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(el Dl T lB 3 fTe VTG U INTITSE]  THOUSANDS PURCHASED L R AT LV NI T oINS SUPPLIED READY BUILT AND TESTED.
HIGH POWER, TWO CHANNEL 19 INCH RACK BY PROFESSIONAL USERS These modules now enjoy a world-wide reputation for qualily, reliability and performance af a realistic price. Four
= N N ; - models are available 1o suil the needs of lhe prolessional and hobby market i.e. Induslry. Leisure Instrumental and Hi-Fi

etc, When comparing prices, NOTE thal all models include toroidal power supply, inlegrat heat sink_ glass fibre P.C B. and
drive circuits lo power a compalible Vu meler. All models are open and shor circuit prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watts
A.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 45V/u$,
T.H.D. typical 0.002%, Input Sensitivity 500mV. S.N.R.
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS.
T.H.D. typical 0.001%, Input Sensilivity 500mVY. S.N.R.
-110 dB. Size 300 x 155 x 100mm,

PRICE £64.35 + £4.00 P&P

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)
ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN

FEATURES: *independeni power supplies with two loroidal transformers % Twin L.E.D. Vu meters %
Level controls * llluminated on/off swilch % XLR connectors % Standard 775mV inpuls * Open and shorl circuit
proof * Latest Mos-Fets for siress free power delivery into virtually any load * High slew rate % Very low
distortion * Aluminium cases * MXF600 & MXF900 lan cooled with D.C. loudspeaker and lhermal prolection
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:- MXF200 W19 'xH3"2" (2U)xD11"
MXF400 W19 'xH5%." (3U)xD12"
MXF600 W19 'xH5%." (3U)xD13"
MXFI00 W19 'xH5%4" (3U)xD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL, £12,50 EACH

OMP VARISPEED TURNTABLE CHASSIS)

OMP/MF 300 Mos-Fet Oulpul power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate &0V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500m¥. S N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity S00m¥. S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

* Manual arm * Steel chassis % Electronic speed NOTE: MOSRET MODULES e Asai A BlE e el
control 33 & 45 R.P.M. * Vari pitch control * High STANDARD - INPUT SENS 500mV, BAND WIDTH 1m'55‘° i

torque servo driven DC motor * Transil screws % . i PEC (PROFESSIONAL EQUIPMENT COMPATIELE, - MFUT SENS
12" die cast platter * Neon sirobe % Calibrated . 775mV, BAND WIDTH S0KHz. ORDER STANDARD OR PEC.
balance weight * Removable head shell & "
cartridge lixings * Cue leverx 220/240V 50/60Hz
* 390x305mm » Supplied with mounting cut-out
template,

PRICE £61.30 + £3.70 P&P

OPTIONAL MAGNETIC CARTRIDGE STANTON AL500mk GOLDRING G950
1 5 + 50P P&P PRICE £7.15 + 50P P&P

STEREO DISCO MIXER DJ6500 * WITH ECHO %

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers with bar graph
LED Vu meters,. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with tone control
& talk-over switch, 7 Channels with
individual faders plus cross fade, Cue
Headphone Monitor. Useful combination of
the following inputs:- 3 turntables (mag), 3

Vu METER Compalible with our lour amplifiers detailed above A very accurate
visual display employing 11 L.E.D.s (7 green, 4 red) plus an acgit-onal on/oft
indicator. Sophisticaled fogic control for very last rise and decas =—es Tough
moulded plastic case, with acrylic linted fronl. Size 84 x 27 x 45mm—

PRICE £8.70 + 50p P&P

R E—— e
3 LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
o L AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER

GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.

P - From McKenzie Professional Series
- From McKenzie Studio Series

McKENZIE:- INSTRUMENTS, P.A., DISCO, ETC]

ALL McKENZIE UNITS 8 OHMS IMPEDANCE
8”100 WATT F C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO

