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OW POWER AMPLIFIER MODULES
OMP PWER - MPLIF' h MO UL S Now enjoy a

world-widg reputation for cuality, rehability and performance at a realistic price Four models
available to suil ihe needs of the professional and hobby markel 1e Industry Leisure
Instrumental and Hi Fi elc When comparing prices NOTE all models include Toroidal
vower supply Integral heat sink Glass fibre P C B, and Drive circuits to power compatible
Vu meter Open and short circurt proof — Supplied ready built and tested.

OMP100 Mk Il Bi-Polar Output power 110
watts RM S into 4 ohms, Frequency Res-
ponse 15Hz - 30KHz —3dB, THD 001%,
SNR —118dB, Sens for Max output
500mV al 10K, Size 3556 ~ 115 » 65mm
PRICE £33.99 +~ £3.00 P&P

OMP MF100 Maos-Fet Quiput power 110
watts RM.S into 4 ohms, Frequency Res-
ponse 1Hz - 100KHz --3dB, Damping Factor
80. Slew Rate 45V-uS, THD Typical
0002%, Input Sensitivity 500mV, S N R
-~126dB Sjze 300 ~ 123 X 60mm PRICE
PRICE £39.99 ~ £3.00 P&P.

OMP/MF200 Mos-Fet Quiput power 200
watts R M S into 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB, Damping Factor
250 Slew Hate 50V uS, THD. Typical
0.001%, Input Sensibvity 500mV. SN R
—130dB, Size 300 ~ 150 « 100mm PRICE
PRICE £62 99 + £3.50 P&P,

OMP/MF300 Mos-Fet Output power 300
watts RM S into 4 ahms, Frequency Res-
ponse 1Hz - 100KH: — 3dB, Damping Factor
350, Slew Rate B0V uS, THD Typical
00008%, Input Sensitivity 500mV, S NR
—130dB, Size 330 ~ 147 «~ 102mm PRICE
PRICE £79.99 - £4.50 P&P

NOTE Mos Fets are supplied as slandard (100K He bandwrdth & Inpul Sensitivity 500mv} if required
PA version (50KHz bandwidth & Input Sensilivity 775mV) Order Siandard or P A

Vu METER Compauble with our four amplifiers delailed above A
3 4

display employing 11 LF D diodes|7 green 4

ddinonal an off indicarar ‘Sophistcated lugie control
3 last nse and decay nmes Tough moulded olastic
[ with tinted aceylic feant Size B4« 27 - 45mm

PRICE £8 50 - 50p P&P

LOUDSPEAKERS 5" to 15" up to 400 WATTS R.M.S.
Cabinet Fixing in stock. Huge selection of McKenzie
Loudspeakers available including Cabinet Plans. Large
S.AE (28p) for free details

POWER RANGE

850 WATT R M S Hi-Fi- Disca

20 oz magnel 1° " ally voice coil Ground ally fixing escuicheon Res Freq 40H. Freq Resp to
6KHz Sens 92dB PRICE£10 99Avarlable with black grille £11 99 P&P £1 50 ea

127100 WATT R M.S Hi-Fi/Disco

50 oz magnet 2" ally voice coil. Groynd ally lixing escutcheon Die casl chassis White cone Res
Freq

25Hz Frag Rosp o 4KH2 Sene B5d8 PRICE £28 60 - £300 PAP ea

McKENZIE

12" 85 WATT H.M.S. C1285GP Lead guitar/keyboard/Disco

2" ally vaice cail Ally centre dome Res Freq 45Hz Freq. Resp. to 6 5SKHz Sens, 98dB PRIGE £29 99
+£3.00 PAP ea,

127 B5 WATT R.M.S. C1285TC P.A/Disco 2" ally voice coll. Twin cone.

Res. Freq. 45Hz Freq. Aesp. to 14KHz PRICE £31.49 + £3.00 P&P ea

15" 150 WATT R.M.S. C15 Bass Guitar/Disco.

3" ally voice coil Die-cast chassis Res. Freq. 40Hz Frag, Resp. to 4KHz PRICE £57 87 + £4.00 PAF aa
10" 60 WATT R.M.S, 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid. P.A.

2" voice coll Res Freq. 75Hz Freq. Resp. to 7 5KHz Sens. 39dB, PRICE £19.99 + £2.00 P&P
10" 200 WATT R.M.5. C10200GP Guitar, Keyboard, Disco.
2" voice coll. Res. Freq. 45Hz. Freq, Resp. fo 7TKHz, Sens. 101dB PRICE £44 76 + £3.00 P&P
15" 200 WATT R.M.S. C15200 High Power Bass.

Res. Freq, 40Hz. Freq. Aesp. to SKHz. Sens. 101dB. PRICE £62.41 + £4.00 PAP

15" 400 WATT R.M.S. C15400 High Power Bass.

Res. Freq. 40Hz. Freq, Resp. to 4KHz Sens. 102dB PRICE £89 52 +£4.00 P&P

WEM

5" 70 WATT R.M.S. Multiple Array Disco etc.

1" vaice coil Res. Freq. 52Hz Freq. 52Hz Freq. Resp. to SKHz Sens. 89dB PRICE£22.00+ £1,50 P&Pea
8" 150 WATT R.M.S. Multiple Array Disco efc.

1" voice coil. Aes Freq. 48Hz Freq, Resp to GKHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.
107300 WATT R.M.S. Disco/Sound re-enforcement elc.

1" voice coil Res. Freq. 35Hz Freq. Resp. to 4KHz Sens. 92dB PRICE £36.00 + £2.00 P&P ea

12" 300 WATT R.M.S. Disco/Sound re-enforcement elc.

17" voice coil Res. Freq 35Hz Freq. Resp. to 4KHz Sens. 94dB PRICE £47.00 + £3.00 P&F ea

SOUNDLAB (Full Range Twin Cone)

5" 60 WATT A.M.S Hi-Fi/ Multiple Array Disco etc

1" voice coll Res Freq 63Hz Freq Resp to 20KH: Sens B648. PRICE £999
6!, 60 WATT AR.M.S. Hi-Fi. Multiple Array Disco ote

1" voice col Hes Freg S6H: Freq Resp 1o 20KH: Sens B9dE PRICELID 99 £1 80 PAP aa
B” B0 WATT R.M S Hi-Fi’Multiple Array Disco etc.

19" vaice coill Res Freq 38Hr Freg Resp 1o 20KH Sens BOdE PRICE £12 99
10" 60 WATT R M_S_ Hi-Fi- Disco etc

L7100 P&P o

£1 50 PEP ea

1/:" voice coll Res Freq 35Hz Freq Resp to 15KHz Sens 89dB PRICE £16 49 + £2 00 P&P
HOBBY KITS. Proven designs including glass
@A fibre printed circuit board and high quality
components complete with instructions.
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone, Range 100/300 metres. 57 » 46 = 14mm (9 volt]
Price; £8.62 + 75p P&P.
3 WATT FM TRANSMITTER 3 WATT B85/115MHz varicap controfled
professional performance, Range up to 3 miles 35 = B4 = 12mm
{12 volt) Prica: £14.49+ 75p P&P.
SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/
RECEIVER 27MHz, Range up to 500 metres. Double coded modulation,
Recaiver output operates relay with 2amp/240 volt contacts, Idesl for
many applications. Receiver 90 x 70 x 22mm (9/12 vol). Price:
£17.82 Transmitter B0 = 50 = 15mm (9/12 volt) Prics: £11.29
P&P + 75p each, S,A.E. for compiete list

Ty
3 watt FM
Transmitter

POSTAL CHARGES PER ORDER
| ORDERS WELCOME, SCHOOLS, COLLEGES, GOVERNMENT
WSA  50DiES, ETC. PRICES INCLUSIVE OF V. A.T. SALES COUNTER

. VISA/ACCESS/C.0.D. ACCEPTED

£1.00 minimum. OFFICIAL

* PRICES INCLUDE VAT » PROMPT DELIVERIES * FRIENDLY

SERVICE » LARGE S.A E 28p STAMP FOR

BURGLAR ALARM

Betler to be *Alarmed’ then lernlied

Thandar's famous ‘Minder' Burglar Alarm System
Superior microwave principle Supplied as three units
complete  wilh inlerconneclion cable  FULLY
GUARANTEED

Control Unit — Houses microwave radar unil range
up 1o 15 metres adjuslable by sensihivity control
Three posiion key operaled facia switch — off — tes|
— armed 30 second exif and entry delay
Indoor alarm Electronic swepl freg
104dB output

Outdoor Alarm — Electronic swept freq sirern 33¢B
output Housed in a tamper-proofl heavy duly me'a
case
Both the confrol unit and outdoor alarm contain re
chargeable batteries which provide full protechic
during mains failure Powei requirement 200 260 Vol!
AC 50,80Hz Expandable with door sensors panic
buttons elc Complete with instructions

SAVE £138.00 Usual Price £228 85
BKE's PRICE £89.99 + £4.00 P&P

? Why buy a enllection of self assembly boards!

OMP LINNET LOUDSPEAKERS

The very best in quality and value Made specially to suit
need for compaciness with ligh sound outpul levels F
hard wearing black vynic> wilh proteclive corners grile 2
handle All models 8 ohms Full range 45Hz - 20KHz S
15" - 12" Watis RM S per cabinet Sensitivity 1W

OMP 12-100 Watts 1170dB. Price £149 .99
per pair.

OMP 12-200 Watts 102dB. Price £199 99
per pair. Delwvery Securicor £2 00 -

9,,2319

RRENT |

IDEAL for Work-
shops, Factories,
Offices, Home,
etc Supplied
ready butlt

T

SiIren

Professional 19” cased Mos-Fet st
amps: Used the World over in clubs,
discos etc. With twin Vu meters,
toroidal power supplies. XLR connec:
MF600 Fan cooled. Three models [Rz:~
R.M.S. into 4 ohms}. Input Sensitivity 775=.

MF200 (100 + 100}W. £169.00 Securicar
MF400 (200 + 200}W. £228.85 Delivery
MF600 (300 + 300)W. £322.00 £10 00

BSR P295 ELECTRONIC TURNTABLE

* Electronic speed control 45 & 33" rpn
Mius vanable pitch control + Belt driven » &
minum plaiter with strobed rim # Cue leve -
skale (hias device) * Adjustable counter
Manual arm * Siandard ‘" cartrige °
Supplied complele with cul oul templaiz » O C
Operation 9-14v D C 65mA
Price £36 99  £3 00 P&P

ADC Q4 mag cartridge for above Price £4

PIEZO ELECTRIC TWEETERS MO
Join the Pieco revolution The low cyne
Improved 1ransient response with -
crossover is not required these GRS ca3n o=

tmoreaf 2 put in series) FREE EXPLANATOR

TYPE

STEREO DISCO MIXER

STEREO DISCO MIXER w»
A graphic equalizers 2

LED VuM
5 Inputs watt
usetul combi
3 Turniable
with talk o
Pan P

“Price £134 ;-:- : ir d . ; - .‘ ‘

B. K. ELECTRONICS >
UNIT 5, COMET WAY, SOUTHEND-ON-SEA,
ESSEX. 852 6TR TEL: 0702-527572




HART ELECTRONICS are specialist producers of kits for
designs by JOHN LINSLEY-HOOD. All kits are APPROVED
by the designer

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complats record and replay clrcults for very high quaiity low
noise stereo cassetie recorder, Circuits are optimisad for our
HS16 Supar Quality Sendust Alloy Head Switched bias and
equalisation to cater for chrome and ferric tapes. Very sasy to
assemble on plug-in PCBs, Complate with full instructions

Complete Stereo Record/Play Kit.............
VU Meters to suit ...........
Reprints of original Articles

860X Stereo Mic Amplifier. . ..

LINSLEY HOOD 300 SERIES AMPLIFIER KITS

Superb integrated amplifier kits derived from John Linsley-
Hoods articles [r HIFI News'
Ultra easy assembly and set-up with sound guality to please
the most discerning listensr. 1des| basis for any domestic
‘sound system | quality matters to you. Buy the kit completa
and save pounds off the individual component price

... £2.30 each
.. 76p no VAT
Ry

K300-35. 35 Watt. Discount price for Complete Kit . E88.79
K300-45. 45 Watt. Discount price for Complete Kit £102.38
RLH485. Reprints of Original Articles from ‘Hi-Fi News

A P T ey 2o noo £1.05 no VAT

LINSLEY-HOOD SUPER HIGH QUALITY AM/FM TUNER
SYSTEM.

Qur very latest kit for the discerning enthusiast of quality
sound and an exotic feast for lovers of deﬁ!gns by John
Linstey-Hood. A& combination of his ultra high guality FM
tuner and stero decoder described in "ELECTRONICS
TODAY INTERNATIONAL” and the Synchrodyne AM
receiver described in "Wireless World”. The complete unit is
cased to match our 300 Series amplifiers. Novel circuit
features in the FM section to include ready built pre-aligned
front-end, phase locked loop demodulator with & response
down 1o DC and advanced sample and hold stereo decoder
together make a tuner which sounds better than the bes! of
the high-priced exotica but, thanks to HART engineering
remains easy to bulld The Synchrodyne section with it's
selectable bandwidih provides the best possible resulis from
Long and Medium wave channels, so necessary inthese days
of split programming, If you want the very best (n real HIFI
iistening then this is the tuner for you. Since all components
are selacted by the designer to give the very best sound this
tuner is not cheap. but in terms of it'e sound it is incredible
veiue for money, To cater for all needs four versions are
available with variations up 1o the top of the ranga full AM/Fht
madel with any unit being upgradeable at any time. Send for
our fully illustrated details

STUART TAPE RECORDER CIRCUITS
Complate steren record, replay and bias system for reei-to-
real fecorders. These gircults will give studio quality with &
aood fape deck, Separate sections for record and replay give
optimum perfarmance -and -allow 2 third head monitaring
system to be used where the deck has this fitted. Standard
250mV input-and output levels These cirouits are ideal faor
bringing that old vaive tape recorder back to Ilfe
KO00W Starac Kit with Wound Coils and Twin Mater
DI 0 00000 oo a6 0a06as oo 8es o o B8caaataasrb b d £65.67
RJS1 Reprints of Original Articles .......... £1.30 no VAT

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

=1z

Do your tapes lack trabie? A worn head could be the problem.
Fitting one of our r sin@ant heads could restore perform-
ance to better than naw! Slandard mountings make fitting
sagy and our TC1 Test Cassette hetps you sel the azimuth
spot-on, We are the aciusl importars which meansyou getihe
banafit af lower prices for prime parts. Compare Us with other
suppliers and seal. tollowing Is& list of our most popular
heady, all are suitable for use on Dalby machings and are ex-
stock

HC20 Permalloy Stereo Head. This is the slandard head fitted
as original eguipment an most decks ... o ..ae., . ET.66
H516 Sendust Alloy Super Head. The best head we can find.
Longsr lite than Permalloy, higher output than Ferrite, fan-
tastic Irequency responss = s ma g agiaiilya ) LI
HOS551 4-Track Head for auto-reverse or quadrophonic use.
Fuli specification record and playback head ..... £14.60
HX100 Stereo Permalloy R/P head. Special Offer £2.49

MA481 2/2 Language Lab R/P head. ........... £13.35
SM166 2/2 Erase Head. Standard mounting.
/NG 23 coboo00000u000000000066606000600000000d8 £8.85
SM150 2/2 Erase Head. DC Type ...£3.60
HQ751E 4/4 Erase Head for Portastudio etc. ...£46.80

Full specifications of these and other special purpose
heads in our lists

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level,
head azimuth and tape speed. Invaluable when fitting new
heads Only £4.66 plus VAT and 50p postage

Tape Head De-magneliser. Handy size mains oparated unit
prevents bulld up of residual head magnretisation causi g
noise on playbask ............... SR AR 1 ]
Curved Pole Type for inaccessible haads . ........ .- £4.85

Send for your free copy of our LISTS. Overseas please send 2
{RCs to cover surfae Post or 5 IRCs for Airmail.

Please add part cost of post, p g and as
INLAND OVERSEAS

Orders up to £10 - 50p Please send sufficient 1o cover
Orders £10 to £49 - £1 Surface or Air Post as

Orders over £50 - £1 50 required

24hr SALES LINE
(0691) 652894

Personal callers are always very welcome but

ALL PRICES EXCLUDE VAT "¥B i S Vs \*°
A‘ please note that we are closed all day Saturday

UNLESS STATED

19” RACK CASES

* Suitable far instruments, Migh guality amplifiers and many other applications that demand
strength and protesslonal finish « New impraved construction and finish * Black anodised
aluminium frant panels + Separate front mounting plate, no fixing screws visibile on the frant
and the side of the enclosure + Heavy gauge front panel is of brushed aluminium finish
enhanced with two professional handies * V\?ith ventilation slits and plastic feet * Rear box
manufactured from 1.1mm steel finished in black. Rack mounting or free standing. Comes in

quick assembly flat package spare front panels available.

Order Code Panel Size  Rear Box ; Price I
P9 WH(nch w H p  Weight ¢ S

1J-10 19 %175 17 x15x10 24kg 23.50 -

20-10 19 x 3.5 17 x30 x 10 29kg 24.50

3U-10 19x525 17 x50 x 10 35kg 26.50

15% discount on
1U-10 2U-10 3U-10
with this advert.

2U-12 19x3.5 17 x3.0x12 3.3kg B
3U-12 19x825 17x50x12 40kg £27.50
4U-12 19%7.0 17x65x12 4.6kg £29.95 e
Please add £3.00 P&P for the first item and £1,50 for each additional item TH E VI RTU OS 0 POWE R AM PLI FI E R
No VAT to be added to the price e i : = %
e o - L
TEST EQUIPMENTS .
-

CB83A Digital Power Supply/Voltmeter (0/35 Volts 1.5 A) £44.95

C83B Digital Power Supply (0/30 Volts 1 A) £38.95 PO -

G89A Function Generator (2 Hz to 200 KHz) £39.95 INSIDE AN UPGRADED VIRTUOSO POWER AMPLIFIER
C86A 60 MHz Counter/Timer £47.95 BUILD THIS SUPERB POWER AMPLIFIER WITH AUDIOKITS
C87A Autoranging Capacitance Meter (0.1 pF to 99.9 mF) £47.95

i eoelE it e e TOP QUALITY COMPONENTS FOR THE ULTIMATE IN

SOUND QUALITY
FULL DETAILS DESCRIBED IN APRIL-JUNE 1988 ETI.

COMPLETE KITS AVAILABLE FROM AUDIOKITS OR ALL
PARTS SUPPLIED SEPARATELY.

SEND LARGE SAE (OVERSEAS 3/RC'S) FOR FULL PRICE
LIST OF KITS & COMPONENTS TO:
AUDIOKITS PRECISION COMPONENTS,

6 MILL CLOSE, BORROWASH, DERBY DE7 3GU.
TEL: 0332 674929

A range of low cost, high quality, metal cased laboratory
instruments. Mains operated and easily portable. Please add
£3.00 p/p per item (£1.00 for MV338).

To order send cheque/postal order. Quantity discount available. Customers who

require further information please send S.A.E. Trade and overseas orders welcome.
Mail order only.

T.J.A. DEVELOPMENTS
Dept. ETI, 19 Welbeck Road,
Harrow, Middlesex HA2 ORN.
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ABC Audit Bureau
0142-7229 of Circulation
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Argus Specialist Publicatlons Ltd. All reasonable care is
taken |n the preparation of the magaszine contents but the
publishers cannot be held legally responsible for errors.
Where miszakes do occur, a correction will normally be
published as soon as possible afterwards. All prices and data
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Lell, Celi, Celi

Vivian Capel investigates
the world of batteries and
gives some hints for getting
the most out of the myriad
types available.

Bicycle
Speedometer

Leycester Whewell pedals
his wares — a useful gadget
for the keen cyclist and with
applications in many other
fields.

Capacity For
Thought

John Linsley Hood rounds
up his two part look at
capacitors ~ with  some
thought on their use when
designing audio equipment.

T T T Ll

Transient

Capture

Mike Barwise turns the
attention of Chip In to the
Datel ADC-301 and
ADC-302 analogue to digital
flash converters and gives
some advice on setting up
these super fast chips.

Subscriptions

Lucid Dream
Stimulator
Paul Chappell has lain

awake nights thinking how
to create a device to control
your dreams. Now he’s
done it,

Dynamic
Noise
Reduction

This month’s First Class
project for beginners is a
hi-fi noise reduction system
for Manu Mehra which

requires no special source
material.

ETI MAY 1988
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Special Offer | Tech Tips PCB Foils

More circuits from readers
around the world

RIAA Program
Blockbusters

Pseudo Co-processing
QL Port

OCops!
Virtuoso 5 3

Power PCB Service
Amplifier
Graham Nalty continues to

build his top flight power | [2{n
amplifier. This month it’s the \ back 5 4 |

all-important power supply
49 Backnumbers

which takes shape.

Open
Channel 5 4
Photocopies
40 Book Look 55
Spectrum ==
Classified
Co-processor Ads
Graeme Durant rounds off
this ingenious project with a
discussion of the software
and presents the
co-processor operating
system ll§t1ng and a Smartex Cover background photograph
derr_lonstI(‘)agtlon tSpectrﬁ:n Show courtesy Don Carroll and The Image
sic program to use the ' Bank. Bicycle from Cycle Logical,
complete system. Report Ad ndex New Cavendish Street, London W1.
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eka (the toolmaker) has intro-

duced a new wire stripper that
can be precisely set to the wire
diameter and length of insulator to
be cut, enabling fast and accurate
stripping.

The stripper cuts axially (see
photograph) which will be useful in
tight corners where conventional
strippers are cumbersome.

The price for accuracy is quite
high — the wirestripper currently
retails at £25.50. Contact Ceka,
Pwllheli, Gwynedd LL53 5LH. Tel:
(0758) 612254.

e

LASER BEAM

ndelible optical data storage

medium at %p for a megabyte is
the impressive claim ICI is making
for Digital Paper — ‘a new concept
in data storage.’

ICI Digital Paper is a dye polymer
optical recording medium coated
onto a polyester based substrate so
the paper can be flexible and rolled
onto tapes or stuffed into cassettes.

A Y%in tape on a 10%in spool is
capable of storing 600 gigabytes —

PASS THE
PORT

e

m&s uub@ad@e&tothe

trad PCW using a new
g;éétwedacefm

.

S

16 MICRON TRACK PITCH
10 MICRON SPOT SIZE

OVERCOAT
~——— DYEPOLYMER LAYER

MELINEX POLYESTEFR
BASED SUBSTRATE

enough to store 1000 CDs or 300
full length feature films.

Creo of Vancouver is working
with ICl on a drive for a one
terabyte tape (on a 12in spoo! with
tape 35mm wide).

Digital Paper flexible disk drives
are also being developed. Watch
this space for developments.

Contact ICI, PO Box 6,
Bessemer Road, Welwyn Garden
City AL7 1HD. Tel: (0707) 323400.

ights can be dimmed at the

touch of a pinkie with the latest
kit from Electronic and Computer
Workshop.

The kit can handle a 2A lighting
load and switches on or off at a brief
touch, dimming up and down in a
3% second cycle if contact is main-
tained — in a similar manner to the
ETI programmable touch dimmer

| back in April 1980.

The kit is available for £16 22
inclusive from ECW, Unit 1,
Cromwell Centre, Stepfield,
Witham. Essex CM8 3TH. Tel:

(0376) 517413.

WANTED

-

emational Education Services
Iﬁ “Es looking for graduazes

e shock of g i 3 very

G M‘&sf.wzssi&x$ .

@ e w @@»&swww@;e@?
e

S &wsf 6.@
é@i@

THE
LISTENING

A

f you are searchlng for a calcu-

lator to see you through the
summer, the new Casio fx-5000F is
worthy of consideration —
although it may take you several
weeks to learn to use it.

The fx-5000F carries amammoth
288 functions, which include 128
common formulae (which unfor-
tunately cannot be unprogrammed
for exams, honest they can’t Sir).

Your own programs can be up to
675 steps and can be edited
versions of the preprogrammed
formulae, a reasonably simple task
which saves a lot of time.

The {x-5000F also handles hex,
octal and binary and can convert to
and from decimal.

And not only does it handle
alphabetic characters, it even has
the whole Greek alphabet.

The fx-5000F retails at £39.95
and is available from all Casio
stockists.

ETI MAY 1988



CHIP KITS FOR KIDS

s ecwm& i

§ % 2 i ‘E 5
hip Kit is a complete low cost
electronics teaching package

aimed at GCSE physics and elec-

tronics departments across the
country.

The Polytechnic of Wales has
developed the three modules
covering transistors, op-amps and
logic design. They are designed to
fit precisely to the syllabus and
provide all the necessary theory
and background for both the
teacher and student.

In many schools electronics is
being taught by rather confused
metal and woodwork teachers as
part of the Craft, Design and Tech-
nology courses. The Polytechnic is

i@"W&’»}a

offering training courses to en-
lighten these wary non-specialists
and the workbooks use a step by
step approach which can provide a
course structure and simplify
teaching.

The kits could also be useful for
companies and graduates working
in fields other than electronics who
require a basic grounding in
practical circuits and theory.

The three kits each cost about
£35. For full details contact Dr
Murray-Shelley, The Electronics
Centre, The Polytechnic of Wales,
Pontypridd, Mid-Glamorgan CF37
1DL. Tel: (0443) 480480 ext 2536.

he new catalogue of draughting
aids for electronics designers is
now available from Circuitape in
Aylesbury.

The 52 page catalogue contains
just about every artwork symbol
you can think of for PCB design and
circuit diagrams — and several that
we couldn’t understand.

Circuitape can also produce
custom printed draughting aids for
those really obscure symbols that
you've invented yourself.

The catalogue and price list are

available from Circuitape,
Chamberlain Road, Aylesbury,
Bucks HP19 3DF. Tel: (0296)
23451.
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Last month we received in the
post a large polythene sack
containing semishredded sheets of
paper. An attached note from the
Post Office apologised that ‘an
unfortunate accident’ had occurred
because of ‘thin or unwieldy
packaging.’
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Disgorging the contents onto the
ETI carpet we were amused to dis-
cover the ravaged sheets were
advertising the Internepcon Show
featuring The Electronic Packaging
Centre!

Ah well,
tape. .

back to the parcel
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It takes nearly one hundred years to grow the trees from which

ETI is made. While the Crystal Palace lay smouldering on the
grassy slopes south of London, while the Metropolitan under-
ground line first opened its doors to the fare dodgers and while
x Australia was celebrating its centenial, brave pioneering

P Canadians first planted the tiny larch saplings in the snow-capped

m Rockies.

Felled by teams of check-shirted lumberjacks the mighty logs are
floated down the rushing, foaming, relatively pollution-free
torrents of the Hudson to the coast to await shipment to the
hungry pulp mills of Golden Square.

It takes more than 200,750 hours of sunshine and 2,628,000
gallons of water to feed the trees in their long life. 750 men work
long hours for months on end to fell, ship and pulp the wood to
make the June issue of ETI.

After all that work, it would be a shame to miss it.

oo

ELECTRONICS
% W ( e
N N The June 1988 issue of ETI includes the last part of the Virtuoso
ATIOD Power Amplifier project, the stand-alone Lucid Dream
TO DAY ENTE QN’LJE St NAL Stimulator, the ETI Universal Panel Meters (OK, so we promised
that for this month but next month it’s a cert) and a metal detector
as the First Class beginners project. Plus, there’s the first part of a

feature and project on the much maligned analogue computer and
a bumper bunch of test gear Tech Tips.

The June ETI — out May 6th

The articles listed are planned for the next issue but may not appear due to circumstances beyond even our control

OR HI-FI IN'SONIC AND TECHNICAL PERFORMANCE |

u

SEC

NEW FROM SAGE AUDIO — A QUANTUM PLUS LEAP
T cl

Po 100W to 450W (Depe_;_ndant upon chosen PSU Voitage

0/P Power 100W to 450W (+/-50V to +/-72V DC) All semiconductors are selected, precision matched P/N types,

Distortion « 0.0001% (1ppm) A World first! Custom made matched MOSFETS, completely symmetrical design
Slewrate + 685/us (Zero transient compression) HOLCO resistors for non-critical areas and for critical areas we use
Freq resp 0.5Hz to 350kHz -3dB (linear phase) the very best lazer trimmed SMD resistors, super to bulk foils with 5
Q/P Current 80amps and total reactance drive capable times lower inductance. Minimal capacitor design using extended

O/P Impedance  0.0085 ohms (damping factor 940 into 802} yoNSTER INTEGRAL HEATSINK SIZE 240 x 100 2 100mm foil and polypropolene types.

THE MOST ADVANCED POWER AMPLIFIER IN THE WORLD
Ultra linear 70% efficiency, PURE CLASSA Throughout
Don’t buy another power amplifier until you've checked ALL these facts! Take the guess work/risk out of power amp construction, our modules are ready built,
tested, guaranteed and come with a signed certificate of performance comformity.
Some manufacturers build technically excellent amplifiers whilst turning a deaf ear to component sonic quality.
Other manufacturers use audiograde components whilst totally ignoring BASIC technical performance.
THE SAGE AUDIO DESIGN PHILOSOPHY - 4 UNIQUE COMBINATION
ADDITIONAL SAGE EXCLUSIVE (World first) TECHNICAL DESIGN FEATURES ENABLE THE SAGE SUPERMOS 2 TQO ACHIEVE A NEW HIGH LEVEL IN AUDIBLE
SONIC PERFORMANCE UNMATCHED BY ANY OTHER POWER AMPLIFIER, EITHER MODULE, KIT, BOARD OR COMMERCIALLY MADE AMPLIFIERS.
1 Active Class A Our unique MOSFET pure class A O/P stage eliminates crossover distortion generated by class AB stages along with all thermal tracking problems, BJT storage
effects and will not switch to class B under high drive as conventional low efficiency class A amps will.
2 Zero THD Al semiconductors are exclusive matched selected pairs operating in patented constant current/constant VCE for totally distortionless linear operation
3 High Slewrate Cascaded ‘input z matched’ alternate symmetrical NPN/PNP transconductance/transimpedance stages with localised feedback and low overall feedback ensures
ultra high linear symmetrical slewrate some 50 times the normal eliminating TiD altogether.
4 Clean Clipping All amplifiers run into clipping thereby transferring PSU ripple to the O/P. SUPERMOS 2 the first amp to feature CLEAN CLIPPING without PSU ripple, totally
eliminating the ‘Sound of the PSU comps’.
5 Protection Conventional VI limiters which introduce distortion when driving real speakers have been eliminated. The massive output stage can withstand a S/C this ensures no
sound degradation whilst driving up to totally reactive loads with zero resistance
6 Balanced circuitry Symmetrical design gives inherent stability and lineararity eliminating the need for DC servos which degrade LF distortion

AND THERE’'S MORE . . .

SONIC COLOURATIONS ‘ELIMINATION® In addition, by careful and innovative engineering we have ELIMINATED 5 of the major causes of ‘Sound
Colourations’ associated with conventional amplifiers:-
® O/P Emitter Resistors The active class A system is inherently thermally stable, not requiring smitter resistors which degrade sound quality, increase O/P impedance and increased
crossover distortion and temperature related distortions. @ Zabel networks Low value R, C (across O/P) the single most significant cause of musical transient compression, E/imited ® HF
Pole Compensation This low feedback design is totally stable not requiring ANY COMPENSATION CAPACITORS which cause HF distortion and phase non-linearity resulting in a true, clear
sharply focussed stereo image @ Fixed bias Vbe multipiier & kriown source of temperature generated distortion with thermal tracking time lag problems, eliminated. ® Capacitor Sound
symmetrical DC design has eliminated virtually all conventional capacitors (and sound colourations), those left are of the highest sanic types and uniquely designed such that NO signal
voltage is allowed to appear across them for the lowest possible source of ‘CAPACITOR SOUND".
AND STILL MORE . . . Wecan't possibly deseribe this unique Super Hi-Fi amplifier fully in this ad, to receive a full size 8 page glossy brochure giving full
technical details send £1 and a large SAE (Export enquiries send 6 IRC) Supermos 2 modules £140 plus £2 p/p per module.
The original Supermos 50-150W £65 plus £1.50 p&p per unit. User manual £2.50 refunded on purchase.
SPECIAL OFFERS - Grade 1 audio PSU caps brand new Mullard 114 22,000u 63V £18 each, 36amp 600V bridge recs £4.50, MOSFET's 10A 170V TO3P matched pairs £11/pair,
MJ11015/16 darlingtons, brand new matched pairs £8/pair. APRIL PSU KIT OFFER - 4x22,000u 63V CAPS, 2x36amp bridges £68 (normally £81) or only £60 if ordered with two
Supermos 1 or Supermos 2 modules. Offer for this month only.
S5AGE Sales Dept, Construct Whitley Street, Bingley, West Yorks. BD16 4JH, England.
HU[“D Tel: (0274) 568647. Tix: 517783, Fax (0274) 551065,
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have to express my amazement
that Hugh Young should criticise
ETI for publishing hex dumps of
EPROMs used in projects. (READ/
WRITE January 1988). Heaven for-
bid we should castigate ETI for
giving us too much information!

