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POWER PACKED — by POWERTRAN

Powsertran’s black boxes are packed with punch. Not only are they superb kits to buy and
build they really do the jobl Imaginative and ingenious design goes hand in hand with top
quality materials and outstanding performance capability. With their smart black styling the
kits harmonlse visually as well as musically.

Your can built each unit indepandantly for its set task and then gradually increase your array — '
until you have a complete bank of formidable controllable power.

L, . e MPA 200 is a low price, high power
wn g e 3 3 (Q ot <) < 100W ampilifier. Its smart styling, profes-
_“;';,.,u, ‘ sional appearance and perfarmance,
- make it one of our most popular

Completa Kit — £49.90+ VAT designs. With adaptable inputs the mix-
er accepts a variety of sources yet
straightforward construction makes it

ideal for the first-time builder.

¢
 CHROMATHEQUE 5000 — 3 PORTIEAN 9=
5-channel lighting system powerful * x> F - » Wl
enough for professional discos yet con- - S
trollable for home-effects. Sound to

light, strobe to music level, random or
sequential effects — each channel can
handle up 1o 500W yet minimal wiring is
needed with our unigue single-board
design.
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Complete Kit — £49.50 + VAT

ETI VOCODER — 14 channels, each
with independent level control, for max-
imum versatility and intelligibility; Two
input amplifiers — for speech/excitation
— each with level control and tone con-
trol. The Vocoder is a powerful yet flexi-
ble machine that is interesting to build
and thanks to our easy to follow con-
struction manual, is within the capability
of most enthusiasts.
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SP2 200 wwice the power with two of the
reliable, durable and economic amps
from the MPA200; fed by separate
power supplies from a common toroidal
transtormer. Superb finish and guality
components throughout — up to feven
over!) the standard of high priced
factory-built units.

DJ90 Stereo Mixer — this is a really versatile
new mixer that enables the construcior BJ to
praoduce a professional performance every
time. There are two stereo inputs for magnetic
cartridges, a stereo auxiliary input and mike in-
put. Other ‘plus’ features are auto-panning for

fast or slow, slider controls, multi-mixing,
ducking, interrupt, input modulation, in short
everything. . .the whole works — AND —
under £100 complete! {We have illustrated the
DJY0 teamed in our own console with the
Chromathegue and an SP2 200 and speakers.

Complete Kit — £97.50+ VAT

Digital Delay Line — our latest kit! With its ability to
give delay times from 1.6 mSecs to up to 1.6 secs.
Many powerful effects including phasing, flanging,
A D.T., chorus, echo & vibrato are obtained. The
basic kit is extended in 400 mS stepsup 1o 1.6 secs.
Simply by adding more parts to the PCB. Compare
with units costing over £1,0001 Complete kit {400 mS
delay) £135. Parts for extra 400 mS delay £9.50p.

WORLD LEADERS IN ELECTRONIC KITS

® Money Back Guarantee — If you arg not completely satisfled with your
Powertran K2 return it in original condition within 10 days for full refund.

@ Free Soldering Practice Kit — To #ssis1 the bemnner we will supply, on
request with your flrst kit orcer, 8 free soldering practice kit with useful tips and
illustrattons.

@ Component Packs — Most kits are available as separate packs {e.g. PC8
component sets, hardware sets etc). Prices in our FREE catalogue. ¥

® Ordering — Full ordering details, delivery service, and sales counter
opening — outside back of this issue.
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Sinclair ZX81 Personal Com
the heart of a system
that grows with you.

1980 saw a genuine breakthrough - L
the Sinclair ZX80, worid's first com- £ 5
plete personal computer for under I .

£100. Not surprisingly, over 50,000

were sold.
In March 1981, the Sinclair lead 4 95
increased dramatically. For just Wit il
£69 .95 the Sinclair ZX81 offers even &

more advanced facilities at an even

lower price. Initially, even we were
surprised by the demand — over Higher specification, lower price —
50,000 in the first 3 months! how's it done?

Today, the Sinclair ZX81 is the Quite simply, by design. The ZX80
heart of a computer system. You can reduced the chips in a working

add 16-times more memory withthe  computer from 40 or so, to 21. The
ZX RAM pack. The ZX Printer offers  7x81 reduces the 21 to 4!
an unbeatable combination of The secret lies in a totally new

performance and price. And the ZX — master chip. Designed by Sinclair
Software library is growing every day. and custom-built in Britain, this

iiiii
''''''''''

f,rr..
e

Lower price: higher capability unique chip replaces 18 chips from
With the ZX81. it's still very simple to  the ZX80

teach yourself computing, but the New, improved specification
ZX81 packs even greater working @ Z80A Micro-processar — new
capability than the ZX80. faster version of the famous Z80

Ituses the same MICro-Processor,  chip, widely recognised as the best
but incorporates a new, more power- ayer made.

ful 8K BASIC ROM - the ‘trained ® Unique ‘one-touch’ key word Kit or built —it’s up to you!

intelligence’ of the computer. This entry: the ZX81 eliminates a great You'll be surprised how easy the

chip works in decimals, handles l0gS  deal of tiresome typing. Key words ZX81 kit is to build: just four chips to

and trig, allows you to plot graphs, (RUN, LIST, PRINT, etc.) have their assemble (plus, of course the other

and builds up animated displays. own single-key entry. discrete components) - a few hours'
And the ZX81 incorporates other @ Unique syntax-check and report work with a fine-tipped soldering iron.

operation refinements - the facility  codes identify programming errors ~ And you may already have a suitable

to load and save named programs immediately. mains adaptor - 600mA at9VvDC
on cassette, for example, and 1o ® Full range of mathematical and nominal unregulated (supplied with
drive the new ZX Printer_g scientific functions accurate to eight ~ built version). .
decimal places. Kit and built versions come com-
® Graph-drawing and animated- plete with all leads to connect to
display facilities. your TV (colour or black and white)
® Multi-dimensional string and and cassette recorder.

numerical arrays.
® Up to 26 FOR/NEXT loops.
® Randomise function — useful for
games as well as serious applications.
® Cassette LOAD and SAVE with
named programs.
® 1K-byte RAM expandable to 16K
bytes with Sinclair RAM pack.
SRSl = ® Able to drive the new Sinclair
. o printer.

T @ Advanced 4-chip design: micro-
New BASIC manual | /) essor, ROM, RAM, plus master
Every D31 ames iy scorwrshemve speskiicwiten. ghip -~ unigue, Sustom-built ohip

first principles to complex programs. replacing 18 ZX80 chips.
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16K-byte RAM
pack for massive
add-on memory.

Designed as a complete module to
fit your Sinclair ZX80 or ZX81, the
RAM pack simply plugsinto the
existing expansion port at the rear
of the computer to muitiply your
data/program storage by 16!

Use it forlong and complex
programs or as a persohal database.
Yet it costs as little as half the price
of competitive additional memory.

With the RAM pack, you can
also run some of the more sophisti-
cated ZX Scoftware - the Business &
Household management systems
for example.

sirci=r
ZX8l

8 Kings Parade, Cambridge, Cambs., CB2 1SN.
Tel: (0276) 66104 & 21282.
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the IX Printer
for only £49.%

Designed exclusively for use with
the ZX81 (and ZX80 with 8K BASIC
ROM), the printer offers fuli alpha-
numerics and highly sophisticated
graphics.

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

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

How to order your ZX81
BY PHONE - Access, Barclaycard or
Trustcard holders can call