mics, 5 Line for CD, Tape, Video etc. % - S : o RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 96dB. PRICE £31.45 - £2.00 P&P
. 10" 100wA'|'|'.C10-1 QOGP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MiD
Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm RES. FREQ. 72Hz, FREQ, RESP. TO 6KHz, SENSO7dB. PRICE £38.89 - £2.50 P&P
10" 200WATT [§/C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MIZ
PIEZO ELECTRIC TWEETERS - MOTOROLA RES_FREQ. 69H FREQ, RESP. TO 5KHz, SENS 97d8. PRICE £53.21 - £2.50 P&P
Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved | 12" 100WATT [P|C12-100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR. DISCO
Iransient response with a lower distortion level than ordinary dynamic iweeters, As a crossover is not required ff RES.FREQ. 49Hz, FREQ. RESP, TO 7KHz, SENS 98dB. PRICE £40.35 - £3.50 P&P
these unils can be added 1o exisling speaker systems of up 1o 100 watts (more if two are put in series. FREE j 12" 100OWATT [P C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P A_ vCiCE JISCO,
EXPLANATORY LEAFLEI‘S ARE SUPPLIED WITH EACH TWEETER. RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS 97dB, PRICE £41.39 - £3.50 P&P
TYPE ‘A’ (KSN1036A) 3" round with protective wire mesh. Ideal for ;gs 2&%‘3“&' %‘agozggsBpH!%Hsi?iweslsls\ggdgEYBOARDS pisco, PP‘:‘ ¢ an
' bookshell and medium sized Hi-Fi apeakers. Price £4.90 +~ 50p P&P. ; z IR L7 EnsoR
p 12 3oowxn'c1 2-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCC =72
TYPE ‘B’ (KSN1005A) 3':" super horn for general purpose speakers, RES. FREQ, 49Hz, FREQ, RESP. TO 7KHz, SENS 100dB, PRICE £95.66 - £3.50 P&P
disco and P.A. systems elc. Price £5.99 + 50p P&P. 15" 100WATT P C15-100BS BASS GUITAR, LOW FREQUENCY, P.A,, DISCO
TYPE ‘C' (KSN1016A) 2'x5" wide dispersion horn for quality Hi-Fi sys- RE?. FREQ, 40Hz, FREQ. RESP. TO 5KHz, SENS 98dB. PRICE £ 59.05 - £400 PAP
lems and quality discos etc, Price £6.99 + 50p P&P. 15" 200WATT P|C15-200BS VERY HIGH POWER BASS,
TYPE ‘D’ (KSN1025A) 2'x6” wide dispersion horn. Upper frequency Jj RES: FREQ. 40Hz, FREQ. RESP. TO 3KHz, sENsv?ggB. PRICE €680.57 - £4.00 P&P
response retained extending down to mid-range (2KHz). Suitable for high {IS2SOWATI/C1's-2 50BS)VEAMHIGHED BASS;
~ S . " M RES. FREQ. 39Hz, FREQ. RESP. TO 4KHz, SENS 99dB. PRICE £90.23 - £4.50 P&P
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 15" 400WATT § C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS
TYPE ‘E’ (KSN1038A) 3%:" horn tweeter with attractive silver finish lrim. | RES. FREQ. 40Hz, FREQ. RESP. TO 4 KHz, SENS 100dB, PRICE £105.46 - £4.50 P&P
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P. 18" SOOWATT § C18-500BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS
LEVEL CONTROL Combines, on a r ling plate, level control || RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz, SENS. 98dB, PRICE £174.97 - £5.50 P&P

and cabinet inpul jack socket. 85x85mm. Prlce 24 10 + 50p P&P. EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC]|

ALL EARBENDER UNITS 8 OHMS (Except EB8-50 & EB10-50 which are dual impedance tapped > 4 & & obwm
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR,

— =
(OMP LINNET LOUDSPEAKERS

RES. FREQ, 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PRICE EB 90 - £2.00 P&P
THE VERY BEST IN QUALITY AND VALUE 10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CA
RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE :13,55 - £2.50 P4P
Made especially to suit today’s need lor compactness with high output 10" 100WATT EB10-100 BASS, HI-FI, STUDIO,
sound levels, linished in hard wearing black vynide with protective RES. FREQ, 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. PRICE €30.39 - £€3.50 P&P
corners, grille and carrying handle Each unitincorporates a 12" driver 12" 100WATT EB12-100 BASS, STUDIO, HI-Fi, EXCELLENT DISCO.
plus high frequency horn for a full frequency range of 45Hz-20KHz. RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 - £3.50 P&P

Both models are 8 Ohm impedance. Size: H20" x W15" x D12,
CHOICE OF TWO MODELS

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5%." 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC,

RES. FREQ, 63Hz, FREQ, RESP, TO 20KHz, SENS 92dB. PRICE £9.99 ~ £1,50 P&P
62" 6OWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET RE RO e FRE ol T DS oK Sl oice Ny My
OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR 8" 6OWATT EB8-60TC (TWIN CONE) Hi-FI, MILTI-ARRAY DISCO ETC.
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR RES. FREQ. 40Hz, FREQ, RESP, TO 18KHz, SENS 89dB. PRICE £12.99 - £1.50 P&P
10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
SPECIALIST CARRIER DEL, £12.50 PER PAIR RES, FREQ. 35Hz, FREQ, RESP, TO 12KHz, SENS 98dB. PRICE £16.49 -~ £2.00 P&P