Personally [ believe it is an act of
absolute spinelessness to purchase
a pre-programmed EPROM when
you can have all the fun of pro-
gramming one yourself.

An EPROM programmer has got
to be one of the easiest projects to
build, requiring only a couple of
binary counters to clock through
the address lines and a 21-25V
pulse to write in the data (surely this

DDED SPINE

is the only use for a home
computer!).

By 1 o’clock in the morning when
you have finally got all the code
correct, the feeling of satisfaction
has to be experienced to be
believed.

Whatever happened to the spirit
of amateur electronics?

H Bramley

Hove, East Sussex
Are all ETIreaders masochists or is
it just something in the air in Hove?
We're all pretiy spineless at ETI
and so we’d advocate pre-
programmed EPROMs but if your
fingers need exercising, the hex
dumps are there.
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believe a good many readers may

be interested in some work | have
recently completed which involved
careful editing of the entire last
series of Doctor Who to remove
absolutely all traces of Bonnie
Langford.

The plot remains intact and the
legendary spoon-playing scene is
now twice its original length.

It takes a lot of time but doesn’t
half impress your friends.

Steven Plait
Kidderminster, Worcestershire

~“JOHNNY COME L

n your April 1987 issue you

mentioned new designs by John
Linsley Hood for a new Audio
Design amp and a new lower power
design to replace the 30W amp.
These would be published in the
‘fairly near future’ and it was said
that kits from Hart Electronics
would be available.

It’s now 1988 and still no sign of
these new designs from JLH. What
if anything is happening?

Michael Lowe

Loughton, Essex

BLUEPRINT

Where does a year go? It has
indeed taken rather longer than
expected for the new JLH amps to
see the light of day.

We can only offer solace with the
assurance that these amps will
appear in ETI soon(-ish). The new
Audio Design amp is designed and
in the process of testing and final
‘tweaking.” A kit is being put to-
gether by Hart. Watch this space.

H ave you noticed how
young postmen are
these days? Well hereisyour
chance to even the score.
You can prematurely age a
postman of your choice with
a vast stream of mail to the
ETI office. Of course the best
thing to send is packets of
gold bars and we can assure
you these will be received
with not Inconsiderable
pleasure. However, if this is
not possible, a close second
best is to send us a letter for
publication on this page

(well, not thispage but avery
similar one due out in a
month’s time).

Set down your thoughts
in clear precise prose of
words of not more than
three syllables (we’re not
too bright here at ETI) and
send the resulting literary
masterpieces to:

ETI
1 Golden Square
London WIR 3AB
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Vivian Capel
charges us to take a
closer look at
batteries and
rechargeable ones
in particular

10

CELL,

CELL,

CELL/

ne of the effects of the proliferation

of electronic devices is the

enormous increase in the use of

batteries. Once upon a time

torches and valved radios were
virtually the only applications. Now almost every-
thing — watches to lap computers, calculators to
CB radios, remote controls to portable televisions,
and a host of other things (including of course
torches and portable radios) require a constant
diet of batteries.

The result is a bewildering range of types and
sizes. For users of commercial equipment, the
choice is mainly between zinc-carbon, alkaline or
NiCds of the appropriate size.

Cost is a major consideration here. NiCds are
about twelve times the cost of zinc-carbon cells so
if your radio requires new batteries every six
months, it would take six years to recoup the cost
(by which time the NiCds may be worn out
anyway!)

However, if your high-powered ghetto blaster
seems to eat batteries, NiCds would certainly be
worth considering. Alkaline batteries too offer
cost savings over ordinary cells although dearer to
buy, unless the current drain is very low.

For designers and constructors, the choice is
much less easy. In this article we will take a look at
the various types in general use and their features,
with a more detailed consideration of the
increasingly popular NiCd.

Zinc-carbon

The basic, lowest cost cells are zinc-carbon (Fig.
1). These consist of a zinc case that serves as the
negative terminal and a carbon rod which is the
positive. The electrolyte is a paste of ammonium
chloride. During discharge zinc is eroded from the
inside of the case and hydrogen gas is formed
around the carbon rod.

If discharge is heavy the hydrogen bubbles
completely surround the rod thereby insulating it
and blocking further action. This condition is
termed polarization and the cell must be rested to
allow the hydrogen to clear before it will deliver
further current.

Manganese dioxide (which has a strong af-
finity for hydrogen) is introduced to minimise the
effect and is known as a depolarizer. The oxygen
in the chemical combines with the hydrogen to
form water which thereby slightly thins the paste.
The depolarizer takes a while to act, so the cell can
still become polarized with a heavy discharge.

So zinc-carbon cells are not well suited for
applications involving heavy discharges. Improved
performance in this area is offered by the various
high-power versions. These have modifications
which include the use of more depolarizer which is
especially pure and fast acting.

These cells are dearer but do not have a
greater capacity. Their advantage lies in being able
to sustain heavier currents for longer without
polarizing. For example, a D-cell of normal
construction will give 0.5A for about 18 minutes
before polarising whereas a high-power version

% : POSITIVE
A N TERMINAL

VENT WASHER
AIR SPACE
ASPHALT SEAL

SUPPORT
WASHER

CATHODE

CARBON
CATHODE
CURRENT
COLLECTOR

IT&—2ZINCc ANODE
POLYETHYLENE
JACKET

NH4CI
ELECTROLYTE

-

“#1+—SEPARATOR

INSULATING CAP

FLl INSULATING
PAPERBOARD

bl NEGATIVE
L TERMINAL

Fig. 1 The Zinc-carbon cell

will run for up to three hours at the same
discharge.

If the discharge is low or intermittent,
there is no advantage in using high-power cells.
Small cells, such as the AA type, are more likely to
be subject to high currents in proportion to their
size and capacity and so the standard cell has been
superseded by the high-power variety.

It is worth noting that occasional small
discharges will make a zinc-carbon cell last much
longer that no discharge at all. This is the reason
why doorbell batteries often last for years, while
the same battery stored for a few months on a
shop shelf would be useless.

Zinc-carbon cells are considered to be
non-rechargeable and the manufacturers in
particular point out that attempts to recharge
could be dangerous - well they would wouldn’t
they! However, under special charging conditions,
recharging has been successfully and repeatedly
carried out with no ill effect. Charging from an
ordinary battery charger or other DC supply is not
recommended, not least because it is ineffective.

Alkaline Cells

Alkaline cells (Fig. 2) are made in the same sizes as
the zinc-carbons. They use compressed
manganese dioxide as the cathode instead of
carbon which serves as its own depolarizer. The
anode is again zinc and potassium hydroxide.
The cell has a lower internal resistance than
the zinc-carbon and so will deliver a heavier
current which it can sustain for longer periods
before polarizing. It is also less affected by
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temperature extremes and has a longer shelf life.

The cost is around three times that of the zinc
cell but with capacities about five times greater, so
they are more economical as well as more
convenient because battery changes are much
less frequent.

With zinc-carbon cells, capacities differ
according to discharge rate, being greatest for
small intermittent currents and smallest for large
sustained discharges. In the case of the alkaline
cell, capacity differences between light and heavy
discharges are much less, between 10-20%.

So unlike zinc-carbon cells capacities can be
specified for average use. For standard cells these
are:

C-cell 5,000mAH

AA cell 1,500mAH

Alkaline cell makers continue to improve
their products to keep competitive with others and
capacities of some 20% greater than the above
average figures are now claimed.

Layer-type Batteries

When more than 6V is required, the standard
round cell is somewhat inconvenient to assemble
as well as being wasteful of space due to their
cylindrical form. For this reason, the zinc-carbon
batteries are made in a stacked rectangular
configuration, the most common now being the
PP9, PP6 and the PP3. Experience has shown that
the maximum current before polarizing for these
are:

PP9 65mA

PP6 25mA

PP3 10mA

There is an alkaline version of the PP3 which
is very useful because it combines small size with
reasonable capacity (about 300mAH). This is an
excellent power source for small to medium
current drains, having a greater capacity than the
much larger zinc-carbon PP6.

For larger currents at 6V the lantern battery is
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Fig. 2 The Alkaline-manganese cell
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very useful. The spring contacts can be partially
unwound and block connectors fitted to the wire
ends. It is one of the most cost-effective of the
zinc-carbons and has an approximate capacity of
3,200mAH. Even so, this is less than the alkaline
C-cell and much less than the alkaline D-cell.

Lithium Cells

A more recent appearance on the scene, the
lithium cell has a very long shelf life - in excess of
six years — and a remarkable power/weight ratio
which is typically 1248 watt-hours/kg. Nominal
voltage is 2.95V per cell. An example is one cell
which is slightly smaller than a C-cell which has a
capacity of 1,000mAH, yet with a weight of only
20g.

Button Cells

The most common button cell is the mercury cell
in which the negative electrode is zinc and the
positive is compressed graphite and mercury
oxide. The electrolyte is potassium hydroxide.

An unusual feature of this type of cell is that
the voltage remains constant to the end of its life
when it drops off suddenly. Off load, the voltage is
1.35V falling to 1.2V at the rated current. This is
maintained until the sudden drop indicates the end
of its life at below 1V.

The advantage is that there is no
deterioration of performance of the device being
powered during the life of the cell The
disadvantage is that the stage of the cell cannot be
determined by its voltage and it can fail suddenly
without warning.

Mercury cells are extensively used for
watches, hearing aids, lapel microphones and any
thing requiring small size with low current drain.
Their low internal resistance and absence of
polarization make them ideal for many
applications including photographic equipment.
They appear in a wide range of sizes and formats
including an AA version with cell combinations to
give up to 5.6V.

Button cells are also made in alkaline versions
with about the same capacity for size but witha 1.5
terminal voltage. There are also rechargeable
silver oxide cells.

Lead-acid

Now we come to the rechargeable or secondary
cells of which the lead-acid type is the best known.
All rechargeables can be charged and discharged
(Fig. 4) many times though not indefinitely — after a
specified number of charging cycles the cells lose
their ability to hold a charge and progressively
deteriorate.

The lead-acid cell consists of positive plates of
lead peroxide interleaved with negative ones of
spongy lead, immersed in an electrolyte of dilute
sulphuric acid. They have high capacities and can
deliver high currents for sustained periods — which
is why they are used for car batteries.

The main snags are weight, size and danger of
acid spillage. Another problem is that active
material from the plates flakes off with age and
eventually forms a conductive bridge across them
at the bottom of the cell. With some models a
sump is formed in the cell-case bottom which
accommodates this debris and so delays the
build-up but this reduces the capacity/volume
ratio.

Acid spillage can be overcome by using jelly
acid or porous separators that absorb most of the
acid. In one type the plates and separators are
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Fig. 3 The NiCd

compressed together in a block to obtain a high
capacity/volume ratio and also retention of the
active plate material. The disadvantage is that the
power/volume ratio and power/weight ratio are
impaired.

These have a zinc negative and silver oxide
positive set of plates with potassium hydroxide for
the electrolyte. This can be free or held in porous
separators. Construction is similar to lead-acid
types.

Power/volume and power/weight ratios are
the highest of any secondary cell in general use.
Silver-zinc cells are about a third the volume and
weight of a comparable lead-acid battery. A
feature is the nearly constant 1.5V over almost the
whole of its discharge cycle. Furthermore, very
high currents can be taken from the cell without
damage. A cell can be discharged within a few
minutes if required.

These cells can also be recharged at high
rates very quickly, although care must be taken
not to overcharge. However, as the voltage rises
quickly to over 2V when fully charged, it is quite
easy to arrange for a cutout on the charger.

Cost is one obvious disadvantage but another
is the limited number of discharge cycles which
can be expected. Up to 50 is specified for high
discharges although up to 150 can be obtained
with more moderate currents. This compares with
some 500 cycles for lead-acid cells and up to 2,000
for NiCds.

NiCds

Believe it or not, the NiCd cell is over 86 years old.
The first patent was taken out in 1901. However,
practical cells took over 50 years to produce
commercially.

Their construction (Fig. 3) is very similar to
the electrolytic capacitor. A strip of perforated
sintered nickel mesh and one of sintered cadmium
are rolled up together separated with a dielectric
strip impregnated with a solution of potassium
hydroxide. The roll is inserted into a nickel-plated
steel can with connections to the terminals and the
can is sealed with a top plate having a vent to allow
gas to escape under abnormal charging
conditions. 5 3

This gives a big area of active material and
permits large charging or discharging currents to
flow. The C-cell will pass 4A and the D-cell 8A. The
cylindrical cell construction is of similar size to the
standard torch cells and allows NiCds to be used
as chargeable replacements for them.

It should be noted though that the voltage is
less (1.25V instead of 1.5V) which may affect

device performance. NiCds are also made in
rectangular batteries.

NiCds do not polarize or require rest periods
to recover so they can support sustained currents
— a valuable feature in some applications.
Furthermore, the full current can be maintained
until the cell is fully discharged.

Most cells deteriorate if kept inactive
especially if stored in a discharged state. NiCds
can be stored in any state of charge without
deterioration although the charge itself will leak
away slowly. However, charge retention is quite
good and is dependent on temperature. At 20°C
the loss of charge is about 10% of the full charge
every 10 days, at higher temperatures the loss is
greater — perhaps double (20%) per 10 days at
30°C.

Lower temperatures produce smaller losses.
At freezing point 10% is lost after 30 days. So, at
normal temperatures, some 70% of the charge is
still available after a month and it takes 100 days to
fully discharge.

22

2.0
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Fig. 4 Discharge characteristics of the three types
of rechargeable cells of similar weight and
discharge rate

NiCds will operate over a wide temperature
range, from -22°F to 50°C, but the optimum is
20°C. Above and below this temperature the
capacity decreases - 80% of maximum at freezing
point and at 30°C, 70% at 35°C. Unlike most other
types of cell, the performance is only slightly
impaired at low temperatures.

Terminal voltage is also affected by
temperature. There is a negative temperature
coefficient of ~-4mV/°C, that is voltage is lower at
high temperatures. The difference across the
whole temperature range is about a third of a
volt,

The actual voltage of a cell depends on its
state of charge and the discharge rate, in addition
to the temperature. On charge the voltage rises to
1.4V-1.5V. When fully charged the voltage drops
quickly for the first 10% of the discharge to below
1.3V then it remains at 1.25V during light
discharges, or 1.2V during heavier ones. For very
heavy discharge rates the voltage may be as low as
1.1V, These voltages are sustained throughout the
discharge until there is a rapid drop to 1.0V when
the cell is considered effectively discharged.

Charging Rates

The capacity of a cell is governed by the discharge
rate and is usually specified as that available when
the cell is discharged at the ‘five hour rate’ — that is
when a steady continuous current exhausts it in
five hours.

Charge and discharge rates are denoted by
the letter C which is the cell capacity combined
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with multipliers or sub-multipliers. The above
discharge rate is described as C/5, while a rate of
charge or discharge completed in one hour is C/1
and so on.

High rates of charge are given by the
multipliers, twice capacity rate being 2C, four
times 4C and upward.

A high rate means a fast time, the time being
approximately but not exactly inversely
proportional to the rate of charge. Table 1 lists the
times required for fully charging typical sintered
NiCd cells at different rates.

To use the D-cell as an example, the normal
charge of this 4 ampere-hour cell at the 1 hour rate
is 4 hours. At C/2 which is 2 amps, it is 2% hours.
However, at 8A (2C) the required time is 27
minutes.

An important feature of NiCd charging is that
overcharging is permissible only at low charging
rates. The continuous charging sometimes
employed for standby batteries in vital equipment
can only be allowed at the C/8 rate or less. This
rate takes 12 hours to complete from the fully
discharged state and is the one normally
recommended for maximum capacity and cell
life.

Notice from the table that the maximum
permissible overcharge decreases as the charging
rate increases. At fast rates of 4C and higher there
is no margin at all and the time to fully charge the
cellis also the maximum. Charging must therefore
be carefully timed and the cell must be fully
discharged at the start otherwise it will be
overcharged.

The absolute maximum charging rate is 10C
for which the timing is very critical. When charging
at these rates gas will escape from the vents so
adequate ventilation must be allowed. In the case
of D-cell, 10C charging would be at the rate of 40A.
Maximum charging rate for AAA type cells and
similar size is 2C.

Going in the other direction, the minimum
charge for sintered cells is C/40, taking 70 hours.
Below this there would be no charging effect.

Some small cells such as NiCd button cells
and PCB types for direct mounting on circuit
boards are of a different construction to the
sintered type. They are termed mass-plate cells
and cannot be subject to the high charging rates
possible with the sintered variety.

For continuous charge, the rate should be
C/100 and the maximum rate C/10. This rate
takes 14 hours to fully charge but there is a wide
overcharge tolerance of up to 300% - up to a
permissible 42 hours.

Chargers

The low internal resistance of a NiCd cell means it
is unwise to use an ordinary constant voltage
charger. The current varies according to the
voltage of the cell and so the calculation of precise
charging time is difficult if not impossible because
the voltage changes as the charge proceeds.

A fully discharged cell takes a high current
initially. The use of an ordinary charging circuit is
possible at low charging rates at which there is a
large overcharge tolerance, and in particular for
indefinite charge arrangements in back-up
circuits.

For normal charging and particularly fast
charging, a constant current charging circuit must
be employed. With this the current is fixed
throughout the charging cycle.

A phenomenon which is to be found with
some NiCds is the so-called memory effect. If a cell
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has been only partly discharged before it is
recharged, especially at the higher rates, it loses
some of its capacity permanently. It is as though
the cell remembers its level of discharge and this
sets the capacity level for all subsequent charges.
The effect is thought to be due to crystals forming
in the active material.

Some makers claim their cells do not suffer
from memory effect but in the absence of such an
assurance it is prudent to fully discharge all cells
before attempting a recharge.

By fully discharge I mean down to the
normal 1.0V level at which the cell is deemed to be
exhausted, not down to zero volts. However,
there is no need to be too fussy about the exact
voltage. The easiest way is to leave the equipment
that it powers switched on until it is evident by the
performance that the cells are well discharged.

There is a danger in discharging a battery of
several cells. If discharged below the 1.0V point,
the voltage drop can be rapid to zero. Now this
does not harm the cell in itself but where several
cells in series are taken down to this level, one may
drop to zero before the others. They will continue
to discharge through the load and will proceed to
charge the fully exhausted cell in the opposite

Cell type Voltage Capacity Max Charging Energy/ Energy/
(mAH) current cycles weight volume
A ratio ratio
(WH/ (WH/
Kg) litre)
Zinc-carbon D 1.5 2,000 0.5 35 48
Alkaline
D cell 1.5 10,000 115 242
C cell 1.5 5,000 115 185
AA cell 1.5 1,500 88 100
PP3 9 300 53 120
Lithium 295 1,000 148 98
Mercury oxide
Button cell 1.3535-1,000 88-175
Lead-acid jelly 2.0 1-110AH 80-700 500 30-36 75-84
porous
separator 2.0 4-90AH 20-200 500 22-35 42-70
Silver-zinc 1.5 1-10AH 40-400 40-70 65-125
NiCd
D cell 1.2 4,000 8 2,000 29 77
C cell 1.2 2,000 4 2,000 30 60
AA cell 182 500 1 2,000 24 27
PP3 8.4 110 0.5 2,000 24 44
PP9 8.4 1,200 1.6 2,000 23 36
Table 1. Chart of cell characteristics

direction because the current flowing through it is
of opposite polarity to that if its terminals. This
reverse charge will damage it.

So for absolute safety, cells should be
discharged individually if there is any chance of the
discharge going below 1.0V. Otherwise discharge
only to the 1.0V level.

A discharger can easily be made from one of
the multiple cell holders used to series connect
several cells. A 5R0 wire-wound resistor should be
wired across each compartment. This will
discharge cells at the rate of 200mA in a few hours
depending on the amount of charge left in the cells.
For C and D-cells a 2R0 resistor would give a faster
discharge of around 500mA.

Some authorities say the discharge should be
higher than normal to disperse any crystals that
might have formed. So a value down to 1R0 could
be used for the larger cells.
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John Linsley Hood
looks at audio
circuits and tells
you where to put
your capacitors

14

CAPACITY
FOR THOUGHT

ast month I looked at the construction

of different types of capacitors and the

materials that are used in their

manufacture. Now that you've

absorbed all that (haven’t you..?) we
can get to grips with their applications in audio
circuits.

Circuit Applications

It is practicable to design audio amplifiers without
very many capacitors at all and most IC op-amps
only have one, used to stabilise the circuit at high
frequencies by reducing its HF gain.

In audio circuitry, capacitors will be used as
DC blocking elements such as C1 in Fig. 1 to
prevent inadvertent DC offsets that occur in early
stages of the system from being amplified along
with the wanted AC signal and ending up as a very
big DC offset at the speaker output terminals.

A similar function is performed by the series
capacitor in a negative feedback circuit (C2 in Fig.
1) where ‘A’ is some kind of gain block (an op-amp
or equivalent). The gain of this stage at some
frequency where the impedance of C2 is low
enough to be neglected is (R2+R3)/R2. However at
DC, where the capacitor (if it is a perfect
component) is an open circuit, the gain reduces to
unity so any DC offset between the ‘+in’ points of
the amplifier will not be made worse by the AC
stage gain. The corollary to this is of course that
the gain of the stage will decrease as the operating
frequency decreases and the impedance of the
capacitor increases, so it must be big enough.

A further important function is in the de-
coupling of the supply lines to the amplifier (C3 and
and C4 in Fig. 2).

Most amplifier circuitry is designed in the
expectation that the + DC supplies to it will be
stable and free of ripple, unwanted signal
components or general noise and rubbish. The
performance of the amplifier may be impaired —
especially in relation to its stability margins, which
are very important — if any output signal can find
its way back into the signal circuit by way of the
supply lines. The easiest way to secure clean
smooth supply voltages is in theory to decouple
them to a good neutral ‘0V’ line by way of a very
low impedance capacitor.

The final circuit positions where capacitors
are needed is in time-constant generation circuitry,
in tone controls, frequency response shaping
circuitry (such as RIAA), LF and HF filters, and HF
loop stabilisation functions. Fortunately, in most of
these positions the actual capacitance values
required are fairly small, so problems of cost or
physical bulk are usually minor ones.

Now let us look at these applications and see
what characteristics are particularly required.

c1

e

cz
T ov

Fig. 1 Capacitors in audio amplification

+Vs

c3
I ov

c4

Iw

Fig. 2 Capacitors as supply decouplers

DC Blocking

Looking at the circuit in Fig. 1, the important needs
are that the impedance of C1 at any valuable part
of the audio signal bandwidth should be sufficiently
low (in comparison with R1 and the input
impedance of the gain block ‘A’) that the input
signal is not attenuated significantly.

For the blocking function to be adequately
performed, the leakage resistance of the capacitor
must also be very high. Fortunately with modern
film dielectric capacitors this can usually be taken
for granted.

This might not be true in the case of electro-
lytics especially if the polarity is inadvertently
reversed through careless installation or incorrect
interpretation of circuit operating potentials.

Generally, in circuitry with hi-fi pretentions
it is well to avoid electrolytics in this position and if
necessary rearrange the circuitry so that large
capacitance values are unnecessary.

The impedance presented by the other
parasitic elements (inductance and series resis-
tance) is unlikely to be significant, certainly in
audio use, in comparison with the combined input
impedance of R1 and the gain block.

It could also be argued that for hi-fi circuitry
the effective capacitance value of C1 should
remain constant (especially as a function of the
voltage applied across it) so that it does not intro-
duce subtle waveform distortion effects.
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Once again, plastic film dielectric capacitors
(the so-called ‘non-polar’ types) are unlikely to
suffer from this defect at typical small signal
voltage levels to an extent which is detectable. It
might though be a problem with electrolytics.

Feedback Path Capacitors

The other DC blocking function is typified by C2in
Fig. 1. Here the problems are greater since circuit
constraints are likely to force the use of a relatively
low value for R2, and the LF roll-off frequency (the

‘-3dB’ point) occurs where the impedance of C2
(1/2rfC) is equal in value to R2.

In the past, C2 would have almost always have
been an electrolytic type, aluminium or tantalum,
but in current practice it is likely that a non-polar
component would be employed to avoid any
possible ‘dulling’ of the sound. The values of R3
and R2 would be increased as much as other
circuit demands allowed.

The same needs exist here as in the input DC
blocking capacitor, but are all greatly magnified
because the circuit impedance is usually so much
lower so that small changes in series impedance or
capacitance value are likely to be much more
important.

Supply Line Decoupling

Here the overall need is for the effective
impedance to be as low as possible and to remain
low over the whole of the frequency spectrum. The
preservation of a low decoupling impedance well
beyond the limits of the audio range is important
for loop stability reasons. Improvements in the
purity of the supply lines are usually apparent in
the sound quality.

Electrolytic capacitors are usual for this and
have a relatively high series impedance by
comparison with a non-polar type of the same
value. Modern practice is to quote the ‘equivalent
series resistance’ (ESR) of electrolytics in the
manufacturer’s specification (usually for power
supply reservoir capacitor applications).

A low ESR component is usually a good
choice if only because it implies that the manufac-
turers have tried to lessen the inevitable series
resistive components by greater care in design or
construction. At HF the problem need not be
serious, since the main capacitor can always be
bypassed by a smaller non-polar type and that if
necessary bypassed yet again by a smaller one still.

The reason for this piggy-back activity is that
the method of construction of large value bipolar
units is likely to lead to higher values of inductance
and winding resistances. Indeed for RF bypass use
(as in the HF stages of FM tuners) small value disc
ceramic capacitors are obligatory because of their
very low self-inductance. No wound component
would ever be adequate here. Unfortunately disc
ceramic devices are usually only available at low
working voltages, say 25-30V, a bit low for audio
circuitry. Stacked film bipolar types are a good
equivalent for audio circuit use.

At the very low frequency end of the passband
no capacitor of any sensible size is ever likely to be
entirely adequate, and here an electronically
stabilised power supply is by far the best answer,
especially since if it does its job effectively it will
provide an absolute barrier between the
operational circuitry and everything on the power
supply side of the hardware. This frees the user
from worries about whether he ought to replace
his mains cable with quarter inch copper bars, or
his mains transformer with a filing cabinet sized
substitute,
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Time Constant Components

Here the overriding need is for accuracy in value
and for reasonably low levels of stray inductance,
since this could have some effect on the charac-
teristics of filters or feedback circuits. However,
spurious inductance effects can normally be
ignored for modern components used in sensibly
designed AF circuitry, and the effects of stray
series winding or loss resistances are likely to be
swamped by the general circuit impedances.

Choice In Circuit Applications

In general and bearing in mind the manufacturing
details discussed last month, my own order of
preference in the capacitor world is polystyrene,
polycarbonate, polypropylene and polyester. And
I prefer film/foil to metallised foil.

The most critical application, in my opinion, is
as the DC blocking capacitor in an NFB loop,
though other DC blocking usages must be
scrutinised.

Supply line bypass duty requires other
qualities and a good quality electrolytic of
adequate size and rating bypassed by one or more
polyester capacitors of descending values will be
quite adequate.

In HF stabilising or time constant duty, poly-
styrene is the first choice if available in adequate
capacitance values. Otherwise use any close
tolerance non-polar types.

Above all remember that no single type
should always be first choice. It is a matter of
‘horses for courses.’
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Mike Barwise
examines the set-up
of the ADC301 and
ADC302 to achieve
rapid data logging
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TRANSIENT
CAPTURE
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Fig. 1 Internal schematic of the ADC301 and
ADC302.
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any designs for analogue data

loggers have appeared in print (not

least in ETI) over the last couple of

years. This is definitely a growth

area as more and more everyday
monitoring and control jobs are automated, creat-
ing the need for precise signal analysis.

The majority of monitoring tasks are relatively
low-speed and long-term — environmental
monitoring, for example, requires data points
generally no closer than a minute or so apart due to
the inherent inertia of the systems being
monitored.

There is however another class of problem
altogether, where very fast data capture is
required over short periods. This is often referred
to as transient capture and comes into its own
when events of very short duration and/or un-
expected occurrence are being examined. Typical
examples are body shell impact testing in auto-
motive design, catastrophic failure testing in
general mechanics and electrochemical
experimentation.

In these and many other fields (increasingly
frequently these days) data capture is required at
sampling rates ranging from 0.1MHz through
20MHz and even beyond.

There is a general misapprehension that sub-
microsecond analogue conversion and storage are
somehow almost impossible to achieve except at
enormous expense.

It is true that for high resolution work (12 bits
and above) there are some special considerations
at very high speeds — there is generally a trade-off
between speed and precision. It is also true that
high speed high resolution systems can be
appallingly expensive, even if you build them your-

self — a IMHz 12bit ADC can cost as much as
£500 per chip.

Nevertheless it is perfectly possible and quite
cheap to produce fast 8-bit analogue capture
equipment. [ intend to prove this by introducing
the DATEL ADC-301 and ADC-302 analogue to
digital converters. These are so-called flash (or

parallel) 8-bit converters with maximum
conversion rates of 30MHz and 50MHz
respectively.

The wvery high speed of these devices
necessitates their implementation in ECL (Emitter
Coupled Logic) technology but as the conversion
rates are well within the bandwidth of Fast series
TTL, it is possible to interpose ECL/TTL inter-
faces to allow their use in the more familiar TTL
logic environment. This is also beneficial due to the
considerable cost and power dissipation of ECL
memory compared with that of fast CMOS or
NMOS devices.

The Datel Devices

Let us first look at the ADC chips themselves.
Figure 1 is an internal schematic of both devices.
Note that only a few of the 256 comparators are
shown. One input of each comparator is con-
nected to the signal input, and the other to the
relevant point on aresistor chain fed by a reference
voltage.

The outputs from adjacent comparators are
ANDed together and fed to a latched 6-bit encoder
which in turn feeds a latched 8-bit encoder. This
means that there is a data delay of one clock cycle,
data point 1 emerging at the chip output on
completion of conversion 2 and so on.

Figure 2 gives a recommended circuit which
should not be departed from. There is no room
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here for unorthodox approaches. Remember that
in ECL, power supply polarity is reversed so rails
are GND and -5.2V (the extra 0.2 matters! Use an
adjustable regulator and get it right) and logic
levels are high (logic 1) = -0.9V to gnd, low (logic 0)
= -1.75V nominal.

All outputs are shown pulled down — this s to
reduce signal reflections in the output bus. The
two power supplies (analogue Vi and digital V)
must be independent. The ideal method is to use
two separate regulators.

Four items in Fig. 2 have been generalised —
code select, clock, the reference and the
obligatory input amplifier. Let us deal with each of
these in turn.

Code Select allows the data format to be
modified. As seen from Fig. 2, pins 1 and 14 (LINV
and MINV) control exclusive OR gates as pro-
grammable inverters in the output path. MINV
(controls the MSB bit 1) and LINV controls the
other seven bits. It is thus possible to output true,
inverted or two’s-complemented data. The code
select pins are either left open (logic 0) or pulled to
ground via 3k9 resistors (logic 1).

It is worth pointing out here that the dynamic
range of these ADC chips is 0V to -2V. Table 1
gives the various programming options and their
resultant output codes.

Next, let us look at the clock input. The clock
is a typical ECL two pin differential clock signal.
The chip timing diagram (Fig. 3) shows us this. The
critical timing constraints amount effectively to no
more than minimum half cycle periods. The clock
need not be 50/50 mark/space ratio. For the
30MHz part T1 must be not less than 25ns, and T2,
8ns. For the 50MHz part, T1 and T2 are minimum
15ns and 5ns respectively. Study the timing
diagram carefully and you will be able to follow this.
T1 is the comparator settling time, and T2 is the
digital encode/latch time.

Driving the clock is no problem in ECL as line
drivers with differential outputs are always used to
distribute clock signals. We are going to cheat,
however, but more of that later. Now let us look at
the requirements for the reference.

