, etching dish and.instructions.
Al for £4.95.

BULK SUPPLIES

Ait new tull spec. devices. Prices are for &
minimum of 100 of any ons davice and
exclude VAT, which must be sdded st 15%.
Minimum order velue from this aection is
£10+ VAT +post. VAT receipt on request.

RESISTORS

Min. YaW 5% carbon film 1R-10M {10% over
1M). all £6.00/1.00D
The following values onlv at £3.80/1,000; per
value 4R7. BR2, 18R, 39R, 56R. 220R, 1k, 4k7
18k, 33k. 39k, 47k, 220k.390k. 560k. 680k,
820k.

MIN. PRESETS
01w type. open construction. AH
values from 100R to 1M, vertical or horizontal
mounting Al at .042.
The foliowing values only a1 .03: 470RV, 470RH,
500RH, 1kH, 1k6H, 2kV. 2k2H, 2k5H, 4k7H
Also some Piher enclosed type a1 .042. 150RV.
200RH, 2kV

POTS
5k lin: Y00k lin; 220k lin; 500k log; 1M lin. All
with std, bush and spindie. .14.

ELECTROLYTIC CAPS

2.2/25R .028 47/63R .0as
2.2/63A 032 100/6.3 A 020
47/10R .022 100/35RPC  .035
4 7/25R .028 220/16 A .055
4.7/50R 034 220/25R 085
10/16 R .030 220/70A .075
10/25R 032 330/50A 075
10/25 RPC .022 330/100 A 085
10/25 A 035 470716 R 080
10/50 A .040 470/100RC  .150
10/100R 042 1000/40 A 230
15/80 A 030 1000/63 A .280
22/10R 021 2200/10 A .080
22/25A .025 2200/25A 280
22/25R 027 2200/40 RC  .350
22/63A 040 3300/10A .090
33/16 A .022 3300/25 A .180
47/8 A 015 4700/10 A 100
47/25A .032 4700/25 RC  .250
47/35R .038 4700/40 RC .38
47/40A .045 10000/15 AC  .250
R =radial leads R PC=short radial

A=axial leads
RC=tag ended can

POLYESTER CAPS

leads for PC mounting

01 400V C296 025
015 250V €280 .025
022 400V c280 0284
068 250V Advance 028
22 250V c280 .03s
22 250V Advance .035
22 100v Minibox 035
4 250V c280 05
47 160V €296 .04
10 250V c280 .085
15 63V Filmcap .08§
2.2 160V Fimcap .098
33 100V Wima MKS 15
4.7 100V c281 196
4.7 100V Wima MKS .236
68 100V Wima MKS 238
POLYSTYRENE CAPS TANT BEADS
22pF 125V 5%  €8/1000 15/35 .08

27pF 125V 5% £8/1000 3.3/25 .08
1500pF 125V 10% E14/1000 10/25 .15
8200pF 125V 10% £18/1000
MINIATURE CERAMIC CAPS

Tl /CSF type in the fol g
values

3.9pF. 4.7ofF, 22pF. 33pF, 47pF. 470F. 68pF.
B2pF. 100pF. 560pF". 2700pFt. All 5% except
*10%. 120%

Prices: up to 82pF £7/1000
100pF £9/1000
560pF £5/1000
2700pF £9/1000
Samples on request {sae please).

Mullard nun, ceramics:

33pF 5% 100V £7/1000
330pF 2% 100V £8/1000
3300pF 10% 100V £13/1000
Stettner mun. ceramics.

330pF 5% 63V £7/1000
022uF 63V £14/1000
Lemco 047uF 63V £16/1000

SEMICONDUCTORS

741 .12 555 .19, 7401 .08: 7405 .09: 74174
.21: 4001 .17; 4011 .17, S1 signal diodes like
IN4 148 by Tl on bandoliered reels of 10k £80 (1k
£10). INADO2 £25/k; INAQOG €34 /k' INAOO7
£36/k: Ge signal diode DK14 £20/k: SCRs
2PAM (C1060) 4A 400V .26. 2N5060 .BA 30V
.15:CR201 1A 200V .18,

See last month s advt. for transistors; send sae for
fatest butk buyers fist
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2214. Bench mounting screw down
Base multi position vice 23" jaw
opening.

2218. Handy clamp available for con-
verting 2214 to completely portable tool
for easy attachment to bench or table
top.

2221. Combination vice and clamp.

Tel: 01-629 9556

/f you need a little vice — consult the

VICE SQUAD

DREMEL D-VICE

Y

PROFESSIONAL TOOLS for the workshop, hame laboratory or on-site use
Literature and prices on request

Special Products Distributors Limited
(Dept. ET1) 81 Piccadilly, London W1V OHL

Telex: 265200 {Answerback RACEN)}

VACU-VICE

Vacuum Base ensures instant easy hold
and release on smooth non-porous sur-
faces.

Models 300 & 400 have full 3” jaw
opening and include rubber slide on faws
for handling delicate work.

Cables: Specirod, London W1

Price at £137*

ST-45 SPECIFICATION
VERTICAL SYSTEM

Sensitivity 10mv/div Sv/div in 9 cal steps
Bandwidth (3d8)

DC Coupled DC 5MHz

AC Coupled 5Hz-5MHz

Risetime 70psec

Input Impedance 1MQ) + 22 PF approx. (for
all ranges 50(} for 10mv/div

Input Coupling AC CND DC

Input volts: 400V max

Accuracy + 5%

HORIZONTAL SYSTEM

Time base speeds

50ms/div 1usec/div in 15 cal. steps with
X5 Multiplier to 250msec/div and X5
Expansion to 200nsec/ div

External — X sensitivity 1v/div

External — X Bandwidth 500KHz

Accuracy + 5%

ACCESSORIES

Passive Probe switched (X1. REF. x 10)
100MHz bandwidth £11.50 + VAT

BNC to 4mm Socket Adaptor £2.95 + VAT

SAFGAN ST-45

High-quality low-cost single trace
Oscilloscope that is simply —
SUPERIOR. Compare us and see.

