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Betlet to be Alarmed’ (hvn fer
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crOTd wide repulalion 10r quality. rehiabiiity and performance at a real sticprice Four models

available 1a suit the needs of the proféssianal and hobby market Industry Leisure, Thandar's famous'Minder'Burgla.rA\arm System
Instrumentdl and Hi Fi el When ¢ mparing prices. NOTE all els inelude Tormdal Superior N rowWave pring., e T2 i
vower supplv Integral beat sink Glass fibre PC B and Drve cir 5 10 power compalibie complete  with infeico
Vu meter Open and short aircuit proof Supp]ied 'e?dy built and tested. gé}nA‘l'ié\'htJ‘l;EnEP Y ouses g
3 OMP100 Mk Il Bi-Palar Output power 110 up lo 15 metres adjustalile |
i watls RM S into 4 ohms, Frequency Res i SEREE jora oy OBER EUAq
N o i “-arme cond exit ard enlry
- ponse 15H"_ 30KHz —3dB. THD 0.01%, Indoor alarm — Electanic swep
S NR 118dB. Sens for Max output 104dB outpul
500mV a1 10K Size 355 > 115 > 65mm Outdoor Alarm - Eiecironic swep! freg s &
PRICE £33.99 + £3.00 P&P. oulput Housed in o lamper prool heay, a4
case
oOMP MF100 Mos-Fet Output power 110 Both the contiol unt and outagor zigrm foats

watts RM.S into 4 ohms, Frequency Res
ponse THz - 100KH: — 3dB Damping Factor Expil :
80, Slew Rate 45V uS, THD Typical butions etc Comolele with instr
0.002%, Input Sensitvity 500mV. S NR SAVE t165'0%§5‘é’*5§
-125dB. Size 300 - 123 * BOmm PRICE KE's P . + 0 pege
PRICE £39.99 - £3.00 P&P, BKE's, PRICE L0099 1.£4.00 P&
OMP./MF200 Mos-Fet Output power 200
watts R M'S in10 4 ohms, Frequency Res
ponse 1Hz - 100KHz —3dB Bamping Factor
250, Slew Rate 50V uS. THD Typical
0.001%, Input Sensitivity 500mVY. SN R

130dB. Size 300 « 150 - 100mm. PRICE
PRICE £62.99 - £3.50 P&P

OMP MF300 Mos-Fet Dutput power 300
wartts RM S inte 4 ohms Frequency Res-
ponse 1Hz - 100KHz —3dB, Damping Factor
350, Slew Rate 60V uS THD Typical
00008% Input Sensitivity 500mv. S NR
—130dB. Size 330 - 147 - 102mm PRICE
PRICE £79.99 - £4.50 P&P
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45mm

Professional 19"
amps: Used the World o
discos etc. With twmn
toroidal power
MF600 Fan coo
R.M.S. into 4 ¢

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

8 50 WATT R M.S Hi-Fi Disca

20 oz magnel 1 " ally voice coil Ground ally fixing escutcheon Res Freq 40H, Freq Resp o
6KHz Sens 92dB PRICE£10 99Avaiiable wih Llack grille £11 99 P&P {1 50 vy

12" 100 WATT R.M S. Hi-Fi- Disco

50 0z magnet 2" ally voice coll Ground ally fixing escutcheon Die cast chassis While cone Res
Freq

25Hz Freq Aesp 1o dKHz Sens 9508 PRICE L2860 - £3 00 PAP wu

McKENZIE o

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

2" ally voice coil Ally centre dome Res Freq 45Hz Freq. Resp to 6 5KHz Sens. 98dB PRICE £29 99
+ £3.00 P&P ea.

12" 85 WATT R.M.S. C1285TC P A/Disco 2" ally volce coil. Twin cone.

Res. Freq. 45Hz Freq. Resp. to 14Kz PRICE £31 49 + £3.00 PEF ea

15" 150 WATT A.M.S. C15 Bass Guitar/Disco. ADC Q4 mag caririzas =
3" ally \{:ic#u-l Die-cas! chassis Res. Freq 40Hz Freg He;p to dKHz I'-"HI(;E £57.87 + £4 00 PR Pea
10" 60 WATT A.M.S. 1060GP Gen. Purpose/Lead Guitar/Keyboard/Mid, P.A, et e
2" vaice coil Res Freq. 75Hz Freq. Aesp to 7 5KHz Sens 99d8. PRICE £19.99 + £2.00 P&P PIEZO ELECTRIC TWEETERS "3 3
10" 200 WATT R.M.S, C10200GP Guitar, Keyboard, Disco. Jym e Pie

2" voice coil, Res. Fraq. 45Hz. Freq. Resp, to 7TKHz Sens. 101dB PRICE £44.76 + £3.00 PAEP 1y szt =y =
15" 200 WATT R.M.S. C15200 High Power Bass. is not .

Res. Freq. 40H2. Frag. Resp. fo 5KHz Sens 101d8 PRICE £62 41 + £4.00 P&P TS B £ A

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

bu‘erat-ln- 914v D C
Price £36 §¢

Res. Freq. 40Hz Freq. Resp. to 4KHz. Sens. 102dB PRICE £89 52 - £4.00 P&P RS A meassIEa
WEM £ S=a Face S350«
57 70 WATT A.M.S. Multiple Array Disco etc, = W YEE 3 mSw =
1"voice coll Res, Freq 52Hz Freq 52Hz Freq, Resp. to 5KHz Sens 8908 PRICE£22.00+ £1.50 P&Pea . o

8" 150 WATT R.M.S. Mulliple Array Disco ste.

1" yoice coil. Res Freq. 46Mz Freg Aesp o 5KHz Sens. 92dB PRICE £32.00 + £1.50 P&P ea.
10" 300 WATT R.M.S. Disco/Sound re-enforcement etc. )

1" voice coil Res. Freq. 35Hz Freg. Resp. 1o 4KHz Sens. 92dB PRICE £36.00 + £2.00 P&P ea. e
12" 300 WATT R.M.S. Disco/Sound re-enforcement etc. N
114" voice cail Res. Freq. 35Hz Freg. Resp. to 4KHz Sens 94dB PRICE £47.00 + £3.00 P&P ea

SOUNDLAB (Full Range Twin Conea)

5" 60 WATT R M S Hi-Fi Multiple Array Disco ete

1" vawe coil Res Freg 63He Freg Rasp to 20KH: Sens BELR PRICE £3'89 . £1.00 PRP pa
6',' 60 WATT R.M.S. Hi-Fi Muitiple Array Disca etc

1" voe coil Res Freq 56He Freq Resp 1o 20KH; Sens 5948 PRI ELI099- £1 50 PRP aa
8" B0 WATT R M S Hi-Fi Multiple Array Disco etc

1157 voice coil Res Freq 38Hz Freq Resp to 20KHz Sens 89dB PRICE £12 99 . £1 50 P&P ea
10" 60 WATT R M. S Hi-Fi/Disco etc

1" voice coll Res Freq 35Hz Freq Resp (0 156KHz Sens B89dB PRICEF16 49 1 £2 00 P&P

HOBBY KITS. Proven designs including glass
@A@TE@ printed circuit board and high quality

STEREO DISCC MIXER

STEREQ DISCO M

grap = 3 SESTS

components complete with instructions.
FM MICROTRANSMITTER (BUG) 90/105MHz with very sensitive
microphone. Range 100/300 metres. 57 x 46 x 14mm {9 wolt)
Price: £8.62 + 75p P&P.
3 WATY FM TRANSMITTER 3 WATT 85/115MHz varicap cortrofied
professional performance. Range up to 3 miles 35 x 84 x 12mm
{12 voh) Price; £14.49 + 75p P&P
SINGLE CHANNEL RADIO CONTROLLED TRANSMIPTER/
RECEIVER 27MHz. Range up to 500 metres. Double coded modulation,
Receiver output operstes relay with 28mp/240 voft contacts. Ideal for
many epplications. Receiver 90 x 70 x 22mm (9/12 voh) Price: @iy
£17.82 Transmitter 80 x 50 x 15mm (9/12 voh). Price: £11 29 st
P&P + 75p each. S.A E. for complete list 3 watt FM
Transmitter

XER

with talk ¢
Pan Pot L
pur 775mV See 36

Price £134 98
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Construct your electronic circuits the new, quick and easy-to-learn ’ i
way, WITHOUT solder: with Circuigraph Easiwire from BICC-VERO -l 0N

Pleaserushme.............. Easiwire kits, retail price £18.-;

With Easiwire all you do is wind the circuit wire tightly around the
special introductory offer £15 -. (includes p & p and VAT).

component pins. No soldering, no chemicals, no extras, simplicity

itself, Circuits can be changed easily, and components re-used.

- R . | enclose cheque/postal order for.............
Easiwire comes in kit form. It contains all you need to construct BICC-VERO Electronics Limited
circuits: a high-quality wiring pen with integral wire cutter, 2 reels of

wire, a tool for component positioning and removal, a flexible | Please debit my credit card as follows:

injection moulded wiring board, double-sided adhesive sheets,
spring-loaded terminals and jacks for power connections and an
instruction book. Of course, all these components are available
separately too.

To take advantage of the special introductory offer, complete the
coupon on the right and send it to:

BICC-VERO ELECTRONICS LIMITED,

Flanders Road, VERO ‘ Signature

Hedge End, == or phone 04892 88774 now with your credit card number
Southampton, SO3 3LG [BICC) EtECTROMNICS ‘ (24-hour answering service).
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TTL - The Next
Generation

Alan Trevennor boldly goes
where noone has gone before to
seek out the latest TTL chips
which can make life easier and
save you a bundle

PROJECT 2 2

Bar Code Lock

Paul Wilson has found a can of
beans the perfect protection for
your home. Remove the heavy
metal from your pocket with
this ingenious ETI first

BBC DIY PCB

Malcolm Brown lets his BBC
micro do all the work thanks to
an ingenious autorouting PCB
design program from Pineapple
Software

Brought To
Light

Mike Barwise turns the atten-
tions of Chip In to opto-

electronics with a look at LEDs,
photodiodes and fibre optics

s |
|

Op-amps

Paul Chappell’s Circuit Theory
continues to study the humble
op-amp and finds a use for a
myriad different configurations
for this useful circuit element

3

Photocopies

PROJECT 3 2

Top Notch
Improvements

John Linsley Hood has tweaked
his February 1987 FM tuner
stereo decoder design to give
even better quality, confirming
position at the top of the hi-fi
league

PROJECT 3 6

Every Breath
You Take

Paul Chappell continues to
build his heart and breath rate
meter.
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Analogue
Computer

Paul Cuthbertson shows how
to put an end to the digital
revolution with your very own
analogue computer to build

]ULY 1988
Test Gear
Circuits

Robert Penfold is all geared up
for a testing time with this
bundle of Tech Tips for the
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Once Over

PCB Service
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PROJECT 44

Logically
Speaking

Rashid Adat presents a
remarkably simple Logic Probe
for this months beginners’ Ist

Class project

Competition
& Results

Unmask the secrets of this
month’s cover to win a
subscription to ETI and see the
results of February’s DCP inter-
facing modules competition

PROJECT 4 8

The ETI
Bell Boy

Now you can tell if anyone has
been to your door while you're
away thanks to the ETI Bell Boy
from Jim Main
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ollowing the white paper detail-
Fing the plans for electricity
privatisation a new private genera-
tion company, Thames Power, has
been announced.

The company is to be set up
jointly by Taylor Woodrow {the
construction group), Balfour
Beatty, BICC and Schroders {the
merchant bank).

The company plans power
stations to be built from scratch
rather than refurbished from ex-
CEGB stations. The first is to be a
1000MW station at Barking, using
low-speed gas turbines.

"HAND

Exclusive to ETI readers, the
audio module making KIA
Electronics is giving away presents
again.

The freebies are destined to con-
tinue into next year, with each offer
supported by a datapack of
specifications.

This month’s free gift is a wide
ranging collection of 40 capacitors.
To get them just clip the coupon in
the Classified section and send it
with a 50p coin for post and packing
to: KIA, 8 Cunliffe Road, Ikley
LS29 9DZ.

Tandy has taken everyone by
surprise by announcing the
successful development of a record
and erase compact disc system.
Entitled ‘THOR-CD’ (Tandy
High-intensity Optical Recording),
the first machines will be available
in the US at the end of 1989 for
around $500, with the price
expected to fall still further as
development continues. There will
be only a minimal delay getting
them onto the UK market through
Tandy and other licensed outlets.

This is no WORM system, the
discs are fully or partly erasable
with no deterioration (erasing
simply returns the dye polymer type
media to its original state). The pits,
formed thermally by laser, are
structurally different but optically
identical to the pits on a conven-
tional CD. This gives complete
compatibility — THOR recordings
are playable on existing CD
players.

Tandy THOR-CD is concentrat-
ing the initial launch on the CD
audio market where it should
receive a rapturous reception since
it offers all the facilities of DAT plus
fast access times, a lower price and
the major advantage that present
CD owners simply upgrade to
THOR-CD without rendering their
existing CD collections redundant.

The copy protect question that
hangs over DAT (directly recording
other CDs) applies equally to
THOR. European and Japanese
companies are shortly to hold a

convention that will discuss copy
protection on DAT and reach an
agreement to bind all involved
companies.

Tandy THOR says it will not con-
sider itself bound by such an agree-
ment and has yet to reach its own
decision.

Tandy intends to licence the
THOR technique to other hard-
ware manufacturers while con-
tinuing development into both CD
audio and CD-ROM. It claims
strong interest to be coming from
several major companies.

Philips denies any plans to use
the THOR system, to work with or
license from Tandy. It is developing
its own record/erase system, but
will be applying it principally to CD-
ROM and business applications.

Sony points out that Tandy
cannot even use the words ‘com-
pact disc’ without license from itself
and Philips. Both companies doubt
Tandy’s ability to invent such a
system “massively ahead” of their
own development, pointing out the
help the announcement has given
to Tandy’s share price.

Sony also made it quite clear that
as soon as Tandy machines hit the
marketplace, Sony would be able to
match the technology overnight.

For more (but certainly not full)
details on THOR, contact Tandy
UK, Leamore Lane, Walsall WS2
7PS. Tel: (0922) 710000. Tandy
THOR-CD is based in Fort Worth,
Texas on 0101 (817) 390-3693.

CALIBRATE AND RADIATE

epairs and calibration of any-
thing from an Avometer to a
40GHz microwave source can be
carried out by MSL of Hitchin.

Most of MSL’s time is spent
calibrating and upgrading mega-
bucks hardware for the likes of
Plessey, the MoD and the armed
forces but the company is more
than happy to take in small jobs
from individuals and growing
businesses.

The cost of the job obviously
depends on the amount of work to
be done - MSL can quote before
they repair — but calibration of an
Avo would normally cost about
£18.

Meanwhile upstairs at MSL,
some rather more sensitive testing
is proceeding.

Screening VDUs against EM
emissions which can be received
and read at some distance is an

enormously expensive task. The
Tempest test rigs (see photo) sup-
plied by MSL’s ‘Secure Systems’
division can scan an enormous
frequency range and lock onto any
interesting emissions in the area.

The units are designed to check
that your own equipment is
sufficiently protected and the 40 or
so Tempest rigs presently at large
were supplied to the MoDb (in
Cheltenham but we're not allowed
to say exactly where ., ).

MSL is anticipating an imminent
mushrooming of interest in
Tempest as commercial companies
(particularly in the city) realise just
how safe their own — and their
competitors’ — classified informa-
tion really is.

For more information on calibra-
tion or Tempest contact MSL
Calibration, Wilbury Way, Hitchin,
Herts SG4 0TA. Tel: (0462) 421234,

trisnenny & §
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VOLVO
LAUNCHES

RDS

Radio Data System

Volvo is the first manufacturer
offering a car radio system to
use RDS (the Radio Data System).
RDS enables the Volvo SR701
radio to identify the time, the
station and the alternative fre-
quencies broadcasting that station.

If the present signal degrades
below a preset level, the radio
searches for a better signal and
switches automatically thus
ensuring consistent reception
through local disturbances (hills
and built-up areas) and long-
distance hauls (national frequency
variations).

The radio can also latch onto
local radio traffic flashes and
interrupt anything else (national
radio or a tape player) to give the
driver regular local travel
information.

The Volvo radio doesn’t exploit
RDS to the full — it doesn’t con-
tinuously monitor the alternative
frequencies looking for a better
signal for instance, it only searches
when the present signal becomes
unacceptable.

A double headed receiver would
be more effective and would also
avoid  the audible switching that
occurs as the SR701 searches.

A further RDS facility not used
by Voivo (and not yet broadcast) is
the programme typing system
(PTY) where an RDS radio can.
scan the VHF band looking for
broadcasts of acertain type — jazz,
MOR, news and so on. As soon as
radios using this fa

code to the RDS ¢
RDS transmits ¢

The Volve SR
which is or
a high spec

EWNT 7137 W
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t 56 miles, the new fibre optic

link from mainland Britain to
the Isle of Man is the longest
unboosted fibre link in Europe and
probably the world.

But it will hold the record for
mere months — BT has already laid
a link due for operation in the late
summer between Holyhead and
Portmarnock in Eire — an un-
regenerated 80 miles.

Both links operate at 140Mbits/s
with six pairs of fibres capable of
handling 12000 simultaneous
phone calls. Distributed feedback
(DFB) single line lasers with very
narrow spectral width enable the
longer wavelength of 1535nm to be
used, reducing attenuation and
extending the range achievable
without submarine boosters.

STC has put the system together
and is now planning a still longer
link from Southern England to the
Channel Islands (83 miles).

Out in the rest of the world, STC
is linking Barcelona to Majorca,
Siemens has linked Europe to Asia
by running fibre optics along the
mile wide bridge spanning the
Bosphorus in Turkey, and Cable
and Wireless is inviting tenders to
link the United States to Japan in
co-operation with PTC of the US
and IDC of Japan.

Back home, some 19000 miles of
optical fibre is already installed
under Central London making it
the most advanced local network
system in the world. A further
19000 miles is to be laid to complete
the network which will eventually
stretch from Euston to Covent
Garden, London Bridge and
Wapping.

Further information from BT on
01-356 5369, STC on 01-858 3291
and Cable & Wireless on 01-242
4433.

F'oi[owing pressure from the
growing Band il radio networl,
the Government has backed down
on its proposals to reserve sub-
band 3 of Band [l for afifth national
TV channel.

The proposals were rmade public
in January enraging private mobile
radio users who had been planning
to purloin the affected frequencies
when the first two sub-bands fill up
— estimated to happen in 1992.

Protests from the Electronic

INPUT

OUTPUT

he new 2308 interfacing unit

from Black Star of Huntingdon
is a versatile little I/O device that
will connect to just about any
computer with an RS232 port.

It has eight analogue inputs, four
analogue outputs, eight digital
inputs and eight relay outputs. It
also has a data logging memory
' with eight channels of 500 readings
| each.
| The unit is very simply instructed

in ASCII strings, so that any pro-
|gramming language can drive it.
| The 2308 costs £299+VAT from
Black Star, 4 Harding Way, Hunt-
. madon, Cambs PE17 4WR. Tel:
(0480) 62440.
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" BAND THREE FREE

Engineering Association and the
Network Operators Committee
initially elicited no response other
than that the fifth channel was
merely a proposal.

This month’s announcement
promises no use of either Band 1 or
Il of the VHF spectrum for the
extra channel.

For further information contact
the EEA, B Leicester Street,
London WC2H 7BN. Tel: 01-437
0678.

FREEBIES

ree from Klippon is the updated
48-page Main Line Products
catalogue. It gives prices and tech-
nical data on active interface units,
relays, connectors, enclosures and
accessories.

Contact Klippon Electricals,
Power Station Road, Sheerness,
Kent ME12 3AB. Tel: (0793)
580999.

Imhof has a colour 52-page cata-
logue covering its range of racks
and consoles. Free from Imhof,
Ashley Works, Ashley Road,
UUxbridge, Middlesex.

Not free is the new Rapid Elec-
tronics Components Catalogue out
this month, available for £1.25 from
Rapid, Hill Farm Ind. Estate,
Colchester CO4 5RD. Tel: (0206)
272730

he scrambled Belgian STV
channel Filmnet can be
watched by British viewers with a
new decoder being marketed by
Supersat of Wolverhampton.
British viewers are unable to
subscribe to Filmnet at present
because the films are only licensed
for broadcast to mainland Europe
(similarly Premiere can only sell
subscriptions inside the UK).

he Miteyspice circuit simula-

tion program for BBC micros
has been redesigned to run on the
Archimedes.

Miteyspice simulates both AC
and DC and handles complex
circuits with all standard com-
ponents up to such things as multi-
winding transformers.

A plotting routine can display the
behaviour of 25 parameters.

The program costs £119 (same
price for Archimedes or BBC).

Contact: Those Engineers, 106a
Fortune Green Road, London
NW6 1DS. Tel: 01-435 2771.

WEST PREST

estminster Cable Television
has introduced Prestel ser-
vices as standard to all subscribers.
The 6500 customers of the
central London cable network
select the Prestel option via a new
X25 gateway link and are charged
on a pay-as-you-view basis at 7p a
minute. There will not be the usual
Prestel registration charges.
Viewers' presenf controls are
numeric only so cannot fully exploit
the facilities available on Prestel but
WCT plans to introduce alpha-
numeric keypads at a later date.
For more details contact WCT
on 01-935 6699.

 BREAKING THE CODE

Supersat is planning a similar
decoder for Premier broadcasts
which will enable viewers to side-
step the annual £70 subscription
rates — so long as the scrambling
system isn’t changed.

Both scramblers will retail at
around £90. For full details contact
Supersat, 32 Temple Street,
Wolverhampton WV2 4AN. Tel:
(0902) 773122.

 DESIGN
SPECS

L FCB
DESIGNER

pectrum owners can now join

the computer-aided PCB
design fraternity with a new
package from Kemsoft.

PCRB Designer runs on the 48K
{or greater) machine and features
all the basic copy, rotate and block
move functions, plus a good sized
library of pads, busses, edge con-
nectors and so on.

The program is available ontape,
microdrive, 3%in or 5Y%in disc
format but you will need an Epsan
or compatible printer and interface
to get hardcopy output.

PCB Designer is reasonably
priced at £19.95 including post and
packing from Kemsoft, The Wood-
lands, Kempsey, Worcester WR5
3NB. Tel: (0905) 821088,

SKYPHONE

s intimated in October 1987’s

Open Channel, British Air-
ways is introducing an aircraft-to-
ground public telephone service
using the Inmarsat satellite system
with BT providing ground facilities
at Goonhilly.

Racal has developed the high
gain blade antenna with an aerofoil
section to reduce drag for wide
bodied airliners.

The Skyphone service will
operate initially on transatlantic
flights, with wallmounted cordless
phone units. On validation of a
credit (anything except M&S
chargecards) the phone is released
allowing calls to be made from the
passenger’s seat. In first class
areas, phones may be fitted to each
armrest or seatback.

The problems of taking incoming
calls on a plane-based unit is solved
by a text pager displaying messages
to all passengers.

The range of services BT and BA
are planning to provide on phone-in
lines include news, stock market
and currency changes, travel infor-
mation and (wait for it) cricket
scores!

l Contact British Airways, PO Box

10, Hounslow. Tel: 01-759 5511.
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he news that Britain will after

A all be helping out with Western
Europe’s Columbus space project’

s a great relief to just about
everyone.

‘Not that out contribution is

. particularly generous (less than a
quarter that of Italy, a sixth that of
Germany and half that of France).
Nor is it in keeping with the ‘all for
one’ spirit of the up and coming
unified Europe. .

Britain’s contribution will be
almost entirély used for construct-
ing the commercially useful polar-
orbiting platform — handy for
spotting mineral deposits and
agricultural data as well as dropping
a nice little earner in the lap of
British Aerospace,

However, the long delay and
apparent U-turn in confirming our
commitment to Columbus will un-
doubtedly lead other countries to
regard Britain as an unreliable
partner in such ventures, especially
where Government approval and
funds are involved,

Canada must be feeling more
than a little miffed at our stidden
withdrawal from its Radarsat
project — we had planned some
£100m of investment (with signifi-
cant business coming to British
firms), The Canadian Science and
Technology Ministry say they are
‘disappointed’ by our withdrawal.
You bet they are.

The Government’s original
objection to the Columbus project
was the European Space Agency’s
alleged inefficiency, coupled with
doubts regarding the commercial
benefits of investment in space. No
doubt Britain’s hesitation has
helped tighten up the ESA’s work-
ings, but the Government should
recognise the long term benefits of
such research and of involvement
with Europe.

Some things cannot be done
alone, and space investment is one
of them. This decision should not
have been such a close call.

EUROPE OR BUST

he UK component industry is
too insulat and too small to
survive, concludes an industry
overview from Key Note Reports.
In 1987 the UK and world market
in components revived from the
slump of the previous two years.
Prices strengthened and sales
expanded. Now the industry is
expecting steady but not dramatic
growth for the rest of the decade.
In Europe companies are
collaborating and merging in a
realistic attempt to fight back
against the competition from Japan

optimism is a strong apprehension
that the European industry is still
very much under threat and that
the revival (as exemplified by
Philips, Siemens, SGS and Plessey)
may be too late. ’

The recovery came as
companies realised that US: and
Japanese chip manufacturers
would invariably supply their own
companies before Eurape, making
in-house semicondugtor capability
absolutely essential for develop-
ment and effective competition. In
the UK both Plessey and STC bank

and the USA.
However,

on their semiconductor expertise
to keep them ahead in their main-

_DIARY

Evaluating Supercomputers — June 1-3rd

Mount Royal Hotel, London. Contact Unicom Seminars on (0895) 56484,
Commodore Computer Show — June 3-5th

Novotel, London. Contact Database Exhibitions on (0625) 878888.
Special Effects Seminar — June 3-5th

Pinewood Studios. Contact British Kinematograph Sound and Television
Society on 01-242 8400,

Information Technology And Office Systems — June 7-10th
Barbican Exhibition Centre. Contact BED Exhibitions on (09328) 65525.
European Satellite Broadcasting — June 8-9th

Tara Hotel, London. Contact Online International on 01-868 4466,
Optical Information Systems 88 — June 13-15ih

Novotel, London. Contact Meckler Ltd on 01-931 9985,

Electronic Publishing 88 — June 14-16th

Wembley Conference & Exhibition Centre, London. Contact Online
International on 01-868 4466,

Software Tools 88 — June 14-16th

Wembley Conference & Exhibition Centre, London. Contact Online
International on 01-868 4466.

Denby Dale Mobile Rally — June 19th

Shelley Hill High School, Huddersfeld, West Yorkshire. Contact Denby
Dale Amateur Radio Society on (0484) 602905,

Networks 88 — June 21-23rd

Wembley Exhibition & Conference Centre, London. Contact Online
International on 01-868 4466,

Private Switching Systems And Networks — June 21-23rd

IEE, London. Conference on telephone exchange technology. Contact IEE
on 01-240 1871.

British Science And Technology Exhibition — June 22-26th
Brands Hatch. Contact Sci-Tech 88 on 01-834 6680.
Failsafe Control Systems — June 28-30th
National Liberal Club, London. Contact Unicom
56484,

Intersatellite Links: Systems and Technology — June 29-30th
Royal Garden Hotel, London. Contact ERA Seminars and Exhibitions on
(0372) 374151.

Computer Recruitment Fair — July 1-2nd

Rainbow Rooms, London. Contact Intro Ltd on (0491) 681010.

IEE Vacation School On Local Telecommunications Network —
July 10-15th

Aston University, Birmingham. Contact IEE on 01-240 1871.

Image Processing And Its Applications — July 18-20th

University of Warwick. Conference organised by the IEE. Contact IEE on
01-240 1871.

Alvey Vision Conference — August 31st-September 2nd
Manchester University. Conference on Alvey-funded work in computer
vision and image recognition. Contact AVCES on (0235) 445840.
Compar 88 — September 10-16th

Manchester. Contact British Computer Society on 01-637 0471.

Plasa Light And Sound Show — September 11-14th

Olympia, London. Contact the Professional Lighting And Sound
Association on (0323) 646905.

European Conference On Optical Communication — September
11-15th

Brighton Centre, Brighton. Contact IEE on 01.240 1871

COMEX 88 — September 13-15th

Sandown Exhibition Centre. Sizrew. Contact Frametrack Lid on 017 /8
5656.

mixed with this

Seminars on (0895)

stream business.

The formation of GPT on top of
the Plessey takeover of Ferranti’s
semiconductor operations demon-
strated the way that restructuring.
will have to take place, and )
cooperation with the continent
must be the next step. At the GPT
launch at the end of March Roger -
Boardman, External Affairs
Director, stressed that in the next
few years European markets will
become fused into one, and that .
GPT is, above all, an international
company.

Other organisations are crying
out for the Government to assist
the industry, particularly in funding
research and development where
under capitalisation in the industry
is a real handicap.

The Electronic Engineering
Association proposed changes in
taxation, exchange rate regulation,
Government purchasing policies
and education at all levels without
which it says “Britain’s world
position as a major industrial nation
i5s under threat.” None of its
proposals were implemented in the -
March budget.

A recent report from the DTI,
ptoduced in collaboration with a
number of major UK companies,
advocates a £225m per year
Government programme to en-
hance the competitiveness of
Britain’s semi-conductor industry.
It proposes spreading R&D costs
among users and manufacturers.

Critics of the report such as lann
Barron of Inmos argue that such
funding must be more selective and
should favour the market leaders.

Another report, from the SRI,
stresses that R&D (whosever it is)
must be performed properly.
About 50% of all R&D fails, it
claims, because of inadequate
information, untealistic targets and
hopeless technology transfer (get-
ting R&D results into production).
Cross fertilisation of research
teams is wvital, it says, while main-
taining secrecy from outsiders.

That cross fertilisation will have
to come from the rest of Europe.

EUROPE~
OPEN-FOR
BUSINESS

The Key Note Report costs £105
from Key Note, 2842 Banner
Street, London ECLY 8DE. The
EEA report Industrial Growth is
available from EEA, 8 Leicester
Street, London WC2H 7BN. The
SRl report Quality in R&D is pub-
Sshed by SRI, Menlo Park House, 4
Addiscombe Road, Croydon CRO
S5TT. The DTI report A National
Pian for Silicon Microelectronics
from HMSO, 49 High Holborn,

i London WC1.
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former, all components
nesd is & mains supply, intruder detector snd a
ima. The kit a

50p* & SAE
for CATALOGUE

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

VERSATILE REMOTE
CONTROL KIT

This kit includes
all components
{+ transformer}
10 make o sensi-
tive IR recaiver ’
with 16 logic T —
outputs (0-15V) which with suitable intarface
circuitry (relays, triace, eic — detsils supplied)
can be used to switch up 1o 16 items of
quip on or off ly. The

may ba Iatched {to the last received code] of
momantary {on durinE transmission) by spe-
cifying the decoder IC and a 15V stabilised
supply is available to power extermal cirouits,
Supply: 240V AC or 16-24V DC at 10mA.
Size (excluding transformar) 8 x 4 x 2 cms.
The compsanion transmitter is the MK18

barks ranging from & Terrier to &n Alsstisn and
cantsing circuitry fo produce a random saries of
barks giving & more realistic effect.