Apart from the negative polarity, there is
nothing odd about this reference. It can be just
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MINY
LINV

0
1

1
0

0.0000V
-0.0078V

-0.9961V
-1.0039v

-1.9922v
-2.0000V

11 1111
1111 1110

1000 0000
0111 11N

0000 0001
0000 0000

1000 0000
1000 0001

ni nn
0000 0000

0111 1110
0111 1111

0111 11N
0111 1110

0000 0000
111t 1111

1000 0001
1000 0000

0000 0000
0000 0001

G111 1111
1000 0000

1111 1110
1111 111

Table 1 Digital output codes for ADC301 and ADC302

about anything. Eight bit precision can be achieved
using a conventional three-terminal regulator as a
reference with care, or alternatively one of the
various precision reference diodes can be used. In
this case, the regulator has a distinct advantage.
The reference current is quite high and the
regulator can supply this current directly, whereas
areference diode has a very low output current so
a buffer amplifier would have to be interposed
between it and the ADC.
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Functional Specifications

Typical at +-256°C, V, = -5.2V DC, Vs = -2.0V

unless otherwise stated

Performance ADC-301 ADC-302
Resolution 8 Bits 8 Bits
Conversion Rate (Min) 30MHz 50MHz
Non-Linearity (Max) +1,LSB +1,LSB
Diff Non-Linearity (Max) +1,LSB +1,LSB
Diff Gain (Max) 1.5% 1.5%
Diff Phase (Max) 0.5° 0.5°
Aperture Jitter {Typ) 45 ps 30 ps
Input Bandwidth (Typ) 15MHz 25MHz
Power Dissipation (Typ) 420mW 550mW
Inputs Min Typ Max Units
Reference Input Voltage -2.2 -2.0 -1.8 v
Reference Resistance 70 80 100 Ohms
Analog Input Voltage -2.2 — 0.1 v
Analog Input Capacitance — 35 40 pF
Analog Input Bias Current
(ADC-301) — 60 90 nA
(ADC-302) — 15 115 pA
Offset Voltage
Vi 7 9 11 mV
Vo 15 17 19 mV
Digital Input Voltage
Vi -1.0 -0.9 -0.7 v
Vi -1.9 -1.75 -186 v
Digital Input Current
(Ve = -0.9V) 0 - 04 mA
(Vi = -1.75V) -0.05 — 0.35 mA
Outputs
Digital Qutput Voltage
Vi (R = 620R) -1.0 — - v
Vi (R = 620R) — - -18 v
Output Data Delay
(RL = 620R) — 40 5.0 ns
Power
Supply Voltage, V, -5.7 -5.2 -5.0 )
Supply Current -100 -75 — mA

Table 2 Specifications for ADC301 and ADC302

This is relatively complex and can introduce
thermal drifts which might decalibrate the system.

As to actual values, Table 2 gives the operat-
ing conditions and specifications of these chips.
The -2V reference is fed into a resistance of 70R to
100R. For latitude let us say 50R.

So, we must be able to supply 40mA without
the reference noticing.

A suitable device is the LM337 adjustable
negative regulator. This comes in a TO-220 power
transistor package with an output current of 1.5A.
Line rejection (the ability to ignore input changes)
is quoted at 0.07%/volt change in and thermal drift
is quoted as worst case 0.04%/W and 0.6% over
junction temperature range (0-125°C).

Considering that we are looking at 1 part in
256 or about 0.4% precision, we could finish up
with an error of 1 LSB (least significant bit) if we
calibrated the unit at a junction temperature of 0°C
and then let it rise to 125°C. In the real world (18°C
to about 100°C) there should never be more than
Y% LSB error due to using this regulator as a
reference.

The last of the less-than-obvious is the input
amplifier. Why do we need one?

Although the comparator inputs have an
inherently high DC resistance (probably in the

INPUT

QUTPUT
0

—15V
Fig. 4 Typical connection diagram for AM1435.

order of 10M or more) there is considerable
capacitance at the signal input (not surprising —
connect 256 of any component in parallel and you
get a lot of stray capacitance). The actual value is
35-40p. Not a lot, you might think, but when you
consider that the voltage across this capacitance
has to be stabilised within half of T1 (Fig. 3) it
becomes obvious that some pretty hefty currents
are going to flow briefly.

So, to avoid dragging the input signal around,
a buffer amplifier is required. This amplifier should
have two important characteristics in addition to
its ability to drive a load with high transient current
demand. These are:
® a resistance to instability when driving
capacitative loads;
® a high slew rate. Slew rate is a nominal para-
meter describing how quickly the amplifier
responds to a change in input. The most common
test is to apply a very fast (in this case 1-2ns) tran-
sition between nominal OV and nominal maximum
output swing to a unity gain configured specimen,
and to measure how long it takes for the output to
arrive at the same voltage, normally expressed in
V/us.

To take full advantage of the speed of these
ADC chips, the amp must have a slew rate
calculated as follows:

The maximum legal swingat the ADC is 0V to
-2V, in other words normalised 2V. Assuming the
faster component T1is 15ns, the comparator input
must be stable by halfway through T1, so we have a
signal slew time of say 7ns. We must be able to slew
2V in 7ns, so the slew rate we need is 1000/7 x 2, or
approx 285V/us.

This would allow us (just!) to log a square
wave with a frequency of half our maximum
sampling rate. In practice, because of the Nyquist
Limit (which imposes the condition that the
sampling rate must be twice the frequency of the
highest harmonic present) we can only log a
sinusoid (no higher harmonics present) at the
maximum sampling rate anyway, so this slew rate
requirement can be relaxed to some extent.

I would not like to go much below 200-
220V/ps though, unless the incoming signal is
expected to be exceptionally free of transients and
fast transitions. A suitable amplifier is the DATEL
AM-1435 (Fig. 4), which has a slew rate of about
300V/ps.

Next month [ will show you the principles of a
couple of complete transient capture units using
these chips.
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SURFACE MOUNT KITS AND
COMPONENTS FOR HOME CONSTRUCTION

KITS

SM20: High sensitivity sound triggered switch. Complete with
microphone. Variable sensitivity. LED indication ...... £13.95
Digital dice. Touch control, roll down speed with authentic
dice readout on SM LEDS ........cccccoovivneniiienicin. £15.95
SM22: VHF FM Transmitter. Complete with mic. Tunable
over 88-108 band. Very sensitive, excellent quality . £12.95'
Live Wire Detector. Non-contact indicator of live wires,
blown fuses etc. LED and piezo indicator .................... £9.95
SM24: VHF FM Bleeper. Transmitter signalling unit. Sends a
pulsing bleep to nearby FM radio. Tunable 88-108 band £13.95
Water Activated alarm. Piezo warning when triggered.
Sensing area can be mounted remotely ...................... £9.95
CMOS Logic Probe. Indicates logic 1, 0 and pulsing using
two SM LEDs. Narrow shaped board can be tube mounted £9.95
CHJ22: Component holding jig. Greatly simplifies construction of

all SM kits by holding component firmly leaving both hands

free .ovvverien. | T e S—— £6.95

COMPONENTS

Resistors, ceramic capacitors, electrolytics, trimmers, coils transistors,
diodes, 4000 CMOS, linear, etc. All components supplied individually packed.
Send 9x4 S.A.E. for further information. Prices shown are inclusive but
please add £1.50 per order to cover P&P.
All kits are of proven design and come complete with solder resist PCB,
all components individually packed, full assembly and circuit details
and even solder.

SM21.

SM23:

SM25:

SM26:

THE WORKSHOPS, 95 MAIN RD,

N
SUMA k=) BAXTERLEY, Nr. ATHERSTONE,
DESIGNS WARKS CV9 2LE. Tel: 0827 714476

. —— e ————— ‘==’

— |

Introducing
Digital Audio:
CD, DAT and sampling
Ian R. Sinclair

112 pages * 216 x 138mm
55 line drawings * £5.95 + 50p p&p
ISBN: 187077505 8

The techniques of digital audio
involve methods and circuits that
are totally alien to the technician
or enthusiast who has previously
worked with audio circuits. This
book bridges the gap of
understanding and explains the
principles and methods of digital
audio, but the mathematical
background and theory are
avoided.

Digital electronics and signals.
Analogue to digital conversion.
Digital to analogue conversion.
Studio digital methods. The CD
system. Consumer digital tape
systems, S-DAT and R-DAT.
Sound synthesis.

I enclose my cheque for

Name

Please send me
copy(ies) of Introducing Digital Audio (£6.45 each)

copy(ies) of Practical Digital Electronics Handbook
(£7.45 each)

Practical Digital
Electronics
Handbook

Mike Tooley

January 1988 ¢ 208 pages
216 X 138mm * 100 line drawings
£6.95 + 50p p&p ISBN: 1 870775 00 7

‘A very useful book’
Elektor magazine

A practically based introduction
to digital electronics for
enthusiasts, technicians and
students,

Digital circuits. Logic gates.
Bistables and timers.
Microprocessors. Memory and
input/output devices. RS-232C
interface. IEEE-488 and
TEEE-1000 microprocessor
buses. The oscilloscope.

Full constructional details for
nine test gear projects. TTL and
CMOS pinouts; binary
conversion tables.

made payable to PC Publishing.

Address

Send this coupon to PC Publishing, 22 Clifton Road, London N3 2AR
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Leycester Whewell
not only knows
where he’s going

BICYCLE
SPEEDOMETER

his article in fact describes my Mark II
cycle speedometer. Since Mark [ was
built (in 1982) new semiconductor
chips have enabled projects such as

5 this to be built from fewer and more
but how f ast he S compact components and yet provide a greater
getting there too number of features than originally possible.

As well as being suitable for a bicycle, this
speedometer could also be adapted for other tasks
of a similar nature.

The main aim of the design is to produce a unit
low on power, simple to maintain and operate,
reliable and capable of giving as much useful infor-

Mode Display Function

Set up Mode O —1— X=0 for Imperial, 1 for metric units

Set up Mode 1 —2— XX. XX Wheel size, from 18.00in to
28.00in

Mode O XXXXXX. XX  Total Distance (miles/km)

Mode 1 XXXXXX. XX  Trip Distance (miles/km)

Mode 2 XXXXXX. XX  Total Time (HHHH.MM.SS)

Mode 3 XXXX. XX, XX Trip Time (HHHH.MM_SS)

Mode 4 XXX. X Current Speed (mph)/kmh)

Mode 5 XXX. XX  Top Speed (mph/kmh)

Mode 6 XXX. XX  Average Speed (mph/kmh)

Mode 7 XXX. O Time Trial Distance (miles/km)

Table 1 Display modes
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mation as possible. 1 also wanted the Mark II
version to behave more like a mechanical
odometer in that it would not have to be turned on
or off every time it was used and that the informa-
tion would be preserved indefinitely without
worrying too much about battery life.

Finally, since only a few units were to be built,
the components had to be cheap and easy to use
— no mass production here to bring down costs.

Choosing Chips

Several families of CMOS microprocessors have
become readily available since building the Mark [
{which used the 1802). These include the 80C35
and 80C85 series, the HD6303 and HD6305 series
and the 146805 series.

Apart from the HD6303 which has an
awkward 0.07in pin pitch, each series has a suit-
able member for making a speedometer. The
146805 was chosen since 1 already had an
assembler for it and knew several sources from
which it was readily available.

The four digit LCD on the Mark [ was a limita-
tion when it came to displaying elapsed time. To fit
in a decade of hours, the seconds count had to be
reduced to tenths of a minute. After numerous
hours riding, a mental conversion back to seconds
had to be done before the reading became
meaningful.

The advent of triplexed LCDs and their
respective driver chips has enabled more digits to
be fitted into a display without an absurd number
of connections. An eight digit LCD has been incor-
porated into this speedo with an ICM7231BFIPL
driver.

Elapsed time can now be shown in seconds,
minutes and four decades of hours. Distances
need no longer wrap around to zero after 999.9
miles. The other main advantage of the triplexed
LCD used is the annunciator arrow — thereis one
beneath each digit and these are used to indicate
the operation mode.

A useful feature of most single chip or related
low chip count systems is the standby mode. The
146805 has two, called WAIT and STOP. In the
WAIT state the crystal oscillator and timer operate
but when the timer counts down to zero or there is
an external interrupt then normal processing is
restarted.

The speedometer enters the WAIT state
between regular timing intervals and the external
interrupt caused by one revolution of the wheel.
During this period the current consumed is about
15mA compared to 7-8mA during normal
processing.

The relative proportions of time spent pro-
cessing and WAITing determine the overall power
consumed by the speedometer. A fixed proportion
of time is spent servicing the time interrupts but
the amount spent on wheel interrupts is directly
proportional to speed. So whilst stationary about a
2mA is consumed and this rises to 2.5-3mA at
20mph.

The STOP state consumes less current than
the WAIT state, because the crystal oscillator and
timer also stop. If after a period of about a minute
there is no interrupt due to the rotation of the
wheel then the speedometer will clear the display
and enter the STOP mode. To the user this gives
the impression of it having turned itself off.

An interrupt from the wheel ends the STOP
state and the speedometer updates the display and
continues as before. This obviates the need for an
on/off switch and allows data to be preserved from
one period of use to another. About 0.5mA is
consumed during the STOP state, so a set of four
NiCds with a capacity of 450mAh will last 28 days if
the speedometer is used for two hours a day.
Changing the batteries every two to three weeks
will allow a safe margin for leakage and variations in
cell capacity due to ageing.

To preserve data in the processor when
changing batteries, a lithium data retention battery
and a diode prevent the supply voltage from drop-
ping below about 2.5V. The batteries should only
be changed when the speedometer is in the STOP
state, this prevents excessive use of the lithium
battery and (worse) running the processor from a
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supply voltage that is too low for the crystal
frequency used. If this happens and the processor
crashes then all data contained within it will be lost.

The Hall effect switch used to detect rotation
of the wheel in Mark I worked perfectly in all
conditions. However, as it consumed a relatively
massive 3mA, an alternative had to be found which
would not drain a set of batteries in a few days. The
only form of detector that does not require a
steady current source involved direct contact
switching. A reed relay mounted so its axis was
parallel to that of a bar magnet mounted on the
wheel and perpendicular to the adjacent spokes
was found to be suitable.

Debouncing of the contacts is performed in
software, the current consumption is reduced to
grounding a pull-up resistor when closed and only
two wires are needed from the speedometer.

Initial operation of the relay proved to be
problematic, each wheel revolution caused the
relay to close three times in quick succession. I
found that the relay was passing too close to the
magnet and induction through the relay contacts
was responsible. Increasing the minimum
separation between them to over 5mm for that
particular magnet cured the problem.

Operating Modes

Ten modes of operation are available. Eight are for
normal use with two special ones for parameter
setting. Special mode 1 is entered after the power-
on reset which occurs when the batteries are
inserted for the first time only. This mode is used to
set the units used — imperial units are represented
by a 0 and metric units by a 1. Changing from one
to the other is done by pressing the reset switch. A
third option, number 2, has been reserved for
metric units with speed in metres/second although
the additional program to do this is not written.

Pressing the mode switch selects special
mode 2 which selects the wheel size to be used.
Eight of the most common wheel sizes are dis-
played in turn by pressing the reset switch and
range from 18in to 28in with 700mm being dis-
played as 27.56in. Pressing the mode switch again
then selects the first of the normal modes.

Each of the normal modes is associated with
one of the annunciator arrows under each digit of
the display. When the modes are changed, as listed
in Table 1, the arrow moves one digit to its right
and back to the digit on the far left when the Total
Distance mode is re-entered. If both switches are
pressed together for over a second then the special
modes are re-entered for a change in units or wheel
size.

HOW IT WORKS

‘?ﬁ&mgg ents, X1,
wo 8-bit ports of | %‘qﬁé baugnm
thehsamrml ?eses (S\ d]? ffami&w :

The latter also acts on ﬁa$ f&ma e .
The EPROM (IC3) containing the peedometer
program is t@e “only external device u@tu%vﬁgmﬂ}g
memory space ﬁtﬁe@m&g@oﬁ%hﬁ f&dger:ﬁ? mapped
using 1C5¢ and IC4. -
Power is pr&tﬂﬁé«hygt arﬁ% NiCd l@iﬁ%"‘ esBl ith
protection diode D1 or t%f%& the standby data-
retention cell B2. Power on reset is pr 5&&*;{6&%@'&
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As their names suggest, the Total Distance
and Time modes keep arecord of the total usage of
the speedometer. They cannot be cleared using
the reset switch. Neither mode will wrap around to
zero in a hurry — it takes a million miles/km or
10,000 hours to do so!

The Current Speed mode does just that, dis-
playing with a resolution of 0.1mph/kmh and the
Top Speed mode displays with a resolution of 0.01
mph/kmh. Measuring to 0.01 mph/kmh is mean-
ingless as far as absolute readings are concerned
because of the error in the diameter of the wheel
but it is useful when a comparison is made to a
previous effort. Top but not Current Speed may be
reset.

The remaining four modes are linked by the
need for a common measurement origin. Trip
Distance and Time display data in the same format
as their Total Distance/Time counterparts and
Average Speed is simply their ratio. Average
Speed uses a time base of 3.6sec (0.001hr), dis-
tance in units of 0.01 miles/km and produces a
result in 0.01mph/kmh. Its accuracy increases with
both distance and time, so after about an hour
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Fig. 1 Circuit diagram of the speedometer
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Fig. 2 Timing diagram for the 146805
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some meaning can be attached to the 0.01mph/
kmh digit.

Pressing the reset switch in any of the three
modes will clear the data in all three.

The Time Trial mode is the most complicated
to use and yet one of the most useful. This mode
displays a trial distance in whole miles/km ranging
from 1 to 100 inclusive. A short press of the mode
switch will change to the next mode but if
depressed for over a second then the trial distance
will count round until it is released. Then on the
falling edge of a press of the reset switch, the trip
functions are all cleared and a decimal point on the
far right of the display is set.

The speedometer will then function as normal
until the Trip Distance reaches the value set in the
Time Trial mode. The far right decimal point is
then turned off and the trip functions are inhibited
until they are reset. This allows the time and
average speed at the trial distance to be preserved
until a suitable time is found for them to be read.

PROJECT

Software

The Speedometer program is driven by two
sources of interrupt, one from the internal timer
which times out at 80Hz and the other from the
wheel relay at one per revolution. The timer
interrupts are used to update the time modes and
scan the mode and reset switches. By making full
use of the 8-bit counter the period of the wheel
rotation can be measured to a resolution of
1/20480sec.

This leaves the diameter of the wheel as the
sole source of any significant error. Each wheel
revolution triggers a background program to
update the distance and calculate the speed —
average speed is only calculated when needed for
display.

The main problem with having two indepen-
dent interrupt sources is the potential for conflict
when both occur together. This is more serious for
the wheel interrupt since delays in reading the time
at which it occurs will result in the wrong speed
being calculated. To ensure wheel interrupts are
not delayed, the timer interrupt routine clears its
source immediately and enables interrupts before
continuing with advancing the time.

In return, the wheel interrupt must be very
short so there is no possibility of another timeout
before the previous one has been properly
processed. Therefore the wheel interrupt simply
reads the current time (and checks if a timeout is
imminent to check for overflows), sets a flag and
terminates.

A background program continuously tests
this flag and when set it updates the distance
counters, calculates the speed (and average speed
if need be) and checks for top speed. When that is
done the flag is cleared ready for the next wheel
interrupt. The time taken to do all that is com-
parable to the time interrupt period and therefore
cannot be included within the wheel interrupt
routine.

Each time a wheel interrupt routine has been
processed by the background program, the
display is updated. One consequence of this is that
in the average speed mode, the reading will not
gradually decrease while the bike is stationary
simply because no wheel revolutions are occurring
to trigger a new calculation and display update. Ifa
wheel interrupt has not occurred for one minute
then the display is blanked and the STOP mode
entered.

When the background program is not being
executed the power-saving WAIT state is entered.
Processing halts although the crystal still oscillates
and instruction execution commences on receipt
of the next wheel or timer interrupt.

The setup modes determine several para-
meters for the main program. The wheel size
determines the amount which is added to the sub
0.01mile/km distance counters each time the
wheel revolves. Each time that 0.01lmile/km is
passed, an amount corresponding to 0.01mile/km
is deducted from the counter and the trip and total
distance registers are incremented. Both are kept
in BCD format which makes it simple to send to
the display — and saves a lengthy series of
calculations every time the display is updated.

A binary count of the trip distance is updated
in parallel to the BCD count. This is used for
calculating the average speed in a form ready for
division by the trip time.

The total and trip time registers are also
updated in BCD format for the same reasons as
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Fig. 3 The component overlay for the bike
speedometer

CUT OUT S0 THAT PLASTIC BOX
SCHEW SUPPORTS ARE CLEARED

the distance registers. A binary count of the trip
time is also kept ready for calculating average
speed. To save on processing time {and hence
power) the average speed is only calculated in the
mode in which it is displayed. Each time the display
is updated the distance is multiplied by 1000 before
a 32-bit division by the trip time takes place. This
produces the result in the correct units for display.
All that is left now is a series of divisions by 10 to
convert the binary result into BCD.

When selecting between imperial and metric
units, all that is done is to select a different table for
the wheel sizes. Each entry in the metric list is
1.609344 times as big as its imperial counterpart so
the distances come out in km rather than miles. No
other changes are necessary since the time base
used to calculate speed is the same in both cases.

One feature of the speedometer is that when a
change of units is made, the total and trip distances
are corrected accordingly. This involves convert-
ing the BCD counts to binary, scaling up or down
by a factor of 1.609344 and then converting back
from binary to BCD. Going to and from another
set of units usually results in a loss of 0.01mile/km
due to rounding off in the division routine.

Construction

A single sided PCB (see Fig. 3) has been produced
for the speedometer which fits into a
120%65x40mm plastic box. Boxes of exactly the

BUYLINES

A few of the components required for this praject ¢ arB»
difficult to come by, The processor (IC1) can be obtained
from Jermyn ﬁstn"huﬁm (Tel @732; 450144} ‘ﬁﬁlfgﬂ
the LSE! r}mrer 1iL‘2L The LGD itself can ‘e purchased
from Verospeed (Tel: (0703) 644555) or from Farnell
Bewm:&:&ﬁ I: (0532} 836311 as part number 175-
535. Farnell is uwaUY ttnwﬁhﬁq to. trade with the public .
but all Farnell components may also- be: aﬁ:aﬁ'uedfmm s
Tailogic {'T, {8274} AB42es), .

The author can supplmrr}gmmmed EPROMS !Bfthls
project for £6 (if EPROM suppliad — note this project
uses a low power 2716) or £14 irfclmsu?‘a of the EPROM.
The EPROM sgurce code is available copied onto @ BBC
micro disk {40 or 80 track disk sUppFaﬂ] for £7.50 or
with the 6805 eross assamizier?nrf!ﬁ The author will
also make up boards from the'ET) PCB Semcevwathaut .
the case or EPROM for £41. : .

Please address software board make -Up enqumes

and orders to Leycester Whewell, 1 Park Terrace,
Berrmgton Road, Tenbury Wells, WR15 8EJ.
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MISCELLANEOUS -

B1 ; - 4X1.2V Nicd %ﬁerless a\gﬁ?};g&d@ .

B2 3.6V AA lithium cell ﬁ .

swi2 &%S»?ST pusl;smﬁz

AAE el ooy it g
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POB. Bar magnet. 224-way socket s y;m tﬁﬁﬁﬁ@
r‘miiu:gdk Gﬁnnﬁnt‘ng nabia*‘ Easé Eleassaskwpﬁs@g .

S

same size are also made in diecast aluminium and
both have four 3mm screws to attach the lid to the
rest of it.

The four corners of the PCB must be radiused
so clearance is provided for the columns into
which the lid screws fit. The PCB is marked for
this.

The first thing to do is to solder the wire links
into position on the PCB. There are nearly 20 of
these and some run underneath the ICs. Insulating
wire should be used (wire wrap is best) since a
number of links are close together. The next stage
depends on your use of IC sockets.

If the EPROM is the only device destined for
an IC socket then the other ICs can be soldered
straight in — paying particular attention to their
orientation. The remaining passive components
can also be soldered straight in — extra support
should be given to the liquid crystal display with
double sided sticky foam.
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Fig. 6 Connections and multiplexing
of the triplexed LCD
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Care must be taken in soldering inthe LCD.1
have come across two types which are suitable for
this display. One type has the pins bonded directly
to the glass substrate and I strongly recommend
that a socket is used for these as too much heat
from can easily damage the tin/indium strip which
connects the pins to the rest of the display.

The second type has a special contact strip for
each side of the display. When assembled the
whole can be soldered in directly to the board

without much problem of heat damage. There will
probably be 26 pins per strip for the display but
only the middle 24 are needed, so the outer ones
can be cut off.

If you use IC sockets throughout then check
for clearance between the display driver chip and
the display above it before soldering. The
procedure for the rest of the assembly is as above.

The final component to be soldered is the data
retention cell which is mounted on the underside.

0000 14 D9 19 &3 1B ED 1E 77 21 O1 22 46 22 FB 23 6B O1FO 2B 3F 24 3F 25 3F 26 AL OA B7 27 CD 18 83 B& 1IF
0010 24 CS 28 DB 2C F1 31 07 35 1D 37 28 38 4C 3% 33 0200 3A 2A BE 2A F7 CD 1B B3 B&4 IF 48 48 48 48 BE 2A
0020 9B 9C A4 F4 B7 04 A4 FO B7 00 A6 3F B7 OS 3F 01 0210 FB F7 3A 2B 2A E5 81 15 00 1E 1B Bé 08 27 04 Al
0030 A& 05 B7 09 A6 FF B7 OB CD 18 &4 CD 1D 45 1F 09 0220 01 27 FB 26 03 9A 9D SB 40 %7 BO 17 97 19 B& 1B
0040 1D 09 BF OF 1B 05 CD 1E 4B IF 1B CD 1D 45 3D 1é 0230 A2 00 B7 1A BF 17 3F 18 BO IF 09 07 00 0S5 OE 1B
0050 2R FO 04 00 04 3F 1& 20 EY 3F &3 CD 1D EB BE CD 0240 02 14 00 B& 1B Al FO 24 OC 3C 1B A0 EF 24 04 B7
0060 1D 45 20 DA 4F AE 54 E7 10 5A 2A FB 1E 34 A& 10 0250 10 B7 11 B7 12 Bé 1B AB 01 B7 1B O1 1B OF 9A CD
0070 B7 14 A4 0S5 B7 35 A4 28 B7 38 B7 39 A6 90 B7 3D 0260 1A A7 B& 34 2B 07 AD 04 AD 12 CD 1A BD 80 3A 3B
0080 10 &2 81 3F IC 3F 1D 3F 1E 3F IF AE 20 38 23 39 0270 26 09 A4 28 B7 38 AE S2 CD IC 09 B81 OC &3 OD 3A
0090 22 39 21 39 20 39 1F 39 1E 39 1D 39 IC B& 1C Bl 0280 39 26 09 A6 28 B7 39 AE S&6 CD IC 09 81 3A 3D 26
O0A0 24 25 32 26 14 B6 1D Bl 25 25 2A 26 OE B4 IE Bl 0290 14 A6 90 B7 3D 3A 16 OC 63 OB 9B 3C 3C 24 06 3C
O00BC 26 25 22 26 06 B& 1IF Bl 27 25 1A B& IF BO 27 B7 02A0 3B 26 02 3C 3A %A B1 AD 24 CD 1B 7D OE 13 03 3F
00CO iF B& 1E B2 26 B7 1E B& 1D B2 25 B7 1D B& IC B2 0280 15 81 OF 14 FA B& 15 2B FB 4C B7 15 A1 15 26 F1
Q0DO 24 B7 1C 3C 23 SA 26 B5 B1 3F IF 3F iE AE 10 38 02CO B& 34 2B ED A6 FF B7 34 B& 36 B7 37 B1 OE 01 24
Q0EO0 23 39 22 39 1IF 39 1E B& 1E Bl 26 25 14 24 04 B 02D0 B&6 13 2B OA 4C Al 04 25 02 A& B0 B7 13 81 BE 34
OOF0 1F Bl 27 25 OE B& 1F BO 27 B7 1F B& IE B2 26 B7 O2E0 A3 07 26 F9 4C A1 AB 27 046 Al B2 25 EE A& AB B7
0100 1E 3C 23 SA 26 D? B1 E6 00 B7 23 3F IF AE 08 38 02F0 13 CC 1B 5E OE 13 03 3F 13 B1 BE 34 A3 07 26 04
0110 23 39 1F Bé 1IF Bl 27 25 08 Bs 1IF BO 27 B7 1F 3C 0300 B& 13 A1 AB 24 F1 3IF 13 3C 34 26 05 AL B0 B7 34
0120 23 S5A 26 EB Bl BF 28 AE 03 E& 20 E7 24 &F 20 S5A 0310 B1 B& 34 ZA OB Al B1 26 03 CC 1C 4E 3F 34 20 07
0130 2A F7 3F 2% 3F 1IF 3F 1E 20 52 34 iC 24 1E B& 22 0320 Al 08 25 02 3IF 34 81 4F 3D I6 27 02 A6 08 BB 35
0140 BB 27 B7 22 B6 21 BY 26 B7 21 86 20 BY 25 B7 20 0330 48 97 D& 18 00 B7 41 B7 IC D& 18 01 B7 42 B7 1D
0150 B& 1F B9 24 B? IF Bé& 1E B? 29 B7 1E 34 1D 24 22 0340 3F 20 A& 00 B7 21 A& 04 B7 22 A6 65 B7 23 CD 19
0160 B6 23 BB 27 B7 23 Bé6 22 BY 24 B7 22 Bb 21 BY 25 0350 25 B& 21 B7 43 Bé 22 B7 44 B& 23 B7 45 81 OE 43
0170 B7 21 B& 20 B9 24 B7 20 B4 IF BY 29 B7 1IF 24 02 0340 1B B& 42 AB 01 B7 &2 AB 0& 2B OB B7 &2 AB &40 24
0180 3C 1E 38 27 I9 26 39 25 39 24 37 29 3D IC 26 AA 0370 OB B7 &2 3C 61 B1 3D &1 27 02 3F &1 B1 OC 01 OF
0190 3D 1D 26 C8 BE 28 B1 4F B7 20 B7 2i B7 22 B7 23 0380 B& 14 2B 09 4C Al 04 25 02 A6 B0 B7 14 B1 OE 14
O1A0 A& O3 B7 2A 3F IC A6 OA B7 1D CD 19 25 F& 44 44 0390 O3 3F 14 81 3IF 14 OE 13 F4 B& 34 2B 14 27 EE Al
01BO 44 44 BB 23 B7 23 24 OA 3C 22 26 04 3C 21 24 02 03A0 02 27 EA Al 04 27 Eb& Al 07 27 20 Al 05 27 52 26
OI1CO 3C 20 3F IC A& OA B7 1D CD 19 25 F6 A4 OF BB 23 O3B0 22 Al BO 26 0B 3C 3& Bé& 34 A0 03 25 02 3F 3& B1
01DO  B7 23 24 OA 3C 22 26 06 3C 21 26 02 3C 20 SC 3A O3CO 3C 35 B6 35 A1 OB 25 02 3F 35 Bi OF &3 03 3IF 43
O1EO 2A 2A C1 9F A0 04 77 B1 9F AB 04 B7 2A Ab 03 B7 03D0 ©1 1E &3 4F B7 SE B7 SF B7 40 B? 3E B7 3F B7 40

Listing 1 The hex dump of the used parts of the EPROM
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This should not be connected until the batteries
have been installed. This simplifies checking the
power on reset and avoids draining the cell with the
processor running. Foam strips with adhesive on
both sides should be used to fix the cell to the
board as well as insulate it from the tracks.
Before soldering, a piece of wire should be
used to tie the cell to the underside of the board
using the two remaining unused holes. Experience
has shown that the contact leads on the cell are not

strong enough by themselves to support it
indefinitely against the vibrations of the road.

Alternatively, two wires could be used to join
the cell to the board so that it is free to rest on the
base of the case.

Once the PCB is completed, the EPROM (see
Listing 1) can be inserted and some testing carried
out by temporarily connecting the batteries,
switches and reed relay. Correct operation can be
verified by running through the operating modes of
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Fig. 4 Mounting the speedometer board in the recommended case
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Fig. 5 The mounting of the reed
relay and magnet on the bicycle
forks and wheel

the speedometer, checking its function by opening
and closing the relay with a magnet ‘by hand.’

The plastic box normally includes some PCB
supports which run in vertical grooves in the walls
of the case. I have used these to hold the board at
the correct height so the display can be seen
through a hole cut in the case (Fig. 4). A little trim-
ming of the board where the supports go may be
needed in order to achieve a good fit.

To prevent rain getting into the case, it is used
upside down so the lid is on the bottom with the
display showing through what was the base. Clear
self adhesive plastic film covers the display cutout
to create a watertight seal.

The four AA NiCd cells are held in a 4x1
battery holder mounted at the base of the case, on
the lid. The two screws holding the battery holder
to the lid of the case are also used to attach it to the
support bracket.  used a bent strip of aluminium to
fix the speedometer box to the front brake
assembly.

Low profile switches with short leads are the
easiest to mount on the box. Two small holes were
made in the case for each switch for the leads.
Wires were soldered to the switches and passed
through the case before gluing. No problems have
ever been encountered in the rain with this
arrangement of switches.

The reed relay lead passes through a small
hole in the lid to where the relay is mounted at the
bottom of the forks. If the clearance between the
wire and the case is very small then no glue is
needed to make a seal since surface tension will
prevent water from seeping into the case.

The relay can be mounted on a small
aluminium bracket bolted to one of the front forks
on the axle (Fig. 5). It is a good idea to encapsulate
the mounted relay and any bare wiring to prevent
triggering by rain. Silicone bath sealant or epoxy

glue is suitable for this or even paint at a pinch.

The magnet is positioned on a spoke so that it
passes within about 10mm of the relay (but does
not touch it). The exact distance will vary with the
type of magnet and reed relay used and must be
found by trial and error.