@® 10mv/div@® 5MHz @ BRITISH
@® ONE YEAR GUARANTEE

TRIGGER
Internal 0.5 div {20Hz-2MHz), 1 div
(2MHz-5MHz)

External 100mv (20Hz-2MHz), 200mv
{(2MHz-5MH2z)

Bright Line Auto

Trace free runs in absence of signal

Trigger Leve! selects triggering point

Trigger (+)ve and {—)ve slope selection

FRONT PANEL
Black-Silver-White-ST-45-S The Sitver
Scope

Black-Gold-White-ST-45.G. The Gold Scope.

GENERAL

Blue display graticule culed 8 x 10 div
(6.4cm x Becm).

Power consumption 10VA approx.

Mains selection 200v-220V-240V rms
(40Hz-60Hz)

Size: H, 215mm; W, 165mm; D. 280mm
Weight 10lbs 4.5kg approx.

Case aluminium with black pvc finish and
black handie. scratch-resist tront panetl,
btack control knobs, black feet and tilt bar.

Safgan Electronics Ltd.

56 Bishops Wood, St. Johns
Woking, Surrey, GU1 3QB

LTD.

Please send me 8T-45
| enclose PO /Cheque

Name
Address
 Ex VAT UK

ORDERS TO: SAFGAN ELECTRONICS

56 Bishops Wood, St. Johns, Woking accepted
Surrey GU21 3QB or Tel: Woking 66836 - — ™

Educational and Government
(nstitutions official orders

Probe ... Adaptor
{Goods + 15% VAT + £3.00 p&p)

ABOETI
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ICS have
g “36‘ helped thousands
(\A) of ambitious people

10 move up into higher paid
more secure jobs in the field of
electronics — now it can be your turn.

Whether you are a newcomer to the field
or already working in the industry. ICS can
provide you with the specialised training 8o esssntial
10 SuCcess.

Personal Tuition and Guaranteed Success

The expert and personel guidance by fully qualified
tutors, backed by the ICS guarantee of tuition until
successful, .is the key to our outstanding record in the
technical training field. You study at the time and pace
that suits you best and in your own home. in the words
of one of our many successful students: “Since starting
my course, my salary has trebled and | am expecting a
further increase when my course is completed.”’

City and Guilds Certificates

Excelient job prospects await those who hold one of these
recognised certificates. 1CS can coach you for:

Telecommunications Technicians
Radio, T.V. Electronics Technicians
Radio Amateurs

Electrical Instatiation Work

'Diploma Coursas

Colour T.V. Servicing
CCTV Engineering
Electronic Engineering & Maintenance

Computer Engineering and Programming

Radio, T.V. and Audio, Engineering & Servicing
Electrical Engineering, Installations & Contracting

Other Career Courses

A wide range of other technical and professional courses
are available including GCE.

Post this coupon or ‘phone today for free
1CS careers guide in Electronics

Address

Age
To ICS, Dept. Y265, Intertext House,
London SW8 4UJ
or telephone: 01-622 9911
{all hours)




BOMB PROOF

ELECTROVALUE

FOR COMPONENTS THAT COUNT

B ey ol L e rim

o SR T The WINTON is still the OUTSTANDING KIT ACHIEVE-

SRO e . - S MENT of the decade. Using POWER MOS-FETs in the OUTPUT
STAGE it provides 50 + 50 WATTS at less than 01.% distortion
over the whole audio band.

The Power MOS-FETs we use are practically 'Bomb Proot” without
the need for distortion introducing protection devices, or as some
. el coyly name them “'Thermal Overload Cutouts.”” Our MOS-FETs

don’t suffer from thermal runaway or secondary breakdown as

SI EM ENS NASCOM VERO ordinary transistors do.

SEMI-CONDUCTOR | MICRO COMPUTERS BOARDS

CAPACITORS CASES &
FERRITES KITS

Requiring around twenty hours to build you finish up with an
amplifier which is equal to, or better than ready-built designs
costing upwards of £600, and you have the enormous satisfaction
of having built it yourself.

ANCILLARIES

A 12p stamp will bring you the full details or better still, send your

RADIOHM BREADBOARDS cheque for the best amplifier kit around. POWER MOS-FETs RULE,
ISKRA POTENTIOMETERS SOLDER TOOLS O.K.
RESISTORS COMPLETE KIT of all parts necessary to build the P.W. WINTON

£133.50

lllllllllllllllllllllllllllllllll

OPTO-ELECTRONICS | SWITCHES

ALL GOOD PROJECTS START WITH CATALOGUE 10 .
IT'S FREE FOR THE ASKING

1 28 pages packed with almost everything everyone wants. There are attractive discounts
and free postage in UK on orders £5.75 and upwards

ELECTROVALUE LTD. HEAD OFFICE (Mail Orders)
28(H) St. Judes Road, Englefield Green, Egham, Surrey TW20 OHB. Phone. Egham

33603 Telex 264475
NORTHERN BRANCH (Personal Shoppers Only)
680 Burnage Lane, Burnage, Manchester M19 1NA. Phone (061) 432 4945

AC128 BCY71 18p

EIeCtroniC CompOnen.l.s AD161 BD131  35p

AD162 BD132 35p
BC1Q7 BD139 35p
— AT LAST! OUR NEW 1980/81 CAT-
ALOGUE IS NOW AVAILABLE.

BC108 BD140 35p
BC109 BFEX29 25p
BC147 BFX84 26p
BC178 BFYS50 23p
BC182 BFYS51 23p
Our new catalogue is just packed with components. BC182L MJ2955 98p
11 contains 100 illustrated pages detailing over 3000
line items. These include:
Amphifier modules Connectaors
Books Desoldering tools
Breadboards Drills

BC184 TIP29C 60p
BC184L DIODES

Cabinets Etchingequipment

Cables Heatsinks

BC212 1N914 ap 1N4148
BC212L 1N4QO0N ap 1N4QD?2
Capacitors |C sockets Switches
CMOS Knobs Tools

BC214 1NA0O0OG p INS5401
Crossovers Mains Transtormers Triacs

Order with complete confidence {C.W.O. only please) from:

T.& T. ELECTRONICS (Dept. E)

Green Hayes, Surlingham Lane, Rockland St. Mary
Norwich NR14 7HH. Telephone 05088 632