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

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

.

~~~~~

.

useful when writing or editirig
programs.

And of course you can print out
your results for permanent records
orsending to a friend.

Printing speed is 50 characters:
per second, with 32 characters per
line and 2 lines per vertical inch.

The ZX Printer connectsto therear
of your computer - using a stackable
connector so you can plugin a RAM
pack as well. A roll of paper (65 ft
long x 4 in wide) is supplied, along
with full instructions.

by cheque, postal order, Access,
Barclaycard or Trustcard.
EITHER WAY — please allow up to

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

To: Sinclair Research Ltd, FREEPOST , Camberley, Surrey, GU15 3BR.

aty | Item

Order
| Code | |temprice | Total
{ I £ £

Post and Packlng

a Please tick if you require a VAT receipt
*| enclose a cheque/postal order payabie to

I Sinclair ZX81 Personal Comleer kit(s). Price includes

| ZX81BASIC manual, excludes mains adaptor 12 49.95
——_\ Ready-assembled Sinclair 2X81 Personal Computer(s). T T pp—
| Price includes ZX81 BASIC manual ang mains adaplor. 11| 6895
| Mains Adaptor(s) (600 mA at9V DC nominal unregulated). | _10 B85 !-
| 16K-BYTE RAM pack T — T49.95
Sinclair ZX Printer. — = 'l 27 1_74995
| 8K BASIC ROM Io fit ZX80.

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

*Please celete/complete as apphicable. e (09 i = J L J_L__J
Please prfnt

Name: Mr/Mrs/Miss R = | [ | Lo
Address: | _| L L L [ =) lisd]l Sfis==
Ll ] e IS o T il bl b Bl ool Rl Rl ol gl o

FREEPOST —no stamp needed. Offer applies to UK only.

T

3 174 1995 *‘7295

TOTAL 7> SR
Sinclair Research Ltd, for £ _
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COMBINED FORCES!

South East Computers PLUS Castle Electronics can now offer you Unequalled

H COLOUR
5.V ) COMPUTER

@G raphics character set @Plua-in programime/temaory cartridges [
®Colour ®Suund @Prugrammable tunction keys @5K mweimornry '

5 /
expandable to 32K @Standard Pt TBASIC @F ull-size typewriter £139

cevhoard @Low-priced peripherals @Joystick/paddles/hghtpen
@S| f 1eaching matenials @Cassette Deck now available £44.95

BRITISH DESIGNED

Acomn ATOIM rFersONAL COMPUTER

8K ROM + 2K RAM kit  £140.00 4K Fleating Point ROM ... £ 23.00
8K ROM + 2K RAM Ass. .. . £17450 Colour Fncoder ...... ........f 21.85
17K ROM + 12K RAM kit .......... £25500 Mains Power Supply ... £ 4920
17K ROM + 12K RAM Ass .. £289.50

COMPUTERS

TRt TA"GERIHE A FOR PEOPLE
u ATARI
microtan .. youcrs

Microtan 65 Kit ..o £79.35 ARE FULLY FROM £345.00

Microtan 65 ?u.lt e fﬂgg? GuAHANTEED Plus All Accessories
Tanex Min, Confuy, Kot ,..£49.45 Available!

N 20 way Keypid ..., .......£11.50 BUY WITH Model 400 16K ..oooooooroooeo. £345.00

_. CONFIDENCE 1 ; |

P I ANTEL PRESTEL ADAPTER i el —.
~ £199.00 ALL PRICES & T £345.00

We hold a complete stock of all the — y\p) UDE VAT 80 Col. Printer ooiiines, £550.00

Tangerine equipment. Send SAE or
Phone for details.

16K PET ... £55000 S=il W—=ie=ir—
2K PET oo £689.00 Z X8I BUILT-IN SOUND—-

DuakDisk Drive . .£799.00 FOR HIGH RES. GRAPHICS'
PIPAEE i £454.25 IMMEDIATE Apple 11 Plus 48K ........ £790.00

F xternal Cassette £ 44.95 DESPATCH Disk Drive + Controlier £383.00
Complete range of PET £69.99 D.D. without Cntrller £303.00
equipment in Stock Pascal Card ......... £264.00
- (;AEBSETEE SHFIIFE;:?E: grtrath:lygr- Bui:f%:um, Eurocolour Card ...£73.00
asic Basic Course, ers, | reasure |rove of Lames Hitachi 9" Monitor ....... £146.00
1 to 10 (10 Selections ﬂ; Etﬂﬁilﬂl’fdi ﬂ;‘;“lhgwﬂf We Stock All the Goodies for Apple!

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

MicroComputers for BUsiness
5,
Fwﬁo % 79 Package A Mffgfinos Mgmi

SILICON pr HARD DISK SYSTEM  ALL PERSONAL

: COMPUTER

1 x CBM 8096 Computer —— mrtfb‘”e Haf Disk  Gontact Paul Brown
1 x CBM 8050 Dual Disk Drive yte Memory (4 users) o Sam Wright on

1 x CBM 8023 Matrix Printer 500Kbyée:_:_ﬁjlpgigiékv%tﬂi L‘lg;tsll‘_}%s (0424)
1 it . B 1
anoecting cales, pius Silicon Saltaare 1 x OKI Microline 83A Printer  (Formerly Castle

SEC BUSINESS SYSTEMS SUPPLY A WIDE RANGE OF EASY-TO-OPERATE SYSTEMS AND PRO- Electronics)
GRAMMES TO MEET ALL OF TODAYS BUSINESS NEEDS + FULL RANGE OF COMPUTER FOR ALL

RELATED PRODUCTS + LEASING AGREEMENTS + FULL AFTER SALES SERVICE ) BUSINESS
SIE[C) /e Complite Compaten Sowice / 5w
IRIES:—
Phone
- ’ Nick Rosenberg on
Hastings (0424

15CASTLE STREET, HASTINGS, EAST SUSSEX TN34 3DY DEPT.ET4 426844
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NEWS:NEWS:NEWS:NEWS:NEWS:NEWS:NEWS

ETI PRICE DECREASE

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

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

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

DIGEST ¢

Tweeters That
Go Cheapl ok

ell, not just t

fact. Mullard have a 40w
speaker system consisting of an 8”
woofer as well as a high-power tex-
tile dome tweeter. They form part
of a new low-price, two-way, self-
build audio® kit (whew!) being
marketed by BK Electronics. The

i

BK Electronics crossover unit have
been combined with spring-loaded
terminals and recessed mounting
panel. The complete system, when
built into the 23 litre enclosure, is
capable of handling 40 W comfor-
tably. All this for the small outlay
of £13.90 plus VAT and £1.50 car-
tiage per kit! Get yours now from
BK Electronics Lid, 37 Whitehouse
Meadows, Eastwood, Leigh-On-
Sea, Essex §59 5TY.

.

Tempus Fugit
Il’s felt a little uncomfortable working in the ETI office this month; must

be something to do with the sackcloth and ashes we're wearing. During
the last few issues several of our reviews have featured Casio products,
but we have consistently failed to credit the company which lent us the
review models. The kindly folk in question are Tempus of 38 Burleigh
Street, Cambridge CB1 1DG and we'd like to thank them for all the help
they've been giving us. Tempus are leading C asio specialists and if there’s
something from Casio you're having problems obtaining, they will
doubtless be as nice to customers as they are to us.

Sun-Day Driving

A Volkswagon Dasher caris presently being tested carrying a roof-rack
of AEG-Telefunken solar modules which convert solar energy direct-
ly into electric current. The small 160 W ‘solar power plant’ of the test car
complements the dynamo and charges the battery. This means that fuel
consumption can be reduced by approximately five percent. As yet the
cost of manufacturing these solar panels makes them uneconomical to
use, but with the rising prices of fuel, it is foreseeable that low-priced solar
generators will enter the market. Not only that, future car generations
will make increased use of electricity, for example with automatic start-
stop devices and pollution-free electrical energy for air conditioning in
carsin warm countries. Great idea — but where will you put the luggage?
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Heading For The
Top

eadphones seem to be getting
Hiighler and smaller these days,
so Sennheiser, that well-known
manufacturer of headphones, has
decided to launch a pair of their
own lightweight ‘phones. The new
model HD40 is soon to be released
inthe UK and weighs only 60 gram-
mes with extremely light contact
pressure. They can be supplied
with either a three or seven metre
lead, the seven metre variety incor-
porating a volume control in the
fead so that you don't have to
march all that way back to the amp
if it's too loud. Another feature is
that each ear-piece can be revoly-
ed on the headband by 90 degrees
if you have a funny shaped head or
if you want to store them compact-
ly (!). The Sennheiser HD40 will be
launched in the UK with a sug-
gested selling price, including
VAT, of £16.55. For those of you in-
terested in technical specs; fre-
quency response is 22 to 18,000
Hz, impedance is 600 ohms,
characteristic SPL is 9¢ dB and
distortion factor <1.2%.

Electroware,
oK?

K Machine and Tool (UK) Ltd

have launched a new division
aimed at providing the electronics
user with a really wide range of
electronic hardware. All the pro-
ducts in the range will be available
to everyone involved in building
electronic equipment — that in-
cludes engineers, students,
teaching stafi, laboratory techni-
cians and, not least, the hobbyist.
The 40-page catalogue contains
various products selected from
OK's bench tool range -- plus
some new items — and includes
soldering irons, wire-wrapping
kits, 1C tools, PCBs, cases,
enclosures, connectors, sockets
and test instruments to name just a
few. Electroware is distributed
throughout the UK by leading elec-
tronic and computer stores.
Catalogues are free, but send 30p
for postage and packing. If you
want any further information or
one of their catalogues contact OK
Machine & Yool (UK) Ltd, Dutton
Lane, Eastieigh, Hants SO5 4AA.

‘9



Lack of Z2X381 NEemo ry
Ing you a,cs

The Memotech 64K Memopak

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

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

The Memopak together with the ZX81 gives a full 64K, which is neither switched nor paged, and is
directly addressable. The unit is user transparent and accepts such basic commands as 10 DIM A(9000)

0-8K ...Sinclair ROM

8-16K...Memopak memory which can switch in or out in 4K blocks to
leave space for memory mapping.

12-16K...Memopak memory which holds its contents during cassette

loads and allows communication between programmes.

16-32K...This area can be used for basic programmes and assembly

language routines.

32-64K...32K of RAM memory for basic variables and large arrays.
With the Memopak extension the ZX81 is transformed into a powerful computer.

suitable for business, leisure and educational use, at a fraction of the cost of comparable systems.

- ———————— O = g

Please debit my Please rush me:
BARCLAYCARD/ACCESS®* Quantity Price Total I
account number: 64K RAM, Assembled £68.69
*Please delete _
whichever does not apply. —
Signature E
I Stock Control Programme £ 25.00
l Date | Payroll Programme £ 25.00
Memotech Ltd J NAME

_ !
3 Collins Street J ADDRESS MLfs::; 200 |
Oxford-OX4 1XL | 4 _ T TOTAL I

Tel - 722102/3/4/5 | 4 To: Memotech Ltd., 3 Collins Street, Oxford, OX4 1XL Telephone (0865) 722102
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High-res
Printing

ew from Hi-Tek is the Facit

4542, a high-speed, high-
resolution printer which combines
a new type of ‘Fleshammer’ print-
head with advanced micropro-
cessor control to make it equally
suited to text printing, label or bar
code production, and graphics
output. Using 260-character-per-
second hidirectional two-colour
printing and a 14 x 9 dot-matrix for-
mat, the 4542 can produce a vir
tually unlimited range of charac-
ters as well as difierent grey scales
in graphics applications, In normal
text-printing applications, the
4542 ieatures proportional spac-
ing, justified right-hand margin
and an extensive set of up to 512
characters in 11 national reper-
toirs with red{black, elongated and
underlining facilities. For tabel
printing, a variable-size option is

available which allows characters
or bar codes to be generated in 95
different sizes from 2.52 mmup to
240 mm. Selection of size and posi-
tion is easily cnntrolled by soft-
ware commands. In the graphics
mode, scanning, semi-graphicsand
10 levels of greyired scale are
available to illustrate reports with
histograms, curves and diagrams,
as well as generating hali-tone il-
lustrations in applications such as
tomography, process monitoring
and computer-aided design. The
key to the versatility of the 4542 is
the print-head, which consists of a
set of nine stored-force flexible
metal hammers mounted directly
on a magnet armature. No adjust-
ment or lubrication is necessary,
wear is minimal, and a ‘floating’
mount means that the correct
paperiprint-head distance is
always maintained irrespective of
the paper thickness or number ol
copies. Further information is
available from Hi-Tek Distribution
Limited, Trafalgar Way, Bar Hill,
Cambridge, CB3 85Q.

Small And Beautiful

ailed as ‘the World’s Smallest, Lightest and Lowest-Power Consump-

tion’ television, the TH3-W 3V irom Matsushita certainly caught our
editorial eye. Closer inspection revealed a colour TV set witha 3" colour
picture tube, only 115 mmx 86 mm x 323.5 mmiinsizeand 1.5 kg inweight.
Power consumption is amere 9.5 W and it operates on AC power, car bat-
teries and on optionally available rechargeable batteries. Yet, despite its
small size, it is equipped with video inputioutput terminals and operates
asa colour monitor and a video tuner when connected to a video camera
and a portable VTR, respectively. This 3” colour TV was taunched on to
the japanese market in mid-December 1981 at the approximate price of
£200. 1t is due for launch in the US in June this year and, hopefully, will be
seen in this couniry shortly after. Further details will be supplied by Na-

tional Panasonic (UK) Lid, 300/313 Bath Road, Slough 511 6}B.

Sticky Clips

randauer adhesive cable clips

from Stotron provide an inex-
pensive method of fixing round or
ribbon cables to clean, dry sur-
faces. The range can handle round
cables from just a few miliimeters
up to 19 mm and flat ribbon cables
from 13 mm to 75mm can be ac-
commodated by a seleclion of
clips with widths in stages of 6 mm.
The adhesive is instant acting and
polyethylene pads provide high
levels of insulation, where
necessary. Further information is
available irom Stotron Lid, Unit 1,
Haywood Way, Ivyhouse Lane,
Hastings, East Sussex.

Video Victory

horn EMI have just announced

that agreements have been sign-
ed with Telefunken and JVC to
form a holding company for the
manufacture of video consumer
electronics products in Europe.
Thomson-Brandt was originally in-
tended as a fourth partner, but this
was not possible. However, the
three other parties hope an oppot-
tunity wiil arise for Thomson-
Brandt to join the venture.

Products manufactured by the
joint venture will include VHS
video cassette recorders, VHD
video disc players and video
cameras.

BT Bill Beater

ollowing the successof the Telcost TNA25 from the Ansafone Corpora-
Flion, it was decided thatasingle line unit should be manufactured. The
new machine offers a range of funclions which are all designed to save
money by monitoring telephone use. Ansafone's single line Telcost 1 has
featuresincluding a 24-hour clock display, which instantly shows the cost
of a call as soon as a user is connected with a number
dialled. The unit also has abuilt-in printer which records details of the call
including cost and number dialled. It also prints out the date, time,
machine identification number and the durationof the call. Telcos! 1 has
a built-in memory which retains information even if the machine is
disconnected from a power source. It also gives a special security mid-
night printout each nighl which frustrates any attempts lo conceal the
day's telephone costs by the destruction of the daily printout sheet. The
machine is virtually tamper-proof as the printout will indicate if it has
been disconnected from the line at any time or if any information
parameters have been changed. The machine has provision for it to be
reprogrammed at any time to enable the user to keep in line with British
Telecom unit rate charges and the date, time and identification number
can be changed for any reason if the machine is moved to a new location.
This desk-top unit is no bigger than a telephone and for an investment of
around E249 could help to cut out the abuse of telephones in both large
and small companies. ‘
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LINEAR OMPONENT KITS SWITCHES

CAYMIBZE 450 LM377 150 LMI900 s MNES5S66 150 TAD1024 125

25 CAJBIE 290 #IMIBD - 65 LMINA 78 NES67 100 TLO7 = An ideal opportunity for the beginner or the experienced
* 741 14 ICL7106 790 *1MIB1 100 iM3911 120 NES7I 425 TLO72 73 mnlatructa?auuhta;iawidﬁrdngfc-f components at submin. Toggle
748 35 ICLB0IE 320 LAMIS2 120 x1M3914 200 RC4136 90 TLOS4 90 g ] ol SPST 55p SPDT 60p % DPDT 50p
AY-31270 840 ICM7555 80 *LMith 65 xim3ols 200 SN76018 ::55:: *";E_ﬂﬁi:? ?:.g | Miniature toggle
AY-1-8910 700 *LF 351 40 | M3IB7 120 LMTIG00 120 - : Vi & tains 10 of each value from 80p PDT centre oif 90p
*AY-3-8912  LF353 B5 LMI91 100 MC1310 150 TBAB4IB11250 ZN423 195 {;ﬁ?ﬁﬁ{i;ﬁeﬁimﬁ?ﬁ_ WS N DPDT 90p  DPDT centre off 100p

625 LF156 90 & LM70% 25 mMC3In2 150 TBABOO 80 gmﬁgF ;;g ' ' g;.;lsn;mrd!uggle
CA3046 &0 LM10 395 LM710 50 M(3340 135 TBABI0 95 L : - Kit Contains 5 of each value from | 35p  DPDT 48p
CAJ0B 65 wimwna 33 L2 330 Nisia 270 TRAR o ZnezeE  3s0 | eramic Capacitor i Contains 5ol cachvaly o ME
CAWBY 715 LM 70 LM71 75 NESM 225 THA95D 200 EEE;E 650 : E‘puih anase II%I Push to break 22p
CA3DMAQ 375 LM B5 *LM/41 4 NESH 150 TCA940 170 480 Kit Cont 5 of each value from otary type adjustable stop
CAIT306 T 90 wiMIZ4 40 LM747 75 NE544 185 TDA004 300 ZN10I4E 200 S b ol 1P12W  2P6W, 3P4W, 4P3W all 55p each
CAI40E 45 LM39 50 LM?748 35 *NESSS 16 TDAMW08 320 DIL switches |
CAITB0E 100 M348 9 LM1458 40 xNESS 45 TDAMM0 225 Preset Kit. Contains 5 of each hor Value from 4 5PS5T 80p 6 SPST 80p 8 SPST 100p
CAJTBIE 140 . LM15H s0 LM297/ 200 NESHS 120 TDA1022 Seb 10081t 1M (total 65 presets). 425p each.

* 4017 REGULATORS

#55 115

MNut and Bolt Kit. Total 300 items . 140p.

4018 60 439 295 4059 480 4085 65 4501 50 4532 95 25 6BA Y “ bolts 25 4BA " bolts
000 14 4019 35 4040 55 460 85 4086 65 4507 3B 4534 495 25 6BA ¥4 bolts 25 4BA Y;” bolts Positive Naaative
* 4001 12 * 4020 55 4041 75 4063 90 4089 140 4508 200 4538 110 50 6BA nuts 50 6BA nuts * 7BLO5 25 ;qﬁfﬁ 65
a2 14 4021 65 4042 55 4066 35 *4093 33 4510 65 4541 110 50 6BA washers 50 6BA washers 78L12 30 79012 68
4X% &5 4022 70 4043 B0 4067 395 4094 14 wd5i1 50 4549 380

. | 78L15 30 79015 65
44Xy 17 4021 18 4044 65 #* 4064 15 4‘“’: k) 4512 70 45517 295 *7B05 45 '

i S8 n g ok b et o g o ode o e | e o 8 e 5
W 38 & 4026 9% 4048 S5 071 18 MW 95 4516 75 4559 399 Polyester Radial Leads 250V 280 type 7915 &0

: 0.01,0015, 0022 (1.033, bp; 0.047 0068, 0.1, 7p;

* 4011 13 4027 30 * 4049 28 72 18 40106 50 * 4518 45 4560 180 3 5 ' 3 ’ 3 : LA 309 130 + LM3I23K 350
oot 4028 55 4050 28 4073 20 40109 100 4520 70  gonq oo (115, 0.22, 9p; 0.3%, 0.47, 13p; 0 68, 20p; 1u 23p, * LM317T 120 e o
& 4011 22 02 75 4051 60 4075 20 463 100 4521 200 4585 o9 - :

403%) 35 4452 70 76 &0 40173 100 4526 B0 47
ﬁﬂ: 23 4011 170 405 60 4077 25 40175 100 457 g9 ot MO
& 4016 22 4034 170 4054 110 4041 18 Had 120 + 4528 7%

Electrolytic Radal or Axial leads

0.47,/63V, 1/63V, 2. 2/63V, 4 7/63V, 10/25V, 7p; TERS
22/25V, 47/25V _ Bp; 100/25V, 9p; 220/25V, 14p; PANEL ME SOCKETS

e B B i Sixe 60 ® 46 » 15mm

" . *8pin 7p
7413 24 7447 4D 7480 747 I 74155 &0 74177 75 Polyester. Siemens PCB. 0-50uA, 0-500mA 14 oin

7414 35 7444 85  74m2 ;3 74" 32 74156 60 74179 &5 In, 202, in}, 4n7, 6n8, 10n, 15n, 7p; 22n, 33n, 47n, 68n, Bp; G- WOuA 0-1A :mgm 13:

a0 11 7AW 25 F4ah 6D 74nt  S5p 74121 28 74157 43 74180 65 1000, 9p; 1500, 11p; 2200, 13p; 330n, 20p; 470n, 26p; 0-500uA 0-50V AC Bpin 159

74011 11 7417 25 7447 48 T4R5 75 74122 45 74160 B0 74 H‘;.'I 135 BHON, 29p; Tu, 33p; 2ul, 50p. - qlr:;r“rﬁ.ﬂ. VU 20 pin 18p

7a00 12 T4 15 7448 SO gqm, 25 74N/t 48 74161 60 74181 75 g&cmj.,n. 0-300V AC 2pin 20p

7404 14 742l 20 7450 16 7484 180 74125 40 74162 &0 741%) 70 Tantalum bead ; -1mmh 0-25V J4pin  22p

Ja4 14 742 W0 7451 e yaw) 28 2 T412h 4D 74164 &b 74191 70 01,022 031,047 10@ 35V 1p: 22 4.7 0@ -I:IS i 0-30V DC Bpin 26p

7405 17 7427 2 7453 16 49 45 74132 40 T4le4 6O 74192 70 25V, 20p; 15/16V 30p; 22/16V, 27p; 33,16V, 45p; Op each. 0pin  32p
746, 26 B 2 7454 16 g4q) gp 74141 65 T4165 60 74193 65 4776V, 27p; 47/ 16V, 70p; 6B/6V, 40p; 100/10V, 90p.

2407 26 74015 TAb) 16 49y 39 74165 65 74167 180 74194 70
7408 15 742 2% 747r 25 7494 35 74147 100 ?41_?(] 165 74195 B3
24090 16 7433 2T 7473 W 49 5p 74148 75 74171 60 7419% 63
7410 14 AWM 27 7474 25 g4y, 45 74150 75 74174 65 74197 63
7411 0 7447 27 J475 i8 74497 120 74153% 45 74175 70 74198 95

Ceramic 22p-0-01u. 50V 3p each.
Polystyrene 5% tolerance

10p-1000p 6p. 1500-4700 8p. 6800p-0.012 10p.
I rimmers. Mullard BOB Senes.

HARDWARE |

: g 9. 3. 970F hEnk PP3 Battery clips 6p
2412 20 7440 17 747h 30 7gyx gg 74154 75 74176 S5 74199 95 2-10pF 22p. 2-22pF 30p. 5 5-65pf 35p. S hlatk”ﬁmd”“hﬁi p:
= ; : Black pointer control kno P
L 576 1 51 | S0l L5221 L5365 38 TRANSFORMERS I'-‘}I;a&e a?f;;j::‘rlagt Pair Ultrasonics 350p
1522 16 [S78 24 (5126 30 LS162 42 L5240 90 LSibh 128 C E:E e TO220 twisted vane heatsink 1Bp
L526 98 |SHY 50 | S112 45 1511 42 | 5241 80 L5367 38 Miniature mains bl s 20mm panel fuseholder 15p
e 1527 15 1SA% 70 1813 30 L5164 50 L5241 80 L5364 50 A6V, 09V 12012V all @ 100mA  100p each 4mm terminals (var colours) 13p