The magnet can be fixed either by gluing/
tying it to the spoke, by making another small
bracket or by fixing it to one of the clip-on spoke
reflectors which are easily and cheaply available
from bike shops.

Once the reed relay and magnet are mounted
and wired in, the case can be bolted to the handle-
bars, front brake calipers or wherever it can be
conveniently read and operated and you can then
peddle off into the sunset confident in the know-
ledge of exactly how fast you are going.

S
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ﬁmm and let the gentle, relaxing
sotind drift over you. At first you

& controls to suit your.. . fhe {grs{ ée%f

mor&advenfurous sou!s there are
might hear soft rain, sea surf, orthe strange and mysterious dream
wind through distant trees. Almost  experiences waiting. Take lucid
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self For

PCB, all components, controls,
loudspeaker, knobs, lamp,
fuseholder, fuse, mains power
supply, prestige case and full
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hypnotic, the sound draws you dreams, for instance. Imagine being  Instructions.
irresistably into a peaceful, in control of your dreams and able

refreshing sleep. to change them at will to act out

For many, the thought of waking your wishes and fantasies. With the

refreshed and alert from perhaps Dream Machine it's easy!
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Paul Chappell’s
heavy breathing
monitor can give
you the night of
your dreams

THE LUCID DREAM
STIMULATOR

et’s face it, this is going to be an odd

sort of project. Athletes, cyclists,

swimmers, marathon runners and keep

fit enthusiasts will find some good

parts. Brainwave monitor owners have
been considered, those with an interest in dreams
will enjoy their bits and athletic brainy dreamers
will get nourishing family goodness through and
through. Let me explain.

It all started with the Dream Machine project,
which you will no doubt remember from the
November and December issues last year. The
idea of the Dream Machine was to help you get a
good refreshing night’s sleep and to put you in the
right frame of mind for some vivid and spectacular
dream experiences. Shortly after the project was
published, a letter dropped into the ETI mailbox —
why not design a lucid dream stimulator? Then
another, saying much the same. Then another.
And another. ..

Well, we don’t always go rushing off to design
a project at the request of a single reader but the
combined weight of a mailbag full of letters is some-

Everybody dreams. Although dreams can
occur at any time of the night, it is generally agreed
that most of them happen during a special phase of
sleep called paradoxical or REM (rapid eye move-
ment) sleep. Not only are dreams much more
frequent during the REM phase, they are also of
higher quality and greater density.

The REM phases last for around fifteen
minutes and may happen four or five times during
the night. If you were watching someone else
sleeping, you might notice that they became totally
relaxed during these times. You might also see
their eyes moving rapidly back and forth behind
their closed lids.

When the REM phase was first discovered, it
was thought to be nothing more than light sleep
with dreaming. The brainwave traces in this phase
then gave the first clue that something strange was
going on — they looked just as if the sleeper was
fully awake! Yet the muscles are more relaxed
during this phase than in the deepest of ordinary
sleep. Paradoxical indeed!

Many people have experienced a type of.

The ETI Dream Machine and
Brainwave Monitor,
predecessors and possible
basis for the Lucid Dream
Stimulator

i
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thing we have to take seriously.

Many readers suggested modifying the Brain-
wave Monitor project to do the job but since it only
appeared last year it’s a bit too soon to think about
doing another version. Ill give a few hints a bit later
on, though, for anybody who has built one and
would like to adapt it.

The way | eventually decided to tackle the
project was to design a respiration rate meter (this
is where the athletes come in) and to give it an
output suitable for triggering a lucid dream
stimulator. So this is what you get for your money:
a short refresher course on sleep and dreams
(lucid or otherwise), some Tech Tips style hints on
modifying the Brainwave Monitor for lucid dream
stimulation, a breathing rate meter for sports
training and a breathing rate triggered lucid dream
machine. Good value, eh?

Sleep And Dreams

When Bagpuss wakes up (and all his friends wake
up) the chances are that he has dreamed, even
although he may not remember anything about it
(because he’s stuffed).

dream called a lucid dream, when the states of
sleep and wakefulness become mixed up. In the
mildest form, you might find yourself rushing
downhill in a go-kart towards a pane of glass, and
after a moment of panic think — so what? I'm only
dreaming!

Some people manage to go a stage further and
take control of their dream. Why have a pane of
glass? Why not a feather pillow? And there it is, a
nice, soft landing. Once you’ve got the hang of
taking an active part in your dream life, there’s no
end to what you can do!

Lucid dreams can happen spontaneously and
can often be brought on just by reading about
them. But if they don’t happen, there’s not much
you can do about it. Or is there?

One thing which seems to have a good
success rate at bringing about lucid dreams is to
disturb the sleeper slightly during a dream. A small
electric shock seems to be the approved method
— it sounds horrific but 'm talking about a little
tingle, not an electric fencer zap.

The problem is — when do you administer the
shock? Until someone comes up with a mind
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Fig. 1 Modification to the brainwave monitor for
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delta wave detection

occur from time to time and the trace begins to
show evidence of the very slow delta waves.

The third and fourth stages both show large,
slow delta waves — the third stage having some
faster waves in evidence and the very deepest
sleep of all being almost entirely delta waves.

During paradoxical sleep, a strange change in
brainwave pattern takes place. Although the body
is at its most relaxed, the brainwaves are those of
alert wakefulness. One way to detect paradoxical
sleep (with its high probability of dreaming) is to
look for the reappearance of the faster daytime
waves during the night.

If you are going to experiment with sleep and
dreams, you may like to modify your brainwave
monitor to pick up delta waves. I didn’t make any
provision for this in the original design, my reason-
ing being that if you were fast asleep, you wouldn’t
be awake to operate the monitor. Very logical it
seemed at the time!

The mod is not strictly necessary but it’s so
simple that you might like to do it anyway. Figure 1
shows how. The three-way rotary switch selecting
the ranges on the original monitor is replaced by a
four way switch, and two extra resistors (R47 and
R48) are added.
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H— Fig. 2 Lucid dream shocker for the brainwave monitor

reading machine, there’s no way to be absolutely
sure when a sleeper is dreaming. The usual
method is to detect the onset of paradoxical sleep
and let statistics work for you: that’s when there’s
the best chance of a dream taking shape. This is
exactly what we shall be doing in this project, in
several different ways!

Brainwaves And Lucid Dreams
Orthodox sleep is divided into four stages on the
basis of brainwave traces. The first stage is
drowsiness, which may or may not be followed by
complete sleep. The alpha and beta rhythms of
wakefulness diminish and slower theta waves
appear. The overall EEG trace has a relatively low
amplitude in comparison both with wakefulness
and with deep sleep.

In the second stage, which could be called
‘dozing off,” distinctive spindle-shaped waves

ETI MAY 1988

Compare Fig. 1 with Fig. 3b in the September
1987 Brainwave Monitor project and you’ll soon
see what needs to be done.

There is no room for the extraresistors on the
PCB but they can be soldered directly to the
switch (if you use a 3-pole 4-way type, it will have
plenty of spare tags) and wires taken to the appro-
priate points on the underside of the PCB. It
shouldn’t look too untidy!

The pad type electrodes held on by pressure
are perfectly good for daytime use but will soon
become dislodged at night. Small disc type elec-
trodes held on with sticking plaster are probably
the best bet for home use.

There are two ways of detecting the onset of
paradoxical sleep you might like to try. One is to
look for the appearance of alpha waves during the
night, for which the best electrode position will be
the same as you use during the day. The other is to

LJA[0dd
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detect the eye movements associated with this
phase of sleep. One active electrode on each
temple and the reference electrode in the centre of
your forehead will give a good signal from the eyes.

If you decide on the second approach, use the
Alpha range on the monitor anyway to screen out
theta and delta waves. Set the mode control to
‘integrate’ and adjust the gain control to the least
sensitive point where the monitor reliably begins to
sound after half a dozen or so eye movements.
Don’t forget to mute the output before settling
down to sleep — you don’t want to be woken up in
the middle of a pleasant dream!

A suggested circuit to complete the lucid
dream stimulator is shown in Fig. 2. The output of
the circuit will give you a mild electric shock which
should be just enough to disturb your sleep but not
enough to wake you up.

The output, from a small mains transformer
connected ‘back-to-front’, is taken to a pair of
metal electrodes, which you can tape or bandage
to your arm or leg. Both electrodes should be
attached to the same limb to prevent a conduction
path through your heart. As for all devices which
make electrical contact with your body, it must be
run from batteries and not from any kind of mains
power supply.

With the electrodes in place, press the ‘test’
button and adjust RV2 to give something more
than a tickle, but less than an aaaaaargh! Set RV2
to maximum resistance before you start — it’s best
to begin with a tickle and work your way upwards
rather than the other way around! Set RV1 to give

If you don’t like the thought of an electric
shock (however mild) you can probably rig up
something to use the brainwave monitor’s internal
sounder to disturb you slightly. The only objection
to using it unmodified is that it will continue to
sound during the entire period of REM sleep,
which may very well wake you up. Some kind of
timer to allow it to sound for a few seconds and
then shut it up for half an hour would be needed.

Since researchers into dreams seem to favour
the shocks, I can only assume that they are more
effective than the sounder in bringing on lucid
dreams but the final choice is up to you.

Breathing Rate Monitor

Now we change direction and begin the breathing
rate monitor. Anybody who takes a serious
interest in sports or athletics (beyond watching
them on TV!) will find this a very useful aid to
training. On a very broad level, two guidelines to
general fitness are your resting breathing rate
(which should decrease as fitness improves) and
the time your body takes to recover from exertion
— the quicker the better.

The specific training requirement for different
sports vary so widely that there’s not alotI can say
about them here, other than to direct you to the
sports section of your local library. If you belong to
any kind of sports or fitness club, there will no
doubt be somebody who can advise you on how
best to train.

The main problem with designing a breathing
rate monitor is that the information arrives so
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ALL
RESISTORS
100k
5] 4| 3| 10 18| 13] 12] 14] 2 | |
01 D2 03 o4 05 08 07 O8
INPUT O——d DATA — DATA
4015 4015
rcwcrz — CLOCK
] 1 T—

Fig. 3 Running average circuit with shift registers
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the duration of shock — a second or so should be
enough.

When you are ready with all the electrodes in
place, press the ‘reset’ button to clear the counter
(IC1) and let yourself drift off to sleep. After about
half an hour, the counter will have reached the
point where O22 goes high. This arms the rest of
the circuit and freezes the clock (via D1) so that it
remains in a state of readiness until you dream.

When the brainwave monitor decides that
you have entered the REM phase of sleep, IC2 is
triggered which imparts your dose of electricity
and resets the counter to disarm the circuit for
another half an hour. With any luck, you’ll be
having a lucid dream in the meantime, and several
more during the night at the start of each period of
REM sleep.

The period of the counter can be altered as
indicated in Fig. 2 by taking the output from a
different pin of the IC. Fine control can be achieved
by adjusting R7 — a larger value for a longer time
period, a smaller value for a shorter one.

slowly! A common approach to rate meters of any
kind is to count events over a certain period,
updating the display at the end of each counting
period. Let’s suppose we do that with the respira-
tion meter.

To make life easy, we could just count the
number of breaths occuring over one minute,
dump the result into a display and hold it while we
collect another minute’s worth of data. But what’s
the use of a display that only updates once a
minute? A minute is an awfully long time if you’re
sweating away on an exercise cycle or pounding
round a track! Cyclists will often train with thirty
second bursts of maximum effort — they want to
know what’s happening while they’re doing it, not a
minute later!

OK, so how about we count the number of
breaths over six seconds, multiply by ten to get the
number of breaths per minute, then plonk that in
the display and update it ten times a minute. But
suppose the breathing rate is 15 per minute.
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During the six second sample period, one of
two things can happen: we record one breath, or
we record two breaths. There is no other
possibility. Sometimes the display will show ten
breaths per minute, sometimes it will show twenty.
Never will it show fifteen! Reducing the sample
period only reduces the resolution.

Right, we’ll have twenty data collection units,
each staggered by three seconds and updating the
display in turn. Too expensive!

We’ll measure the time between subsequent
breaths, take the reciprocal and display that,
updating after every breath. But will the input
circuit reliably trigger at exactly the same point on
each breath? Every bit of jitter will be displayed.
Does the user really want to see the display flicking
about as the time between subsequent breaths
changes slightly? Probably not.

However the input is derived, we’re clearly
going to need some kind of running average circuit.
One that settles fairly quickly and doesn’t have
excessive ripple. And so as not to bore you with my
own analogue-versus-digital debate, I'll tell you
without further ado: I'm going to do it digitally.

This sounds like heavy stuff — micro-
processors, number-crunch ICs, crystal clocks
and the like. No way! Do-it-all ICs may be con-
venient but they are also expensive and, unless
you intend to use them to their full extent, not
worth the silicon they’re diffused on.

Figure 3 shows a little circuit for you to think
about. In case you're just about to faint at the
thought that I might be expecting you to solder a
dozen shift registers together, let me reassure you
quickly that it’s not the circuit of the project, it just
demonstrates the principle (although 1 did
originally design it for a practical purpose but

thereby hangs another tale, as they say).

The way it works is quite simple. Suppose that
the clock is set so that any data at the input takes
exactly one minute to make its way though the
shift register chain and drop out of the other end.
Suppose that each breath causes a single 1 to be
fed into the first shift register. At all other times the
input is zero.

When the circuit has been running for awhile,
the number of 1s making their way through the
chain will be exactly equal to the number of
breaths taken in the previous minute.

If you look at the output of the circuit, you’ll
notice that if the shift registers were entirely full of
1s, the output would be at +Vpp. If they were full of
0s, the output would be at Vss. Suppose that there
were 100 shift register sections in the chain, each
connected through a resistor R to the output
buffer. You might have a sneaking suspicion that
each extra output that went to a 1 would step up
the output voltage by 1% of Vpp. And you’d be
absolutely right!

The voltage at the output measures the
number of 1s in the chain, which measures the
number of breaths taken over the previous minute.

Of course, there’s no need for 100 shift
register sections. By juggling the clock rate, the
number of ICs and the gain of the output buffer,
you can have any resolution, scale factor and
averaging interval that your heart may desire.

The disadvantage of the circuit is plain to see.
In a nutshell, too many IC’s. If you enjoy logic
puzzles, see if you can come up with a way of
making this into a practical circuit. Oh yes, and I'd
like a digital output suitable for driving seven

segment displays please. I've got to do itin tj
next month’s issue, so wish me luck!

LJd[0dd

DIS5CO LIGHTING KITS

DL1000K This value-for-maney 4-way chaser
lealures bi-directional sequence and dimming
1kW per channe) £19.25
DLZ1000K - A lowe coal uni-directional version
of the above Zero swilching 1o reduce

interference £10.80
DLA/1 (for DL & DLZ 1000K) Opiianal plo input
allowing audio 'beal /light response i

DL3000K - 3-channel scund lo light kit features

ELECTRONIC GUARD DOG KIT

Qnouflhnb-lidummlmuwan d
wnd thes navy kil provides tha barung .M
ml The kit whan sssamided

zera vollage switching, automalic level conlrol
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B000K is an B-wey sequencer ki with buit " ssurs mal of any ol
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of threatening intrades
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50p* & SAE
for CATALOGUE

(AUTUMN 1987)

*refundable with first order
\ORDERS: RING (01) 567 8910 — 24 HRS.

SUPER-SENSITIVE FM
w MICROBUG

taming EIGHTY — YES BOI differant sequences
Including standard flashing and chasa routines
The KIT includes huli insructions snd sl compon-
on1s {sven the PCB :onnectors} and requires only
n box snd 8 control knob 1o complets Other
features inciude manual saquence apeed adjust-
mant, kefo volege swiching LED mume lamps
and sound to light LED and a 300 W output per
channsl XK125 Complete kit of paris ....... £24.00

wiich is sssential 1o uam the loud scund
requirted. The "'dog'’ gan be adiusied 10 produce
barks ranging from n‘fmrlulnAlmunmd
contams crcunry to produce

barks giving a more realistic etfect.

ATILE RENOTE

TF { And the best thing sbout it is the price
N_ WIETTESS maen i This kit incl ony£31.50 MICROPROCESSOR TIMER KIT
= e ell components
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E’ 10 moka a sensi- Irol 4 oulputs

tive IR recaiver
with 18 logic
outputs (0- 16V} which with suitabie interface
circuitry (relays, tc — detsils supplied)
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equipment on or off remotety. The outputs

mau ha latphad fro sndal ar
may be latched (1o coda} of

independently
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o ouALiTY
S PCB WITH

oeR EES\ST (20 x 40mem}
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mu:ropnone Frequency 88-100MHz enabling
receghion on a slandard domestic FM radio Range
approximaltely 300 depmnding  on  terrain.
Powered by 9V PP3{Tma) 11 small size and highly o Y (on durin, by spe-
cilying the decoder IC and & 16V stabilised

sensilive electret i ciaphona makes 1L deal for

Includes bos 18 hime setfings
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Size {excluding transformer) 8 x 4 x 2 cme { BOUANTY conneclors and one relay Will accept up
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Supply: 280V ac, Size: 80 x 50 x 45

fraction of the normal price and don't be
caught without that odd resistor or
capacitors to complete your project All
components supplied are to full spec. and
are not seconds on surplus stock,

Pack A: 650 x 25 watt resistor 47R-1ghél

e vohaﬁ"mru 1-9 a loudspaaker] vis
or, Instructions are also sup-

use
MK12 IR Recaiver (incl. transformer) table-1op/wall-mounting charging
£ bracket. Reaches soldering temperature
in 10 seconds. Includes lamp which

lights when soldenng Comes wilth

MK18 Transmitter it
MK8 4-W
Pack B: 60 x Radial electrolytics 1uf fyiKevboard
1000uf

£4,
E3.25 MK10 18-Way Keyboard .

mains charging unitand 12V car batiery

Pack C: 30 x Polysster capacitors 601 133 Box for Transmitter ... XK124 STROBOSCOPE KIT .... £13.75 adaptor Special Offer £15.95
8 ur - 1y -
Pack D; 35 = horizontal presets ELECTRONICS SEND 9"x8"S.A.E&

50p FOR CATALOGUE
13 BOSTON RD  ORCALL AT SHOP
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Tel: 01-567 8910 SATURDAY 10-4pm
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Pack E: 30 » IC sockets 8, 14, HOME LIG
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Manu Mehra has

DYNAMIC NOISE
REDUCTION

n many audio applications a ‘complementary’
noise reduction system such as acompander

cut noise to the

minimum with this
simple project for

beginners to

or Dolby cannot be implemented. These
involve encoding the program material
before recording it and decoding it prior to
playback. The encoding involves compressing the
dynamic range of part or all of the signal whilst

? decoding involves expanding the dynamic range
lectronics 3 Bvol
etectro back to its original form.

In systems where such complexity is not
desirable or encoded material is unavailable, a non-
complementary system proves more effective.

R/IN O—m CONTROLLED —C R/OUT
FILTER
, :
HIGH I\\ PEAK
PASS - LEVEL -
FILTER I/ DETECTOR
SUMMING CONTROL ¥
AMP AMP
Al AZ
AUDIO
LN Ot CONTROLLED —0O) LIOUT
FILTER
Fig. 1 Block diagram of the dynamic noise
reduction system
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Such applications include FM stereo
receivers, cassette and tape decks without a noise
reduction system or even a turntable where noise
reduction would not go amiss.

The system described here is known as
dynamic noise reduction and is introduced into the
signal path between the source circuit and
amplifier. The system is neatly packaged with a
single IC — the LM1894,

Dynamic Noise

Dynamic noise reduction utilises three important
facts for its functioning. The first is that noise
caused in an audio channel by heating of resistive
components in the circuitry (thermal noise) is dis-
tributed over the entire output bandwidth of the
circuit (although its amplitude differs with signal
frequency).

The second is that the total output noise level
is proportional to the square root of the system
bandwidth. So if the bandwidth is reduced, so is
the total noise level at the output.

The third fact is known to anyone who has
listened to a ‘hissy’ FM broadcast. Certain sounds
seem to drown the noise and sound clearer. This s
known as auditory masking and occurs due to the
program sound stimulating the same regions of the
ear as the noise and overshadowing the noise. It is

e

i a

-
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HOW IT WORKS
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most prominent with high frequency sounds con-
taining lots of harmonics.

This noise reduction system uses two low
pass filters (one for each channel) to widen and
narrow the system bandwidth in response to the
input program signal (Fig. 1). The bandwidth is
altered by controlling the cut off frequency of the
low pass filters with a DC control signal derived
from the program material’'s amplitude and
frequency content.

Auditory masking is relied upon when the
bandwidth is fully open to drown any noise — such
a condition does not usually occur for too long
during a piece of music or speech.

It must be appreciated that the circuit cannot
respond immediately to a sudden change in
program signal frequency and needs time to alter
the cut off frequency of the bypass filters to allow
the signal to pass through.

The LM1894 takes 0.5ms to adjust to this
change. Fortunately the ear has difficulty respond-
ing to any distortion caused during this short
change.

Note that only one control signal is used to
control both left and right channel filters to main-
tain a stable stereo image. Note also that a high
pass filter is included in the control path. This is to
prevent low frequency, high amplitude sounds
causing a high DC control signal to the filters and
unnecessarily raising the cut-off frequency. This in
turn would imply the bandwidth has been
excessively widened and more noise can get
through to the output. The high pass filter ensures
the cut off frequency is just above the highest
significant harmonic of the program material.

The output of the control path is not propor-
tional to the input signal frequency. It is weighted
to provide more noise reduction (greater control of
51gnal amplitude) in the 2-10kHz band where the
ear’s sensitivity is greatest and noise most audible.

Construction

The noise reduction system can be built either ona
PCB or using stripboard. Which you choose will
depend on your expertise and your pocket.

The system is of a professional quality and so
it does not pay to spare expenses. C3 and C4
should be polystyrene type capacitors while a poly-
propylene capacitor should be used for C5. Use
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Fig. 3 The component overlay for the
printed circuit board.
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the highest quality socket you can find for IC1.

Shielded, co-axial cables should be used to
connect the input and output terminals to the
signal source and amplifier. If the system is to be
used in a stand alone configuration (not part of an
audio system) stereo jacks should be used to take
the audio signal to and from the circuit. Ordinary
single core wires may be used to connect SW1and
the power supply to the circuit.

SK1 R/IN e

SK3 R/OUT -—tip

SE2 LN

L the stripboard ve

Fig. 4 The component overlay and track cut positions for

SKaA L/OUT

rsions

Solder IC1s socket into the board first
followed by the five wire links if vou're working on
stripboard. Next solder in all axial capacitors and
cut off the excess leads. Chec king polarity, solder
IC2 followed by the electrolytic capacitors, Finally
the shielded cables, batterv and SW1 can be
connected.

The PCB and a 9V battery will fit comfortably
into a 125x50x25mm case. Use a metal case for
shielding the circuit against radio interference.

The LEDs and their associated current
limiting resistors (R1,2) are not essential and can
be left out altogether.

Setting Up

Plug in a suitable signal source and amplifier. This
project should be fitted between pre-amplifier and
power amp. If you have an integrated amp the
project can be connected into the auxiliary send/
return loop like a graphics equaliser or even (ata
pinch) between the cassette deck (the worst noise
culprit) and the amp.

Switch on (SW2) and switch SW1 to the noise
reduction position. RV1 should now be adjusted
for the optimum noise reduction setting. Turning
the preset clockwise will increase the amount of
noise suppression.

Too much noise reduction will give a loss of
high frequencies. The correct setting is a com-
promise and is best achieved by repeatedly switch-
ing the bypass in and out ( SW1) as RV1 is adjusted
to find the best setting for vour system and your
ears.

Although cassette systems are the worse
noise offenders and stand to gain the most from
this project, it will also perform well with tuners and

even record decks as the sound source. IE

SPECIAL OFFER

FOR SPECTRUM AND BBC MICRO OWNERS

=

Bath units are extremely easy to

the documentation you need.

a copy) and send it with your remi

Now your computer can take control for
an affordable price. These tried and trusted
interfaces from DCP Microdevelopments are
offered at £20 off the normal price.

both Basic and assembler/machine code and
are supplied ready built and complete with all

To order by post fill in the form below (or

ASP READERS’ SERVICES (RO ET5/6)

use from

INTERBEEB £49.95

The Interbeeb unit connects to the BBC
micro's TMHz bus expansion connector
and is supplied complete with its own
power supply unit.

The interface unit is housed in a plastic
case approx 4%x3x1lin which contains the
top quality double sided PCB and interface
connectors.
© 8-bit input port

8-bit output port

INTERSPEC

ttance to

)
£29.95 : four switch sensor inputs
)

four relay-switched 12V 1A outputs

9 Hall Road, Maylands Wood Estate,

Hemel Hempstead, HP2 78H

Please make cheques payable to ASP |td.

Overseas orders add £5 (Interspec) or £10

{Interbeeh) for airpost.

Access and Visa card holders can also place

their order by phone on (0442) 41221

Allow 28 days for delivery.

I——Please supply ...... Interspecs (RO ET5) at

£29.95 plus £1.95 p&p per order.
Please supply ...... Interbeebs (RO ET6) at l
£49.95 plus £1.95 p&p per order.

Name

Please debit my ACCESS/VISA card |

NO ciiviveiiiiinne, to the sum of l

The Interspec unit plugs directly onto
the expansion edge connector of the
Spectrum to provide a full range of
interfacing facilities.

The unit is housed in a plastic case
approximately 4%x3x1in which contains the
top quality double sided PCB and interface
connections.
8-bit input port
8-bit output port
four switch sensor inputs
four relay-switched 12V 1A outputs
eight channel multiplexed analogue to
digital converter
® 15-way expansion bus

All sections of the interface are /0 port
mapped and designed for maximum com-
patibility with existing Spectrum
peripherals. Power is supplied through the
Spectrum edge connector.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home-built
devices. Connection is by multiway PCB
connector and all the information required
for adding further devices is given.

eight channel multiplexed analogue to
digital converter

precision 2.5V reference

external power supply

15-way expansion bus

All sections of the interface are memory
mapped in the IMHz expansion map for
maximum ease of use and compatibility
with existing peripherals.

The expansion bus provides all the data
and address/control signals for the addition
of further DCP modules or home-built
devices. All the information required for
using additional devices is included.
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B 25/30 Watt MOSFET Audio Power Amplifier 4-8 Onms Kit
£21.97 R/Built £26.00

Mains lamps. Includes LED display board and LED lamps
Kit £15.89 R/Built £19.15

W Mains Add-on interface board for controlling Mains lamps
from our running light unit Kit £4.95 R/Built £5.00

* Plus & Minus regulated power supply 1-Amp state 5, 12,
15, or 24v Kit £11.82 R/Built £14.82

B Variable Time Delay Relay unit Kit £5.71 R/Built £7.71

W 25/30 Watt 12-Volt opp. R.F. Linear Power Amplifier for

. Amateur Radio Kit £26.66 R/Built £31.66

B Selectable tone generator 9—12v operation Kit £5.50

R/Built £7.50

B 3 Note Electronic Door Chime unit, 9 volt operation,

3 melodious tones, variable frequency, Kit £9.83 R/Built

£12.00

W Miniature FM Transmitter, 60—145MHz Kit £6.95 R/Built

£8.95

B 3 Watt FM Transmitter, 80—-108MHz Kit £13.99 R/Built

£18.99

W 300 Watt Light Dimmer unit for 240 volt mains lights Kit

£6.95 R/Built £10.95

B 4 Code Digital Code unit plus Key Pad - Select own code 9

volt Kit £16.31 R/Built £19.95

B 5-100 Watt Electronic Loudspeaker Overload protector,
adjustable Kit £11.40 R/Built £15.40

| VU Meter 10 LED indicator, 5 to 12dB range Kit £13.63
R/Built £18.63

B 18 Watt Car/Home Power Amp 12-V Kit £14.50 R/Built
£16.80

@ Amplifier Power Meter, 10 LED indicator from 0.25-100 Watt
input — 9 volt operation Kit £12.94 R/Built £14.94

M Light sensitive relay unit; variable

sensitivity trigger control;

senses light or dark —

selectable Kit £8.91

R/Built £10.91

B 10 Channel Variable Speed running light Kit drives LEDs or
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M Wireless FM Duplex telephone — sold in pairs for
Office/Home £54.00
W 5mm LCD digital sports Chronograph hand held £10.95

B Digital Blood pressure metermonitor LCD readout £44.83

W Digital LCD temperature module for panel mounting —18°C
to + 68°C £16.82

| RSl iculﬁl |.CD Professional series digital multimeter,
reads Capacitanoe, Temperature. Vollage, Conduclance,
Diodes, Transistors AC/DC voltages & Continuity £63.25

W Zenith Speech processor P-202 £29.50

B High guality louch dimmer
500W £12.99

B Mains Wiring and Metal
Detector £11.00
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B Al Kits contain full instructions PCBs and components Wl Al
prices include VAT and postage and packing B Overseas orders

add 10% to above prices B Please send Cheque or Postal O

with Order

Zenith Electronics Dept. |
14 Cortlandt Business Centre
Hailsham, East Sussex, UK BN27 1AE
Telephone (0323) 847973 Orders
Telex 878334 FAX 647204 Telephone (0323) 847973

Acoess & Barclaycard
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WE’'RE BACK!!

After an absence of several years in ET|
Greenweld are back with even better
bargains. This ad shows only a tiny
fraction of our stock - send for the 1988
Catalogue + Supplements ~ 128 pages of
bargains for just £1 inc. post, or call in
and see us.

| NEW THIS MONTH |

RELAYS + LAMPS Over 11,000 just
arrived - details on Bargain List 38. E.g.
2255 6V DPCO plug in relay 80p 2327
6.5V0.15AMES 1 amp 10 ............ £1

LCD + DRIVER PANEL

2027 2 PCB’'s 93 x 42mm linked by

ribbon cable. One has a 3% digit LCD in

holder, the other a ICM7211AM 1PL +

4070 {value over £14) .. £5.00

2028 As above, but W|thout dlsplay
£2.50

CHIPS

INS8048/9/50 single chip micro with
1k/2k/4k ROM & 64/128/256 RAM,
27 1/0 lines. 40 pin. Supplied with data
sheet T L e £3/£4/£5
SPEECH SYNTH KIT
2315 All parts inc. PBC to make a speech
synth for the BBC micro £4.99
2316 De-luxe version - also includes
V216 case, Tm 20W cable + connector

Z811. Cumana Touch Pad for the BBC
computer. This remarkable add-on
enables you to draw on the screen using
a stylus with the touch sernsitive pad.
Supplied with 2 stylli, power/data
connecting lead & demo tape with 4
progs. Originally being sold at £79.95,
later reduced to £49.95 - but we can
offer a limited quantity of these brand

new and boxed for just £00.00
PRESSURE SWITCHES
Both types need only very low air

pressure to operate - just blow down the

tube!

2024 80mm dia. x 45mm thick. SPCO

switch rated 16A 250V AC . BOp

2025 Sim to above, but J?Inm thick
. . BOp

TRANSFORMER

2023 Phillips, nicely cased. Mains input

via 2m lead. 6V 35VA (BA) output to

screw terminals . o £3.20

COIN OPERATED MECHANISM
Made by Coin Controls, this will accept
various size coins by simple adjustment
of 4 screws Incorporates various
security measures — magnet bent coin
release etc. Microswitch rated 5A 240V
Front panel 115 x 64. Depth 130mm.
Cost £10.85. .............. Our Price £4.00

REED SWITCHES
K569 A selection of about 15 types from
12 to 50mm long, mostly from A, few

from C. Pack of 30 _..................... £2.75
2797 Min 15 3mm long

20/£1.50; 100/£86; 250/£12
2798 Large 50.8mm long

10/£1.50; 25/€£€3; 100/£10
2799 Changeover 40mm long
5/£1.50; 25/£6; 100/£20
TOOLS

Scoop purchase of high quality surgical
instruments ideal for electronics use
Z308 5" lightweight long nose pliers
...................................................... 99p
2309 5'%:" as above but with ratchet
This enables pliers to be locked together
- for holding small components, or as
heat shunt etc. ... £1.20
Other types on Bargam List 36

GREENWELD

ELECTRONIC
COMPONENTS

SWITCHED MODE PSU’s

2026 Astec model AC9355, 65W unit
115/230V AC input. Outputs: +5V BA;
+12V 1.6A; +12V 2. 1A; -12V 0.25A
Normally over £70. . Our Price £24.95
Astec type AA7271. PCB 50x50mm has
6 transistor cct providing current
overload protection, thermal cut-out and
excellent filtering. Input 8-24V DC.
Output 5V 2A. Regulation 0.2% £5.00

Z810 KEYBOARD Really smart alpha
numeric standard qwerty keyboard with
separate numeric keypad, from ICL's
‘One Per Desk’. Nicely laid out keys with
good tactile feel. Not encoded - matrix
output from PCB taken to 20 way ribbon
cable. Made by Alps. Size 333 x 106mm.
73 keys ..., £8.95
2004 Skeleton Joystnck “switch type
Good quality, made by AB. Brass spindle
has 44mm long black plastic handle
attached. Body has 4 mounting holes.
These really are a fantastic bargain!!