XK125 Complete kit of parts ....... £24.00

DL1000K This value-for-money 4-way chaser
features bi-directional sequence and dimming
1kW per channel . reeeeneer. £19.28
DLZ1000K - A low at uni-directional version
of ihe above. Zero switching to reduce
IORETFEIENCE: Liirmmiibmst b misbb s bbb it s £10.80
DLA/A (for DL & DLZ1000K) Optional oplo input
allowing audio ‘beat'/light response ..
DL3000K - 3-channel sound lo light kit fealures:
zero voltage switching, automatic level control
and built-in microphone. 1kW per channel £15.60
The DLBOCOK is an 8-way sequencer kit with buift
In opto-isolsted sound 1o ight input which comas
lste with a pre-prog d EFROM con-
tining EIGHTY — YES BOI differant ssquences
including stenderd fleshing and chasa routines.
The KIT includes full and all comp
ents (even the PCB >onnectors) and requires only
a box and & control knob to complate. Other
testures include manusl sequence spesd adjust-
ment, zero voltege switching. LED mimic lamps
and sound to light LED and 8 300 W output per
channel.
And the best thing about it is the price

.omy£31.50

TEN EXCITING PROJECTS
FOR BEGINNERS

which op from a BY PP3 battery and

pivas a range of up to 60f1. Two keyboards

are available—MKS (4-way) and MK10 (16-

way), depending on the number of outputa to

be used.

MK 12 IR Receiver (incl. transformer)
£1

MK18 Transmitter ...
MK8 4-Way Keyboa
MK10 18-Way Keybos
601 133 Box for Transmiltta

a kits contain all nacessary compon-
ents and full instructions and ars de-
signed to replace s standard wall switch
and cantrol up to 300W of lighting

TOR300K Remote Control Dimmes
MK8 Transmitter for above
Touchdimmer

TD300K
TEI00K

TOE/K  Extension kit for 2
switching for

LD 300K Light Dimmer
woN POWER STROBE KIT

, Designed to produce
\‘\ . high intensity light puise
{ ’\ at a variable of
/.. a1 to 15Hz this kit also
2 U includes circuitry to trig-
ol ger tha light from an ex-
emal voltage sourcs (eg. 8 loudspasker) via
unm?to isolator. Inatructions ars slso sup-
|;:I|;g on mndrfy::g ':'l"i: unilm‘f‘gt msral
Iriggeving, 8s & slave flash in tographic
ications or s & waming beacon in

sacurity applicati The kit includes & hi
quality peh, compenents, connectors, 5Ws
strobe tube snd full sssal instructions,
Supply: 240V ac. Size: 80 x 50 x 45.

XK124 STROBOSCOPEKIT ... £13.75

DVM/ULTRA SENSITIV

THERMOMETER K

Based on the ICL
7126 and a 3'/digit
liquid crystal dis-
play, this kit wiil
form the basis of a
digital multimeter = = s
fonly a few additional resistors and switches
required - details supplied) or a sensitive
digital thermameter 1.560°C to _+l1$0°C)
reading 0.1°. The kit has a sensitivity of
200mV for a full-scale reading automatic
polarity and overload indication. Typical

Touchswitch

]
)
(=)
m
k.
=
o}
»x
A
-
jry
-]

Designed to con-
trol 4 outputs
independently
switching on and
oft at presen!
times over a 7-day
cycle. LED display e A iy
of time and day. easily programmed via
weyboard . Ideal lor central heating
rol including difterent switing time for
=swands  Battery back-up circuit.
Inciades box: 18 time sgilings.
CTH000K ... Spastssveanems s T £47.20
XK 114 Relay kit for CTE0O00, includes PCB,
connectors and one relay, Will-accept up
to & relays. JA/240V o/o contacts .. £4.30
TO1 115 Additional relays ... EL

battery life of 2 years (PP3) £17.00

XK113 MW RADIO KIT
Based on ZN414 IC, kit includes
PCB, wound aerial and crystal
earpiece and all components 1o
make a sensitive miniature radio.
Size: 5.5 x 2.7 x 2cms.

Requires PP3 9V battery.
IDEAL FOR BEGINNERS £6.60

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses "‘burst fire’ tech-
nique to maintein tem-
perature to within
0.5°C. Ideal for photog-
raphy, incubators,

o wine-making, stc. Max,
load 3kw {240V ac) Temp. range up to 20°C. Size:
TxAxn2 Bomns.

MK4 £7.80

surplus stock.

1000uf

TODLS & TOOLS * T00LS

e &

Good quelity 100ls salected to offer outstanding
vaiue for money.

850 004 8in mini. Snipe Noss Pliern. Serreted
jawa snd retumn spring. £2.10
B8O DOB 6in lap jointed side cutters. Insulated
handies snd raturm spring. £2.10
850 008 Light duty cumers. Cutting capacity
0.22-1.2mm copper wirs. £1.80
TOOL KIT = Contains: side cutters, anips nose

®

£3.96
850 012 Waichmakers Scrowdriver Se1.
1.0/1.4/2.0/2.4/3.0/3.Bmm £1.78
650 019 Set of 4 Sminless Stes| Tweszers.
Swraight nosed, straight noosed-raverse wotion,

with built-in cabie cutter,

bent nosad, flst nosed. 110mm long. £3.08
850 502 Reliam 8-12V dc Drill. £8.90
650 50O Titan 12V de Dril. £10.26
850 570 Satum Maine Orill £16.50

SECURITY PRODUCTS

Instail your own burglar alarm and save
pounds. All parts available separately

950 120 Stair Pressure Mat 1.70
1950 125 Filoor Mat 28x16 ins. 2.60
/@50 130 External beil box - an ideal
| deterrent on its own! 10.00
950 130 Xenon Beacon {12v) 10.50
950 140 Flush door/window contacts 1.22
950 143 Surface mounting contacts 1.05
960 160 Alarm Control Unit

950 162 Alarm Control Unit

This unit incorporates all the features
required to form the basis of a complate
security system for the home or business

Operating off a 240v AC supply with facility
to charge a 12v |ead acid standby battery.
The unit }s housed in a white steel box
295x225x80mm. Full instructions supplied
to connect normally open and closed
sensars, bells, personal alarms etc

Separate entry and exit alarm delays. 2
zone operation complies with BS

4737 price £39.95
950170 DOOR PHONE

An attractively styled 2 station mains
powered handset type door phone
Allowing conversation with visitors without
opening the door. Free standing or wall
maounted, connections to a 9 volt battery for
standby. Electric doorlock release button
which maybe used with our 701150 lock
ralpase mechanism. Ivory and Fawn body
210%100x70mm £27.95

BARGAIN COMPONENT PACKS
Refill those empty component drawers at a
fraction of the normal price and don't be caught
without thal odd resistor or capacitar fo
complete your project. All components sup-
plied are to full spec. and are not seconds or

Pack A: 650 x .25 watt resistor 47R-10M £4.25
Pack B: 60 x Radial electrolytics 1uf -

Pack C: 30 x Polyester capacitors a or
0.01 uf - uf
Pack D: 35 % harizonlal presets 1k-1M £3.00
Pack E: 30 x IC sockets 8, 14, 16 pin
Pack F: 25 x Red 5mm LEDS
Pack G: 25 x Green 5mm LEDs
Pack H: 30 x 5mm LEDs 10 Red,
10 Green, 10 Yellow
Pack J: 50 x 1N4148 silicon diodes
Pack K: 40 x npn/pnp transistors BC/182/212
Qr General Purpose £2.2
£ Solderless Breadboard (verobloc type).
QQ‘ When you buy all ten packs.
Prices exclude VAT (15%).

€125 @ .
£4.50 " =
£2.00

£1.75
£2.00

£2.50
£1.00

AUTORANGING DIGITAL
MULTIMETER

High guality mater with
features normally
found in meiers costing
much e 8g
DISPLAY HOLD,
MEMORY, CON-
TINUITY -BUZZER and
104 AC/DC cufrant
ranges. High aceuracy
gnd asulomahc Opefa-
tion — & must far the
professional of SefioUs
hobbyist Size: 127 x 69
" x 2Bmim.
AC Volts;  0-2-20-200-500V
DC Volts:  0-200m-2-20-200-1000v
AC Current; 0-20m-200ma (1.2%] -10A (2%)
DC Current: 0-20m-200ma 11.2%) 0-10A (1.5%)
Resistance; 0-200-2¥-20K-2004-2M (1%)
Continuity Buzzer operatas @ 20 ohm .. £33.00

SUPER-SENSITIVE FM
E MICROBUG

VARICAR-TUNED
TRAMNSMITTE]

PRINTED CIRCUIT
AERIAL SOl

o

HIGH GAIN

AMPLIFIER
Highly sensitive
45 x 25 w tBmm, including the builtin
microphone.  Freguency 88 100MHz  &nabling
raception on 3 standard domestic FM radio. Range
spproximataly 300m depending on terrain
Powared by 8V PE3 | 7mA). tssmall size and highly
sensitive &lectrer microphone makes it ideal for
suryeilianca, baby alarm 1o
INTRODUGTORY PRICE ....ccoiiiviirni. £6:80

RECHARGEABLE SOLDERING [RON

Powerful cordless iron complete with
table-top/wall-mounting charging
bracket. Reaches soldering temperature
in 10 seconds. Includes lamp which
lights when soldering. Comes with
mains charging unit and 12V car battery
adaptor. Special Offer £15.95

ELECTRONIC WEIGHING
SCALES

This kit contains a Single
Chip Microprocessor, PCB
displays and all electronics
to produce a digital readout
of weight in Kgs. or 5i5 ana
Lbs. In normal use a toothed
wheel (pattern provided) is
made to rotate when a
weight Is placed onto the scales|
intarrupting two infa-red beams. The pro-|
gessor counts the number of teeth passing
the sensor (up or down, depending on
which beam is broken first) and shows the
reading on the LED display in Sts. & Lbs,,
Lbs. or Kgms. A PCB link selects the scale
for bathroom or iwo types of Kitchen
Scales. A linear version of the toothed
wheel could alsc be used Other uses
include up/down counters. A low cost
digital ruler could be made by usinga wheel
with the correct tooth to diameter ratio.

ES1 £6.50

with order. Giro

ELECTRONICS
13 BOSTON RD
LONDON W7 3SJ MON-FRI 9-5pm
Tel: 01-567 8910 SATURDAY 10-4pm
ORDERING INFORMATION:
ALL PRICES EXCLUDE VAT
FREE P&P on orders over £20 (UK only), otherwise add

B 75;:p + VAT. Overseas P&P: Europe £2.75. Elsewhers
6.50. Send cheque /PO /Barclaycard Agcass No.

LOCAL AUTHORITY AND EXPORT ORDERS WELCOME
GOODS BY RETURN SUBJECT TO AVAILABILITY

SEND 9"x6" S.A.E.&
50p FOR CATALOGUE
OR CALL AT SHOP

0. 52931
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ELECTRONICS

TODAY INTERNATIONAL

he August issue of ETI is brimming with goodies to brighten up

the British summer. Hot on the heels of the Spectrum co-processor is
the latest masterpiece from the workbench of Graeme Durant — a
Spectrum EPROM emulator to turn your micre into a powerful develop-
ment tool.

For the more musical amon
give top quality sound while t
room. For beginners there’s
man we've also got the low

gst you there's a novel loudspeaker design to
aking up only the smallest part of your living
a handy telephone amplifier. For the travelling
down on the design and implementation of the
new fully automatic ticket system on the London Underground.

Plus, there’s more on the breath rate meter for the Lucid Dream
Stimulator, the second part of the analogue computer proiect and all the
regulars which go to make ETI the UK’s favourite electronics magazine,

The August ETI is out on 1st July 1988

DEGREES OF FREEDOM

WIN ONE OF SIX MAPLIN MIN/MAX
DIGITAL THERMOMETERS

We've half a dozen digital min/max thermometers fr

om Maplin
for grabs by six lucky readers.

To enter this free competition just match up the six temperatures on the entry form with each
k the ‘Body in question’is talking abut -273°C then
rst six correct entries out of the editor’s extra large pith hel

of the six cryptic descriptions. So, if you thin
put a 3 in the first box. The fi
the goodies.

1

n

h; b;d; in_qu;sti)

| Bradbury’s burning books
60% tin 40% lead
| Downright
| The old ice
| Gas Mark 5
" 1. 32°F 3. -273°C 5. 193°C
| 2. 188°C 4. 451°F 6. 98.4°F
| Name

| Address ..............

| Complete this coupon and send it to: ETI [
1 Golden

ermometer Com
| Square, London WIR
| July 1988

10

petition,
3AB to arrive by 1

alu.'.ln-vvlllli-conntn-lln--..lln-.-lo.b-u.ls..---lln-u-uoos-.u-lnn--..oo--

(as reviewed in Once Over) up
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Simultaneous readings of internal
peratures with minimum and
in Celsius/ or Fahrenheit.

and external tem-
maximum memory and display

st |
|
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ETI, THE FUTURE

AND THE NATIONAL

_ . n Saturday afternoon when 1
N was in nine places at once and
told I should be somewhere else, [
found myself with ten seconds
before the National. Switchingon a
portable TV 1 still had seven
seconds left to see the starting
prices and exciting line up of horses
for the off.

" After loosening my shirt, tie and
cufflinks and seeing the on-course
bookies with their customised Jags
and Porsches, walkie talkies and
 radio phones, 1 reflected on the
technical revolution quietly
happening all around us.

Twenty years ago ! would have
switched on a thermonic valve tele-
vision, it would have taken about
four minutes to come on and I
wouldn’t even have seen the start-
ing prices (but with a sixpenny bet
would have probably kept my Van
Heusen shirt).

‘Born into the days of the newly

invented Mazda thermionic valve,
shaped like a 60 watt house bulb,
with roll-your-own paper
‘capacitors the same size, it is
incredible that all this is now done
with a micro-chip and it has
happened in my lifetime.
I can't help but wonder what
would have happened if the silicon
chip had been invented instead of
the valve. The answer would surely
be a couple more steps today into
tomorrow’s world with surface
mount minjaturisation in ETI every
month. After all, how many articles
and advertisers in ETI today men-
tion valves, yet when1 was 13 ] built
several valve amplifiers for the
budding school Beatles combo,
with EX80/81 rectifiers, matched
pairs of ECL86 and a ECC83 pre-
amplifier mixer. Together naturally
with a bifilier-wound speaker trans-
former the size of a teapot.

Looking back at all the fechnical
stages of innovation, the first
crystal, the valve, the germanium
transistor, the switch to silicon
transistors and hence the silicon
micrachip, it would be interesting
to see ETI in the year 4488
Obviously there is a limitation to
the miniafurisation of silicon chips

and components but by then silicon

chips will be the thermonic valves of
yesterday.

ETI readers will type their elec-
tronic components from a key-
board directly onto a substrate
header the size of a pinhead for
their project. Foit patterns will be
replaced by the project’s computer
program and Ist Class will be how
to load ribbon spools of com-
ponents invisible to the naked eye.
The Portasal offer will give way to
the ‘computerised assembly
printer’ and a soldering iron will be
an antique. High above the earth
Space Shuttles and bases will have
in-built computerised capability to
replace any critical circuit failure
within seconds, without human
attention — automatically. Travel
to and from space will be an every-
day occurrence, probably by tele-
portation, reducing matter to a
transmitted digital code which on
arrival is decoded and re-
assembled. Even if not possible
with living organisms it will most
certainly be used for freight, so who
will need the electronic car with a
British Telecom Teleportation Box
on every street corner ready to
whisk you away to your destination
... no refunds and graffiti included!

Naturally, with the world popu-
lation explosion we will aill be
watching the gorgeous Bonnie
Langford on Doctor Who with a
flexible loan bank manager circum-
navigating moon orbit . .. Of course
we won't need money anymore.
Everything will be direct debit by
telepathy to our personal robot. In
politics the Conservatives will still
be in power with the Rt Hon
Margaret Thatcher (the ninety
second robotic world leader). Tony
Benn will be head of the USSR
Ultimate Soviet.

Oh welll Time to turn off the
dream machine and return to the
rhyme 'n’ reason of washing my car!

Keith Lawrence

Ilkley, West Yorkshire

That all seems perfectly reason-
able to us ... except the bit about
Bonnie Langford being gorgeous!

';

: nd finally, if you have to edit

: this letter for publication, I
would be grateful if you could
attempt to keep the tone intact —

‘. it’s so annoying to be quoted out of

context.
R’rd M'nd’r
K'm’ns’r, Worcs.

Quite so.

structed the Frequency Meter
Module described in the April 1986
ETI. To calibrate the unit I built the
crystal and divider arrangement
shown then which used the 4060.

Your figure shows the 4060 with
outputs Q4 to Q14 withno Q11 and
this agrees with measurements
taken with the frequency meter.

Last year I was thumbing
through some data sheets from
Maplin and noticed that they
showed the 4060 with outputs from
Q3 to Q13 with no Q10.

[ asked Maplin which pin con-
figuration was correct and they
replied (not surprisingly) that their
data sheet was accurate. [ decided
to let the matter rest but your
comment in Read/Write in April
regarding ‘seething in silence’
prompted me to seek your views on
whether Mr Chappell or Maplin is
correct.

Maplin’'s 1988 catalogue con-
fuses the matter still further by

Acouple of years ago I con-

Ty e
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agreeing with Mr Chappell and
disagreeing with their own data
(page 353).

W. Lochead

Largs, Ayrshire

The situation is that ETI and
Maplin are both right (or both
wrong depending on how you
choose to look at it). The 4060
contains 14 flip-flops internally,
with outputs available from FF4 to
FF14 missing out FF10. If you
number the outputs according to
which flip-flop they come from then
you get what Maplin put on their
data sheet.

If you adopt the convention of
labelling the outputs according to
the power of 2 they represent, then
the first FF would give QO, the
second Q! and so on. The
numbering lags one behind the flip-
flop number. This is how Paul
Chappell (and now Maplin) derives
the output labels.

WANTED:

BLUEPRINT

Here at ETI we are planning to
introduce a new column to the
back of the mag among the Play-
back and Open Channel pages.
The title will be Blueprint, and the
idea is for us to design circuits that
readers are having problems with
— Tech Tips to order.

|

Obviously we don’t intend to
custom design entire systems —
don’t expect the circuit for a com-
plete computer. We'’re thinking
more of helping you over any
hurdles that are preventing you
continuing or embarking on an
otherwise attainable design.

So if you have any such problem,
write down the details — the more
the better — and send it to:

Blueprint

ETI

1 Golden Square
London WIR 3AB.

Continuing the correspondence
on the ‘new look’ ETI. The
wide margins criticised by Mr
Dussart last month are actually
quite useful for notes and amend-
ments which can now be added
close to the original project, where
they won’t get lost when the project
is complete.

The two page index makes it
difficult to identify the different
types of article (projects, theory
and so on). If the types of article
could be given a distinctive
appearance or perhaps a short
description could be included, it
might help.

Good luck,

Hugh Doherty

Castlewellan, Co. Down.

How true! We actuafly chose wide
margins to look nice and make the
pages more readable but yes, notes
could be fitted in there. We've also
marked projects out in the index
this month - hope that helps.

o, no, no. You've got it all

wrong. Doctor Who is good
(but not that good), Lost in Space
was one of the better results of the
1960’s but what we really need is
the true gems of 25 year old scii
state-of-the-art embarrassment —
The Time Tunnel and Land of the
Giants.

Now, armed only with an un-
usually copacious wallet and the
marvels of modern science, you too
can benefit from all this culture,
courtesy of the Sky and Super
Channel satellite TV channels.

Thrill to the adventures of two

HERE WE GO AGAIN

men transported through time to
disused movie lots while mission
control suffers yet another ‘power
surge.” Gasp at a world filled with in-
habitants the size of houses and
papier maché plant life. Listen in
horror to the appalling theme
tunes. ..

Yeah, well I expect you get the
idea. Good these satellite TV
systems, aren’t they?

George Cratchet

Longcot, Oxon
It’s good to know that satellite TV
is being put to good use to benefit
all mankind!

ETI JULY 1988
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Alan Trevennor
gives us the
lowdown on some
of the new TTL
devices now
available

TTL-THE NEXT
GENERATION

TL (Transistor Transistor Logic) has

been the most popular logic family

since it was introduced way back in the

early 1970s. Over the years the family

has grown and many sub-families have
been introduced which are faster and less power
hungry.

Many hobbyists and even some professional
electronic designers use only the lower numbered
chips in the TTL range. There are probably many
reasons for this. The high numbered chips look
expensive and many hobbyists still use elderly TTL
data books dating from before the introduction of
many of the more modern devices.

Whatever the reasons, this article makes a
start at opening up the upper reaches of the TTL
range by presenting full details on some of the
more interesting devices and giving a summary of
others.

74108373
/e

ck
; &t

SIGNAL

ACTION

Fig. 1 Bus buffer conventionalw'n'et;hédf

CKAB | LATCH A BUS DATA
ENAB | ENABLE LATCHED A BUS
SIGNAL ONTO B BUS
CKBA | LATCHBUSB DATA [
ENBA | ENABLE LATCHED B
BUS SIGNAL ONTO A
8US BUS

Let’s start with a chip which shatters the price
myth — the 74646. This chip retails in its HC
version (the 74HC646) for about £2.50. The chipis
specifically designed to interface two 8-bit MPU
data buses to one another, with the ability to latch
the data on either bus and to tri-state the
connection from either bus to the chip. Normally
this would be done with a configuration like that
shown in Fig. 1. As you can see this would involve
at least two 7418373 chips (and therefore two
sockets) and some extra gates to synchronise the
action of the circuit.

In Fig. 2 the 74HC646 is shown in block
diagram form along with the truth table for
controlling it. This chip contains not only all the
logic to interface two buses but also the control
logic to effect the transfer and storage of data
between them. So the 74HC646 is not only a cost
effective replacement for the previous circuit but
occupies at least 50% less board space as well!
Figure 3 is an extract from an application note for
the 74HC646, showing it in action.
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Fig. 2 74HC646 block diagram and truth table

Another useful device is the 741.5682. This is
an 8-bit comparator chip. In microcomputer
address decoder and data analysis circuits it is
sometimes required to perform comparisons of
two 8-bit numbers. This used to require two
741.586 XOR gate packages and two other gates to
total all the outputs of the 74L.S86 — as shown in
Fig. 4. Using a 7415682 chip for this job, as shown
in Fig. 5, we have reduced the package count from
four to one.

In addition to signalling that one input is equal
to another, the chip also detects when one of the
numbers is greater than the other. Once again the
chip is priced so the cost of the two designs
detailed here are comparable without accounting
for the price of extra sockets needed for the
version shown in Fig. 4.

The 741.S687 performs the same comparator
function as the 7418682 but has two active low
enable inputs to switch on or off the comparison
function. This allows you to select ‘windows’ when
comparisons have to be made.

PADing

Figure 6 shows a circuit diagram for a program-
mable address decoder using a 741.5687. Such a
circuit is very useful in a microcomputer when
device addresses need to be adjustable to any 256-
byte boundary — perhaps depending upon how
much memory is fitted to the machine.

On power up the RESET signal {from the
system power-on reset source) forces the NOR
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Fig. 3 Texas application sheet diagram

gate latch into its reset state. This disables the G1
input of the 74L.S687. The computer initialisation
program decides where in the address space it
wishes to place the device connected to the CS
output of the circuit. It writes the upper eight bits of
the desired address into the 741.5374 latch which
should be addressed as an I/O port at a known
address in the I/O page.

So the upper eight bits of the desired address
are loaded into the 74LS374 and this action also
causes the NOR latch to be set enabling the G1
input of the 74L.S687. The other enable input of the
7415687 is enabled whenever the MPU signals that
the address bus contains a valid memory address.

In Fig. 6 the signal ADDRESS BUS VALID is only
theoretical and you should substitute a signal from
your particular MPU which indicates a valid
address on A0-A15. In a Z80 system for example
this will be MREQ. In a 6800 system it will be VMA.,

The purpose of LK1 is to permit the circuit to
be used to select a range of valid addresses (when
addressing a memory array). With LK1 connected
from CS to P>Q you can produce a chip select
signal whenever the address output from the MPU
is above the value in the 74L.S374.

The 74L.S590 is an 8-bit counter with an out-
put register (or latch) — all in a 16-pin DIL
package. Figure 7 shows the pin out of this chip.

BYTE A "

o S

BYTER

NOTE:
E1.2=741586
E3= 7425
£4 = 74LS00

Fig. 4 8 bit comparator using 7486 + summing NOR gt
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Fig. 5 8 bit comparator using 74682

The counter section is capable of operating with
clock speeds of up to 20MHz. Another attractive
feature of this chip is the tri-state outputs from the
latch. (The 7415591 is the same chip but with open
collector outputs). This tri-state output capability
makes the 741.5590 ideal for use in microprocessor
bus oriented systems, Figure 8 shows a block

diagram of the chip logic. The signal descriptions

are as follows:

QA-QH The register outputs. Whenever a
positive going edge occurs at this input
the register is loaded with the contents of

___ thecounter.

RCO  Thisisthecarry output fromthe counter.
A positive going edge will occur on this
output whenever the counter contents

_ change from &FF to zero.

CLR An input which, when taken low, clears
the counter to zero.

CCK  The clock input to the counter. The

counter increments by one whenever a

positive edge occurs at this input.

EN An input which must be taken low to
enable counting to take place, and high
to prevent it.

RCK A positive going edge on this input loads
the output register with the counter
contents.

When this input is high the QA-QH out-

puts are in a high impedence state (tri-

stated). When taken low, the data in the
register is available at the QA-QH
outputs.

Figure 9 shows how the 745590 can be used

as an event counter in a microprocessor based

system.

Table 1 gives a brief list of some of the devices
in the 74400-742000 range which readers may find
useful. Although hobby outlets may not have all
the high numbered TTL chips in stock, they can
usually obtain them for you quite quickly if you ask.

9]

+5V +5V
e al
Vee Ve
Do b 102 2 po
o1 == 1 20 =
bz {3 3q |8 P2
B3 8 o , 4 (e 0] Pa
™~
D4 L] N B sa 12 L1 N
o5 14 6D 3 6Q 16 15 s
08 AL [ 7a 118 17 e
0
o7 e ga p 0.,
LOAD i P -
GND DC 7415687
10
2 10 1
& P> Q )
2 5—1- peq 22 c’-—\.c CS
LK1 (SEE TEXT) LI
ADDRESS BUS VALID B s
4
A7 oo ,
4z §lay 1
2
A9 a
A10 AL Y
A1l 14 i
16
AT2 o
18
213 o8
A14 2167
GND
i
Fig. 6 Programmable address decoder
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Fig. 7 Pin out of the 74LS590

Device Functional description

74440 Quad tri-directional bus transceivers

74490 Dual decade counter

74593 8-bit counters with input registers and tri-state
output

74595 8-bit shift registers with output registers

74600 Memory refresh controller

74604 Octal 12-input multiplexed latches — tri-state
outputs

74608 Memory cycle controller

74610 Memory mapper

74630 16-bit ECC circuit

74632 32-hit ECC circuit

74673 16-bit SISO shift registers

74674 16-bit PISO shift registers

74677 16-to-4 bit address comparator

76850 16-to-1 multiplexer with tri-state outputs

74870 Dual 16-by-4 register files

74200 Direction discriminator

Table 1 Other chips of interest in the high TTL range
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Fig. 8 Block diagram of chip logic of a 74LS590

Cricklewood is able to supply any T1 TTL
chip by mail order. Contact Cricklewood Elec-
tronics, 40 Cricklewood Broadway, London NW2
3ET. Tel: 01-450 0995.

The TTL range will no doubt continue to
grow, both in terms of device types and fabrication
technologies. There is room for some more
functions, for example some longer length
counters would be nice! But whatever happens,
TTL looks to have an assured future. m
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Fig. 9 Diagram of the 74LS590
as a counter in a MPU system




Malcolm Brown
finds PCB design a
doddle with
Pineapple’s
autorouting
software for the

C micro
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BBC DIY PCB

Ithough a computer based drawing

package is a definite advantage when

designing a PCB for a project, it still

doesn’t help with the really difficult

and time consuming part — the
actual design.

It is deciding where to take the tracks to avoid
crossing them and to keep links to the minimum
which is the most skilful and the hardest part.

Many professional PCB desian workstations
offer the facility of ‘autorouting’ the tracks —
letting the computer work out the best design in
much the same way it might work out strategy fora
chess game.

That’s fine for the professional workstations
but some of these cost many thousands of pounds
and are a little beyond the scope of the home
enthusiast.

Pineapple’s PCB package for the BBC micro
has been around for quite a while (see the reviewin
the March 1987 issue of ETI) and has commanded
a great deal of respect as a remarkably pro-

fessional design tool for the home constructor.

Now PCB has been given an upgrade to give it
the autorouting capability of its high priced
professional brethren and it will only cost you £55
to add on the extra.

PCB-AR (as the autoroute package is rather
anonymously called) is, like PCBitself, supplied on
ROM. The existing PCB ROM can detect the AR
ROM’s presence in the micro and so is extended in
its capabilities accordingly.

At the tracking stage of a PCB design (after
the component positions and labels have been
defined) a function key is pressed to bring PCB-AR
into action. Rather than now draw tracks between
the pads on the on-screen board, the required
connections are made directly. Each pad on the
board is linked with a straight line to each other
pad it is to connect to (see screenshots).

The resulting ‘rats nest’ is a visual represen-
tation of the entire circuit. A cursor is moved to the
first pad and then a line is ‘rubber banded’ to the
desired connection — it couldn’t be easier.

However, it must be said that it is far from
easy to make all the right connections with any
complexity of circuit. It must be worked through
methodically and logically to keep errors to a
minimum. Many of the professional systems make
things easier with printouts of a list of all the

connections, with pre-defined labels for each pad,
to enable a thorough check to be made.

PCB-AR does not produce a list and so it is all
too easy to miss a couple of connections or to, say,
connect the power supply to the wrong pin of an
IC.

However, a few practice runs with the soft-
ware begin to get you into the swing of thinking of
circuits in this strange way and errors become less
likely.

The rats nest can be stored on disk at any
stage (so you can perform this tedious task in a few
short, concentration-packed bursts) and it can be
easily edited.

The editing procedure is simple too. The
cursor is moved to one end of the connection
under question and another function key pressed.
This removes the connections to all other pads to
leave a clear view of the suspect line. This can now
be deleted or moved elsewhere.

The connections don’t have to be from pad to
pad. They can join two empty points on the board
or apad to a track already drawn in ‘by hand". This
is especially useful for power or data buses around
a board.

As each connection is entered some guidance
is given for the automatic routing to come. Each
connection (and its resulting track) can be biased
to the top or solder side of the board or to both
equally. To give the autoroute routine a bit of a
hand the connection can be given a starting
direction to try too.

When all the desired connections are made,
another function key is pressed and the software
gets on with routing them. This, of course, is where
the really clever bit-comes in.

You are given the choice whether to route
tracks between adjacent pins on ICs and whether
the connections list is to be sorted to give a bias of
horizontal tracks on one side of the board and
vertical ones on the other.

The autorouting algorithm takes a while to
route any complex board but since it draws the
tracks as it goes, it provides quite a tension filled
spectacle to pass the time.

The algorithm works not unlike many game
playing ‘strategy’ algorithms. Movement from any
point is limited to North, South, East or West,
Starting at a pad the program checks for obstruc-
tions in each direction and then checks each
direction a distance further out from the original
point and so on until a clear route to the destina-
tion is reached.

This is done for each of the connections you
entered, in the same order as you entered them,
until they have all been tried.