LRSS L el G PO L T |
b 150 WATTS (75 + 75) Stereo, 150w [JPROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE

Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
250 WATTS (125 + 125) Slereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS
Bridged Mono 3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL
400 WATTS (200 + 200) Stereo, 400W [ PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP.
! Bridged Mono PRICE £14.85 — £1.00 P&P

% ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
Features: VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY,
* Stereo, bridgable meno * Choice ol PRICE £68.20 + £1.00 PAP PHOTO: 3W FM TRANSMITTER
high & low level inputs + L & R level
controls * Remole on-off « Speaker &

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH PG ot o

UNITS1& SCOMET WAY, SOUTHEND-ON-SEA,
ESSEX.SS26TR.
ACCESS ACCEPTED BY POST, PHONE OR FAX Tel:0702 -5287572 Fax.:0702-420243
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Editoria

elcome to our new look magazine.

Looking through the contents you
will see a Bat Detector project. This box
will effectively extend our hearing into a
section of the ultrasonic region.

Animals can hear in the ultrasonic
region and even transmit frequencies
above the audible spectrum.

Cats and bats have very similar shaped
directiofial outer ears and respond to fre-
quencies up to 40kHz. If the shape of the
ear is an evolutionary optimum, one
might question why it has developed into
a pointed structure.

Evolution has appeared to provide a
compromise between conflicting

demands. A flexible structure Ifis required
to lower and flatten the ear when threat-
ened from attack yet the surface should be
hard and smooth to gain maximum direc-
tional reflectivity for the detectian of the
sound. 2

Physical laws of size says that smaller
ear mechanisms such as in cats and bats
will respond to higher vibrations. On this
basisit could be argued that we humansin
the stages of growth before birth are sus-
ceptible to ultrasonic frequencies. One
wonders whether baby hears any of these
frequencies from the ultrasound scanners
which have become a standard part of the
screening processes.

ETI MAY 1992



Reports of the death of cable television are greatly
exaggerated. I say this lightly, of course. Cable televi-
sion operators —that is, the Government licenced fran-
chise holders around the country, will go to great lengths
to say cable television is far from dead. I suppose you
could say, it’s just hibernating —till the winter’s over!

Cable operators have a basic problem, thatin all but
a couple of areas, systems can’t start operating until
cables have been laid. But the process of laying cables is
both expensive and time- consuming. From starting to
cableafranchised areato finishingit can take many years.

This gives franchise holders a high cash-flow hurdle.
They need lots of capital to start the network and, poss-
ibly, it'll be years before they can generate sufficient
revenue from customers to repay the capital.

A new system pioneered by Marconi Defence looks
setto be able to help outhere.It’s called microwave video
distribution system (MVDS). It uses small conical dishes
mounted on rooftops, pointed at a central transmitter
within the franchise area. The Marconi version looks set
to work simply because it uses existing and cheap tech-
nology —running at 12GHz (the same frequency range
current satellite receivers use) not at higher frequencies
which had been promoted by some others.

The term pull-through is used to give an idea of how
cable operators can useit. From very early onin the life of
a franchised area, cable operators can sell the system to
subscribers, on the basis that it gives 12 channels of tele-
vision. It can be installed immediately —even if the cable
network hasn’tyetreached the subscriber’shouse. When,
at a later date, the network has been laid far enough, the
subscriber can take out the microwave dish and have the
cable instead. So, MVDS metaphorically pulls the cable
network through —hence the term.

For those cable operators legally able to use it (only
some are licenced to use anything other than true cable!)
it's a boon. Instant system, instant customers.

It Must Be A Good Idea,’Cos Everyone
Says It Is

I'm all in favour of research for research’s sake, but a
reported quote from the head of Taiwan’s Industrial
Technology Research Institute, ‘takes the biscuit’ asfaras
I'm concerned. He said ‘We are not too sure whether
there will ever be a market for high-definition television,
but our ultimate aim is to develop it’.

Taiwan is spending $200 million over the next five
years, simply to catch up with research already under-
taken in Japan, Europe and the States. If they’re not too
sure whether it'll ever catch on why spend it? And if they
are going to spend, why not spend an amount which will
put them in the lead? To me, research is something you
have to do to put you in front —not simply to copy others.

Meanwhile...

In Germany, the Deutsche Bundespost Telekom is
proposing to spend some $500 million next vear. purely
on research into telecommunications systems. This is a
considerable increase on amounts spent over previous
years, and is a result of the Germans believing that tele-
communications will account for about 7% of their gross
national product by the end of the century.

Computers —Down In The Dumps?