; ONLY £1.00

ENTERPRISE PANELS

2658 PCB 325 x 158 with 64k of RAM (8
x 4864), ZBOA microprocessor + 21 other
chips, UHF modulator, speaker etc. ROM
and Nick and/or Dave chips missing
supplied with cct and data ......... £8.00

VIEWDATA LTV

2697 Interface Panel 166 x 150 with 3 x
LM324, LM339, LM393, 4066, 11
transistors, 3 reed relays etc. 3m lead
with BT plug attached. Supplied with
comprehensive data and costs .. £2.90

SOLDER SPECIAL!!
* T5W 240V ac soldering iron
* High power desolder pump
* Large tube solder
ALL FOR

£7.95

SOLAR CELLS

Giant size, 90mm dia. giving 0.35V 1.1A
output, . £4 each; 10+ £3.50
Mega size - 300 x 300mm. These incor-
porate a glass screen and backing panel,
with wires attached. 12V 200mA output
Ideal for charging nicads . 24.00

NewBrain

Z494 Motherboard microprocessor
panel 265 x 1565mm. Complete PCB for
computer 280, char EPROM, etc. 68
chips altogether + other associated com-
ponents, plugs, skits, etc. ......... £5.50
2674 DATA PACK. Interfaces and
connector pin-out, i/p, o/p, port map, cct
diagram + data on COP420C .0

2672 MOTHERBOARDS Complete but
probably faulty .. _ £3.50

‘NEWBRAIN' PSU Stablllsed Supply in
heavy duty ABS case with rubber feet
Input 220/240V ac to heavy duty
transformer via suppressor filter.
Regulated DC outputs: 65V @ 12A;
13565V @ 0.3A; - 12V @ 0.05A, Al
components readily accessible for mods
etc. Chunky heatsink has 2 x TIP31A,
Mains lead (fitted with 2 pin continental
plug)is 2m fong. 4 core output lead 1.5m
long fitted with 6 pole skt on 0.1” pitch
Overall size 165 x 75 x 72mm

.. £5.95 each 10 for £40

CREAM DISPENSER
2801 Coin operated machine for
dispensing hand cream. Cabinet 620 x
365 x 200mm, wt 10kg, contains coin
mech, PCB, counter, pump mech
consisting of high torque geared 6V
motor driving cam that pumps cream, &
sensing components, all powered by
internal 6V 2 6A rechargeable battery
£15 + £5 carr.

AII prices |nc|ude VAT just add £1.00
P&P Min Access £5. No CWO min.
Official Orders from schools welcome -
min_ invoice charge £10, Our shop has
enormous stocks of components and is
open 9-5.30 Mon -Sat. Come and see us!
HOW TO CONTACT US:

By post using the address below; by
phone (0703) 772501 or 783740
(ansaphone-out of business hours);, by
Fax {0703) 787555 by EMail: Telecom
Gold 72:MAG36026; by Telex 265871
MONREF G quoting 72:MAG36026.

443A MILLBROOK ROAD
SOUTHAMPTON SO1 OHX
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Graham Nalty
follows the
regulation of his
super-fi amplifier

VIRTUOSO POWER
AMPLIFIER

am sure it is not necessary to explain to ETI

readers the sonic benefits of requlated power

supplies in an high quality amplifier like the

Virtuoso. The low current regulator here uses

a very simple circuit modified to improve the
sonic performance.

The basic circuit, probably familiar to many
readers, is shown in Fig. 1. The output voltage is
set by ZD1, Q2, R2 and R3.

It works like this.

If the voltage across the zener diode is 12V
then the voltage at the base of Q2 is about 12.6V.
Assuming the current through R2 and R3 is large
compared with the base current of Q2, then R2
and R3 act as a voltage divider and the output
voltage will be:

(R2 + R3)
R3

If the voltage falls, Q2 base current and
collector current fall accordingly. This reduces the
current through R1, thereby raising the voltage at
the base of Q1 and hence restoring the output
voltage.

If the output voltage rises, the current through
Q2 increases and lowers the base voltage of Q1.

12.6 x

Better By Design

The power supply circuit is shown in Fig. 2. The
design of the Virtuoso regulator is required first
and foremost to achieve a good sonic
performance.

For this reason, power transistors are used
for all those transistors in which the dissipation
varies with the voltage or current of the audio
signal, even in the smallest way. They are also
attached to a heatsink to ensure that temperature
generated distortion is kept to an absolute
minimum.

Another feature of the design is that apart
from the reservoir capacitors, which are bypassed
with plastic film capacitors for fast high frequency
response, capacitors in the regulator circuit are
kept to a minimum, and those that are used are of
the highest quality (lowest loss factor).

In my experience low power zener diodes add
distortion to the audio signal, so in the actual
circuit the zener diode ZD1 of Fig. 1 is replaced by
a transistor (Q1l1, Q12) and two resistors.
Capacitors C11 and C12 are fitted to lower the

)

Vin -

f
™
l 2= B ‘ %
T =
W (%]

regulated power supply

Fig. 1 The basic circuit of the
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impedance of this circuit at high frequencies.

Another requirement for good sonic perfor-
mance is low power supply ripple at the output. In
the circuit of Fig 1, ripple voltages (due both to
rectification and to variations in load current) at
the input can be fed to the base of Q1 and the
output ripple performance will not be too good.
This can be improved considerably by replacing R1
with a constant current source.

In Fig 2, the constant current is provided by
R4(R5), R8(R9), Q9(Q10) and Q11(Q12). Thisis a
standard two transistor constant current source.

By adding constant current diodes D5 and D6
in series with R8 and R9 the impedance consider-
ably increases, which raises the dynamic
impedance of the current source feeding the
regulator.

Current limiting is provided by Q5(Q6) and
R6(R7). When the current limit of 60mA is
reached, a voltage of 0.6V is reached across the
base emitter junction of the transistor. This causes
the transistor to conduct and to starve the base of
Q11 of current.

In this way the current from the current
source is reduced and the output voltage drops.

As the power dissipation of the series tran-
sistors is much greater than the power dissipated
when the output is short circuited no further
limiting is required.

C9 and C10 are fitted to maintain high
frequency stability.

A Case Of Power

Two PCBs have been designed for the regulated
power supply. For installation in the 2U case
version a horizontal PCB is used, whilst a vertical
PCB is used for the 3U case.

There are two major reasons for choosing to
use a 3U case. Firstly it enables larger power
supply components to be used in a mono bridged
amplifier of around 200W to 400W rating into 8Q.

Secondly the 3U version has been developed
using much larger reservoir capacitors for the
power supply to compensate for the effect that
upgraded cables and passive components can
have on the perceived balance between bass and
treble instruments (better quality components
allow more high frequency energy through while
reducing lower resonances).

Other modifications on the 3U versioninclude
three bypass capacitors for each of the main
reservoirs and the facility to use fast-recovery
diodes on a heatsink for rectification.

The Ameliorated Amp

Before describing how to build the regulator, I
want to say a few words about some of the special
components used in the upgraded versions.

The Holco resistors listed are more expensive
than standard metal film resistors, but when you
consider how much you pay for metalwork and
transformers in a big amplifier, the quality is well
worth the cost. | have not suggested using bulk foil’
resistors, but that option is certainly open to con-
structors who want to get the absolute best
performance.

Bypassing is used to speed up the response to
all signals at all frequencies. The larger the
capacitor the greater the inductance, and the more
important it is to bypass it. That is why a high
quality long life electrolytic capacitor is used as a
bypass. The LCR EXFS/RP extended foil poly-
styrene capacitors were first used for the RIAA
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equalisation in the Virtuoso pre amplifier and have
proved to be of the highest sonic quality.

The solder you use can affect your sound
quality, and strong claims are made for an
American solder called Wonder Solder. (Many
manufacturers of very expensive interconnecting
leads use it).

Construction
There is only one way to build the main power
supply shown last month — slowly and carefully.
At the input side you are dealing with mains
voltage, while the transformer secondaries have
extremely high current capability and the reservoir
capacitors will go bang very loudly if shorted.
The circuitry is easy but ensure you have
checked and rechecked each connection, in
particular the main input socket, the bridge
rectifier connections, the earth connections and
the reservoir capacitor polarity (a wrongly con-
nected reservoir capacitor will give a low DC
reading and gradually get warm, so can be
detected before damage is done).

BUYLINES

All components that are fiot readily -available from
normal suppliers can be abtmm&i«frugp Axunjwkns 6 Mill
Close, Borrowash, Derby DE7 36U, Tel: (0332) 674929,
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Fig. 3 Component overlay for 2U-version regulator board.

Building Regulation

Building the regulator boards is quite straight-
forward (the overlay diagrams are shown in Figs 3
and 4). )

Components would be best installed in the
order: resistors, small capacitors, diodes, small
signal transistors, power transistors mounted on
the heatsink, and finally the large capacitors.

Mount the resistors so that the colour codes
or printed values (in the case of Holco resistors)
can be easily read for error spotting.

Before testing the power supply and regulator
you will need to make the AC connection from
BR1 to the low current power supply as these and
the leads from the mains transformer are attached
to the same Y,in connector.

It is important to make sure the ends of these
leads cannot shart, and possibly the best way is to
bolt the low current power supply PCB in place
with the two relevant pins soldered on. The wires
can then be attached to these pins.

It is always a wise precaution when testing
new equipment to assume there is a short circuit at
the input (just one wrongly connected diode could
do precisely that). To this end [ advise using a 22R
to 100R carbon resistor in series with the supply
before switching on.

Next check that the earths E4, 5 and 10 are
connected to OV.

Now switch on.

Each of the outputs should read +45V or —45V
(or £38V if you are using a 30V AC transformer and
4k75 for R16, 17, 116, 117).

Test Voltages

The DC voltage across each reservoir capacitor
should read about 1% times the rated AC voltage
of the transformer secondary (+50V for a 35-0-35
transformer).

The woltages across the following com-
ponents should all read 0.6V: R4, R5, R12, R13,Q7
base-emitter, Q8 emitter-base, Q11 emitter-base,
Q12 base-emitter.

You should read 20 to 23V between Q13 and
Q14 emitter to OV. Across R16 and across R17 you
should read 20.6 to 23.6V.,

If you want to get the full output power from
your amplifier, it is essential that the low current
power supply is set to the maximum usable value.
In practice when the mains is running low (5%
below normal) the total voltage drop across the
current regulator is not less than 2V. If the rectified
DC reads 50V the regulator output should not be
less than 45.5V,

The output voltage can be set by varying any
of R10 te R17 but for convenience adjust the +ve
supplies by varying R14, 114 and the -ve by R15,
115. The values shown in Parts List are carefully
chosen but the optimum is affected by V. and H..
characteristics for Q11-14.

The output voltage can be calculated as:

Ve = VR16 X (RL+R16)_+ Qlllb x R14

R1
where Vg4 is the voltage gcmss R16 and Q11l, is
the base current of Q11 for a gain of 50.
Q11 * R14 is typically about 1V.

I have purposely not used a preset here so
that the sound quality will not be degraded.
Changing resistor values is inconvenient but a
small price to pay for quality.

So with your power ready and regulated, next
month we can move on to examine the amplifier
board that will complete the Virtusso Power
Amplifier.
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Graeme Durant
rounds off his
Spectrum’s big
brother with the
operating system
software and a look
at putting it to
work

40
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SPECTRUM
CO-PROCESSOR

ow the hardware is all assembled we

should take a look at what actually

happens in the co-processor, once it

has received a valid command. Of

course, this rather depends on what
the command is.

When not executing commands, the co-
processor is looping round a short routine,
basically wasting time. When a command arrives,
causing an interrupt te occur, the CO-processor
first disables its interrupt, thereby preventing
other commands from interfering, and then coples
the values from the four shared ports into four of
its memory locations which form a command
buffer called COM0-3, (see Fig 1). Havingreceived
a command, the co-processor must decode it to
find out what it has to do next.

Self Test

If the command is decoded as Execute Self Test,
the co-processor simply jumps off to execute this
routine. Three tests are carried out on the system.
The EPROM checksum is verified, the CPU
scratchpad RAM is checked and the DRAM pages
zero to seven are tested. The results of the self test
are then encoded into two bytes and stored in two
reserved RAM locations called TSTO and TST1
(see memory map) for subsequent examination.

The format of the results is shown in Fig 2.
When the test is completed, the normal hand-
shaking protocol described last month is used to
return control to the host.

Block Moves

It the command is a block read or write, then a
whole new handshaking scheme is entered, nested
within the main command protocol outlined last
month. The format of the block move command
from the Spectrum is shown in Fig. 3.

The block move command makes use of all
four shared registers at the same time. For the
sake of clarity, we shall refer to the shared ports by
the names TXO0 to TX3 when they are used as
output ports and RX0 to RX3 when they are used
as input ports.

Looking at the command ‘packet’ above, port
TX3 holds the commanditself (block read or write)
in its top four bits, with bit D7 set to force a co-
processor interrupt. The required memory page
(0-7) is held in the lower four bits of port TXS3.

Port TX2 and TX1 hold the starting address
within the selected page, from which the block

Address Contents Memory
(hex) type
FFFF
: For user’s 1 Main paged
: own applications Dynamic
J RAM
1400
13FF -
; For user’s
i own applications
1123
1122 | reg "1
1121 1Y hi byte
1120 1Y lo byte
111F I1X hi byte
1T11E (X lo byte
111D H' reg
111C L' reg
111B D’ reg
111A E' reg
1119 B’ reg
1118 C’ reg 280
1117 A’ reg g register
1116 F' reg shadows
1115 H reg Scratchpad
1114 L reg * RAM on
1113 D reg CPU card
1112 E reg
1111 B reg
1110 Creg
110F A reg
110E F reg J
110A USECOM User
command vect. NB Unlabelled
110B (110Bh = MS byte) areas of the
1109 CODEXE Code scratchpad RAM
_ running flag are used by the
: co-processor for
1105 TST1 housekeeping
1104 TSTO Self test functions
1103 coms status
1102 CcOoMm2 Command
1101 COM1 buffer
1100 CcoMo
10FF Top of Stack
s V stack
1000 ’
OFFF
E Operating
: software
0000 EPROM

Fig. 1 The co-processor memory map

move will begin. Port TX0 holds a number between
0 and 255, which represents the length of the block
to be moved, in pairs of bytes. Note that in this
case, 0 represents 256, and not zero!

Once the command packet has been received
by the co-processor, the data starts to be moved.
Again all four ports are used together to move two
bytes of data at a time from the block.

The handshaking scheme repeatedly trans-
fers these ‘packets’ of data until the entire block
has been moved over the interface. The format of
the block-move data packet from either the co-
processor or the Spectrum is shown in Fig 4. Ports
TX0 and TX1 hold the two data bytes themselves.
Port TX3 holds a constant pre-defined label which
identifies the information as a data packet. The
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actual values of this label in the Spectrum and co-
processor data packets were given last month.

Port TX2 holds a ‘packet count,’ termed the
Datacount, which starts at zero and is in-
cremented by one as each packet is sent. This
value is used as the basis for the block-move hand-
shaking protocol illustrated in Fig. 5.

As mentioned before, the handshaking
involved in transferring the block-move command
to the co-processor is exactly the same as the
normal process described last month. The data
movement itself is embedded into the section
reserved for ‘processing’ in the command hand-
shake scheme.

Regardless of whether a block read or write is
taking place, the first part of the protocol is
identical. The Spectrum sends the command
packet described above to the co-processor, thus
forcing an interrupt. Note that the contents of
TX0-2 should be sent by the Spectrum before TX3,
so that once the co-processor is interrupted all the
command information is present and valid. This
applies any time the command information
consists of more than just port TX3.

The Spectrum then waits for a response from
the co-processor, this time in the form of the
DATA label in port RX3, signifying the start of a
data block move.

Once the co-processor has received and
decoded the command packet as a block move, it
clears its Datacount port TX2, such that the value
there is neither one nor zero. The basis for the data
move handshake protocol is one of waiting for a
Datacount value from the other processor, which
is one greater than the last.

Once received, this signifies a readiness for
data transfer. The very first value expected, signal-
ling that data is ready or data is required, is either
zero or one, depending on the direction of transfer
in operation. Obviously, if the handshake port
initially contains this expected value before the
transfer is possible (as a result of a previous and
unconnected command sequence) then an
erroneous transfer will result. The initialisation of
the contents of port TX2 avoids such a condition.

After port TX2 has been cleared, the DATA
label is sent as an acknowledgement to the
Spectrum that the command was received and
understood. Then after the co-processor’s Data-
count variable has been initialised to zero, the co-
processor waits for the Spectrum to signal its own
readiness for entry line into the actual block-move
routine. The Spectrum does this by sending a
DATA label to co-processor port RX3.

Once the Spectrum receives the DATA label
from the co-processor, it also goes on to clear its
Datacount port TX2 for exactly the reason out-
lined above. Then the command interrupt is
removed from the co-processor by sending a
DATA label to the co-processor via port TX3.

This DATA label is an 8-bit value with its MS
bit zero and also serves to tell the co-processor
that the Spectrum is now ready to move data.
Finally, before the data move routine itself is
entered, the Spectrum Datacount variable is
initialised to zero, as in the co-processor.

The data move routine is now started. It is
from this point that the block read and block write
schemes differ. However, the ‘transmit’ routine in
the co-processor for block read is identical in
operation (if not in implementation) to the
‘transmit’ routine in the Spectrum for block write.
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Similarly for the ‘receive’ routines.

We shall now look at the generalised transmit
and receive routines in more detail.

The transmitting processor sends the next
two bytes (initially the first two bytes) of data to the
receiving processor via ports TX0 and 1. The
current Datacount value (initially zero) is then
written into port TX2 by the transmitter to signify
to the receiver that data is now available for
transfer. The transmitter increments its Data-
count value and awaits this new incremented value
from the receiver in port RX2 to show that the data
has been collected.

Meanwhile the receiving processor reads port
RX2 repeatedly until it contains its current Data-
count (initially zero) and then reads the data stored
in ports RX0 and 1, putting it into the appropriate
memory locations. The receiver’s Datacount is
then incremented and sent to the transmitter via
port TX2 to acknowledge the fact the data has
been read. This newly incremented receiver data-

LJA[0dd

Location TSTO — DRAM page status

D7 D6 D5 D4 D3 D2 D1

DO | 1=page OK

PGE7 PGE6 PGE5 PGE4 PGE3 PGE2 PGE1 PGEO

O=page fail

Location TST1 — EPROM/scratchpad status

D7 D6 D5 D4 D3 D2 D1

DO &F=-0K

EPROM test Scratchpad test &O=fail
Fig. 2 Self test results format
Port TXO Port TX1 Port TX2 Port TX3
D7 ...DO
Block length Start address | Start address Command
(byte pairs) LS byte MS byte Mempage 0-7
Fig. 3 Block move command format
Port TXO Port TX1 Port TX2 Port TX3
(n)th Data (n+1)th Data Datacount DATA
Byte Byte (Byte pairs) label

Fig. 4 Data packet format

count (and indeed the corresponding datacount
value in the transmitter) now represents the
number of data byte pairs transferred.

In both the receiver and the transmitter, these
Datacounts are compared to the originally stated
blocklength value from the Spectrum’s command,
to see if the block move has been completed. If the
Datacounts are still less than the blocklength, then
both the transmitting and the receiving routines
loop back to transfer the next two data bytes.

If however the datacounts are equal to the
blocklength, the most recently transferred byte
pair was the last. The normal command hand-
shake routine then takes over to complete the
process, before a new command can be executed.

Executing User Code

The other two commands left to look at in detail
are the User Code Execution command and its
associated Break from execution command.
These also work within the ‘processing’ sections of
the command handshake scheme but do not
require the elaborate specialised handshaking that
the block moves use. The scheme used is shown in
Fig. 6, along with the format of the command
packet from the Spectrum.
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) RE! INTERACTIVE 780

2 REM DEVELOPMENT BYBTEM FOR
3 REM USE WITH THE ETI

4 REM BPECTRUM COPROCEGSOR
5 REM

& REM B, Durant 1988

7 RER

8 REW veraion 1.0

¥ REM

10 REM Raserve mpace for code
12 CLEAR 47999
14 REM Set up screen colours
16 BORDER Or PAPER 01 INK 71 CLS
constants
ports
LET twl=i%l1 LET tx2v223: LET tx3J=25
Sy LET ruO=i0%: LET relsi¥13 LET rx22223: LET rn3=258

24 REM 2. Labels from Co-proc

LET inval=d2ds LET idiw=127s LET brkack=2401 LET

datid=2Mi LET bumy=258

28 REM 3. Opeodes from Spectrum

30 LET null=i37) LET mista=126: LET break=260t LET s
elftestuZ24: LET codesusc=1%2: LET blockwr=128: LET b(
ockrds | &0

32 REM Initialise ports

34 OUT tw0,01 OUT tx1,00 OUT Ex2,010 OUT tx3,nul

36 REM Dec o Hmx conversion

38 DEF FN h8{n)="01234547B89ABCDEF" (1+INT (n/14))+"0
234547B9ABCDEF” (1en-18+INT (n/16)

40 REM Wait until Coproc idle

42 IF IN rx3<>idle THEN CLS 1 PRINT "COPROCESSOR 15
BuBY, Host maiting for coprocessor to idle

44 IF IN rx3<>idle THEN GD TO 44

46 IF IN rx3<>idle THEN 6O TO 44

48 REM

50 REM sssesessanssseren

52 REM Main menu opticna

54 REM sesuasarsrsrasarsr

56 REM

S8 REM Option mcreen

40 CLB

42 PRINT AT 0,01 "Interactive 780 Development tool”;A
T 2,01 "Menu options"

&4 PRINT AT 5

- Load code/data into Spectrum
- Load code/data from Spectrum
T 11,01"3, Display Co-processor me
mory contents™jAT 14,0;"
Co-processar *jAT 17,

- welt Eeatt AT 20
"Bmlmct reguired option®

&5 REN Wait for user selection

68 LET a#=IMKEY®: IF IN rx3<>idle THEN GO TO 40

70 1 =** THEN B TO 68
o welected routine

OR as>"S" THEW GO TO &8

acute Co-processs
143"y FLASH @

4y
Th LET ootion=usl a%; CLS
70 B0 TO (eptionel00)s |00

204 PRINT “Load codw/dats frow Tape into  Spectrum r
mnoey

06 IMNFUT “What is Lhe nane of the Tile to e |cadeds

1 LINE e

210 CLS

212 REM Enaure valid filename

244 IF LEN 18>10 THEN PRINT "Invalid filename, try a

ain®) B0 TO 208

21& REM Load data

218 LOAD 8CODE 48000

220 REM Return to menu

222 BO TO 40

224 REM

300 REM sabésesttssrsstraassns

302 REM Move data into Co-proc

304 REM +#3018ssrsasaasassesos

304 REM

308 PRINT "Move code/data into Co-pracessor®: PRINT

310 REM Init address painter

312 LET addpntr=4B000

314 REM Bat user start address

316 60 SUB 1000

318 REM Get user block langth

320 GO SUB 2000

322 REM Handla block >= 512

324 1F blocklength>=256 THEN LET blocklength=blockla
Pgth=2561 LET blergth=0: GO TO 330

324 REM Handle block < 512

328 LET blangth=hlocklengthi LET blocklength=o

330 REM Send cammand to coproc

332 DUT tx0,blengthy OUT tul,lbyte: OUT tx2,hbytes OU
T tx3, nempage+blockur

334 REM Wait for DATA lakel

33& IF IN rx3<>datid THEN GO Td 334
338 IF IN rx3<>datid THEN GO 7O 334
340 REM Ensure tx2z <> O,

DY and remove interrupt
342 QUT Ex2,sdatar DUT tx3,sdata

344 RER Imit datacount

346 LET datacount=0

346 REM Send two bytes of data
atacount

350 OUT =ill, PEEK adidpntr

352 LET sgepatr=addpntre]

T4 OUT &k L, PEEE addpntrs OUT te3,datacount

3%k MEM Polnt to newt date

358 LET addpr pntrely LET i
IF datacountsZ=& THEN LET dubscaunteg
360 REM Wait for datecount

342 IF IN red¢jdatassunt THEN GO TO 342

send DATA lab

and current g

from copros

364 1F IN ruZ<idatacosnt THEN 6O TO 342
366 REM Rmpemt LT pet e

368 IF datacount<)blengtn THEN GO TO 348

370 AEM Ramave data Label and wait for copr
oc idlim

372 OUT Ee3.mull

374 IF I F=3<>idle THEN
374 IF IN re3<>1dle THEN
378 REM Hmnt block unless last

I5L IF nlocklungth>o THEM LET hbyte=INT ((addpntr-48
GoOsEtert] 28410 LET Lhybe=addprbe—48000+start— (hbytas
2vai @0 MO 322

382 REM Return ta menu

384 GO TO 40

386 RER

400 REM Ha88besessdusnnsisiorss

402 REM Display Co-prac memory

404 REM +sessssprtosssorserion

406 REM

408 PRINT "Display code/data on screen':
410 REM Bet user start address

412 50 SUB 1000

414 REM Init address pointer

416 LET addpntr=start

418 REM Get user block langth

420 GO SUB 2000

422 REM Tabulate data for

BO TO 374
GO TO 374

PRINT

display forma

tting only
424 PRINT "Memory page  : “jmempages PRINT "Start ad
drass : “;start: PRINT ': IF lbyte<>BFINT (Ibyte/8) TH

EN_PRINT TAB B+3+(lbyte-B+INT (lbyte/B))
426 REM Handle block >= 512

426 IF blocklength>=256 THEN LET blocklength=blockle
ngth-25&: LET blength=0: GO TO 434

430 REM Mandle block < 512

432 LET blength=blacklength: LET blocklength=0

434 REM Send command ta coproc

436 OUT tx0,blength: OUT txl.lbvte: OUT t«2,hbyte: OU
T tx3,mempage+blockrd

438 REM Wait for DATA label

440 1F IN rx3<>datid THEN GO TO 440

442 IF IN rn3<>datid THEN GD TO 440

444 REM Ensure tx2 <> L
el and remove interrupt
446 OUT £x2,sdata: OUT Ex3,sdata

448 REM Init datacount

450 LET datacount=o

452 REM Wait for datacount

454 1F IN rx2<>datacount THEN 60 TO 454
456 1F IN rx2<>datacount THEN GO TO 454
458 REM Display valid data
dress every eight byt

460 1F addpntr/B=INT (addpntr/B) THEN PRINT TAB &4-LE
N (STRS addpntr);addpntr; TAB 6;

462 PRINT " “;FN h$(IN ru0)j: LET addpntr=addpntrs+
464 1F addpntr/B=INT (addpntr/8) THEN PRINT TAR &-LE
N (STR® addpntr);addpntr;TAB 6

446 PRINT " "IFN ha (IN re1);

448 REM Point to next data

470 LET
IF dat

send DATA lah

from caprac

and insert ad

1: LET addpner prtrsd
THEN LET dat

472 REM Send current datacount
474 OUT tx2,datacount

476 REM Rmpeat if not mnd

478 IF datacount<>hlength THEN GO TO 452

480 REM Wait for coproc idle

482 IF IN rx3¢>idle THEN GO TO 482

484 IF IN rx3<>idle THEN GD To 482

484 REM Naxt block unless last

488 _IF blaocklength>0 THEN LET hbyte=INT (addpntr/256
)1 LET lbyte=addpntr-(hhytes256)s GO TO 426

490 REM Return to menu

492 PRINT " ‘1 PRINT AT 21,03"Press any key to return
to menu: PAUSE 0: B0 TO 40

454 REM

500 REM Ie#ssssistsosssasirnees
502 REM Execute code 1n Co-prac
504 REM +44888kseraqubnsssasnar
06 REM

508 PRINT “Ewecute user code in Co-process
or"

510 REM Get user start address

512 GO SUB 1000

514 REM Send command

516 DUT tx1,lbytec OUT tx2,hbyte

S1B OUT tx3, (mempage+codeexac)

520 REM Wait for BUSY label

522 1F IN r«3<>busy THEN GO TO 522

524 IF IN rxI<>husy THEN GO To 522

526 REM Remove interrupt

528 DUT tx3,null

530 REM Code is nom executing

532 CLS : PRINT "User code 15 now executing in  the
Co-processar., PRESS B' TO BREAK"

34 BEW Walt Tor ITLE Sr user break

536 LE

ldie THEN B0 TO 536
Hdle THEN GO TO S3s

“igle THEM 80 SUB 3000

&0F FER Fun Co
S04 BEN ssssss
b0 BEN

bba
468
&70
672
472
674
&78

REM Complete handshaking
REM

REM Send new datacount

0UT Eu

2,1

REM Wait for IDLE

IF IN
IF IN

ru3<>idle THEN BO TO 674
ra3<>idle THEN BO TO 676

4B0 REM Return ta menu
482 PRINT AT 21,0)"Press any key to raturn to menu®:
PAUBE 0: GO TO 40

584

REM

1000 REM ss+sseéssssesravrasssans
1002 REM Input of Start address
1004 REM #a4sassbssisisureetses

1006

REM

1008 INPUT “Select the required memory page in the Co-
processar

1010 REM Epsure valid input

1012 IF mempage<o OF mempage>7 OR mempage<>INT (mempag
e) THEN CLS ; PRINT “Invalid memory page, try again"i
FRINT 'z

"imempage

GO TO 1008
1014 INPUT “Select the required starting

addrees 1n

the Co-processor "jstact
1016 REM Ensure valid input
LOl& IF start<o OR start>&5534 OR start<>INT (start) T

HEN
RINT

1020 REM Canvert address to high

G B
‘B0

PRINT "Invalid start address, try again“i P
TO 1014
d low bytes

al ai
1022 LET hbyte=INT (start/256)¢ LET lbyte=start-(hbyte

*258)

1024 RETURN

1024

REM

2000 RER stsdbdbosssnttsincsss
2002 REM Input of block length
2004 REM +essdtistisensiintnsn

2006
2008

REM
NPT

"SHlsct the Tength of data block to be move

@ €2 to lak bytes]*ibhlockiength
2010 BEH Ensurm valid imput
2012 1F blockissgth<2 OR blocklength>14384 OR blacklen

GEh<>INT dhlozkimngthl THEN CLS

¢ PRINT “Invalid bloc

k length, try again"s PRINT *: GO TO 2008
2014 FEM Ensure ledgth is aven
2016 T mcklength /24 3INT (hlocklength/2) THEN LET &

locklwngthmbl e | mngtivet
2018 REM Handle page overflow
2020 IF startvblocklength>AS534 THEN PRINT “WARNING

£08 PRINT “Eseruting Coorocessss aelf test=s PRIMT Page will averflow.  Block length will be reduced to
&0 MEM Send tonmand #vo1d wrapraund": PRINT “1 LET blocklength=6553&-mtar
W12 EUT a3, welftest t

o WUGY laba 2022 REM Convert length for byts pairs

sbumy THEN B0 10 sia
418 1F IN rxd<3busy THEN B0 7D a1
420 WEM Ammous |nberrups
42T OUT ta3,null
424 PEN Malt for [DLE ofgnal
420 IF IN rudcridle THEN G TO &34
428 IF IN rx3cridie THEN BC 7D &34
430 MEM Diuplay results of test
of status
a3 RER
434 REH Gend commana
SZ& OUT tulyin OUT Ewl @ OUT e, 174 DUT €23, kYockrd
A0 REM Malt for DATA Label
4G IF IN re3cidatid TMIM GO TO 640
547 1F I ru3<reatin THEN GD TO 440
B4 HEM Enuew tu3 <

Bt reROVE |nERerupt
&t OUT tuS, sdate

B Block seve

seng DATA Lab

@ THEM 00 10 &S0
BSF IF IN rue30 THEN S0 TD 650
434 EEM Process EPADM et sRAR

splay results
h54 LS i PRINT *Nesults uf Self teat=; PRINT ‘¢ IF {

N orAE=3S5 ON IM rale280 THEN PRINT “RFHOM cneckaun pa
muway FRIMT

status andf i

450 IF TN rx =233 07 IN ral=i® THENW
S—pracessor AAN pa Uy PRINT

bAD REM Sean pags tiw Bytm
Eaulte

PRINT “Onboard c

and i splwy r

2024
2026
2028
3000
3002
3004
3008
3008
3010
3012
3014
3016
3018
3020
3022

LET blocklength=blacklength/2
RETURN

REN

REM eetesscsssrsbbesssvinss
REM User code break routine
RER s#sstetesstiatrsbrnstss

RER

REM Send BREAK command
DUT tx3,break
REM Wait for acknowledge

IF IN
IF 1IN

ru3<Sbrkack THEN GO TO 3014
ra3<>brkack THEN 6O TO 3014

REM Remove interrupt
OUT %53, null
REM Wait for IDLE signal

IF N
1F IN

rx3<>i1dle THEN GO TO 3074
rx3¢dle THEN GO TO 3024

RETURN

1 TR L2 0.0 STE0 1y prinT 70 Listing 1 Spectrum Basic
atusdZh THEN atusrotatu

Example program

PROJECT

42

On receiving a command from the Spectrum,
the co-processor first disables its interrupt as
described previously. Then, before it decodes the
new command, the co-processor checks an
internal flag called the Code Executing flag, to see
if user code was being run when this command was
received. This flag is an 8-bit value stored in a co-
processor memory location (CODEXE) and takes
the value of either the BUSY label when user code
begins execution or the IDLE label when user code
steps execution.