PRICE INCLUSIVE OF V.A.T. & CARRIAGE
Callers by appointment only

TIP30C

TIP2955
TIP305%
ZTX107
ZTX108
ZTX109
ZTX300
ZT X500
2N3053
2N3055
2N3 702
2N3 703
2N3 704
2N3819
ZN32905
2ND7TT

Meters
Ni-cad cells
Op-amps
Rams
Resistors

L ow Profile
Texas
Op  22pin
11 24pm
12p 28pin

16p

)&
- gt L
d

ﬁ

BC214L BZY88 series 8p each
20p

220
200
38n

8 pin
140un
1GU|H

180
200

LM324
| M339
L M348
LM377
L M378
LM3RO
L M3B1
LM382
LM386 90p
LM387 120p
LM1458 40p
LM1830 180p
LM3900 bOp
| M3909 72p
LM3911 120p
| M3914 320p
LM3915 320p

52p
550
100p
170p
230p
SUp
140D
1 20p

MM57160 650p
NEH3 ] 1400
NEBKSH 230
NE 556 GOp
NEE!E-; 1 ?Df}
RC4136 100p
SN764/77 230p
TBASO0 S181%
TRA810 110p
TDA1022 630p
TLO&E d 5y
TLOBZ 851
TLO84S 127250
XR2206 390p
ZN414 80p
ZNA25E 475p

much more

Included with our catalogue you will receive:
® a reply paid envelope for your first order.
® a mai! order form to facilitate rapid despatch
® 2 50p discount voucher to be used against mail order
purchases over £10.00.
Available now by post from the address below at a cost of

747
748

70p
400
71106 850p
CA3046 70p
CA30R80 75p
CA3130 100p
CA23140 B60p
LF347 170p
| F351 45p
LF353 90p
LF356  95p
LM201A Z0p
LM318 8bHy'

TOGGLE
Standard SPST 40p

rvrvrasture SPDT 80w DPDT a0p
Submimature SPET 65p DPDT 85p

SLIDE Standerd DPOT 1 70, Miniature 16p each
PUSH Push 1o make 16p.  Push to break 22p

DPDT 55p

50p

Due to stock and administrative problems over the last few months,
the quality of our service had suffered considerably. These problems
have now been resolved and we are confident that we can now offer
the quality of service we had been accostomed to. We wish to convey
our apologies to any customers who have been inconvenienced.

14123
14125
14126
714132

/144 7
/44 5
14772
14173

65p
65p
450

Specrally designed packs Prrte gl 381

All prices include VAT Please add
50p carriage on orders below £15.
Contact our sales office with your

regquirements on: 01 '464 5770

0.125in. 0.21n

TIL209 TI1L220 10p
Green TILZ211 TIL221 16p -.
Yellow TiIL213 TiLZ223 l1bp !

RCLA
BARCLAYCARD + DISPLAYS

VISA DL704 0.3in CC
DL707 0.3in CA
FNDS00O 0.5n CA

130p
130p
100p

Vo wedovme Woutss

ool Tor development wor k gt o
consigerable saving

ow tesistors 10 of each value 4, 7ohm ta 1 Mohm
g total of 650 resistors
v resistors. 10 of pach vatue 4 7obhm ta 1 Maohm
4 total of 650 resistons
Priesets Pack of 5 of each varue from HGohms 1o
1 Megohm . a total of 65 presets
LED's Pack contarning 10 of each colour L)

0 2 si7¢ Total of 30 Led’s + chips. 450p #ach
Zoners. Pack of B of each value from 2U7 to 33V
A 1otal of 130 zeners

5300 rach
a 15 vach

:gﬂll

vagh

280D ruch

7400
7401
/402
7404
/406
7408
1410
1413
7414
74720
1427
1430
7437

1474
7475
1476
7483
7485
1486
1490
1A%/
1493
1494
1495
/496

361
40
40
:.";'0[.!
80p
S5
45p
5
450
70p
70p
/0p

74121 4bp

74141
74145
74150
74154
14157
74164
14165
/4174
14175
74190
74191
74192
74196

76 College Road, Bromley, Kent BR11DE.
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PROJECT

SHAPER

Is it Mantovani or a Project
80 synthesiser? You can’t tell

the difference with this VCES
designed by R.C. Blakey

adequate for most practical purposes since they are

capable of providing a reasonable simulation of the
amplitude envelopes of many musical instruments. The
Project 80 Voltage Controlled Envelope Shaper (VCES) is
provided for those who wish to obtain more realistic
simulation or to obtain dynamic control over envelope
shape. It is also a useful tool for innovative synthesis. The
design incorporates the following features; bending of the
standard exponential attack, decay and release curves to
other shapes; alteration of attack, decay and release times by
an external voltage thus allowing the envelope to be altered
in proportion to the note played; the use of non linear sustain;
built-in timer for re-triggering to create dual peak envelopes
and also the generation of a delayed AD envelope.

C onventional ADSR envelope generators are

Design and Application

The VCES is based on the CEM 3310 Voltage Controlled
Envelope Cenerator produced by Curtis Electromusic
Specialties. While it is well suited for use as a conventional
ADSR envelope generator for both monophonic and
polyphonic synthesisers the facilities provided on chip also
make it ideal for configuring a complex envelope generator.
The attack (A), decay (D), and release (R) parameters have a
scale sensivity of 60 mV/decade (18 mV/octave)while sustain
level (S)is linearly proportional to the voltage applied to pin
9. To facilitate generation of complex shapes each of the
four inputs has been buffered by an op amp configured as a
summer and our standard 0 to +10 V control voltages allow
the A,D and R times to be varied from 2 mS to greater than 20
S. Likewise for the sustain input a voltage of 0 to +10 V
varies the sustain level from 0 to 100% of the peak attack
voltage which has also been normalised to +10 V.

The A. D and R responses follow an exponential curve.
These characteristic curves may easily be altered in this
design by taking a proportion of the output from the module
and feeding it back to the appropriate input for the attack
curve. The greater the amount of feedback the more convex
the response and, although the overall time constant will
increase, this may be adjusted over a wide range with the
manual control provided. If the output is inverted prior to
feedback then the attack curve will become concave in
shape. Some of these curves are closer approximations to

ETI SEPTEMBER 1980

conventional instruments while others offer some novel
responses. The shape of the decay curve, or the release
curve, may be similarly altered and thus the VCES offers.
virtually unlimited scope for generation of envelope shapes.
The use of low frequency waveforms to modify the time.
constants is also practical but setting up to obtain useful
results is quite time consuming. Two attenuators, with or
without inversion, are provided and the 80-5 Processor
module may be used for distribution and attenuation when
more complex patching is required.