Has theinevitable computer crusade come toitsend? Do
we all now have sufficient computers? Figures for com-
putersalesin 1991 would appearto suggestso. Forastart,
worldwide sales of computers fell in 1991, for the first
time in almost a decade. In fact, from the personal com-
puter’s entrance in the late 1970s to now computer sales
have rarely been more lax.

This is demonstrated by trading figures for all (but
one — see soon) computer manufacturers around the
world. The Big Blue, for example, IBM recently had the
big blues as it announced a loss of §2.8 billion (ves, bil-
lion, not million! for 1991. This compares with a profit of
$6 billion for the year before. Other manufacturers are
talking about losses too, phrases like the worst figures on
record are being bandied about by many of them.

Overall computer sales worldwide fell by 8% last
year, over the year before. And what’s more. manufac-
turers alike are talking about this year being another
tough one, even tougher than 1991. One manufacturer
alone reported sales up last year over 1990: Apple
reported an increase in sales, of over 10%.

Son of CT2

While telepointhashad arough ridein the UK. itappears
other countries may be about to make something of it.
The old Zonephone telepoint network is being trialed in
anumber of countries worldwide, with the aim of install-
ing complete systems. In Italy, there are 3000 handsetsin
‘use with a network comprising 400 base stations

As you’ll probably expect, these base stations and
handsets are the very ones dismantled from the UK
Zonephone service. Unlike our system, the trial stands
every chance of working well because it overcomes the
two main problems telepoint has in the UK.

First, thereis only one system with one operator (not
four, as we had here). Second, equipment has been modi-
fied to allow two-way calls (not the Government-
enforced receive-only system we had).

Meanwhile Motorola is installing similar telepoint
systems in the Netherlands, Singapore, Hong Kong,
Thailand, Malaysia and China.

It's what I've always said —we invent the good ideas,
the legislators cock’em up, and others take advantage.

Keith Brindley
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FIRST LIVE HDTV SATELLITE

BROADCAST IN NOMAC

t was in the early thirties that

the Post Office and the BBC
agreed the need for a Govern-
ment committee to advise on
the introduction of a high-
definition television service
and, interestingly, the term
‘high definition’ meant a stan-
dard of notlessthan 240 lines, a
considerable advance on exist-
ing cathode ray tube (CRT)
receivers based on a 30 line
standard.

Followingthe publication of
the Committee’s report in
January 1935, a trial BBC ser-
vice was established in the Lon-
don area from Alexandra
Palace. Remarkably, the initial
broadcasts switched between
405-line and 240-line trans-
missions on alternate weeks,
and all receivers had to be con-
vertable between the two stan-
dards.

Nearly sixty years on, Alex-
andra Palace witnessed yet
another landmark in television
history, as part of an interna-
tional network showing the first
ever large scale live satellite
broadcast in 1250-line HD-
MAC, the European standard

for high definition TV. The
event broadcast was the 1992
Winter Olympics in Albert-
ville, France and, for the dura-
tion between 8th — 23rd Feb,
Alexandra Palace was one of
50 European sites chosen to
complete the satellite link. The
Games appeared live in HD-
MAC on widescreen TV.

Ferguson, selected Alexan-
dra Palace as the ideal location
for this demonstration of
tomorrow’s high definition
technology at work today,
because of the site’s historic
importance to the develop-
ment of TV.

The event was shown on a
Ferguson B86W 1250-line (ie

HDTV  compatible) wide-
screen TV.

The technical feat involved
in this, the world’s first ever
large scale live high definition
broadcast was of mammoth
proportions.

From a number of high
definition studios and outside
broadcast vans at Albertville,
the signals were bounced off
three  satellites (Olympus,
TVSat and TDF), and received
at 50 international locations.

The signal received at Alex-
andra Palace was through a
larger than usual TDF satellite
dish, capable of handling the
high definition information,
and sent to the D2MAC tuner
in one of the Ferguson B86Ws.
From there, a baseband feed
was taken to a separate HD-
MAC decoder, with the result-
ing 1250-line signal fed out
through a Golden Scart on
RGB and separate horizontal
(32kHz) and vertical (50Hz)
sync. A relay system with
repeater boxes enabled the
RGB and mixed sync signal to
be daisy chained to each of the
B86W receivers being used in
the demonstration. =1

The new 36" Ferguson ™
B86W will spearhead a com-
plete range of Ferguson wide-
screen TVs with 16:9 aspect
ratio screens.