If code is not currently being executed, the
command received is interpreted as usual. If this
command is User Code Execute, then the co-
processor sends the BUSY label to the Spectrum
via port TX3 and sets the code executing flag to
BUSY. The co-processor then waits for the
Spectrum to respond by removing the initial
command interrupt. This response is simply part
of the standard command handshaking protocol
described last month.

Once this occurs the co-processor is free to
re-enable its interrupt, ready to detect a possible
Break command later. Note that this is the only
time that the co-processor enables its interrupt
whilst a command is being executed. Once all this
has happened, the user code can be executed. Itis
‘called’ exactly like a subroutine, so the return
address is stored on the co-processor stack for use
later.

At the end of the user code itself, there must
be a Z80 return from subroutine (RET) instruction.
When this is encountered, as long as the co-
processor stack is still intact, system control will
return to the code execute routine in the co-
processor EPROM. The co-processor interrupt
will be disabled again, so Break and other spurious
commands will have no effect now.

Next, a co-processor routine copies the
current values held in all the Z80 registers into
reserved memory locations for later examination
(see Fig1).

This feature is particularly useful when
debugging assembly code running on the co-
processor. These register values can be sub.
sequently examined by using a block read into the
Spectrum. Once the registers have been dumped
into memory, the code executing flag CODEXE is
reset to IDLE as code is no longer running. Finally
the normal handshake protocol takes over to
complete the process before the interrupt is again
re-enabled in readiness for a new command.

If the code executing flag has been previously
set to BUSY (code running) when a command is
received, the co-processor expects ta have
received a Break command from the Spectrum.

If the command is not Break, an invalid
command has been sent and user code execution
should be continued. To achieve this, the co-
processor sends the INVALID flag to the
Spectrum via port TX3. It then waits for the host to
remove the interrupting command — the response
normally expected in the command handshake
protocol.

Meanwhile, if the Spectrum receives an
INVALID flag via its port RX3, it must remove the
erroneous interrupt and await the normal IDLE
flag before sending a command other than Break.

When the co-processor sees that the
interrupt has been removed, it sets up the same
conditions which existed before the invalid
command was received. The BUSY label is sent to
the host via port TX3. The interrupt is enabled,
Finally, the co-processor returns to execute the
user code from the point at which it was inter-
rupted until either a RET instruction is en-
countered in the code itself or a valid Break

ETI MAY 1988



0000 F3 ED 56 C3 00 01 00 00 FB E9 00 00 00 00 00 00 command is received.
0010 00 00 00 00 00 00 00 00 00 00 00 00 OO0 00 00 00 H M
e o o o v%eo If _the. command received whilst code was
0030 00 00 00 00 00 00 00 00 F3 F5 DB 9F 32 00 11 DB executing is the correct Break code then the co-
0040 BF 32 01 11 DB DF 32 02 11 DB FF 32 03 11 C3 00
0050 02 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 processor sends a Break Acknowledge flag
0060 00 00 00 00 00 00 2A OC 11 E? 00 00 . .
0070 00 00 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 (BRKACK) via port TX3 to the host. Again, the
ESSOAROBNRTy EERE0 [ZORRARSENT, D3NAE™ 2,08 [LINCTRCoRCe Z80 registers are dumped into reserved memory
0100 31 FF 10 3E FF D3 FE 3E 00 DI 9F D3 BF D3 DF 3E H N o H
A I s i o e L e for later exarIr\llmatlon andthe code exectlit.mg flag 1;
0120 21 00 00 3E 00 11 00 00 01 FF OF 84 ED A0 EA 2B -
79 73 (59 COR (D R CROan (2 CF (D EY CB [T X set to IDLE. Now the co-processor stack is purge
0140 00 21 00 10 36 FF 3E FF 01 FF O3 11 01 10 ED BO (user code may have made use of the stack and so
O150 21 00 10 01 00 04 ED Al 20 1iE EA 01 FE 00 28 o 0 q o a
0160 09 21 00 10 36 00 3E 00 16 DE DD 22 05 11 3A 05 stopping execution midstream leaves it in an
0170 11 FA OF 32 035 11 18 04 DD 22 05 11 3E FF ED 47 .
0180 D3 FE 3E FF 21 00 14 3& FF 01 FF EB 11 01 14 ED unpredlctable state).
0190 BO 21 00 14 01 00 EC ED A1l 20 21 EA 97 01 FE 00 g 8BS
AR R B MET R A Meanwhile, on receiving the BRKACK flag
01BO 32 04 11 ED S7 3D FE F7 20 C4 18 OA 3A 04 11 CB i M
OIB0 3204 11 ED 57 3D FE 720 O4 19 OA Sajod 11.CB from the co processor, the Spectrum removes its
01D0 22 0A 11 3E 7F 32 09 11 CD 80 00 FB 18 FD 00 00 interrupt according to the standard command
O1E0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 OO |
O1F0 00 GO 00 00 00 00 00 0O 00 00 00 00 00 0O 00 00 handshake protocol. Then this protocol takes over
0200 3A 09 11 FE FF 28 35 F1 3A O3 11 CB 7F 28 21 E& .
0210 SO CA AD 02 3A 03 11 E& FO FE CO 28 SB 3A 03 11 at both ends of the interface to complete the
2 A O 30 O3 L E RO 28 104 A oA L B2 process before a new command is sent to the co-
0240 FO 20 1D 3E FO 32 08 11 D3 FF F1 CD 00 04 3E 7F processor
0250 32 09 11 31 FF 10 3E FF D3 FE CD B0 00 C3 DB 01 ‘
0240 3E EO 32 OB 11 D3 FF DB FF E& 80 20 FA 3E FF 32
Q270 OB 11 D3 FF F1 FP ED 4D 3E FF 32 08 11 D3 FF 32 N C d
0280 09 11 3A 03 11 E& 07 2F D3I FE DB FF E& BO 20 FA
02590 3IA 02 11 47 3A 01 11 &6F CF F3 ED 54 CD 00 04 3E ew omman s
OZ2A0 7F 32 09 11 3E FF D3 FE CD 80 00 ED 4D 3E 7F D3 - H H s
S e O s e Having now looked in some detail at the five
02CO 3A 01 11 &F 3A 02 11 &7 06 00 DB FF F& BO FE FE 1 =
02DO 20 FB DB FF F& BO FE FE 20 FO 3A 03 11 CB &F 28 Commands WhICh can be aCCepted by the C(?
02E0 2C 7E D3 9F 23 7E D3 BF 78 D3 DF 04 23 DB DF BO processor, a word or two about extending this
©O2F0 20 FB DB DF B8 20 F& 3A 00 11 BB 20 E4 3E FF 32 T
0300 068 11 D3 FF 3E FF D3 FE CD 80 00 ED 4D DB DF BB capablhty.
0310 20 FB DB DF BB 20 F& DB 9F 77 23 DB BF 77 23 04 .
0320 78 D3 DF 3A 00 11 BB 20 E4 3E FF D3 FE CD BO 00 If the CO-Processor receives a command not
CEEDIMED) LIRS SO LRRIL LR (R LU B9 (U &Y Coly defined in its interpreter, its operating software
0400 ED 43 10 11 ED S3 12 11 22 14 11 FS C1 ED 43 Of H H
0410 11 D9 ED 43 18 11 ED 53 1A 11 22 IC 11 DY 08 FS Jumps Off to exeCUte COde pOInted t.o by the
0420 C1 ED 43 14 11 08 DD 22 iE 11 FD 22 20 i1 ED 57 contents of the reserved memory location called
0430 32 22 11 CY 00 00 00 00 00 OO0 00 00 00 00 0O 00 USECOM (see Flgl)

00 00 BD . I W
SRS R I C I A During initialisation, the co-processor puts a
Listing 2 Hex dump of the Co-processor default value into USECOM. If left unchanged,
EPROM unlisted commands call a routine in the EPROM to

HOST BLOCK READ SCHEME COPROC HOST BLOCK WRITE SCHEME COPROC
AWAIT NEXT AWAIT NEXT
‘ COMMAND COMMAND
SEND COMMAND INTERRUPT SEND COMMAND INTERRUPT!
| TO COPROC lh DISABLE TO COPROC DISABLE
=== L,// INTERRUPT INTERAUPT
[ waiT FoR ‘DATA’ ¥ WAIT EOR ‘DATA’ ¥
LABEL FROM CLEAR LABEL FROM CLERR
COPROC HANDSHAKE CoPROC HANDSHAKE
¥ PORT (=0) 7 PORT (#1)
CLEAR ¥ i CLEAR
HANDSHAKY SEND 'DATA’ LABEL ANCSHAKE SEND ‘DATA’ LABEL
PORT (#1) TO HOST i EOAMIL) FO HOST
SEND ‘DATA’ LABEL INITIALISE SEND 'DATA’ LABEL] IRITIALISE
TO COPROC DATACOUNT TO coPROC DATACOUNT
TO ZERO TO ZERO
INITIALISE INITIALISE
DATACOUNT WAIT FOR ‘DATA’ D‘}rgﬂfg-‘nm WAIT FOR ‘DATA’
TO:REHD LABEL FROM HOST LABEL FROM HOST
PUT TWO DATA WAIT FOR CURRENT]
wﬁ”gﬁ? BYTES INTO PUT TWO DATA DATACOUNT
RUlAE NT SHARED PORTS BYTES INTO FROM HOST
DATACOU SHARED PORTS
FROM COPROC L]
¥ SEND CURRENT [] %i\ﬁ?a |éuv1;u;g
AEAD IN TWO U"-",T(,Aﬁg,'g'?” SEND CURRENT FROM PORTS
DATA BYTES DATACOUNT 7
FROM PORTS TO COPROC
ADD ONE TO ADD ONE TO
DD ONETO DATACOUNT T DATACOUNT
DATACOUNT DATACOUNT
WAIEOR SEND CURRENT
SEND CURRENT Dﬁ‘{.ﬂggl’jm WAIT FOR CURRENT| DATACOUNT
t_!rATACOUNT EROATTGST, DATAL‘.DUFI:IT TO HOST
0 COPROC FROM COPROC
]
s
18 s
BLOCKMOVE REOKMOVE BLOCKMOVE BLOCKMOVE

COMPLETE?

Fig. 5 The block-move flow diagrams

COMPLETE?

ENABLE
INTERRUPT

COMPLETE?

'IDLE’ WAIT UNTIL WAIT FOR ‘IDLE’ WAIT UNTIL
L SHeRCRRIOL INTERRUPT CABEL. FROM INTERRUPT
COPROC REMOVED COPROC REMOVED

L]

SEND 'IDLE’ LABEL
TO HOST

COMPLETE?

SEND ‘IDLE’ LABEL
TO HOST
ENABLE

INTERRUPT
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PROJECT

—==

SEND COMMAND
TO COPROC

WAIT FOR LABEL
FROM COPROC

REMOVE COPROC
INTERRUPT

YES

<

IS COMMAND.
BREAK?

AWAIT NEXT
COMMAND
INTERRUPT:

DISABLE
INTERRUPT

IS USER CODE
EXECUTING?

NO

IS COMMAND
CODE EXECUTE?

NO

PROCESS SEND ‘BRKACK® SEND 'INVALID* SEND ‘BUSY’ INTERPRET OTHER
SOMETHING ELSE LABEL TO'HOST LABEL TO HOST LABEL TO HOST COMMANDS

[] ¥

COPROC

INTERRUPT

¥ ¥
WAIT FOR 'IDLE’ DUMP REGISTERS WAIT UNTIL HOST SET CODE EXECUTE OTHER
LABEL FROM TOMEMORY REMOVES EXECUTING FLAG COMMANDS
Y

| [ memovE cooe WAIT UNTIL HOST l
| | EXECUTING FLAG SEND e REMOVES ETC.
| LABEL TO HOST INTERRUPT

PURGE L] ¥
|_ST‘A£| mgrﬁglifn —’ L mE'rHéAHFhEPr I
L]

RETURN TO CALL USER CODE
USER CODE AS SUBROUTINE

HOST COPROC

Y CALL

EXECUTE
USER CODE

DUMP REGISTERS
TO MEMORY

REMOVE CODE
EXECUTE FLAG

COMMAND FORMAT
START ADDRESS

L NOT USED L.SBYTE
=0 ™
D7 D4D3 DO

START ADDRESS

L L e liOMVIANDIMENPAGE]
TX2 =3

Fig. 6 The Execute User Code/Break execution flow diagram.

¥

WAIT UNTIL HOST
REMOVES
INTERRUPT

SEND ‘IDLE’
LABEL TO HOST

ENABLE
INTERRUPT

send the INVALID flag to the host and complete
handshaking as normal before a new command is
accepted. (Note also that this routine is executed
anyway if a Break instruction is received whilst
user code is not running).

The user can extend the range of commands
accepted by changing the address in USECOM to
the start address of a user routine somewhere in
memory which will recognise and act upon new
commands. Such an extension is quite simple but
the user should have a reasonably thorough
understanding of the workings of this co-processor
before adding new commands in this way.

The Example Program

Looking at the flow diagram:s is all very well but the
time has come to look briefly at some real code. As
promised last month, we reproduce here a com-
plete listing in Spectrum Basic for the Interactive
Z80 software development tool (Listing 1). It has
been written not with efficiency in mind, but for
absolute readability. The comments literally took
longer to write than the program!

The idea is that you can type in the program
(or squidge in the program if vou still use the
Spectrum rubber keyboard) in order to test and
get to know your co-processor before writing new
applications of your own.

The program has been written so that
routines from the Basic can be poached and used
again in completely new applications to satisfy the
various handshaking protocols in use.

The more adventurous among you may wish
to rewrite the handshaking routines at the
Spectrum end in assembly code. Data transfer
using this Basic program is pretty slow and if the
handshake routine was implemented in assembly
code it would speed things up dramatically. The
example program was written in Basic primarily so
that everyone can follow what is going on and so
that changes can be easily made for experimenta-
tion purposes.

The program makes use of most of the co-
processor’s facilities — block moves, user code
execution/breaks, self test and so on. It is fully
menu driven and so using it should be self
explanatory. However, a few words must be said
about some of the software techniques used in the
program, so they can be applied to the user’'s own
code later.

The first point to remember is that data trans-
fer via the interface is completely asynchronous,
Reading and writing from either end can occur at
any time. Itis possible for one of the machines to be
reading data which is at the same time being
updated by the other machine. If the data being
read has not had time to settle, then an erroneous
transfer could result.
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When the data being read is a single bit value,.

such as the presence of the interrupt bit from the
host, then there is no problem — the bit is either
one or zero and there can be no confusion. How-
ever, if the data being read is a multi-bit value then
at the instant of the read, some of the bits could still
be changing (having been updated fractionally
before) whilst others could have already settled.
The result is invalid data.

To avoid this problem without resorting to
hardware arbitration, the software in both the
Spectrum and the co-processor reads any hand-
shake flag twice if it consists of more than one bit.
The results of the two reads are compared and if
they are identical then the flag is considered valid
(such successive reads occur several micro-
seconds apart). If they are different then further
reads are performed until two consecutive results
agree.

Note that it is unnecessary to treat ordinary
non-handshaking data in this way, since the
validity of this data is assured by the presence of
the handshaking flag.

All Spectrum-to-co-processor commands,
the co-processor-to-Spectrum flags and the
shared port addresses themselves are given names
at the start of the program to improve readability.
The program then continues with the main menu
screen handling and user input selection. At every
stage the co-processor is being tested to ensure
that it is idle and ready to receive a command.

If at any time the co-processor stops beingidle
without a new command having been sent (say, a
hardware reset has occurred or the co-processor
power has been removed) the Spectrum will wait
for the idle state to return.

When the user selects an option, the program
jumps to the appropriate routine to do the work.
The first option loads data or code from cassette
into the Spectrum starting at location 48000
(decimal) thus the longest block of data which can
be loaded in one go is 16K.

The second option moves data from the
Spectrum memory, starting from location 48000,
into the co-processor memory starting from any
desired location. Although the co-processor
operating software only handles block moves of up
to 512 bytes at a time, this Basic routine can handle
up to 16K blocks in one go. This is achieved by
actually moving the data in several 512 byte (or
shorter) chunks.

The third option displays the memory
contents of the co-processor from any desired
starting address. Again blocks up to 16K locations
may be displayed by moving several 512 byte
blocks over the interface. Note that this routine
only displays the transferred information. If it is
necessary to store this data, a simple modification
must be made to the program to poke the datainto
the Spectrum memory as it is transferred.

The fourth option runs user code previously
moved into the co-processor and will start
execution from any desired address. Once code is
running, the user has the option of breaking from
execution.

The fifth and final option runs the self test.
After the co-processor has completed its self test,
this routine goes on to execute a two byte block
move of the test status data and displays the
results obtained.

One point to note is that this application
program can never send invalid commands to the
co-processor so it never checks for the INVALID
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BUYLINES

To save uuwhugrsﬁfg’?m&ws typing at the dreaded
wb&egykayb&ga;a& copy of the Z80 Development Tool

fﬁni‘wmwa%sh in @thts Hﬂlﬂﬁ‘ is avadah £ on lape

‘from the author for £3.00.

_The two-PROMs — one + holding softwars, the other
an addrass map — are available ready programmed and
%sté?ﬂm the authur The co-processer operating soft-
ware EPROM costs £10.00 and the address map PROM
%r?he 256k DRAM card £6.00.

. A-comprehensively commented assemhlv hstmg for

“the co-pracessor operating system is also. avallabfe for
£350.

Afl prices include postage and packlng Please send
cheques er pastal orders made payable to'the authar at
52 Bishens Court, Trumpington, Cambridge CB2 2NN,
allowing 28 days fer delivery.

flag being returned. In some user applications such
a check may be necessary and should not be
omitted as it was here.

Co-processor Operating Software

Finally, with the Spectrum end of things out of the
way, a few words about the co-processor operat-
ing software. This resides in the EPROM on the
CPU card and implements the handshaking
protocols described previously when triggered by
new commands from the host.

Limitations in available space prevent a full
listing of the co-processor source code (it runs to
some twenty pages!). A hex dump of the EPROM
contents (Listing 2) is reproduced for all those of
you with enough spare time to type it all into a
programmer. Alternatively, a copy of the listing
and pre-programmed EPROMs is available from
the author (see Buylines).

It should be quite possible to make use of the
co-processor without reference to the operating
software listing by following the flow diagrams
presented in this and last month’s issue, and by
looking at the Basic example program reproduced
here. However, to make full use of the software
resident in the CPU EPROM, it is of great benefit
to work in conjunction with the listing.

There are a couple of small points worth
noting. Despite the limitations imposed, the co-
processor stack is used as little as possible. This
makes the co-processor less prone to errors
caused by the stack being inadvertently corrupted
by the user code.

In addition, at the end of every command
routine the co-processor sets the memory page to
zero regardless of what it was doing during the
execution of the command. This acts mainly as a
visual indication that the command has completed
(by way of the page LEDs on the memory cards)
and is a useful monitoring facility.

Having described each part of the co-
processor hardware and software in some detail, it
is now up to you to familiarise yourself with its
operation, before using it in your own applications.
All that remains is for me to wish you success with
all your co-processor aspirations!
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TECH TIPS

RIAA Computer
Program

R Williamson
Peterborough

he mathematics of the complex net-

works for RIAA/IEC equalisation

have been covered extensively in

the June 1987 issue of ETI If the

designer decides upon one of the four
possible configurations, finding the values of the
two resistors and capacitors is straightforward
arithmetic. However, whilst this may yield finite
values, the problem of finding off-the-shelf real
values remains. So, if one could arbitrarily choose
say one of the resistors in a preferred value range,
then by using a fast computer program it would be
relatively easy to establish the other three com-
ponents in easy-to-obtain values as well.

This short program, written in one of the
advanced basic languages (Fast Basic by Com-
puter Concepts for the Atari ST) does just that. It
can of course be easily altered to any other Basic
dialect, mainly by adding line numbers and modify-
ing the syntax where appropriate.

I selected one particular configuration (b in
Wilfred Harm’s excellent June article) simply
because it appeared to yield more readily near-
preferred values for all four components. The
designer can choose either one resistor (the
principal one that decides the basic gain) or the Z of
the network. Provided you also opt for a sensible
degree of gain (not less than 30dB, for example)
then the computation is to a high degree of
accuracy. For a very extensive treatment of the
subject, a paper written for and published by the
Audio Engineering Society in 1978 by Professor
Lipshitz of the University of Waterloo, Canada is
valuable reading. This program was derived from
his work.

NOTE:

Y o =T

INFUI -
Cala o

IR SR ]

CLSe TXTSIZE 13

PRINT 1 PRINT" This is a CAD program
for an RIAA network"
start:PRINT: INPUT" Choose R or 2 by
typing R or Zt “A%:PRINT

IF A$="R" THEN 60TO one

INPUT" Select a value for 2 (in
ohms @ 1kHz) 1 “Z:R1=2/1.25
PRINT" Computed value for
Rl............ = “JR1" chms":160TD
rest
ones INPUT" Select a value for R1 in
ohms. ... 1 "R13Z=Ri1#1.25
PRINT Computed value for impedance
Ziieinnaa =" 32" ohms"
reIthZ-Rl*12.403|C1=2.3679E+B/R1:C2-Cl/
2.916
PRINT” do.
............ R2 = ";R2" oghms"
PRINT" do.
............ Ci = ";C1" pF*
PRINT" do.
............ C2 = “;C2" pF"3;PRINT
INPUT" Now enter required gain in
dbs...... “ yDB1G=DALOG(DB/20)
PRINT" Voltage gain is........
x "pB:R3I=BAR(Z~2)/ (B-1~2)
PRINT" Computed value for R3......
"§R3" ohms":PRINT
PRINT" - - - * * * »
- * * * * L] * *#" PRINT

INPUT™ Repeat? Y or N 1"R$sIF
R$="Y" THEN BOTO start

Electronic
Blockbusters

W A Jameson
Chester

his circuit was devised to determine

which of two players first hit their

answer button and to allow a preset

time for the answer when playing the

‘Blockbusters’ game from Wadding-
tons (based on the TV game).

The circuit gives both visual (an LED) and
audible (awarble) indications that a button has been
pressed and locks out the other button. A
continuous tone is given as the ‘time up’signal at the
end of the allotted answering time.

ICla,b and IC3a,b debounce the two answer
buttons SW1 and SW2 respectively. Assuming
Reset has just been pressed, both LEDs will be off
and pin 3 of IC1b and IC3b will be low. One of these
pins will go high if an answer button is pressed.

If SW1 is pushed, pins 12 and 13 of IC1c¢ will
both be high taking the output low. IC1d inverts
this action, lighting LED1. Q2 is turned on supply-
ing power to R8, C3 and R10 which switch on Q3

and power IC4 giving a warble from the piezo
buzzer. Approximately 0.3s later Q4 is turned on
cutting off the power to IC4 and curtailing the
warble.

When IC8 goes high it takes pin 9 of IC2a and
pin 12 of IC2b high also. This takes pin 13 of IC3
low, locking out the action of SW2.

If SW2 is pressed first, the action is reversed
with SW1 locked out,

Whichever button is pressed, power is
supplied via Q1 or Q2 to Q5 after C4 has charged
(about 3.5s). After the delay Q5 conducts turning
off Q6 and turning on Q7 which enables a con-
tinuous tone from the buzzer.

The whole system is reset by the switch SW3
which discharges C4 and resets the push button
logic.

Current consumption is about 10mA in
standby and 20mA when buzzing (depending on
the buzzer used). A PP3 battery should cope
without problems.

Extra switches can of course be added in
parallel with the ones given for playing the game in
teams.
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Pseudo Co-processing
A Thompson
—3 com Ve Chester-Le-Street
I tEE i his circuit provides a use for an old
4 ==gwa computer by placing it under the
! X3 =l control of another machine. This can
Do a 5 5 KXS find applications as a printer buffer, for
g : s e interfacing incompatible hardware,
multi-processing, interfacing incompatible
PO programs and many other ideas.
The principle is simply to control the old com-
B3 X voa el puter via its keyboard. The prototype system used
D4 O 8 Vee a Sinclair QL controlling a Dragon 32. All that is
DS C- G X -3 KYD 2
X1 —o kvt needed on the new computer is an 8-bit output
T =M port.
B ped o The keyboard of the slave micro is controlled
o Beve by the three analogue switch ICs. The outputs
marked K are connected to the ribbon cable con-
L nected to the keyboard matrix in the slave
NOTE e machine. Experimentation is required to find
m which key is connected to which terminal of the
s T,‘:E"“ ribbon connector.
a3 i o 64 keys can be controlledin this way. The shift
- Py IE—Y 1 key is required to be controlled separately (so it
can be used in conjunction with the others). Bit 7 of
‘”o—E; the output port controls the Shift key.
¢ The host computer can, with this interface,
T type programs into the slave micro, run them,
' enter data and all manner of other tasks.
QL Output Port

+5Y
il Tz
Vieo
el

A Thompson 'W?f—
Chester-Le-Street ::; 3
PA3 =
L . . i 8 BITSOUT
his circuit provides just about the ::’; g
simplest ever add-on 8-bit output port IC3 . paghBr
for the Sinclair QL. pa7tE———
All the signals necessary are avail- Sl
able at the QL’s expansion socket. - 7,, o
s -] ew) . oo 2 i a0
Vs IC3 = gA21P
A18 il ) 10k
}
|
R4
380R

A1 R2 R3
10k 0% 10k

W

NOTE:
1C1,2,3 = 74L.S00

PLAY RESET 1C4'='555
& Q1.7 = BC107
D1-5 = 1N4148
/ SW3a ZD1 - 5V0 ZENER LED2 W> WRLED)
/
i
/ ne
ek e Bs s B SN BN e e
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MINIATUR
PASSIVE
INFRA-RED
SENSOR
RP33

Size only 80x60x40mm. Detects intruders up to
12 metres away.

T —

£23.95

Plus VAT

= 12 metre detection range.
* Siza only BOxBOx40mm,
* 24 Detection zones,

= Wide 85" coverage.

= Switchable LED Indicatar.

Z7 This advancsd new  intrusion

i+ ai. apetector opamies by detacting

e & tha body hasi of an infruder

;, ™ rrigving - within  the  detaction

i = B, The usa of 2 dual slsmant

S pyrosiactric sensar mesns (hal changas

In amibient femperatumes are igromd, thus providing

a stable and reflable ce. Easily instslied in a room

iii

M
“Nlmlmlll
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CA 1250 LOW COST
ALARM CONTRO
f MODULE -

This tried and testad confrol unit represents
the finest valustor monay In control systems,
providing the following faaturas

¢ Built-in slecironic siren drives 2 loud
speakars * Provides exit and antrance delays
tngether with fixed atarm time s Battery
back-up with trickle chage faclity

* Opemtes with magnetic swiches, pressura
pads, uitresonic or LR, imis = Antitamper
and panic facility » Stabilised output voitage
* 2 operating modes 1ull alarm anfl smpar
and panio faclity * Screw connections for
eass of installation ® Separate relay contacts

{ ' Modules
Systems
Accessories

DP 3570 LIGHTING CONTROLLER

This versatile module

provides timed

switching of loads

up to 3A for pre-sel

times between

10 secs and 5 mins,

that timad period baing

triggared by the openi

or closing of an extemal

Ioap o switch. The built-in

12V 250mA power

|3 availabls for opsmting extemnal sensor.
Suitable plastic: enclosure £2.85 + VAT,

ony£13.95 + var

SAVE £ £ £ £5

BY INSTALLING YOURSE F

FL 500
QUARTZ
HALOGEN
FLOOD
LIGHT

Whilst infended for security lighting
applications, this unit is suitable for
lighting patios, pathways and gardens etc.
Supplied complete with S00W lamp,
Protective grill, £1.95 + VAT.

only£14.95 + var

IR 1470 - 50ft. INFRA-RED BEAM SYSTEM
Conslsts of a separate transmitter & receiver, the system
provides an invisible modulated beam which when broken
operates the built-in relay, For use with security systems, but

aiso |deal for pho

phie purposes and industrial

applications. Size: 80x50x35mm., Only £25.61 + var

or halhway, the unit will provide sffactive detaction of any Intrusion
ply &nd consuming only 15mA, 1 Is idaal

for extemal loads * Test loop facility.

price £19.95 + var

for use with the CA 1382 CA 1250 or any equivalent hih guality

conirod unit. Suppl

iad with full instructions, Bs performance

comparas with detectors costing mors than twice the prica

CA 1382 ADVANCED CONTROL UNIT that’s
simple to install and operate.

Fulty automatic siren

G

re=Baf

Audible’ entry/exit warming.
Seundnd memary,
s joop

Alarmn
« 2 senarais
+- 24hr circufs:

Buili-in slectionic siran.
Easlly Inatalled, full
Instnuctions supplisg.

HW 1250 -
ATTRACTIVE
HOUSING plus

CA 1250

switch {isvaiabia
nputs

front panal, i nd? |s given & professional ap,
By the adhesive silk scrienod label.

Tha tsiast conirol panel
provides effective and reliable
control for all types of security

installations, Its advanced
clroultry checks the Ioop circults svary fima It |5 switchad on,
ing incoract operstion, Using a2 simple ‘on/off key
switch, I is easity opemisd by all mambers of the famiify, n
addition |t provides 24 hr, personal aftack prstection. Housad In

8 sieel casa. i = supplied with full opamting Instructions

Avallable In kit form with tully-
only £44.95 + VAT buin electronics, £39.95 + VyAT.

HARDWARE FOR
An aftractive sten cass desigrsd

ft hoxsss the Conos Ukt GA 1250
ogear with ihe approprite LED indicators-and oy

Supplied weih he nocassary pillars, fixings, and punched
. pearance

| Sze 200080700m. o\ £Q 5O 4 vaT

Full Technical Advisory Service

US 5063 DIGITAL ULTRASONIC DETECTOR

® 3 levels of discrimination against false alarms Crystal

control for greater stability « Adjustable range up to 25ft
This advanced * Built-in delays * 12V operation.

’ _module uses digital ULTRASONIC MODULE
signal processing to provide the ENCLOSURE

g{i.scg iz El tof sensitivity Whi-hl Suitable steel enclosurs for housing
riminating against potertial sj: the US 5063 supplied with the
false alarm conditions, % sessary mounting pillars and fixings.

only £13.95 + var only £2.95 + var

RiISCOMP LIMITED

Dept ETIS

51 Poppy Road
Princes Rishorough
BUCKS

e Security !

opcn
Mon. to Fri,
9 o.m.-5 p.m,
Closed oll
doy Saof. &
Sun.