When it’s finished, it reports any connections
it cannot complete. Pressing a function key then
highlights the connections it couldn't manage
which can then can be altered or drawn in by hand.

PCB-AR is not the end of PCB foil design
prablems. It does require methodical work to input
the circuit connections and almost a knack for
seeing how to turn its inevitable quirks to your
advantage.
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However, I tried it out re-designing the PCB
for the Dynamic Noise Reduction system (May’s
First Class project) and after a little fiddling, | must
say | was impressed with the results.

It has some clear limitations. A maximum of
190 connections per board can be autorouted and
the program will not {for the sake of speed) inves-
tigate connection routes outside a rectangle eight
times the rectangle with the two connections at its
opposite corners.

There is also a maximum rectangle of investi-
gation of 3136 pixels — equivalent to a3.7inx 3.7in
square.

Finally PCB-AR always uses the same width of
track — about 0.5mm — with the same minimum
spacing. However, thicker connections can always
be added later, manually.

Despite these constraints, PCB-AR is a truly

ETI JULY 1988
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(a) Component placement screen. (b) Connection
screen. (c) Initial attempt fails. (d) Manual guide
tracks are added. (e} Successful attempt. (f) Final
output.

remarkable piece of software. There is nothing to
touch it at anything like this price. A couple of
years ago, anyone suggesting this could be done
on a standard model B BBC micro would have
been considered naive at best.

For Beeb owners with any kind of regular
interest in PCB design the PCB and PCB-AR
combination is difficult to beat and thoroughly
recommended.

PCB AR £55-as upgrade to PCB
£185 PCB + PCB-AR

Pineapple Software,

39 Brownlea Gardens,

Seven Kings

liford 1G3 9NL.

Tel: 01-599 1476
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Mike Barwise puts
down his chips and
has a light snack
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IN THE BEGINNING . . .
A quick nostalgia note —
I remember the very first
LEDs coming into the
market place. They were
about £2 each in those
days (early in the ‘70s)
and | don’t think anyone
realised their full
potential then. The first
advertised application
was illuminated needles
on aircraft instruments!

LHIPIN

BROUGHT TO
LIGHT

or the next couple of months Iam going

to digress from the purely electronic

into the field of basic opto-electronics

— an increasingly important area in

electronic systems desian. At its
simplest it impinges even on thoroughly familiar
systems in quite unexpected ways. The other end
of the opto-electronic spectrum (for want of a
better word!) is in the still experimental spheres of
optical computing and data storage, which is a
subject that could fill several complete issues of
ETI just describing the groundwork. However —
let’s start at the beginning.

The basic opto-electronic devices are the
photo-diode and photo-transistor which are both
detectors, and various sources of light (lamps,
LEDs and lasers).

The Photo-Diode

Starting with the photo-diode, this looks like a
conventional diode (very often silicon) but instead
of being sealed in an opaque package, the diode
junction is exposed via some kind of window so
that light can fall on it

There are two generally used characteristics
of such a diode which yield alternative modes of
operation. The first is the ability of the diode to
generate an illuminance dependent current. When
light shines on the diode junction, electrons are
released from the cathode and drift towards the
anode,

The resulting current flow is tiny, but propor-
tional to the amount of light falling on the junction
— within the extreme limits of the threshold (the
minimum amount of light that causes any electrons
at all to be released) and saturation (the maximum
number of electrons per second the diode can
release, regardless of illuminance level) of the
diode. A theoretical circuit for this mode of
operation is shown in Fig. 1.

b—0Vp

Fig. 1 Circuit for a photo-diode using

current generation

The second characteristic of value is the
change in diode reverse leakage with illuminance.
In this mode the diode is reverse biased using a
voltage as high as possible subject to the reverse
breakdown voltage of the diode and the signal is
detected as shown in Fig. 2.

This is again a linear relationship within the
same limits, but the output signal from the diode is
much greater, The penalty for this is a much higher
noise level. It must be remembered that a reverse
biased diode (a zener diode for example) has long
been used intentionally as a noise source in elec-
tronic systems.

The photo-transistor functions in much the
same way as the first diode case: light fallingon the
device generates a base current to turn the tran-
sistor on,

There are other detectors in common use,
such as selenium cells, but these are mostly slow
response low precision devices used more in solar
batteries and so on than in detection or measure-
ment systems.

Basic Emitters

Apart from sunlight (the oldest emitter of themalll)
the earliest opto-emitter used in electronics was
the filament lamp — a very inefficient light source.
Most of its output is in the form of heat, its life is
severely limited and it is impossible to make a
precise spot source without mirrors and lenses
(which further reduce the amount of light
emerging).

+VE BlAS

Py

Fig. 2 Circuit for a photo-diode using
reverse leakage

The first major breakthrough in emitters was
probably the LED. This is a diode made of a special
material (usually a compound based on gallium
arsenide) which emits light when forward biased
(when it is carrying a current) in addition to
behaving just like any other diode, Heat generation
is remarkably low and of course the size of the
emitting element can be precisely controlled by
normal semiconductor manufacturing techniques.
Light output is not usually very great for the
current consumed, although there are some so-
called “high efficiency” LEDs, but the output
spectrum extends well into the infra-red where
detector diodes are normally most sensitive.

These are the two most basic emitters, Apart
from one or two unusual applications, the filament
lamp is of no further interest to us and we will use
nothing but LEDs from here on. One of those
unusual applications is worth mentioning though: a
pecularity of the filament lamp is that when
switched on or off, the filament brightens and dims
exponentially. It brightens faster and faster the
brighter it gets and dims slower and slower the
dimmer it gets.

This is useful in the production of a very clean,
distortion-free sine wave oscillator. If the lamp is
driven by an amplifier output and shines on a
photo-detector in the amp gain control chain, a
classic feedback oscillator is created, which is con-
strained to a sinusoidal waveform by the lamp
filament characteristics. However . . . onward, ever
onward)!
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Optical Couplers

It is very unlikely that emitters and detectors will be
widely used except in coupled pairs of some form
or other. The first and most obvious case is the
interrupter (Fig. 3). This device is present in one or
other of its two forms in the vast majority of
computer printers, disk drives, video recorders,
tape recorders ... the list is endless. Anywhere a
moving object is to be detected, the interrupter is
in use. The emitter (LED) is permanently lit and
when an object enters the interrupter’s field of view
the light path to the detector is broken (trans-
mission system) or completed (reflectance
system).

The next case is the opto-isolator. This is an
LED+photo-transistor pair or LED+photo-diode
pair encapsulated in some compact opaque
package, frequently an IC DIP. The point of the
opto-isolator is twofold. Electrical isolation
between the input circuit and output circuit can be
as high as several kilovolts (so HT circuits can
control or be controlled by logic or small signals
with safety). Also the signal bandwidth of the opto-
isolator can be controlled by a suitable choice of
detector diode at design time. This serves an
important role in noise reduction, typically in
computer communications. This is worth going
into in more detail, so here goes.

RFI Reduction

RFI is a new buzzword — Radio Frequency Inter-
ference, that’s alll New legislation is coming in to
control the extremely far-reaching effects of RFI
caused by all the computers and communication
channels now in operation.

So where exactly does RFI come from?
Basically, every time a logic level changesina PCB
track or wire in your computer or its external
cables, there is overshoot or undershoot, followed
by ringing. Although the logic state may be switch-
ing at only a few kilohertz, the ringing frequency
depends on the resonance of the wiring and may
cover a bandwidth of several megahertz.

With this in view, let us take the case of a
simple RS232C channel. The logic switching rate is
normally no higher than 40kHz and the specifica-
tion calls for a signal rise time no faster than 1us,
but the data cable is essentially unbalanced and
therefore a lot of ringing of unpredictable
frequency cantake place. This gets referred via the
computer’s imperfect ground path and radiated
from the whole length of the cable, as well as being
superimposed on the signal itself.

The interposition of opto-isolation at each end
of the cable between the comms device and the
ime driver chips dissociates the cable ground from
the ground noise in the communication device and
asiso (if its bandwidth is suitably chosen) will
eliminate practically all the ringing in the signal,
smproving data haul distance.

The next step in opto-isolation is to separate
zhe emitter and decoder and interpose a piece of
sotical fibre. This opens the door on all sorts of
clever options which we will look at later on, but
st for now let’s stick with the RS232. In the
orevious example we had an electrical signal being
converted into an optical signal and back again at
zach end of our comms link in the interest of
=olation and reduction of RFI emission. However,
zxternal electrical noise can still be picked up by
comms cable and it can be bad enough to spoil our
Zzta.

Now instead, weintroduce the magical optical
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fibre with an emitter at one end and a detector at
the other and the long signal haul performed on an
optical signal. So long as the fibre is in an opaque
jacket, absolutely nothing (for practical purposes)
can be emitted or picked up by the data trans-
mission link.

This is obviously a much better solution, but
how does it work?

Optical fibre consists of a concentric arrange-
ment of transparent materials (plastics, silica glass)
of different refractive index (Fig. 4). This is a
measure of the angle by which a beam of light of a
given colour is deflected as it passes through the
material. Different colours are deflected or
refracted by different amounts, which is why we
see rainbows through things like prisms, but a
given colour (wavelength) of light is always
refracted by the same amount, all other conditions
(temperature and so on) being equal. This is the
fundamental rule by which optical fibres work.

When light is passed into a perfectly straight
piece of optical fibre, some of the light passes
directly down the central axis but most of it
diverges. Any particular beam following a
divergent path will eventually strike the transition
between the differing materials in the fibre. These
are so chosen that practically all the light is
refracted back into the centre of the fibre.

The real case in which the fibre is not perfectly
straight works just the same, although a bit more
light gets lost.

The Distance/Speed Trade-Off

I will not delve into numbers here as the problem
gets quite difficult to quantise, but the principle is
very simple. As we have seen, light entering the
fibre takes a variable but large number of different
paths. These will consist of different numbers of
refractions and are therefore of different lengths.
As light travels at a finite speed, the different bits of
light which started out at the same time will arrive
at different times.

Assuming a perfect square wave going into
the fibre (which is theoretical and a best case, as all
emitters take a bit of time to turn on fully) when the
difference between the arrival time of the earliest
and latest bit of light equals the half wavelength of
the input square wave, the signal is totally lost due
to the latest light from the last bit coinciding with
the earliest light from the next bit.

In practice the situation is worse than this.
RS232 is an asynchronous communication
protocol. This means that reliable decoding of the
incoming signal relies on a specific relationship
between the on and off periods (marks and spaces)
and also a predictable absolute duration. The
tolerance for out of timing data bits is about 10%,
so a “mushiness” due to differential propagation
paths of this order will kill the data link.

The good news is that the length of fibre
required for this problem to manifest itself is pretty
long. You will most likely run out of optical power
long before that length if you are using conventional
LEDs, particularly if you use the cheap (affordable)
plastic fibre, which is very lossy compared with
(expensive) silica fibres.

In order to obtain much greater transmission
distances, the use of silica fibre with laser diodes,
or at least source of coherent light (some kind of
laser) is essential. More of this next month. In the
meantime, a good selection of plastics fibre optic
components can be obtained from Electromail on
(0536) 204555.
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Fig. 3 Optical couplers as
interrupters
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Paul Chappell
investigates all
possible
configurations of
an op-amp and a
couple of resistors

OP-AMPS

ast month | was looking at the basic
parallel (or shunt) feedback circuit of
Fig. 1a and concluded that the rule of
thumb formula for the gain -R2/R1,
was accurate to almost 0.01% for the
resistor values shown. The formula predicts a gain
of -10, whereas the actual gain is -9.99989. I hinted
that there might be circumstances where the
formula would not be so good and now it is time to
find out when.
Suppose that I take an op-amp with a gain of
106 and connect the resistors shown in Fig. 1b.
This would seem to give the entire circuit a gain of
-10¢ and since this is what the op-amp itself would
give without the resistors, it doesn’t seem an
unreasonable request.
Applying the exact formula for the gain:

Vuu! R2
Vin R1+10°¢ (R1+R2)

gives a figure of approximately 5x105, whichis only
half the gain predicted by the rule of thumb
formula.

Table 1 shows the circuit gain for different
resistor ratios against the value predicted by
-R2/R1. At a predicted gain of -103 the true valueis
about 0.1% out, at -10¢ the error is about 1%, at 105
it has almost reached 10% and at 106 the true gainis
only half the predicted value.

The last two entries represent an optimistic

R2

R1
10k

J

Ay = 108

Rz
Mo

R1
1RO

GAIN = —R2/R1=-10

Fig. 1 (a) The basic parallel feedback circuit. (b) A circuit with a gain of -106?
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attempt to force more gain from the circuit than
the IC itself has. It doesn’t work. The circuit gain
approaches the gain of the IC but never quite
reaches it and certainly never exceeds it.

The reason for the discrepancy is illustrated
by Fig. 2 which compares the case where the
resistors ask for a gain very much lower than the
IC’s own gain (Fig. 2a) with one where the required
gain is equal to the IC’s gain (Fig. 2b).

In the first case, the 10uV necessary to sustain
the output of the amp at -10V is negligible in
comparison to the input voltage, so the formula
works well. An input of 1V gives an output of -10V
so the circuit has a gain of 10 as we’d expect.

In the second case, the 10pV needed at the
inverting input of the IC to sustain the -10V is very
comparable indeed with the input! The idea, on

Rule of thumb gain Actual gain
-1 -1
-10 -9.99991
-100 -99.990101
-1000 -999.001997
-10000 -9900.9999
-100000 -90909.1736
-1000000 -500000.25
-10000000 -909090.992
-100000000 -990099.02
Table 1 Actual basic parallel feedback circuit
gains compared with the rule of thumb values

Mo

Fig. 3 (a) A circuit with a gain much lower than
the op-amp’s its gain. (b) Demanding a gain
equal to the op-amp’s gain

which the rule of thumb formula depends (of the
-ve input of the IC being a virtual earth) no longer
works and the effective gain of the circuit is only
half the predicted value.

The shunt feedback circuit is such a useful
configuration that I can’t continue without giving
you a moment to admire some of its best features.
One consequence of the virtual earth at the —ve
input is that the circuit can be used to sum
voltages. Figure 4 shows how.

Suppose that the resistors R1, R2, R3 ... Rn
and the feedback resistor Rf are all the same value.
[f all the input voltages vi to v, are at 0V, no current
will flow throughout the feedback resistor, so the
output will also be at OV.

R1

0 Yout

Fig. 3 Voltage summing circuit

If any one of the input voltages varies from 0V,
a current will flow in the corresponding resistor
and to maintain the -ve input at 0V the op-amp will
cause the same current to flow in Rf. We have
chosen to make Rf equal to the input resistors, so
the voltage across it will be equal in magnitude to
the input voltage. In other words, a voltage of v, on
any input will result in —v, at the circuit’s output.

Since this applies to any input, by super-
position the output from voltages appearing
simultaneously on all inputs will be equal to (minus)
the sum of all the input voltages. The circuit is often
used to sum audio signals (and has even been used
as a complete audio mixer in more than one hobby
project!) or to sum voltages in analogue computer
or control systems.

Replacing the feedback resistor (R2 in Fig. 1a)
with a capacitor gives another useful circuit — an
integrator (Fig. 4a). Once again, the op-amp acts to
maintain the two input terminals at the same
voltage and so draws all the input current through
the capacitor:
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il - Vin/R — i2 - _ C dVoul
dt
_ 1
SO Vour = — Vin

CR

The response of the circuit to a constant input
voltage (it’s often used in this way) is to produce a
linear ramp which rises or falls at a rate determined
by C, R and vin. For R=1M, C=1uF and vi,=-1V, the
output will ramp upwards at 1V per second.

The other common variation on the theme is
to substitute a capacitor for the input resistor to
give the circuit of Fig. 4b: a differentiator. Here the
output voltage is given by:

dVin
dt

This circuit is useful if you are interested in the
slope of a signal rather than its actual level. A
practical example is last month’s breathing rate
monitor circuit, where C1 and R5 correspondto C
and R of Fig. 4a. In the monitor, the input voltage
will vary according to the type of diode chosen (or
even between different samples of the same type),
the room temperature and so on. On the other
hand, whether the voltage is rising or falling at a
fairly fast rate will depend primarily on whether the
user is breathing in or out, so detecting the change
in voltage rather than the voltage itself screens out
a lot of unwanted effects. The reason for the other
components used in the monitor will become clear
when we start to think about turning the basic
ideas into practical circuits.

A much less common variation is shown in
Fig. 4c. Can you work out what it does? Why do
you think it’s not used more often? Can you think
of any feature of the circuit that might be put to
good use? Answers next month.

Series Feedback

The basic non-inverting (or series feedback)
amplifier configuration is shown in Fig. 5. For an
intuitive understanding of this circuit it’s best to
think in terms of voltages rather than currents. If
v- is at OV, the output will also settle at OV — the
action of the output voltage and the two resistors
won't let it settle anywhere else.

Suppose the input rises to 1V. This would
oush the output voltage upwards until the voltage
21 the -ve terminal also rises to (near as damn it)
1V. The action of the circuit is once again to main-
z2in the two input terminals at the same voltage. If
the -ve terminal is to be at vi,, then the output
soltage must be at R1xv,/R1+R2) so the rule of
umb gain formula for this configuration is:
=n=R1/R1+R2). Once again, this is very accurate
‘or low gains, and less and less accurate as the
szguested gain is increased.

I've done most of the work so far, so here’s
samething for you to think about. Is it possible to
==zxe a non-inverting integrator and differentiator
=om Fig. 5 by replacing R1 or R2 with a capacitor?
= not. what effect would the substitutions have?

I've just about exhausted the basic configura-
=ons possible with an op-amp and a pair of
ors but there’s one more common circuit [
s=ould include. It’s shown in Fig. 6.

With this circuit, if the input is at OV then the

Vouz:—CR

ions would be satisfied. But instead of the
iy toy’ effect, where a disturbance of the
t gives a signal which pushes it back to its

coaper place, this circuit is more like an attempt to
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balance a razor blade on its edge.

The slightest movement of the output fromits
0V position will result in a voltage at the +ve
terminal which will tend to push it even further
away. This creates an even larger voltage at the
output, which increases still more the voltage at
the +ve input, which gives a still larger voltage . . .
and we have what used to be called a ‘regenerative
action’ which causes the output voltage to topple
until it hits one or other of the supply rails.

Given that the circuit has two artificially stable
positions (artificial because the theoretical
tendency is for the voltage to keep rising for ever
— it’s only the practical limitation of a finite supply
voltage that stops the process) the question is —
what will cause the circuit to switch between them?

Suppose the input is at 0V and the output is
pushed hard against the positive supply rail at, say,
+10V. We'll give the resistors values of R1=10k and
R2=100k. The +ve input of the op-amp will be
around 1V above the -ve input, so the output has
every encouragement to stay just where it is! The
only thing that would cause it to change would be if
the +ve terminal went negative with respect to the

LU1JHI]

AdOdH.L
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*in
qth
(b} R le) czl
= €1
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" b——0 Vot L—O“'ou!
ov ov
Fig. 4 (a) Anintegrator. (b) A differentiator. (c) The mystery configuration

—ve terminal, which would happen if the input
voltage dropped below -1V. If this happens, the
feedback action will cause the output to move
smartly from the +10V rail to the -10V rail.

To get it to change back again, it’s not enough
for the input to go back above -1V. Because R2 is in
connected to the output, which is now 20V lower
than before, the input must go above +1V before =
the circuit will switch back. The result is a switch-
ing circuit with two different switching points. The
voltage between them (in this case 2V) is called the At
‘hysteresis’ and is what distinguishes this circuit ov
from an ordinary voltage comparator. The circuit

is often used to recover signals, particularly digital || Fig. 5 The basic non-inverting

or switching ones, from noise (Fig. 6b). It’s also || @mplifier circuit

out

useful where acircuit has to respond when a siowly
changing signal reaches a certain voltage — a
comparator without hysteresis might be inclined to
switch this way and that when the signal is close to
the reference point, whereas the circuit of Fig. 6a
makes a decision and sticks to it!

Next month I'll be looking at some of the
practical considerations that have to be taken into
account when designing with real op-amps.

INPUT

POSITIVE
SWITCHING

A2 POINT

NEGATIVE

R1 SWITCHING
POINT

o lal
OUTPUT

n - - - { ]
Fig. 6 A circuit with hysteresis ¥ m
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Paul Wilson looks
high and low for

the bar
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ow would you like to impress your

friends and confuse your burglars by

unlocking your front door with acan

of beans? Or a bottle of shampoo?

Or a shrinkwrapped piece of
Lymeswold blue? Or more sensibly with a small
coded plastic key that you wipe over an innocent-
looking sensor beside the door.

The ETI bar code switch is programmable to
recognise a 14-bar key which is read by a reflective
optical sensor. Verification of the code produces a
short ‘code accepted’ pulse which can be used to
open an electrically operated bolt or to trigger a
relay for any purpose you may desire.

Attempts to operate the switch using the
wrong key (or the wrong brand of beans) will
sound an on-board alarm for a preset period — or
until the correct key is used.

The barcode switch consists of two boards.
The main decoder board contains the mains trans-
former and 12V PSU, code programming
switches, decoding circuitry and also the piezo
sounder. A 12V CMOS-compatible or open
collector output is available to interface with
external equipment.

A small pre-amp board fits in a small box with
the optical sensor that scans the key. This sensor
is the most impertant component in the systemn
because its resolution determines the convenience
of the kev. If for instance the sensor could only
resolve bars which were 5mm wide then a 14-bar
key would end up being over 5in long. A key this
long would not laok very elegant attached to a key
ring!

To produce a key of credit card size we need
to resolve a narrow bar of Imm and a thick bar of
2mm. There are two possible sensors depending
on how rich you are.

If money is no object then the Hewlett
Packard HBSC1100 reflective sensor with its
resolution down to 0.19mm and its £27.00 + VAT
price tag may be used. This device is designed to
be used in bar code wands such as those used in
many shops.

If this is too expensive then an RS sensor (see
Buylines) may be used with the simple modification
of partially coveringits two sensing windows with a
light proof material. Although the Hewlett Packard
sensor wins hands down for performance and
resolution, the RS price of about four quid is likely
to persuade most constructors, myself included.

The key itself is a bar code such as that in Fig.
1 printed on paper and encapsulated in a plastic
enclosure called a Pronta-pouch (honest!). This
forms a flexible, waterproof and cheap key, some-
what like a credit card.

A program in BBC Basic is provided to

The correct wiping action to operate the lock.

ETI JULY 1988




produce the bar code on an Epson or compatible
printer. The program should be easy to alter for
other home micros.

As can be seen from Fig. 1 the code begins
with a 3mm black border. No white can show
before this. Following this is the 1mm black
reference bar (this must always be a thin bar as the
decoder uses it as a reference to determine the
length of the bars of the actual code).

Then comes the actual bar code which is a
simple binary code of up to 14 bars, in any
combination of thin Imm and thick 2mm black
bars — a possible 16384 combinations.

Eight bars are used for the code in the key
shown, giving the binary code 01101100 where 0=
thin and 1 = thick. A 3mm black border at the finish
ends the code. All the white inter-bar spaces are
1mm wide.

Note that the key shown in Fig. 1 is
symmetrical so it does not matter which way it is
wiped across the sensor (this should help when
getting used to using the switch).

The operation of the bar code switch can
best be understood by looking at the block
diagram in Fig. 2. The optical sensor consists of a
LED which emits light onto the surface being
scanned. Light will be reflected back toits receiver
from white spaces. The output from this is
amplified and filtered before being compared with
a reference voltage (by the bar comparator) to
determine whether a bar or space is present. Its
output will be low (0) for a space and high (1) for a
bar.

The bar counter is incremented by this com-
parator as the leading edge of each bar passes over
the sensor so that each of the counter’s outputs 1
to 14 become active when the corresponding bar in
the code is over the sensor.

Two integrators are used to measure the time
taken for the bars to pass over the sensor (see Fig.
3). As the thin reference bar is over the sensor, the
reference integrator ramps negative (from its
normally positive condition), ideally reaching
about half the supply voltage and remaining there
for the rest of the sweep.

The timing integrator is reset during each
white space of the code. Its time constant is %; that
of the reference integrator so that its output goes

(ideally} to 8V during a thin bar, and 4V during a
thick bar. This is compared to the (ideal) 6V of the
reference by the bar length comparator producing
a zero output for a thin bar and a one for a thick
bar.

There is a fair tolerance regarding the speed
the key can be swept across the sensor. So long as
the speed is constant the timing integrator should
still cross the voltage set by the reference
integrator at the correct points — the only
difference being the voltage at which this reference
voltage is set.

More important is the effect of changes in
speed as the key is swept. An increasing speed
could prevent thick bars reaching the reference
voltage and a decreasing speed could push ramps
from thin lines over the reference threshold, either
effect giving a false decoding.

This circuit allows for an increase or decrease
of almost 25%, which should cause few problems,
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Fig. 1 An example bar code key
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Fig. 3 Timing diagram for integrators using
example bar code key
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Fig. 2 Block diagram of the bar code switch
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particularly after a little practice.

The output of the bar length comparator (0 for
thin, 1 for thick) is then compared with the output
for the code programming switch for that bar (also
0 for thin, 1 for thick) by XORing them in the
correct code comparator.

If they match, the output will be low. If they are
different it will be high and this will set the wrong
code latch high (where it will remain for the rest of
the sweep regardless of later successful
comparisons). The state of this latch determines
whether the key is accepted or not.

The last bar detect line is connected to the last
output of the bar counter that is needed for the
length of code used. In the case of the code in Figs.
1 and 3 this is output 8. On the falling edge of this
line (after the last bar on the key has been scanned)
two things can happen.

If the wrong code latch has not been set high,
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Fig. 4 (b) The power supply

the pulse generator will produce a short 100ms
pulse which will in turn reset the wrong code
counter and bleep the piezo sounder. This
indicates that the correct key has been used.

If the wrong code latch has been set high
then the code accepted pulse will be inhibited and
the wrong code counter will be incremented. If this
counter reaches an internally set number, say five,
then it means that five consecutive attempts have
been made to operate the switch with a wrong key
and the piezo sounder will run continuously for a
preset period to warn of the fact. If the correct key
is used the sounder will be deactivated.

The reset circuit resets the system 100ms
after the last bar passes the sensor. The bar code
switch is then ready to decode another key.
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HOW IT WORKS

The circuit diagram is shown in Fig. 4. The autput of
mains transformer T1 is rectified by D1 and D2 {Fig. 4b),
then filtered by the reservoir capacitor C1 to provide
+16V raw DC. Series regulator IC7 is used to provide
the 12V regulated supply for the circuit.

R100 (Fig. 4¢) provides about 35mA of current fron
the raw supply to illuminate the LED emitter in SENS1,
keeping the dissipation in IC7 down. The varying current
in the receiver phototransistor is converted into a
valtage by IC100 and rises as more light is reflected. The
sensitivity of this stage is adjusted by RV100. The
output of {C100a is AC coupled in a X47 inverting gain
stage consisting of ICT00h, R105 and R106.

The output from the preamp goes into the inverting
input of IC1 {Fig. 4a). its output is high for a space and
low for a bar — 1C2b inverts this and the low to high
transitions clock IC3b, a 4-bit binary counter.

The counter drives 1C4 to form a 1 to 6 sequential
enabler. The active high output is incremented as the
start of each bar passes over the sensor.

As soon as the |eading edge of the first bar passes the
sensar output SW1 becames active. This is fed into the
integrator formed by camponents D7, R20, C7 and IC1b.
The output af 1C1h will ramp pegative until the leading
edge of the next bar passes the sensor, ideally reaching
BY — this is the reference integrator’s output {see main
text). As each of the remaining 14 bars passes over the
sensor they are timed by the timer integrator (023, R23,
C8 and IClc).

IC2b provides a high leve! an the timer integrator’s
input for as long as the bar is gver the sensor. A slightly
stretched version of this is produced by D3, R8, C5, R12
and 1C2a, and is used to reset the timer integrator during
each space on the key.

The putputs of the integraters are compared by [C1d,
producing a high for a thin bar (the timer integrator
doesn’t have time to ramp down as far as the reference)
or a low for a thick bar (the timer ramps below the
teference),

As the key is passed over the sensor each one of the
bank of switches is selected seguentially by IC4's
outputs S2 to S15.

These switches have been programmed for the
correct key — a clased switch requires 4 thick bar, an
open switch for a thin bar. The state of each switeh is
compared with the relevant bar by IC5a, producing a low
if they match,

As long as all the bars match the switches then ICba’s
output to the D input of flip-flop 1C6a will remain 1ow.

IC7a clocks the data through to _the flip flop output
and if all the codes match then the Q output of IC6a will
remain high. The negative going edge of the |ast counter
output clocks the data at O to the D input of IC6B. If the
correct key was used, the output Q of IC6h will be high
and will turn on transistors 41, 02 and Q3. 02 turns the
sounder on and Q3 Hluminates LED1.

The output of IC6h remains high until reset by 1C2¢
going high when C6 is discharged by R13 {100ms). C6
gets charged by D4 and R9 during white spaces.

If at any bar the key failed to match the set switches,
the O output of ICBa will be high and is latched high by
D25. R24 prevents this state being altered by any
subsequent matches. So at the end of the sweep, the 0
of ICBb is low and no code accept pulse is generated.

In addition, as IC6a goes high, the positive edge
clocks binary counter 1C3a to egunt the number of times
the wrong key has been used.

After either five or nine attempts (link selectable) the
piezo sounder is switched on a3s a warning, cleared
either by using the correct key or automatically after a
time set by €4, R11, RV2 and 1C2d.

Construction

The sensor may be mounted in any suitable box, or
even behind a window. The box should be at least
3in long to allow the key to be wiped smoothly
across the sensor window.

The prototype used a standard 29mm deep
surface mounting box and a standard blanking
plate to match the mains and lighting boxes in my
home.

A hole is required in the blanking plate for the
opto sensor, about 10mm by 15mm as shown in
Fig. 5a. On the prototype the sensor was mounted
behind this using a bracket of aluminium (or tin
plate) cut to the dimensions shown in Fig. 5b and
folded to a 90° angle along line XY.

The unit was put together as shown in Fig. 6.
Note how the bracket should overhang one of the
15mm edges by about 1mm.

The red filter for the front of the blanking plate
should be about 85mm x 35mm, fixed into place
with Bostic, Evostick or some other suitable brand
name. When you've done that, you'll realise that
you've just covered the mounting screws with the
filter and you can’t screw it to the wall. You'll need
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Fig. 5(a) Marking out details for blanking plate.
(b) Dimensions of sensor mounting bracket
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MOUNTING
IRCIHRLE SCREWS

Fig. 6 Mounting sensor unit

to drill from the back of the box through the filter
using a small drill bit, then from the front with a
larger (5mm) bit.

Increasing Resolution

Figure 7 shows how the two windows of the sensor
should be blanked off with tape leaving only a Imm
slit — necessary if the sensor is to resolve a Imm
bar code. Crepe tape (as used in PCB design) is
better than insulating tape which may ‘creep’ if it
gets warm. Take some time over this, as an
accurate slit can avoid a good deal of fiddling
compensation later.

Circuit Board Construction
The component overlay for the small preamp
board is shown in Fig. 8.