LSOZ 14 S 16 |SBE 25 [ &4 35 L.S165 120 [S243 B85 LS3i71 80 ' TO18 transistor socket 15p
LSO 18 1S322 16 1S90 35 [ S1 35 | S166  BS I 5244 B8O 15174 80 High quality. Split bobbin construction bdmm 64 ohm speaker 70p
L5413 1547 16 1S42 38 4145 75 LS00 170 15245120 LS3FS 50 &VA (b6, -6 @ 0 5A; 0-9, 09V @ 0 4A bdmm # ohm speaker
1SO5 15 |S# 16 1591 35 | §147 180 (S173 70 15247 75 1S3V 90 (12 0-12V @ 0 3IA 2200 each.
1508 16 540 16 1S9 45 | 5148 9% 15174 &0 | '}3?1 40 L5378 70 1IAVA 06 O6@ 1A DY, 09V @ 1.2A .
LS9 16 1542 38 1S9 110 5151 40 |S17% 60 15257 48 L5390 75 0-12, 0-12 @ 0 5A; 0-15, 0-15V @ 0 44 SLECUHAMELIR (LD
L5 16 1547 40 1S907 45 15150 40 | $10 55 LSI58 45 L5393 75 275p each (plus 40p carriage) . RESISTORS
1511 16 |S44 80 1SUM 30 5154120 18191 55 L8259 95 L5399 220 VA 06, 0-6V @ 1.5A; 09, 0-9V @ 1.2A Rotary. Carbon track Log >
L512 15 1551 16 15112 30  [s15% 45 [§192 55  LS266 25 15541135 012 012V @ 1A, 0-15. 0-15V @ 0.6A [l on Lin SK-1Mm YW 5% Carbon hilm E£72
LST18 25 1555 30 1S114 30 | S156 45 LS19) &0 LS273 90 L5670 175 330p each (plus Ha'p o St ‘B Single 32p. Stereo 85p each. | series 4. 751-10M. 1p each

L515 15 1874 25 1S122 42 [S158 W |S196 60  LS2B1 45

: Log or Lin 5K-500K_ 63p. series 4 711 -4M7 2p each
L5200 15 1875 27 L5128 55 LS 42 [S197 6B LSI53 100

P : . . YaW 1% Metal film. E24
uﬁgf 1£:bm;::1hﬂnz series 1001 - 1M 6p each.

400p each (plus 70p carriage)
OOV A - 0-30, 0-30V @ 1.6A

920p each {plus 80p carriage)

e

BC157 10 BC558 M BEXE4 25 TIP3 45 *Z771X107 812N3054 55
BC158 10 BCY70 18 BFXA5 25 [PWA 40 #=ZTX108 B|2N3055 50

AC125 I5|«BC159 B8 BCY7 18 BIXBh 28 TP 50 ZTX109 12 2N3442 120

S0 Sl N SOW B BN D50 | | Buveergtannaitn . B e

A1 BCIGAC 70 BD1TS 80 b s - e ow ordering from Rapid is ; Antex CX 17W Soldering Iron 42
*#AC128 20 BC169C 10 BD131 35 BIYS0 23 TIP3TH 45 ZTX302 15 #INJ704 6 B 4 g P Access X 3 R ard i oo b 1 S Sgﬂ
AlC176 25 i BC170 8 HD13Z 315 Hl'_"l'?] i‘; I::::li ig :i{iif:: ;3 jﬁi;::{‘l z 1’&\'&[‘! easier. JI.IS‘I ‘tElEphﬂnE * CX 17W element .'m
ACI87 22 BC171 10 BD133 50 BYYS2 : IN3706 : et N3¢ TR Scllering roa

ACIHE 22 BC172 8 BD13S 50 BEYss 32 TIPRB 55 ZTX500 15 2N3707 10 *mm“ with your X el oy e St *';gl'l;
ADM2 120 BC177 18 BD16 30 BIYss 32 W o S L Niroa 10 N requirements and your & § 125 25W element 190p
AD149 80 DC178 18 BD1Y7 30 BiYSe 32 2T X502 2 . ; i

AD161 40 BC179 18 BD1# 30 BRYD 40 HE”; Eg ﬂﬁ:j 18 iﬁﬂl ;?3 & Access or Visa number for (nancuaveano " Eﬁﬁrﬂﬂ;ﬂgﬁ?ﬁ:ﬂgtml %
AD162 40 BC182 10 BD19 35 HSX20 20 4 5 IN377 i - i ;- 1 -4 Skl gt

ATIS 60 #BCIS2L 8 BDM0 33 HSx29 35 TIPMC 85 2Ne97 20 w2nwe 1s [ ¥ Immediate despatch. Nothing | EJ o] I i
AF126 50 BC183 10 BD204 110 HSYY5A 25 TIPISA 160 ZNe98 40 2N3A20 40 M 4K could be more simple! 3 y

AF139 40 BC183L 10 BD206 110 BU20S 160 TIPISC 180 IN706A 20 XN3BIY 65

Al 186 70 B84 10 BD222 85 BU206 200 TIPWhA 170 2N7OH 20 JNWMshH 90

I T L

AF219 75 «BCIA4L 7 BFI8 35 BU208 170 11P36C 195 2NWIB - 35 IN3GO3 10 r .

BCI07 10 BC212 10 BE182 35 MI295%% 99 TIP41A 60 INT1I2 22 ONJ%M 10 & 3mm red 8 % 3mm fod . TRIACS - SCRS H
BCIO78 10 BC212L 10 BF184 25 MIEIH0 50 TiP42A 60 2NT613 30 4 2N3I905 6 * Imm green 12 3 mﬂﬂ‘ﬁ*‘ e SCRs TRIACS
#HCIB 8 BC213 10 BFWS 25 MIES20 65 TIPI120 90 2N22T8A 45 IN3906 10 * imm yellow 12 i C106D 30 400V 4A 60
BCIWMB 12 BC21iL 10 BE 194 12 MIF521 95 TIP121 90 2NI219A 25 IN4037 45 400V BA 70 400V BA 70
BCIBC 12 BC14 10 BF195 12 MIE WSS 70 11P122 90 2NZZ2TA 25 IN40SE 10 Clips to suit 3p each 400V 12A 99 200V 16A 105

+HO109 B «#BC2140 B 196 12 MPEIR2 40 TIP141 120 2N2222A 20 IN4OBD 10

BCI0. 12 BC2Y7 BF197 12 MPHIO4 40  TIP142 120 2N2368 25 IN4D61 10 Rectangular 4 Ili ;;1 E
BC114 22 BC23s 'BE198 10 MPSADS 22 TIP147 120 2N2369 11 ZN4D6Z 10 * red ‘;, :Lm &0
BC115 22 BCi04 i 199 18 MUPSAIG 25 TIP2955 60 2N2484 25 INS457 36 green 1 Til Al o
BC1177 22 BC3i27 AEAX 30 MPSATZ 30 TiPI055 55 2N2646 45 IN5458 36 vellow 17 ORP1

B

8

14

15

14
BC119 35 BCI28 14 #BF 2431318 MPSAS5 30  TIS4% 40 ZN2904 20 2N5459 30 e e i : DIN Plug 5kt lack Plu Skt
BC137 40 BCIY7 14 BE245 30 MPSASH 30 TI544 45 2N2904A 20 2N5485 36 AR SERIREnt Eiisply = ‘ 2pn % 9 Y5mm  10p 10
BC1319 40 BC1iH 14 Bl 25613 45 MPSUDS §5  TIS45 45 2N2905 22 INSTTT 45 Com cathode Com anode 3 pin 12p 109 1 Smm *7p *7p
BC140 30 B(477 3 BF257 32 MPSUE 55 TIS™) 30 2NZ90SA 22 2INe027 30 DLTO4 0 3 95 L7007 0.3 95 5 pin 13p 11p Standard  16p 20p
BC141 30 BC47R 30 BF258 25 MPSUSS s TISH 30 INZ9OE 25 40360 40 & FNDS00D (05" 65 FNDSO? O 5 90 Phono  10p 12p Stereo 24p 25p
BC142 2% BC479 30 BF259 15 MISLSH & VN10K M IJNZKBA 25 40367 50 Til 313 0.3 105 TIL312 0.3 105
BC143 25 BC5Y? 40 BF §47 40 TIP2 35 45 2N2O07 25 40362 50 L322 0.5 115 L3271 0.5° 115
BC147 8 *BCS47 7,BFRA0 21 TIPZA 40  VNdpAl 75 <NIYOTA 25 40408 70 Tmm 13p 1dp 4mm

BC144
BC149

B 548 10 BERSO 25 TiP2UB3 5!
B 549 10 B X29 25 . TIPS &0

20 metre pack single core

'

VNGBAL  B5 IN2926 9 405%4 100

All seven segment displays are
VNBRAF 2N3053 23

supplied with connection details
INST77 45 Dual Colour LED 60

PCB MATERIALS

UHF {CB} Connectors

PL259 Plug 40p Reducer 14p
SO219 Square chassis sockel 1Bp
5023495 Round chassis socket  40p

VERO

ay127 12 & 1N400T 3 Alfac PCB transfer sheets — please

bie, ten 2 S
OA47 1N4002 3“"'"'"“‘"3 LA, _ tate type (e.g. DIL pads et 45p IEC 3 pin 250V, 6A
ifferent colours b5p Verobloc 350p. state type (e g pads etc )
oA 1N400? Spuakerc.bie wp/m § Sive 0.1matrx Dalo etch resistpen 100p Flupshanis vouneing i
Standard screened 16p,'m 28 x 1" 22 ibre glass boar 57 x 87 _
0A200 i it forifi serasiiod 24p/m 25 x 375" 750 Ferric Chloride 250m| bottle Socket with Zm lead 120p
?F?HIE NS 17 2 5A 3 core mains 23p/m 25 x 5" 85p ORDERING INFO
400mW zen bp [ 10 way nibbon 65p/m 375 x 5° 95p m 5 UM 240 18 OM 240
20 way ribbon 120p,/m —— — All prices exclude VAT . Please add to b OM 200 18 4328 220

total order. Please add 50p carriage on all
orders under £10 in value Send cash/
cheque,/PO or Access/Visa number with

1W00KHz 290 2 .4576M 220 6.144M 180 19 OR8A 300
200KH: 370 3276M 24D T O0M 250 2669M 300

Veropins per 100

_ o _ _ 1MH2 30 35790 120 8.0M 170 | !

Dirmensions in inches Aluminium, Single sided 50p vour order. Send SAE for discounts list 1.008M 370 4 0M 150 10 DM 1&3 gg EETM ﬂg
Double sided 60p (free with orders). Official orders welcome 1.8432M 300 4.7194M 150 120M 290 48 OM 220
Spot face cutter 105p from colleges, schools etc. Export orders

2 .0M 270 4 43M 125 16.0M 240 116M 300

no VAT, please add carriage

* Samedaydespatch * Competitive prices

Th e H a p i d Gu aran tee * Top quality components * In-depth stock
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Grabbed By The
Dooleys

hose tireless chappies down at

Casio have taken time off from
disguising BASIC compulers and
arcade games as pocket
calculators and watches, and have
turned their attention to the music
scene. Although there is un-
doubtedly a market for top-flight
organs and synthesisers amongst
home musicians, many people will
prefer something more modest —
for financial reasons, because the
living room is too small or because
they can’t figure out what all the
knobs do. At the other end of the
scale (sorry), the type of hand-held
organ made notorious by Rolf Har-
ris is a little too limiting. With the
Casiotone 701, Casio have not just
produced a solution to this pro-
bfem but a radically new type of in-
strument.

The CT-701 is not just a 61-key
polyphonic (eight voice) mini-
synthesiser, but also contains an
on-board computer that acts as a
built-in sequencer; among other
things. You can play along with the
built-in rhythm unit, store your
own music in memory and play it
back automatically, or just load
the machine with a Casio music
score and let it get on with things
by itself. The latter function is

quite extraordinary — Casio supp-
ly the music scores as bar codes
and you read them into the
machine using a light pen (like
those at supermarket check-out
desks). In melody guide mode you
can even teach yourself to play the
instrument, as LEDs above each
key light up to tell you which note
to play next.

Twenty preset sounds are
available, such as pipe organ,
flute, piano, ocboe, bassoon etc,
plus the synthesised drum sounds
of the rhythm unit and the
‘pnecoum’ sound so beloved by
producers of disco records. Opin-
ions of the preset sound quality
vary from “beautiful” (Casio)
through "“very geod" (an indepen-
dent reviewer) to “too sharply
filtered” (another independent
reviewer). Since they can't agree
and we haven’t heard it (though,
we're trying hard to get our mucky
paws on one), you'll have to listen
to one yourself before parting with
any cash, but professiona! musi-
cians seem tolikeit — the Dooleys
use Casiotone mini-keyboards in
their stage shows (fellow head-
bangers may not see this as a com-
pliment). With so much packed in-
to such a compact case (only slight-
iy larger than the actual keyboard)
and such a low price (about £500),
Casio would certainly seem to
have done it again.

ZX Revamp

ot those of you who are serious

ZX-81 owners (is there such an
animal?) or would simply like to
disguise the machine, there is a
prefessiona! standard keyboard
and enclosure now available from
Protos Computer Systems. The
keyboard is the first of a range of
peripherals to make the computer
suitable for more heavy-duty use.
The 40-key Sinclair coded board
uses top quality mechanical con-
tact type key switches with
relegendable tops. A steel moun-
ting board holds the keys firmly in
position and a high quality printed
circuit board completes the
board’s electrical circuit. Connec-
tion to the Sinclair board is made
by a flexible connector which is a

push fit to the sockets provided on
the ZX81. Access to the edge board
connector is via a side port on the
Protos enclosure and tape injout,
power and UHF connections are
made through the rear. To fit the
Protos entails removing the
Sinclair board from the black ABS
case it comes in and fixing it inside
the Protos enclosure with four
Phillips type screws. No soldering
is required and all electrical con-
nections are plugisocket connec-
tions provided either on the
Sinclair or the Protos. Further
details on this and other forthcom-
ing peripherals can be obtained
from Protos Computer Systems,
Frome Computing, 20 Ashtree
Road, Frome, Somerset BA11 2AS,
Pleaseenclosealarge SAEwithany
enquiries.

Thin Meters

Sifam Ltd of Torquay in Devon
are to market a range of very
thin edgewise meters manufac-
tured by General Electric of the
USA. There are three sizes in the
range with case widths of 38 mm,
63 mm and 89 mm and the units
are scaled for vertical or horizon-
tal presentation. The special
feature of this design is the ex-
treme thinness; the smallest has an
overall depth of face of only
13 mm and the two larger sizes of
about 17 mm. The smallest model
has a rear-access zero set and a
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simple spring-clip method of
mounting. The two larger models
have front access zero set at end of
scale and a slide bracket form of
mounting. They incorporate
jewelled pivot movements with
special high-torque magnets for
reliable and accurate operation.
The standard meters are available
ex-stock from Sifam and have a
maximum sensitivity of 50
microamperes. Scale markings can
be produced to suit individual re-
quirements. Further details of
these and Sifam’s own range of
meters are available from: Sifam
Limited, Woodland Road, Tor-
quay, Devon TQ2 7AY.

Power For
Peanuts

renson Electronics, designers
Gand manufacturers of power
supplies for the Nuclear Research
Industry have come up with a
series of bench power units. The
first unit in the series is priced at

£59 and gives a variable stabilised
output up te 30V at 2A in two
tanges, has foldback re-entrant
short circuit protection and cur-
rent and voltage metering. This
unit is also available in kit form at
only £35 and further details are
from Grenson Electronics Ltd,
High March Road, Leng March, In-
dustrial Estate, Daventry, Nor-
thants NN11 4HQ.

Miniature
Magnification

om Stotron Ltd is the

Scope Mark Il pocket
microscope with stand. Priced at
under £20 it is a useful tool for
laborateries, schools, workshops,
service engineers and the elec-
tronics, electrical, automotive,
print and graphic trades, Uncle
Tom Cobbley and all! It is 125 mm

long, with 20x magnification and a
graticule showing linear and
angular measurements. lllumina-
tion is powered by standard 1V35
‘pen:light’ batteries and a micro-
stand (with spring ciips for sample
slides) is available as an option so
that the device can be used like a
conventional microscope. Further
delails on this device are available
from Stotren Lid, Unit 1, Haywood
Way, lvy House Lane, Hastings,
East Sussex.

13



Ne Products

HIFI STEREO AMPLIFIER KITS

From one of Britain’s leading eso-
teric amplfier manufacturers comes
an exciting new package of stereo
amplifier kits, designed to offer all
the advantages of true high fidelity

but without the usual price penaity.
These new kits offer the choice of

moving magnet or moving coil
inputs, 40 or 100 watts per channel,
in fact, everyhthing that made the
previous models so popular is im-
cluded but with added style, easier
construction and a full two year
warranty.

The New Range Consists of

The CK 1010 Stereo Pre Amplifier
The CK 1404 WPC Power Amplifier
The CK 1100 WPC Power Amplifier

CK 1010
This kit contains all the necessary
parts to build a complete pre-amp.

The main PCB is ready assembled’

and tested therefore construction
is simply a matter of boint to point
wiring and mechanical assembly of
the connections and controls 1o

the pre punched chassis.

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

CK 1040

This is a nominal 40 watt per
channel power amplifier kit which
features our dual power supply
and the DC output for the CK
1010. All components such as

heatsinks, wire and connectors are
included and protection is

provided from short circuit
outputs.

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

When correctly assembled these
kits are guaranteed for two years.

11+ would seem then that Crimson have maintained their position at the top of the commercial kit-
build field. There is no oriental amplifier | know of that can better the sound of this combination overall
at any price and only a few — such as the KA-1000 (500 +) — are of comparable standard . . . | can
say no more than that for £250 it (CK1010/MC2K/1100) is a bargain and one that becomes the
reference point for kit amplifiers from now on.””’
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SPECIAL INTRODUCTORY OFFER 10-15% OFF!

As a special incentive to buy our new range of D.I.Y. Hifi Kits, we are offering the range for a limited
period at silly discount prices
The offer closes on March 31st, with prices this low, demand is sure to be heavy, so order now and
avoid delays at the same time save £ft's

el g | o - - =0 § ¢ ) [R————————————ppeeprer e L g g e S E R TR A AR SPECIAL PRICE £79.20
CK1080 — BRPEIIB.OO s v svnsvspapuvsssnns smmpssabne s@uosesd b s SPECIAL PRICE £105.80
CETI00 — RRPEMBID ... .connisssomrinmss § va@ssanss y gawssant s oo SPECIAL PRICE £130.80
MC2K — RRP£25.00 ......cc0nveevonnnscennasnnssensnssmannannnnnses SPECIAL PRICE £22.50
PEN — BRPEIDDD. ccouii s samass s aemepaats s mmmsmnns b LEakhsdsn ks v SPECIAL PRICE £16.80

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

FREEPOST, 9 CLAYMILL ROAD

LEICESTER LE4 5ZD. ENGLAND
TEL. 0533 761920, TLX 34694

¢ rimsonHekirik
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SLOT CAR CONTROLLER

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

COLUMN LOUDSPEAKER
DESIGN

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

ROBOT CONTROLLER PART 3

Ih next month’s ET! we continue this series with the
construction information for this month’s analogue pulse
width modulation controller, plus full details and a PCB for a
dual digital PWM controller. This will not only be of interest
to roboticists but to anyone who needs to control the speed
of DC motors.

Articles described here are in an advanced slate of preparation.
However, circumstances may dictate changes to the final contents.
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How would you like a 10 MHz
oscilloscope about the size of a
large lunchbox? Can't afford one?
Then build this one — it's the main
project in ET] next month.

DVMEG

Any scholars out there will know that D is Roman for 500.
Since V stands for volts, it will come as no surprise that this
project generates 500 V to enable the leakage current
through insulation to be tested using the builtin meter. In
effect it is a high-voltage resistance meter for measuring
values above about TM0 — hence the last part of the name.
We don't just throw these things together, you know!

BREADBOARDING SYSTEMS

There appears to have been a veritable explosion in the
number of breadboarding and prototyping systems available
to industry and the hobbyist; next month we’ll be taking a
look at some of them. Both solderwrap and insulation
displacement techniques will be examined and we’ll have an
exclusive first review of a major new development from a
leading manufacturer. Not to be missed!
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6 plano type keys

NEW RANGE QUALITY POWER LOUD-
SPEAKERS (15", 12" and 8"').
loudspeakers are ideal for both hi-fi and
disco applications. Both the 12" and 15"
units have heavy duty die-cast chassis
and aluminium centre domes. All three
units have white speaker cones and are
fitted with attractive cast aluminium
(ground finish) fixing escutcheons.

Specification and Price: -

15" 100 watt RM.S. Impedance 8ohm
59 oz. magnet, 2" aluminium voice coil.
Resonant Frequency 20Hz. Frequency
Response to 2.5KHz. Sensitivity 97dB.
Price £32 each. £2.50 Packing and Car-

riage each.

These

STEREO CASSETTE TAPE DECK MODULE.
Comprising of a top panel and tape mechan-
ism coupled to a record/play back printed
board assembly, Supplied as one complete
unit for horizontal installation into cabinet or
console of own choice. These units are brand
new, ready built and tested.
Features: Three digit tape counter. Auto-
stop. Six piano type keys, record, rewind,
fast forward, play, stop and eject. Automatic
record level control. Main inputs plus
secondary inputs for stereo microphones.
input Sensitivity: 100mV to 2V Input Im-
pedance: 68K. Output level: 400mV to both
left and right hand channels. Output Im-
wdaru:a: 10K. Signal to noise ratio: 45dB.
ow and flutter: 0.1%. Power Supply re-
quirements: 18V DC at 300mA. Connections:
The left and right hand stereo inputs and
outputs are via individual screened leads, all
terminated with phono plugs (phono sockets
provided). Dimensions: Top panel 5%in x
11%in, Clearance reguired under top panel
2Vain. Supplied complete with circuit dia-
gram and connecting diagram. Attractive
black and silver finish.
Price £26.70 + £2.50 postage and packing.
Supplementary parts for 18V D.C. power supply
{transformer, bridge rectifier and smoothing
capacitor) £3.50.

v PROMPT DELIVERY s PRICES INCLUDE V.A.T. % AMPLE STOCKS
A PERSONAL SERVICE FROM A SMALL EXPANDING COMPANY

TK.WATT SLIDE DIMMER

® Controls loads up to 1TKW
® Compact size

4% " % 1_:_! x2W"
16

® Easy snap in fixing through
panel/ cabinet cut out

® Insulated plastic case

® Full wave control using 8amp
triac

® Conforms to BSB00

@ Suitable for both resistance
and inductive loads

Innumerable applications in

industry, the home, and discos/

theatres etc. .
Price: £11.70 each + 50p P&P
{Any quantity)
BSR P256 TURNTABLE

P256 turntable chassis @ S shaped tone arm
® Beit driven @ Aluminium  platter @
Precision calibrated counter balance ® Anti-
skate (bias device) ® Damped cueing lever
® 240 volt AC operation (Hz) @ Cut-out

template supplied @ Completely manual arm.
This deck has a completely manual arm and is

designed primarily for disco and studio usef
where all the advantages of a manual arm are
required.
Price: £28.50 + £2.50 P&P

M | POWER AMPLIFIER MODULES

12'* 100 watt R.M.S. Impedance 8 chm, 50 0z. magnet. 2" aluminium voice coil.
Resonant Frequency 25Hz. Frequency Response to 4KHz. Sensitivity 95dB. Price
£23.70 each. £2.50 Packing and Carriage each.

8 50 watt R.M.S. Impedance 8 ochms, 20 o0z. 1%" aluminium voice coil, Resonant
Frequency 40Hz, Frequency Response to 6KHz, Sensitivity 32dB. Also available with
black cone fitted with black metal protective grill. Price: White cone £8.90 sach. Black
cone/grill £9.50 each. P & P £1.25 each.

PIEZO ELECTRIC TWEETERS - MOTOROLA , ‘

Join the Piezo revolution. The low dynamic mass (no voice coil) of a
Piezo tweeter produces an improved transient response with a lower