ORDER BY MAIL |
}E“E'i AW i (084 44) 5326

OR TELEPHONE

OSCILLOSCOPES
TELEQUIPMENT D83 Dual Trace 50MHz Delay Sweep.
Large Tube with manual ......... ... oo . £350
S.E. LABS SM111 Dual Trace 18MHz Solid State Port-
able AC or External DC operation 8x10cm display with
Manual ... ... B e i e Y L L1150
SCOPEX 4D10A Dual Trace 10MHz
with Manual _____ £150
TELEQUIPMENT S54A Single Trace 10MHz Solid State
with Manual £90

GOULD/ADVANCE BT £226 [~orr

with Manual

HAMEG 207 Single Trace 8MHz With Manual ~ £50
MULTIMETERS

AVO 8 Complete with Balleries & Leads from £45

AVO 8 MKV Complete with batteries Leads & Case £90
AVO TEST SET No. 1 (Military version of AVO 8) Com-
plete with Batteries Leads & case ” £65
TEST LEADS suitable for AVO METERS Red & Black with
2 croc-cups & 2 prods {p&p £2) . .. 5 £5
AVO Mode} Tx Complote with Batteries Leads & carry-
ing case 4

AVO Model 73 Pocket Multimeter {Analogue) 30 ranges
Complete with balteries & leads £1

AVO - 72 Similar Lo above but no AC current range With
batteries & leads o £10
ANALOGUE POCK LTIMETERS Philips & Taylor etc
With Batteries & Leads .. ... ... .. from £10

COMMUNICATION RECEIVERS
EDDYSTONE 730/4 480khz-20mhz with manual
SRR e Ty anly £10.00
LABGEAR Colour Bar Generator KG1 8 Tesl Patterns
(P&P £4) R ONLY £40 each

AVO TRANSISTOR ANALYSER Mk2 {CT446)
Suitcase Style complete with Batteries &
QOperating instructions only £35 each (P&P £7;

SPECIAL OFFERS

COSSOR O3CILLOSCOPE CDU150 Oual Trace 35MHz
Delay Sweep Dual State Portable 8x10cm Display With
Manual .. .. . .. ... ..... NOWONLY £180 each
Optional Front Protection Cover Containing 2 Probes &
Viewing Hood . ... E10
SOLARTRON OSCILLOSCOPE CD1400 Dual Beam
156MHz With Manual ONLY £85 each
AVO VALVE TESTER CT160 Suilcase style 22 Bases

ONLY £25 each (p&p £7)

W125mm H756mm_D180mm Cased Un-used only £10
) php £27
QWERTY KEYBOARD (as in LYNX MICAQ) plst to make
(Gl e e e £5 gach [plp £2)
SWITCHED MODE PSU +/-12V 0.254 5V 154 atc
oo E12 nch (pfp £3)
MODE PSU available. Please snquire
DISK DRIVES 54" - Double Sided. Doubls Density, &0
track ... .. From £60
MARCON| AF Power Meler TFB93A 20Hz-35KHz
20uW-10W With Manual {p&p £7) only £35

MARCONi RF Power Meter TF1152A/1 DC-500MHz 05
to 25 walts 50chm With Manual {p&p £7) . only £45-

MARCONI AM/FM Sig Gen TF1066B 10-470MHz £250
MARCONI AM/FM Sig Gen TF995 range from  £150
FAR SINE/SOLIARE typa LFMZ 1Hz-1MHz Compact

... £B0

OTHER SWITCH

ADVANCE SG62B AM 150KHz-220MHz ... £80

ISOLATING TRANSFORMERS 240V INPUT
240V Oui 500VA  £15 {p&p £5) 100VA £6 {p&p £2)
24V Out 500VA . . £6 (p&p £5) 200VA £4 (p&p £4)

STEPPING MOTORS

Type 1 200 Steps per rev. 4 Phase (5 wire} 12 24V
Torque 250z inch will run on 5V with reduced

(i £15,00 | BLACK STAR ORION PALTV/VIDEQ COLOUR PATTERN

Type 2 6/12 Steps per rev. 3 Phase. 12/24V (will work | GENERATOR £189
onbV)... ... £2 each 5_ Off e £7.50 | HUNG CHANG DMM 7030 3% digit. Hand held 28 ranges

Type 3 NORTH AMERICAN PHILIPS 24 Steps par rev 4 | ingluding 10 Amp AC/DC 0 13 Complete with batiaries
wire B 3 3Amps 0.250rpm 0 200 PPy £6 ssch | & leads. PAP £4 . . £39.50

Type 4 20?] Steps par rev. 120V (3 wirg) '—qu;: ﬂu.—;; As above DMM 6010 0 25% £33.50
Inc o —— encl T

Type 7 WARNER 24 Steps per rev. 3 Phase (6 wire) 28V | OSCILLOSCOPES PROBES Switched x1- x10 P&F’fﬁ

... £5 each

Holding Torque 450z inch .

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 604 Dual Trace GOMMHz Dalay
Sweep Component Tester + 2 Probes ... ... ... £5.75
HAMEG OSCILLOSCOPE 2036 Dual Trace 20MHz
Component Tester & 2 Probes £314
All Other Models Available

BLACK STAR FREQUENCY COUNTERS P&P £4
Meteor 100-100MHz £99
Meteor 600-800MHz . £126
Meteor 1000-1GHz . £175

BLACK STAR JUPITOR 500 FUNCTION GENERATOR
Sine/Square Triangle 0 1Hz-500KHz P&P £4 _ £110

Used equipmeant
This is VERY SMALL SAMPLE OF STOCK SAF ¢

with 30 days guarantee, Mar
Telepl
ordering. CARRIAGE ail units £16 VAT 1o be atded to | atal of Goods K Carriage

supplied if pcssnblé
s for Lists Please check availability before

STEWART OF READING
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: 0734 68041 Callers welcome 9am - 5,30 pm Mon.-Fri. (until 8 pm Thurs.}

N
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WRITE OR PHONE NOW FOR OUR FREE,
SPRING -
COMPONENTS CATALOGUE

w0 CRICELEW0OD BROADWAY LONDON H.h:I wr
IR BN E) =R T
e TR

LRrTiON I b e T LI e
AT 8

WHEN YOU CAN'T FIND IT ELSEWHERE
WE’LL HAVE IT!
from the U.K’s number one 100% components shop - no gimmicks, no
gadgets, no computers, just millions of components, all easily available by
mail order, calling at shop, or credit card telephone orders. Just pick upne,
or a pen, to get the cataiogue (no SAE required) - posted FREE to any
country on the globe.

CRICKLEWOOD ELECTRONICS LIMITED

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 01 450 0995 & 01 452 0161 Telex: 914977
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_OPEN CHANNEL

he general standard of VHS

video recorders has improved
considerably over the last few years
in terms of sound and picture. Of
particular interest to me is the
widespread introduction of ‘hi-fi’
sound. I have long been used to a
sound quality from my video which,
even with the Dolby switched on,
sounded like Hissing Sid with the
bass and treble attenuated.

Sound Advice

I shall not attempt to go into the
technicalities of the hi-fi recording
standard. Suffice it to say that a
stereo audio signal is encoded in
with the video information on hi-fi
machines.

The previous sound standard, an
analogue recording track at the
edge of the tape, is also imple-
mented in such machines, but in
mono and without Dolby just to
allow compatibility with old record-
ings (and to allow tapes recorded
on the gleaming new design
machines to play on older types).

Another sound facility which
some machines offer is the ability to
decode stereo television trans-
missions, as and when these
become available. The Nicam
stereo system was first tested by
the BBC and rumour has it that
they transmit some programs in
stereo for test purposes. [ haven’t
caught them at it yet but as the
rumour also states that Wogan is
the program they do in stereo from
time to time, there is little chance of
me catching a stereo transmission.

It appears that because the BBC
is so short of money (?) they can’t
afford to move into full scale stereo
in the near future. It is entirely
possible that pressure from
advertisers will force the indepen-
dent channels to introduce stereo
first. This could occur in aslittle as a
year, though my guess is that it will
take at least two.

Stereo Woe

As an aside, there is some difficulty
in deciding how to make stereo TV
into an advantage rather than a
disadvantage. The difficulty is that
it seems unrealistic to have people’s
voices coming from a direction
significantly different from that of
the screen. One idea is to keep
speech in mono and have stereo
background music, sound effects
and so on.

I have compared the sound
quality on several different
machines, and would say that hi-fi
sound represents a major improve-
ment over analogue sound. To my
ears, the sound quality is almost
(but not quite) up to CD standard.
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On one prerecorded rock music
video, recorded in hifi and analogue
stereo, it was possible to hear the
pick hit the guitar string for the first
time on a hi-fi machine.

Most hi-fi machines are designed
with the casual user in mind and
they incorporate automatic record
level adjustment. This is not
generally too obtrusive but for the
truest sound it is better to have
manual settings available. A few top
of the range machines sport this
facility.

As a logical extension of hi-fi

sounds with video, some machines
offer half speed hi-fi without video.
This permits up to 8 hours record-
ing on a VHS cassette, with a
quality above that available from
most other recording media.

Pseudo DAT

DAT it isn’t but it would seem to
perform the same function as far as
most people are concerned. One
distinct advantage of this recording
medium is that it is available now,
unlike DAT.

From many people’s point of
view it could be more attractive for
home recordings than DAT. The
size of cassette would be the main
disadvantage. The advantage is
that if you are going to have a video
recorder anyway, why not record
sound as well and save the £800 or
so which a DAT machine would
cost. With E180 cassettes offering
six hours recording for around £4,
the cost of digital audio cassettes
would also appear uncompetitive.

‘But,’ I hear you say, ‘DAT offers
better quality.” No doubt this is
true, but is it important? It is
generally accepted that VHS is the
worst videocassette system for
both sound and picture, yet it
dominates the market. Perhaps if
video hire shops were to carry a
large stock of 8mm films then 8mm
would catch on in a big way. And if
8mm caught on, video films would
be available in 8mm. Thisis acirclel
doubt will be broken.

In the same way, it is possible
that VHS recorders offering good
quality half speed audio recording
will cut the potential mass market
away from DAT. It will be interest-
ing to find out.

Andrew Armstrong

bout eleven years ago, some-

body decided it would be a
good idea if all computers could talk
to each other. You may be proud to
learn that in fact this somebody was
the British delegation to an Inter-
national Standards Organisation
(ISO) Plenary meetingin 1977 when
we proposed that the possibility of
standards for computer intercon-
nections should be looked into.

But, as you’ll imagine, this would
be no mean feat. For any computer
anywhere in the world to be able to
communicate with any other, a
number of problems have to be
overcome. Not least is the con-
formity which all computers would
need in both hardware and (more
particularly) software.

The Plenary ISO meeting
decided to investigate the matter
through a sub-committee, which
came up with a reference model
into which the necessary standards
could fit, known as the ISO
Reference Model of Open Systems
Interconnection (OSI).

OSI is defined as comprising
seven layers, incorporating hard-
ware and software standards.
Effectively these layers correspond
to the different communications
requirements of two com-
municating computers, from hard-
ware through to software. The
layers are known as: physical, data-
link, network, transport, session,
presentation, application.

OSI became rather a key wordin
the early part of the decade and
many attempts were made to
standardise the model itself but it
wasn’t until 1984 that the ISO
actually published the standard
(ISO 7498: 1984).

Bearing this in mind, it’s not sur-
prising that other relevant stan-
dards to get OSI up and running
have been a long time coming (and
will be a long time yet).

Many current communications
standards have been used or
adapted to form the lower layers of
the model, where the model refers
simply to straightforward wiring
between plugs and sockets or the
codes, tones and so forth which
convey data across wires.

However, the higher layers are
yet to be fully standardised. Too
many computer manufacturers
spoil the broth as the saying goes,
and each manufacturer wants to
get his oar in (or is it ladle?). Still,
work is going on nicely, mostly con-
centrating on the application layer.

Talking Of Which . ..

Apparently, a new standards in-
stitute is to be set up to standardise
standards throughout Europe, if

that makes sense. Following a
European Commission Green
Paper last year recommending the
opening up of telecommunications
markets within Europe, many
manufacturers feel that a more
standard approach to the subject is
required, and that common
standards are required.

I thought the definition of a
standard meant it was common.

Oh well.

One + One = One

At last, it appears the proposed
merger of GEC and Plessey’s tele-
communications divisions is to be
allowed, following the Department
of Trade and Industry’s recent go-
ahead.

Given that GEC is not allowed to
buy more than a 15% share of
Plessey and that nothing be done
which would require referral back
to the Monopolies and Mergers
Commission, the merger looks set
to take place once the Plessey
shareholders agree to it.

At the time of writing merger had
not been ratified but by publication
of this month’s ETI, things should
have been decided.

The dream of GEC Plessey Tele-
communications Holdings looks,
eventually, like becoming a reality.
Not before time. The increased
marketing power (not to mention
development power) the new com-
pany will have can only be of benefit
to both GEC and Plessey, as well as
being good for Britain.

Beep, Beep
If you have ever worked for an
organisation which demanded that
every employee be contacted
quickly if needed, you’ll know the
benefits of radio pagers — those
blasted little boxes people clip to
their top pockets or belts which go
‘beep, beep’ at the most irritating
times. Once paged, the user goes
rushing off to the nearest phone to
see who wants him and what for.
There are nearly half a million of
these animals (yes, that’s what [
said, half a million!) currently in use
in Britain in one form or another
and forecasts suggest this figure will
more than double in the next three
years.

Showing Off

Incidentally, May sees one of the
biggest exhibitions in the com-
munications world (well, in Europe
at least). Communications 88 runs
at the National Exhibition Centre,
Birmingham from 10-13 May. And
it’s a show not to be missed.

Keith Brindley
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f someone had told me two years

ago that the new method of
printed circuit board assembly was
to use a PCB without holes, lead-
less components which are stuck
onto the PCB with glue and then
the PCB (held component side
down) is passed through a wave
solder machine which completely
immerses the components in
solder, I would have thought that
person to be slightly wacko.

Such procedures, however, are
definitely not the dealings of a
demented engineer but are now
one of the standard surface-mount

The 1988 Smartex Exhibition at
London’s Barbican centre was an
opportunity for engineers involved
in electronics design and manu-
facture to see the latest SMT
machines, components and
materials.

The range of components avail-
able in surface-mount has ex-
panded considerably since
Smartex 87 and many more semi-
conductor manufacturers have
committed themselves to SMD
production. Familiar names such as
Texas Instruments, Ferranti,
Siliconix and Siemens were all
represented, with sales engineers
eager to acquaint you with the
latest technology.

The limited range of capacitors
available in SMD has been a
handicap to circuit design. How-
ever, this situation is being rectified
by companies such as Integrated
Ceramic Components Ltd,
Siemens, AVX, Syfer and Wimpey-
Dubilier (Wellies and donkey-
jackets not included).

RBS Components Ltd demon-
strated their ability to manufacture
surface mount inductors but the
range is limited to 1000pH and
current ratings are rather on the
low side.

The simplest way of ‘populating’
a surface-mount printed circuit
board with components would be
to pick up each component with a
pair of tweezers and place it in the
required position on the board. A
fine tip solderingiron could then be
used to solder it in place. This
method would call for a very
dexterous operator.

The work is made many times
easier by manually operated pick
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and place machines, examples of
which were exhibited by Cooper-
tools and Groatmoor Ltd. These
machines incorporate a manually
guided head on which can be
mounted an adhesive dispenser
and a vacuum probe for picking up
the SMDs. Glue dots are placed on
the PCB where the body of the
device is to be located and the
device is then picked up by the
vacuurn probe and placed in the
desired position. Soldering would
then be performed by passing the
PCB along a dual wave-soldering
machine.

An alternative method is to use a
solder paste dispenser to apply
paste to the pads of the PCB and
after placement of the SMD a hot
air pencil is used to reflow the
solder paste to effect the soldered
joint. These manual machines are
mainly intended for small produc-
tion runs or prototype manufacture
and are still somewhat dependent
upon the dexterity of the operator,
who needs to have 20-20 vision!

Automatic pick and place
machines are amustforvolume pro-
duction and among the manufac-
turers exhibiting such machines
were Universal Dynapert, Precima
and Zevatron.

Components are suppliedin tape
and reel packing, and these
machines have to be programmed
either by an operator who simply
‘teaches’ the machine by movingits
placement head to a component
and then placing it in the desired
position, or the x-y coordinates of
each component’s location are
loaded in via a terminal or
downloaded from a CAD system.

These machines can pick and
place up to 5000 components per
hour with an accuracy of 0.1mm.

The manufacturers’ represen-
tatives indicated that many refine-
ments to their automatic placement
machines had been made since
Smartex 87 in an attempt to reduce
down time and increase reliability.

There weren’t any wave soldering
machines on demonstration for
obvious reasons of ventilation,

however there was a faint whiff of
flux fumes in the air due to the
presence of an infra-red reflow
soldering machine and various re-
work stations.

Solder re-flow is an alternative to
wave soldering. The solder, in paste
form, is printed onto the PCB pads
and after component placement
the solder is then melted by placing
the entire PCB in a hot vapour
atmosphere. A more up to date
method is heating the board in an
infra-red oven. The now molten
solder flows around the component
leads and completes the joint.

When things go wrong, soldering
defects are often given colourful
names such as the ‘Drawbridge
effect’ (chip resistor or capacitor
lifted at one end) and the ‘Man-
hattan effect’ (chip component
actually standing on end).

Machine manufacturers are
striving for ‘Utopian’ zero-defect
production but in reality errors do
occur and have to berectified. Large
expensive boards cannot be
scrapped because of one or two
faults and so inspection and rework
facilities are essential.

Removing faulty resistors is
comparatively simple but the
removal of a 68-pin PLCC calls for
something more sophisticated than
a 15Wiron and a solder-sucker. OK
Industries exhibited their new
GEC/Marconi hot gas rework
system and on asmaller scale Zeltek
demonstrated the DR Tresky
Engineering improved hot air and
vacuum pencil rework facility.

Surface mount is an exciting new
technology and allows a consider-
able reduction in PCB sizes com-
pared with conventional through-
hole technology. The component
prices in SMD however are dis-
appointingly higher than their
through-hole counterparts
especially for discrete components.
However, I am told prices will fall as
production volumes go up. The
manufacturing processes can be
heavily automated which reduces
labour costs although the purchase
of the machines calls for heavy
capital investment which many
companies may think twice about.

couple of ‘useful’ enthusiast’s

books come under scrutiny
this month. It seems there is no end
“to this type of publication. How-
ever, that must be a pretty good
thing for those of us who are keen
on the idea of electronics as a
hobby.

CMOS Circuits Manual by
R M Marston, Heinemann
Newnes, £9.95

Mr Marston will be a familiar name
to longer standing ETI readers.
This is the first in what looks like a
potentially enormous series of
‘manuals’ for Heinemann Newnes.

(Isn’t it terrible when two publish-
ing companies join together and
both names are famous and so have
to be kept — the result begins to
sound rather like a local firm of
solicitors. Anyway, back to the
book).

The CMOS circuits manual is
really an organised collection of
Tech Tips with some basic back-
ground theory thrown in for good
measure.

The book starts off looking at
what CMOS is, how basic CMOS
gdates work and why they don’t mix
too well with static.

All the equivalent circuits and
transfer characteristics are quite
interesting but it seems a little over
indulgent in the light of the rest of
the book.

This appears to be essentially a
practical book aimed at actually
working with the devices in ques-
tion. I can’t help feeling that many
details of exactly what goes on
inside the little black plastic lumps
won'’t really find many takers.

Maybe it’s just my inbred hatred
of most things mathematical ...
Still, the first chapter only lasts
about a dozen pages so I shouldn’t
complain too much.

ETI MAY 1988
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OPTOELECTRONICS
CIRCUITS MANUAL .
R.M. MARSTON '

Next is a whole chapter devoted
to the 4007. This is again a little
theoretical (and rather mathe-
matical!) for me but it is a lot more
useful at the same time. The 4007 is
the basic building block of CMOS
and so it does justify such attention.

There’s quite a lot of good
practical advice hidden amongst
the equations and graphs too soit’s
well worth a read

The rest of the book is split up
into chapters covering particular
functional areas. Each area is
liberally illustrated with circuits of
basic CMOS gates and the
dedicated CMOS chips.

Many subjects are covered —
Inverter, gate and logic circuits;
Bilateral switches and selectors;
Clock generators; Pulse generator
circuits; Clocked flip-flops; Up and
up/down converters; Down
counters and decoders and various
miscellany.

Each function area has a basic
introduction and description, a
look at some basic principles, tips
and things to watch for, the
relevant chips and some (rather
contrived) example circuits.

The chapter on bilateral switches
and decoders for example covers
the 4016, 4066, 4051-3, 4067 and
4097, and has circuits for latching
switches, touch switches, digital
resistance, capacitance and gain
control and a sample and hold
circuit to name but most of them.

In the process of delving into all
these subjects Marston manages to
cover most of the common CMOS
ICs. There are some notable
exceptions (notable in my eyes at
least) and absolutely no mention of
74HC series chips but I guess those
really are another story.

The big problem with the CMOS
Circuits Manual is why read itin the
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first place. It’s hardly easy reading,
i's not a text book to plough
through and learn the subject nor is
it really a reference work to pick up
for snippets of information.

However, it is thoughtfully put
together and covers the ground
well. It taught me several things I
didn’t know and promises to teach
me more as | use it again. If you’re in
that limbo state of beginning to
grasp the fundamentals of elec-
tronics but a little unsure as to how
to actually progress onto meaning-
ful project design, this one will serve
well.

The series blossoms. Don’t ask me
why this one’s a quid more. It’s
marginally shorter and otherwise
consists of very similar stuff.

Still, if the good lord had meant
us to understand book prices he
wouldn’t have given us publishers.

This one very much follows the
same line of attack as the CMQOS
tome. The first chapter looks at
basic principles and this time they
are a lot more basic — what are
bulbs, neons, LEDs, LCDs, photo-
cells and even (pushing it a bit, this)
a look at cathode ray tubes.

Again, the other chapters are
devoted to a subject each and go
into in greater depth — LED display
circuits; LED graph circuits; Seven
segment displays; Light sensitive
devices; Optocoupler devices;
Brightness control techniques;
Light beam alarm; and Remote
control systems.

The whole tone of this book is a
bit easier than the last. It is better
suited to the beginner and to
practical application. It also has the
great advantage that it is great fun
for the electronics beginner to play
around with flashing LEDs and
impress their friends with ‘magic’
infra-red broken beam switches.

So again, if you want to know
that little bit more about using these
good fun devices, if you're prepared
to experiment a bit with relatively
little help, this book will form the
basis of an interesting and
informative time.

If and when this collection of
Marston manuals grows, the whole
set will undoubtedly provide a solid
basis for enthusiast knowledge.

The only problem is that at
£10/11 a time (or are these the
bottom end of a price curve?) few
mere enthusiasts will be able to
afford them all.

m CONSTRUCTOR SERIES SPEAKER KITS

Based on the famous Kef
Reference Series, these three
DIY designs give the home -,
constructor the ' .
opportunity to own an
upmarket pair of -
loudspeakers at a §
very down-
to-earth price!
With a
Wilmslow Audio §
Total Kit it's easy
— no electronic
or woodworking skill is necessary. Each kit contains all the
cabinet components (accurately machined from smooth
MDF for easy assembly), speaker drive units, crossover
networks, wadding, grille fabric, terminals, nuts, bolts etc.
Model CS1 is based on the Reference 101, CS3 is
equivalent to the Ref. 103.2 and CS9 is based on the
Reference 105.2 (but in a conventionally styled encl.).

CS1 £117 pair inc. VAT plus carr/ins £6

CS3 £143 pair inc. VAT plus carr/ins £12
CS9 £393 pair inc. VAT plus carr/ins £18

L
&
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We also offer a kit (less cabinet) for Elector PL301

N Lightning service on telephonad credit card orders! %3

WILMSLOW AUDIO LTD.
35/39 Church Street, Wilmslow, Cheshire
SK9 1AS Tel: 0625 529599
Call and see us for a great deal on HiFi.
(Closed all day Mondays)
DiY Speaker catalogue £1.50 post free (export $6)

MULTIMETERS
Cirkit |

Affordable Accuracy

A comprehensive range of
quality Multimeters at very
competitive prices
DIGITAL

All models feature full ranges, large 3%
digit LCD. low battery indication, auto
zero and auto polarity, strong ABS
casing. 10 Amp range (except DM105),
overioad protection. Prices from £21 50
to £65 00. Battery, spare fuse, test leads
and manual included with each model

ANALOGUE

A choice of four meters with prices ranging

NEW PRICE!

HC774 < £31.00

A compact, pocket sized autoranging
multimeter featuring; 200mV-1kV DC

: = volts, 200mV-750V AC volts, 200mA
from £5.50 to £21.00, with' DC sensitivities | 514 104 DC or AC current, high and

from 2k(Y/V to 30k)/V. All models include
battery, test leads and manual

low current resistance ranges
2k-2M() and 200-200k(), 10mm
LCD, display memory and hold,
auto/manual range selection and
basic accuracy of 0 5%

Please add 15% VAT to all
prices and 70p for post and
packing

C 'rkit
Cirkit Distribution Ltd.

Park Lane, Broxbourne, Herts EN10 7NQ.
Telephone (0992) 444111, :

Phone or write for full
catalogue price £1.20 to
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E8801-2 Passive IR Alarm ..o H o £6.50

E8801-3 Mains Cleaner ........cccceeeeieiinnenn, G e £4.75
E8801-4 RGB DisSsSoIVe .....ccccvvveeeiiiiiinnnnnnnn, Ly N £8.80
E8802-1 Electric Fencer .......cccocceceiieiiinnnn, (2, concoacanoonoses £3.25
E8802-2 Telephone Intercom ..................... Lo, £8.80
E8802-2 Transistor Tester (2 bds) .............. In ... e £8.80
E8802-4 Spectrum Co-processor CPU boardN ............ £13.10
E8803-1 Spectrum Co-processor RAM boardN ............ £13.10
E8803-2 Beeb-Scope (3 bds) ..........cooevnnee (O I £15.80
E8803-3 Jumping Jack Flash ..................... [5 5 cosoatm0000 £3.25
E8804-1 Spectrum Co-processor Interface

Board ... N £13.10
E8804-2 Combo-lock .....occooviniiiiiiiiiii ERET i £3.25
E8804-3 Kitchen Timer ......ccccocececviiiiiinininnne =R — £3.25
E8805-1 Virtuoso 2U PSU ..........eoveiiiinnne M £10.60
E8805-2 Virtuoso 3U PSU ... N . £13.10
E8805-3 Bicycle Speedometer ................... (B donnoo00058850000 £4.00
E8805-4 Dynamic Noise Reduction ........... B £3.25

(back to ETL 1581) is
f a jarge SAE.

TO: ETI READERS’ SERVICES DEPARTMENT
Argus Specialist Publications Ltd,
9 Hall Road, Hemel Hempstead,
Herts HP2 7BH

Please supply:
No. requiredBoard reference Price Price each Total for
per type number letter board type

E - £ p £ p

E - £ p £ o]

E - £ p £ p

E - £ p £ p
POSTAGE & PACKING £ 0.75p
TOTAL ENCLOSED £ - P

ORDER TO BE SENT TO: (BLOCK CAPS PLEASE)

I (Make cheques payable to ASP Ltd)

ACCESS and VISA credit card orders can be taken on (0442) 41221
(office hours only).
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Please supply the following backnumbers of ETI.
Note: Backnumbers are held for 12 months only
(complete in block capitals)

Month .......... Year ... Month ........... Year ...........

Month ........... Year ........... Month o.......

Month ........... Year ........ Month ........... Year ..........

Month ... Year ...ccoes MONth e Year oo

I enclose a cheque/postal order made out to ASP
Ltd. to the value of £1.90 per issue ordered.

Total remittance £

ceeparie FOSEOHE s

Send the completed form and your remittance to:

ETI Backnumbers Department
Infonet Ltd.
5 River Park Estate

—— e LS HPS HL

YoRr e

Ll e —

Please supply photocopies of the following articles from
ETI (complete in block capitals):

Month .............. Year ................ Page (if known) .........
Title
Month ............... Year ................ Page (if known) .........

Title
sessiiecs YEAT L., Page (if known) ...
Title

| enclose a cheque/postal order made out to ASP Ltd. to
the value of £150 per photocopy ordered,

Total remittance £

Send the completed form and your remittance to:

ETI Photocopy Service
9 Hall Road
Hemel Hempstead

Heris. HPZ 7BH
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01-437 0699 Ext 292

Send your requirements to:
Julie Capstick, ETI Class. Dept., ASP Ltd.,
1 Golden Square, London W1.

Lineage: 44p (VAT excl) per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£12.20 per single column centimetre + VAT
Ring for information on series bookings/discounts
All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate car (available on request)

COURSES

Newark Technical College

The Department of Music & Musical Instrument Technology offers,
for students with the relevant practical and musical background, a
2 year full-time course in

MUSICAL INSTRUMENT ELECTRONICS
Leading to a B/TEC National Diploma in Musical Instrument
Technology and if required to higher level technical and degree
courses.

The Department also offers full-time 3 year courses in
PIANO TUNING MAINTENANCE & REPAIRS

VIOLIN MAKING & REPAIRING
(Newark School of Violin Making)

WOODWIND MAKING & REPAIRING

For details and application forms please write to The Principal,
Newark Technical College, Chauntry Park, Newark, Notts., or
telephone Newark 705921.

J oL,

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on
06267 79398 =

C—

[ttt

O City & Guilds
Exam 271
O Radio Amateur
Licence
O Micro-
processor
O Introduction to
Television

Nottinghamshire County Council
Education

REF: ETI/4/88

NAME

Radio & Telecommunications Correspondence School,
12, Moor View Drive, Teignmouth, Devon. TQ14 SUN.

KITS MISCELLANEOUS

MAKE YOUR INTERESTS PAY!

an 8 million students throughatu the warld have found it worth their while! An ICS

ourse can help you get a better job, make more money and have more fun out of
90 years experience In home-study courses and is the largest correspondence

2 . Tou learn at your awn pace, when and where you want under the guidance

o 1 ‘persanal tutors. Find out how we tan help YOU. Post or phone today for your FREE

INFORMATION PACK on the course of your cholce.

Tick one box anfy!)

o e Ce— Se— BN B B ]

: = | Radie, Audio
‘ Electronics S and TV Servicing 0 \
I | Basic Electronic Radio Amateur Licence I
Engineering (City & Guilds) 0O | Exam (Clty & Guilds) |
I | Ele Engineering O | Car Mechanics o I
Eiectrical Contracting/ Computer
I nstalfation O | Programming 5]
| G CE over 40°0 and ‘A’ level subjects =} I
l Mame I
Address P, Code
l International Correspondence Schools, 312/314 High St, Sutton, Surrey SMI IPR, ,
Tel: 01643 9568 or 041-221 2926 (24 hrs.) Dept EBS58
s e oEar SEES ST S E— s comm ot

COMPONENTS

FREE RESISTORS plus hun-
dreds of low price-manufac-
turers full spec. components,
send £1.50 cheque for samples
and listsor 10" x 4" s.a.e. for lists
only. Dept. (E), D&M Com-
ponent Supply Service, 2
Glentworth Avenue, Whitmore
Park, Coventry, W. Midlands
CV6 2HW.

PROMs - EPROMSs - PALs
ANY PROGRAMMABLE IC SUPPLIED
OR BLOWN

Typical prices (excluding VAT)
(Data Entry P&P extra)

2716 £4.20 2732 £3.85
2764 £2.85 ..... ..., 27128 £4,40
BIPOLAR PROMs from £1.35
e g 828123, 185030, 745288
PALs, PLDs eic. from £3.26
e g. 825153, 1618, EP310
Full design and prototyping service
Any quantity programmed - SAE or
phone for details

P.L.S., 16 Central Road,
Worcester Park, Surrey, KT4 8HZ.
Phone: 01-330 6540

UNIVERSAL BATTERY CHARGER
D C AA AAA PP3 with individual
charge indicators and tester. Only £8

+ ptp
JUST ONE ITEM FROM OUR HUGE
STOCKS OF QUALITY ELECTRONIC
AND ELECTRICAL SPARES AND
ACCESSORIES.

SEND FOR FREE JUMBO LISTS
C.0.D. SERVICE AVAILABLE.
STRACHAN ELECTRONICS (ET)
9 CROALL PLACE. EDINBURGH EH7 4LT

S.H. COMPONENTS presents
18 pages of very competitively
priced semi-conductors,
switches, Opto Electronics, etc.
Send 50p to: 17 Beeley Road,
Grimsby, S. Humberside.

MICRO TRANSMITTER KIT,
500m Range, tunable
88-115MHz, sensitive micro-
phone, £3.95. Cheques/PO’s to
Quantek Ltd., (ETI), 267 Rednal
Road, Kings Norton, Birming-
ham B38 8EB.

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P CB's available:
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.
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TMS320 Starter kit incorporat-
ing TMS32020, 16K Eprom
RS232. Prices from under £300.
For further details send S.A.E. to
Melek Circuits, 18 Kincardine
Drive, Bletchley, Milton Keynes
MK3 7PG.

HEATHKIT U.K. Spares and
service centre. Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewkesbury, Glos. Tel 0684
73127

PLANS & DESIGNS

ELECTRONIC PLANS,
designs, solar and
generators, high voltage teslas,
surveillance devices,
pyrotechnics and computer
graphics tablet. 150 projects.
For  catalogue. SAE to
Plancentre Publications, Unit 7,
Old Wharf Industrial Estate,
Dymock Road, Ledbury,
Herefordshire, HR8 2HS.

NEXT COPY DEADLINE FOR JULY
ISSUE IS 22nd APRIL

@ Surveillance

@ Kits

©® Components

@ P(B’s

ETl has the right market.
Ring Julie Capstick
on 01-437 0626
for more details.
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All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and
conditions printed on the advertisement rate car (available on request)

FREE BOOKLET

on

BURGLAR ALARMS
with
LOWEST U.K. DIY PUBLISHED PRICES
PHONE OR WRITE FOR YOUR COPY
051-523 8440
AD ELECTRONICS

217 WARBRECK MOOR
AINTREE, LIVERPOOL L9 OHU

SPECIAL OFFERS

FREE MEMBERSHIP to the
NATIONAL COMPONENT CLUB
For details and a free gift of
components worth over £10
send only £1.00 p&p to:
Higher Ansford, Castle Cary,
Somerset BA7 7JG

SURVEILLANCE

ESKAN
ELECTRONICS

LEADING MANUFACTURERS
AND SUPPLIERS OF
SURVEILLANCE AND

SECURITY EQUIPMENT.

MINIATURE TRANSMITTERS,
TELEPHONE MONITORING
EQUIPMENT, AND MANY
OTHERS.