((L])

(5} INCREASING POSITIVE €EEDHACK fc} INCREASING NEGATIVE FEEDBACK

aMPLITUDE

TIME

Fig.1. The effect of feedback on the attack response.

Tremolo

The sustain level also has provision for external control
and one application is to apply a low frequency waveform to
this input in combination with an attenuator and perhaps the
manual control to produce a varying sustain. |f this envelope
is now used to control a VCA the effect is a tremelo only
during the sustain part of the note. In the design both the
upper and lower levels of the sustain control have been
clamped for protection. -

Another application for voltage control of envelope
shape is the automatic alteration of the time constants or
sustain level while the instrument is being played.

Time and Time Again

A simple timer has been incorporated in the design
which allows re-triggering, or initial trigger delay, for periods
up to about 2.5 S. The effect of re-triggering is to produce an
envelope with two peaks, which is a transient effect
exhibited by a number of conventional instruments. Often,
however, as such instruments reach their peak output the

3



O—AAAA
+15V  R1
10k 2 R2
. 5ké
<
c5
1

B

] ——0 +5V FOR
i+ MANUAL

= ¢7 GATING
,;;7 10u c8 AND RV1

4n7

p—O GATE
o
L R4 R3
a7n 140 150k 47k
DELAY '
i))f‘ RE-TRIGGER

sw1

R47
330k

AD

1ca

R11
; .—f’;" 470R

pmO SEE TEXT

R23
O +15V 470R

R17
470R
R16

| 10k

INVERTER 1

NOTE.

IC1 1S 4001
1C215 LM348
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Fig.2. Circuit diagram.

. ; HOW _IT WORKS
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The attack, decay and release control inputs (pins 15, 12 and 13
respectively) have a control sensitivity of 18 mV/joctave and a
10k/470R attenuating network is place ahead of these inputs. The
time constants of the attack, decay and release curves
are determined by RxCx times the exponential multiplier, exp.
(— Vc/VT); where Rx is R31 plus part of PR1; Cx=C12; Vc= the
control voltage at the appropriate pin; and Vi =kT/q. The values of
Rx and Cx have been chosen to minimise errors and to retain the

very low voltage feedthrough which is a feature of the CEM 3310.

With the values used an increasing negative voltage at the
10k/470R attenuator will increase the time constant and a voltage
from 0 to about —5Vé6 will give a range of 2mS to 20 S for each
time control input. To obtain both external and manual control of
the time constants an inverting summer with a nominal gain of 0.62
has been placed ahead of the attenuating resistors; in the case of
the attack control, using 1C2a and associated resistors R6 to R9
ahead of attenuator R10/R 11. Thus increasing positive voltages up
to +10 V will now give the same control range. R7,8 are for
external control voltages while RV2 via Ré provides manual
control over the same range. R8 is connected with R14 (release
control) and R20 (decay control) such that an external voltage
applied to R8 will simultaneously change all three time constants.
Sustain level on the CEM 3310 is determined by the voltage at
"pin 9 and a voltage from 0 to +5 V will change the sustain level
from 0to 100% of the peak attack voltage. To obtain both manual
and external control of sustain and retain the control polarity this
input is preceded by 1C3a and IC3b configured as two inverting
summers with an overall gain of 0.5. Thus 0 to + 10 V at R25 will
produce the 0 to 100% sustain level control. Manual control is
obtained with RV5 and R24. If the sustain voltage were to exceed
the peak attack to 100% sustain level control. Manual control is
obtained with RV5 and R24. If the sustain voltage were to exceed
the peak attack voltage then the envelope will ramp up to this
higher voltage level with undesirable results. Pin 3 of the CEM 3310
outputs the peak attack voltage and so the sustain level and pin 3
are connected to 1C3c arranged as a precision peak follower to
prevent the aforementioned situation.

The output buffer within the CEM 3310 (pin 2) has adequate
drive capability for most applications but in this design it may be
used to drive several inputs and overloading of the buffer will
result in a loss of performance. The internal buffer has been by-
passed by IC5a and the output increased to the Project 80 standard
of +10 V by a non inverting amplifier, 1C5b, which has a gain of
two.

The attack output pin (pin 2) provides a voltage of between
— 0V4 and —1V2 only during the attack phase to provide a
visual indication of the attack phase using LED 1. Pin 16 is
connected to IC6a arranged as a comparator. IC6b is also a
comparator and will turn on LED 2 when a gate voltage is present.

The CEM 3310 requires both gate and trigger pulses to
generate an ADSR envelope. The 80-10 module is designed to
operate with a gate voltage of + 5V and the trigger is generated by
differentiating the gate pulse using C8 and R4 which is then
applied to pin 5 via C11 (SW1 closed). To obtain the re-triggering
and delay facilities IC1a and IC1b are used to form a monostable.
The time delay is determined by the charging time of C9 via RV1
and when the voltage on C9 exceeds the threshold voltage of IC1b
its output will go low and reset the monostable. IC1c is used to
generate a second trigger pulse whose short duration is
determined by the time required to charge up €10, to the threshold
voltage level, via R5. With SW1 closed two trigger pulses are
therefore generated when RV1 provides sufficient resistance to
produce a noticeable delay. With SW1 open only the delayed
trigger pulse is presented to pin 5 of 1C4, which will allow it to
operate in an AD mode.

To operate the CEM 3310 from + 15 V supplies it is necessary
to place a series current limiting resistor on the negative supply
line to pin 6. The value of R20 has been chosen to comply with the
general equation REe=(VEee —7.2)/0.010. For the timer a nominal
+5 Vis derived from the voltage divider formed by R1,2 since
power supply to IC1 is not critical. These latter components may
be changed to suit other gate voltages.