distortion level than ordinary dynamic tweeters. As a crossover is not
required these units can be added to existing speaker systems of up
to 100 watts (more if 2 put in series). FREE EXPLANATORY LEAFLETS

Vu Meter

Matching 3-way loudspeakers
and crossover
Build a quality 60watt RMS system Bohms

Build a quality 60 watt RM.S. system.
+ 107 Woofer
* 37 Tweeter

SUPPLIED WITH EACH TWEETER.

TYPE 'F

TYPE ‘A’ (KSN2038A) 3" round with protective
wire mesh, ideal for bookshelf and medum
sized Hi-fi speakers. Price £3.45 each.

TYPE ‘B’ (KSN1005A) 312" super horn. For
general purpose speakers, disco and P.A.
systems etc. Price £4.35 sach.

TYPE ‘'C’' [KSNB016A) 2" x 5 wide dispersion
horn. For quality Hi-fi systems and gquality
discos etc. Price £6.45 each.

TYPE ‘D’ (KSN102BA) 2" x 6" wide dispersion
horn. Upper frequency response retained
extending down to mid range (2KHz). Suitable
for high quality Hi-fi systems and quality
discos. Price £6.90 each.

TYPE 'E' (KSN1038A) 1% " horn tweeter with

TYPE 'D’ attractive silver finish trim. Suitable for Hi-fi

‘4

monitor systems etc. Price £4.35 each.

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

U.K. post free {or SAE for Piezo leaflets).

+ 5 Mid Range
* 3-way crossover

Fitted with attractive cast aluminium fixing es-
cutcheons and mesh protective grilis which are
removable enabling a unigue choice of cabinet
styling. Can be mounted directly on to baffle
with or without conventional speaker fabrics.
All three units have aluminium centre domes
and rolled foam surround. Crossover com-
hines spring-loaded loudspeaker terminals and
recessed mounting panel

Price £22.00 per kit + £2.50 postage and pack-
ing. Available separately, prices on request

12" 80 watt A.M.S. loudspeaker.

A superb general purpose twin cone loud-
speaker, 50 oz. magnet. 2" aluminium
voice coil. Rolled surround. Resonant fre-
quency 25Hz. Frequency response to
13KHz. Sensitivity 95dB. Impedance 8ohm.

Attractive blue cone with aluminium
centre dome.

Price £17.99 each + £2.50 P&P.

B.K. ELECTRONICS

37 Whitehouse Meadows, Eastwood, Leigh-on-Sea, Essex SS95TY

GENERAL PURPOSE 4%:" MINI
SPEAKER

General purpose full range loudspeaker, ideal
for mini systems etc.
®Rolled fabric surround ®Twin cone ®8ohm
impedance ®15 watt RMS @1 voice coil
®130z magnet ®Fraequency range 50/ 15000Hz

Price: £6.90 each + 75p P&P

100 WATT R.M.S.

Power Amplifier Modules with integral toroidal

transformer power supply and heat sink.

Supplied as one complete built and tested

unit. Can be fitted in minutes. Auxilliary

stabilised supply and drive circuit incorporated

to power an L.E.D. V.u. meter, available as an

optional extra.

SPECIFICATION:

Max. output power 100 watts R.M.S. (OMP100)

Loads: (Open and short circuit proof) 4-16 ohms
Frequency Response20Hz-26KHz 1 3dB
Sensitivity for 100 watts 500mV at 10K

T.H.D. 00.1%
Size: 360 = 115 x BOmm
Prices: OMP 100W £2099 £2.00 P&P
OMP 150W £39.99 £2.00

V.u. Meter £6.50

% 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.
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FEATURE

ELECTROMUSIC
TECHNIQUES

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

irtually all of the electronic music synthesisers that have

been produced to date employ analogue circuits to

generate the synthesised sounds. The process is known as
subtractive synthesis, and operates by dynamically filtering out
parts of the spectrum of a signal that is often rich in harmonics.
The results are instant, easy to modify and relatively inexpen-
sive to implement. 1t is not possible to produce an arbitrary out-
put spectrum, and so it is very difficult to synthesise realistic
copies of naturally generated sounds. This can be done using a
digital technique known as harmonic synthesis, whereby the
sound is constructed by precisely defining the amplitude and
phase of each of the harmonics. These are then added together
to produce the output. However, natural sounds are constantly
varying and so the data defining all the harmonics must also
vary. Harmonic synthesis can produce very realistic sounds and
is in itself a powerful technigue for generating completely new
sounds, but the hardware is a combination of sophisticated
microprocessor and digital technology and so is outside the
scope of this article.

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

SR e Fig. 1 Pitch perception.

SAWTOOTH

RINGING TONE

Fig. 2 (below) Keyboard layout
with table showing equal

FUNDAMENTAL—) temperament tuning.
FERIOD
T
PITCH - FREOUENCY = —

NOTE FREQUENCY {Ha) RATIO

c4 HTE 1.0000

CA ¥ b2 g 1.0595

(=] 437 1.1225

D ¥ ann 1.4992

BOTE EREQUENCY thgl 4 Ea 3.7 1259
AD 75 Fa 3492 1.3344
Al 56.Q Fa# aroo 14142
AZ 110.0 G4 1920 1.4983
Al 2200 Gad 416.1 15874
M 440.0 -~ 4400 1.6818
Ab BB0.0 Al 466.1 1.7818
Al 1160.0 B4 49939 1.9827
AT 35200 K3 623.2 2.0000
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KEYBOARD

will get a strong impression of its pitch. You will not be able to
define its frequency in Hertz, but you will be able to remember
its pitch. A sawtooth has a strong harmonic structure but even
so you will get the same pitch perception. The ringing tone has
virtually no energy at the fundamental frequency and vet it is
still possible to correctly perceive the pitch of the signal,
although it is more difficult than for the pure tone.

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

When You Hear The Tone. . .

The keyboard is used to define the fundamental pitch of a
sound, but the actual shape of the waveform will determine its
harmonic structure (Fig. 3). A sinewave isa pure tone and hasno
harmonics. A halfwaverectified sine wave contains a funda-
mental plus a series of even harmonics. A fullwave-rectified sine
wave is composed entirely of even harmonics. The squarewave
and the triangle are both composed of a series of odd har-
monics; in fact if you lpwpass filter a square wave you can pro-
ducea triangle. The triangle is a fairly pure tone, with little of the
energy in the waveform contained in its harmonics. The
sawtooth is a rich waveform, having both odd and even har-
monics.

The harmonic structure of all these waveforms extends to
infinity, but the drawings only show the first 15 harmonics. [f we
call the harmonic number n, then the harmonic amplitude is
easy to define. The rate at which the harmonic amplitude
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Fig. 3 Harmonic structure of various standard

musical waveforms.

decreases is 1/n for the sawtooth and square wave and 1/n? for A

the half and fullwave rectified sine wave and the triangle. Figure AMPLITUDE

4 shows a sawtooth being constructed from harmonics. The
sum of the harmonics is beginning to look like a sawtooth. As
more harmonics are added (with the correct phase and | R T ———
amplitude) the sum will converge upon the correct sawtooth
shape. An interesting effect can be produced by changing the
mark/space ratio of the square wave. This modifies the odd har-
monic spectrum and introduces even harmonics. The
mark/space ratio is often dynamically modified as a synthesis
process.

Frequency modulation is often employed in synthesisers to
produce vibrato and other dramatic pitch change effects.
\Figure 5 shows some of the effects of frequency modulation. As
the modulation depth is increased, frequency sidebands are
generated. Their spacing and amplitude are determined by the
modulation depth and the modulation and carrier frequencies. BT
To precisely calculate them involves some complex maths and FREQUENCY
Bessel functions (which | have forgotten all about). To make

matters worse, synthesisers usually use voltage controlled
oscillators with an exponential transfer function, which tends to E"“” MODIFIED
exponentially distort the sideband positions. But so what! Music

synthesisers are all about making music and not the calculation
of sidebands. If a particular electronic device produces a useful
musical effect, then use it, don’t analyse it.

The output from an oscillator is known as an excitation | - |
signal. This defines the pitchof the signal, andto a certainextent ~ of the sound. The format is usually a mobile filter and this

the harmonic content of the final signal. It is common practice ~ makes it possible to dynamically alter the sound colour. If the
to filter the excitation signal (Fig. 6). The frequency response of ~ formant has a sharp resonant peak, then the output signal will
the filter is referred to as a formant. The formant modifies the  ring as it passes the harmonics of the excitation.

harmonic spectrum of the excitation, producing a colouration Another parameter that characterises a sound is its

FORMANT FREQUENCY RESPONSE

Fig. 6 The effect of filtering an excitation signal.
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FEATURE : Electronic Music

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

Building Blocks

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

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

Voltage Controlled Filter This is used as a formant for the
excitation signal. The VCF is generally a lowpass filter, but it can
often be a multi-node device with lowpass, highpass, bandpass
and notch responses. The VCF also has a (3 (resonance) control.
The control sensitivity is + 71 Vjoctave for the frequency
parameter, and undefined for the Q.

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

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

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

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

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

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

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

Polyphonic synthesisers tend to be voicebased; ie all the
building biocks are prerouted to form a voice (Fig. 8). Modular
systems are not pretouted and have to be patched, either with
lots of jack-to-jack patch leads or via a matrix patch board using
patch pins. Patch leads are relatively inexpensive, but the leads
get in the way and it is often difficult to see just what you have
patched. Matrix patch boards are easy to understand, but they
suffer from crosstaik and a large board (60 by 60) might cost
£5001
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Diode Data

The silicon diode has an exponential transfer function, that
is the diode current increases exponentially for linear in-
crements in the diode voltage (Fig. 9). This can be used to turn
linear changes from, say, a keyboard into exponential or
musical intervals in a VCO. The required musical range is pro-
bably no more than 200 to 1 and so a suitable operating current
would be 0.5 uA to 100 uA, thus avoiding the non-exponential
parts of the curve. The silicon diode is temperature dependent
(it is often used as a thermometer) and so great care must be
used to avoid thermal problems. The junction voltage changes
by — 1.9 mV/°C, but a semitone change is equivalentto1.5 mV,

Ic

K

o

le=lol(e {quEmﬂ - 1)

o lewlo w aVge/KT

+1WIOCT

b e

therefore a1°C change could result ina1.27 semitone change in
pitch! Figure 9 shows two temperature effects in operation;
thera is a large shift and the slope of the line changes.

Figure 10 illustrates the equations that determine the diode
operation. Two facts emerge from these equations. First, an
18 mV change in Vg, will double the current I, and second, this
parameter has a temperature coefficient of —0.33%/°C. Both
the temperature problems can be resolved by using a circuit
similar to that shown in Fig. 11. Transistor Q1 is run at constant
current (12 uA) by the op-amp. Q2 is used as the exponentiator
transistor. The emitter of Q2 is held at a voltage of about —0Vé6.

. Any voltage change at the base of Q2 will result in an exponen-
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T |

|
N

gt

TN414B

51k
(METAL

10k FILM) a1 ‘

MULTITURN BC212L a2

PRESET
WHERE .ﬁ 741 470k
lo IS THE EMITTER SATURATION CURRENT <y 100k
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Fig. 13 A VCO using 2 monolithic device.
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Fig. 12 An exponential VCO, +0.6V
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FEATURE : Electronic Music

tial change in the collector current of Q2. Q1 and Q2 are in ther-
mal contact and so any temperature change will effect both
equally. Thus the —1.9 mV/°C factor is cancelled out by Q1
acting as a compensating thermometer for Q2 The slope
change is removed by using a temperature sensitive resistance
{Q81 — Tel Labs)which has an equal but opposite temperature
coefficient to the diode junction. This resistor is often in thermal
contact with the matched transistors. if this circuit is connected
to a linear current controlled oscillator, a musical VCO is pro-
duced.

VCO Circuits

Figure12 is the circuit for an exponential VCO using an ex-
ponential current source. The oscillator is a standard triangle-
square wave device. IC2 is a current<ontrolled integratar, the
slow rate at its output is equal tol ;[C.This voltage s buffered
by IC3 which drives a Schmitt trigger 1C4. The output of IC2
ramps up and down between the two hysteresis levels which are
determined by the two clamping diodes connected to the out-
putof IC4. Any stray capacitance on the output of IC4 will slow
down the Schmitt trigger and this will make the VCO go flat at
high frequencies. Also the propagation time delay around the
oscillator wiil cause a flattening out ot the response at high fre-
quencies. These effects can be nulled out but they may not
even affect things if the VCO frequency is kept relatively low.

A very good VCO is shown in Fig. 13. It is a monolithic
device, the CEM3340 from Curtis Electromusic Specialities [nc
who make a range of electronic music devices. As can be seen,
very few external parts are needed to implement the VCO. All
the temperature compensation is performed inside the chip.
Triangle, sawtooth and variable mark/space square wave out-
puts are simuitaneously available. The mark/space ratio is a
voltage controlled parameter. A sync input is also provided so
that the VCO can be slaved to another oscillator,
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Fig- 14 A triangle/square wave LFO (top)
and a sawtoothfpulse LFO (bottom).
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LFO Circuits

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

Noise Generators

!n‘the old days’ noise sources were made by amplifying the
noise current of a diode junction that was zenering. These were
a bit Gnreliable, and always involved selecting the device.
Heowever, noise can be generated digitally with a maximum
length pseudorandom sequence generator (Fig. 15). The noise
spectrum is relatively flat and always the same. If you slow
down the clock rate you can get some interesting sounds; | think
that this is used on some TV games. If a longer shift register is
used, say 30 or 40 stages {the 4006 is 18 stages long), and the
noise source is turned on, a tone is initially heard which gradual-
ly changes into noise as the sequence becomes more scrambled
up. You can purchase a monolithic noise generator (pseudo-
random); it is the MMS837 made by National Semiconductor,
also sold by AMI with the part number 52688,
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Fig. 15 A digital noise source {top) and a noise generator
chip {(bottom).

Five pages gone already, and we’ve still only scratched
the surface of this fascinating subject. In part two next
menth, Tim Orr will continue his discussion of electro-

music techniques with yet more circuit building blocks. '
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introducing The WERSI Comet

Aura Sounds have pleasure announcing the Comet, the “Band in One®’ organ,

is now available through our branches. Once again the Comet achieves the

optimum performance in its class.

It offers:—

® Numerous realistic and interesting tonal colours with guitar voices,

synthesiser and other modern sounds together with the more traditional

drawbar and orchestral sounds

® Playing aids include chord memory, WRS, Keyboard Selector, Wersi

matic rhythm and automatic accompaniment section plus much, much
more

CLOSE UP OF COMET KEYBOARD
. ® Comet can accept up to four satellite

1 | keyboards (in addition to the 2 keyboards on the

organ — a five man band can play on one

instrument. | | |

® Wersi have simplified self assembly even

more, with plug in circuits etc.

® Ergonomic playing table eases operation.

The Comet is available in the elegant lines of

the spinet (W10 S) and with chromed steel legs

(W10 T) for transportability.

The Comet, the Organ to see us through the

eighties — available now.

For more details of this superb organ, ring
us now on 01-668 9733 or write to Aura

Sounds Ltd. at the Purley Branch.

THE COMET TRANSPORTABLE W10T

AURA SOUNDS LTD.

are the first company to
successfully market WERSI
organs and kits in the U.K.
We have modern show-
rooms where we pride ourselves
you will receive a friendly welcome
Why not pop in and see the WERSI
range for yourself — we can always
arrange a free demonstration. We

also offer a free technical telephone
support service which is second to none.

Alternatively, fill in the coupon below
for free details. For immediate action
telephone 01-668 9733 24 hour answering TI'HE COMET SPINET W10 S
service.

[ e e o o

Please send me FREE, all the details of The Comet and
| Wersi Range

I NAME PR —

AURA SOUNDS LTD.
14-15 Royal Oak Centre, Brighton Road, Purley, Surrey.
Tel: 01-668 9733

17 Upper Charter Arcade, Barnsley, Yorkshire.
Tel: (0226) 5248

1729 Coventry Road, Sheldon, Birmingham. i
Tel: 021-707 8244 s e i J e

Micro Cent
Tel: New “:e‘ g;lsh;ny Road, Newquay, Cornwall. I Send to Aura Sounds Lid., 14/15 Royal Oak Centre, Brighton
¢ quay I Road, Purley, Surrey.

WERSIand AURA — The Winning Combination e s e e e e o o o e o e e o e 2

I ADDRESS R

-




PROJECT

ACCURATE
VOLTAGE
ONITOR

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

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

terminal voltage that ranges from a
little over 10 V when discharged to
around 15 V when fully charged, the
operating voltage being somewbhere in
the range 11V5 to 13V8. Lead-acid
batteries, for example, may have a
terminal voltage under rated discharge
that commences at around 14V2 and
drops to about 11V8. A12 V (nominal)
nickel-cadmium battery may typically
have a terminal voltage under rated
discharge that starts at13 V, dropping
to 11 V when discharged.

Equipment designed to operate
from a nominal 12 V DC supply may
only deliver its specified performance
at a supply voltage of 13V8 — mobile
CB and amateur transceivers being a
case in point. Other DC operated
equipment may perform properly at
12V5 but ‘complain’ when the supply
reaches 14Y5.

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

The Circuit

An LM723 variable voltage
regulator is employed to set an
accurate ‘offset’ voltage of 5 V, and the
meter (M1) plus the trimpot RV2 and
R3 make up a 5 V meter, with the
trimpot allowing calibration. The
negative terminal of the meter is
connected to the output of the 723 so
that it is always held at 5 V 'above’ the
circuit negative line. The positive end

ETI APRIL 1982

of the meter goes to a zener which will
not conduct until more than 5 V
appears between the circuit + ve and
— ve lines. Thus the meter will not
have forward current flowing through it
until the voltage between the + ve and
—ve rails is greater than 10 V, and will
read full scale when it reaches 15V
(after RV2 is set correctly).

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

A variety of meter makes and sizes
may be used.

Construction

Mechanical construction of this
project has been arranged so that the
PCB can be accommocdated on the rear
of any of the commonly available
moving coil meter movements. We
chose a meter with a 55 mm wide scale
(overall pane! width, 82 mm). A meter
movement with a large scale is an

e HOW IT WORKS ———

The meter, M1, is 2 1 mA meter with series
resistance — made up of R3 and RV2 — so
that it becomes a 0-5V voltmeter. The
negative end of the meter is maintained at
5V above the circuit negative line by the
output of 1C1, a 723 adjustable regulator.
The positive end oi the meter is connected
to the circuit positive line via ZD1, a 4V7
zener diode. Thus, no 'forward’ current will
flow in the meter until the voltage between
the circuit negative line and the circuit
positive line is greater than 5 + 4.7 = 9V7.

Bias current for the zener is provided
by a FET, Q1, connected as a constant cur-
rent source so that the zener current is ac-
curately maintained over the range of cir-