A range of highly portable
oscilloscopes is now avail-

able from Thurlby-Thandar
Ltd. Despite their compact size

(230W X 75H x 290D mm)

they provide a fully profes-

sional specification.
The 95mm

12kV acceleration potential
dependent on model. Models
with bandwidths of 60MHz
(LBO-315/325) are available.
All types feature TV-V and
TV-H

enabling display of VITS sig-
nals for example. An ALT trig-
gering function allows wave-
forms with no phase relation-
ship to be displayed simulta-
neously. Complex video signals
and digital word streams can be
stabilised using the variable

rectangular
CRT has 8 x 10 divisions (1 div
=6.35mm) and either 2kV or

synchronisation for
stable video waveform display

hold-off function.

The LC-2071 Ni-Cd battery

pack is supplied as standard

with the LBO-313 AND LBO-
315. Thisis a 12V, 1.7Ah pack
that can be charged during

oscilloscope operation. The
LBO-313/315 can be powered
from the battery, by a DC volt-
age between 10 and 20V or by
an AC voltage between 90 and
250V. No wiring change is
needed for different AC volt-
ages in this range.

Sensitivity may be varied
between 5mV and 5V/divover
the full bandwidth. A X5 mag-
nifier gives 1 mV/div sensitiv-
ity up to SMHz.

A delayed time base is fea-
tured on the 60MHz models.
Usingthe alternate sweep func-
tion the main time base (with
intensified portion) may be dis-
played with the expanded B

sweep. This allows a four trace
display using both channels.
The LBO-315 (60MHz)

costs £1595.00 plus VAT and
the LBO-313 costs £1395.00
plus VAT.
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INTEL AND SHARP FORM FLASH MEMORY

PARTNERSHIP

ntel Corporation and Sharp
Corporation has announced
the formation of a long term
partnership to jointly develop
and manufacture future gener-
ations of flash memory pro-
ducts and technology. Intel,
America’s largest semiconduc-
tor company, supplies over
85% of the flash memory pro-
ducts sold in the world today,
according to market research
firm Dataquest. Sharp is one of
Japan’s leading manufacturers
and suppliers of home and
office information products, as
well as a variety of audio-visual
and communications systems.
The agreement calls for the
two market leaders to combine

their respective areas of tech-
nology, design and manufactur-
ing expertise to foster greater
flash memory market growth in
both the portable computing
and consumer marketplaces.
The partnership will focus on
joint design, manufacturing
and process technology devel-
opment of future high-density
components based on sub-
micron, eight-inch wafer pro-
cessing.

The partnership also allows
Sharp to buy current flash
memory products from Intel
for use within its own products
or for resale under Sharp’s
name. This arrangement allows
Sharp to develop new applica-

tions for flash memory in its
own consumer-oriented mar-
kets and to expand the base of
products imported to Japan
from the US. In turn, flash
memories manufactured by
Sharp will augment Intel’s own
flash volume production levels
to meet the rapidly increasing
demand of new and existing
markets.
Flashmemoryisahigh-den-
sity nonvolatile technology,
meaning that it retains stored
information even when the
power is turned off. Further,
flash can be rapidly erased and
re-programmed  electrically
while in a system, hence the
name ‘Flash’. As a solid-state

storage media alternative to
disk drive. flash memoryis well
suited to an ever growing num-
ber of portable computing
applications due to its cost
effectiveness. reliability and
performance. Sharp believes
flash memorv characteristics
make it a vital capability for
many future consumer
oriented svstems.

Dataquest projects the flash
memory market to grow from
approximately $130 million
today to nearly $1.5 billion by
1995.

Intel is an international
manufacturer of microcom-
puter components. modules
and systems.

HIGH POWER RESISTORS

ffording excellent high heat

dissipation, those light-
weight heat-sink cooled resis-
tors, use thick film technology
bonded to a ceramic substrate.

The principle characteris-
tics are:

Operating voltages  upto
1.5kV

Test voltage 2.5kV

Single shot upto 4.0kV

Capacitance 36pF
Inductance <50mH
Standard tolerance 10%

Produced in two versions
(suffix F or V) denoting vertical
or horizontal terminations, the
Model 25 has a minimum/
maximum resistance range
from 0.330hm to IMohm and a
maximum power rating at
100°C of 50W. This is achieved

in a size of 38 x 25 x 12mm.

The devices are suitable for
semiconductor protection
applications, including trac-
tion and HV switchgear.

Available from Cetronic
Dynamics, the RCEC-ISO
modules offer good volumetric
ratio and tolerate close
proximity coupling with semi-
conductor devices.

Effective cooling is main-
tained through either forced-
air or re-circulated liquid cool-
ing, determined by the thermal
resistance of the heat sink.