— sre
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PROJECT:

Envelope Shaper
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Fig.3. Component overlay
Resistors, Yw, 5% carbon film unless specified. Capacitors
R1 10k C1,27 10u 25 V PCB electrolytic
- R2 5ké C3,4,5,6 100n polyester
R3 47k (o} 4n7 polycarbonate
R4,6,12,18,24 150k 9 1u0 polyester
R5,7,8,13,14,19,20,25,27, c10 47n polyester
28,32,33,35,36,38,39, [ )] 3n3 polycarbonate
41,44 100k C12 33n polycarbonate
R9,15,21 62k c13 22n polyester
R10,16,22 10k 1% metal film
R11,17,23 470R 1% metal film Semiconductors
R26 51k IC1 4001B
R29 24k 1C2 LM248N
R30 750R 1IC3 TLOB4CP
R31,43 36k 1C4 CEM3310
R34,37,40 1k0 1C5 TLOB2CP
R42 1k3 1C6 LM 1458N
R45,46 1k2 D1,23 1N4148
R47 330k LED 1 Red LED
. LED 2 Green LED
Potentiometers
PR1 10k carbon Miscellaneous
RV1 4M7 logarithmic SW1 SPST sub-miniature toggle switch
RV2,3,4,5,6,7 100k linear PCB, case, etc.
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PROJECT: Envelope Shaper

sound alters due to the presence of noise and complex
waveforms in the transient. A better simulation of this effect
is obtained by using two envelope generators, two sound
sources, a dual VCA and mixing the outputs from the latter
together. In this example the VCES timer is in the delay mode
and will initiate an AD envelope when the trigger occurs. It
should be noted that only AD envelopes are practical in the
delay mode since if the sustain level is above zero the
voltage will ramp up to the set level when the gate pulse is

SQURD
SOURCE T

ADSR
o
VCES 1

received.
i h

GATE

TRIGGER
VCES 1

souND
SOMRCE 2

TRIGGER
VCES 2

VEES 2

Fig.4. Patch for obtaining realistic transient effects.

" Construction

In common with other Project 80 modules the Voltage
Controlled Envelope Shaper may be panel mounted or
installed in a Teka Alba A23G case. The latter, however, does
not have sufficient panel area to neatly accommodate all of
the facilities provided. In the cased module illustrated we
have omitted the two inverters and controls RV6 and RV7.

The panel markings for the inverters are —, + and A1 (or
A2) with the latter being associated with the attenuating
potentiometer RV6 (or RV7). Taking Inverter 1 as the
example: R35 is wired to the jack socket marked - at the
‘connection which makes contact with the jack plug; the
output of the inverter (R37) is wired to the jack socket
marked + butto the connection disabled when a jack plugis
inserted, whereas the other connection on this socket is
wired to RV6; finally the wiper of RV6 is wired to the make
connectiononthe A1 jack socket. This allows ajack pluginto
the — socket to access the inverter and the output is
obtained at A1, with attenuation when required. For non-
inverted voltages which require attenuation these are
obtained via the + socket with the output at A1.

One external control of attack, decay and release times
is commoned and accessed on the PCB at R8. This allows all
three time constants to be altered simultaneously and is
connected to jack socket marked TC, denoting time
constants. |f required, however, the constructor may obtain
two independent controls for each time constant by cutting
the PCB tracks that joinup the inputs of R8, R14 and R20. PCB
connections are provided at R14 and R20 to cater for this
modification.

The module may be manually gated by connecting a
push-to-make switch from the +5 V line to the gate input.

Calibration and Testing

The attack, decay and release manual controls are
numbered 0-10 for reference purposes since once external
voltages are applied a time calibration becomes
meaningless
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Tackle the control wiring methodically, otherwise you're in for a case o
the wiring jungles.

PR1 allows more than one module to have the same time
constants for a given input voltage. For precise calibration a
triggered timing device is required but in most instances the
following technique is adequate. Set PR1 to mid-position and
connect a voltmeter between ground and the junction of R6
and R9. Turn RV2 until a voltage of —5V6 is obtained. Set all
other control pots to zero. Gate the module manually and
time the attack time as shown by the attack LED being on.
The manual push button is held down until the LED goes off.
Gate the unit several times to allow all components to
stabilise for this long attack time and then commence
adjusting PR1 to give an attack time of 20 S.

Note that the gate LED is only on while the manual
button is depressed. Next set the attack time for a short
duration, switch to re-trigger mode, turn RV1 fully clockwise
and manually gate the module and keep push button held
down until the test is complete. The attack LED should come
on when the button is first depressed and again about 2.5 S
later when the unit re-triggers. Keep settings the same but put
the switch into delay mode. In this test the attack LED should
come on about 2.5 S after manually gating the unit. Finally
connect the outputtoa VCO whichis in turn connected to an
audio amplifier and set the attack, decay, sustain and release
controls to about mid-position. Gate the module and release
the push-button when a steady note is obtained. The testis a
simple means of checking that the A,D,S and R functions are
all operational. The functioning of the inverters may also be
checked in the same way by putting the output from the
VCES through the inverters without attenuation prior to the
VCO. In this test the envelope will be inverted, that is, the
frequency starting high, decreasing, holding steady and then
finally going high again.

BUYLINES

An 80-10 Voltage Controlled Envelope Shaper module kit (PCB
plus components)is available for the inclusive price of £19.20 from
Digisound Limited, 13 The Brooklands, Wrea Green,Preston, Lancs.
PR4 2NQ.

ETI
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CALCULATORS

{ ALL EQUIPMENT FULLY GUARANTEED .