cuit input voltage. This ensures the zener
voltage remainsessentially constant so that
meter reading accuracy is maintained.

The trimpot RV1 sets the output
voltage of the 723. This determines the
lower scale voltage. Trimpot RV2 sets the
meter scale range, less resistance decreases
it.

Diode D1 protects the circuit against
idamage from reverse connection.

advantage as it is considerably easier S
(and more accurate) to read than FS1
SO0 mA
| 1
[ )]
XY 2 8 1 mA
. " FD T
¥ 0-15¥ N
. 2. @, | Ko |
&
Av1 LIgOI —_lm ]
Lo 2> = €3 yOLTAGES WITHDVM
-7 3] U AND 12 VOLTS N
AMD UNIT CALIBRATED |
w2 TOTAL CURRENT DRAM 125 mA
390R WETER READS BACKWARDS
BELOW 10 YOLTS
13V 15
d _ e ——

Fig. 1 Circuit diagram for the Voltage Monitor,
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Having chosen your meter, drill
out the PCB to suit the meter terminal
spacing first. The components may
then be assembled to the board in any
particular order that suits you. Watch
the orientation of the 723, ZD1, the FET
and particularly D1. The latter is an
‘idiot diode’. That is, if you have a lapse
of concentration or forethought and
connect your project backwards across
a battery, the fuse will blow and not
the project. Fuses are generally found
to be cheaper than this project!

Seat all the components right
down on the PCB as the board may be
positioned on the rear of the meter
with the components facing the meter.
The size of C2 may give you a little
trouble. Polyesters are generally too
large and therefore unsuitable. We
used a ceramic type capacitor — as
commonly used on computer PCBs as
bypasses. Alternatively, a 100n

tantalum capacitor (+ ve to pin 2 of
IC1) may be used. The actual value or

type of capacitor is not all that critical.

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

Calibration

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

First set the 10 V point. Connect
the digital multimeter across the power
supply output and adjust the power
supply to obtain 10.00 V. Set the
mechanical zero on the meter
movement to zero the meter’s pointer.
Connect the unit to the power supply
output and adjust RV1 to zero the
meter needle.

Next, set the power supply to
obtain 15.00 V. Now adjust RV2 so that
the meter needle sits on 15 V (full
scale). Check the meter reading with
the power supply output set at various
voltages across the range. We were
able to obtain readings across the full
scale within + half a scale reading
(£ 50 mV). With a 2% FSD accuracy
meter the worst error may be about +
one scale division.

BUYLINES

Only one thing to comment on here; when
you purchase your LM723 (or uA723 —
same thing) make sure you get the version
that comes in a T099 case, not the DIL ver-
sion. The PCB is designed for the 10 pin ver-

sion as shown in the overlay and the DIL
type won't fit. Speaking of PCBs, as usual

you can get it from us using the order form
on page 44.

PROJECT : Voltage Meter

PARTS LIST
Resistors (all 4 W, 5% metal film) Semiconductors
R1 470R IC1 LM723 (see Buylines)
R2 390R Q1 2N3819
R3 1k0 D1 1N4002 or similar
ZD1 4V7 400 mW or 1 W zener
Potentiometers
RV1,2 10k cermet multiturn Miscellaneous
horizontal trimpot M1 1 mA meter (see text)
FS1 500 mA fuse and in-line fuse
Capacitors holder
C1 4u7 10 V tantalum PCB (see Buylines); meter scale to suit
C2 100n ceramic meter; red and black cable, etc.
C3 10u 10 V tantalum
+ve 10-15 Vdc —ve
M1 M1
—-Vve +ve

Fig. 2 Component overlay for the Voltage monitor.
Note that IC1 isin a 10-pin T099 case.

BATTERY CONDITION
AND TERMINAL VOLTAGE

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

No matter what the application, the
occasion arises when you need to reliably
determine the battery’s condition — its
state of charge, or discharge. With wet cell
lead-acid types, the specific gravity of the
electrolyte is one reliable indicator.
However, it gets a bit confusing as the
recommended electrolyte can have a dif-
ferent S.G. depending on the intended use.
For example, a low duty lead-acid battery
intended for lighting applications may have
a recommended electrolyte S.G. of 1.210,
while a heavy-duty truck or tractor battery
may have a recommended electrolyte S.G.
of .275. Car batteries generally have a
recommended $.G. of 1.260. That's all very
well for common wet cell batteries, but

" good indicator of the state of charge or

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

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

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

The charge and discharge
characteristics of typical lead-acid and
sealed NiCad batteries are given in the ac-
companying figures.
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This incredibly versatile
programmable timer can
control up to 20 functions
at accurately timed
intervals over a period

of aweek. Originally
developed for industrial
and laboratory use it
offers many interesting
and exciting

possibilities for the
amateur constructor.
Based on a pre-programmed:
TMS 1000 Microprocessor, &
the unit provides a 24
hour clock with four
independent relay
controlled outputs with e
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THE VELLEMAN KIT BANGE N\

2.2 Wati mimi amplifier ]

Mono VU using LED's

7 Watt amplifier

Dimme: 1000 W att

Dimmer 1000 VWattideparasite)

High precision stopwatch

Microprocessar Universal bmer

20 Watt monolithic ampliffer

FM oascillator

Stereo VU using LED's

Universal mono pre-amplhfer

60 Watt power athplifier

Powet supply 1 Amp

Powet supply for stereo 60 Watramplifier

Running light

Digial panel meter

Single digit counter

Transistor ignition

Complex sound generator

50 Hz crystal base

4 channe! infra-red remote control {transmitter
or receiver)

Infra-red detection system (transmitter or
receiver|

Central alarm unit

FM stereo decoder

High quality FM tuner

Dugital frequency countes for réceivers

CB power supply 3.5 Amp 12V

Digital thermometer

FM siereo receiver |19 rack-mounting)

a programmable periodof one week. Up to 20 daily or weekly programmable
functions can be set via a keyboard, Any of the timer functions can be
assigned to control any one of the four relay outputs thus providing

almost unlimited programming possibilities.

No previous experience of microprocessor programming is necessary since
the manual explains all the possible operations, clearly and simply,

enabling the inexperienced user to be fully conversant within one

hour. Completed programme steps are indicated by LED's

The kit comes compiete with printed panel and may be installed either

asa 'built-in’ or a ‘free-standing’ unit. A stabilised power supply mounted
on a separate printed circuit board is supplied with the unit. it requires

the addition of a 12V, 1A transformer. There is space on the board for

up to four output cantrol relays. One is supplied with the kit. Further relays
maybe ordered separately as required. Price: {excluding wooden housing as
illustrated) £48.37 inclusive of VAT and DELIVERED FREE on U K. mainland.

APPLICATIONS

The programmable timer can provide central control of domestic
electrical cooking, heating and entertainment equipment.

The possibilities are limited only by the imagination of the user.
Control of house lighting to discourage intruders; control of TV or
audio equipment; sound or video recording control; automatic plant
watering; automatic pet doors or feeding — are a few simple examples.
For the professional or industrial user many uses in this area of process
control will be found.

2 channel infra-red remote controi light
dimmer (ransmitter or receiver)

Infra-red receiver for tuner K2558

Infra-red transmitter for luner K 2558

Tape/slide synchiomzer

3channel coloured light organ

20 cm display lcommon anode)

20 cm display {common cathode}

Three tane bell

5-14V DC  Amp Universal power supply

Light computer

Universal stereo pre-amplifier

Stereo RIAA corrector amplifier

Universal 4 digit up/down counter with
comparator

Microprocessor doorbell with 25 tunes

40 Watt audio amplifier

Electric drill speed control

Micraprocessor-contiolied EPROM
programmer {kit form}

Micraoprocessor-controlled EPROM
programmer {buiit and tested)

kUniversal start/stop timer

i

Repair Service available (for a
nominal charge) if your soldering
technique is not quite what it
should bel

TECHNICAL DATA:
Power supnly:
Mounied on separate pcb with space tor up 1o four gutpul
control relays. Requires 12V7 1A transtormer.
CONTROL SWITCHING:
Standard relays fone supplied with kit) will switch 2A.
Additional relays may be ordered separately.
National retay, order no, HT 12v.

Siernans relay, order no. AT INVI2,

MICROPROCESSQR:
TMS 1000

DISPLAYS:

12mm 7 segment LED numerical dfsplay. LED
programme function indicators. )

DIFFICULTY GRADE: 3
KIT NUMBER: K 1882

Any technical enquiries welcomed
—in writing—and will be answered
promptly by letter.

" TRADE ENQUIRIES
" WELCOME

MAN

P.O. Box 30, St. Leonards-on-Sea, East Sussex TN37 7NL Tel: Hastings (0424) 753246

Limited

5 B ___§N &N N _§§ 8§ § N _§ B RN |
Please send me your free catalogue of Vellernan electronic kits:

Address . . ...
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COMPUTER
EXPANSION

SYSTEM

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

and 2732 4K x 8 EPROMs are not
compatible and we have stuck to the

2532, as this then allows for use of the
new 2764 8K x 8 EPROMs with the
minimum alteration (see Fig. 2). If you
wish to program 2764's then you must
make the alterations to correct the OF/
Ve and CS lines. A12 has been brought
to pin 1 and power (V) to pin 28.
Selection of the type of EPROM
you want to program is made by
means of a quad DIL switch. This
switch is unusual in that each section
operates two oppositely biased single
pole switches — this means it can be

single +5 V rail. The two sizes of
PROM most popular at the moment

are 2K x 8 and 4K x 8. Aha! here
manufacturers have had some fun.
Intersil and others like calling their
triple rail PROMs 2716 and 2732
whereas Intel make their 2716 and 2732
single rail; not to be missed out Texas
try to settle the balance by nominating
their EPROMs 2516 and 2532; both are
single rail!

To clear up the matter our
programmer will program single rail
EPROMs only, these being the most
popular. It will program the Texas 2516
2K x 8 EPROM and Intel 2716 2K x 8

programmer and associated

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

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

T his month we present an EPROM

ar-rde ] paa-vee EPROM as these are pin-forpin ar-1 do 24V o
A6-2 b 23_A8 compatible (see Fig. 1). However, 2532 A6-2 d 23-A8
A5-3 P 22-A9 AS-3 @ 22—-A9 2516 2532
Ad—4 b 21-Vpp HOW IT WORKS Ad—4 21-Vap
A3-5 b 20 €8 PROM PROGRAMMER A3-5 i e -Cs PGM
A-dd e bas.asn The: heart‘ of this huarfl is two 6520 A2-6 o TMS 2516 2Kx8 P 19-A10
peripheral input-output chips — they serve i o TMS 2532 4Kx8 R s
A1-7 4 P 18-PGM to generate the address bus, the data and
A0-8 d b17.07 control signals for the chip being pro- AD-8 17-Q7
grammed. Q0-9 16-Q6
it i R1 and C1 generate the power up
Q1-10 d b 15-05 reset: C4, 5 and 6 are included in for 3= 15-Q5
Q2-11 d b 14-04 decngpling. The rather peculiaf need of the Q2-11 14-04
Vpppinfor0, +5 Vand + 25 Vis metby the Veg-12 13-03
Vgs—-12 q P PSU and switching circuit. Transformer T1
supplies 30 V AC to the bridge which rec-
tifies it and feeds it to smoothing capacitor Ne-1 e N\ /P 28-Vee
_ | C3.1C3 and ZD1 regulate thisto + 25 V DC. a12-2 o b 27-NC
Aar-1qe \ ] p2a-vec C2 is included in the interests of stability. ki
. . Transistors Q1 and Q2 handle the switching A o P
of Vpp between 0, 5 and 25 V. This output is AG-4 o b 25-A8
As-3 d 8- then Fed to the DIL switch and then to the AS_5 o b 24-A9
Ad-4 g b 21-Vpp Vpp pin of the EPROM to be programmed.
Ports A and B of IC2 are used to generate Ad-6 g pa-ail
A3-5 g p 20-0F the address bus — note A12 is connected to A3-7 o  MOSTEK b 22.0FE/Vpp
E 18 EE use later with 2764 EPROMS. The data bus
Lo - is generated by port A of IC1, while port B A1-9 b 20-CS
AD-8 p 17-07 of IC1 generates the control for Vyp and the AO—10 b 19-07
i b 1606 and PGM lines which are switched with
A11 to the correct pinsof the EPROM by the =N SR
01-10 ¢ p 15-05 DIL switch. . Q1-12 17-Q5
02-11 4 14-04 Inputs to the 6520s are straight from
GND_12 ; Vi ik the expansion sockets — @2 being used to e ettt
. 1 enable the chips to reduce power consump- Vgg—14 15-03
tion.
Fig. 1 You can program these EPROM:s...

26

Fig. 2 ...or these ones.
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PROJECT

45V ~
20 Vee ~ PIN24 ICX
Vo e o <
s
4 Ee r 3 Vep i “PIN21 ICX
BDyo—. D, PA, A — ",
S P11 WE il €5 ———0 —
O——=— Dy Pay Ay - PIN20 ICX CS/PGM
n 4 6 PGM ;
[ S— D PA A
30| .2 2lg 5| 2 : —— PIN1B ICX PGM/AT
roo—. | [, N PAy Ay AN
o——2p, (WL An,
=k i N eLscrmica.
———Dg 5 5
27 . 8 2
o———"D¢g ic2 Pag —— Ag
26 9 1
i e N
N ST % vee OFF [T J|vee on
BA g O RS0 PB A
Bay % a |12 TN vor 0 [TT_J|ver on
10— —RS1 2 10
cs6e 23} 5xs PB4 13 2516 [T 1| 2532
Bzo— P enaBLE PB4 L( Ay icx  enpp 2516 C__1| 22
GND__ RESET o 9 ’“V
] D
1 7] i
1 s D {
i Y | NOTE:
- Dy IC1 2 ARE 6520/6820
+] aur 2o ICX 1S IC TO BE PROGRAMMED
14| 3 ] {iN 2IF SOCKET)
Dy Q1 1S 2N3904
R1 5ip l 02 1S 2N3906
&0 6.2 2011520V, W3 ZENER
Dg BR1 S50V, 1A BRIDGE
Y 17
) 34 7
RESET PGM/ATI H +5Y O -0
20 I
33 S/PGM
[-10], Y/ SRS Dy Pag 7—: 432} I:c‘1 Ics n R
[ —1 [, Pag (3 Vs Vep : CERAMIC
3] o Pagls G 2 D
EPSe pay|S P ov o— & e
. 29 6
28 = i, E
o 05 Pag —p ouT - ™
p————{ D¢, Ic PAG
80,0 %o, Pa, 12 { —
| sw1 Rz
1k
BA, o.___.i
e o :io P10 PGM ' e
10— ns, =
23] ] 11 cs
€88 == T82 Py o o . m
2516/2532 .
8p2 0———25 EnaBLE *5V O ol c3 =
T 22k = 240v AC
e, |7 i I c2 D1 470u
GND I 100n

-

Fig. 3 Circuit diagram of the EPROM programmer, with details of SW1.
IC%( is the EPROM to be programmed.

TaT

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

ET) APRIL 1982

PARTS LIST

- = ————
PROM PROGRAMMER
Resistors {(all 4 W, 5%)
R1,2 1k0
R3 22k
Capacitors
1 4u7 25 V axial electrolytic
C2.4,5.6 100n ceramic
C3 470u axial electrolytic
Semiconductors
1C1,2 6520/6820
1C3 78L05
Q1 2N3904
Q2 2N3906
D1 20 V, 1W3 zener diode
BR1 1A, 50V bridge rectifier
Miscellaneous
SW1 Quad DPST DIL switch
PCB (see Buylines); DIL sockets;
transformer (6 VA, 0-15-0-15)

used as a 4 pole changeover switch and
makes it ideal for the job. Two of the
four sections are used for chip power
(+5 V) and the programming can be
destroyed if V_ is applied with V.
disconnected. The other two sections

are used to switch CS, PCM and A11 to
the correct pins of the ZIF socket
according to whether a 2516 or 2532 is ’
to be used.

21
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MICROCOMPUTER COMPONENTS AND SYSTEMS

LOWEST PRICES

NEC 12” MONITOR

+ =1 The NEC JB1201M isa 127
< 1 Video Monitor optimised for use

% GREEN DISPLAY %
% BUILT IN AMPLIFIER AND |

3 G as a computer video display
SPEAKER | g terminal (unlike most c%ﬁv
* £148.85 each excludi o monitors available). The green
carriage (£10.00) and VAT. | phosphor CRT display greatly
(15%) reduces eyestrain. The
* EX-STOCK* 1 built in audio amplifier and

speaker make it specially

i suitable for personal computers.

EPROM PROGRAMMERS AND ERASER

EP4000 EMULATING PROGRAMMER

* COPY/PROGRAMME/EMULATE 2704/2708
2716/2508/2516/2532/2732 EPROMS

* 4K x 8 STATIC RAM

*VIDEO O/P AND 8 DIGIT LED DISPLAY

* POWERFUL EDITING FACILITIES

* COMPREHENSIVE I/0 AS STD (RS232, TTL,
20mA PARALLEL, DMA)

+ £545.00 excluding carriage (£10.00) and
VAT. (15%)

* EX-STOCK"

P4000 PRODUCTION PROGRAMMER

* PROGRAMME UP TO 8 EPROMS
SIMULTANEQUSLY

* COVERS SAME EPROMS AS EP4000

% INDEPENDANT BLANK CHECK/VERIFY
PROGRAM MODES

* SIMPLE TO USE

# £545.00 excluding carriage (£10.00) and
VAT. (15%)

% EX-STOCK*

UVi41 EPROM ERASER

* 14 EPROM CAPACITY
* SAFETY INTERLOCKED
# ELECTRONIC TIMER

% £78.00 excluding Carriage (£5.00) and
VAT (15%)

* EX-STOCK*

KEYBOARD AND ENCLOSURE

CASE Attractively styled personal computer enclosure constructed of structured foam top and steel
base (similar 1o the top seling Apple). Finished in charcoal and black.

£49.95 excluding carriage (£10.00) and VAT, (15%)

I.__

KEYBOARD High quality electromechanical
ASCIl Encoded keyboard which can be
fitted in above case or used separately. Full
upper and lower case provided

£49.95 excluding carriage (£200) and
VAT. (15%).

TRANSFORMER Mains transformer suitable for +-5V at 2. 5A and 12V at 1A Mounts on special
lugs Inside enciosure.
£10.95 excluding carriage (£1.00) & VAT. (15%)

HEATSINK Heatsink for T03 Regulators which mounts inside rear of enclose.
£2.50 excluding V.AT. (15%)

SPECIAL PRICE FOR CASE, KEYBOARD, TRANSFORMER & HEATSINK IF PURCHASED
TOGETHER:
£09.95 excluding carriage (£15.00) & V.AT. (15%)

OFFICIAL
ORDERS
WELCOME

FASTEST DELIVERY

Device Prica
MEMDRIES
21141-200ns 14083
25+0.89
21141-300nsGTE | 1.55
(FOR ACORN ATOM)
2708 450ns 14225
254199
2716 450ns 14248
(single +-5V) 25+228
2716 350ns B5.05
2532 450ns 14450
?54-4.25
2732 450ns 14389
25+3.80
2732 350ns 150
4116 200ns 14+0.74
254+0.70
100-+0.67
4116 150ns 14093
_ 25+0.80
4118 200ns 14390
25+3.45
4118 150ns 8.00
5516 200ns 12.50
6116 200ns 7.5
6116LP 200ns  10.00
G116LP 150ns  10.85
CAT CONTROLLERS
EF6B45F 8.50
EF9364P 584
EFS365P 82.90
EFS366F 62.00
EF9365/6 DATA AND
APPLICATIONS 2.00
BUFFERS
B11.595 0.80
811L596 0.80
B1LSa7 0.90
a1L5948 0.90
BT26A D99
BTZRA 1.40
8195 1.35
BTATA 1.35
BT98 1.45
DATA CONVERTERS
ZN425E-6 345
IN426E-8 3.00
IN427E-8 5.80
ZN428E-B 4.75
INAZ9E-8 2.10
IN4320J-10 28.00
ZN433CJ-10 258
IN440 56.63
IN43Z2E-1C 14.75
IN44T g.14
IN448 B.85
ZN449 320
[T37] rLopPY DISC
CONTROLLERS
FO1771 17.12
FD1791 32.61
FD1793 32.61
FD1795 35.33
WD1391 45.50
W01393 45.50
WwD1395 45.50
WD1397 45.50
WD2143-01 5.45
wWD1691 10.87
MISCELLANEDUS
SUPPORT CHIPS
AY-3-1015 3.25
AY-3-1270 1.95
AY-3-8910 B.95
AY-5-1013 345
AY-5-3600 1.85
AY-5-2376 6.95
DPB304 4.50
MC 1488 0.58
MC1489 0.58
MC3446 2.85
MC344BA 425
MC3480 785
MC3487 2.05
MC14411 6.04
MC14412 799
RO-3-2513L 6.99
RO-3-2513U 589
ULN2803AIL203) 0.84
D¥M CHIPS
IN450e 7.61
ZN450E DYM KIT 25.00
NEW LINEARS
LM301AN 0.25
LM308N 0.86
LM31T1N 0.69
LM319N 2.20
LM324N 0.30
LM34BN 0.58

24 HOUR TELEPHONE SERVICE FOR
CREDIT CARD USERS

Devica ‘Price
LMS555CN oie
LM556CN 0.49
LM725CN 3.20
LM741CN 0.14
LM747CN 0.70
LM748CN 0.34
REGULATORS

7805 0.39
7812 0.39
7815 0.39
78LOS D29
78L12 029
78L15 029
7905 0.55
7912 0.55
7915 0.55
79L05 0.58
79L12 0.58
79L15 0.58
LM309K 0.89
LM317K 320
LM323K 495
LM336K 4.75
IZB0 FAMILY

ZB0 CPU 3.49
ZBOACPU 389
ZB0 CTC 299
ZBOACTC 299
ZB0 DART 1000
ZB0A DART 1200
Z80 DMA 8.85

ZBOA DMA 1185
Z80 PiQ 3.49
ZB0A PIO 3.75
Z80 SI0-0 1099
Z80A SI0-0 1108
ZB0SI0-1T 1008
ZB0A SI0-1 11,90
Z80Si10-2  10.989

‘Duvica Prics
CMOS 4000 ¥
SERIES
4000 0.11
4001 0.11
4002 0.13
4006 0.60
4007 0.15
4008 0.58
4009 028
4010 0.36
4011 0.12
4012 0.15
4013 028
4014 0.58
4015 0.58
4016 0.25
4017 0.45
4018 0.58
4019 029
4020 0.58
4021 0.60
4022 0.82
4023 0.17
4024 0.35
4025 0.16
4026 0.98
4027 0.30
4028 0.55
4031 1.65
4033 1.60
4034 1.55
4035 0.72
4040 0.54
4041 0.68
4042 0.54
4043 0.58
4044 0.84
4045 1.85
4046 0.68
4047 0.68
4048 0.54
4049 0.26

Devica Prica
4543 0.88
4553 290
4555 0.3
4556 0.44
4585 0.62
7413 SENIES
741500 010
74LS01 B
7410502 012
741503 0.12
74L504 0.12
741505 0.13
741508 D12
741509 D12
74LS10 0.12
741511 0.12
74L512 0.12
741513 022
741514 0.30
741515 0.12
741520 D.12
741521 0.12
741522 012
741526 0.15
741827 0.12
74L.S28 0.15
741830 0.12
741532 0.12
74L533 0.18
T4L837 0.15
41538 0.15
741540 0.12
741542 0.34
T4L5A4T 0.39
741548 0.60
741549 0.59
T4L551 0.14
741554 0.15
741555 D.15
740873 0.10
741574 D.16

NEW CATALOGUE
NOW AVAILABLE

Gives details of our full product range
including price breaks and a voucher
value £1. Please send SAE.

SPECIAL OFiERS

2114 Low Power 200 ns
6116 Low Power 200 ns
6116 Standard 200 ns

ZBOA SI0-2 11.99
MK 3886  11.00
MK 38864 14.47
8800 FAMILY

6800 299
602 g0
6803C 11.80
6809 299
6E10 1.25
6821 125
6840 420
B850 1.50
6862 6.81
6871AIT 18.70
L 1.07
6887 0.80
68488 an
6875 4.18
6843 13.99
68BO0 4.70
68802 18.11
68B21 2.29
68810 200
68B40 470
68850 2.15
68000C4 110.00
6500 FAMILY

6502 425
6520 299
(522 4.75
b5d2 6.95
8080 FAMILY

8085A .50
B212 1.70
8216 0.09
8224 1.85
8228 1.85
8251 3.60
8253 195
B255 3.60

0.84

760

5.70
4050 0.26
4051 0.59
4052 0.68
4053 0.58
4054 1.20
40155 120
4060 0.78
4063 D85
4066 0.34
4068 0.17
4069 D17
4070 0.17
4071 D17
4072 0.17
4073 0.19
4075 0.17
4076 0.82
4077 022
4078 0.24
4081 0.14
4082 0.19
4085 063
4086 0.69
4093 0.38
4502 0.60
4507 0.39
4508 1.890
4510 0.80
4511 0.49
4512 0.60
4514 148
4515 1.49
4516 069
4518 0.40
4519 0.28
4520 0.69
4521 148
4522 120
4526 0.70
4527 0.89
4528 0.70
4532 0.85
4541 D99

EN

100+

078 074
120 B.75
535 505
741575 0.24