Construction is very straightforward, beginning
with the resistors and working through to the
cermet trimmer RV100 and IC100. Check the

WHITE DOT
INDICATES LED

N
Tmm SLIT BLACK TAPE
LEFT IN
LED EMITTER 1mm SLIT LEFT IN
WiNDOW RECEIVER WiNDOW

Fig. 7 Masking the opto sensor

polarity of the IC and the tantalum capacitors. Any
type of 4-core cable can be used to connect to pads
E,F,G &H.

Mount the sensor and put the PCB in the box.

The main board Fig. 9 is slightly more com-
plicated but should cause no problems.

Start by fitting the ten PCB links.

LK1 is as shown for 240V mains. If 110V is to
be used, replace LK1 with two links — one across
AD and one across BC. LK2 joins the secondary
0V to mains earth.

Next fit the diodes (noting their orientation),
then resistors and IC sockets. Take care with the
orientation of electrolytic capacitors — especially
the tantalums which short circuit very quickly if
reverse biased. If using the recommended DIL
switches, these should be fitted with identification
numbers facing the transformer.

When fitting the mains transformer ensure
the primary is facing the fuseholder, its pins should
then fit into one of the two holes provided on the
PCB.

With all components connected, make a final
check of polarity and any possible splashes or
shorts, then set all the presets to the centre and set
the programming switches as shown in Fig. 8. Fita
mains cable to the three pads provided and
connect the cable from the sensor to padsE, F, G
and H.

Setting Up And Test

Most of the testing can be done with a voltmeter,
though a scope is pretty handy when setting up the
optical sensor.

Once mains is connected to the main PCB
you must be extremely careful to avoid any part of
your anatomy coming into contact with live tracks
— at best such contact will produce a string of four
letter words, at worst a prolonged silence.

First (with CMOS devices removed) check
the PSU functions. The raw voltage at the junction
of D1 and D2 should be about 16V DC with about
0.5V of 100Hz ripple onit. The stabilised line on the
output of IC7 should be at 12V DC (with about
10mV of wideband noise on it).

Check that these voltages appear at the
correct points on the preamp board then switch off
and let C1 discharge before inserting the CMOS
devices. Switch on again and check that the 12V
line is still OK.

Make sure that LK11 goes only to the pad
next to D16, corresponding to the eight bars used
in the test key (Fig. 1). Place the blanking plate
loosely on top of the box and make sure that the
sensor is pointing away from any sources of
electric light.

If you have a scope look at the output of the
preamp IC100b, with your timebase set to
10ms/div and sensitivity at 2V/div (AC coupled).
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PARTS LIST I—U
RESISTORS (all resistors ', W 2% metal film except SEMICONDUCTORS
where stated) IC1 TLO64
R1,4,8,9,10,14,15, IC2 411068
17,21,22,103,104, IC3 45208
105 10k Ic4 4514B ,
R3 20k IC5 40708 D
RS 2M0 IC6 40138
R6 1k0 ic7 78M12 ‘ I
. R7 100R IC100 TLOB2
R11,18,19,24 100k 01,2,3 BC109
R12,13,20,105 1m0 04 BCY70
~ Ri16 1k5 01,2 IN4001
R23 150k D3-25 1N914, 1N4148 etc,
R25,101 22R LED1 Red LED I I
R100 430R
R102 2k0
RV1.4 10k Yin cermet preset
RV2 TMO sub mind preset
RV3 10k sub min preset MISCELLANEOUS
BUZZ1 piezo sounder (see Buylines)
CAPACITORS FS1 100mA 20mm
Ci 4700p 25V radial T1 15-0 15-0 1VA per winding
£2,9 1y 35V tantalum SENS1 opto sensor OPB7030
C3,100,101 10p 16V tantalum SW1 10-way DiL
t4 100y 25V radial SW2 4-way DIL
Cs 100p 10V polystyrene IC sockets. 20mm fuseholder. Red filter. Sensor housing
c6,102 100n 250V polyester {80mm box and blanking plate, 22 SWG aluminium for
C7.8 2200p polyester 5% bracket). Nuts and bolts.

When you’ve made a test key to the design in
Fig. 1 (you could wipe your copy of ETI across the
sensor but it’s hardly elegant) hold it as shown in
the photograph with the key on the red filter. Only
the 3mm thick boarder should be actually on the
box, the rest should hang over the edge. Wipe the
key smoothly across the filter lengthways.

The easiest way to get the correct speed is to
count like you do between lightning and thunder ‘1
and 2 and 3 and’ sweeping from left to right on the
numbers and returning the key to its start position
on each ‘and’.

The preamp output should resemble a burst
of sine waves (with quite some distortion) each

time the key is wiped. If this doesn’t happen, adjust
the height of the sensor until it does. If instead of
sine waves the output just goes high then the slit in

HOLE FOR M3 BOLT

OPTO 1
RS307813

TImE
TO MAIN BOARD

Dot 10
INDICATE LED

Fig. 8 Component overlay for pre-amp board
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Fig. 9 Component overlay for main board
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Fig. 10 Toggling a flip-flop with the output pulse

PROJECT

the sensing window is too wide.

Then adjust the sensor height to minimise the
amplitude difference between the two different
sine wave frequencies. Adjust RV100 to bring
these amplitudes to about 8V peak-to-peak.
Sweeping the key should now bleep the piezo
sounder to show a correct code (otherwise either
you’re not sweeping properly or you've set the
wrong code in the switches).

Using the scope to look at the output of the
reference integrator IC1b, you can get some
sweeping training by getting the voltage to drop
from its normal 12V to as close to 6V as you are
able. If you have a two beam scope you can look at
IC1c to produce a display similar to Fig. 3.

Finally, fine tune the system by adjusting
RV100 to give the best performance at varying
sweep speeds.

Then tighten the sensor to the bracket, mount
the preamp board by fitting a 3M x 10mm spacer to
the sensor mounting bolt and attaching the PCB to
the spacer with a 3M x 5mm bolt. Then close the
box. With the box closed, make sure everything
still works.

TOP VIEW
HBCS1100

| PINI FUNCTION

TRANSISTOR COLLECTOR

TRANSISTOR BASE, PHOTODIODE ANODE
PHOTODIODE CATHODE

LED CATHODE, SUBSTRATE, CASE

NC

LED ANODE

N

TRANSISTOR EMITTER

PNDTIRWN =

ANODE
o) LED

CATHODE

EMITTER
PHOTO-TRANSISTOR
COLLECTOR

R8307913 OPTO-SENSOR

Fig. 12 Pinouts for the opto sensors
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Fig. 11 Stretching the output pulse for a relay

Now change the required code by setting
SW1 on the bank of switches ‘on’ and try the key
again. After five attempts the piezo sounder should
sound for about 90 seconds.

The volume is adjusted by RV3 and the time
constant by RV2. For amuch longer period ¢ hanae
R11 but don't exceed about 10M. By moving both
D5 and R17 to their alternative positions the
number of failed sweeps required to sound the
alarm is increased to nine. To identify longer codes

up to 14 bars, link 11 should be moved to the
relevant diode.

When mounting the completed sensor
housing, make sure that the sensor doesn’t face
an electric light as this will toggle the comparator at
50Hz and eventually trigger the alarm,

For mounting outside, a sealed watertight box
should be used and a bag of silica gel (as found in
camera cases and so on) in the box would stop any
condensation forming.

Applications

Figure 10 shows how the code accepted pulse can
be used to toggle an external flip-flop for each
correct sweep of the key. This could be used to
deactivate an alarm system for instance.

Figure 11 shows how the code accepted pulse
can be stretched using an external monostable.
This could drive a solenoid in an electrically
operated doorlock.

Making The Keys

Making the keys is easy, especially if you have a
BBC computer and Epson printer, for which a
program is provided in Listing 1.

The program prints the selected bar code twice
with a 6mm bar in the middle so the printout can be
folded in half and slipped into a Prontapouch
(hooray for Prontapouches!). This produces a
doublesided key,

The black bars obviously need to be as dark
as possible so if your printer has been producing
light grey listings recently, now might be a good
time to replace the ribbon. Note that the program
can compensate for an ailing ribbon by overprint-
ing several times (line 90).

Anyone familiar with BBC Basic should
understand most of the program with a few side-
long glances at the printer manual to sort out the
VDU codes. It should run on the model B, B+ or
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10 REM ETI BAR CODE PRINTER
20 MODE 3
30 DIM bardata(1S)
40 VDUZ:REM Enable Printer
50 VDU1,27,1,64;:REM Initialise Printer
40 VDU1,27,1,65,1,8;:REM Set Line spacing
70 RESTORE BOO
80 code=0:hight=0:dots=70
90 dark=3 :REM Number of overprints.
100 Nbar=0: REPEAT
110 READ code :REM Count dots in barcode
120 bardata(Nbar)=code :REM FUT DATA into Array
130 IF code=0 THEN dots=dots+20 :REM Thin Bar
140 IF code=1 THEN dots=dots+30 :REM Thick Bar
150 Nbar=Nbar+1 :REM Count Bars used in Barcode
160 UNTIL code=9
170 dots=dots*2 :REM Double Length code
180 Nbar=Nbar-1
190 Ldots=dots MOD 256 :REM nl Bit Image Data
200 Hdots=dots DIV 256 :REM n2 Bit Image Data
210 PROCtop :REM Print top Border
220 REPEAT
230 FOR D=1 TO dark
240 VDU1,27,1,90,1,Ldots, 1,Hdots;
250 REM LPRINT CHR$ (27);"Z";CHR$ (Ldots) ;CHRS (Hdots) ;
260 REM ESC Z sets Quadruple=density Bit Image Mode
240 Dots/inch
270 PROCbar (30,255):REM Print 3mm Black Border
280 PROCbar (10,0) :REM Print imm White Space
290 FOR A=0 TD Nbar :REM Print Barcode Forwards
300 bar=bardata (A)
310 IF bar=0 PROCshort
320 IF bar=1 PROClong
330 NEXT
340 PROCbar (40,255) :REM 4mm Centre Bar
350 PROCbar (10,0):REM imm White Space -
360 FOR B=Nbar TO 0 STEP-1 :REM Print Backwards
370 bar=bardata(B)
380 IF bar=0 PROCshort
390 IF bar=1 PROClong
400 NEXT
410 PROCbar (30,255) tREM Print 3mm Black Border
420 vDU1,%0D
430 NEXT
440 VDU1,&0A,1,%0D :REM Print LF and CR
450 hight=hight+1
460 UNTIL hight=10 :REM height=30mm
470 PROCbottom :REM Print Bottom Border
480 VDU1,27,1,64;
430 VDUZ:END
500 DEFPROCbar (length,data) :REM Print imm Bar, 2mm
Bar or Space
510 FORN=1 TO length
520 VDU1,data;
530 NEXT
540 ENDPROC
550 DEFPROCshart
560 PROCbar (10,255) :REM Print imm Black Bar
570 PROCbar (10,0)  :REM Print imm White Space
580 ENDPROC
590 DEFPROC1ong
400 PROCbar (20,255) :REM Print 2mm Black Bar
410 PROCbar (10,0)  :REM Print imm White Space
620 ENDPROC
430 DEFPROCtop :REM Print top border
440 FORA= 1 TO dark
650 VDU1,27,1,90,1,Ldots,1,Hdots;
460 PROChar (dots,7)
670 VDU1, 40D
680 NEXT
490 VYDU1,&0D, 1, &OA
700 ENDPROC
710 DEFPROCbattom :REM print bottom baorder
720 FOR A=1 TO dark
730 VDU1,27,1,90,1,Ldots,1,Hdots;
740 PROCbar (dots,224)
750 vDU1,40D
760 NEXT
770 ENDPROC
780 REM O=Thin Bar
790 REM 1=Thick Bar
800 DATA O :REM Reference Bar
810 DATA 0,1,1,0,1,1,0,0 :REM Bar Code Data, Max 14
820 DATAY:REM Bar Code Data Delimeter

Listing 1 BBC Basic program to print bar codes

FROM
PREAMP
o

Fig. 13 Circuit connection for the HBCS1110
opto sensor

USING THE HBCS1110
OPTO SENSOR

For anybody wishing to use the more expensive Hewlett
Packard sensor, the pin connections are shown in Fig.
13. The circuit in Fig. 13 shows how to connect the
device to the pre-amp using three extraresistors — note
that R108 shouid also be changed to 100k.

To make use of the improved resolution, the
integrator time constants will have to be changed. If the
bar thickness is halved then C7 and C8 must be halved
(from 2200p to 1000p) and use polystyrene or mono-
lithic ceramic rather than normal ceramics (which may
cause the reference integrator to drift through leakage).

Obviously the barcode printing program will require
altering to produce narrower bars.

Master and (if you’re lucky) on the Archimedes as
well. It has been written to work with any Epson or
compatible printer with quad density bit image
mode such as the RX80, FX80 and LQ100.

The REM statements need not be typed inbut
are included to help anyone convert the program

THE PROGRAM

VDU1 is the command to send the next character or
number to the printer only. The equivalent to line 240
(VDU1, 27, 1, 90, L dots, 1, Hdots;} in Microsoft Basic
shown in Line 250 (LPRINT CHR$(27); CHR$({30);
CHR$(Ldots); CHR$(Hdats);).

When a procedure is called as in line 270
(PROChar(30,255)), the two values in brackets are
assigned to the variables identified in that procedure’s
definition — line 500 (BEFPROCbar {length, data}). Sa
length = 30 and data = 255.

The DATA staternents starting at line 800 hold the
binary data for the bar code. Line 800 hoids the data for
the Reference Bar, line 820 hoids the value 9 which
informs the program when all the data has heen read.
Both these values should not be altered. Line 810 holds
the actual data for the code as set up on the program-
ming switches, and produce your personal bar code.

to run on something else. See also the program
notes in The Program.

If you can’t print out your own codes, then a
draughting pen and white paper can be used. But
make sure the bar widths are accurate — the white
spaces between are less critical except for the one
between the reference bar and the first code bar.

Easier still use Letraset or the crepe tracks for
PCB layouts.

Whatever you use, the only way of encap-
sulating the code is the legendary Prontapouch
plastic pouches. This produces a small waterproof
flexible key that is very easy to lose, so you had
better make a couple of spares now you’ve got the

hang of it! E
BUYLINES

Most of the components used in this project should be
available from your usual supplier.

In the prototype the following components were
obtained from Electromail: BUZZ1 (order code 249-
794), SW1 (336-680), SW2 (337-548), the red filter
(307-913), SENS1 (307-913). Electromail, PO Box 33,
Corby, Northants NN17 9EL. Tel: (0536} 204555.

The sensor type is OPB7030 and is also available

from other suppliers, /

Note that the red filter should not be more than 1 mm,'
thick. ;

The more expensive HBSC1100 opto sensor is
available from Farneit {Tel: (0532) 636311) or fr/om
Trilogic (Tel: {0274) 684289).

The Prontapouches are available at any Prontapnm
shop — check your Yellow Pages or Themson Lacal
Directory.
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POWER CONDIT

FEATURED IN ETI
JANUARY 1988

|ONER

The ultimate mains
purifier. Intended mainly
for lowering the noise
floor and improving lhe
analylical qualities of
lop-fhight audio equipment
The massiva f|lar saciion contains thiresn capdotors and
Iwe surrant batanced inductors, togather wilh & bank of six
WDRa. o remove every (ast race of imputsive and RF
interfarence. A tan LED loganthmic dispiay glves 1 setond by
second mdication of e amount of interterence ramoved
Our approved parts set consisls of case, PCB, all

Ie! (including high p ily lorordal cores. ICs,
transistors, class X and Y suppression capacitors, VDRs,
etc.} and full instructions.

PARTS SET £28.50 + vaT

Some parls are avarlable separalely Please sand SAE lor lists, or
SAE+11 for bsls. crcull, construclion details and further information
(Iree wilh parls sel)

MACHINE

FEATURED IN ETI
DECEMBER 1987

Adjust e 2amirols o Sul yeur mood and e e geatle
raliwing sound arifl ovar you. Ad et you meght hear sat rain,
saz aurf, o fhe wing through digtar trees, Alimast hypaotic,
The sound draws you irsstably into 2 paacatul 1ofreshing
slesp

For many, (he thought of waking refreshed and alert from
perhape the first nJly rastiul siseg in years =
indtsalf, Far mots stveniurous souls thar are o ENQE dnd
Mysentas diam experiances waiting Take ucid dreams:

lor inatance. Imagine being in cantral ol your dreams s zble
to ahange them &t will io-act oyt your wishes and taniasss
With the Draam Machine it's sasy!

The approved parts sel consisls of PCB, all componenls,
conlrols, loudspeaker, knobs, iamp, fuseholders, luse, mains
power supply, preslige case and full instructions

PARTS SET £16.50 + var
AVAILABLE WITHOUT CASE FOR ONLY £11.90 +vaT

MAINS
CONDITIONER

FEATURED IN ETI
SEPTEMBER 1986

Cleans up mains pollution
easlly and effectively
You'll hardly believe the
difference in your Hi-Fi, TV, Video, and all olher sensitive
equipment

s
ln*.
/ / i

-

PARTS SET £4.90 + var
RUGGED PLASTIC CASE £1.65 + vaT

|ONISER

FEATURED IN ET!
JULY 1986
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designer, lo build Ihis unique projecl The set includes a roller
linned piinled circunt board 66 componenls case mans leag
and even the pants for the tesler According lo one cuslomer the
sel cosls aboul a Ihird of the price of the individual components

¥ Y7
What more can we say’ msl’“alrone

fe
PARTS SET WITH BLACK CASE £11,50 + var "cuded
PARTS SET WITH WHITE CASE £11.80 4+ var

r.'ism'a';. Switches

0 e st Great Liftio IC' fealure (ET). Decomber 1986), §
LM2917 EXPERIMENTER SET £5.80 + var

KNIGHT RAIDER

FEATURED IN ETI JULY 1987
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Eecyain inky a speclaculhr TW-age loy!

The parts sel consisls of box, PCB and componenls for contris PLE
and componenls tor sequence board, and tull inslructions
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PARTS SET £19.90 -+ var
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CREDIT CARD

CASINO

FEATURED INETI,
MARCH 1987

This wicked littie pockst
gambling machine measures
only 3"x2"x /2" Itwill

piay all kinds of casino
games, including:

o Roulette

oCraps

« Pontoon

Our approved parts set comes complete with case;
self-adhesive fascia; tinned and drilled printed circuit board
all components; hardware; full instruclions ahd lhree

differeni games lo play!

PARTS SET ONLY £5.901 +vAT
Five exira games FREE with

every order!

PROFEsgo

MONITOR

9 heart rate i aroungd
Physica| fitness it can pe

Green reclangular LEDs
for bar-graph displays
50for £3.50 500 for £25
100 lor £6 1000 for £45

DIGITAL AND AUDIO EQUIPMENT LEDs
Assorled 3mm LEDs: red, green, yeliow and orange
250l each (100 LEDs) for £6.80
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SALES DEPT, ROOM 107, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT,

MAINS
CONTROLLER

FEATURED INETI
JANUARY 1987

Have you ever wondered what
people do wilh all (hose
compuler interfaces? 'Pul your
computer in conlrol, say the
ads The Speclrabeeb has eighl TTL oulputs What on earth can §
you control wilh a TTL output? A lorch bulb?
The ETI Mains Conlroller 1s a logic lo mains insrfste which allowy
you lo control loads of up lo 500W Irom your cemputsr or logic
circuts An apto-coupler gives isolalion of al leas! 2,500V. 5o the
conlroller can be connecled lo expsrimental circuits, compulers
and control preects i complete safely Follow your computer
interlace with  rsainz conlroller and you're really in business w
automalic contiz!

Tha mains contralle: connects diractly te most TTL lamilies with
ERIETA| Comoments. and tan ba driven by GMODS wilh fha
toice of 3 ranmstor and Iwg resston (supplied)

Yol fitaing controtir pans setsonteing tugh cuadty aller linned
PLE; MOCII21 oplo-caugies: power iao with beatiink. mognfing
narware and feafsnk compatnd, all companarts, Incltng
angbbarc for o i s, trangistor and
resigtarn lar SMOS infortame; 1 instructions

PARTS SET £6.20 + vaT! :

ARMSTRONG 75W
' AMPLIFIER

FEATURED IN PE

A.J. Armetrong's exciting
new audlo amplifler
module Is here at last! &
Delivering a cool 75W (conservalively rated ~ you'll get
nearer 100W), this MOSFET design embodies the finest
minimalist design techniques, resulling in a clean,
uncluttered circuit in which every component makes a
precisely defined contribution lo the averall sound.
You can read all about il in the July issue of PE, but why
bother with words wien your ears will tall you so much
more?
Parts set includes top grade PCB and all companenls
SPECIAL INTRODUCTORY PRICE FOR FULLY
UPGRADED MODULES.
SINGLE PARTS SET £14.90 + var
STEREQ PAIR £25.90 + VAT
Fagse sen BAE 4 T) for cuia e aicuby (free wilh parts au, roiling
Aagrami lir maching pre-amp and poset supply. This smpkier wil e

B eiiatle ot i usus o supcliés - wa firduos e ondy dmigrer
E=prn A e

FEATURED IN ETI
DECEMBER 1986

Bio-feedback comes of age
with this highly responsive,
sell-balancing skin
response monitor! The
powertul circuil has found application in clinical situalions
as well as on the bio-eedback scene. It will open your
eyes lo whal GSR techniques are really ail aboul

The complele parts set includes case, PCB, all

[+ . leads, el , conductive gel, and full

instructions.

PARTS SET £13.95 .+ var
BIO-FEEDBACK BOOK £3.95 (no vaT)

Please nals! fha oo, by Siem ani Asy, = an aulhorised guide lo
the poleriai ol hin-tsegback lechnigy s nol a hobby book, %
and will urly = o inferest o miglligett "

FEATURED INETI
W AUGUST 1987

The mosl antonishing project ever (o have appeared in an
electronics magazine. Similar in pnnciple lo a medical EEG

Iels forms &
massaE o

* inlptprstation and powars
In conjunclion with Dr Lewis s Alpha Plan, the monilor can be
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stressful siluatien= and to (ram yoursell 1o excel al lhings you're
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Dar-agaroved patls sel conta
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PARTS SET £36.90 + var

ALPHA PLAN BOOK £2.50 + vaT g
Eariz 2ur avalable separalely We also have a range of accessones

fratedganal elecirades, books. efc. Please send SAE for hsls, or
SAE + E2lor lisls, ughen dittaim and furthoe mhonmation (e s
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Please supply photocopies of the following articles from
ETI (complete in block capitals):

Month ............... Year ................ Page (if known) ......... I
T2 cotommmomronereommomooetamban aemAARoaos b rEaOCAORaeRoRaRes I
Month ................ Year ................ Page (if known) ......... I
T e e e e e T I
Month...coionen (-3 | R Page (if known) ......... I
Title

| enclose a cheque/postal order made out to ASP Ltd, to
the value of £1.50 per photocopy ordered.

Total remittance £ ........ Date .oooveveeveieveeeeeeeren, I
NAME oot e e e e s I
Address

Postcode

Send the completed form and your remittance to:

ETI Photocopy Service
9 Hall Road
Hemel Hempstead I
Herts. HP2 7BH
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m CONSTRUCTOR SERIES SPEAKER KITS

Based on the famous Kef
Reference Series, these three
DIY designs give the home
constructor the
oppottunity to own an
upmarket pair of -
loudspeakers at a|f
very down-
lo-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 smocth
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 C89 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

We also offer a kit (less cabinet) for Elector PL301

E Lightning service on telephoned 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)

19” RACK CASES

= Sultable for instruments, high quality amplifiers and many other applications that demand
strength and professional finish * New improved construction and finish * Black anodised
aluminium front panels » Separate front mounting plate, no fixing screws visible on the front
and the side of the enclosure + Heavy gauge front pane! is of brushed aluminium fintsh
enhancad with two professional handles « With ventilation slits and plastic feet * Rear box
manufactured from 1.1mm steel finished in black. Rack mounting or free standing. Comes in
tuick assembly flat package spare front panels available.

Order Code Panel Size Rear Box . Price
reer Co%8 \WH (inch) w H D Weight ¢
1U-10 19x175 17 x15x10 24kg 23.50
2U-10 19x35  17x30x10 29kg 24.50
3U-10 19x525 17 x50x10 3.5kg 26.50

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

2U-12 19x3.5 17x3.0x12 3.3kg £25.50
3U-12 19 x 5.25 17x50x%x12 4.0kg £27.50
4U-12 18x7.0 17x65x12 46kg £29.95

Please add £3 00 P&P for the first item and £1 50 for each additional item
No VAT to be added to the price.

TEST EQUIPMENTS

©eo00©
~reses - °©

-1
A

CB3A Digital Power Supply/Voltmeter (0/35 Volts 1.5 A) £49.50
C83B Digital Power Supply (0/30 Volts 1 A) £40.50
C89A Function Generator (2 Hz to 200 KHz) £43.50
C86A 60 MHz Countsr/Timer £55.50
CB7A Autoranging Capacitance Meter (0.1 pF to 99.9 mF) £55.50
MV338 Metal-mains detector £4.99

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

requira further information please send S.A.E. Trade and overseas orders welcome.
Mall arder anly.

T.J.A. DEVELOPMENTS
Dept. ETi, 19 Welbeck Road,

Harrow, Middlesex HA2 ORN.
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John Linsley Hood
presents an update
for the decoder of
his 1987 stereo FM
Tuner

TOP NOTCH
IMPROVEMENTS

ack in ETI February-April 1987, I

described a high sensitivity low noise

and distortion FM tuner circuit. The

constructional kit now available gives

a performance which is if anything

better than my prototype, mainly I think to more

effective internal screening and more careful

choice of earthing points — an important point in
any RF circuitry.

However, in any circuitry there are always

100%
80%—
w
2
o
(=
L+A =
45% 3
=
L-R L-A
0%
| 1
o 16k 19k 23k 38k 53k Hz
MODULATION SPECTRUM
Fig. 1 FM modulation spectrum

NOTE:
Q1=BC184
Q2 =BC214
c1 R1
470n 4k7
SIGNAL
INPUT R2
100k
+BY

Fig. 2 Parallel T input filter circuit
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areas of conflicting requirements where some
compromise is necessary. One of these areas is the
input HF (ultrasonic) filtering which precedes the
stereo decoder system.

The update provided here develops a steep
cut filter that may be of general interest to readers
quite apart from its intended application in the FM
decoder.

A Good Reception

The FM stereo signal as broadcast (see Fig. 1)
consists of a standard mono L+R signal occupying
the 20Hz to 15kHz part of the modulation band.
width. A further L-R signal occupies the 23-53kHz
part of the output spectrum, based on a 38kHz
subcarrier. This subcarrier is suppressed to
prevent an unwanted intrusion of the L-R signal
into the mono reception and a small amplitude, low
distortion 19kHz ‘pilot tone’ is added to the mono
signal to enable the 38kHz subcarrier to be
regenerated at the receiver if required.

The stereo signal can be recovered by filtering
off everything below 23kHz, demodulating to
obtain the L-R signal and then simultaneously
adding and substracting that from L+R using some
kind of matrix.

Alternatively, the recovered 38kHz signal can
be used as a switching waveform to route the total
20Hz-53kHz output from the FM demodulator to
either one channel or the other. The result is the
same as for the matrix system but is much simpler
and therefore more popular.

For both systems the phase of the recovered
38kHz subcarrier must be accurately related to the
pilot tone — particularly important for the switch-
ing method.

The snag is that the switching method works
best with a squarewave subcarrier, which contains
third and fifth harmonics. These harmonics — at
114kHz and 190kHz will quite happily
demodulate any wideband noise products
occurring round these frequencies as additional
audio noise.

What is required is a filter which has a flat
frequency response from 20Hz to 53kHz and a
good cut-off at say 100kHz to remove all possible
noise products based on 114kHz or other
harmonics of 38kHz. The filter must also not
greatly alter the phase of the L-R modulation
significantly in relation to the 38kHz subcarrier.

Unfortunately there is no such thing as a low-
pass or highpass filter which doesn’t cause an
associated phase shift as a function of frequency.
Generally, the more effective the filter and the
sharper the cut-off slope, the larger that phase shift
will be.

In simple FM tuners this problem is solved by
not having any input filtering at all and accepting
the somewhat worse S/N ratio resulting. In the
original FM stereo decoder I used a straight-
forward three element ‘bootstrap’ circuit (Q1, 2,
R1, 5 and C3, 4 in the original circuit) because this
offered the best compromise between HF cut-off
and transient performance. This gives a lowpass
roll-off starting at 70kHz and an ultimate slope of
about 18dB/octave,

A somewhat more exotic filter based on a
bootstrapped ‘parallel T” is shown in Fig. 2. This
has less initial phase shift and a rather greater final
attenuation — the frequency/phase charac-
teristics are shown in Fig. 3.

This is just as effective in cutting out wide-
band input noise but introduces rather less phase
shift over 23-53kHz region than the ‘bootstrap’ and
so allows an improvement in stereo channel
separation.

The final layout of the stereo decoder incor-
porating this input modification is shown in Fig. 8,
with the overlay in Fig. 9. The need for an input HF
filter can be demonstrated by putting a temporary
short circuit across points P and Q to cut it out of
circuit. You can then hear the extent to which the
S/N ratio may be worsened by the commutation of
HF noise components down into the audio band.
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Fig. 5 Parallel T transmission characteristics
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Fig. 7 Effect of lag components R and C,

HOW IT WORKS

A simple ‘parallel T circuit of the kind shown in Fig, 4
will give a ‘notch’ in the frequency response, as shown in
Fig. ba, at a frequency given by

1
2n RC

assuming that it is driven from a fow source impedance,
and that the load impedance is very high.

If the ‘T circut is ‘bootstrapped,’ as shawn in Fig.
6, the steepness of the notch can be increased, as
shows in Fig. §h, to an amount determined by the output
signal fed back by RVz. This can be cenverted inte a low-
pass’ filter by the additional companents Rx and Cy,
which give the kind of frequency response shown in Fig.
il

Fo =

AFTERTHOUGHTS

There was a misprint in the values shown far C63 and
C64, in the criginal article, (Fig. 6, page 36, April 1987).
The carrect value for these should he 330p.

| have also amended a few other values in the light of
experience. Components R8, R7 and RV1 have been
altered to give a rather higher gain in the decoder unit
{to suit the characteristics of the CA3189) and R2 has
been altered to slightly increase the mean DC level of
the signal channet. | have also tidied up the switching
arrangements for the ‘stereo image width’ selector
SW2.

Apart from this and the output DC blocking capacitors
Ci2,16, the only changes in Fig. 8 are those brought
about by the modification ta the input HF filter circuit.