For further information
contact:

CETRONIC DYNAMICS
LIMITED

Tel: 0920 871077

Competitive pressures and
plunging margins will force
more personal computing
companies to develop innova-
tive marketing strategies. Com-
panies are already offering
added-value products in the
form of software/hardware
‘bundles’, extended guarantees,
on-line help and staff training,
according to a new report from
Market Assessment on the Per-
sonal Computing sector.

The market value for per-
sonal computers alone has

THE PC PRICE WAR

nearly quadrupled since 1985.
But a slowdown to growth of
around ten per cent a year is
forecast as the market matures
and prices are cut. More power-
ful machines with higher speci-
fication  (like © extended
memories and high-quality
monitors) will be available at
lower and lower prices.

And there’s a similar picture
in the £700m printers market,
with manufacturers cutting up
to one third off prices to main-
tain market share. However,

market growth will keep well
ahead of inflation because of
the rising popularity of expens-
ive laser, ink-jet, and twenty-
four-pin dot matrix printers. In
fact the volume share for laser
printers shot up from just five
per cent in 1985 to twenty-six
per cent in 1990.

On the leisure side of the
sector, there’s been a boom in
sales ofhome computers, video
consoles and games. The 1990
and 1991 markets were
undoubtedly boosted by new

Nintendo and Sega consoles
with very heavy promotional
spends. Market Assessment
predicts a buoyant future to the
end of 1992 with no let-up in
the Sega —Nintendo battle and
an expected surge in PC games
sales.

Overall, the future looks
good for consumers, who’ll
find more powerful, sophisti-
cated products are more affor-
dable, with plenty of motiva-
tional extras.
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MAGNETIC FIELD METER & POLARITY INDICATOR

Magtronics have introduced
a new concept in the
measurement of magnetic
fields with their recently laun-
ched range of miniature field
strength meters.

Applications for the new
meters include monitoring the
strength of permanent magnets,
testing loudspeakers and DC
Motors, checking computer
disks for stray magnetic fields,
or any material incorporating
magnetically active compo-
nents.

Three models cover the ran-
ges 0-0.02/ 0-0.2 and 0-2 Tesla
ona3.1/2LCD display. A peak
hold facility is included for

THE DEMISE OF THE STEE

lt appears that nothing
escapes the tashion catwalk
of contemporary engineering
design, for it was announced
recently that the giant elec-
tricity pylons of old must go to
be replaced by a more modern
shapely equivalent. A product
of electricity privatisation, the
redesign prompts the demise of
the original Meccano-type
structures which bridge the gap
from power station cross town
and country to homes and busi-
ness premises throughout the
nation.

determining maximum field
strengths. Made from impact
resistant ABS, the battery
powered instruments owe their
small size to the use of surface
mount technology.

They have been designed to
safeguard the total quality
requirements of technicians,
production and Q.A. engineers
and to meet a need for a low
cost method of accurately
doing so, with no sacrifice in
performance.

The new field strength
meters have been developed by
Magtronics, the experts in the
field, for magnetics specialists,
in a wide range of industries,

Since the formation of the
national gridin 1935 the towers
which serve to support the
grids’ high voltage lines have
grown to keep pace with the
power demands of consumers.
Numerous advances have been
made in structural design since
the original pylon blueprint of
the 1930s, a creation of the old
Central Electricity Board.

A collection of several
designs is to be assembled and
placed before the National
Grid Company, the newly
formed establishment which

who are committed to the total
quality concept.

Additionally, a polarity
indicator is included in the
range with a sensitivity of 9 —5

inherited the majority of the
national grid transmission sys-
tem after privatisation. Current
favourites include a rather ele-
gant design; a folded plate col-
umn provides the foundation
for three pairs of arms which
support the six 400 000 Volt
power cables — gone are the
aged droopy arms, replaced
now with upswept supports
completing the neater pylon of
the nineties.

Other contenders are varia-
tions on either the new design
already mentioned or the sea-

milli Tesla: thisis presented asa
very inexpensive aid to the
identification of polarity of
permanent magnets, solenoids
and relay cores.

PYLON

soned steel structures of old.
Whichever achieves the award
of successor, it will be a long
time beforeitbecomes as famil-
iar as its Meccano forefather,
quashing fears of its effect on
the nations countryside. Before
replacement of existing pylons
can begin, new stretches of the
National Grid require atten-
tion —most notably the addi-
tion of the proposed 1800 MW
power station at ICI's Wilton
site in Teeside.

Steve Waddington

0898 TECHNICAL SUPPORT

omputer company Amstrad

headed by Alan Sugar
announced recently that they
are to follow other companies
by introducing premium rate
telephone lines to provide
technical support. Time was
when only the perverted
dialled 0898, however it soon
became clear that people
would pick up the telephone
and pay 48p a minute to hear
the latest cricket scores or daily
horoscope. A portion of the
call’s cost on these lines goes to
the information provider with
British Telecom pocketing the

rest.