Send stamped addressed
envelope for your free
catalogue to:

172 Caledonian Road,
London N1 0SG.

. Telephone
) 01-278-1768

Trade Enquiries Weocome

CASSETTE MOTORS large and
small 2 for £1.00. Mono and
stereo cassette tape heads. 2 for
£1.00. Microphone small for
cass. tel. etc. 2 for £1.00. Tele-
phone buzzers at £2.50 each.
Please add 75p p&p no VAT.
Access card accepted. Golden
Orange Supplies, Brockhol-
lands Road, Woodside, Bream,
Lydney, Glos. Tel: 0594 563009.

HAPPY EASTER GIVEAWAY 40
new assorted capacitors. FREE!
return advert + 50p coin (P&P)
to: KIA-8 Cunliffe Road, llkley
LS29 ... 60 watt amplifiers £5.

0.E.M.’s Clearing B.S. 9,000
quality parts, examples:
LED's aigl preen RS
5mm — R
Surisoe mount, 3 calour ..., s L B
DMOS rransisiors RFP 1ENOSL

8L
MJI10012 108 500v Dardingion
LM3za 26p
For surface mount and ordinary IC8S, trans- formers,
swilches you name It our free catalogue has it

Tel: Galvaroy Ltd. 0241 70172

We accept
= o

bookings. Phone
01-437 0626 Today.
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I-TRONS

TOP SELLIEG
KITsS

BUG-87 Matchbox sized surveillance
transmitter - can be received by any FM/VHS
radio £4.95
ROBO-VOX Instantly transforms your voice
into Dalek/Robot type also amazing sound
effects possible ... £11.95
ROBOT CIRCULAR Unique radio controlled
robot - can also be converted to control via
computer £16.95
EDU-SCOPE Build your own oscilliscope with
solid state display £39.99
£11.99
THERAMIN MUSIC GENERATOR An elec-
tronic device based on an ancient legendary
mystical instrument £12.75
RAD-X CONTROL A complete ready built 2
output RADIO CONTROL SYSTEM £14.99

Please add £0.75 per order for P&P. For FREE
Datapack on all our Products/Kits send SAE.
Cheques/PQ’s payable to:-

IMAGINA-TRONICS

Aberdeen House, The Street, Charlwood,
Surrey RH6 0DS.

WANTED BOOKS

Turn your surplus
transistors, IC's etc., into
cash, Immediate settlement,
We also welcome the
opportunity to quote for
complete factory clearance.

Contact:
COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.
ESTABLISHED OVER 10 YEARS
Tel: 0945 584188
Fax Number: 0945 588844

CIRCUIT DIAGRAMS

Most Makes, Models, Types, Audio, Music
Systems, Colour, Mono Televisions,
Amateur Radic, Test Equipment Vintage
ete. £3.50 plus LSAE
State Make/Maodel/ Type with order
Full Workshop Manual prices on
request with LSAE.
MAURITRON (ETI),
8 Cherry Tree Road, Chinnor,
Oxfordshire, OX9 4QY.

PARAPHYSICS Journal (Russian

Translation); Psychatronics:
IDEAS/INVENTIONSwanted Kirlianography. Heliphonie
Call 1.S.C. 01 434 1272 or write, Music, Telekinetics. Computer
Dept ASP 99 Regent St, London  Software. SAE 4 x g* Paralab
W1, Downton, Wiltshire.
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FOR SALE

SIGNAL GENERATOR

PCB’S

PCB Design

Range: 15Hz to 1MHz in 5 bands, output impedance 600 Q
Sine Wave:  Output 0-5Vrms Distortion:  <05%
Square Wave Output 0-10Vp-p Rise Time:  «200ns

{separate TTL level output capable of driving 20 TTL loads)
Dimensions: 245 x 65 < 150mm deep. Mains powered
£45.00

POWER SUPPLIES

0-24V DC at 1.5A also 0-12V, 12-24V at 3A version

Fully variable, meter reads voltage or current

Stability: «02%  Ripple/Noise: « 2mV

Dimengigns. 180 = 110 % 210mm deep. Qverload protectad
14 Version £45.00  3A Yersion Es 00
0-30VDC at 2A

Fully variable: 0-15Y. 15-30V, separate ammeter and voltmetar
it from about 20mé 1o 2A, limit shown by LED

Variable curre
Stability 'J Ripple/ Naisa: « 2mV
2 15V DC, fuesd voltage, dual tracking, 1A limit

Stability 10% Ripple/Naoise: 2mV
5V DC, fixed voltage, 1A limit
Stability:  0.2% Ripple/Noise: < 2mV

ALSTRON ELECTRONICS

|labcencer

electronics

PC-B £80

At last, an affordable PCB de-
sign tool for your Amstrad PC.
Plotting service available.
Send SAE for further details,
or £2 for demo disk.

Labcenter Electronics
14 Marriner’s Drive,
Bradford, BD9 4JT.

Program
Version 2 of this powerful utility now
available for Amstrad CPC664/6128,
Superb quality printout on a standard
dot matrix printer - Double or single
sided boards - Powerful screen
editing. All this and more for just

£29.99 incl,

Details:
CADsoft Systems, 18 Ley Crescent,
Astley Manchester M29 7BD.

*k Available soon for PCW8256/8512% %

Spirella Building, Bridge Road, Tel: 0274 542868

Letchworth, Herts. SG6 4ET.

Grundig Infra-Red Remote Control
“VIF-K1" consists of transmitter TPV355
and VIF-E1 brand new & boxed

£4.99 p&p £2
£9.99 for 10 p&ip £3

Dimensions: 240 x 110 x 250mm deep
£89.00

Please send cheque or P.O with order and add £2.95 p&p

SITUATIONS VACANT

ELECTRONICS Servicing Com- WORK IN JAPAN

pany require junior assistant ||ndividuals with a degree or
(17-20) who can demonstrate |experience in electronics &
keen interest in sound servicing. electrical engineering interested in

PRINTED CIRCUIT BOARDS At
very competitive rates: 4 pence
per square centimetre (less for
orders of 10 plus and large
boards) 1 offs; 100 offs - send
artwork (1:1, single sided) or
drawings/enquiries. Also art-

Video Heads (Grundig 2 x 4 Super) with

head assambly £29 p&p £2 each
2 x 4 Super Panels £5.95 = DTF, Servo,
Video, Croma, Sterio-ton, Motor-Board,
Modulator & Tuner p&p £1.

Remote Controls Infra-red & Sonic

Write for application form. |teaching engineering English for | work carried out. Watling Wires | (S0 oo it Ferguson, JVC,
Azimuth Electronics, 201 | one year in Japan to ?mployees of | PCB Production, 51 Watling [ Philips, Sony, Grundi?,gAU .
Greenheath Centre, London E2 | malor corporations/government | Street, Nuneaton, Warwick- | .- SURPLUS STOCK ananpoP £1
6JL. inistiEsishglRavicie, shire, CV11 6JL. Telephone Stan Willets (ETI), 37 High St.,

International Education Services
Shin Taiso Building,

10-7 Dogenzaka 2-chome
Shibuya-ku, Tokyo 150, Japan
Information on the position will be
sent after receiving a detailed
resume

RETAIL OUTLETS

(0203) 382296. W. Bromwich, W. Midlands B70 6PB.

Tel: 021 563 D186

Do you need
Qualified Staff?
Electronics Today
can find them for you!

ETI can Bring you Success in 1988.
Contact Julie Capstick on
01-437 0626 for more details,

T T T T = b — ]

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street Tel: 051 236 0154

47 Whitechapel. Tel: 051 236 5489
Liverpool 2

‘THE ELECTRONICS SPECIALISTS

CLASSIFIED ADVERTISING COUPON
Post to: ETI, 1 Goiden Square, London W1A 3RB
Rates:- 44p per word (min. charge £6.60 (VAT excl)). Semi
display (min. 2cms) £12.20 (+ VAT) per single column
centimetre.

Open: Tues-Sat 9 30-5 30

Please debit my Access/Barclaycard No. ﬂ _—
[]IIIII;':'i{iiiiﬂExp;rydate _______
Gmon b e e s S R e insertions.

Or | enclose my cheque/PO for £...... for......insertions.

FOR COMPONENTS
LOTS OF NEW DEVISES
LOTS OF LOWER PRICES
Phone for our catalogue:
01 452 0161/450 0995 Telex: 914 977
40 Cricklewood Broadway,
London NW2 3ET.

ELECTRONIC COMPONENTS
are best seen at
FRASER ELECTRONICS
42 ELM GROVE % SOUTHSEA # HANTS
Telephone {(0705) 815584
Barclaycard Access

COME AND BROWSE BEFORE YOU BUY

Please use BLOCK CAPITALS and Include post codes.

ek ke L ————

TYNE AND WEAR il L N e A R BN N ———
Name (Mr/Mrs/MIss/M8) ....................oovvevinnvnnss
ELECTRONIC COMPONENTS AND KITS ({delete accordingly)
ESQ T T PO S St
STATION ROAD, CULLERCOATS, | Signature ............................ Date................
NORTH SHIELDS, TYNE & WEAR NE30 4PQ i
091251 4363 Daytime Tel. No. ........................oiiiiiiiinn..,

- X P = O I - OMr m
- I P =20 I -~ OMmMrEr M

New 1988 Catalogue now MON-SAT 9.30 to 5.30
available £1.85 Incl p&p. CLOSED THURS.

b
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You've finished your project . . .

... Now COMPLETE it!

Build an enclosure to fit it exactly

ENCORE has been developed and designed to make
any enclosure to the exact dimensions you wart.
Brand new ENCORE is an ingenious but simple
extruded strip system that you can shape, bend, file
and cut, Incorparated in the section profile is a screw
fastening hole. When the plastic sheet is cut to size ¢
the drilled holes will register exactly using the jig
and drill supplied with each kit,

Qur trial kit is just £11,60 which includes

delivery and the free jig and drill bit.

Try ENCORE for your current project you'll be
surprised what a clean professional finish it gives to
any kind of project.

Send for

ENCORE ENCLOSURES
full details,

UNIT 3
WILLAND INDUSTRIAL ESTATE
CULLOMPTON
DEVON EX15 2aW
Phone: (0884) 820955

Interak 1
OU CAN AFFORD?

-
At last a single board computer at a
competitive price

H ﬂg”g [”&n

h"” : ﬂg %3 ”
=3 H H 5 QEHHU . HD
U elre e |

SBC-1 Single Board Computer Card

FEATURES

* ZBOA-CPU - Industry standard 8 bit microprocessor

* 48 1/0 TTL LINES - Via 4 off 26 way IDC connectors, 1hese provide the all

impartant earth [ine batwean signal wires.

* UP TO 32K EPROM/UPTO32KSRAM - The board can be configured for the

mamary devices used with push fit jumper links

* BOARD FULLY SOCKETED - All integrated circuits are mountad in high raliability

sookets. Sockets are aleo fitted for the optional integrated circuits,

# EXPANDABLE - Via BUS, (optional BUS interface components required)

* INTERAK BUS COMPATIBLE — This hoard is compatible with the |ntsrak

Daevelopment System,

* FIBRE GLASS BOARD - Platad through holes, gresn solder resist screen

* TECHNICAL ASSISTANCE - We are able to undertake design eonsultancy and

application software projects

* ASSEMBLED AND TESTED - To oparate in the standard
supplied with +bv Ov laad snd . Special

manufactured in small or large quantities.

* PRICE - 78.50 plus VAT (inc. Bk RAM and Bk EPROM) optional BUS interface

componants B.88 plus VAT

FPiaase send a stamp, or telaphone for o detailed ity

configuration and
figurati can be

leaftet, elc

Programs for the BBC model B’,B+, Master and Master Compact with disc drive

L Greenbank

Greenbank Electronics {Dept. T6E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE.  Tel: 051-645 3391

DIQGRQH 1 I - now also available for ARCHIMEDES

Disgram II is a_completely new version of Pineasples porular ' Diagram’
drawing software. The new version has a whole host of additional features

ioh make 1t into the most powerful and yet quick to use drawing ?rngram
available for the BEC micro, The new features mean that 'Diagram II' pan
now be used for all tupes of drawings, not just cirouit dla?r‘am. Scale
grawings are possible’and the facilities for producing circles and rubber
banded | ines together With the pixel

: rawing routines make any type of
drawing possible. This advert has been

produced completely using Diagram II,
Summary of Diagram II features:-

+ Works on all model BEC computers and makes use of Shadow memary if poss,

, ﬁagm line drawing routines with automstic joins for circuit diagrams,

Fubber bard line and circle drawine modes, )

Makes use of the Roorn Fom Y0 produce ellipses, aros, sectors,chords
. and flood filling, ;

Pikel drawing mode aflows very fine detail to be added,

Defined argas of screen may be moved, copied, deleted or saved to diso.

On-screen cursor position indication allows scale drawings to be made.

Kewboard heys may be defined to print User Defined Characters allowing

new character sets to be used, : -

Worderocessor files rnag be loaded and formstted into defined areas,

o 1o 880 UDC' s if shadow mmrg available, 381 without shadow,

(Comeatible with Marconi Trackerball and most makes of *mouse’ .

ALl ‘E:a?rm Utilities’ are included,

,Completely 'scalesbie print routines allow
printed either horizontally or through

varied in 1Y steps allowina ug 10 18 mode

an A4 sheet (still with readable text),

14, Smooth scrolling over the whole area of the diagram.

D @i s ora—

——t
wha—e

gga area of the diagram to be
g. in scales that may be
screens to be printed on

PC

Pineappie’s now famous PCB drafting aid prndg&es comelex double sided PCE's
uer‘;ﬁhramdlu using any model migro and any compatible dot-matrix printer.
. Ihe program 15 supplied on m and uses a mode | soreen to dsspla&the two
sides of the board in red and blue either separately or superimposed. Lomeonent
laggg‘ screens are also deu“d for & silk soreen maslk, )

g print routines allow a separate printout of each side of the board in an
expanded definition hl?h contrast 1il or 211 scale, The print time is typically
about S mins, for a LiI print of a 7° ¢ 5% board. 15 program has too many
superh features to adequately desoribe here, so please write or ' phone for more

Plotter driver to suit

details and sample printouts. )
E as.m + vat nost plotters £ 35.80 +vat

PCB  AUTO-ROUTING

This brand new addition to the PCB program greatly
increases the power of the software and speeds the
E‘ESI?D of PCB's even_more, . .

A list of up to 198 gonnections may be entered in
the form of a ‘rats nest’ and then the computer does
the rest! You may specify which side of the board
you wish a track to be on or you may leave the
choice to the computer, and you may also sa whether
tracks should be allowed to pass between I,C. pins,

The program is in the form of 2 second Eprom and
full features are available on s standard model’B.’

Please write or ‘phone for full details.

COMPLETE AUTOROUTE PACKAGE
(Including manual Eprom) £ 18500 + UAT

Diagram IT consists of a_set of disc files and a 16k Egrop.
The disc is formatted 48T side@ and 68T side2, Please state if this
is unsuitable for your system, or if you require a 3.5" Compact disec

DIAGRAM IT — £55 .00+ vat reus e

MARCONI TRACKERBALL

For Model 'B’ and B+ (with Icon Artmaster) £60.22 + vat
For Master 128 (with Pointer Rom) £60.00 + yat
Bare Trackerball (no software) £ 43.00 + vat
Pointer Rom (availahle separately) £ 12,50 + vat
Trackerbal]l to mouse adapters E 822 +vat
Postage and Packing on Trackerballs £ 1,7

ADFS Utilities Rom

ADU is an mualgﬂgle utility for ail ADFS users. 14 adds over 22 new
tcommands to the = filing sustem as well as eroviding an extensive Menu
facil ity with over 35 sub :qmaads COVEring are-:tg such as repeated disc
compaction, saﬁw and loading Rom images, auto booting of files and many more,

pying of discs onto (discs can be made in one pass With automatic
creation of the reauired directories on the digo, All functions are ful t¥
comeatible with Winchester drives including which allows backing up o
Winchesters onto multiple #]

oppies.
New soommands are as followsi— S$BACKLIP, eCATALL, #CHANGE, oDFSADFS
DIRACL, 4DIRCORY, SLIRDESTROY. oD %ﬁrﬁ, oDISLEDIT, SORIVE, eETLEFIND, sFORMAT,
&%me. oL (CK, oMENU, PURGE, -éwam L NLOCK, wémﬁ's. *UFORMAT, " el/IPE

PRICE £ 29.00 + vat

All orders sent by return

MITEYSPICE

— Powerful A.C. & D.C, circuit analyser package - £119.88
with Graphics output, Send for more details +vat
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HOT LINE DATA BASE : 0

%z .

+The ORIGINAL FREE OF CHARGE dial u data“
*base. Buy, browse or place YOUR OWN AD fora

sgoods or services to sell, 1000's of stock items,
. sharas and gne off bargains. Updated daily.
M LINE NOW, CCITT, 8 bit word, no parity. =
. For 300 baud modems call 01-679 1888 s
¢ For1200-75 baud modems call01-879 6183 .
.

00 0000000000000 0C00P0COPERAEAIRASNINOONIONRINOITSS
FREE only £29.95 it becomes a SUPERB
HIGH QUALITY* COLOUR* TVSET
Thetfabulous TELEBOX, an INVALUABLE MUST for the owner of
Y video menitor with-a compaosite input, colour or monachrome.
Made by a major UK Co as a TOP QUALITY, stand alone UHF
tunar and costing OVER £75 to manufacture, this oppo"lunuw to
ive your maonitor a DUAL FUNCTION must not be missed!
ELEBOX consists of a compact, stylish two tone charcoal,
moulded case containing ALL electronics tuner, powear supply etc
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR* SET, giving a real
benefit to ALL the familyll Dan't warry if your monitor doesn't have
sound- THE TELEBOX even hasan integral4 watt audioamplifier
fordrivingan extarnal speaker, PLUSanauxma’\;aurgunorsune'n
guahty television sound via your headphones or HI Fl systam atc
ther feaures Include: Compact dimensions of ar-y TS wx
R latest technology, BRITISH manufacture, fully &
luneable? channe|push button tuner, Auta AGC circult SAW fllter,
LED status indicator, fully isclated 240v AC power supply for tatal
safety, Mains ON- OFF switch etc. Many other uses
LIMITED QUANTITY - DON'T MISS THIS OFFERt!!

ONLY £29.95 OR £24.94 if purchased with ANY of our

video monitors. Supplied BRAND NEW with full instructions and 2 YEAR
warranty. Post and packing £3.50 *When used with colour cr.

COLOUR & MONOCHROME
SPECIALS

Your monitor from its computeri! For

MONITO

‘SYSTEM ALPHA' 14" COLOUR MULTI INPUT MONITOR

Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has all the features to suit your immediate and future
requirements. Two video inputs RGB and PAL Composite Video, allow direct
connection to BBC/IBM and most other makes of micro computers or VCR's,
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound guality. Many other features:
PIL tube, Matching BBC case caolour, Majar controls on front panel Separate
Contrast and Brightness — even in RGB mode Separate Colour and audio
controls for Cnmpcsute Video Input BNC nlug lor composite Input 158 way 'D
plug for RGB input, modular construction etcetc
ust Be ONE DF THE YEAR'S BEST BUYS. PC USER
Supplied BRAND NEW and BOXED, complete with DATA and 90 day
?uarantee. ONLY £159.00 as above OR IBM PC Version £165.00
5 Day'D skt £1.00, BNC ski 75p BBC interface cable £5.50

DECCA B0 16" COLOUR monitor. RGB Input.
Little or hardly used manufacturer's surplus enables us to ofter this special
converted DECCA RGB Colour Videa TV Maenitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard off! Our own interface
aafe!E moditication and special 16" high definition PIL tuba coupled with the
A 80 series TV chassis give B0 column definition and gquality found only
on monitars costing 3 TIMES OUR PRICE. The quality for the prlce has to be
seen to be believed| Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output Other teatures
are: internal speaker, modular construction, auto degaussmg circuit, attractive
TEAK CASE, compact dimensions only 52cm W X H x 24 D, day
uarantee. Although used units are supplied in EXCELLENT condition.
NLY £99.00 + Carriage.

DECCA 80, 16" COLOUR monitor. Composite video input. Same as above
model but fitted with Composite Video i 8ut and audio amp for COMPUTER,
YCR or AUDIO VISUAL use ONLY £99.00 + Carr.

REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm

om osite video input and sound amp This large screen colour display is ideal
CHOOLS, SHOPDS, DISCO'S, CLUBS and otner AUDIO VISUAL appl

,anons Supplied in AS NEW or little used condition ONLY £145.00 + Carr.
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.

2!l units are fully cased and set for 240v standard working with composite video

nputs Units are pre tested and set up for up to 80 column use. Even when

MINOR screen burns exist - normal data displays are unaffected 30 day

guarantee

72" KGM 320-1 B/W bandwidth input, will display up to 132 x 25 lines £32.95

12 GREEN SCREEN version of KGM 320-1, Only £39.95

9 KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00

Carriage and insurance on all monitors £10.00
TrY I i 0 T =

OITI|;‘F!I:1 switch mode supply with DC regulated

2 58 —12v @ 01aand —23v @ 002a DIm 18 x

it BRAND NEW only £16.95

prswitch mode supply NEW £130.00

DlSK "r ve and SYSTEM applications. Constructed on a
on v supply fully regulated DC outputs of +5v

:I +24v @ 5 amps. Short circuit and overvoltage

.Dim28x 125 x7 cm NEW £49.94

Carmage anall PSU's £300

N PL

PC2000 System
with CPM Etc.
COST OVER £1400

7 quality gold plated switches on X-Y
24.95

rd processol chassis keyboard on single PCB
as On board Micro, Single Sv rail full ASCII
on keys, numeric keypad cursar pad
QUTPUT! Less than half price

riage on Keyboards £3.50

Manutacturers BRAND NEW sumpius.

DON’T MISS THE CPM Deal
OF the CENTURY

CPM TATUNG PC2000

Professional Business System

BE BEATEN!!

A cancelled export order and months of negotiation enables us to after this professional
PC, CPM system, recently on sale at OVER £1400, at a SCOOP prica just over the cost of
the two internal disk drives!! Or less than the price of a dumib tarminal?

Not a toy, the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
PC2000 comprises a madern stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL, EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven, tested and available CPM software packages such as
WORDSTAR, FAST, DBASE2 etc, the PC2000 specification, at our prices, CANNOT

The central processor plinth containg the 84K, ZBOA processor, DUAL TEAC 55F 5Y4"

and ‘Ready to Run'

Camage & Insu rance

Double sided 40/80 track disk drives {1Mb per drive), PSU, 4K of memary mapped screen RAM, disk controller, RS232,

CENTRONICS and system expansion ports, and if that's not enough a ready to plug into STANDARD 8" DHIVE portforupto FOUR
8" disk drives, either in double density or IBM format The ultraslim 92 key, detachabie keytioard features 32 user definable keys,
numeric keypad and text edutlng keys even its own integral microprocessorwhich allows the main ZBOA to devote ALL its time to
USER programs, eliminating“lost character’ problems found on other machines The attractive, detachable 12" monitor combines
agreen, anthglare etched screen, with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
| 2.2, user manuals and full 90 day guarantee. Full data sheet and info on request

PC2000 Business System with CPM
AST Sales and
Purchase ledger, supports up to

9000 Accounts, VAT etc.
COST OVER £1700

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel

NOW on!

only £799

Nomaonly 499 MODEMS |

SURPLUS SPECIALS ON
'PRESTEL - VIEWDATA - TELEX

PLESSEY VUTEL, ultra compact umt slw%tly lan“;’ler
than a te\ephone features A STA D DT
TELEPHONE (tone dal) with 5” CRT monitor and
integral modem etc. for direct connection to PRESTEL,
VIEWDATA etc. Designed to sell to the EXECUTIVE at
over £600!" Our price BRAND NEW AND BOXED at
only £99.00
DECCAFAX VP1 complete Professional PRESTEL
system in shmline desk top unit containing Modem,
umeric keypad, CFL, PSU etc. Connects direct to
standard RGB calour monitor. Many other features
include: Printer oulput, Full keyboard input, Cassette
port etc BRAND NEW with DATA A FRACTION OF
COST anly £55.00
ALPHATANTEL. Very compact unil with integral FULL
ALPHA NUMERIC keyboard, Just add a domestic TV
recelver and you have a superb PRESTEL system and
|via PRESTEL the cheapest TELEX service to be
found!! Many features; CENTRONICS Printer outpul,
Memory dia\llng etc. Supplied complete with data and
DIY mod for RGB or Composite video outputs AS
NEW cniy £125.00
| Past and packing en all PRESTEL units £8.50

EX-STOCK INTEGRATED CIRCUITS

4164 200 ns D RAMS 9 for €11 4116 ns
£150 2112 £€1000 2114 £250 2102 £200
6116 £2 50 EPROMS 2716 £450 2732 £3.00
2764 £4 .35 27128 £550 6800 £2 50 6821 £1
68A09 £8 6BB09 £10 BOB5A £550 8086 £15
8088 £8 NEC765 £8 WD2793 £28 8202A
£22 8251 £7 8748 £15 ZBOA DART £6.50
ZBOA CPU £2 00 Thousands of IC's EX STOCK
send SAE for list,

| _DISK DRIVES |

Japanese 5% half heiE‘hL B0 track double sided disk
drives by TEAC, CANON, TOSHIBA etc
Soid hEW with 80 day guarantes ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SAM00 SS FH 35 TRK £55.00
SIEMENS FDD100 SS FH 40 TRK £85.00
carriage on 5% drives £5.50
Brand NEW metal 5% DISK CASES with internal PSU.
DSKC1 for2 HH or 1 FH drive £29.95
DSKC 2 for 1 HH drive o
DKSC 3 As DSK1 LESS PSU €12.95 +pp £2.50
DSKC 4 4s DSK2 LESS PSU £10.95 +pp £2.00
8" |IBM format TESTED EX EQUIPMENT.
55 £175.00 +pp £8.50

1 D8 £250.00 +ppEB.SD
TWIN 3HUGJ\H‘I’B51 |2 Mb total capacity in smart case,
camgrete with PSU & £595.00

MITSUBISHI M'ZBGdrBS 8" 051 Mb aquiv ta SH UGART
SABS0R, BRAND NEW at§:27500 +pp £8.50
DYSANB" Alignment d + pp€1.00

isk
Various disk drive PSU's Ex Stock SEE PSU section.
HARD DISK DRIVE
DRE/DIABLO Series 30 2,5 Mb front load £525.00
Exchangeable version £295.00, ME3028 PSU £95.00
DIABLO 44/DRE4000A, B 5+5 Mb from £750.00
CDCHAWKS+5 MbET95.00. CDC 97682 80 MbRMO3

etc £2500.00.
PERTEC D3422 5+5 Mb £495.00
RODIME 5"4" Winchesters ex-stock from €150 CALL
Clearance items - Sold as seen - No guarantee.

ICL 2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF 8172 8" 23Mb Winchesters €199.00
Unless stated all drivas are refurbished with 90 da
guarantee. Many other drives and spares in stock - call
sales office for detaits

' MICRONE

Join the communications revolution with our super
range of DATA MODEMS, prices and specifications
to suit all applications and budgets ...
BRAND NEW State of the art products
DACOM DSL2123 Multi standard 300-300, 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dial, smart modem with
multi standard AUTO SPEED detecv, and data buffer
with flow control etc. £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems, autc dial, auto call index, buffer
etc elc £49
Steebeck SB1212 V22 1200 baud FULL DUPLEX.
Tync or async opticnal auto dial £465.00
RANSDATA 307 A Acoustic coupler 300 baud full
duplex originate only, AS232 interace £€49.00

Ex BAITISH TELECOM full spec, CCITT, ru?geuised
barga*n offers. Sold TESTED with data Will werk an
MICRO or systern with RS232 interfaca.

M DEM 13A 300 baud unit, only 2" high fits under
hone CALL mode only £45.
ODEM 20-1. 75-1200 baud Compact unit for use

as subscﬂner end to PRESTEL TELECOM GOLD,

£39.95 +pp £6.50

! MODEM 20-2 1200 75 baud Same as 20-1 but for

computer end £65.00 +pp £6.50
DATEL 2412, Made by SE Labs for BT this two part
unit is for synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc. Many features
include 2 or 4 wire working, self test auto answer etc
COST OVE 00 Our price ONLY £199 +pp £8.00
DATEL 4800 RACAL MPS4800 baud modem, EX

| BT good worklng order ONLY £295.00 +pp £8.00

SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud, full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp £10,00
For mora intgrmation contact ou%Sg_tes Office.

» ’

SPECIAL BULK PURCHASE of these compact, uigh
speed matrix printers, Bullt in Japan for the Hazelting
Corparation this unit features guality constructian
giving 100cps onal, full pin addressable
graphics, § typs fonts. up 10 3.5 sinla_e shest or
fractor paper handiing, RS232 and CENTRONICS
parallel interface, Many other features. BRAND NEW

and BOXED. COST £420 Our prica Only £199.00
RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschein

Yuasa.
A300 07191315 12v 3Ah NEW £13.95
A300 07191312 6v 3Ah NEW £9.95

A300 07191202 6-0-8v 1 BAh TESTED Ex
Equip £5.99

’ >

Standard VDU data entry terminals
at 8Ive away prices!!
QUME QvVT108. Current product, state of the ar
terminal with detachable keyboard, 12" Green screen,
2 page RAM, TV) 925, Hazeltine‘ ADMSA emulations,
software setup, 25 x 80, Clock, Swwel and tilt base,
Printer pon Function keys etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00
AJ510 - EX RENTAL, 280 controlled, 15" green
screen 24 x 80 dlsp\ay, graphics, cursor addressing,
printer port etc. Very good condition TESTED complete

wilh manual only £225.00
ADDS 520 - Dumb terminal, used, 12" b/w screen
RS232 interface and printer port TESTED.

ONLY £125.00. Carriage on terminals £10.00
100's of other terminals in stock, CALL for more datails,

Telep

32 Blc}]lgm W

S
All prices quoted are for U K. Mainland, paid cash with order in Pounds Sterling PLUS VAT, Minimum order value £2.00
Minimum CreditCard order£€10.00 Minimum BONAFIDE accountorders from Government Depts, Schools, Universities and
established companies £20.00 Where post and packing not indicated please ADD £1 00 + VAT Warehouse open Mon-Fri
9.30-530. Sat 10.30-5,30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

y, Upper Norwood, London SE19 3XF
one 01-679 4414 Telex 894502 Data 01-679 1888 <&




The Dollar has fallen...

and so have our Prices!!
 EESTE HULTIMETERS-OUTSTANDING VALUE FOR MONEY!

BUY NOW, THE TIME IS RIGHT!

Comprehensive
With transistor,
diode and
LEDester.

YJ08) £1395°
£16.95
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Professional igaiTsrunEssen. rsati
- Hosaltheranges! WIde Ruhge_ Measures temperature  {deal for beginners, Pocket
Covoemes o Wiboferytedtr ondcopocionce. 1 5595 Rugged, genero purpose.
AT - o £485 £6.95 Yig4G 5495 include VAT,
= e2s £5 45 Please add

50p towards
postage. All
items subject fo

ey . L — o i ‘ ‘ ~ s availability.
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e Practical < T Al Digit SR push Button
Includes : Superb Comprehensive
femperature Foniite Pucked mulfifeatured Hobiqy range of Low Cost

P Auta-rangin : Enthusiasts Push bution
cument& e probe. Jaangng multimeter. features, i
resifance, s {70, ggqp T ORSlor VRIC sepes ek ey dghdl

: L £4495 ; .

VIOl £4k95° g’%%ﬁ £54.95

-Péecision
_ -ngz éensm\_'l*‘/ Auto Ranging
on Topseling

fefer. : MG £295 W77} $2695
b0 : ?36%] é ?% £5995  popoc  £3595 £9195

PMORDER NOW AND GET A FREE CARRYING CASE WITH YOUR METER (WORTH UP TO £3.95)
./A{/ ;Jﬁi\.ﬁs LI_EJ_% ld ELECTRON'CS Pick up a copy of our 1988 catalogue

from any branch of WHSMITH for jusi
P.0.Box 3, Rayleigh, Essex. Telephone Sales (0702) 554161, £1.60. Or to receive your copy by post

Shops at: Birmingham. Sutton New Road, Erdington. Tel: 021 384 8411 send £1.60 + 40p P&R fo our P.O. Box " vy We're passing
Bristol. 302 Gloucester Road. Tel: 0272 232014. address. IfYOU live outside the UK. - 1 our exchange
London. 159-161 King Street, Hammersmith W6, Tel: 01 748 0926 please send £2.75 or 12 Inlemnational 40 = SEL.ONE CXENING
Manchester. 8 Oxford Road. Tel: 061 236 0281, Reply Coupons, = = ; rate saving
Southampton. 46-48 Bevais Valley Road, Tel: 0703 225831 ' fo you!
Southend-on-Sea. 282-284 London Road, Wesicliff-on-Seq, Essex. Tel: 0702 554000, E