With the amended input filter circuit, it is probable
that the maximum channel separation will be given with
RV2 set at, or near to, its minimum resistance value.
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Fig. 9 Component overlay of the updated stereo decoder
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PARTS LIST

RESISTORS (alt W 5% unless specified) Ci2 470
R2 33k C13 410p
R3, 13,19 39k C18, 23 470n
R4 100k C17 100 16V
R6, 15, 21 47k electrolytic
R7 470R c18 an?
R8, 39 10k €19 20 47
R9 330R €21, 22 220n
R10 1k0 €25 2u2 16V axial
R11,12 220k electrolytic
R14, 20 3k3 C26 640 16V axial
R16, 22 1k2 electrolytic
R17, 23 2k7 c28 100n
R25, 26 2k2 63, 64 330p
R27 100R €73 15p
R28, 91 447
R29, 31 1k0 SEMICONDUCTORS
R30, 35 280R 161 MC1310
R32 120R 102 CD4013
R33, 40, 95 27k ai, 11,14 BC184 | I I
R34, 92, 93, 94, 98 15k 02, 12,15 BC214
R36 22k 03 MPSA-12
R37 6k8 04, 5 BC212
R38 3k9 s, 7 BC182
R4t 1k5 a8 9 2N5457
Rg6, 97 MO ZD1 12V zener

202 6Y2 zener
CAPACITORS LED1 panel mounting LED
C1,5 6 47 16V axial

electrolytic MISCELLANEGUS
C2 0.47u SW1, 2 SPST switches, as BUYLINES
C3 270n appropriate
£7,8.68,69,70,71,72 100p PCB. 15V power supply. Case. Cahle. Sockets Most components are easily available but Hart
€9, 24 470p etc. Component numbering has been selected to Electronic  Kits (0691 8652894) can supply all
C10, 14 2n2 match the kits supplied by Hart and may components in the design. Hart also produces the
Ci1, 15 22n consequently appear a littte odd. complete kit for John Linsley Hood's AM/FM tuner.
1
0SCILLOSCOPES READERS

TELEQUIPMENT D83 Dual Trace 50MHz Delay Sweep.
Large Tube with manual .. ... ... .. £350
COSSOR OSCILLOSCOPE CDU150. Dual Trace 35MHz
Delay Sweep. Dual Slate. Portable 8 x 10cmn Display. With
Manual ... ... ... NOWONLY £180 each
Optional Front Protection Cover. Containing 2 Probes &
VieWIng HOOM ... .. e vcercnraiostsoiorssisesiesion e £10
S.E. LABS $M111 Dual Trace 18MHz Solid State, Port-
able AC or External DC operation 8x10cm display with
Manual . . oo e e e £15)
GOULD/ADVANCE 05255 Dual Trace 15MHz £225
with Manual
TELEQUIPMENT D43 Dual Trace 15MHz With Manual
woae £100
ADVANCE 0S2B0TV. Dug Trace 10MHz With Mruu'.ual
. E180
SCOPEX 4D10A Dual Trace 10MHz. With Mzigual.
TELEQUIPMENT S544A Single Trace 10MHz. Solid Stale
BT IMIAN U D e g b e et iy s e
MULTIMETERS
AV B Complate with Battenes & Leads from £45
AVD B MLV Complets with baneries & Leads £80
AV0 TEST SET No. 1 (Militasy versian of AVO 8) Com-
piate with Baneries & Leads =
£ADS suitanle for AVO METERS Aad & Black with
cups & 2 prods [plp £2) i £6
() Mode! 7x Complete with Batteries & Leads . £40
POCKET MULTIMETER A0 AC urrent range, With
maneries & leads . PRI
ANALOGUE POCKET MULTIMETERS Philips & Taylor e1c.
\Vith Batteries & Leads ... .o oo from £10

AVO TRANSISTOR TESTER TT169
Handheld GO/NOGO for in-situ Testing. Complete with
Bateries Leads & instructions {P&P £3) unused £12 each

AVO VALVE TESTER CT160 Suilcase style. 22 Bases
oo ONLY £25 each (plip £7)

DISK DRIVE PSU 240V 1N:5V 1.6A & 12V 1.6A out Size
W125mm. H75mm, 0180mm Cased Un-used only £10
{pip £3)

0 | QWERTY KEYBOARD (as in LYNX MICRO) pust to make

Cased ..o oo v oo . £5 02CH (p&p £3)
SWITCHED MODE PSU 5V 40A +/-12V 5A

e e+ o £30 BACH (& £4)
OTHER SWITCHED MODE PSU available. Please enguire
DISK DRIVES 5" - Double Sided. Doubia ensity. 80
(7R iy o T S From £50

5 | ADVANCE SGA28 AM 150KHz-220MHz

0 | MARCONI AF Power Meter TFE93A 20Hz-35KHz

20uW:10W. With Manual [p&p £7) i3 only £35

90 | MARCONIRF Power Meter TF11524/1 DC-500MHz. 0.5

10 25 watts 50ohm, With Manual pkp £7) ... only £45
MARCONI ATTENUATOR TF2182. DC-1MHz 600 ohm,
0-11108 in 0. 1dB Steps {PAP £7) ... .. v £35
HATFIELD ATTENUATOR DC-25aMHz 5
{PRP £4

LABGEAR Colour Bar Generator KG1. B Test Patterns.
(PRP £B) oo oo ovreieoe i o .. ONLY £40 each

NEW EQUIPMENT

o | HAMEG OSCILLOSCORE 604 Dual Trace 60MHz. De|7ay
... £675

Swaten Componani Taster + 2 Probes .. ...
HAMEG OSCILLOSCOPE 2036, Oual Tra

_ABGEAR CROSS HATCH GENERATOR CM6038B
Zross hatch/Grey Scale/Blank Ras???. Mains or Battery
- .. [P&P £3) Un-used £18, Used £12

Testar & 2 Probes. o
AlrOther Modais Available

1SOLATING TAANSFORMERS 240V INPUT
240V Out 500VA . £15 (p&p £5) 100VA  £6 {p&p £3)
2=V Qut 500VA ..

£6 (p&p £5] 200VA £4 [p&p £4) |

STEPPING MOTORS
“.ze t 200 Steps per rev 4 Phase (5 wire) 12 24V
Torque 250z inch will run on 5Y with reduced

LOTQUE oo reeee oo oo £18,00
“voe 2 6712 Steps per rev. 3 Phase 12/24V {will work
on 5Y) £2 sach 6 off £7.50

Teee 3 NOATHAMERICAN PHILIPS 24. Stapa per rev. 4
wire BV 3 JAmps 0.250rpm 0,200 PPs £8 sach
200 Steps per rev. 120V (3 wirs) Torgue 280:
J . £4 each
Tez= 7 WAFRNER 24 Staps per rétv. 3 Phase (6 wire] 284
rolding Torque 450z inch £5 pach

BLACK STAR FREQUENCY COUNTERS P&P £4
Meteor 100-100MHz ... E
Meteor 600-600MHz ...
Meteor 1000-1GHz ... P
BLACK STAR JUPITOR 500 FUNCTION R
Sine/Square/Triangle 0.1Hz-500KHy PAF £4

£110
BLACK STAR ORION. PAL TV/VIDEQ) COLOUR PATTERN
GENERATOR ..o : £199

HUNG CHANG DMM 7030, 3% digit Hand held 28 ranges
ineluting 10 Amp AC/DC 0.1%. Complete with batleries
& leads. PRP £4 o £39.

A5 above DMM B010. 0 25% . £33.50
Carrying Casa for abave . £3

SERVICES

9 HALL ROAD, MAYLANDS WOOD ESTATE, HEMEL
HEMPSTEAD, HERTS. HP

A

Gas Aren

AI.E RT =
OFFER -

As featured in ETI March "88

NO MORE FEAR OF GAS EXPLOSIONS CAUSED
BY LEAKS IN YOUR BOAT, CARAVAN OR HOME

2 7BH. TEL: 0442 - 41221

IE YOU BUILD THE ETI “GAS ALERT"” FULL KIT
OFFER FOR MAINS OR BATTERY VERSIONS

* MAINS UNIT - Complete with case, transformer

and siren. Price £32.85 inc. p&p. Order Code GA1
* BATTERY UNIT - screen printed case, siren, all
components — Price £25.75. Order Code GA2

*x EXTENSION CASE (see ETI March "88).

Price £2.95. Order Code GA3

i

0SCILLOSCOPES PROBES. Switched x1: x10 P&P £2

Used equipment - with 30 days guarantee. Manuals supplied if possible
This 1s a VERY SMALL SAMPLE OF STOCK, SAE or Telephone or Lists. Pluase check availabiiity before
ordering. CARRIAGE all units £16 VAT to be added to Total of Goods & Carriage

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.)

E
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To: ASP Readers Services, 9 Hall Road, Maylands Wood Estate, Hemel

Hempstead, Herts. HP2 7BH.
Please supply .....

Please debit my Access Account No
Please debit my Barclaycard Account No

Order Code
Order Code
... Order Code

L@ £
L@ £
@ f
Total £

EAENEN

ERRERREEE

| enclose my cheque/P.O._ payable to ASP Ltd

Name
Address

Plee.l-s”e“.a””.ow up t028 déys for Helivery Of.f.er .a”pplies toUK oﬁly I




Paul Chappell
egins construction
of his box of tricks

36

EVERY BREATH
YOU TAKE

his month it's time fo start nailing

things together in our quest for the

ultimate breath rate/heart rate/lucid

dream stimulator money can build.

Choosing a case for the project was
easy. | found a nice little hand-held box with a cut-
out for the display, a battery compartment,
supports for the PCB — just the thing.

Then I did my arithmetic. Take one small box,
divide by 17 ICs, add an LCD display, multiply by
several transistors and dozens of resistors and
caps ... and I couldn’t be entirely sure what the
answer was. The last time | worked out a problem
like that, it had to do with a suitcase stuffed to
bursting point and an extra pair of trousers to be
fitted in somewhere. The answer on that occasion
was broken straps and shirts over the floor. So
much for empirical methods.
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Fig. 1 Component overlay for the display board

Undaunted, I started to lay out the PCB for
the display board. Subtract one LCD display and
three ICs — that means the other board only
needs to hold 14 ICs, all the resistors, all the caps,
all the transistors . .. Take three weeks, divide by
142 cups of coffee (this month has been really
heavy on the sums), take away the number of
cigarettes you first thought of and the result, I can
now definitely state, is a project.

This month I'll start you off with the easy bit —
the display board. It's a fairly general purpose little
board that vou might like to use in other projects
too. It accepts three digits of BCD information and
translates them into a suitable format for driving an
LCD display, or for three common cathode or
common anode LED displavs. This project uses
the LCD version, since a single PP3 battery would
not be at all happy at the prospect of supplying
current for three LED displays.

Construction

The component overlay for the board is shown in
Fig. 1. The LCD display should be socketed in two
20-way SIL socket strips — this lifts it to just the
right height to appear under the display cut-out in
the case, and more to the point avoids damaging
the display.

The ICs can be soldered direct to the board —
there’s room to socket them if you like, but since
the other ICs for the project have to be soldered
directly to the PCB to allow through connections
via their leads, there doesn’t seem much point.

If you intend to use the LCD display, all the
resistor positions on the board must be linked
across with wire, For LED displays, resistors
should be chosen to suit the display type used. For
instance, if the displays require 20mA per segment
(which is a reasonable value for most types) and
vou're running the circuit from 9V, allow a 2V drop
for the LED, then calculate the resistor value by
good old Ohm’s law: R=7V+ 20mA = 350R. Use the
nearest preferred value: 330R.

If you are not sure about the display type
you’ve got, choose one test segment, start with a
1k0 resistor, and reduce the value until the display
is as bright as you like it. Then use that value of
resistor in all the resistor positions on the PCB.

The board connections shown in Fig. 1are for
the LCD display. Although a link is shown in the
circuit diagram for selecting LCD or LED, the
board is arranged so that a link is only necessary
for LED displays. Whatever you do, don’t link
across the two holes just above the input con-
nections, or you’ll short out the battery!

Figure 2 shows the connections and links for
LED and LCD displays. The square wave is only
needed for LCDs, so the only external connec-
tions in this case are to the power supply.

The Case

The thing that seems to cause most problems with
home built projects is getting the appearance right.
It's worth taking some trouble over. since although
a PCB and dangling wires may be a thing of great
beauty to an electronics enthusiast, to those of
more limited perceptions it’s just — how can | put
this without offending — it's just a PCB with
dangling wires. If you want to impress your friends,
command the respect of your boss, getonwiththe
neighbours and avoid having your head nailed to
the floor, it's got to look good.

One decision 1 made fairly late on in the
project was to use push-switches instead of toggles
— just for the sake of appearance, If you intend to
follow my example it means cutting a rectangular
hole in the case, which is always more difficult than
making circular holes. Even the best equipped
workshop will only have a limited number of sizes
of rectangular punches, so the chances are if vou
decide on a rectangular hole, it's got to be knife and
forked.

When vou have the case in front of vou, you'll
see that it has a smooth rectangular indentation in
the top section, above the battery compartment. if
you turn the top section over, you'll see that one of
the mounting pillars is moulded below the top left
hand corner of the indentation so it’s obvicusly
intended as a place to stick a label rather than a
guide to an area to be punched out.

However, measuring the switches against the
indentation show that it's just the right width and
so makes a convenient guide to marking out the
hole. It’s too good an opportunity to miss, despite
the pillar. What happens when vou try making the
hole by the usual knife and fork method of drilling
holes all around the edge, then paring away the
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surplus plastic with a Stanley knife, is that you’re
left with a small corner of pillar obstructing the top
left corner of the hole. The pillar is thick enough to
stand having a small notch filed into it, and this
completes the hole.

If you just want the breathing and heart-rate
functions, that completes the awkward part of
fitting out the case. The other two holes for the
input sockets are simply drilled at the opposite end
of the case. As long as you choose your positions
carefully so that the sockets don’t foul either PCB,
there’s no problem here. The LED holes (optional)
can be drilled almost anywhere at the blunt end of
the case — if the leads won't reach, just extend
them a little with some insulated wire.

If you intend to make use of the dream
stimulator and other attachments, there’s more to
do yet. The monitor connects to the add-ons by
means of a 13-way cable, which is best connected
using a 15-way D plug and socket. This will look
better with the mounting flange behind the panel,
but then the flange can cover up a multitude of
wobbles if you're not 100% confident of your hole-
making skills.

If you turn over the top section of the case,
you’ll see that there’s a mounting pillar just above
the battery compartment divider. The pillar isn’t
used in the project (a good thing too, since it’s just
about to be cut away), so there’s no harm in drilling
up the centre of it to give a handy reference point
for marking out the case. Once drilled, the hole
does two things. It marks the centre of the case, so
you can make the hole smack in the middle, and it
shows the position of the battery compartment
divider. If you cut away more than %in below the
hole, you’ll be in danger of slicing into a part of the

case you’d rather like to keep.

It’s OK to make a rectangular hole, but if you
want to be a bit more fancy about it, angle the
edges to follow the shape of the socket. Even on
mass produced plastic mouldings for computers,
it’s rare to see any attempt made to curve the
edges of the hole to fit the socket exactly. The
holes are almost always trapezoidal.

The positions for the fixing holes can be found
after making the hole for the socket by putting it in
place and scribing through the holes in the flange.
Drilling those completes the mechanical work and
you can start down to assembling the electronic
parts.

Next month we’ll complete the constructional
details and do the main board with its profusion of
ICs and TARDIS-like dimensions.

PARTS LIST

RESISTORS (all ',W 5%)
R18-38 select for display (see text)

SEMICONDUCTORS
IC8, 10, 11 4543

MISCELLANEOUS

LJd[0dd

DISP1 LCD or LED display {see text)
PCB. Case.
BUYLINES

The case can be obtained from either Electronic
Temperature instruments (0903} 20215% or from
Specialist Semicanductors at Founders House,
Redbrook, Monmouth, Gwent.

CATHODE DISPLAYS
MAKE L2 FOR COMMON
ANODE DISPLAYS

al% [ 4

2
l MAKE L1 FOR COMMON
+

Fig. 2 Connections for LCD
or LED displays

EPROM & battery backed RAM.

memory extension cards.

and case.

The Archer 780 SBC

The SDS ARCHER - The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports.
counter-timers, power-fail interrupt, watchdog timer,

* OPTIONS: on board power supply. smart case.
ROMable BASIC, Debug Monitor, wide range of 1'0 &

The Bowman 68000 &SBC

The SDS BOWMAN — The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM. EPROM. 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

* Extended width versions with on board power supply

Sherwood Datadystems [1d

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX. Tel. 02814-5067
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Paul Cuthbertson anslj of the ear]i} analrc:]guesfor? funetion t_oft_two va_riable_z, Ilfor Soes i;{provide
a puters were true monsters, exponentiation or sinusoidal functions. However,
d?SC?'lb@S a Small requiring four strong persons to the equipment to do this can be easily designed
szmple-to-buzld lift them — and thenI with some and if there is sufficient call for it, perhaps a future
difficulty. Fortunate v, modern article may be devoted to such a unit. Evenin its
an alOg ue Qomp uter integrated circuits have come to the rescueandwe present form the system can be usefully employed
fOf‘ educatlon or can build z sepsible small computer which, in a number of ways in the lab.

1 although no match for the performance standards .
experiment and facilities of the bigger ones, represents con. CONStruction
siderable saving in weight, cost and power Start assembly with the PSU. Mount all the PCB
consumption. components first. Figure 4(a) shows the com:-
This computer provides eight summing ponent overlay for the PSU board.
amplifiers, six coefficient multipliers and four Fit the wire links first, There are four holes by
integrators with over and under voltage indication.  the transformer for links. The 240V operation, fit
It is housed in two boxes — the power supply and one diagonal link from northwest to southeast. For
the computer itself — with a cable connectingthe 120V, fit two links in a west-east direction. The
two. The PSU can power a number ofotherunitsif link shown is for 240V operation. The link by the
the user wishes to install extra connectors for this.  earth pads should not be fitted if you intend fitting
There are controls for SET and HOLD onthe the computer into a large system of controls.
H power supply. The front panel of the computer is Now solder the smaller components in place,
rather more complex. There is an overvoltage making sure metal film resistors are fitted in the
indicator, the four integrators, eight summing right places. Lastly, fit the transformer and the
amplifiers, six coefficient multipliers and outlets for power transistors on their heatsinks. The tran-
the £10V references, sistors should be fixed to the heatsinks before
Such a small syster is useful in a school or inserting and soldering to the board. No insulator
university laboratory or anywhere that experi- is needed.
ments are done on control systems and such, Fit the board into the case with the trans-
Mathematicians might like to note that in its  former to the rear and drill the four fixing holes in
m present form the computer will solve linear differ-  the case base in line with the mounting holes in the
ential equations, but not those which involve a PCB. Drill a hole for the mains cable, fit a grommet
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HOW IT WORKS: PSU—

1 v

The power supply provides =7V and £15V for any L
computer unit to use as well as the SET and HOLD T 22000 2200 T
signals, T

The circuits for positive and negative halves of the
PSU are practically identical and are shown in Fig. 1.

Preregulators, IC1,2 give 32V to power the PSU op-
amps as they cannot withstand the full unreguiated

i

c2 C4

é T z200u 220u
N 15

supply voltage {(approximately 21V} across their

supply pins,
A reference supply of 5.1V is generated across ZD1,

NOTE.
IC1=7812
ICF|2 = 7912

ic2

- —12V

B8A1 = W005
FS1 = 100mA FUSE

=21V

which is then applied to the op-amp IC3. When the
voitage at the wiper of RV1 is equal to that of the
reference voltage, the feedback leop is in equilibrium.
Hawever if the output voltage tends to droop, the op-
amp drives negative, causing more current to flowin the
series pass transistor Q1 and thereby raising the output
voitage. Similarly if the output voltage rises, the op-amp
output goes positive, cutting down the current flowing in
the pass transistor.

Resistors R2,3 are chosen so the pass transistor is
able to cut off when the op-amp output is at or near the
op-amp supply voltage.

Very little current flows in the OV fine. itisn’t a power
supply line as such, but provides a OV reference for
signals. This results in quiet, stable operation.

A similar circuit derives the =15V supply. A special
feature is that the 15V supply tracks the 7V supply. The
15V supply will nat reach its full voltage if the 7V supply
is pulled down or has failed for any reason. This protects
the CMOS circuitry which uses the 7V supplies but which
may be fed from circuits employing the 15V supplies.
The tracking is accomplished by using the feedback
signal from the 7V supply as the reference valtage for
the 1BV supply.

The performance of the supplies as regards load
regulation and drift is quite exceptional.

Fig. 1 The power supply circuit diagram
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and solder the neutral and earth wires directly to
the board with the 100mA fuse in line with the live
connection.

Bolt the board to the case and after drilling
holes and mounting the two switches (SET and
HOLD), the LED and the power D-connector,
wire them to the board as shown in Fig. 5. The
connector blocks are not essential and the wiring
can be made directly to the PCB but removable
connectors enable the board to be easily taken
from the case for repair or alteration.

Fig. 2 The -10.00Vv reference source

R25 RAVE A28
M0 10k 1Mo

=10V
[—0 REF

NOTE:
IC6 = %LM324

+10v
[ - REF

A28 RV7 A3
MO 10k Mo

ov

Fig. 3 The voltage reference butffers

s

T T

HOW IT WORKS:
VOLTAGE REFERENCE___

e The voltage references are shown in Figs. 2 and 3. Fig. 2

shows the master reference providing ~10.00V which is
located in the PSU and Fig. 3 shows the two slaves
located in the computer unit itself,

A band gap reference diode (ZD3) provides
approximately 1.26V to an adjustable divider circuit
(R21-RV5-R22) the output of which is buffered and
‘multiplied by ten by IC5. This circuit is fed from the
+12V and - 15V supplies — if the ~ 15V supply should
fail then the master reference will be unable 1o provide.
possibly damaging voltages to other circuits,

. The positive and negative slave references are an
inverting and a non-inverting buffer respectively. Their
gains are slightly adjustable {about 1% either side of

unity) giving fine control over the reference voltage.
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PARTS LIST: PSU

RESISTORS (all 5% Y, W unless specified)
R1.11 1k5
R2,6,12,16 1k0

R4.14 TS 1%

R5,9,15,19 k7 1%

RB8,18 10k 1%

R18 680R

R20 8k2

R21 1k0 1%

R22 9k1 1%

R23 100k 1%

R24 1M0 1%

RV1-4 10k sub-miniature horiz preset

RVS 2k0 20-turn preset

CAPACITORS

c1,2 2200p 25V radial electrolytic

€3.4 220 16V radial electrolytic

€5,8,11.12 100n ceramic

£6,7.9,10 100y 16V radial electrolytic

SEMICONDUCTORS

IC1 7812

Ic2 7912

IC3.4 LM324

IC5 741

a1.2 TiP115

a3.4 TIP110

01,2 5V1 zener

Z03 ZN423 voltage reference

BR1 Wwoos

LED1 red LED

MISCELLANECUS

FS1 200mA fuse and holder

SK1 15-way female D-connector

SW1.2 Push to make switch

11 15-0-15 12VA PCB mounting mains
transformer

PCB. Case. T0220 heatsinks. Grommet. B-way and 3-
way minicon PCB connectors. Wire. Nuts and bolts.

SW1 HOLD SW2 SET
w
o]
O
PSU PCB
Q 00
LED1

(she) o o]
?OOOOOO
1 SK1

Fig. 4(b) Wiring the socket and switches

HOW IT WORKS:
MULTIPLIERS

One of the coefficient multipliers is shown in Fig. 6.
These are simply potentiometers with a buffer amplifier
on the output. The potentiometer is mounted on a small
board at the front panel. The op-amps are on the main
board. The circuits for each are ldenttcal and numbered
960-1400.

BUYLINES

Mast of the components for this project are easily
availahle. The transformer used and a complete kit of
parts for the whole computer is available from the
Grampian Electronic Companents, 266 Clifton Road,
Aberdeen AB2 2HY (Tel: (0224) 495549). Further
details are available from Grampian.

The PCB is available from the PCB service,

+H15V

RVI00 —C oUT
10k

NOTE:
1C200 = KLmM3za
—16v
ov

Fig. 5 Wiring the PSU switches and D-connector

HOW IT WORKS: INTEGRATOR

An integrator is shown in Fig. 7. The resistors R1500-
RV1500-R1501 attenuate the incoming signal by a
factor of two to render it safe for use in the analogue
switch, IC1500. RV1500 adjusts the time constant of
the integrator. When the HOLD pushhutton is released,
the anatogue switch IC1a is closed, allowing a current to
flow in R1582, charging the parallel integrating
capacitors C1500, 1501 and causing the output voltage
of op-amp IC1502 to ramp. Pressing HOLD opens IC1a
and integration stops, regardless of the input voltage.

Pressing SET closes IC1501, shorts the integrating
tapacitor and discharges it. The SET line also forces a
reset of the overvoltage circuit,

Initial conditions (the ‘starting point’ of the
integrator) are summed with the integrator output by
IC1503. When IC1502 output is at OV, the initial
condition voltage appears at IC1503 output inverted.

The four diedes connect to the overvoltage circuit.

LJd[0dd

NOTE:

1C1500,1501 = 4066
IC1502,1503 = WLMI24
DIE00-1504= 1N4148

IN s % A1503
HOLD 100k
i ::1500

—d L'.‘JBQI

TV POSITIVE
GVEH LOAD

-

“'% 2% 700
Av1s00 = \‘L
10
R1502 161502

15V POSITIVE
OVERLDAD

15V NEGATIVE
OVERLOAD

D1603

01504

R1G08 R1509
‘IM!) ™Mo
A
+15Y
IC‘|503

Mo

IC 1600
A1501 01501
-3 A1504 -7V

o

Fig. 6 A coefficient multiplier

H 1506

R1507
10k

7V NEGATIVE
OVERLDAD

—15W
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HOW IT WORKS: SUMMING AMPS

The summing amplifiers {see Fig. 8) are the classic
inverting circuit. Each of the inputs is either a <1 or a
X10 input depending on the value of the input resistor
{R107-113), Elght summers are provided — three 23< 1,
1X10, four 3X1 and one §X1, 2X10. Summer |
(631, 2X10) is shown. The circuits for the others are
identical and the components numbered 200, 300 ..
800 with resistors R100-103 and R107-110 omitted
and the value of R111-113 and R115 altered.

The inverting input of the op-amp (IC1Q0) is
maintained as a virtual earth point, The currents from all
the inputs are summed at the inverting input of the op-

1BV

amp. The sum of these current flows in the feedhack
resistor (R114).

When inputs are unused, offset voltages due ta hias
currents mightbe a problem. These tiny currents need an _
external path ta flow in. We need not tie unused inputs
to 0V when using the computer, since the grounded 10K
{resistors) R101-107) provide a path for the input bias
currents to follow.

Looking at it another way, when an input is un-
plugged, the impedance seen by the op-amp input does
not change as much as it might, as there is a (relatively)
small resistor shorting the other end of the inputresistor
to OV. A similar technique is empioyed at the integrator
inputs as wall. ,

The resistor on the non-inverting input (R116) of any
ap-amp is always chosen to be a pproximately equal to
the parallel value of all the input resistors (R107-113).
See Table 1 for a list of the values used in these circuits.

The two diodes D100, 102 route the outputveltageta
the overload detector. More on this later, -

POSITIVE
NOTE:
Ic100= fiLmaze OVERVOLT
00.101 = INd148 B107 R114
Mo MO 100
IN1C AN e AAAN—
IN2 O- AN/ ——e m%ﬂ
IN3 O— AN mgs
INg O— AAAS——y mao
= A= R111
e = MAA—g M0 b——0 ouT
IN7 O xW_J 100k
R113
<
R10-106 L
ALL 10k D107
15V
: NEGATIVE
*SEE TEXT OVERVOLT

Fig. 8 A 5x1, 2x10 summing amplifier

SUMMING INPUT
AMP RESISTORS R107
1M0 100k (207 .. )

VALUE

5X1, 2X10  Five Two 39k

3X1 Three — 330k

2X1,1X10  Two One 82k

Table 1 R107 values for different summing

amplifiers

Next month the
construction of the main
computer unit and use of
the whole system will be

described.

]
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PROJECT

HOW IT WORKS: OVERVOLTAGE

The overvoltage circuit is shown in Fig. 9.and consists of
a window tomparator and & latch. The potential divider
R36-38 develops approximately +5.1V at the non-
inverting input of IC7a and -5.1V at the inverting input.
Two rails carrying information about the maximum
voltages present on any of the outputs of the summars
and integrators, are applied to the patential divider R32,
33. A similar pair of rails concerned with minimum
voltages:is applied to the divider R34, 35.

Normally the outputs of the twe op-amps IC7a, b are
positive. Whenever a voltage greater than ahout 10.2V
plus ane diode drop appears on the 15V avervolt rail or a
voltage greater than about 5.1V plus one diode drop is
applied to the 7V overvolt rail, the ap-amp 1078 will go
negative, pulling down the inverting inputef IC7cvia D1
and R39. The output of IC7¢ will swing pasitive, turning

on 05 and LED?Z.

Due to the hysteresis (positive feedback) applied hy
R41.41, ICTc stays latched in the pasitive condition,
even when the output of IC7a swings back positive. R40
ensures the inverting input of IC7¢ stays at 0V when not
disturbed by an overvolt conditian, Should the SET
button now be pressed, +7V is applied to the anode of
D3, causing the latch IC7c to be reset, turning off 05,

Negative voltages out of range are dealt with in the
same way with IC7b output swinging negative. The
diodes tied to the overvolt rails provide an analogus
wired-OR, preventing the monitored circuits from
interfering with ane another. Sections of the integrators
which are poweted from 7V {and cannot he expected
to attain =10V} are tied to the 7V overvolt rails. Al
others are tied to the 15V avervolt rails.

15V POSITIVE +7V
OVERVOLT
A3z R36
100k 33k 7V
7V POSITIVE _
OVE D1

VERVOLT -
ic7a
R33 BV1 ¥
=7V
R37
180k =y
R Dz
IC76
7V NEGATIVE ___ +C7 R3g
OVERVOLT 100k
A3s A38 =V R40
100k 33k 100k
167 <imaz
15V NEGATIVE = LMaza
-7V D13 = 1N4148
OVERVOLT a1 poa
ov

Fig. 9 The overvoltage warning circuit

+7v
FROM SET
SWITCH OVER
voLT Y~ LED2
D3 R44
680R
0.25w
7V
IE7e as
R43
22k
-
~7V!
R4z
Ra1 L
100k
o

ET1
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Interak 7ﬁ

BUILD YOUR OWN COMPUTER

INTERAK can be commenced with the minimum of outlay. Bare
boards from £10.95; beg borrow or steal the components, or buy
from us - all parts available separately. No special or custom chips
(ie PALs, ULAs, ASICs etc) used — no secrets.

Go as fast or as slowly as your funds and enthusiasm permit.

Made for those who must know what goes inside. Full circuit
diagrams and descriptions are provided. And honestiy, can you
really use a computer effectively if you don't know what's inside and
nobody will tell you?