741576 0.20
741 ST78 0.19
741583 0.44
741585 0.85
741586 0.15
741590 0.30
741591 .75
741592 0.34
741593 0.34
741595 0.43
7415109 0.21
7415112 021
7415113 0.23
7415114 0.18
7415127 0.38
7415123 0.39
7415124 0.88
7415125 0.25
1415126 0.25
T4L5132 0.45
7415136 028
7415138 0.34
7415139 0.35
7415145 0.75
7415148 0.80
7415151 0.39
7415153 0.29
7415155 0.39
74L5156 0.38
7415157 0.31
74LS158 0.31
74LS160 0.39
7415161 D.38
7415162 0.39
74L5163 0.39
7415164 047
7415165 088
74L5166 0.84
7415173 0.70
7415174 047
74LS175 0.48
7415181 1.28

QUANTITY

DISCOUNTS

AVAILABLE

Device '‘Prica
7415190 0.49
T4L5191 0.49
7415192 0.49
745193 0.48
7415194 0.38
7415195 039
7415196 0.59
7415197 088
7415221 0.54
74,5240 058
7415241 080
7415242 0.79
7415243 D.79
7415244 085
745245 089
7415247 083
7415248 083
7415249 083
7415251 D.40
7415253 0.38
7415257 0.40
7415258 0.39
7415259 0.79
7415261 185
7415266 023
7415273 0.75
74105279 038
74105283 0.44
7415290 0.54
7415293 045
7415365 034
7415366 036
7415367 0.34
7415368 0.49
7415373 0.74
7415374 0.74
74LS5375 0.417
7415377 088
7415378 0.88
T4LS5379 0.54
J4LS386 028
7415390 0.54
7415393 0.58
DIL SOCKETS
LOW PROFILE - TIN

8 pin 0.07
14 pin 0.09
16 pin g.lllg
18 pin L
20 pin 0.14
22 pin 0.17
24 pin 0.18
28 pin 0.25
40 pin 028
L NEW |

LOW PROFILE
&0LD

B pin 022
14 pin 029
16 pin 0.31
18 pin 0.33
¢0 pin 0.35
22 pin 0.40
¢4 pin 0.42
28 pin 0.54
40 pin 0.8t
| NEW |
ZERD - INSERTION
FORCE DIL
24 pin 6.30
28 pin 1.40
40 pin 8.80
CRYSTALS
1 MHz 280
1008 MHz 2.80
18432 MH: 220
316864 MHz 285
4 MH:z 185
& MHz 1.90
8 MHz 1.85
14 MHz 3.45
El;ﬂum:
MODULATORS
6 MHz 2.15
B MHz 4.40
DATABOOKS
THOMSON-EFCIS
6800 Data Book
(Inc p&p) 5.95
Data Converter
HandDook
(Inc plol 1.58
DATASHEETS
Photocoped Data
Sheets available for
mast product at Bp
per ex. p&p
Hﬂﬁ?’. Prease
telephone for details

DSAE (20P) FOROUR NEW 1982 CATALOGUE. FREE REPLIED PAID ENVELOPEWITH EVERY ORDER.ALL PRICES
EIiEElSJ%EEPN& F’SON é)FtD}EFIS UNDER £10 (50p) AND V.AT. (15%). ALL ORDERS DESPATCHED ON DAY OF RECEIPT WITH FULL

REFUND FOR OUT OF STOCK ITEM

S IF REQUESTED.

MIDWICH COMPUTER COMPANY LIMITED

DEPT ET1. HEWITT HOUSE, NORTHGATE STREET, BURY ST. EDMUNDS. SUFFOLK IP33 1HQ

TELEPHONE: (0284) 701321

TELEX: 817670
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electronics today international

BOOK SERVICE

How to ordar: indicats th

oks required by ticking the boxes and send this pege. together with your payment, to: ETI Book Service,

Argus Specialist Publications Ltd, 145 Charing Cross Road. London WCZ DEE. Make cheques payable to ETI Book Service. Paymant in
sterling only please. All prices incilude P & P Prices may be subject to change without notice.

O Beginners Guide to Electronics Squires £4.50

(O Beginners Guide to Transistors Reddihough £4.60

O Beginnars Guide to Integrated Circuits Sinclair £4.60
[] Beginners Guide to Radio King £4.50

[0 Beginners Guids to Audio Sinclair £4.50

[0 Introducing Amateur Electronics Sinclair £4.60

O Introducing Microprocessors £6.20

[0 Understanding Electronic Circuits Sinclair £6.30

[0 Understanding Electronic Components Sinclair £6.30

[0 TV Typewriters Cookbook £9.35

[0 CMOS Cookbook £9.85

[ Active Fiiter Cookbook £11.30

0 IC Timer Cookbook £8.66

O IC Op-Amp Cookbook £12.20

O ITL Cookbook £9.16

[0 MC 6809 Cookbook Carl D. Warren £5,30
O PLL Synthesiser Cookbook Kinley £5.856
0 8085A Cookbook Titus £10.756

O How To Build Electronic Kits Chapel £3.46

O 110 Electronic Alarm Projects Marston £6.26

O 110 Semiconductor Projects for the Home Constructor
Marston £6.26

(1 110 integrated Circuit Projects for the Home
Constructor Marston £6.26

O 110 Thyristor Projectors Using SCRs Marston £6.26

O 110 Waveform Generator Projects Marston £6.26

[0 99 Practical Electronic Projects Friedman £4.20
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[0 What is 8 Microprocessor? 2 cassette tapes plus g
72-page book £10.00

[0 Beginners Guide to Computers and Microprocessors
with projects £6.06

[0 Basic Computer Games Ahl £8.06

[0 Basic for Home Computers Albrecht £6.60

[ illustrating Basic Alcock £4.26

0O Troubleshooting Microprocessors and Digitai Logic
Goodman £6.10

O Z-80 Microcomputer Handbook £9.35

a Sﬂlc:;gprocusora fn Instruments and Control Bibbero,
16.30.

O Basic Basic Coan £9.95

0 Advanced Basic Coan £9.95

. 1001 Things to do with your Personal Computer

. Sawusch £6.00

[0 Microcomputers, Microprocessors, Hardware,
Sotftware and Applications Hilburn £17.40

[0 Microprocessor Systams Deslgn Klingman £21.95

LI Introduction to Microprocessors Leventhal £11.26

O Microprocessor Technology, Architecture and

Applications £11.30

Basic with Style Nagin £6.30

Microcomputer Design Ogdin £9.26

Hands on Basic with a PET Peckham £11.96

ggl) Sottware Gourmet Guide and Cookbook Scelbi

8080 Software Gourmet Guide and Cookbook £9.30

The 8080A Bugbook Rony £10.05

8080/8085 Softwars Design Titus £10.06

How to Design, Build and Program your own Working

Computer System £7.10

Your Own Computer Waite £2.26

Microcomputer Interfacing Handbook A/D & D/A £6.35

Crash Course in Microcom puters Frenzel £14.95

O gﬂzauicul Applications of Microprocessors Chamberlain

OCESSORS

COMPUTING & MICROPR
8

o0 oOooOo oodo

0 The Pascal Handbook Tiberghien £12.456

(] 50 Basic Exercises Lamoitier £11.10

O Learning Basic with the Sinclair ZX80 £4.95

O Microprocessors for Hobbyists Coles £4.26

O ::rét;gduction to Microcomputer Programming Sanderson
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O Microprocessors and Microco mputers for Engineering
. Students and Technicians Woollang £5.96
0O gning CP/M — Self Teaching Guide Ashley Fernandez
6.96

O Digital Counter Handbook Frenzel £8.66

O 33 Challenging Com puter Games for TRS80-Apple-Pet
Chance £6.756

0O How to Build Your Own Working Robot Pet Dalesta
£5.75

O Microproceuor and Digital Computer Technology
£16.00

0O Guidebook to Small Computers Barden £4.20

0O How to Debug Your Personal Com putar Huffman £8.30

0O How to Troubleshoot and Repair Microcom puters Leuk
£6.30

0O 6809 Microco mputer Programmes and Interfacing with
Experiments Staugaard £11.46

O Wordprocessors Programmed. Training Guide with
Practical Application £

O Digital Circuits and Microcomputers Johnson £9,75

[0 Experiments in Artificial Intelligence for Small
Computers £7.25

0O The Oscilloscope In Use Sinclair NEW EDITiON 1982
0O How to Get More Out of Low-cost Electronic Test
£quipment Tobery £6.50

TEST

O Digital Signal Processing. Theory and Applications
Rabiner £26.40

[ Electronic Communication Systems Kennedy £8.95

O Principles of Communication Systems Taub £8.40

O Introduction to Digital Filtering Bognor £13.30

0 Transistor Circuit Dasign Texas Instruments £10.95

O Electronic Circuit Design Handbook Design of active
fiters, with experiments: Berfin £6,80

THEORY

O Electronic Engineers Reference Book Turner £42.00

O Electronic Components Colwell £4.00

0O Electronic Diagrams Colwell £4.00

O International Transistor Selector Towers New £10.70

O internationai FET Selector Towers £4.80

O international Op-Amp Linear IC Selector Towers £8.00

O International Microprocessor Selector Towers £16.00

] Dictionary of Audio — Radio and Video Roberts £16.00

O Dictionary of Electronics Amos £168.00

O Dictionary of Electrical Englneering Amos £16.00

O Dictionary of Telecommunications Amos £16.00

O Giant Book of Electronic Circuits Collins £12.75

O World Radio/TV Handbook Vol. 35 1981 £10.50

O How to Build Electronic Projects Malcolm £6.4b

O Mocézrn Electronic Circuit Reference Manual Marcus
£33,

Please send me the books indicated. | enclose cheque/ postal
order for £

| wish to pay by Access/Barclaycard. Please debit my ac-

[ TTTTTTT]
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CALCULATORS

JIJO0JUULE WSRO
JIGULUUJeDoeo R
LdJJIP0R0eBEREE
Z2IIPUIUeeOSHD
JRUDDOdJeeDBCoD

FX702P PRGGRAM IN BASIC LANGUAGE 1880
STEPS/Z8 MEMORIES IMAX) 55 FUNCTIONS

£115.95

| mloirirar |
rnmnun )

nuaamﬂ
ooona;
|naﬂnuﬂ
AEDaD
o ——
FX3080P 38 STEPS, 7 PRDGRAMS, 61
I FUNCTIONS, LITHIUM BATTERY

CAsol

CALCULATOR, ALARM, INVADER GAME
WATCH, 12124 HOUR DISPLAY

31100 STOPWATCH, CHOICE OF ALARM
TONE, STAINLESS STEEL CASE  £27.96
BLACK RESIN CASE alt 3

L L1 1-Rafole} »

(e

EXB100 &+ 7 IGIT 46 FINCTIONS WITH CLOCX
TIMER, ALARM AND 11100 STOPWATCH ETC

W250 . W, Mamthy
WATER RESISTANT 10 10 ! caionder hvhr 12 o A how tme dispiay,
ATMOSPHERES, STOPWATCH, Usdy siarm with 3 sslectable meincies, Hourly
ALARM, DAY, DATE ETC, STAINLESS ™®  signat, Dusi Timk Countdewn alam,
STEEL CASE ANOSTRAP ~ f1595 M0 sacond wiopwalch with lap pod spit
BLACK RESIN CASE AND STRAP £16.95 Mg Accurscy: o 15 secumonth, Bantsry
A0 M approx W months, Chvome plaled case,
siindess sleel bracelel, Battery type: 1xBR21S
iLithim bafteryl, Modute No 118

e n—

Tale n Challemge ? 1+ CABID
m-mﬁm‘ 7

S S -\—. Yen

g pdaw mymmi éé".md -

_;49» f%“"' s . 4

CASIO MA1 Melody alarm clock with
snooze

ONLY £11.95

5

FXB50 10 BIGIT 50 FUNCTIONS STANDARD
DEVIATION ETC

OpABEeEHoaaao0000

I
l

TI51.191 32 KEY STAOKES .
TI 87 150 KEY STROKES

TEXAS INSTRUMENTS

- . 2985

CASIO VL1 MULTI VOICE ELECTROMIC MUSICAL INSTRUMENT & CALCULATOR. BUILTAN RWYTHM

BOX, A3 SEEN ON TV,

ONLY £31.95

TEXAS ELECTRNIC LEARNING AIDS

oiectronically  synthesved  voce

ALLATE£11.96

These o items sre mors then s, the
pucies  and
{eaches ai the cheds own pace. Extra mod ules
avalable for Touch & Tel ~ Ammai Friends,
Number Fun, AN About Me, lex Spesk & Spedl -
Supar Stumpers. Vowsl Powsr, Mighty Verbs,
Homanym Hevoes, Magniicent Modifiers

HP41C/41CV

£16.95

512{max.) Program Steps
88 (max.) Memaries,

Alpha-numeric Clarity
@ 10-dhgit montissa + 2-dgit Exponent

@ Alphstetic dot matriz display 186 characlers:
upperlowss casa letlars of the siphebet.
uanbers, symboss and specel cheractars),
@ High utikty variation of program staps and
dats memories with power back-up.

$12 steps

22 memories

— e e

SPEAK & SPELL £34.95

SHARP

@ Program area divided into 10.

@ Subroutines nastable up to 9 levels.

@ True aigabraic logic.

@ 50 bt in buncions.

® Auto power-ot function.

@ Lonnectabie with the FP. 10 aptional mmi
prtel.

® Connectabis with Ihe FA-2 optional adaptor
for stoning programs/dats.

® 650 hours on twa Rthium battanas
{CR2Z2

@ 96H « 71W » 1412mm0, 100 g
(EH = 234°W = $U2°0, 3500,

£26.95
TI 58 & TIS8C 480 STEPS/0 MEMORIES (MAX) 172 RUNCTIONS
. £91.%

56T CONSTANTMEMORY .. ... ... ....... . £86.96
TH58 MAG CARD 960 STEPS/ 100 MEMORIES MAX: . . . ., s
PCIOCPRAINTERFORSBS ... ................ £144.95

5859 SOFTWARE, MATHSIUTILITIES, APPLIED STATS, ELECTRICAL
ENGINEERING, BUSINESS DECISIDNS,  LEISURE, SURVEYING
.................................. £5.%

NEW FOR 1882 HEWLETT PACKHARD
HPIZE WITH 15 REGISTERS. . .

HPI3C PROGRAMMMABLE . ... ..........

NPTJEFINANCIAL. . .. ......ooieinens e
HPETMAGLARD. ... ... ... iiiiiianaaians
HPIC COMPREHENSIVE SYSTEM. LCD DISPLAY, 318 REGISTERS, 2240
PROGRAM LINES»10 PROGRAM LABELS, B4 USER DEFINABLE KEY
FINCTIONS, 58 FLAGS, 8 SUB ROUTINES, ACCESSORIES INCLUDE
PRINTER, BAR CODE LIGHT PEN, MAGNETIC CARD READER, MEMDRY

CSS

MOOLLES, PROGRAM MODULES.

HPAIG £184 96

All prices include VAT, Post, and Packing. All goods new and fully guaranteed. Large S,A.E. with

PO BOX 13 REDDITCH, WORCS B98 8NS Telephone {0527) 43169

B 5100 4 DIGIT EL 5101 16 DIGIT £41.95
0] <] 125.95 PC 1211 POCKET COMPUTER 5185
HPAICY § TIMES MEMORY £213.96 CE'2% CASSETTE INTERFACE  £16.95 CE 122 PRINTERINTERFACE £71.95

enquiries please
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BIRTHDAY - COMPETITION

WIN A CRIMSON ELEKTRIK

CK1010/CK1100 100 W AMPLIFIER
WORTH £230!

Below are 16 amplifier parameters. Choose the ten you think
contribute most to a good quality sound and place them in
order of importance. For example if you think that Flat Frequen-
cy Response is the most important factor determining good
amplifier sound, place 'E’ in the first box.

Wide Bandwidth

Precise RIAA Equalisation
Separate PSU for Each Channel
High Power Output

Flat Frequency Response

Low Harmonic Distortion

Low Crosstalk

Stability of output under any loading
Ability to drive low impedance
Adeqguate heatsinking
Conservatively-rated output stage
Provision of tone controls

DC Coupling

Short Circuit Protection

Low Feedback

Flat opendoop response.

Fill in your name and address on the coupon and fist your ten
letters (in order) on the outside back of the envelope. Closing
date is April 30th 1982, and you must use the coupon provided
on page 133. Multiple entries are acceptable, but each must be
on a separate coupon.

RULES

1. Closing date is April 30th 1982, and all entries post.
marked later than this date will be discounted.

Z.  The coupon provided in the magazine must be used.
Photocopies are NOT acceplable.

7.  Employeesof ASP and their relafivesare not eligible for

4

VWXV ZZTC AT IOMMON®>

entry.

. The judges' decision is lo be considered final and no
coriespandence will be entered into concerning the
compelition.

e AETR g e am  oni e e an e im A am A e
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OEM USE

New ampilifier boards to meet new
needs
New Signals

With digital audio now a reality and third generation
noise reduction techniques with us already, the dynamic
range of programme material is about to shoot up by a
phenomenal 30dB. If the amp you work with at the
moment can just cope, it's going to be in serious
troauble when faced with the new signals. The clipping
that will result will sound nasty and probably Kill
tweeters with its high frequency energy content.

J.W.R. have already solved the problem for you with
their new high power PFAs. Designed to meet the
exacting requirements of heavy duty P.A. and the even
more exacting requirements of audiophile use, the ultra
wide dynamic range modules can handle the most
demanding of source signals.

The PFA/HV

Ths four powerfet module is designed to run from
supply rails up to + 100V, Rated at 300W continuous
RMS into 4 and 8 ohms and 250W into 16 ohms, the
module can sustain, for musically significant periods of
time, RMS powers of B0OW into 8 chms and 900W into
4 ohms, It also has the ability to drive 70V line
distribution systems directly, obviating the need for
expensive and quality compromising transformers.

This amp is designed particularly with music in mind,
We anticipate usage often at only 50W to 100W average
levels ieaving 10dB of headroom.

PFA 500

This module uses 8 H-PAK powerfets and is designed to
produce a continuous RMS output current of 25 amps
and will run from a supply of up to + 70 volts. The Unit
will drive 260W continuous RMS into 8 ohms, 450W
into 4 ohms, 600W into 2 ohms and 700W into 1 ohm.

Numerous features are included in the board to
optimise efficiency. The H-Paks (thermally mare
efficient than TO3) are presented at ninety degrees to
the P.C.B. so they can bolt directly onto the heatsink,
instead of via the usual angle bracket. The resultant chip
to heatsink thermal resistance is very low keeping
junction temperatures down and efficiencies up. The
Powerfet supply rails are kept separate from the rest of
the amp. This enables the driver stage to be run from
slightly higher rails resulting in larger undistorted output
swings at little extra cost.

In addition a bridge mode input pin is available on
board permitting instant bridge mode between any two
boards without the need for separate inverting amps.
Powers comfortably in excess of 1KW can be delivered
into 4 ohms in this configuration.

N.B. The new boards exhibit the same exemplary noise
and distortion performance of the PFAB0/120.

OPTIONS

We are particularly sensitive to a manufacturers
individual requirements, and all our boards come with
many options (including higher slew rates, response
tailoring etc.}. The chances are we've got what you're
looking for, and if not, we can probably do it for you by
next week!

INTERESTED? ’
Phone Phil Rimmer on 01 800 6667 with your application
requirement.

THE POWERFET SPECIALISTS

J. W. RIMMER

Mail order only to:
Dept ETI/11, 148 Quarry Street, Liverpool L25 6HQ.

Telophone: 051-428 2651
Technical snquiries:
367 Green Lanes, London N4 1DY. Tel: 01-800 6667

THE
POWERFET
AMPLIFIER

Elsgant Simplciy
~ Advances 10 hgh 1echnuioyy soull make ife sinpled A
| cluttered power ampidier buard may well gerlonin superbly
but 18 buty €laboralon rs &N INGICAON 1hat s design n
pushing (e hmu al ds compoenent lechnaglogy
There ate now many brsl Chass dapalai power ames on the
! market All gl them are comples 3n consequently enpensive
Any a0dnnal improvements i (he areas whare they ar:
weah (e g HF mstortion)can only be Lbtamed with el Turiber
complexity and cost
Only a new techhalogy €an proyice 1he surt wl "guantum
[ump” 1A COmMPONent perfsrmance necessary v #educe i
clutter on the board, reduce the cost and Make the Nighest b
ance mare afforgable

{100W plus
into 8!1)
Powarfets

So 18r 29 semcconductor manudgeturers have invesied in this New technolugy Clearly powerlety
are somethung speciat

Thewr enotmous power gans eliminate CONvenhonal drve cucurtry IN puwer amps, peithing
delightully simple des.gns The freedom from secondary breakdown and INedt Wwindenty (v
shutdown when Thermalty oversiressed result in inherenily stable and Oestruci on pruot autpul
slages, not needing pratection cirguiey And puihaps best of all, their lack af eharye sturays: Make
1hem fas| and responswve, producing amplilers of wide bandwidin and low distorion eves o High
frequencies

PFA 120
5 {150W plus
Power Suppl mig B{! \
Components available 300W INTO 412)

The PFA s perhaps 1he perfect reansaton of the classic pownrlet amu design Thie superb PCB
allows the use ol either ona of Two paws of auipul devices. Broveding easy Expandatlity {ur 1ose
staring wilh tbe smaller sysiem (The ewra cuiput parr of the PRAT 20 1@sults in luwitt tsturhion
and impraved ethciency, pariwcularly Inio low wmpedance losos)

The camponents used i the PFA Rave been chosen wah eaireme care The towest nuse inpat
devices and lowes! disiarhon gaw slage gevices were Selecied iegaidiess uf Lost 140V piwistlels
were chosen against Ihe more wsual 120V o give improved salety margins

Specificaron PFASD PFAIN
Bariidwertty 10hz 100K Hz 1d8
Duluin Powir S0WIVa = 2 50v) 120W (Vaw 2 66VI
RMS o Byl
TH 0 008 =00
{20Hs  20KH2)
(KHp a1 Fated Q004" wir a2
LRI
SHR, 120008
Sliwe Raty 270V uS
G xX22
R 30K
Ve mam x 70V F
Cot ...
{tnali} g 4,0 ;
i e g!.z Fi8 P50

Power Amp PAN 1397
A tugirquatiy 20VV power ampboaldbascd an 1he HAT1397 Eas iy mudined fur Bridge ope i

praviding mgh powers Irom iow supply voltages i

Specthicanon rﬁ'

Outgnd) orwer RMS 20W inta BSE 1 - 2V PAN
20W inta 48 19V 1397

T™HO Q02" at TKH, §VW 1o 12W

SNR 90dB

fnpu 100mV 1inin 50K

§ e

Cost 18 --\n“‘ﬁ £5.60 {P. 8P, 40p)
-

PSU 101 Powse Su Board for 1 o0 2 FAN
1397s. Provides 122V 81 3A AND + 27V with
2 second run-up Ifor anti thurhp creuiton
PAN 1397). | Bu) £3.86, PIP T5p

Mawns nansttumen for abave 17 0 17¢ GOVA 105 (P.EP.EY)

Pre-amp PAN 20
The design is umique Equalisation is spplied

2 Sfeciticanos
after & fat gain stege, resulling in one of the BW

20Hz-20KHr ¢ 198

best nowse performances sveilable. Superh THD 0.003% typ.
cueriosd figutes sre snsured by 8 froni end at catint 1 p
INCOHPOALinGg B WDECTM  gan  aTlenumtor con SNR 85 dB {ref. mV RIAA)

trol [volume control to youli The wpum ara

uncommutterd and can be used with any Vs +
combination of mgnal sources fn the 1mV to ' v al + 2008
10V range. RIAA equelisation I provided for g:;',‘,’“' tckes ]
mag PUs and spece on the board is avalisbie TR Ry £8.78 2 nawced for stareo
for differant squalations. less contrilng (p i P 40p)

106 9B (ref. 100mV flat)

THE POWERFET SPECIALISTS

J. W. RIMMER

Mail ordar only to

‘Dept ET111, 148 Quarry Street. Liverpool L25 6HQ
Talephone 051-428 2651

Tar:hmical enquirnies
367 Grees Lanas, London N4 1DY. Tel 01-B00 6667
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or many years now there have been speaker manu-
F facturers who have marketed kits for the ‘do-it-yourself’

audio enthusiast. At the present time there are several
well known and respected firmssupplying high quality kits. One
such firm is Rank Hi Fiwhom anufacture the Wharfedale range.
Their approach to this market is the Wharfedale Speakercraft
series of drive units and crossovers, together with the construc-
tional information necessary to duplicate their ready-built units
using these same components. If the demand is there someone
will supply that demand. = such is the case with Wilmslow
Audio who sell kits of the cabinets to suit the Wharfedale units.
This review follows the construction of the E70 system using the
WE70 flatpack cabinet kit.

Why build loudspeaker kits? Well, one obvious answer is to