Technical support lines
have previously been available
providing solutions for a rela-
tively small cost to the user of a
standard telephone call; costs
to the company providing the
information have proved highly
expensive. Locoscript, another
company having recently
adopted premium charged
technical lines were previously
answering lengthy calls regard-
ing their Wordprocessor pack-
age. Since the product retails at
a cost of thirty pounds it was
simply not financially viable to

provide half an hour of techni-
cal support over the telephone.

Although customers are
greeting the adoption of the
new lines with reluctance,
Amstrad are handling some
twenty five percent more cal-
lers. The reason? Amstrad
claims its because users are
aware of the damage which
their telephone bills would suf-
fer if they talked too long. So
increasingly people are tending
to consult their manuals more
carefully before reaching for
the phone.

Reading the manuals before

ringingis a good idea. However
some of the manuals which cur-
rently accompany both hard-
ware and software products are
totally incomprehensible. In
such casesitis surely unreason-
able for a company to expectits
customers to spend large
amounts of money in order to
receive solutions. Before call-
ing BT engineers to switch over
their lines perhaps companies
should examine the manuals
they provide; then there would
be little need for such expens-
ive after sales support.

Steve Waddington

JOINT 16Mb-DRAM MIANUFACTURING

he agreement between Sie-

mens and IBM for the
manufacture  of  16-Mbit
DRAM:s in France is proceed-
ing according to schedule.
According to a Siemens’ spo-
kesman, the production equip-
menthas been set up and tested
and manufacturing of the first

eight-inch wafers” began in
December. First devices are
scheduled for Spring 1992.

Data obtained from the first
production run will be used to
fine-align the production pro-
cess and the 16-Mbit DRAM
will be available in volume by
the end of 1992.

The first product architec-
ture willbe 4M x 4 and will offer
access times ranging from 50 to
70ns. It will be available in a
28/24-pin 400 ml SOJ plastic
package and will consist of
more than 35 million inte-
grated components, with struc-
ture sizes as small as 0.5pm.

Further products will follow
in 1993, including byte-wise
organised memories (2Mx8,
1Mx16) and 16-Mb TSOPII
housing.

Product enquiries to: Gor-
don Carmichael Tel. 0932
752630
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T has announced that a new

transatlantic fibre optic
cable, (TAT-9), is now in ser-
vice. The cable, an undersea
optical fibre network, links the
United States, Canada, the
United Kingdom, France and
Spain.

The new 9,000 kilometre
cable can carry the equivalent
of 80,000 voice calls — twice
that of TAT-8 —the first transat-

lantic fibre optic cable which:

was brought into service in
1988.

Mike Read, BT’s Director of
International Networks, said:
“There has been massive
growth in communications
between Europe and North
America in the past few years.
TAT-9 is now essential to keep
pace with the increasing flow of

NEW TRANSATLANTIC
FIBRE OPTIC CABLE

telephone calls, fax messages,
plus video-conferencing and
data communications.

The cable features 1.5
micron laser technology and
strands of glass fibre which can
provide 565 megabits of infor-
mation over each of two work-
ing pairs of glass fibre. One
additional pair is in reserve for
restoration and maintenance
purposes.

Landing points for the cable
are in Goonhilly, Cornwall;
Manahawkin, New Jersey; Pen-
nant Point, Canada; St Hilaire,
France; Conil, Spain.

The cableis co-owned by 39
telecommunications oper-
ators. The major shareholders
include BT, AT&T, Teleglobe
and France Telecom.

POWER RELAYS

ED has announced the

introduction of its Power
Pulse Series 32, 100A power
switching relay. The bi-stable
design is compact and easily
customised making it ideal for
use in wideranging applica-
tions from energy management
and domestic utility metering
to process and industrial con-
trol.

The pulse operated com-
pactdesign featuressingle pole,
single throw silver tinned con-
tactsandis capable of switching
240V, 50Hz. Latching or
monentary action designs are
available.

Maximum switching voltage
is 250V AC and maximum
switching current is 100A AC
or DC. Initial contact resist-
ance is quoted at less than
0.5mQ at 1A, 24V. Operating

R Telecommunications Ltd

(BRT) today announced it
has placed an order for 200km
of optical fibre cable from
BICC Cables. —

The cable will be used to
extend BRT’s existing optical
fibre network, already in excess
of 3,000 route km of optical
fibre cable and representing
over 28,000 km of cable.

The cable, consisting of 20

BR TELECOM PLACE
OPTICAL FIBRE ORDER

voltagescanbe 6,12,24 or 48V
as standard.