Solid engineering construction - something to be proud of. 19" 3U

rack mounting, plus in circuit boards and modular construction
keeps obsolescence at bay

Flourishing Independent Users Group, and newsletter. Hundreds of
programes on disk at little or no cost from the Users Group.
Program in machine code (Assembler), Basic, "C", Forth, etc
Database, Word Processing, Scientific applications

Cassette tape operation or disk (up to 4 drives, 1 Megabyte 3.5"
available from us, but you can add 3", 5.25", 8" if you want). Disk
operating systern CP/M Plus.
64K RAM, Z80 based at present with potential for expansion to a 16
Megabytes address space and Zilog's latest Z80280 in the future
Needs no specialised knowledge to construct, and we will happily
get you out of a jam if you get into one.
Availability of personal and individual after sales service, impossihlg
to obtain from large companies, who are only after your money.
Security of supply - from Greenbank Electronics, established
in 1970

L Greenbank

For more details write or phone us:

Greenbank Electronics Dept. (T7E), 460 New Chester Road,

Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391 |

[ [
ELECTRONICS LTD
] V) v

CRI

WRITE OR PHONE NOW FOR OUR FREE,
SPRING
COMPONENTS CATALOGUE

 CRICRES00D

" c—urmw S0 DROADWET | NDDN A2 IET

wEn EX

| EHTION
oe

WHEN YOU CAN'T FIND IT ELSEWHERE
WE’LL HAVE IT!
irom the U.K.'s number one 100% components shop - nc Jimmic<s
gadgets, no computers, just millions of components, alie =
mail order, calling at shop, or credit card telephone orders Justipick
or a pen, to get the catalogue (no SAE required) - postec FREE 0
country on the globe

CRICKLEWOOD ELECTRONICS LIMITED

40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 01 450 0995 & 01 452 0161 Telex: 914977

b =1
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24069 STEREO HEADPHONES - Hi-Fi,
compact, fold-up. Amazing value . £1.95
24071 MAP LIGHT - In car use with

magnet and magnifier, curly lead and plug|
£1

.96
2345 OPTICAL SHAFT ENCODER. Sim to
RS631- 632 but 80% cheaper! .... £8.50
‘JIMM
Exciting e\ectromcioctballgame originally
sold for £19 95, but this price included
plastic grandstand, stickers etc. We can
supply the 420 x 93mm neatly cased
electronics comprising keypad either end,
14 x 5mm red LED's ('players’). TMS1000
chip programmed to make odd noises
whilst playing and a tune when a goal is
scored, also 2 x 7seg LED's to keep score
Cardboard 'pitch’ - instructions supplied
£5.00

LM358’s for 5pf

2347 4 x LM358 op amps surface
mounted on ceramic substrate, easily
removed 5 panels for £1.00

TELETEXT PANEL

Z037 265 x 145mm by GEC Uses BOB5A,
8155 8255A 8251, 8212 all by intel, 2 x
2114, 2 x TC5501 = custom ChIpS +10
others Nicad back up. New . £9.90

PRESTEL UNIT
Z819 Brand new & boxed with leads, T
tor 2nd instructions Only one snag -
zantol 1s missing, Wooden
x \87 *x 100mm. Mains
siyle 8T plug Made by Ayr,
£22.00

OMM ODOHEINTERFACE

n o user port on C64 and
gt 16 5 pin plug. Uses
LS & CMOS £5.95

Bmimn long. Max dia.
anci| lead & stael Lip)
£1.00

Z620 180 = 45 believed
Desk’ computer
8 {(BMHz 16:8 bit
0M's. all in skis:
45, 138, LSOB, 38
£5.00

ory Board, PCB 170 % 170
16 static RAM's. Also
vack nicad, 13 other

r

OLDER SPECIAL”
* 5% 240V ac soldering iron
* High power desolder pump
* Large tube solder

ALL FOR

1988 CATALOGUE

OUT NOW 88 pages of bargains from
resistors to disco mixers. Price includes
latest bargain list, discount vouchers,
order form. Don’t be without your copy -
send £1.00 now!!

* STAR BUY %

GREEN SCREEN HI-RES 12"
MONITOR CHASSIS

Brand new and complete except for case,
the super high definition (1000 lines at
centre) makes this monitor ideal for
computer applications. Operates from
12V DC at 1.1A. Supplied complete with
circuit diagram and 2 pots for
brilliance/contrast, & connecting
instructions. Standard input from IBM
machines, slight mod (details included)
for other computers

Only £24.95 + £3 carr

SWITCH MODE PSU’s
Just arrived - a quantity of Advance high
power PSU’s - Full details on Bargain list
39
OF482 130W unit: 5V @ 15A/12V @
4A: -12V @ 2A: -5V @ 1A (list £110)
£35.00
P350 250W unit: 5V @ 50A (list £130)
£60.00
Hiflex 760W unit: 5V @ 130A; 12V @
20A (List £800= £250.00
Hiflex 1000W unit: 5V @ 200A (list
£800) £250.00

SINGLE BOARD COMPUTER

78825 Plessey PME6B-1B  high
performance board. 16 bit 68000 CPU,
128K DRAM, 16K EPROM. Real time
clock, 3 serial and 1 parallel 1/0
interfaces. 186 page manual, Brand new
and boxed. Originally over £1000, Our
price £150.00.

Manual £10 returnable deposit

ANALOGUE 1/0 SYSTEM

28826 Phillips PG3650. Compatible
with and directly interfaces to the VMR
bus above. Features: High & Low level
inputs, 32 single ended or 16 diff, inputs.
Address selectable with whole 16MByte
memory space. 12 bit resolution. AMP
gains 1-1000 30 page manual. Brand
new and boxed £100.00.

Manual £5 returnable deposit.

INTERFACE

Z8827 Diecast box 150 x 80 x 50mm,
Mounted centrally on top is a 25 way D
type socket. This is wired to a PCB within
which has 12 x 20mm wire ended fuses
& 24 12V 1W zener diodes. A 13 core

£7.95
SOLAR CELLS

z71 sizz. 30mm dia giving 0.35V 1. 1A

% £4 each; 10+ £3.50
- 330 » 300mm These incor-
333 screen and backing panel,
ached 12V 200mA output
narging nicads £24.00

2810 KEYBOARD Really smart alpha
standard gwerty keyboard with
e numeric keypad, from ICL’s ‘One
zsk  Nicely laid out keys with good
g ‘eel Not encoded - matrix output
SCB taken to 20 way ribbon cable.

- . £8.95
004 Skeleton Joystick, switch type
S50c quality, made by AB Brass spindle
44mm long black plastic handle
:zched Body has 4 mounting holes
se really are a fantastic bargain!!
. ONLY £1.00

VN

a

4 «

3
e

ENTERPRISE PANELS

2658 PCB 325 x 158 with 64k of RAM (8 x
4864), Z80A microprocessor + 21 other
chips, UHF modulator, speaker etc. ROM
and Nick and/or Dave chips missing
supplied with cct and data .......... £8.00

Lzgz by Alps. Size 333 x 106mm. 73 keys

lead 2m long from this board terminates
ina25W D plug. There is also a seperate
earth lead, £4.00.

SET TOP CONVERTER

28828 Made by Thorn EMI, this was
used to receive cable television 2 part
aluminium case 211x158x82mm (no
front panel) contains 2 PCB's (a) control
board with multi way switch, dual 7 Seg
plug in display + a couple of chips. (b)
main board with mains transformer,
tuner, RF section etc Rear panel has
input and output sockets. 2m mains lead
with moulded on 13A plug £9.00.

SPEECH SYNTH KIT

Z316 All parts inc. PBC to make a speech
synth for the BBC micro ..._......... £4.99
Z316 De-luxe version - also includes
V216 case, 1m 20W cable + connector
VIEWDATA LTU

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 ccts ... £2.90

All prices include 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!

g
GREENWELD

ELECTRONIC
COMPONENTS

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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Probe the inner self
of faulty digital
circuits with this
extremely simple
logic probe from
Rashid Adat

LOGICALLY
SPEAKING

ne of the more difficult aspects of

electronics is dealing with an errant

circuit. What to do when things go

wrong? Some test gear is essential

when diagnosing faults. For
analogue circuits a simple multimeter is the bare
minimum, For digital projects, the equivalent of a
multimeter is the logic probe.

Impressive sounding thoughit s, alogic probe
is in fact less complex than a multimeter — a
simple version like this one can be built for just a
few pounds.

A logic probe is a voltmeter which acts only
digitally. It tells you if a part of the circuit under test
is at a high or low logic level. This probeis designed
to work with TTL circuits only (CMOS circuits
usually use too high a supply voltage), levels it will
detect are 2.5V for a high level and 0-0.8V for a low
level.

I o I

ﬂ —g =
(a) (c)

Fig. 1 The logic probe’s display

The probe uses a 7-segment LED display to
show the results (Fig. 1) and gives a 0 display when
alow level is detected and a 1 when a high level is
detected. If the test point is oscillating between the
two, the two displays combine to forma P for pulse
— clever, huh?

Construction

Like all 1st Class projects this one can be built
either using the printed circuit board design given
(Fig. 2) or on stripboard (Fig. 3). The PCB design s
marginally smaller and simpler to construct but
using stripboard is considerably less messy than

..

PROBE

Fig. 2 The component overlay

for the PCB probe

PARTS LIST

RESISTORS (5% /W)

R1 470R

SEMICONDUCTORS

IC1 7400

LED1 Common anode 7-segment display

MISCELLANEOUS
PCB or stripboard. Probe tip. Red and black crocadile
clips. Connecting wire. Suitable case.
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Fig. 3 The component overlay and track cut positions for the stripboard version

BUYLINES

No prablems with this one. The LED display is available

frem many sources including Maplin (part No FR36P).
The PCB is available from the ETt PCB Service. See P61
of this issue for details,

( [
i | [P
!/:4 N
) f

& | [ ]®
‘I/,I'-——'\\' Odp

Fig. 4 The standard labelling of a
7-segment display

getting the etching tank out!

There are very few components for this
project and so order of assembly hardly matters at
all. Make the stripboard track cuts carefully and
check the positioning of each component before
soldering.

Leave soldering the LED display until last as
this is the most easily damaged component and the
most expensive. Go easy with the soldering iron
when you come to it and leave it to cool a little after
soldering each pin.

Thereis no need to use anIC socket for IC1 as
these chips are so cheap that you would have to
damage a couple before recovering the cost of the
socket.

Probing Stuff

The most difficult aspects of assembling this
project are the mechanical ones — what to use for
the probe tip itself and what to house the
completed board in.

A large darning needle was used for the proto-
type probe. This serves quite well but is a little
vicious. A few inches from the pointed end of a
metal knitting needle would perhaps be the ideal.

Whatever is used for the probe tip, be sure to
solder it firmly into position as all the strain of
stabbing at the errant circuit is taken at this solder
‘oint.

Any convenient small case can be used to
house the probe. After some searching, the proto-
wype was finally dressed in the wide and colourful
slastic body of a highlighter felt tip pen with the
orobe projecting where the nib once was and the
swo flying leads protruding from the pen top.

In Use

Of course we hope you never have to use this
oroject! However, assuming the worst happens,
simply attach the red crocodile clip to a part of the
circuit connected to the positive supply (5V) and
the black clip to the earth (OV). Touching the
orobe tip to any part of the circuit will now display 0
‘or a low logic level, 1 for a high level and P for a
ouising voltage.

H
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!
NOTE
1C1= 7400

Fig. 5 The circuit diagram of the probe

+
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HOW IT WORKS

The circuit diagram of the lagic prabe is simple in the
extreme and is given in Fig. 5. The one IC is a quad
NAND gate IC containing four NAND gates of which only
three are used. All of these have their two inputs con-
nected together to be used as inverters. Whatever logic
level is presented at the input is reversed at the output
— a high level {1} input gives a low levet{0) output and
vice versa.

If the probe {cannected to point A) is touched te a
high level voltage then NAND gate IC1a inverts this to
give a low at point B which allaws current to flow from
the supply, thraugh current fimiting resistor R1 and LED
segment e (fighting it} to the point B.

When the prabe is low, point Bis high and at the same
potential as the supply, so na current can flow thraugh
segment e. [

The gates b and ¢ invert the probe signal again and sa
when the probe is high, point C is low and paint D high,
extinguishing segments a, b and g. When the probe is
low these three segments light.

Segment f is always lit and segments ¢, d and the
decimat point are notused. So the two possible segment
patterns (see Fig. 3) depend on the voltage at the probe
tip.
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% POWER SUPPLY KIT

B 25/30 Watt MOSFET Audio Power Amplifier 4-8 Ohms Kit
£21.97 R/Built £26.00

W 10 Channel Variable Speed running light Kit drives LEDs or
Mains lamps. Includes LED display board and LED lamps
Kit £15.89 R/Built £19.15

W Maing Add-on intarface 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 24y Kit £11,82 R/Built £14.82

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

M 25/30 Watt 12-Volt opp. R.F. Linear Power Amplifier for
Amateur Radio Kit £26.66 R/Built £31.66

W Selectable tone generator 9-12v operation Kit £5.50
R/Built £7.50

W 3 Note Electronic Doeor Chima unit, @ volt operation,
3 melodious lones. variable frequency, Kit £9.83 R/Built
£12.00

B Miniature FM Transmitter, 60—145MHz Kit £6.95 R/Built
£8.95

W 3 Waltt FM Transmitter, 80-108MHz Kit £13.99 R/Built

i 5 O O 0
15 0 T OO

W1 1 S = e S
NEREENOEE

|
1]

£18.99 ]
B 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 IThe]
W 5-100 Wat! Electronic Loudspeaker Overload protector, il
adjuslable Kit £11.40 R/Built £15.40 =
& VU Meter 10 LED indicator, 5 to 12dB range Kit £13.63 fiif]
R/Built £18.63 SR
B 18 Watt Car/Home Power Amp 12-V Kit £14.50 R/Built SRS
£16.80 ——
& Ampiifier Power Meter: 10 LED indicator from 0.25-100 Watt —
Input —9 volt operation Kit £12.94 R/Built £14.94 =
B Light sensitive relay unit: variable =

sensitivity trigger control:
senses light or dark —
selectable. Kit£8.91
R/Built £10.91

[TT7
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5 O )
—1—1 B Wireless FM Duplex telephone — sold in pairs for ——
=r= Office/Home £54.00 1
1| B 5mm LCD digital sports Chr aphhand held £10.95 [T
[ 1] W Digital Blood pressure meter/monitor LCD readout £44.83 [
L B Digital LCD temperature m =>tor panel mounting — 19°C L
L4 o +68°C £16.82 -
—— B 3.5"digital LCD Profess: jital multimeter |
it reads Capacitance, Tem _onductance,
B= Diodes, Transistors AC/ nimuity £63.25 [T
[T W Zenith Speech processor P-20 e
1 W High quality touch dimmer
—— 500W £12.99
——1 B Mains Wiring and Metal
7] Detector £11.00 ORD

L T []

| N O o ) 5 i T D
1 B AllKits contain full instructions PCRs and components W All =
11 prices inclucde VAT and pastage and packing @ Overseas orders =
[ 1] add 10% to above prices B Please send Cheque or Postal Ord =
| | | with Order - o

- ¢ |

1] Zenith Electronics Dept. | | ST §and "..‘é‘.mgch I
[ [7] 14 Cortlandt Business Centre | S | gl Calalogy ":‘ame W
[ 1] Hailsham, East Sussex, UK BN27 1AE Aooess & Baroaycard (LMCIS blisbinge
| Telephone (0323) 847973 it and Packing
—1—  Telex 878334 FAX 647204 Telephone (0323) 647873 sEIT WAl
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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),
overload protection. Prices from £21.50
to £65.00. Battery, spare fuse, test leads

and manual included with each model HC774 > £31 .oo
ANALOGUE A compact, pocket sized autoranging

5 0 . N multimeter featuring; 200mV-1kV DC
A choice of four meters with prices ranging § 200mV-750V AC volts, 200mA

from £5.50 to £21.00, with DC sensitivities and 104 DC or AC current, high and
from 2kQ/V to 30k(WV. All models include low current resistance ranges
battery, test leads and manual 2k-2MQ and 200-200k(), 10mm

Please add 15% VAT to all LCD, display memory and hold,

, auto/manual range selection and
pnc;(a; and 70p for post and basic accuracy of 0 5%
packing.

NEW LOW PRICE!

Phone or write for full

Cirkit Distribution Ltd. catalogue price £1.20 to

Park Lane, Broxbourne, Herts EN10 7NQ.
Telephone (0992) 444111.

= LO0000000000000000000000000 |
PROFESSIONAL

SURVEILLANCE

EQUIPMENT KITS

" MTX Micro-miniature VHF transmiitter. The smallest kit on the market
measuring market measuringan incredible 1 7mm x17mm including
on-board mic. Super sensitive Fully tuneable ovar FM band, 9V
oparation with range up to 1000m, .~ ~ .. £10.95

B VT500 High power varsion of the MTX with on-board PA stage providing
260mW of RF Measures Just 20mm = 40mm, power requirements
3-18V. Excellent sensitivity and stability. Fully tuneable over FM
band. Ranges over 3000 can be expectad. ... ... £12.95

B VOX75 Voice-activated transmitter. Variable sensitivity trigger level
switches transmitter on when sounds are detacted. Stays on for time
delay variable between 1-20 sac. Fully tuneable output covers all FM
band. Very sensitive and low standby current through CMOS
circuity. 9V operation, range up to 1000m. Measures 30mm x

B CTX900 Sub-carrier scrambied tranemitter Audio is double modulated
providing very secure transmissicns. Any unauthorised listener will
band. 9V operation, range up to 1000m. Measures 30mm x 40mm.
resalution. 9-12V operation. Measures 35mim EOmm. ... £17.95

| TLX700 Micro size telephone transmitter Connects onto line atany point and
requires no batteries. Clearly transmits both sides of conversations
on both incoming and outgaing calls, Undeteotsble by phone users.
Fully tuneable output covering FM band. Range up to 1000m.
Measures just 20mm x 20mm. . _.......... ... o £9.95

B ATR2  Micro size isiephone recording unit, Coninects onto line at any point

and connects into ANY normal cassette recorder, standard or micro
having MIC and REM sockets. Requires no batteries. Switches

Variable modulation on-board. Fully tuneatle output covering FM
CTX900 Connegtstoearphone output of receiver to
headphones, Variabls decode frequency on-board for best

recorder on silently when phone is used for incaming or outgoing
cails, switches off when phone replaced. Cizarly recards both sides
of conversations. Undetectable by phone users Measures 10mm x
35MM. e L ey s o £10.95
B XMLOOORF Bug Gatactorsiocsiar Wide band input circuitry detects
presence of RF fiald and triggers flashing LED and piezo bleeper.
Variable sensitivity enables source of transmission 1o ba pinpointed
to within 6 inches. Max sensitivity will detect MTX or similar
transmitter at around 15-20 feet, 9V operation. Measures 55mm x
MM, / = O () £21.95
All kits come fufly d 1ed with o ¥ 3 Sefting-up instruciions high
quality fibreglass PCB and all componsiiis omplete the module All prices
are inclusive but please add £1.50 1o cover P&F Orgers over £50 00 Aest frao, Pleaze
state requiremants clearly and snglose cfieque-or PO Lo cover

Phone orders opn ACCESS or AMEX accepted. Tei 0827 714476,

NOTE: It is illegal ta operate a transmitter in the UK without a licence.

O tnoa s

=S&nd 844 S AE far fuil catalogue of these and other survefiance kits
SUMA DESIGNS, THE WORKSHOPS, 95 MAM ROAD,
BAXTERLEY, Nr. ATHERSTONE, WARNKS CV9 208, TEL: 0827 714476 f
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DCP
RESULTS

he competition in the February 1988 issue to
win one of DCP Microdevelopments’ inter-
facing modules, the Interpacks, attracted a
high standard of entry.

The winning idea for the most original
and ingenious application for an Interpack module was
from Neil Connor of Glasgow (though currently in
Oman) who suggested connecting hospital patients’
ECG signals to a computer through the ADC of an Inter-
pack 1 where they could be selected and monitored on
screen and an alarm automatically raised if certain limits
exceeded. An Interpack 1 and a BBC micro Intercard has
been despatched to Mr Connor.

DCP was so impressed by the entries that two extra
runners up prizes of £10 discount vouchers for DCP
products have also been awarded to Simon Green of
Ashford and J H Greenstein of Liverpool.

Our thanks to all who entered and our congratula-
tions to the winners.

BAR CODED

I

ince ETI is never a magazine to do things by
halves, we've decided that two competitions in
a single issue isn't nearly enough so we're
throwing in another one for good measure.

On this month’s cover there is a bar code
pattern (vou did notice that didn’t you?). Of course there
are some numbers along the bar code but take it from us
that these do not bear any relationship with the bar code
itself (they're our ISSN number, actually). We've got a six
month subscription to this worthy mag up for grabs for
the first person who can correctly tell us what numbers
the bar code represents, If you can break that code and
find the message hidden in those numbers as well, then
we'll make it a year’s subscription.

Send in your entry to arrive before 1st July to:
Bar Code Competition
ETI
1 Golden Square
London WIR 3AB

| THE GENTLE GIANT

Described by one leading reviewer as a “gentle giant”, the
3U case up-graded Virtuoso power amplifier must certainly
be the very best power amplifier available as a complete kit.
Based upon the latest research into Sound Quality by
Graham Naulty using the highest quality audiophile com-
ponents available, the Virtuoso power amplifier sets new

standards in audio amplifier sonic performance.

BUILD THIS AMPLIFIER YOURSELF AND
ENJOY IT'S SUPERB SOUND QUALITY.
Full circuit description in ETI April-June 1988

Complete kit available from AudioKits -
price £840.00 + £8 p&p U.K.
NEW COMPONENTS
Contact AudioKits now for details of larger IKVA mains
transformer and special audiophile Quality mains cables,
matching loud speaker cables and inter-connects of highest
quality. For full details of AudioKits components and kits |
please send 9x4 SAE (U.K.)/3 IRC’s (Overseas) to:
AUDIOKITS PRECISION COMPONENTS, :
6 MILL CLOSE, BORROWASH, DERBY DE7 3GU. |

TEL: 0332 674929 |

NATIONAL COMPONENT GLUB |
% SPECIAL OFFERS % SPECIAL OFFERS %

50 crovcons™ &1
(ICS - TRANSISTORS - DIODES)

7@ éAPAgTIT%DRS @ 1
(PICOFARADS - 2200uf)

2( ASSORTED IC's
{4\ (TTL, LINEAR, CMOS)

200 RESISTORS
1®@ DIODES mixep) gﬂ

? BE 89
21/ 10 jEme 1

(AT LEAST 5 HIGH - POWER
TO 220 & TO3 TYPES)

% ALL SIX PACKS FOR A FIVER! %

P.O.or Cheque to: NATIONAL COMPONENT CLUB, DEPT ETI, HIGHER ANSFORD,
CASTLE CARY, SOMERSET BA7 7JG.  Please add 75p P & P but do not add VAT.

« FREE CLUB MEMBERSHIP y
FOR YOUR VALUABLE COLLECTION.
OF ELECTRONICS TODAY S Z

INTERNATIONAL MAGAZINES 2 £5.95 L Y
* SMART + EASY TO USE* TOP QUALITY g jnc. |
To ASP Readers Services, PO Box 35, B '
Wolsey House, Wolsey Road, Hemel
Hempstead, Heris HP2 4S5 (0442-41221)
Please supply .. Electronics Today International §
Binders £5.95 inc. P&P :

—_— N

ETI JULY 1988

]

]
: Total £ ....... (Please make cheques payable to ASP Ltd.) |
1 Years Required — 198 198 198. 198. :
- ! Name B
. ﬂg’i' Address 1
iccess | e | pioase ailow 21 days for delivery ]
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Now James Main
knows when the
Avon lady has
called

THE ETI

BELL

re you one of those people who

doesn’t spend much time indoors? I

am. If 'm not working, I'm off down

the shops or taking the car for a run.

The end result is that I never know

whether anyone’s been at the door looking for me.

Whatever your reason for being out, it would

be useful to know how many people had been at

your door when you weren’t around to answer it!

This simple unit will count up to 99 callers

(which is ample for most people, unless you’re

bothered by double glazing salesmen!) and display
at the touch of a button when you get back in.

The Bells, The Bells

Doorbells come in all shapes, sizes and bell
voltages so it was felt an opto-isolator chip should

PROJECT
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BOY

be used to keep the two apart. The unit will there-
fore operate with any type of door bell — AC or
DC — with a suitable series resistor.

Figure 2 shows how the unit is connected to
your doorbell circuit.

People will often ring a door bell repeatedly,
This would give rise to counting errors if pushing
the bell-press incremented the counter directly. To
prevent this, a 60 second delay is incorporated so
the counter can be clocked only once every 60
seconds. Hopefully your caller will have given up
and gone home inside that minute!

Construction

Construction is very straightforward. Details of
the circuit board are shown in Fig, 3.

Fit the three wire links first, followed by the
resistors, the diode and the capacitors. The ICs
come next. Being CMOS, you should really use
sockets for the 4026s and the 555C. Having said
this I didn't bother, as there was limited headroom
in the box I was using.

If you observe static procedures (earth your-
self frequently or use a proper wrist earthing strap)
you shouldn’t experience any problems with
soldering them straight in. Remember that IC2 is
the ‘wrong’ way around on the circuit board.

The box shown is a plastic calculator-style
box which I found to be well suited to this applica-
tion. It has a built in battery compartment with
slide off lid and a stylish cut-out for the display. The

NOTE:

c2 L

BTL- "
il
3% St

]

10u = RESET
) g 16

IC1=OPTO-ISOLATOR
)] W 1C2 = 4535
16 ALL k8 1C3,4 = 4026
D1 = 1N4001

Ie3

P~

1 d & bac( g |COMMON

o ey, s, | CATHODE
sw2 , ' I] ’ 13
DISPLAY LEDY| =% L 14

A5
33k
TEXT)

R19
ALL 1hB

R z )
23k

Fig. 1 The circuit diagram of the Bell Boy
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circuit board fits snugly into the upper half,
fastened by a single self-tapping screw at the
bottom. Two holes for the push switches at the top
and a small hole at the bottom for the bell
interconnection wire are the only other things
required.

Testing And Use

The first thing you need to ascertain is the voltage
your bell works at. Check this with a multimeter or
look at what it says on the battery or transformer.

For testing purposes, aspare PP3 can be used
as the bell input. Temporarily fit the corresponding
resistor (1k5) for R1. After checking carefully that
all the IC’s are in the right way round, apply power.
Check that the Display button works. You should
see 00 on the display.

If nothing appears, switch off and check all
your connections again. Assuming everything is
OK, take out your spare PP3 and apply 9V across
the trigger input of the unit. Pin 2 of IC2 should go
low when you do this.

Check the voltage on pin 3 (output) of IC2.
Don’t worry if this is found to be high before you
apply a trigger, as the IC will trigger when you first
connect the power rail. Wait until the output goes
low, then apply a triggering voltage. Pin 3 will go
high for approximately 60 seconds. Check the
display, which should have incremented. Check
that pushing the reset returns the count to zero.
Finally, count up to ten and check that both digits
are working.

HOW IT WORKS

The fulf circuit diagram is shown in Fig. 1. Bell voltages
of 1.6V upwards can be accommodated by selection of
the value of R] (see Table 1} which is'in series with the
internal diode of the opto-isolator, IC1.

D1 protects against excessive reverse voltages
appearing acrass the internal diode which could damage
it. The input to the unit is taken directly from the bell on
buzzer.

When 1C1 is activated, the internal phototransistor
conducts, taking pin 2 of 1€2 low. IC2 is the CMOS
version of the popular 555 timer IC, using less current
and requiring fewer external components than a conven-
tional 555,

IC2 is configured as a monostable multivibrator, with
a period of B0 seconds. A high to fow transition on pin 2
triggers the [C, taking the output at pin 3 high, the rising
edge of which increments counter/driver IC4. R3 and C1
are the monostable timing components, the values of
which you can play around with if you require a longer or
shorter delay.

IC3 and IC4 are a pair of cascaded 4026 CMOS
counter/driver ICs. Each timing cycle of IC2 will clock
IC4. As IC4 changes from 9 to 0, a carry pulse is
produced at pin 5 which clocks IC3 (the tens counter},
and so on.

Pins 15 of IC3 & IC4 are taken high to reset the count
to zero. When the unit is first connected, C2 eharges via
RS producing an initial reset pulse. Any subsequent
resefs are provided by taking pins 15 high via push
switch SW1.

For power saving, the display is normally disabled,
This does not interfere with the counting operation
however, and the count can be displayed at any time by
taking pin 3 high via push switch SW2,

Resistors R6-R19 form the series resistors to the dual
digit common cathode LED display. These are of a value
to keep power cansumgtion to a minimum whilst main-
taining a visible display.

Bell voltage R1

1.5V 50R*

3.0v 300R

45V 600R

6.0V 900R

9.0V 1k5

12.0vV 2k2

*Omit D1 and replace with & wire link
Table 1 Values of R1 for different bell
voltages

Assuming you know your bell voltage, fit the
correct value (see Table 1} otherwise work your
way down from a high resistance until you find one
that works reliably. The value is not critical as the
opto-isolator will work over a wide range.

Wire the input leads directly across the trans-
ducer in the bell box. If it doesn’t work, reverse the

LJd[0dd

leads.
BELL BATTERY/
| TRANSFORMER
ili]
il —— -
(T
PUSH |, BELL etc. TO OPTO-ISOLATOR

I

[

I

l

& I
BELL |
I

l

i

1

I

[

!

Fig. 2 Connecting the unit to your bell circuit

BUYLINES

Most of the parts used for the daorbell counter are
available from usua! suppliers. The optoisolator used in
the prototype was from ¥ apiin {part no. WL350) as was
the display (BYB6Y! and the case [YK24B).

The PCB is availakie from the PCB service as usual.
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i PARTS LIST
RESISTORS (all /,W, 5%)
R1 See Tahle 1
R2 10k
ft R3 10M
R4, 5 33k
— - R6-19  1k8
= b ’:’ D-’
E lEEEE ﬁ R CAPACITORS
c1 33 63V axial electrolytic
: £2 10p 16V tantalum
SEMICONDUCTORS
3 IC1 Opto Isalator (see Buylines)
D> ; . ic2 4555
- i IC3, 4 4026

{
| = ' D1 1N4001
| e . LED1 dual digit common cathode display
B e

IC3
E MISCELLANEOUS
i B1 PP3 hattery and clip
- ENASLE | SWT  SPST push switch
PCB. Case. Filter for display. Bell wire. Nuts and holts.

Further Uses

3 E 161 As the circuit is basically a counter, it can be used
" C 3 In a wide variety of applications at home and in the
classroom. To use the unit as a straightforward

| 1 counter, reduce the timing components R3 & C1
l 1 l l to a wvalue such that they merely provide a
Hg;frg\gv ' dgbouncing action on the input trigger — so
L glitches and contact bounce will not clock the
counter erroneously.

Fig. 3 The component overlay
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TEST GEAR
CIRCUITS

Signal Generator

he ‘traditional’ audio signal generator

(a Wien bridge oscillator, thermistor

stabilisation to generate the sinewave

output and amplifier/clipping circuit to

produce a squarewave signal) works
well but the thermistor required is both expensive
and difficult to obtain. Worthwhile if a genuinely
hi-fi sinewave output is required but otherwise
there are cheaper choices.

This design is of the Wien bridge/clipping
variety but uses an operational transconductance
amplifier as the basis of the stabilisation circuit.
The harmonic distortion is well under 1% over the
audio frequency range and there are no significant
variations in the output level over the full
frequency range (15Hz to 150kHz in four ranges).
The maximum output level is 1.5V peak-to-peak
for sinewave signals and 6V peak-to-peak for
squarewaves.

The familiar Wien network is present at the
front end of the circuit with RV1 giving continuous
wning over each range capacitors. These
capacitors should have an accuracy of 5% or better
to give good frequency setting accuracy on all
ranges using a single frequency scale and to ensure
that there are no gaps in the frequency coverage.

For oscillation, the Wien network must
provide positive feedback over an amplifier with a
voltage gain of at least three. However, a gain only
Tactionally higher than this results in strong
oscillation and a clipped output. In practice the

only way of obtaining a consistent output level is to
use some form of automatic gain control circuit to
stabilise the circuit.

In this circuit IC2a operates as a standard
transconductance VCA circuit. The LM13600N
(and the almost identical LM13700N) have a built-
in output buffer that avoids the need for an
external buffer stage.