so order with confidence and PAY NO MORE

PROGAMMABLE CALCULATORS

FX 501P 10+ 2 digit, 128 step, 11 memories £43.43
FX 502P 10+ 2 digit, 256 step, 22 memories £60.83
FA1 Adaptor cassette interface . E £17.35
MASTERPACK 150+ programmes on tape with manual
FX301P + FA1 + Masterpack R
FX502P + FA1 + Masterpack
- TEXAS T151-111 32 step 10 memory £25.17
TEXAS TI153 Led 32 step constant memory £22.57
"TEXAS TI157 50 step 8 memory £23.44
‘TEXAS T158 480 step 60 memory £58.22
“TEXAS T158C as above wilh prog retention £73.87
“TEXAS T159 960 step 100 memory mag card £150.39
TEXAS PC100C Printer for 58/58C/ 59 £138.48
TEXAS PC100C IF ORDERED WITH 58/58C/ 59 £130.39
“INCLUDES: — rechargeable bartery pack /adaptor/charger
PROGRAMME LIBRARIES FOR TI58/58C /59
MATHS/UTILITIES, APPLIED STATS, ELECTRICAL ENGINEERING £22.57
LEISURE . 4 9 £33.00
SURVEYING, STRUCTURAL ENGINEERING £54.74
PC 100C PAPER ROLLS. 10 OFF ) £19.09
BATTERY PACKS state model or BP number £6.04
SCIENTIFICS 8 DIGIT Lecd. SCIENTIFICS 10 DIGIT ted
CASIO FX68 £16.48 CASIO FX100 £13.00
CASIO FXB1 £11.26 CASIO FX510 £16.48
CASIO £X330 £13.87 CASI0 FX3200 . £18.22
CASIO FX 2600 £16.48 CASIO FX5000 10 MEM £24.30
CASIO FX7100 £20.83 SHARP ELS806 (8+2) £15.61
SHARP EL503 £11.26 SHARP EL5808 {8+ 2) €13.87
TEXAS T125 or T135 £16.48 SHARP EL5812 £16.48
TEXAS TIS0 £19.96 NATIONAL NS108 £15.81
"TEXAS T142 M. B A 32 step 12 memory finance / stats £35.81
“TEXAS TI PROGRAMMER £43.43
TEXAS T144 Led constant memary statistical £25.17
TEXAS LITTLE PROFESSOR £11.26
TEXAS DATAMAN B £17.36
TEXAS SPEAK AND SPELL £38.22
CLOCK CALCULATORS
CASHO MQE micro card watch in leather case €17.35
CASIO PW81 hourly chime /alarm . £13.00
CASIO ML71 card version of MLB? with 1 alarm €19.09
CASIO AD1500 day/date / stopwatch £13.87
CASIO AQ2200 hourly chume /alarm /calendar / stopwaich £17.36
CASIO MQ12 card version of above . £17.36
CASIO L90 new 12 pre.programmed tunes £17.35
TELEPHONE ANSWERING MACHINES 1win casseite £147.78

PRICES EXCLUDE V.A.7. PLEASE ADD 15% POST & PACKING FREE

CALCULATOR SALES & SERVICE

Arrow Works, Arrow Road, Redditch B98 8NN
Huy itwith A

Tel. Redditch (0527) 43169

MIT

B19 1BR

Freepost A
Birmingham B VAT INCLUSIVE PRICES ¢ VISA

ELECTRONICS  021:233-2400 u 24 HR PHONE ANSWERING SERVICE

B FREEPOST ON ORDERS @ ACCESS

® CASH

W ADD 30p P&P ¢ CHEQUE

ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED

BUILD YOUR OWN METAL DETECTOR
VLF/TRVCO/TRIB/TRBFO...

Pre-aligned search heads — test equipment not
required. Literature available in return for SAE.
Manuals and parts sold ‘separately: write or
phone for price. Export welcome: write for
quote.

Shadow VLF/TR. Full
specification discriminator. not
just ferrous / nonferrous indica-
tion. It works by measuring the
conductvily of 1he targei; now you can
reject nails boltle caps even aluminium
foil and ring pull tabs! Full ground effect
exclugion over normal or high per-
meability soils

The head is thermally and capacitively shielde d.
4 modes: deepsaeking VLF pius 3 TR discriminaung'ranges Shwow
Push button 'memory’’ tuning Performance equals TR/1 B
commercial detectors costing £200! As descnbed in ET|

Complete kit now only £87.67 inc. VAT & poati!

Individual parts: Search heao £21.33 PCB £6.80 Case £5.33 Adjustable shaft assy. £5.10. LM383
£1.12. Manusl (gives more inlo. than ETl article — and extra function) £1.12. Allinc. VAT & poet! (Other
parts also available separately)

Shadow TR/ 1B (Mustratad) A true wransmit receive/induction balance detector at a budge! price for
anyone who doesn’t need discrimination Waterproof and thermally insulated search head Good
sensiuvity. Built in speaker and headset jack. Complete kit £33.80 inc. VAT and Post.

Shadow TR/VCO. An advanced version of the TR/IB. Use as a sensitive 18 machine ur switch o VEO
mode when the sound changes to a varying piich, allowing easier use over mineralised ground and
enablng detection of negative, tigh permability anomalies. Kit prica €38.87 inc VAT and Post.

for sl models £5.85 inc. VAT and Post

stereo

Beginners BFO model. A very detailed manual and pi d coils make this an ideal first
project. Simple fugh efficiency circuit. Full size (not a toy) but weighs only 300gms (10.50zs) with battery!
FREE STETHOSCOPE HEADSET with every order. ALT3 kit: £15.80 inc. VAT ang Post. Padded high Z
headphones £5.45 inc. VAT.

Shefl Kit. Consists of the {hacd 1o find) hardware itams. for detectors of your own design. Fully adjustable
shatt with handle. search head mouldings (int. diam. 185mm) with hinge assembly. special clips 10 moum
itabte). C lic and

your own control housing {any box is ble) y With bly

instructions £14.48 inc, VAT and Post
ALTEK (ET1), 1 Green Lane
Walton-on-Thames Surrey

Order by pos‘( or phone (24 hours). Access & Vsa Cards quote number Callers by appointment only please
Phone (093 22) 44110 anytme!
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2200 a2 16 Pin Law Profils Sockst Ten 16 DIL SKT 16 Dato Pen_Biue tnk Sinw Drying 89
RESISTORS Order Coda Skelaton Presets. Miniature Order Cade
Carbon Film, Fixed 0.1W, £ Valums, T00R IM, Lin, Verrical Mounting 8 Min, Preset V
0.25W, E24 Values 1RO 10M, 5% Tol  2eech Ren AD% 0 YW: E3 Vatuss, 100R-IM, Lin. Hor:zontel Moury 8 Min Preset H
100/100 (Mult 10/Vatus] Skeletan Prasets, Standard * Vator
0 5W, E12 Values IRO.AMT, 10% Tol  3ascn Res RO% | 03w, £3 Values, 100R-AM, Lin, Varticel Mounting 11 Std. Preser V
Value 03W, E3 Veiues. 100RAM?, Lin, Horizontsl Maunt 1 $td. Preset W
Matal Film, Fixed Patentiomater, Rotery pAV. S
G 5W. E24 Values, SRI-IM, 2% Tol Beach  Res MRID 4
4 05W. E3 Values, 16.2M2 L. 99 RoPorlin
25w £12 Valom, 10R. 27K 5% Tot 16 aach ::u:wsz e ESTV i en a3 og S et
Potentiomater, Slider vl ]
Metsl Glaze, Fixad 05W. E3 Values, 2K2470 . Lin. 5 SiPatli
0 5W. £24 Vatues, IM-33M, 5% Tal, - 16each Res VRI7 | 0.25W. £3 values. KO 1MO Log 45 SiParLog
+ Vaiue + Vaive