save money; often the cost of a kit is very muchiess than buying
the completed unit. If you are reasonably competent at wood-
work, it is perfectly feasible to start from scratch with just alarge
sheet of flooring grade %" chipboard. An electric power saw
makes the job much easier and can alsogive abetteredge to the
cut. It is often the edges which concern people as they are going
to be visible somewhere around the loudspeaker cabinet and it
is easy to think that to get rid of the ugly sight of these will be dif-
ficult. This is not necessarily true; there are several ways in
which unsightly edges may be hidden from view. The simplest
answer is not only to buy a kit of speakers, crossovers, and soon,
but perhaps to buy a ready-cut cabinet kit as well — this does
not rid you of dealing with edges, but at least they are all cleanly
cut!

ETI APRIL 1982

Fancy a pair of Wharfedale E70s? Can't afford
them? Then why not build ‘em yourself?

Peter Freebrey underwent the mystic rites of
woodworking and saved himself over £100.

I had heard that Wilmslow kits were of a very high standard
— several people having commented upon the ease withwhich
they went together . That sort of build-up sometimes takes a bit
of living up to and | waited for the delivery of the WE70 kit with
some uncerlainty. When they arrived my initial reaction was
favourable; all cuts were clean and the method of construction
looked simple and sensible. The sides, top and base are rebated
by about '4 “. This not only gives you a better mechanical joint,
but also makes it almost impossible to get any voids or gaps —
which is good, acoustically speaking It also means that with the
minimum of care the cabinet will slot together into its correct
shape with no unsguare corners or leaning sides. Included with
the kit were two cardboard transmission tubes for the midrange
units, acoustic damping material, grille material (both black
plastic foam for the reflex port and cloth for the front), nylon
grille plugs and sockets, 3 mm wander plugs and sockets for
loudspeaker lead connections, and the screws to fix the speaker
units themselves. Last but not least there are written instructions
on how {0 assemble the kit.

16 Steps To Heaven

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

true.

Step three is to assemble the cabinet without gluing to
check the fit_Itis also suggested that panels be swapped around
to find the optimum results. This step proved to be most en-
couraging | assembled one unit (panels only) and held it
together with just one turn of linen tape (no string please — it
can bite into the corners of the chipboard and cause you extra
work later). The cabinet felt as firm as a rock. No glue, just well-
fitting joints. Thus encouraged | rapidly got on to step four,
which was to paint the face of the baffle board matt black. |
gave it a couple of coats of sanding sealer — notsomuchto get
a‘de luxe’ finish but to seal the wood surface. Chipboard is pret-
ty thirsty stuff and you canuse up a lot of paint if you do not seal
the surface first. Just be careful not to get any of the sealer or
paint on the edges, as this may affect the glue joint you have to
make later.

Step five is to glue the midrange enclosures (transmission
tubes) to the baffle boards, using plenty of glue toensure an air-
tight seal The baffle boards are recessed to take the cardboard
tubes so it is easy to line up for position. | used Evostik Resin W,
which is a PVA wood-working adhesive for all glue joints. It is
easy to apply and may be cleaned off the hands/clothes as it is
water soluble. Just don’t put your speakers out in the rain! Light
pressure to a PVA glued joint gives a better joint so | placed one
of the side panels across the top of the four tubes to ensure a
light even pressure, Rather than apply liberal amounts of glue in
one dose | used sufficient so that a small bead of glue was
squeezed out all around the tube. This was smoothed around
with a handy finger and when dry a further fillet of glue was ap-
plied all round the tube/baffle joint. Four pieces of approx-
imately 1" thick polyurethane foam are supplied which must be
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glued to the rear (outside) end of the baffle tubes. Wharfedale
recommend a hard rubber pad at this position but as this 1”
foarg is to be compressed to about 316" it probably is just as
good.

Stepsix is probably the most critical point in the whole con-
struction procedure, for at this point the cabinet panels are
glued together. This entails gluing five of the six panels; the sixth
(the side furthest from the mid+ange enclosures)is placed in its
position while the glue is setting but is not glued. This enables
you to work inside the cabinet; fitting the crossover, acoustic
wadding etc.

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

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

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

Getting A Grip

Holding the whole thing together while the glue sets is quite
ateaser. | was fortunate to have a set of excellent clamps known
as Jet System Clamps made by TMT Design Ltd of Leamington
Spa. They cost about£10 per clampbut are worth their weight in
gold for this type of job. The problem comes from the 1" thick
foam stuck to the rear of the midrange enclosures; this tendsto
force the back panel out of position. Wilmslow suggest either
that clamps be used or that the joints be held firmly together
with masking tape. It /s possible with masking tape but only just;
remember that unlike your trial fitting in step three, the foam
pads are being compressed to about 316" and all but one panel
has glue all along the edges and is quite capable of sliding all
over the place! | bought a wide webbing strap from a camping
shopto assist theinitial stages of holding the four vertical panels
approximately in place while | set up the clamps. The cost of the
strap was wasted as | could not get enough tension in it to over-
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come the spring in the foam . . a linen tape would have done
justas well! If you are going to use masking tape then get some-
one to help apply the pressure to hold the front and back panels
in position while you apply the tape. Lastly, cut up a thin
polythene bag and place four pieces inside each corner of the
panel that is not to be glued; it would be a shame if this stuck
firmly to the rest of the panels by accident!

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

Having completed step six the rest of the construction is
plain sailing. Step seven is simply to remove the loose side when
the glue has set {leave for at least 24 hours). | then put a small
fillet of glue all around the inside of all joints BUT not up to the
edgeswherethe last panel istofit . . wewant it to go back from
whence it came!

Step eight is to place the drive units and reflex port trims in
the baffle board and mark accurately where pilot holes for the
fixing screws are to be drilled. Although the chipboard is high
density it has a fairly soft texture so it is well worth buying a new
Y4 drill bit. Thisensures the pilot holes are clean and in the right
place. . . worn bits tend to wander! Although 1'm sure it is un-
necessary | drilled all my pilot holes just deep enough for the
screws by slipping a small rubber sleeve over the drill bit at the
right depth. No-one could accuse me of having any extra holes
or air gaps here!

Step nine is to position the grille frame on the front of the
cabinet with the cabinet lying on its back. Use masking tape to
hold it in position and carefully drill a pilot hole through the
grille and into the baffle board. I used a 116" drill bit and drilled
four holes, one in each corner section of the grille frame. These
holes can now be drilled out to the correct size to accept the
nylon plugs and sockets that hold the grille in place. Wilmslow
supply eight plugs/sockets for each grille but as Wharfedale
suggested that four wou ld be sufficient | chose thelatter. Itis far
easier to line up four holes than eight! For the socket in the baf-
fle board 1 used a 716" bit and for the grille a 7/32" bit. Don't
forgetto drill only from the rear of the grille and only to a depth
of %-5M16". The 116" pilot hole may be filled with wood filler
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but when the grille material is fitted | doubt that these holes can
beseen. If you are happy with the finish on the baffle board then
glue the sockets in now; if not, then wait until you have quite
finished before fixing them in pesition. Do not stick the plugs in
the grille until you have fixed the material in place. | used a
quickset epoxy glue for these fittings.

Step 10 is to glue the black, acoustically transparent foam
over the inside of the reflex port aperture. You can use either
PVA glue or quickset epoxy, just be careful not to get any of the
adhesive on the foam where it is over the port.

Step 11 is to position the crossover network inside the
cabinet on the rear panel opposite the bass unit aperture.
Before you screw it into position check that the leads from the
drive units can reach their appropriate tags! Wharfedale recom-
mend that the crossover has a piece of felt or foam between it
and the pane! to prevent any vibration rattles. Also in step 11 is
the fitting of the input terminals through the rear panel. |
smeared the threads on these sockets with some latex glue,
again to ensure that there would be no air gaps. Solder the leads
from the crossover to these terminals. . . make sure they are
connected correctly, red to red and black to black!

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

It's In The Bag

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

. o

The wadding is tacked or stapled in place.
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Step 14isto attachthe wires to the drive units — observing
the correct polarity (if in doubt refer to the Speakercraft instruc-
tions and double<check every connection), and screw all units
and ports to the cabinet. Wire up and fit the bass unit last as the
bass aperture gives you ample room towork inside the cabinet
connectingwires to the crossover. The wires from the midrange
units come through small holes in the tubes and these holes
should be sealed after you have connected the wires to the
crossover. The fitting of the drive units should only be started
after the glue joints of the final side have thoroughly set and any
glue fumes have completely cleared. The comment regarding
fumes is highly pertinent if you are not using a waterbased
adhesive. There is a possibility that the fumes could affect cer-
tain plastics used in the construction of the drive units.

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

Step 16: The cabinets are now ready for their final cosmetic
treatment. There are a number of options opento you: they may

® veneered either by you or a local cabinet-maker.

® covered in iron-on veneer or plastic laminate.

‘® sealed and then painted (preferably sprayed) in colour of
your choice.

® Wilmslow Audio also suggest the use of a ‘Contact’ type
covering as these can be obtained in very realistic wood-grain
finishes.

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

If the cabinets are to be covered in plastic laminate you can
afford to use one of the more easily worked fillers such as Fine
Surface Polyfilla, Alabastine or Plaster of Paris. If, on the other
hand, you are going to cover them with ‘Contact’ or simply
spraypaint them then | would suggest a tougher type of filler
that is less likely to crack or crumble. My choice here would be
one of the car body fillers — they are easier to sand than some
of the loaded generalpurpose fillers from the DIY shop. So you
are less likely to sand away the wood from the cabinet instead
of the filler!

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

Looking back on the construction of this E70 loudspeaker
system using the WE70 flatpacks, | can only say that | am very
satisfied with the way they went together. There were one or
two instructions that could have been a little clearer but they
have been covered in this article. Common sense would pro-
bably have solved any uncertainties but I chose to phone Rank
Hi Fi to confirm my conclusions. The people | spoke to did not
know that | was writing this review and so it is a pleasure to say
the they could not have been more helpful. This entire project
has been enjovyable from first to last.

s BUYLINES

Wilmstow Audio selt the complete WE70 package (flat pack,
drivers and all components for two speakers) for £220 plus EB car-
riage. Wilmslew Audio, 35/39 Church Street, Wilmslow, Cheshire
SK9 1AS.
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AUTOMATIC
ONTRASTA,
METER

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

ontrast ratio is a very important
‘ guality of photographic negatives

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

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

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

We considered that a different

PROJECT

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

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

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

NDTE

1C1.4 ARE CA3140
IC2 1S TLO84

IC3 IS 40668

IC5 1§ LM3914
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Fig. 1 Circuit diagram of the Contrast Meter.
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used in the ‘photovoltaic mode’ where
the photocurrent developed and
measured is linearly proportional to the
light intensity. Our input amplifier has
an extremely high input impedance
and thus measures the open circuit
voltage generated by the photodiode.
This voltage is logarithmically
proportional to irradiance as the graph
of Fig. 2 illustrates. This is a very
convenient property since the sampling
circuitry can now work on the log of
the light level to provide maximum and
minimum values. By simply subtracting
these two values with a differential
amplifier we obtain a voltage that is
logarithmically proportional to the
ratio of the maximum and minimum
light levels, ie the contrast.
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IRRADIATION (miW/cm?)
Fig. 2 Response of the photodiode used
in this project.

Meter Made

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

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

40
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done quite slowly thanks to the peak
detectors’ long memory time; however,
several areas should be scanned to
ensure the recording of the true
maximum and minimum. The eye can
be deceived quite easily by those
cunning optical illusions lurking
among the shades of grey!

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

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

Construction

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

BUILD FROM
ALUMINIUM
EXTRUSION

ALL DIMENSIONS ARE IN mm

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

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

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

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

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

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

Calibration

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

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

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

HOW IT WORKS

The general circuil arrangement consisisof
a photo-amplifier which feeds a voltage
derived from varying light levels in an
enlarger, to a pair of peak detectors. One
follows the peak positive voltage and the
other the peak negative voltage. The
capacitors used for storing the voltage
peaks in the followers also form part of
sample and hold circuits which are then
switched to 'hold’ alter measurement. Their
outputs represent the maximum and
minimum values of light intensity. A dif-
ferential amplifier then computes the ratio
of these values and the result is displayed
on an LED bargraph meter.

1C1, a CA3140 CMOS op-amp, is used
as the photodetector amplifier. It is con-
figured as a non-inverting DC amplifier
with a gain variable from unity to about 10,
set by PR1. Although KC1 can have input
and output voltages all the way to ground,
this facility is not used owing to the driving
requirement of the TL0B4 quad op-amp.
This_ requires inputs at least 1V above
ground, and thus IC1’s output is offset by a
reference voltage of 3v9 provided by R1,
ZD1and C1. Theanode of the pholodiode is
connected via R2 to the non-inverting ter-
minal of 1C1 which has an effectively in-
finite input impedance. Thus the open cir-
cuit voltage generated by the photodiode is
amplified according to the gain set around
IC1 and appears at the output on pin 6
added to the reference voltage.

The voltage at point A {ignoring the
reference offset) will be logarithmically

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

Assume initially that the CMOS
analogue switch 1C3c is open and IC3d is
closed. C5 will be connected to the output
of op-amp IC2c via the rectifiers D4 and 5
(we can ignore the action of R7 for the mo-
ment). C5 will charge up via the rectifiers to
the most positive voltage peak when the
voltage at point A on the non-inverting ter-
minal is greater than the capacitor voltage
applied to the inverting terminal, The
voltage held on €5 will droop over a period
of time due to leakage current through the
reclifiers D4 and 5 and the input hias cur-
rent of IC2c. KC2¢ was chosen as a FET ap-
amp with a low input bias current and R7 is
included to reduce the diode leakage cur-
rent.

IC2d is connected to C5 as a straight-
forward high impedance voltage lollower
to buffer the stored voltage. When the
input voltage to 1C2c at point A drops
below the peak value, IC2¢'s output will go
negative, reverse biasing D4. However,
IC2d applies the capacitor voltage via R7 to

leakage current through D5.

The peak positive value of the signal ai
A thus appears at point C, and likewise the
peak negative value at point B. When the
analogue switch 1C3d is now opened, C5 is
disconnected irom the peak detector and
acts in conjunction with 1C2d as a sample
and hold circuit thus isolating the measured
values from further light variations.

When SW1isopen, R8 and R5hold the
control pins 13 and 5 of I3 low, opening
both analogue switches. This is the ‘hold’
mode. When SW1 is now closed, the control
pin 13 is taken high, switching to the 'sam-
ple’ mode. C3 and R5 produce a positive
pulse (about 50 mS}on control pin 5 to brief-
ly short out D4 and D5, so resetting the peak
deteclor to the current voltage at point A.
When €3 has charged the 1C3c switch will
open again, allowing the peak detector to
function.

IC4 is wired as a differential amplifier
with a gain of 2, to subtract the voltage at
point € from point 8. Since these voltages
are the log of the light levels, the output on
pin 6 will represent the contrast ratio of
these lighi values.

IC5 is a standard LED bargraph driver,
the LM3914. The input voltage on pin 5 is
converted linearly to illuminate one LED on
ascale of 10. Full scaledeflection{LED 10)is
set internally at 1v2; the zero scale deflec-
tionisset by PR2 anywhere between 0V and
1V2 during the calibration process. C6, a
10 uF tantalum, is required for IC5 to en-
sure slability from oscillation.

the anode_of D5, ellectively removing

NOTE: k = CATHODE
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Fig. 4 (Left) Component overlay for the meter
{showing the board uncut).

PARTS UIST __

Resistors (all % W, 556) =

R1,3,8 10k

R2, 11, 12 100k

R4 2k2

RS M0

R6,7.9,10 47R

Preselts

PR1 100k subminiature horizon-
tal preset

PR2 1k0 miniature horizontal
preset

Capacitors

<1 10u 35 V tantalum

C2 22u 25V tantalum

C3 220u 16 V electrolytic

Ca6 82n polycarbonate

C5 68 n ceramic

Semiconductors

1C1,4 CA3140

1C2 TLOB4

IC3 40668

ICS LM3914

D1 BPX65
D2,3,4,5 1N4148
LED1-10 3 mm red LED

Miscellaneous

Sw1, 2 miniature slide switches
Case (see Buylines); PCB {see Buylines); B1|
PP39 V battery (preferably alkaline type). |

“ BUYLINES
e ——

The photodiode specified in the Parts List is
the one used in our protolype, but any
| general purpose type should do. The case
we used is a Pactec type HP, size 146 x 91 x
28 mm. The PCB is available from us using
the order form on page 44 — price is £2.12

1
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5121 SCREWDRIVER SET

B prectsion screwcsivers in hingad plastic

case Sizes —0 8, 1.4.2,2.48,
29ar¢d8mm £1.78

57131 NUT DRIVER SET

BLPAK PCB ETCHANT
AND DRILL KIT