High input impedance is needed so that there
is minimal loading on the Wien network and IC1 is
accordingly used as a voltage follower at the input.
R9 biases IC2a for quite high gain and the circuit
oscillates strongly initially. Some of the output
signal is rectified, smoothed and fed to the base of
Q1 which biases it hard into conduction so it
diverts the bias current for IC2a, stopping the
oscillation. There is a negative feedback action in
force here and after a settling time of around two
seconds the circuit oscillates gently with a good
quality sinewave output signal. The feedback
accurately maintains the output level if thereis any
shift in the amplifier’s gain or achange in the losses
through the Wien network. Transconductance
amplifiers are not the most linear of devices but by
keeping the output level down to about 1.5V peak-
to-peak it is possible to obtain good distortion
performance.

IC2 is a dual device withits spare section used
as a high gain amp to clip the sinewave signal and
provide the squarewave output. SW3 is used to
select the desired waveform, RV2 is the volume
control attenuator and SW4 can be used to reduce
the output by 40dB.

i41c
13600N OR LM13700N
A91

C549

SK10UT
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Current Tracer

ost electronic service work is based

on voltage rather than current

checks for the very good reason

that current checksrequireabreak

to be made in the circuit but
voltage tests do not.

A few commercial test instruments attempt to
make current checks as simple as the voltage
variety — the most sophisticated use a Hall effect
sensor to detect the magnetic field produced by a
current flow. Units of this type are very expensive.

An inexpensive alternative is to use a circuit
that is really a highly sensitive voltmeter giving an
indication of relative current by placing the two

NOTE.

IC1 = uATAIC
{2 = LF351
D1-4=0A91
D5 = 1N4148

test prods a few millimetres or more apart on a
printed circuit track or component leadout wire.

The resistance present (although low) causes
a voltage drop proportional to the current flow. In
practice this means detecting voltages that will
often be less than a millivolt.

This method does not give exact measure-
ments of current flows. The resistance through the
track or leadout wire, and the contacts between the
prods and the conductor will affect readings. How-
ever a few experiments with a current tracer of this
type on a couple of circuit boards will soon give a
good idea of the sort of readings to be expected.
Subsequent checks on faulty equipment will reveal
current flows that are obviously incorrect.

The circuit has IC2 in what is a form of
precision full wave rectifier, with the output driving
a panel meter — a tuning or level meter having a
full scale sensitivity of about 1001 A should suffice.
The reason for using a full wave rectifier is that the
input could be of either polarity and might even be
AC.

D5 protects the meter against severe over-
loading. IC2 provides amplification as well as
linearising the rectifier circuit. SW1 provides three
levels of sensitivity, With R8 selected the gain of
circuit is quite high (about 1000) leading to possible
strong voltage offsets so RV1 has been included in
the circuit as an offset. This is adjusted to zero the
meter with no input applied and R8 switched into
circuit (adjustment of RV1 is much easier if a multi-
turn type is used). Input resistor R4 is very low to
avoid stray pick up of electrical noise.

The circuit requires dual balanced supply
rails, but IC1 acts as a supply splitter to give 4,5V
from a 9V battery.

When using the unit bear in mind that
readings are proportional to the distance between
the two test prods. Using the greatest possible
distance will give strong readings and a clearer
indication of the current flow, especially when
tracing relatively small currents. In general, range 1
is suitable for currents of a few milliamps to a few
tens of milliamps, range 2 for higher currents of up
to several hundred milliamps and range 3 is only
needed when tracing high currents.

Pulse Generator

his circuit produces repetitive signals
with a wide range of pulse widths and
mark-space ratios — extremely useful
when developing and testing digital
circuits.

Simple circuits based on C-R timing networks
have the drawback of possible inaccuracies and
with crystals and digital ICs now costing relatively
little, a crystal controlled circuit with pulse widths
and frequencies guaranteed to a very high degree
of accuracy can be constructed quite cheaply.

This circuit provides output cycle durations of
1-9us in 1ps increments. These can be multiplied
by 10 or 100.

The pulse duration can be varied over the
same range but obviously the pulse width cannot
be greater than the time permitted for one com-
plete output cycle! Anti-phase outputs are
provided.

The circuit can be easily be extended to give
longer cycle and pulse times if desired.

Q1 provides a IMHz clock signal to IC3 which
operates as a sort of ‘divide-by-N’ counter,
providing brief output pulses at regular intervals of
between 1 and 9 clock cycles depending on SW2.

IC1 and IC2 form divide-by-ten circuits to
extend each clock cycle from 1us to 10 or 100us.

The pulses then set a simple flip/flop based on
IC4c and IC4d and reset a second divider/counter
circuit. This circuit is much the same as the first
one, providing a reset pulse to the flip/flop after a
period of time controlled by SW3 and SWi4.

In order to obtain longer output cycle and
pulse times it is necessary only to add divider
stages into both counter circuits and to use
switches with the appropriate number of positions
for SW1 and SW3. For example, three extra
divider stages per counter would extend the
maximum cycle/pulse times to some 900ms in
100ms increments.

IC4a inverts the output of the flip/flop to
produce the Q output — high for the period set on
SW1, 2 and low for the period set on SW3, 4. IC4b
inverts this signal to provide the Q output.

The circuit is shown as havinga 9V supply rail,
but it works well with any supply voltage of 5-15V.
The supply voltage must match that of any digital
circuit driven from the outputs.
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lthough a multimeter is the standard

instrument for DC voltage checks,

there are alternatives. For difficult

(high impedance) circuits an elec-

tronic voltmeter or an oscilloscope
can be used. At the other end of the scale there is
the relatively recent development of the voltage
probe — a simple hand-held instrument with LEDs
forming a bargraph display.

The most simple circuits for probes are purely
passive and are of limited value in electronic testing
due to their low and inconstant input resistance.
Active circuits are more suitable for electronic
circuit testing but the most sophisticated of voltage
probes still provide only a very rough indication of
the voltage levels present. However, much voltage
testing (checking that a suitable supply voltage is
present for example) does not require great
precision of measurement and a voltage probe
used in context can be a very handy test
instrument.

This design has four LEDs with normal
voltage indication points of 2, 4, 6 and 10 volts with
an input attenuator that enables the sensitivity to
be doubled or halved. This enables DC voltages in
the range 1-20V to be gauged with reasonable
accuracy.

The unit has an input resistance of around
400k. While this does not compare well with an
digital multimeter, it compares quite well with a
decent analogue multimeter. The circuit incor-
porates overload and reverse polarity protection.

R1-3 and SW1 form the input attentuator
which has attenuation levels of 0, 6 and 12dB. Pro-
tection against excessive input wvoltages 1is
provided with D1 normally clipping the input at
about 8.2V and becoming an ordinary forward-

biased silicon diode to clip a reverse polarity
voltage input at about 0.65V.

The bargraph driver is based on quad op-amp
IC2, all four amplifiers operating as voltage
comparators. The inverting input of each com-
parator is fed with a reference voltage and the
input voltage is fed to the non-inverting inputs, so
that an input voltage exceeding the reference level
will send the amp high and activate its LED
indicator. Reference voltages of 1, 2, 3 and 5V are
required. The 5V reference is provided by
monolithic voltage regulator IC1 and the other
voltages are derived from this via a potential
divider (R5 to R8). Note the LM324 is used as it is
suitable for single supply rail operation.
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Deluxe Voltage Probe

he standard LED wvoltage probe
described above is an extremely useful
piece of ‘take anywhere’ test gear, but
the lack of precision can be frustrating
On occasions.

This ‘deluxe’ version gives the low cost and
portability of an ordinary type but with a degree of
accuracy much closer to that of an analogue multi-
meter, This is achieved by using a miniature meter
rather than the LED bargraph to provide the
readout. The small scale of the meter and its non-
linear nature still limit the accuracy of the unit
slightly and the unit could be built as a high
precision bench unit with a full-size meter if
preferred.

The unit has three ranges with FSD of 1V, 10V
and 100V. The input impedance is about 20M on
the 1V range and 10M on the other two.

Touch contact switching gives a convenient
means of range switching for a hand held unit. A
CMOS quad analogue switch IC6 forms the basis
of this part of the circuit.

R19 forms an input attentuator in conjunction
with R14 to R18 selected via three switches by IC3,
a CMOS 4017BE ‘one of ten’ decoder. IC3 is reset
when the fourth output goes high soit is effectively
a ‘one of three’ decoder, with each output driving
one of the switches. LEDs indicate which voltage
range is currently in operation.

The clock signal for IC3 is provided by IC2, a
low power 555 timer operating as a low frequency
astable circuit. However, it only oscillates when
the operator’s skin resistance bridges the touch
contacts. In order to change ranges it is just a

matter of touching the contacts until the unit
cycles through its ranges to the point where the
appropriate range indicator lights up.

Of course the electronic range switching
could be replaced with a mechanical switch if
preferred but a standard rotary type is rather large
and cumbersome for a hand-held unit.

The voltmeter circuit requires dual supplies
but the unit is powered from a single 9V battery
with IC4, R11 and R12 actingas a supply splitter to
effectively give dual 4.5V supplies. IC5 is usedin a
configuration that is reminiscent of an AC milli-
voltmeter circuit and this results in the unit
responding properly to inputs of either polarity.

Using RV, calibrate the unit against a known
voltage that is close to FSD on one range — for
example you could use a multimeter to measure
the true output voltage of a 9V battery and then
use this to calibrate the unit on its 10V range.
Provided R14-19 are all 1% tolerance components
the unit should then be very accurate on all three
ranges.

D5 provides the meter with overload protec-
tionand ZD1,2 protect the circuit against excessive
input voltages.

IC1 is used as a voltage compressor and this
gives input polarity indication via D1. D1 is
switched on if the input is of reverse polarity.

Assuming the unit is constructed in probe
form, the obvious scheme of things is to have the
meter at the rear of the case, a long metal probe
fitted at the front, with SW1 and the touch
contacts anywhere on the body of the unit where
they are easily operated, The negative test lead can
consist of about ! metre of flexible insulated wire
terminated in a small croc clip. Note that miniature
(32mm square) meters are available from
Electrovalue,
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Checicer

his simple gadget is an in-circuit tran-

sistor checker. It alternately forward

biases the test device andshort circuits

its base and emitter terminals. An

LED indicator is connected in the
collector circuit of the transistor under test and
should flash if the device is serviceable.

The circuit has IC1 operating in the free
running astable mode with an output frequency of
acouple of Hz. Switchingtransistors Q1 and Q2 are
driven from its outputs, and these provide the
base-emitter short circuiting for PNP and NPN
devices respectively. R4 or R5 provides a forward
bias to the base terminal of the test transistor
during the half cycles when Q1 and Q2 are
switched off.

Separate LEDs are used for the NPN and
PNP modes. This helps to simplify the NPN/PNP
switching and reduces the risk of the unit being in-
advertently used while switched to the wrong
mode.

When making in-circuit tests it is important to
realise that components connected to the device
under test can affect results. This will sometimes

al
NOTE:
IG1 = 4D47BE
01 =BCH67
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11 s
R3 N
o 02k
02:
7] 8] 812
! RS
[T :n
AB S
$K2 - LED
P EMiTTER hE
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- C1 N P
= COLLECTOR A7 £
1800 1to \:‘LEDZ BASE

result in the LED not fully switching off and could
result in it not switching on properly (although this

never seems to happen in practice).

If the LED switches on and off properly it is
highly unlikely that the tested device is faulty.

If the LED fails to switch properly, check the
suspect transistor out of circuit to make quite sure
it really is a ‘dud.’

& oo ltseasy
tocomplain about

 an advertisement.

Once you know how:

One of the ways we keep a check on the
advertising that appears in the press, on
posters and in the cinema is by responding to
consumers’ complaints.

Any complaint sent to us 1s considered
carefully and, if there's a case to answer. a full
Investigation is made.

It you think you've got good reason
complain about an advertisement. send off
tor a copy of our free leaflet.

It wall tell you all you need to know to
help us process your complaint as J

quickly as possible.
The Advertising Standards Authority.
[fan advertisement is wrong, were here to put it right.
ASA Ltd, Dept 1 Brook House,
Torrington Place, London WC1E 7HN

s space s donated in the inzerests of high standards of advertising
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A s this is to be my last Playback
column, I make no apologies
for returning to topics | have
covered before.

First of all DAT. It is surely as a
result of pressure by the record
industry that DAT recorders are
still not easily available. It seems to
me that they have shot themselves
in the foot. If we draw the analogy
between analogue audio cassettes
and DAT, we see that once
cassettes caught on and many
people had cassette recorders,
there was a substantial market for
prerecorded audio cassettes. The
overall market is greater because
cassettes can be played in cars.
Last year more cassettes were sold
than vinyl records.

DAT could perhaps have taken
over from the old technology of
ordinary cassettes and expanded
this market further. This was by no
means a foregone conclusion
because the DAT mechanism is
complicated and therefore more
expensive than compact cassette
mechanisms but whatever chance
there was is now much less because
of the record industry’s stand.

The question they should have
asked themselves is: ‘Would the
industry have made more sales if
the compact cassette had never
been invented? The evidence
seems to say no.

Go For Gold

Audio fads come and go but one of
the most bizarre has to be the idea
of using gold plated mains plugs. Hi-
fi equipment actually runs on DC
and contains transformers,
rectifiers and so on to produce this
DC. The active circuits cannot tell
how the DC came to be there,
whether it comes from batteries,
240V mains or whatever.

The only time when the means of
generating the DC matters is when
the method is inadequate and the
power supply is disturbed in some
way.

So, if the mains plug makes good
contact with the socket and does
not arc and spark and generate
interference it does not matter
what the mains plug is made of.

I am sure that the idea of gold
plated mains plugs will continue
regardless of what I say and [ am
waiting for some opinions to be
expressed as to what sort of coal
burnt at the power station
produces the most suitable elec-
tricity for hi-fi.

Distortion

We should not lose sight of the fact
that the raison d’etre of hi-fi is to
listen to music, so a consideration
of the characteristics of musical

56

sounds will give a useful perspec-
tive. Although hi-fi amplifiers are
frequently tested with a sinusoidal
input, most musical instruments
produce a very different waveform.

For first hand evidence of this,
compare the sound of a tuning fork
which is an almost pure sinewave
with that of a guitar. Alternatively,
display the waveform from an
electric guitar pickup on an
oscilloscope.

The waveform from the bass
strings appears to contain almost
as much third harmonic as funda-
mental. Normally, however, the
waveform is approximately
symmetrical about the zero axis,
which means that there is little even
harmonic content. A closer
examination of the waveform will
reveal little trace of harmonics
above the third, so that the note
consists mainly of fundamental and
third harmonic, with a trace of fifth
and higher orders.

This result conforms to common
sense. After all, there is no reason
for the string to vibrate assym-
metrically, which is what would be
required to produce even order
harmonics. Equally, it is unlikely to
support high order harmonic
vibrations. School physics experi-
ments show that it is difficult to
make a string behave in this way.

All this suggests that an amplifier
with a low level of distortion, of
such a nature as to produce mainly
third harmonic distortion, will
change the character of musical
notes only a little. On the other
hand an amplifier with the same
overall level of harmonic distortion
but producing significant amounts
of higher order harmonics, will
change the character of the sound
rather more.

A gentle bend in the amplitude
response of an amplifier will
produce low order harmonics,
while an abrupt glitch will produce
high order ones as well. The actual
amplitude of the harmonics will
depend on the total extent to which
the response is non-linear (whether
the non-linearity is gentle or sharp).

This may be a reason for the pre-
ference for power MOSFETs in hi-fi
amplifiers, rather than bipolar tran-
sistors. A trace of crossover dis-
tortion in a bipolar output stage will
generate high order harmonics —
Sth, 7th, etc, while the same
amount of distortion ina MOSFET
amplifier will concentrate the
harmonic energy in the third
harmonic.

Of course, in an ideal world no
amplifier would have any distortion
at all, so the question would not
arise.

Andrew Armstrong

kay, I'll admit it. Pm a sucker
for gadgets. Give me a shoe-
horn with a digital clock in it and I’ll
demand it doubles as a bedside
radio into the bargain. If I were let
loose in Hong Kong I’d be broke in
about three hours.

However, not all ‘gadgets’ are as
silly as a time-telling shoehorn.
Maplin seems to be heavily into
temperature measurement these
days. As well as the temperature
modules reviewed last month.
Maplin has a nifty range of fully
fledged thermometers as well.

These are all based on the tem-
perature modules (or close
relatives, at least) but put into nice
plastic cases with a battery
compartment and all the right
buttons on the front in a way which
the humble hobbyist can’t manage.

This means the thermometers
cannot be used for control applica-
tions (not without hacking apart the
nice case anyway) but they are ideal
for telling you how hot (or cold) it is,
which is what you really wanted to
know anyway, wasn’t it.

The two thermometers looked at
here are based on the min/max
temperature module (and not the
one with a clock built-in).

The names get very confusing
with all these variations on a theme
so I'm going to call the model you'll
find in the Maplin catalogue as
YP16S ‘the big one’ and a new
model you won't find there (but
orderable as YP95D) ‘the little one’.
The big one’s bigger than the little
one — clever huh? First the bigone.

This is a handsome brute which
you’ll be pleased to know has just
come down in price to £14.95. It
measures about 7x7x%in and has
two displays, one for indoors (using
a sensor inside the case) and one
for the wide blue yonder (using a

sensor on the end of about ten feet
of thin cable).

The external sensor can handle
-40°C to 50°C which should cope
with most extremes of the British
climate and the internal one is
happy between -5°C and 50°C. If
these are exceeded, suspect your
central heating! Under and over
temperature displays are given out-
side these ranges.

The external sensor is equipped
with a little spring clip which can be
screwed to a wall to mount the
probe about an inch from the brick-
work. Just what the native wildlife
will make of such a tempting treat if
it is within reach is another matter,
but still.

The back of the main case has a
mounting to hang it on the wall
inside and it appears to be suitably
shock, splash and anything else
resistant to be mounted anywhere
within reason.

Each display clearly gives its
current temperature (updated
every ten seconds) in Y%in high LCD
numerals. A switch on the back
allows you to pick Celsius or
Fahrenheit.

Four soggy rubber type buttons
on the front allow the maximum or
minimum temperature reached
since the beast was last reset to be
displayed — independently for
each display. Either of the minimum
and maximum memories can also
be reset to the current temperature
with these too.

Maplin quote an accuracy of
about £1°C for this thermometer.
Given its resolution is 0.1°C, this
isn’t too hot (if you’ll excuse the
pun). The situation is made worse
by the two entirely separate
modules which go to make up this
thermometer. Each display shares
only a couple of switches. That’s all.
Even the two HP7 batteries used
are for a module each.

The calibration of each module is
almost bound to be different, so
somewhat misleading readings
arise.

Leave the thermometer sitting
right next toits ‘external’ probe and
you can end up with two different
readings. The review model was
about 1°C out in this respect.

However, you may be luckier
and have two more closely
matched modules. It should be
possible to calibrate the modules
yourself by altering the sensor
resistor but no instructions are
given for this and at best it would be
a fiddly job.

Nevertheless, considering a
decent mercury-in-glass min/max
thermometer (with only one
‘sensor’) costs about ten quid, the
Maplin model is pretty good value
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— and of course it’s dead
impressive!

Maplin’s ‘small’ thermometer is a
new model hot off the Taiwanese
ior wherever) factory conveyor
Selt.

This is a much smaller unit,
measuring about 4x2Y%x%in. The
oig thermometer has a lot of spare
space in it but this model is more
squeezed into its case. A wall
mounted slide-in holder is provided
2nd a fold out stand.

The small model provides the
same temperature ranges and the
szame accuracy. Just one display
-.in again) is used with a switch on
1=e front to select readings from the
=:ernal or the external sensor. The
iernal probe is again on the end
f about ten foot of cable and has a
soring clip mount.

A small size (AAA) battery is
2s2d in this model. It takes up less
~com but these are less easy to buy
==d more expensive than their
zrger HP7 cousins. However, as
e battery lasts about a year, this
't really a problem.
ree rubbery switches are pro-
aced on the front panel and these
zrz used in the same way as the
ger unit to display and reset the
=zximum and minimum memories.

The only hitch with just the one
s=mperature module using two
oes is that the minimum and
‘mum memories can only
-zzord the extremes from the
2e currently switched into
at. You cannot, say, display the
e temperature while recording
= cutside minimum or maximum.

Another slight niggle is the
sr—=izsion of a °C/°F switch. I'm sure
= module makes provision for
ithe LCD display certainly
=25 so it would be nice to see one
mzuded if, like me, you are still in
Zark ages when it comes to the
r forecast.
erwise this is a nifty little unit
well worth the £12.95 Maplin
Zmands,

*aplin Electronic Supplies, PO
Sax 3. Ravleigh, SS6 8LR. Tel:
§T02) 552911.

Malcolm Brown
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Programmable Logic Hand-
book by Geoff Bostock.
Collins Professional Books
£25.

With the market for pro-
grammable logic getting on
for £3,billion and rising still, it is sur-
prising that no comprehensive
manual and reference work exists
to help your poor humble design
engineer get to grips with the
situation. Could this be it?

This work of some 240 pages
bravely attempts the almost im-
possible — to be exhaustive yet
concise, to cover the whole sphere
of programmable logic from cell
architecture and history via logic
principles to examples of complete
designs of some sophistication.

I cannot, with as much
pessimism as | can muster, say that
it has wholly failed.

For someone in my professional
position (the experienced
occasional user of PLD) it is a
worthwhile reference work but one
which [ would get my boss to pay
for rather than buy for myself.

The early chapters look at semi-
conductors in general and the
principles of logic, examining the
currently available architectures in
some detail. He continues with
design methods and programmable
logic applications.

Mr Bostock has indeed brought
together under one cover a wealth
of information but I feel that there is
little present in this work which is
not fairly readily available in the
many excellent PLD manufac-
turers’ support manuals.

On the positive side, | do think
that the Programmable Logic
Handbook could serve a useful
purpose as a bench book for final
year undergraduate project work,
where it could well stimulate
enquiry into PLD among new-
comers with access to more

detailed background information.
Mike Barwise

| frequent

| efficiency.

uite a few people have been

asking me recently what the
advantages and disadvantages of
Band Il private mobile radio are,
compared with cellular telephones.
Well, the first thing to do is simply
to look at it.

Private mobile radio (PMR) is
meant to be used specifically by
selected groups of users — closed
user groups if you want to give
them a name — in which each
member of the group needs to be in
contact with other
members and the group’s base.

Now, this doesn’t have to be on
the old 405-line television fre-
quencies of Band Ill. There are
already about 400,000 PMR users
who operate at a number of other
frequencies through the electro-
magnetic spectrum. It just happens
that Band Ill, which was in use for
TV until 1987, is now free. Further,
technology has advanced some-
what recently and by borrowing a
few of the tricks from cellular radio
systems, PMR at Band Il offers sig-
nificantly improved features,
facilities, performance and quality
over PMR of the past.

In the past PMR has suffered
drastically through a shortage of air
space and was (and still is) often
congested, mainly because fixed
channels are allocated to particular
equipment and if an allocated
channel is busy because someone

| else is using it then your equipment

can’t, Cellular techniques of
random allocations of channels as
and when required give significant
improvements in air space
For example, if one
channel is busy, your equipment
tries on another channel. If that’s
busy, too, the equipment tries
another channel and so on. It’s
these efficiency improvements
which give Band IIl PMR its main

advantage over older PMR
systems.
Is this any advantage over

cellular telephones? Well, it
depends what you want. A cellular
telephone in every one of your
company’s fleet of cars will give you
every bit as good inter-staff com-
munications of course. Nobody’s
denying that. What it will also give
you, however, is an extremely large
telephone bill. With cellular tele-
phones, as well as phoning the
office your staff can phone home,
phone the bookies, phone the take-
away, phone the boyfriend/
girlfriend, phone Auntie Ethel in
Australia and Uncle Tom Cobbley
and all. If you don’t think that’s true
of your staff, some research under-
taken by Philips has shown the
average customer call charge is
over £500 per annum — and do you

have any real reason to believe
vour staff are better than average?

PMR means that staff can only
call each other if you are in aclosed
user group, or base, PMR gives a
different style of mobile com-
munications, which is more suited
to some needs than cellular radio.

Out Of The Frying Pan . . .
Talking of cellular telephones, the

first offspring of the second-
generation of cellphones (that is
pan-European digital cellular
devices) look set to be up and
running shortly. The ECR 900
consortium of by AEG, Alcatel and
Nokia — three big European names
in cellular equipment — has hinted
that orders will probably be placed
by the end of 1988 across the
continent, including UK.

The system is scheduled for
start-up by the early part of the next
decade and will allow mobile users
to roam anywhere in Europe, still
able to make and receive calls. The
digital aspect of the system will
mean higher speech quality, good
data communications facilities,
greater air space and (sol am led to
believe) lower cost. [ will wait to
have this latter feature qualified.

Bug Of

The UK’s first prosecution for
industrial espionage phone bugging
occurred a little while back. With-
out going into too much detail,
Dixon’s, the high street retail
organisation, hired a private
detective to spy on former
employees who left to go to work
for rival firm, Comet. The private
detective did what, I suspect, most
private detectives would do in the
circumstances and bugged their
private phones. Unfortunately for
him, he got caught and is now
serving his time to prove it.

Industrial espionage aside, which
can and does occur, the case has
caused concern at the Home
Office. The judge stated that
although the tapping of telephone
lines is against the law, there seems
to be no Act which makes listening
in to cellular telephone conversa-
tions illegal. He is also reported to
have said that companies were per-
fectly entitled to engage in indus-
trial espionage — including elec-
tronic eavesdropping — as long as
phone lines aren’t tapped in the
process!

One presumes the judge knows
his law. I imagine the department at
the Home Office which looks after
this is now in a bit of a tiz.

Keith Brindley
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The Breath Rate Meter display board




EEG Monitor (September 1987)

In Fig.3a the pins of IC1 connected to the
power rails are shown swapped around. In
Fig.4a R7 is unlabelled and is between C3
and C86. In Fig.5 C20 should be £10 and R18
is unlabelled. It lies between R17 and R19.

ETl Concept (October 1987)

The Power Board parts list wrongly lists R6 as
270R. This should be 270k. Also, note that the
power board’s 0V rail must not be connected
to Earth or the 0V rail of the CPU board.

Printer Buffer (November 1987)

The software for the EPROM had three
errors listed. The byte at 039A should read
20, at 039B 14 and at 0492 30. All numbers
are in Hex.

Dream Machine (December 1987)
The transistors used in this project are
ST1702. BC108s can be substituted.

Heating Management System
(December 1987)

A 4116 is not a suitable alternative to the 6116
specified. A 4016 RAM chip will suffice. In Fig. 1
the junction of R1/D5 should connect to
D1-4/C1 and not cross. The zener diodes above
the temperature sensor ICs (IC16-19) should be
deleted. C4 should be 220n and not 220u. C7-10
should be 10p. Q2-7 should be 2N3904 and not
BC3904.

RGB Auto-Dissolve (January 1988)

In Fig. 5 there are marked two D6's. The
right hand one should be D5 (they are both
1N4148’s anyway). In the text the reference
1o zener diode D5 should read zener diode
ZD1.

PASSIVE INFRA-RED ALARM

(January 1988)

Fig. 2(a) shows the base of Q1 connected to
ground and to R14. It should be connected
only to R14,

Clean Up Campaign (January 1988)

In the component overlay (Fig. 3) ZD1 is
incorrectly orientated. The positive terminal
should be the southern end.

Transistor Tester (February 1988)
The foil pattern for the main board was printed
reversed left-right on the foil pages.

Spectrum Co-processor (March 1988)
Mogul Electronics, given in the Buylines as
suppliers of the RAM chips, have moved to: Uniz
11, Vestry Estate, Sevenoaks TN14 5EU. Tel:
(0732) 741841.

Dynamic Noise Reduction (May 1988)
The LM1894 is no longer available from th
sources listed but it can be obtained ¢
the author. Please address orders to Manu
Mehra, 88 Gleneagle Road, Streatham. |
London SW16 6AF.

QL Outport Port (Tech Tips May 1288)
Several problems with the dlagrar* b
one. A5 should read AS — that is

sirobe. Pins 22 and 24 shou’zc
nected to +5V and the junction of th X
resistor and diode connected 1o VPA on

e QL.
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ETI PCB

E8804-1 Spectrum Co-processor Interface

E8806-2 Universal bar graph panel meter ........ K

E8807-1 Bar Code Lock (2 bdS) wvvvvvvvcveieeeieciieneee N msimesss
E8807-2 Analogue Computer Power Board
E8807-3 Beli Boy
E8807-4 1st Ciass Logic Probe
E8807-5 Updated FM stereo decoder
E8807-6 Breatf Rate display board

cmpiete list of all boards (back to ETI 1981} is
available on receipt of a large SAE.

TO: ETI READERS’ SERVICES DEPARTMENT
| Argus Specialist Publications Ltd,
9 Hall Road, Hemel Hempstead,
| Herts HP2 7BH

(SRR |2es e o ooz e Brm b aBhaRE N ...
E8804-2 Combo-lock ... (= Stboonono0c
E8804-3 Kitchen Timer .............cccoeeviieeeeieene. S
E8805-1 Virtuoso 2UPSU __..........ooeeviiiiiiiiennn, M ...
E8805-2 Virtucso3UPSU .............cooviiee, N ez
E8805-3 Bicycle Speedometer ..............ccceuee.. P ey
E8805-4 Dynamic Noise Reduction ................. B
EB806-1 Universal digit panel meter .............. | Socongansans

E8806-3 Virtuoso power amp board ................. N s

E8806-4 Virtuoso AOT board ............cceevveeeeennn, (G
E8806-5 Metal detector ........oo.ovvvvieeeeeeeeenn, E.ooovo...
E8806-6 Bicycle dvnamo backup ............cc.ceun... D)o moeohmses

SERVICE

| Please supply:

| No. requiredBoard reference Price Price each Total for
I per type number letter board type
E - £ p £ o]
E - A p £ p
E - £ p £ p
E - £ p £ p
POSTAGE & PACKING £ 0.75p
TOTAL ENCLOSED £ p

ORDER TO BE SENT TO: (BLOCK CAPS PLEASE)

I Postcode

I (Make cheques payable to ASP Ltd)

l ACCESS and VISA credit card orders can be taken on (0442) 41221

(office hours only).
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FREE READERS’ ADS

Buy, sell or exchange through our free service to readers

WILL EXCHANGE your components, publications with
photographs, recordings, craftwork or whatever you
require from Nigeria. Bala Turundu, Box 29, Kaduna,
Nigeria.

C64 MUSIC SOFTWARE, music studio, system, maker
and electrosound. £4 each. Sound sampler hardware £15.
90 Western Avenue, Bentley, Walsall.

WANTED working TV sound tuner, preferably battery
powered. Made up or kit acceptable. Phone (0969) 22598.
HEWLETT PACKARD programmable calculator.
Excellent condition, manuals, case. Serious offers please.
Tel: (0209) 216874,

WANTED instructions for Midland Ross Cambion units
used on BBC micro. Mrs Doris, 212 Stubley Lane,
Dronfield, Sheffield, S18 5YP.

OAP needs chart-recorder. Repairable would do. Tel:
Truro (0872) 573574.

WANTED non-working BBC computer for spares and
processor board from Oric MCP40 printer/plotter. Tel:
Leeds (0532) 866897.