SEND A LA
FLOGLIS

i

&

E

S.AAE. FOR OUR
OTHER INFO.

MAINS TRANSFORMERS Order Code Plontic Boxes — Boss Industrial Mouldings
S Lmt eyt nrected 16 serins 00 Mouided Box and Close Fatting Flanged Lid
o atve il v raw -anae ABS Bos, C/W Brau Busher, and Lid In Drange
Prmanies D 220, 240V Qrdar Code
L112 w2 011
VA Clamp Tyvoef nsinctinn 235 esci” USOM; o:o ‘?
appras 1A% Reostanse ¢ G 64, W36 VI35 L190 W110 D8O m
L8O Al TS cnlar-as Trans VA Pisstic Boxes with Matai Lids
03V 06V
D1V, 012V Recored Top Box
O oy ABS Bss C/W Bross Buthas, In Orange
i ] Tmem Aluminium Top Penat Finihed Gray
020V 020V o Order Code
= . L85 W58 D29 12 Case B1M4003 DR
20vA  Clamp Tyoe Construction 360 pach L111 w2y 042 150 Cote BIMACOS OR
Apprce 165 Heg.lanin b © 10 448,146 LI81 W6 D53 208 Case B1M4005 OR
045V €45V Secon Trans 20VA
06v D6v Digcatt Boxet
017V, 012V Discast Box and Flanged Lis
-1 ! Atuminium Box and Lid in Netural Finish
SRR Orver Cod
8w 02 L1193 w83 D31 124 Carw BIMS00) NA
L1527 wa2 DSO Fall Cese BIMS5005 NA
1192 w113 061 24 . Case BIMSO08 NA
VERO ELECTRONICS PRODUCTS
25" x%" 7" 200-21080) SWITCHI
200210720 3 ES Order Code
17 piteh Varobourd (5] 85/Pack  200-21076C Miniature Toggls — Honeywell
*pitch Pioin Board 6 200210781 SPOT 87 SW 041011
@ich V-Q DIP Bosrd 135 200-21084€ SPOT  CiQN 81 SW 8A1021
Spot Fece Cutter 107 203-21013A SPDT  Doudle Buas To Centre w0 SWBA 1041
Pin Insertion Too) for 040 type pin 147 203-21018F oPDY SW BAZON
DS Pens 040 1100} 44/Pack  200-21087G DPOT  CrON m SW 84202}
$S Pins 040 (100) 44/Pack 200210178 -
Verowis Kit (1.pen, 2-wire, 25comb)  454/Kin 200213410 Ministurs Push - C & K
Verowirs Combs (251 109/Pack  200-21330F L4 Push To Meke, Momentdry 82 SWas31
Verawirs Wire (2} 109/Peck  200-21340G sp Push To Bresk, Momentery 82 SW 8533
G.M T ELICTRONICS KI%S FLE.T. ROWER AMPLISIER QUTPLT MODULE KT L0
FULL TELETEXT K1t DNE AMP POWER SUPPLY MOUIRE KiT - FIVE VOLTS € e
(Free -vionding vaits pa jaieiral connecion 10 T'V i £199-%0
QONE AMP POWER SUPPLY MODULE KIT - TWELVE VOLTS € 750
TELEIEXT DECODER + REMOTE CONTROL KIT
) (For witing into exisfing levision! £125-90 MODEL INERTIA CONTROLLER MK 1 - SLOT RACER I 2000
PAL ENCODER MODULAMOR K1Y £ 22-% MODEL INERTIA CONTROLLER MK 1l - TRAIN (HAND UNIT) € 2500
DOPPLER RADAR ALARM Ki £ w0 MODEL INERILS CONTROLLER MK JIt - YRAIN (CONSOLE UNIT} € 23-00
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Fit a magnetic cartridge to your stereo

system with our economical pre-
amp design

tion in lo to mid-fi stereo systems. Manufacturers like

them because they are cheap. As they have a high out-
put level (100mV-2V) no preamp is required enabling a simple
and economical system to be readily assembled. Of course,
the disadvantage is that the quality of reproduction reflects
the cost.

The next step up the hifi ladder is the use of a magnetic
cartridge. However, you cannot simply plug one in. Magnetic
cartridges have a comparatively low output level and their
playback response coupled with all the jiggery-pokery that
goes into the manufacture of a record results in a very
squeaky sound.

Stylish Motion

Ceramic and magnetic cartridges are distinguished by their
different responses to the movement of the stylus as it follows
the fluctuations of the groove. A ceramic transducer produces
an output proportional to the deflection amplitude of the
stylus, whereas the output of a magnetic cartridge reflects the
rate of change (velocity) of the stylus. Recordings could be
made in either a constant velocity or constant amplitude
(against frequency) mode. Each has its advantages. In fact a
combination of the two is used in an attempt to get the best of
both worlds and a standard was set out by the Record Industry
Association of America(RIAA — getit?).

c eramic or crystal cartridges have found wide applica-

Ideal Response

Our graph show the RIAA playback equalisation curves
with the ideal response shown dotted and what you actually get
indicated with a solid line. Witha0 dB freference at1 kHz, itcan
be seen that the response ranges over nearly + 20 dB between
20 Hz and 20 kHz, a scale of 100 to 1. The high gain at low fre-
quencies means that care must be taken to avoid mains hum
pick up and screened connecting cables are essential.