Compiete PCB Ki comprises

1 Expo Wim Drit 10.000RPM 12v OC ncl 3
collets & 1 x 1mm Twist bil

1 Shee! PGB Transfers. 210mm x 150mm
1Elch Resist Pen.

1 ¥ 1b pack FERRIC CHLORIDE crystais

3 sheels copoer clag boare.

2 sheels Fibreglass copper clad board
Fuilinstrucions for making your cwn PCB
boards

Relall Value over E18.00

DESOLDERKIT

Kit comprisas  ORDEANO, SX80

1 High Quality 40 watl General Purpose
Lightweight Saldering tron 240v mains fncl
3167 (4. Tmm) bil,

1 Quanty Desoldenng pumg. High Suction wilh
automatic ejeclon Knurled, anti-corrosive
casing and teflon nozzle

1.5 metres ol Ce-sotderng braid on plastic
dispenser.

2 yds {1 83m}) Resin Cored Solder on Card
1 Heal Shunt tool 1weezes Type

BRAND NEWLCD
DISPLAY MULTITESTER.
RE 188m

LED 10 MEGOHM INPUT IMPEDANCE

*3'% digit * 16 ranges plus hFE tes) fagildy for
PNP ang NPN fiansistors *Aulo 2ero. aule
patanily * Single-handed. pushbution
operation *(ver range indication *12.5mm

{ % -inch} large LCD readout *Diode check
*Fust ¢lrcult protection * Test leads, baitery
ang instruclions included

Max ingication 1999 or — 1999

Polarty incication  Negalwe only.

DUR BI-PAK SPECIAL KIT PRICE £9.78
ORDERNO SX81

5 precision Al dnvers in hingad plasic case.
Wilh twrning rod

Suzes; —3.3.5, 4, 4.5 and s, TS
571 TOOL SET

5 precision insbruments in hinged plastc case
Crosspont {Philps) screwdrivers: —

HOangd M 1 Hex key wienches —

1.5.2and 2.5mm £41.78

5151 WRENCH SET

3 pret i5ian wrenches in hinged plasic case.
Sizes ~4,4.5.5 553nd 6mm, £1.78

BUY ALL FOUR SETS- 5721-5T5) and get )

HEX KEY SET FRER i & yours - Dataele. v
HEX KEY SET ON RING > ; £ every pah.
Sizes:1.5,2.2.5.3. ol i ; Order No SX56
4.5,5.5and6mm ‘ : -

Made ol hardened steel.
HX/1 21,28

Tatal Retail valpe over £12.00
QUR SPECIAL KIT PRICE £8.98

Posiiive readings appear
without + sign
inpul impgdance Y0 Megohms
Zero agjws! Aulomatic
Sampling fime 250 milllseconds
Temperalure range — 5°C 10 50°C
i‘ Powe! Supply 1 % PP3 of equivalen] 9¥
Dattery
Consumption 20mw
Size 155 88 x 31mm J
RANGES f
DC Yoiage D-200mV.
0-2-20-200- 10N0V. Acc. 0.8%
AC Vollage 0- 200 1000V
Act 1.2% DC Current 0-200uA.
3 0-2-20-200mA 0- 1D A. Ace 1.2%
& o Resistance 0-2-20- 200K ohms.
A ¢ 0-2 Megohms. ACc: 1%
El-PAN VERY LOWEST POSS PRICE
£35.00 each

The Third and
Fourth Hand...

\
) |
'S
4 f 1 -. YOu Always nerr

£1.00 i 9
: ' but have revel gol "unti iow
Made with Bright Aluminium foided 4% h w 143 £1.30 m.:wgmn‘u:.f .Eun Ao mounted

ConSiruchion with 0eep i ang Screws. 6 3w 2 144 £1.50 on
0 zoatatly an Heavy Rase Cracoduie o)
SIZE*L W H  OrcerNe Price  Plashc as above bul wih alumiium lop panel a,mhw,:m !,,u:y S,'. atl :s:hel ,:..,5.5
5% 2% 1% 159 83p 4 2w 1 146 £1.40 QIvE MIi1€ varghan and pos tions hiaugh

: ;z: ;u; :g; ::' P\asll:;:um:\umnzl‘ IR0 als6 availaie aNached fg Rod a 2% dam
3 2 3 164 57, 4 & magndier ging 2 5 x magnilicalran Helping
3 L hand ymit availahie with of wiRoT Magnier

§ 2 g :gg :::: 148 Qur Prce wilh Magadier as iilusiraled QRDER
3 ND 1402 £5.80

Allmeasurements for boxes are shown in inches L = Lengih. W =Width. H = Heighl Without magniier DRDEANO 1400 €4.78

SEMICONDUCTORS FROM AROUND THE WORI.?.

A Callection of Transistors. Diaces. Recibsers, Bridges. SCR's,
Tniacs, IC's both Logic and Linear plus Opto's all of

which are currenl everyday usable devices

Guaranieed Yalue over £10 at Novmal Refarl Price

Plastic Boxes

EXPERIMENTOR Coloured Black. Close Infing

:olx.' ~ ALUMINIUM - Flanged Lig, foung serews inlo brass bushes
LASTIC SIZE'L W H  OferNo.  Prce
ALUMINIUM BOXES 3 B 1 11

£2.14

wCAPABLE
PAKS™"
¢ ‘.PACWOH 4

Mised 8yl [, i Qanc1iptu Types
e 5 R " e
Reststoes Carbon Cer

 walt Cyrpy, Wied mecs bt 5 ot
= war Cotbo: :::::Fs Mu:: l-é:‘r.ivﬂ-uh‘aul o5ml
CB Lo 1o/ POAYSTY ERE
m Asstnted Poives EL

Silicon NPN'L' TypeTransitors
10-32 Prsi< ganie eollecio: s
Like BEIBA — 183 — 134 2
VCBO 45 ¥CED 30 IC200MA Hre 100-400 I'E)
. ALL perier! Gévices — uncooa DRDEA AS 5X183L
0 BIC B Valypg Sof  W0on 5000 1000 on
MY 0y o, 4 PiCE L] 5 £1.50 £250 £10.00 £17.00

X2 3p —
<7 - Sockere P 240° Do PNP SILICON TRANSISTORS:
Capacito! o Lk Simitar ITX500 — 2Tx14 — E-une
u....la 'l'.;‘lﬂ 1ype canaces : 100 Sitcon wpy Feasistoes g — Sip NCED 40 VCBO 35 K 300ma Hie 50-400
) .
E;.c.“ s #d lrpes werpy ¢.,“ndm';'€! Brang hew — Uncoded .- Peec] Devices
Guohly Liecuobtics Sa39 250 5 ol 00eH S0 o 1000 ol
50 1000 £©1 ¥ , ; €2.00 £3.50 £15.00 £25.00

" o
Tantalum Beads, MIXE s YOS with g, Onder a5 Z12PHP
i e, counl by weighl. ML N tE10013 Fanppgye ::: ol

%f;mmesanwml"“"
Amp SiL
TECASBOTY Glass Type samelar 14000 SERES INADO! -INAOOA
The Eteclronic Companents and Semicanductor Bargain of the Year, A hos! of Electionic 50— 5000 - wtoo — you select for WIS
tomponents ingluding polentiomelers — rotary ana slider, presats — horizanlal and verlical ';5‘; ‘:‘:: L‘;""‘w;““dg “mg'-n"[;m
Resislars of mined values ZZohms fo 2M2 — 1/Bto 2 Warl Acomprehensive range af o500 = i N0 SK76
capatilars including ele <Irolyfic and, polyesier plus dISC “SrAMKS elcete Sliicon General Fuspase WPN Tranasioey 10-18 Case
Audhe plugs and sockels of vanous types MUS Switches. luses. healsinks, wire, nutsbolts, Lock ' leads - cooed Cy7644 Sumitw 1o BC147
gromets. Cahle clips and Ives, knots and P ¢ Board Then acd tothal 100 Semiconduetors Hhﬂggﬂgn 1;089 ;LL ’gnu'ﬂvu !3 »‘c% :
10 include fransistors, dodes. SCA"S.apto™s. all ol which ace curren] everyday usatie devices -2 i of o
Inail aFaniastic Parcel No rubbis a1l enlitiabie and vased In Culient catalogues atwel PAICE £2.00 £3.80 £17.50 £30,00
over £25 00 Ow Fight Against mliahon  Price 5 . Drger a5 CV7E4¢
Beal the Bu ilcan Geneedl Puipase PP Yanssios T0-5 Case
— Diwn with Deplesm JUST £ﬁ . 5“ . Lock Ml Jeads cooed CvaS0T sim.Lar 29054 to
- Olno SXB6 BFX30 VC B0 1C GODMA M Hie 50 ALL HEWI
S0on  '00of 500 1000 off
PRICE £2.50 £4.00 £19.00 £35.00
Order ja CY95G7

i
3 well oyer £3
PPN Guaranigeq 1

s 4 Chyg,
T and 2 uat g, :

etstor,
Paks SNz conla:'?hmzmz e .
:L:::r‘;drl&g: Jrom 2, 22

-2 ey
el M 'r‘msh Paks ang have a ) Janga 1y

Ouinll(les Apronimaty <ount by wEigh

MOTOROLA PIEZO
ELECTRIC TWEETER
Maximum Ratings
25 volls rms which is equal to:
200 walls acrgss € chms
100 walts across 8 hms

50 walts across 16 ohms
BI-PAK SPECIAL OFFER PRICE £4.88
ORDER NO. 1907

DOME TWEETER

Dome (weelar tof Sy5lems up 10 50w
Impedance: 3 ohms

Frequency Response: 2000-20,000H2
Dims 98mm ckam. x 3tmm deep

Our Price 2,88 DMT200

Send your orcers to Oept. ET1 4 Bt PAK P BOX 6 WARE HERTS

SHOP AT 3 BALDGCK ST, WARF HERTS

TERMS, CASH wilH CRUER, SAME DAY DESPATCH, ACLESS
BARCLAYCARD ALS0Q ACCEPTLL. TEL (BS20) 3162 GIHO 388 7005
AOD 15% VAT ANG 50~ PER ROER POSTAGE AND PACKING

Use yout Lredil card. Ring us 0n Wale 3182 NOW znd
el rout @ger mven 1yster Gaock normally sent 2nd
Clas Wad

Remessoe: rou musl acd WAT a1 15% 10 rour onden
Tota| Postage 2da 50p pe Tolal oede:
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PROFESSIONAL
APPROACH

B1-PAX Auco Modues e bisnous fes her varisty, ity of demgn snd uggedness. For over 10 yesrs BI-PAK have

HIGH QUALITY MODULES FOR STEREO besn aupphers 0 menvlasctsers of Mgh quality wxko equipment Broughout e workd — 10 dety, well over 100,000

modhdes lpve been 2o - this @ wiy & W amsina anth : ] p plite B! mn using BE-PAK

MONO AND OTHER AUDIO EQUIPMENT ™=t mawron

They know thel every item & drsignad and testad 1o do the jab for winch 1l is intanded bedore A leaves the Iactory
Whrtever you e bulding there it 8 kil o module n e BIPAX range to suil your every nesd

AUDIO AMPLIFIERS

510 wetes (AMS)

AL S watt Aude Amp Mot 2230 mpsty FI57
AL 710 wen Audio Amg. Nocule 73Dy
iy

£4.16.

AUDIO AMPLIFIER AUDIO AMPLIFIER

Audio Amplifier, 508 RM.S. with integral heat sink and 125 wants (RMS), AL 250,

thort cicull protection. A power ampbfn prowdimg a0 output of up 10 175w
Intraduced to bl the demand for & huly protacted AMS, into 2 4 ohm loed. Four 115w Wansistors in the
povesr 8y . capmbis o drving hegh ety ipaker oAput 3taps makes 1t ey omely rugpsd wivle damage
systams. ot up %0 SDw with dixtorion sty below 5% from incorrect o short ¢xcut losds & prevented by 2
Idusl tor domestc ute Dracos PA, sysema, siectionc fow ¥Wansistor prowction orout For use m many
organs. etc The generously reled components snsure aplcatony ach &8 deco s, sound reinoccoment
conruos operslon # high systws, tackgiound musc plavers el £1!I m

_ output leveis ALYZD S wati AL250 125 wan Audo Amp
. Audio Amp Modue Watkse 50 80« =
npply f‘ “ﬁé‘ . ‘“l
£1314 §;‘ y ;!,k
ey Wl

AUDIO AMPLIFIERS
1525% wans (RMS!

NS 155 wel Mutho Amp Modue 3050v
swpy £5.15.

N80 E wert Audho Amp Modue £8.07

501y supply
L g

v

SPMI20 o » fined vokage
stabiig with an oD voitage of

SUPPLIES wther 85, S5, or B5 Dwsgnad fov me
audic sppications, the sulbrlcer which prondes output
PS12 24w Supply Suit- 2 x ALD Z x ALZD 1 £ ALY B anrents up 1o 254 cpmatm drect Irom ¢ mens STEREO
PIZSIE £106 SPMI0 X Sabiwed apply Sut 25 transtormes requinng only the addetion of two Eimctroiytic The PAZID is bascaly 0 populsr PAISG moddfications
ALBD PATOD to 15 wern €ABL SPMIZ04S i6v opacitors 1o complete the power supgly. PRE-AMPLIFIERS ting mede (o muke il compatie wath the highes
Swodead mpply St 7 ¢ ALK PATDD 10 25 ‘. PA1Z Supply voitage 2.2 inpul sensiomty 00mv Suit  output amplifers Le ALIZ0 b AL The unt boasls six

wors JLIB SPM12055 Sov Subiesed mpoly Suv 71 ALS) PAXD D33 f ALIVALZDALT) TRG5 PAIOD Supply voitage X0 56w push tatton seleciors grany » choice of 3 inputs,
SPM1T0R5 5 Stabwimed supply Swi 2 ¢ ALY20 PAXID 11 AL2SD B0 | . s Tape Tumer Meg P Sui: ALNGALBD £17.95. fitwrs, for both high mnd jow ireguencie: ind a3 stareo o
SGX0 15015 Stabdised power supply for 2 1 GE10D MKII L3 (g PAZI Suppiy volmge 3510 mpits Tape Tuner Mag mono bution, sk comixneny 1o give B top quakty sterec

-y d - PU Sui; ALB/ALTAL FiR24 e ampbher and e conkal

]

MINIATURE FM k.

MONO PRE-AMPLIF:ERS

' PUSH
WO 100 wtable b diaco mizer. MMIO0G sutable tor

GE100 MK
10 Charel,

TRANSMITTER MODUL . ; ; BUTTON

r . Qi ety minst. M onogr aphic
e L LT The MMITD sng MM mono peamoifies mee Eouaos & STEREO FM
Ideat lor: 007 MI9-FBI-ClA- KGB-¢lc. Pruce £5.50 compacbie with the ALGL ALBDALTZT ad ALZS0 powe: Oy 155w ¢ S5mm ¢ S0mm inckaing the 10 15 TS VER

amplfiers and thew ss00mted powe supphes.

MMI00 Supply vorags 4065 mputs Tape Wag P.U

Microphone Max oueput 500mv £12.43. MMIDOG Supply

voltage 40.6% mputy: 2 Guitws, Miczophones Mai output
HDww

MAGNETIC CARTRIDGE
PRE-AMPLIFIER

Engy the quabty of 1 megnetic cwvidge with vous
cwamit sgsprer uang te MPAT) whkch & @ quakily
preame. mebing Megnets aITIOpes 1o br used where
|acikhes witst lr CHMC carviges anfy, Wah g

OIN iogan socket & hal, amy (0 follow mstructions

stider potwnbome lirs and knobs which g mouniad

0 » oard sbove the aroulry. In e range of 31Kz 1o
6KHr you can oA and boost = 1208 with the 10 diders,
eoch with frpquency rarkal on the cramt bowrd The

GE10D vam include mizurs, PA. systam and descos it

el aiso sprove the sund (epraduction of your exsing
wudio equipmenL Powsr supply fer GE100 od SGD

Fittd with Phase lockad loop decode

S46) Provdes ingtant programme sslecton 8t the touch
al 3 button maurng accisste oing ol 4 pro-wiected
sbors, any of winch mey be shared @ otwn a3 you
chooms, mmply by changeg the gerings of the preset
tontrals Fratwes woiude FET inpun

tage, Verrtap dode
P ey A Togeher wah Transtormer ng; 2003 a
- iws"lm"" meu-:m“. an GEI0D MKII 10 Channel mono-graphic g £19.00.
Euuakr whh shoms & Knabs £20.00.

REGULATED
VARIABLE

STABILISED POWER SUPPLY
Yoreble hom 200 voits and (12 Amgs Kil smoludes -

1 - ¥PSI0 Modute, | - 25 wiit 2 amp transiormer_

1 - 0% 7' Pong Metw. | - 02 smp 1™ Panel Meter,
1~ 470 ohm witewound potentoreler. 1 - (7 chm
wirewound potwtomess Weng Dgram

inclded YPSH0 KIT £

SIREN ALARM MODULE
Ametitan Police type screamer powersd bom any 12
ot supply to 4 or B ohm spesie {deal for tac burgler
“_.\ slarm. rogzer Dromk down and Other Secusty
; psposes  BP1IM 5 watt 1y max -
Siron Awm Modue £3185.

BI-PAK's COMPLETELY NEW CATALOGUE
Compielely 1 designed Fyil ol {he type of LOMPONEr ). yOu TEQUIE Pluy 0N
very interdsting ones you i oM e using ¢nd ol ¢ pur-e 1ne 131gest range of
sermiconrdud foss Jar the Anate - gm Pralessaanal you coule hopr 10 bind

Transtormers are nol included with
powse supples. SPMIX Renge
ais0 requir resarvor and outpu! capacitors

TRANSFORMERS

04 1.7 emp v sut SPAMD EASR 205 2 wry

S5 DRNE. 2038 TSOwA 17v Suit PS12 L2086 2040 15
amp 045 Sbv Swt SPMI12045 SPMIZDA 08,46
2041 2 emp 055 6% St SPMI12005

SPAVMI2005% (R4 208 1 emp 0 20¢ Sut St

D 158 2043 150mA 15015 Swt S6D L1354

ACCESSORIES

138 Task Codinet Suil Stermo 30 20 5 2B

Ginn £200 140 Taah Cobwnet Sust STAIS 425 x 290 &
S TREL 100 Fronl Panel for PATD & BI-KITS

::;: g: ;:apﬁ:ﬂh::;ﬂ:ﬁ S'llS!;nmp-‘dimndSlmn Ampkfier Xit consisting SM!S_IS witts par charnel Sterec Ampifier Kit Ml:mrrmaiumllm.
GETOUMICI 1.7 TCSO Kit of Parta inchuieg Tomk ol 2 1 AL20 anplifiers 1 £ PA1? preamplife 1 £ PSt2  consisting of 2 x ALSO ampifers 1 £ PATOY pro ampidier 'm for 8 ohme 470 mid 45 1 x ceamrvor
Catanwt chansia, sockeus & knoba #tc B0 house STAIS power supphy | & 208 wansformar 3nd necomsry wwmg 1 x SPMID powes gy 1 & 204 venstormes 2 1 capaciror Z200 mid Vv and necrsmry wirng Gagram
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ETI PCB SERVICE

Up until now PCBs were always the hardest compongnt to obtain for a project. Of course you
could'make your own, but why bother anymore? $

Now you can-buy-your boards straight from the designers — us! As of this issue all (non
copyright) PCB$ will be available automatically from the ETI PCB Service. Each board is
produced from the sanie master used to build our prototypes, so you can be sure it's accurate, -
and will be finished to the'high standard ydu would expect from ETI.

In gddition to.the PCBs for this month's projects, we are making available some of the more’
popular designs fram our recent past, See the list below for details. Please note that NO-OTHER
BOARDS ARE‘AVAILABLE. if it's not listed, we don‘t'Have it! '

APRIL 79 . MARCH 81 NOVEMBER 81
D Gunar Effects Unit £ 98 D Engineer’s Stethoscope £‘|99 D MUSiC PFOCESSOF £5.51
D ClickEIiminator ¥4.98 D Volce-OverUnit £298
APRIL 81 O CarAlarm £2.11
JUNE 79 [ Musical Box £198 [ Phone Bell Shifter £2.22
O Accentuated Beat Metronome £2.70 O Drum Machine (two boards) £4.20
FEBRUARY 80 O Guitar Note Expander £2.40 DECEMBER 81
{0 Tuning Fork £1.98 JUNE 81 S gh:dohomft&:(tuioboards] Ezg
INE B° odywork Checker ’
MARCH 80 8 Mini-drill Speed Controller £2.20 O Component Tester £1.12
O Signal Tracer £1.70 O AntennaExtender £2.40
(0 Alien Attack £1.98 JANUARY 82
AUGUST 80 [ LED Jewellery: Cross £1,10 1 Parking Meter Timer £178
1 CMOS Logic Tester £198 U Spiral (twoboards) £1.98 [ Infant Guard £1.35
O Capacitance Meter £220 I Star(twoboards) £1.99 [ Guitar Tuner (two boards) £4.48
0 Ultrasonic Burglar Alarm £2.15 U Waaphase £1.15

FEBRUARY B2

OCTOBER 80 JULY 80 [ Ripple Monitor £1.56
U Cassette Interface £220 7 System A A-MM/A-MC £1.99 0 Pest Monitor £1.39
4 Fuzz/Sustain Box £245 [ System A APR £3.88 . U | Ching Computer (two boards) £3.98
NOVEMBER 80 {7 Smart Battery Charger £1.48 [J Moving-magnet stage £2.85
O Touch Buzzer £1.45 (0 Moving-coil stage £2.85
O Light Switch £145 _ AUGUST 81
1 Metronome £1.45 Ll System A Power Amp(A-PA) £3.58 MARCH 82 -
O 2W PowerAmp £1.45 [ FlashSequencer £2.58 [ Infinite Improbability Detector £2.53
O RIAA Preamplifier £145 O Hand<clapSynthesiser £298 [J Capacitance Meter (two boards)£10.64
O Audio Test Oscillator £2.35 (O Heartbeat Monitor £1.37 [ Robot Motor Controller £2.85
O watchdog Home Security (1 Light Wand £1.40
DECEMBER 80 (two boards) £3.98
O Musical Doorbell £2.10 APRIL 82
Ul Bench Amplifier £1.90 SEPTEMBER 81 O wattmiser £3.39
U Four Input Mixer £1.98 ] Mains Audio Link (threeboards)  £5.51 [ Contrast Meter £2.12
JANUARY 81 LT Laboratory PSU £3.40 O Sound Effects board £1.80
O LED Tacho £3.10 O High Impedance Probe £1.48
00 Multi-Option Siren £240 G TOBER B1 g gmtar Pra\t/:tllcte A",U‘) : Eg-gg
i P onitor .
DI Universal Timer £248 [ Eniarger Timer £2.55 Sl e deg
FEBRUARY 81 [0 Sound Bender £199
O Infra-red Alarm (four boards} £498 [J Thermal Alarm £197
[ Pulse Generator £2.68 [ MicropowerPendulum £1.66

How to order: indicate the boards required i wish to pay by Access/Barclaycard. Please debit my IR
by ticking the boxes and send this page, account &

together with your payment, to: ET| PCB - '
Service, Argus Specialist Publications Ltd, I§[2J 2J4§ [ 1

[ | | |
145 Charing Cross Road, London WC2H
OEE. Make cheques payable to ET! PCB ﬁr9 TZI{QE [ J J IR

Service. Payment in sterling only please. Aucess
Prices may be subject to change without e
notice. gred - o

Name . . p— -
Total for boards £.... Address. . .. . ... .. . . n
Add 40p p&p 0.40 RO g v .

Total enclosed £
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FEATURE

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

combine many different signals on to a single transmis-

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

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

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

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

VOLTAGE

SAMPLE VALUES

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

e i

VOLTAGE

fig. 2 If the series of sample values is passed through a lowpass filter
the original message signal is recreated.
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reconvert the pulses into the message signal.at the receiving end
of the transmission line.

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

But the minimum number of representative samples (2B
Hz) isn’t the easiest number of samples to convert back into the
message signal. It's usual to take a greater number of samples
because doing so makes the reconversion easier. To see why
this is so we've got to take a look at the spectra of the trans-
mitted samples and see how they differ when different sample
frequencies are used. Figure 3 shows the possible spectrum of a
message signal such as an audio signal. It’s the sart of result you
would see on the screen of a spectrum analyser. Frequency f, is
the maximum frequency contained in the signal. The lowest fre-
quency contained is 0 Hz(the signal extends downto DC); so the
bandwidthof the messagesignalisf , — 0 = f_Hz.

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

POWER DENSITY

T
|
A\ -

Mo FREQUENCY

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

AN

FAEQUENCY

TIME

POWER DENSITY

Fig. 4 Power density spectrum of an audio signal, sampled at a .
frequency of f,. in this example, i, is greater than 21 .
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Fig. 5 Sampling frequency f, equals 2f . A simple lowpass filter may
filter out some of the wanted message signal.
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Fig. 6 Sampling frequency less than 2f,,- A lowpass filter cannot be
used to recreate the original message signal.
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Fig. 7 A simple time-division multiplex (TDM) system.

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

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

In Fig. &, f, 1s less than 2f_ and, as you would-expect, the
spectrum shows how message signal and sidebands overlap. A
lowpass filter cannot be used to recover the whole of the
mes;age signal without letting through part of the next side-
band.

TDM Tricks

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

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

TIME —a»

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

REFERENCE
POSITIONS

VOLTAGE

TIME —im

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

~ l_c._.n. — -_-1
PULSEWIDTH |/ 7| PULSEWIDTH [
D—’ AMBUIEIER Fmoougnron /HDEMODULATOR— AMPLIFIER "'C[
] I

MICROPHONE LOUDSPEAKER

Fig. 10 A pulse-width modulation micrephone/loudspeaker system.

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

Practical Matters

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

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

I'he pulse duration is less than this, say 1 u$, and each pulse
charges the capacitor C1 to full voltage. After charging, the
capacitor is linearly discharged via the constant current source.
The cycle repeats itself at every pulse. The capacitor’s discharge
rate is a product of the capacitorfconstant current time cons-
tant, which should be about 2 uS. Comparator IC1 compares the
ramp discharge with the incoming audio signal — when the
nen-inverting input voltage is above that of the inverting input
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