ALTOBASS meaty audio amplifiers. KT88 push-pull
output. Secondhand, used. Four available. Tel: Charlie
(0909) 733680. £20. Each ONO.

300W PROFESSIONAL POWER AMP MOSFET
CP600 £295. Stereo 15 band graphic equaliser £150. Tel:
(0743) 240226 after 7.00pm.

BBC B OS 1.2 100K disk, Wordwise+, Replay, Acorn DFS
£240. Phone 061-973 1894 after 6pm.

SUPERTESTER MULTIMETER AC/DC volts/amps,
ohms/low ohms, reactance, capacitance, etc. Top make,
1% accuracy with case, leads, instructions only £16.50 incl.
p&p. (0532) 662798.

LASERS 10mW Spirographic with control desk as new
£550. 1.0mW sound scanner £150. 23 Middle Street,
Worcester (0905) 29690 after 6pm.

48K SPECTRUM Saga Elite keyboard, UTX5000, micro-
drive, 1VT1 faulty Opus disc drive, Fullerbox, ZX printer
Cheetah RAT uSpeech, joystick £300. Mike 01-387 1224.

LIGHTS FANTASTIC. Z248 D10 firing modules £3 each.
Goodmans 12in 8 ohm speaker units pair £20. FAL 3
channel sound-light unit £10. Tel: Windsor (0753) 860889.
WANTED: TANDY TRS-80 pocket computer printer zip
case. Reasonable price paid for reasonable condition. Tel:
061-973 3559.

120mm FANS, 240V, slightly used, 4 off, £6 each or £20 the
lot. Phone (0543) 491867 (North Lichfield).

CLEARING WORKSHOP. Computers, drives,
terminals, printers, PSU’s. Allunder £30. Ring (0626) 852310
(Chudleigh) after 6 or weekends for details.

WANTED central electronics transmitters multiphase
100V working or damaged for use in restoration of damaged
museum moded. Phone Bashford 01-377 3301.

GOT A DEAD SCOPE? I'm looking for an old timebase
unit to adapt my X-Y display. Phone Nick on 041-339 1575.
ENTERPRISE USER GROUP WANTED. Also con-
structional projects, books, technical information, software.
Publish here your address. I'll contact from Spain.
SANYO 555 video board for IBM compatability (Lotus,
etc) with software. Unused. £60. Tel: 031-449 6104.
OSCILLOSCOPE Advance 0S240 dual trace. Probe,
service manual. £150. Quantity service manuals, computer,
video, TV, hi-fi as new condition. £100. Tel: 01-897 9603.
WANTED urgently. In VGC, Redditch Electronics RE-350
PO ready built. Phone Alan Hall on 041-423 1001 after 6pm.
;‘gEgLLER de-soldering station wanted. Phone Mark 01-761
WANTED any technical data referring to interfacing of
Oric Atmos computer. Jonathan Rogers, 49 Algarth Rise,
Pocklington YO4 2HX (0759) 305080.

WANTED ETI December 1985 and January 1986. Please
phone Reading (0734) 415061.

POCKET COMPUTER: Casio PB-110 with printer,
cassette interface, expansion module tape recorder, soft-
ware case, paper manuals. New condition £150 ono (0734)
730874.

I WANT TO correspond with someone about practical and
digital electronic. Contact Hasan Ozer, 100 Yil Sitesi, 14615,
Bulgat, Ankara, Turkey.

SONY PORTABLE B&W VIDEO equipment plus small
studio 200M camera and videos with monitor plus all
manuals. £200. Tel: (0252) 621505.

ADVANCE 86B IBM compatible, 2 floppies, 256K
memory, latest EPROMS, software and manuals. £275.
ONO. Tel: 01-949 7426.

SIGNAL GENERATOR. (Wayne Kerr Laboratories)
model CT53. Expensive, ex-government instrument, work-
ing OK. Bargain at £15. No manual. 031-229 0067.

90 MINS TIMER Midgley Harmer Ltd. Mechanical-
electrical. 250V. 50Hz. Single-pole 18 amps. New £4.50.
Priestley, 6 Lynden Avenue, Shipley, W. Yorks BD18 1HF.
(0274) 593382.

WANTED VERY EARLY TRANSISTORS in any condi-
tions. Types and prices on request. Andrew Wylie, 5
Lyncroft Gardens, London, NW6 1LB.
OSCILLOSCOPE, CROTECH 3132 dual type trace
20MHz, with probes, manual, etc. Condition as new. £180.
Tel: Bristol 631382.

of /===

N

CONDITIONS

® These ads are only for ETI readers not engaged in buying or selling the same items or services
on a commercial basis.

® Ads will be inserted as and when space permits. insertion in a specific issue cannot he
guaranteed.

® ETI reserves the right to alter or refuse ads whenever this is judged necessary,

® All ads are accepted in good faith. Neither the magazine nor its publishers can be held
responsible for any errors in the reproduction of ads, nor for untruths or misrepresentations,
nor for the activities of advertisers or respondents.

® Advertisers submitting ads for this section shall be deemed to have accepted these
canditions,

F---_------_-—---_—-_-

Ads should be 20 words or less including the address and/or telephone
number. Please write in black block capitals or type in the grid provided
on this form or a photocopy. \

Send the form to:

FREE READERS’ ADS
Electronics Today International
1 Golden Square

London WIR 3AB

Enter your advertisement below di
—-----------——-—--—--
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ELECTRONICS

01-437 0699 Ext 291
Send your requirements to:

Heather Wust, ETI Classified Department,
ASP Ltd.. 1 Golden Square, London W1R 3AB.

Lineage: 44p (VAT excl) per word (minimum 15 words)
Semi Display: (minimum 2 cms)
£12.20 per single column centimetre + VAT
ng for informatien on series bookings/discounts -
vartisement rates.

o L

0O City & Guilds
Exam 271
O Radio Amateur
Licence
O Micro-
processor
O introduction to
Television

NAME

Radio & Telecommunications Correspondence Schooi
12, Moor View Drive, Teignmouth, Devon. TQ14 SUN

COMPONENTS AND EQUIPMENT

PROMs - EPROMs - PALs
ANY PROGRAMMABLE IC SUPPLIED
OR BLOWN
Typical prices (exciuding VAT)
{Data Entry P&P extra)

2716 £4.20 .. ... T 80 2 2732 £3.85
76T 1B S I N e 27128 £4.40
BIPOLAR PROMSs from £1.35
e.g. 825123, 188030, 745288
PALs, PLDs etc. from £3.26
e.g. 825153, 16L8, EP310
Full design and prototyping service

Audio Mixer Kits sumame =r
Studios, broadcast ="t
copying, churonss WK 5= s
Prices from ommw £3 22
Send 18z for cmaingue
K. Tek, P.O. Box T7ZA. Surmmemr
Surrey KT6 6HN. Tax 27 -3I3= 233

Sismne

Any quantity programmed - SAE or
phone for details.
P.L.5., 16 Central Road,

Worcesler Park, Surrey, KT4 BHZ.
Phone: 01-330 6540

FROMDINKY T&WEZ7225 T2 MASEN T
WOOFER

THEY ARE &__

1

L

Have you planned lLLUQSJii’:- =
your Autumn ACCESSO= 52 ==
advertising? ONLY TSz
Ring Heather e i
Wust Today STRACHAN ELECTROMICS (ETC)
01-437 0699 9 Croali Place Edimmurzr EH7 4LT,

P - ction must be prepaid
TODAY INTERNATIONAL E —_— ove ted subject to the terms and
comditnes printed o e advertisement rate car (ayailable on request)
Start training now for the following _HAKE YOL:R tlhh:-l;ER E? -I:vs-ﬁﬁAwlYII' An ICS
courses. Send for our brochure — S v s e O o) o oAy Tooref ot o
without obligation or Telephone us on 1 Ac"’.-f:L‘_LT%L&"LT;:%E?&U‘. o b
REF: ETI/6/88 06267 79398 = ' 4 '

! e 1 | Radio, Audio \
' - " | and TV Servicing (W]
' Radle Amateur Licence l
v & Guilds) 1 | Exam (City & Gullds) ]
I sring 0 | Car Mechanles (] l
s cegracting/ o Computer
I g L1 | Programming O
GCE =.2- 400 2nd ‘A level subjects ] I
I Name — l
Address P.Code
l Ineermaional Correspandence Schoats. 312/314 ngl-. St Surtmn Surrey §M| PR ,
Tol: 01643 5568 or 041-221 2926 (24 hry ) Dopr EASSE
— — — — — — E—— G e w—— S— L

SWITCHES SURVEILLANCE

SWITCHES casy 1o, folow ai ESKAN
ELECTRONICS

27zms and uses only £1.00. Com-
LEADING MANUFACTURERS

cco=nis and P.CB's available:
Herrington, 63 Home Farm Rd,
AND SUPPLIERS OF
SURVEILLANCE AND

Hanwell, London W7 1NL.
SECURITY EQUIPMENT.

PLANS
MINIATURE TRANSMITTERS,

ELECTRONIC PLANS, laser
TELEPHONE MONITORING

Zesigns, solar and wind
generators, high voltage tesias,

surveillance devices, EQUIPMENT, AND MANY

pyrotechnics and computer OTHERS

graphics tablet. 150 projects. ’

;;ar ctataggtnjg. i Ei,ﬁ‘«EU to Send stamped addressed
ancentre Publications, Unit 7,

Old Wharf Industrial  Estate, FaKEton e,foryour.ﬁee

Dymock Road, Ledbury, catalogue to:

Herefordshire, HR8 2HS.

ALARMS

172 Caledonian Road,
London N1 0SG.

Telephone

mri] 01-278-1768 e

Min. toggle switch, on/off ..........

1 80p
Min. toggle switch, single pole, changeaver 69p
Min. toggle switch, as above with centre of 75p
Min. toggle switch, double pole, chang 80p
Min. toggle switch, as above with centre oF BSp
Slide switch, double pole, changeovar 25p
Slide switch, as above with centre off 29p
LED’s, 3 or 5mm, red, green or amber y= o 10p
Bulb, 12V, 3mm, red, green, amber or cisar 22p

Resistars, 0.25 watt, 5% E12 series 2p
DIN plug or socket; 5, 6 or 7 pin ....... -

25 way% plug, socket or shell ..... . 53
* Prices include VAT, add 25p P&P if under £2 Chsgues sevama = T-svssms Ltd, %
T-systems Ltd.

The Signal Cabin, 61 High Street, Orpimgtse. Kent BR6 OJF

% ACCESS Card sales accepizz om Tz 525 1173 »

Trade Enquiries Weocome

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&p £3
Video Haads (Grundig 2 = 4 Super) with
head assembly £28 p&p £2 each
2 x 4 Super Panet 595 = DTF. Servo,
Video, Croma_ S n. Mater-Board,
Modulates & Tune
Remote Contros .
suitable for use with
Philios, Sony

NEIGHBOURHOOD WATCH
BURGLAR ALARM D.L.Y. KIT

will offer a professional
system at a DIY price
Ham mini beam 10, 15, 20
metres, Parts integrated
circuits, transistors, diodes,
valves, resistors, etc.
Service Manual and parts for
Spectrum and Amstrad

Send a 8" x 5” SAE for list.

M.J. SEAWARD
(Mail Order)
Dept. (ET), St. Olafs Road,
Stratton, Nr. Bude, Cornwall.

Ferguson, JVC,
Grundig, AU
... £19.95 each p&p £1
SURPLUS STOCK WANTED
Stan Willets (ETI), 37 High St.,

Telephone: 0288 4892 W. Bromwich, W. Midlands B70 6PB.

Tel: 021 663 0186




RETAIL TLETS SPECIAL OFFERS

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street
47 Whitechapel.

Tel: 051 236 0154
Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS’

Open: Tues-Sat 9.30-5.30

0.E.M.’s Clearing B.S. 9,000
quality parts, examples:

LED’s axial green ... 5p
bmm bkl s T P
Surface mount, 3 colour . 18p
DMOS transistors RFP 15NO5L £1.00

6L S £1.25
MJ10012 10a 500v Darllnglon £2.,50

LM324 25p
For surface mount and ordmary ICEs 'trans- lnrmers
switches, you name it, our free catalogue has it

Tel: Galvaroy Ltd. 0241 70172

cnl Ill:TID\IICE 110 I on
0

FOR COMPONENTS
LOTS OF NEW DEVISES
LOTS OF LOWER PRICES
Phaone for our catalogue:
01 452 0161/450 0995 Telex: 914 977

- BV P SO I - OMPF M

40 Cricklewood Broadway,
London NW2 3ET.

SOUTH COAST

Classified advertising
could work for you.
Ring Heather Wust

Today to discuss
your plans.

TYNE AND WEAR

ELECTRONIC COMPONENTS AND KITS

el

STATION ROAD, CULLERCOATS,
NORTH SHIELDS, TYNE & WEAR NE30 4PQ
091 251 4363
New 1988 Catalogue now MON-SAT 9.30 to 5.30
avallable £1.85 incl p&p.

- B PSSO TJ - OMME M

CLOSED THURS.

KITS
PCB’S

Lgbcemceh

lec ronic

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, BDS 4JT.
Tel: 0274 542868

BOOKS

CIRCUIT DIAGRAMS
Most Makes, Models, Types, Audio, Music
Systems, Colour, Mono Televisions,
Amateur Radio, Test Equipment, Vintage

etc. £3.50 plus LSAE
State Make/Model/Type with order
Full Workshop Manual prices on
request with LSAE.
MAURITRON (ETI),
8 Cherry Tree Road, Chinnor,
Oxfordshire, OX9 4QY.

PRINTED CIRCUIT BOARDS At
very competitive rates: 4 pence
per square centimete (less for
orders of 10 plus) 1 offs; 100 offs.

Enquiries: Watling Wires, 52
Watling  Street, Nuneaton,
Warwickshire, CV11 6JL.

Telephone (0203) 382296.

PCB’'S; ARTWORK; Single/Double
sided, one off or multiples; driiled,
tinplated. Also Avo repairs, Profes-
sional quality; competitive rates.
SAE for details,
Dene Electronic Services,
17 Coniston Avenue, West
Jesmond, Newcastie NE2 3EY.

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre Cedar Electronics,
Unit 12, Station Drive, Bredon,
Tewkesbury, Glos. Tel. 0684
TSilei

TO ADVERTISE
CALL HEATHER WUST
ON 01-437 0699

64

SUMMERTIME GIVEAWAY . ..

100 piece assortment +
datapack . . . resistors, presets &
wirewounds RETURN

ADVERT + 50p COIN (P&P) . . .
to KIA-8, Cunliffe Road, llkley
LS29, 10-30 & 60 watt amplifiers
£5.

J.P.G. ELECTRONICS
Resistors 4w 5% carbon E12 1T 1% metal fm E243P)
Resislor Pack 85 different E12 vaives plus ohm link,
(otal content of resistor 1,000 £8.95
LED's Red/Green 3/5mm 6p each; Yellow' 11p each
Cable Ties 76mm 1p ea. £6.95/1,000; £49.50/10,000
Power Transistors T/T 35C, TIP36C 100V, 25A TOP3,
Plastic case _.......... £1.56 each
100db Plezo Buzzer _ £1 50; Standard Buzzer 80p
Solar Cells 045v 100mA | £148; 700mA . £3.5
Stepping motor 4 phase 12v 7.5 step 50chms £B 95
Saa 1027 Stepping molor drive chip .

Miniature small Transistor kils 100-108M hlgh quallly
sound ideal for cordless microphones orgultars etc £7.48
Metal Latch Key XLR line plug ... ..o £1.35;
Line Socket £148
Ferric Chloride pack for mmng with % litre water £1.40
Flux cord solder 5 reel £4 95
Automatic Squeeze action wire stripper £3 45
SPECIAL OFFERS
Computer grade capacitors with screw terminals
58,000 of 60v £4; 47,000 of 63v £1 50; 38,000 of 20v
£1.95; 87.000 of 10v £1 50
Stereo LW/MW/FM tuner, pre-amp complete with
volume/tone control and tuning scale Brand new in
makers box £5 95; Faulty £1 95
Circuit diagram, description and setting up procedure
for tuner assemble described above 50p
LCD display 16 digit 7x5 dots matrix .. £2,50
Qwerty keyboard 58 key uncased good quality switches £5
CMOS TTL 74 MC 74F linear transislor kits, capacitors,
resistors, tools etc_always in stock
Please add 75p +o. per order VAT inc.
J.P.G. ELECTRONICS, 276 Chateworth Road,
Chasterfisld 540 2BH. Callers welcome

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.

VAI.VES TRANS_ISTURS IC’S

ality
.,L:uwwm-
= elcome
* For quolation contact
Martin Billington
B[LLINL\TON VALVES
ik RH13 6LS
04I’I3 bE‘lDBE
ax: 0403 210108
Telex: 87271

39 Hights

ELECTRONICS
TECHNICIAN

We are a small telecommunications
company looking for a self-motivated
person who can utilise their initiative
in a variety of interesting work
Formal qualifications are desirable,
however all candidates in the age
22-30 with good knowledge of
electronics and experience will be
considered. The position offers a good
salary and all usual benefits.
Contact: M.C. Biggs

Access orders (0246) 211202

Micro Transmitter Kit .
Long Range, Tuneable 80-
Microphone
Telephone Monitor Kit .......... £14.95
Automatically records all incoming and outgoing
calls, connects between telephone line and
cassette recorder, {Not BT approved)

Please add 50p p&p per order.

Cheques/PQ’s to:
QUANTEK ELECTRONICS LTD.
{Dept, ETI), Theatre House,
45A Station Road, Northfield,

Birmingham B31 3TE.

WANTED

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 5688844

IDEAS/INVENTIONSwanted
Call 1,.S.C. 01 434 1272 or write,
Dept ASP 99 Regent St, London
W1

on 0322 441933

FOR SALE

S.H. COMPONENTS presents
18 pages of very competitive-
ly priced semi-conductors,
switches, optoelectronics, etc.
plus sample, send 85p to: 17
Beeley Road, Grimsby, S.
Humberside.

THE SCIENTIFIC WIRE COMPANY
811 Forest Road, London E17.
Telephone 01-531 1568
ENAMELLED COPPER WIRE
SWG 1lb Boz 40z 202
Bto 34 363 209 1.10 088
351039 382 231 127 093
401043 600 320 225 161
441047 867 580 349 275
48 1596 958 6.38 369
SILVER PLATED COPPER WIRE
141030 1010 520 293 197
TINNED COPPER WIRE
1410 30 397 24 139 084
Post Free Please add VAT at 15%
Orders under £3 00 add 50p
SAE far list of copper and resistance wire
Dealer enquiries welcome

ADVERTISERS
PLEASE NOTE
THAT ADVERTISING
RATES ARE SUBJECT
TO REVIEW FROM
THE SEPTEMBER
ISSUE.
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ELECTRONICS TODAY INTERNATIONAL, CLASSIFIED ADVERTISEMENT
IDEP#HTMENT. No. 1 GOLDEN SQUARE, LONDON W1R 3AB.

Rates: Lineage 51p per word (VAT inclusive) minimum £7.65
semi-display £12.20 per single column cm. No reimbursements
for cancellations. All ads must be pre-paid.
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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

(Complete record and replay sircuits for very high quality low
noise steren cassette recorder, Circulls are optimised for our
HS16 Super Quality Sendust Alloy Head. Switghed bias and
equalisation to cater for chrome and lerric tapes. Very sasy (o
assemble on plug-in PCBs. Complete with full instructions

Complete Stereo Record/Play Kit _,........... ... £33.70
VU Meters to suit ............... ¢ : £2,30 each
Reprints of original Articles .. . .... 75p no VAT
860X Stereo Mic Amplifier.................... ... ..£8.70

LINSLEY HOOD 300 SERIES AMPLIFIER KITS

Superb integrated amplifier kits derived from John Linsley-
Hoods articles in ‘HiFi News'.
Ultra easy assembly and set-up with sound quality to plaase
the most discerning listaner. Idaal basis for any damestic
sound system f quality matters to you. Buy Lhe kit complete
and save pounds off tha individual component price.

K300-35. 35 Watt. Discount price for Complete Kit . £98.79
K300-45. 45 Watt. Discount price for Complete Kit £102.36
RLH48&5. Reprints of Original Articles from ‘Hi-Fi News'

v .....£1.05 no VAT

LINSLEY-HOOD SUPER HIGH QUALITY 2M M TUNER
SYSTEM

Our very latest kit for
sound and an exotic
Linsley-Hood A com
tuner and stero dec
TODAY INTERNATIONAL"
receiver described in
cased to match <
features in the FM
front-end. phase |
down to DC ancd
together make a 1
the high-pricec
remains easy
selectable bancw
Long and Meg
of split proc
listening ther
are seleclec
tuner is n2
value for m
availabie w
model w
our fulls

m for reel-1o-
uality with &

are ideal for
e

win I\:ie!er
....... £6567
£1.30 no VAT

i |
HIGH QUALITY REPLACEMENT
CASSETTE HEADS

‘=14

/&3

Do your tapes lack treble? A worn head could be the problam
Fitting one of our replacement heads could restore perform-
anca to betfer than new! Standard mountings make fitting
easy and our TC1 Tes! Cassette helps you sat the azimuth
spot-on. We.are the actual importers which means yau getthe
oenefit of lower prices for prime pars, Compare s with other
suppliers and sea! The following is a hst of our most popular
heads, sl are suitable for use on Dolby machines and are ex-
stock

HC20 Permalloy Stereo Head. THis is the standard head fitted
as original aquipment on most decks ..., ., ... .
HS516 Sendust Alloy Super Head. The best head wa can find
Longer life than Permailoy, higher output than Farrite, tan-
tastic frequency response . . . . Pyt e £14.86
HQ551 4-Track Head lor autn-reversa or quadrophanic use
Full specitication record and playback head , . £14.60
HX100 Stereo Permalloy R/P head Special Offer £2.49

MA481 2/2 Language Lab R/FP head . ... ....... £13.35
SM166 2/2 Erase Head. Standard mounting.
AR oo i e fatias Al A RN £8.85
SM150 2/2 Erase Head. DC Type ..., ..... £3.60

HQ7STE 4/4 Erase Head for Portastudio eto. ... £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 fo set up VU level,
head azimuth angd tape speed (nvaluable when fitting new
heads. Only £4.66 plus VAT and 50p postage.

Tape Head De-magnetiser. Handy size mains operated unjt
prevents build up of rasidual head magnetisation causing
noise on playback .................... ... L £4.54
Curved Pole Type for inaccassible heads

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

Please add pari cost of post, p g and | as /i

INLAND 'DVERSEAS
Orders up 1o £10 - 50p Pleasae send sufficient to cover
Orders £10 to £49 - £1

Surface or Air Post as
Orders over £50 - £1.50 requirad

Personal callers are always very welcome tw:
‘ please note that we are closed all day Satursay

JULY 1988

24hr SALES LINE
(0691) 652894

. ALL PRICES EXCLUDE VAT
UNLESS STATED
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THE BENCHMARK BOOK COMPANY

KEY TECHNIQUES FOR CIRCUIT DESIGN
G CLOVEDAY

A new book on the design of electronic hardware. The first in a
unique series. Provides a sound introduction to this vital subject,
dealing with the various stages of the design cycle from the initial
target specification through to the final prototype. Covers concepts
such as derating, testability, device selection (discretes and 1Cs) and
the use of ‘rules-of-thumb’ etc.

Essentially non-mathematical with numerous worked design
examples and reader exercises — all with model solutions.

A must for anyone wishing to do their own electronic design.
ISBN 1 871047 00 5 Pbk 128pp price £6.95 + 60p p&p.
Order a copy from your local bookseller or direct from us:
THE BENCHMARK BOOK COMPANY

59 Waylands, Swanley, Kent BR8 8TN

TP QUALITY NEW FROM SAGE AUDIO

ICAL 4

FOR, CE 8

COMPONENTS ( 100W 5unw) PERFORMAN :
50V to £75V b

4

4

Following the success of the original SUPERMOS we now launch a higher
powered version with many new exclusive sound improvements not available
on any other amplifier, kit, board, module, or ready made.

FEATURES:-

o Highly efficient distortionless PURE CLASS A
throughout {low heat generation)

‘® Top audiophile components inc. best SMD's

o Exclusively made matched custom semiconductors,

© Minimal capacitor design (without DC servos)

# PSU sound colouration eliminated

® Advanced PSU feedforward ripple elimination includi
internally separately regulated voltage AND current {
ALL stages using SAGE Super-Supply circuitry

9 Total reactance (difficult speaker) drive capabie

SIZE 240 % 100 x 100mm

THD 0.0001%, Slewrate 685/us, f-3bd 0.5Hz-350kHz, O/P Current 80amps,
Damping factor 940, transient power {20hms) upto 1800W max.

PLU S By innovative technical design we have eliminated 5 individual sound colouration components
found in all other conventional amplifiers.

ELIMINATED - 1) Emitter resistors 2) Zobel networks 3) HF pole compensation 4) Fixed bias
VYbe multiplier and temp gen distortions 5} Capacitor sound.

AND THERES MORE ... Sage exclusive CLEAN CLIPPING (not to be confused with soft
clipping) liminates PSU ripgle from reaching the output even when severely clipped, this together with
individual ragulated supplies to all stages {Super-supplies) TOTALLY eliminates PSU component sound
colourations, (A World first!)

e AR T

COMING SOON The SAGE “ACTIVE PI MODE" CLASS A preamp, THE
definitive match to the SUPERMOS power amplifiers.

AND THERE'S MORE . . . Wacon'tpossibly descibe this amp fully in this ad, to

raceive & full size B page glossy brochure giving full details including active class A information end £1
cheque, PO or coin plus 2 26p SAE |Overseas send BIRC's) SUPERMOS 2 modules £140 (PRP £2).

THE ORIGINAL SUPERMOS MODULES 50-150W £65 plus (£1.50 P&P)
Hardware, cases, PSU components/capacitors, gold plated plugs/ sockets atc. now available

Wendy (Sales Dept.), Construction House,

Whitley

Street, Bingley, W, Yorks, BD16 4JH England,

S :.I
HIGHEST POSSIBLE :
Ll

Tel: (0274) 568647, TIx: 517783, Fax; (02741551065

The second part of this once-in-a-lifetime competition is a ‘Spot-
the-satellite’ puzzle. Study the picture below and mark with a
cross your estimate of the exact position of the missing satellite’s
transponder aerial. Of course, the satellite is a little lower in this
picture than it would normally be! Mark just one cross then cut out

the whole coupon and send it stapled to last month’s coupon to:
ETI Reach For The Sky Competition, 1 Golden Square, London
WI1R 3AB.

Readers who missed part one of this competition can obtain a valid
part 1 coupon by sending a SAE to ETI at this address.

ETI JULY 1988




‘REACH FOR THE SKY

See for yourself what all the fuss
isaboutin the electronics world.
Enter the ETI Reach For The Sky
competition and the lucky
winner will be able to pick up
multi-channel  entertainment,
news and sport on their existing
TV set.

Satellite TV is here now.
Umpteen channels are broad-
cast everyday from a growing
number of satellites positioned
high above the Earth’s equator.
Even as you read this more
satellites and more channels are
planned. Everything you need to
tap into these broadcasts (in
addition to your conventional
TV) can be won in this chance of
a lifetime competition.

The Prize-

We've joined forces with Pace
—one of the big new names in
satellite TV systems — and estab-
lished dish manufacturer Vivor
to offer a complete system of:

® Pace SR640 satellite receiver.
A superb piece of equipment
capable of receiving all
current channels, with infra-
red remote control and full
39 channel memory

@ Vivor high performance
90cm dish antenna and
mount

® Ultra low noise LNB

® |RTE Paris low degradation
magnetic polarotor

® Accurate dish actuator to
move from one satellite to
another

@ 30m of connecting cable and
the necessary connectors to
enable the whole system to
be set up with nothing more
than common handtools

® |nstallation and operating
instructions

Ifyou haven'talready read details
of the Pace SR640 receiver (see
ETI April 1988) you'll find its
specification amazing. This is
one of the few satellite receivers
which is truly easy to use. Yet it
maintains a performance which
excites even the most stick-in-
the-mud satellite engineer.

With single push button control,
you can alter the satellite,
channel, polarisation, skew, etc,
etc from the armchair in the
living room. Once you've
correctly installed your prize,

the receiver will automatically
tune in all aspects of pro-
grammes, movingthe antennato
point to up to 12 satellites,
adjusting the polarotor for the
best signal, powering the LNB
and all the other tasks with just
a single push of a button.

We've picked Vivor, a manu-
facturer of high quality antenna
dishes as the supplier of the dish
we're giving away. It's a 90cm
antenna complete with mount
andactuatortoenable ittoswing
across the satellite beltto pointat
any satellite up there, now or in
the future.

The two main parts of the system
are united with an LNB with a
noise figure of less than 1.6dB.
Coupled with the low degrada-
tion Paris polarotor, the systems
carrier-to-noise level is kept as
high as possible, enabling the
convenient smaller dish size to
be used but maintaining good
reception.

The Competition

The competition to win this top-
notch system is in two parts over
two issues of ETI. For Part One
you have to arrange a list of
features of a satellite TV system
in order of importance. Part Two
is the world’s first ever ‘spot the
satellite’ contest. This month’s
half of the competition is on the
page opposite.

1. All entries must be on the
published coupons or on photo-
copies accompanied by the
published tokens.

2. Entry is open to all UK
resident readers of ETl except
employees and their families of
Argus Specialist Publications,
Pace Micro Technology and
Vivor Satellite Systems.

3. All entries must be received
atthe ETI Editorial Offices by July
1st 1988.

4. The judges’ decision in all
matters is final.

5. All entrants to this com-
petition shall be deemed to have
accepted these rules.

NIMN

—p
=)
il
=<
£
OF
Z -
gl‘ﬁ

9 p)
42
™
Zz
-
2y

:
T
2
-
-
~




Gives audible alarm if machine moved or cassette ejected.
Full detailsin Project Book 24 {XA24B) Price 85p.

CE
ORDER

CODE
LM27E
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[C]HECK THOSE UNMARKED

capacitors with this versatile, low-cost,
piece of test equipment.
Full details in Project Book 23 (XA23A) Price 85p
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[PlowER
BREAKTHROUGH!

Asuperb 1kW Moset amplifier, a major new source in sound!
Full details in Project Book 26 (XA26D) Price 85p.
This project is made up from 4 kits.

M| OSFET AMPLIFIER

giving 150W of incredible
power! High reliability
and performance.

Full details
inBestofE & MM
(XHB1R) Price£1.00

T P RIFCE

ORDER
CODE
LWS51F

INJUCLEAR RADIATION

MONITOR .

capable of measuring
the level of Alpha and
Betaparticles, and Gamma
2. and X-Rays, Full details
In Project Baok 24
(XA248)

Price 85p.

All prices
include VAT.
Please add
50p towards

postage.

with 28 tunes
and chimes
with selectable
piano to organ
like sounds.
Note: case and
front panel not
inkit. For full
details see
Project Baok 13
(XA13P) Price 85p,

MORE
\ PROJECTS
{ INSIDE!

copy of our
piant512 page
catalogue from
WHSMITH

for just £1.60.

Shops at: © Sutton New Road, Erdington. Birmingham, © 302
Gloucester Road, Bristol, © 158-161 King Street, Hammersmith,
London. 18 Oxford Road. Manchester, £ 46-48 Bevols Valley
Road, Southampton. C) 282-284 Londan Road, Soulhend-on-Sea,

e