Two into One

The preamp and equalisation are neatly combined in
one circuit. Our design utilises a single chip from National
which features dual amplifiers with an internal resistor matrix.
Use of the internal resistors enables an RIAA response to be
achieved with just afew components. The unit exhibits a gain of
46 dB(200) at the 0 dB reference frequency of 1 kHz and may be
powered from any 10-14V supply. Current consumption is
around 16 mA maximum.

O
+12V
PRORL 1 L
© {i—
4.4 OUTPUT
5,10 ——}—-o
1 Ch
cz L 22u A+
330017213 —
Tcs
R1 10004
47k
MAGNETIC
CARTRIDGE
ov
— 4 > o)
R2 IC1 15 LM382
c3 k0
] 1n5" AR TR A

Fig.1. Circuit diagram.

HOW IT WORKS

The desired RIAA frequency response is achieved through the use of a
resistor-capacitor network in the feedback loop of an op-amp. Use of an
internal resistor matrix in the LM382 chip enables a very simple practical
circuit to be used. The circuit is absolutely conventional. A 12 V supply
was chosen as the LM382 is characterised for operation in automobiles
and itsoutputisbiased to6 V.

The circuit offers a gain of 46 dB (200x) at the RIAA 0 dB referénce fre-
quency of 1 kHz. As the output of a typical magnetic cartridge is in the
range 2-7 mV, this should result in a preamp output of around 1V, aniideal
level for the ‘line’ input of most amps. A 47k resistor at the input provides
the standard cartridge load and a single 1,000 uF capacitor is used for
overall supply decoupling.

Note that the integrated circuit pins are identified for the left and right
channels with pairs of numbers on the circuit diagram. Also that all com-
ponents except IC1 and C6 are duplicated on the component overlay.

13,12

Fig.2. Internal structure of the LM382.
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PROJECT

_____ _PARTSLIST____s___

Resistors
R1

R2
Capacitors
C1

C2

C3

C4

C5

cé
Semiconductor
IC1

47k .
1k0 ¥

1u0 tantalum
330n polyester
1n5 polyester

47u tantalum

22u tantalum
1000u electrolytic

LM382

BUYLINES

Delta Tech and Co.

No problems here. All the components should be readily
available from your usual suppliers.
The LM382 can be obtained from Watford Electronics &

Fig.3.(left) Component overlay.
Fig.4.(below) RIAA playback cqualisation curve.

30

20

10Hz 100Hz 1kHz  10kHz 100kHz

Construction

Use of a printed circuit board is recommended for this pro-
ject. If you use another method of construction, ensure that
connecting leads are kept short and locate the decoupling
capacitor close to the supply pins of the integrated circuit. The
unit may be assembled into a metal case for good screening.
Once assembled, just connect your cartridge to the inputs and
connect the outputs to your amp, either directly to the ‘line’ in-
put or via the passive tone controls if you have them. Then put
on your favourite disc and relax and enjoy it. ETi

High Quality Elactronic Musical in-
struments under the personal supervi-
sion of Specialist Designer A. J.
BOOTHMAN.

i JOANNA 72 & 88 PIANOS
Six and 7' Octave Electronic Pianns with
unique Touch Sensitive Action as used in
the P. E. JOANNA, which electroncally
simulates piano key inertia — a feature
not available in any other design. Bund
this widely acclaimed professional instru-
ment, for either Domesuc or Stage use,
from our top quahty Component kits
six octaves— £207
7% OCTavES— £232

P.E. STRING ENSEMBLE

The versatile String Synthesizer with a
fantastic sound at an economic price. Split
Keyboard tacility with a range of impress-
ive voices

COMPONENT KIT - £169

Back up TELEPHONE advice is avail-
able from the designer to supplement
the clear instructions included with
the above Kits.

P.A.'s — SPEAKERS —
CABINETS

Units can be supplied to add to the
Component Kits including Domestic or
Stage Cabinets and portable tubular legs

" CLEF PRODUCTS (ELECTRONICS) LIMITED

NEW —
ELECTRONIC ROTOR
Two-speed organ rotor simulator plus a
three-phase chorus generator on a single
PCB (8''x5""). Kitincludes ali components
— IC sockets throughout — mains opera-
tion and stereo headphone driver PCB
Easily integrated with existing organ
Component kit £89.00.

KEYBOARDS

We beligve that we have located the best
manutacturer ot square front Keyboards,
as used tn our Kits, and can also supply
Keyswitch hardware including the in-
dustry standard soft plated contact
springs

49 nNOTE cC £23.80

73 NOTE FF £37.00

88 NOTE aCc £45.00

All Keyboards are easily cut to provide
your required length and compass. Quan-
ity enguiries welcome.

BUILDING SERVICE

We are specialists in Electronic Piano
Manufacture and can build your Piano for
you — see lists

INFORMATION

Pigase send S.A.E. quoting rtems of
interest Telephone BARCLAYCARD
orders can be accepted, ail prices include
VAT carnage & Insurance

VISITS
Are welcome by appointment. otherwise
Mal Order Only

EXPORT
Enquiries welcome — in Australia please
contact JAYCAR {Sydney)

(Dept.
E.T1)

16 Mayfield Road, Bramhall, Cheshire SK7 1JU. 061 439 32987
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ONOMY

in kit form

FUEL EC

FUELSTRETCHER, the leading UK in-car petrol computer, now available in
kit form to save £EE££€E's from start to finish.

You have a choice from two kits: .

FSX20 gives accurate instantaneous digital mpg readings to obtain
maximum fuel economy. Standard features include choice of two update
frec*uencies, automatic ciear down under idling and owner calibration
facility.

FSX10 gives a digital galions used reading to allow determination of total
fuel and average mpg.

Kits are complete with all necessary components and comprehensive
instructions. All components guaranteed for 12 months, full technical back-
up services availaole.

ENVIROSYSTEMS LTD.. Dept. ETI
Hampsfell Road, Grange-over-Sands, Cumbria, LA11 6BE.
Tel: 044 84 4233/4

Phone your order with Access or Barclaycard

inc. VAT & p&p. | Qty Rad. | | enclose cheque/
FSX20 £47.50 (21073 (o AR
* Ploption £656.90 Cheque NO. ........ovecevecerenees
FSX10 £34.80 * Petrol injection