For further information
contact PED, Tel: 0638
665161.

individual fibres, is scheduled
for delivery over the next two
months, for installation during
1992. 5

BRT hasinstalled 650 km of
optical fibre cable over the past
18 months. The cable is laid
alongside the national rail net-
work.

BRT’s network is already
the second largest fixed net-
work in the country.

ln another industry first, Hita-
chi has just introduced two
new electrically erasable pro-
grammable read-only memory
(EEPROM) products guaran-
teed for operation at a power
supply voltage of 3.0V.
HNS58V257 is a 256K bit
device,and HN58V1001 has 1
Megabits of storage, and both
are organised in the popularx8,
byte wide, configuration.
Growing markets for hand-
held computers and test equip-
ment provide an increasing
demand for devices operating
from battery power. At the
same time, the wuse of
EEPROM as memory for
retaining data and program
information whilst the power is
off is also increasing. Since
EEPROM allows data to be
erased electrically, devices
need not be removed for this
process and systems can also be
accessed and reprogrammed
remotely.
EEPROM

offers the

HITACHI FIRST WITH 1V
EEPROM AT 3V

advantage over static RAM that
it will retain data without the
need for a battery back-up.
Unlike FLASH EPROM,
EEPROM does not require a
separate higher (12V) pro-
gramming voltage.
Manufactured in CMOS,
theinternal circuitry of the new
devices has been optimised for
3V operation, enabling the
operating power supply voltage
to be qualified and guaranteed
for the range 2.7 to 5.5 volts.
Power consumption is low at

10mA  (HN38V237) and
I5SmA  (HN38VI001) —
approximately . of the cur-

rents drawn by earlier 5V types.
Access times are 250ns and
200ns respectively for the
256K and 1M devices.

New I/0O circuits allow
these devices directly to inter-
face with CMOS logic ICs or
ASICs, enabling further reduc-
tion in power consumption of
surrounding circuits.

MANAGERS ARE SCARED

OF COMPUTERS

personal Computers (PC)
are still regarded as glorified
typewriters or calculators by
the business community; over
50% of Britain’s managers
claim the most frequent use of a
PC is for the production of
documents. Although a central
component to industry and
commerce, 75% of managers
say that they use computers
directly in their work —of those
only 8% are confident with the
technology.

The joint Microsoft — Brit-
ish Institute of Management
survey instigated earlier this
year reveals a huge discrepancy
between managers’ percep-
tions of the benefits of Informa-
tion Technology and the real-
ities of its use. Three-quarters
now rate I'T as fundamental or
important to their jobs. The
advantages provided speed up
basic tasks, enabling problems
ofhold to be attacked with ease.
When questioned on whether
they felt computers were
becomingeasier to use, surpris-
ingly 90% said they were, citing
user friendly software as the
primary reason for this.

Yet the potential of IT is far
from being realised; the capa-

bility provided by the current
generation of computers is
exploited only by a minority.
Senior managers are petrified
of computers, lack of training
and the psychology fear of fail-
ing in front of staff and fellow
colleagues leave the executive
confined to a closed office
complete  with instruction
manual through fear of humil-
iation.

Nor are managers using the
PC to reduce their isolation.
The free circulation of material
is critical to business vet only
9% of managers use computers
to share information with col-
leagues. Overa third use a stand
alone PC solely for individual
work.

A spokesperson for Busi-
ness Industrial Management, a
training consultancy which
seeksto keep the business com-
munity in line with current
computing trends, said “Many
companies are losing out
because of their reluctance to
take advantage of IT. If money
is to be committed to hardware
and software then training must
be considered too.”

Steve Waddington
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NEWS

stateside

Photoelectric joysticks

hotoelectric joysticks which

use lightto trigger electronic
responses have replaced mech-
anical ones in applications that
require high reliability because
they do not have electrical con-
tacts that can burn out. Most
photoelectric joysticks, how-
ever, use return springs, ball
joints, pivots, bearings, or other
mechanical parts that both

photoelectric joystick, from
Electronic Systems Design
Inc., San Fernando, California,
has a flexible shaft as its only
moving part, so it is without the
manufacturing problems of
other joysticks,. The shaft is a
heat-treated beryllium-copper
alloy with alight-blocking com-
mutator disc mounted to it. As
the shaftisflexed, the discinter-

triggering an electronic signal.
Since shaft movementis dic-
tated by its length, diameter,
and modulus of elasticity, it
does not experience strain and
thus always returns to the
centre position without dam-
age. Also, since shaft properties
determine the force required to
displace the joystick, by chang-
ing the material or diameter of

Fastest laser

Scientists at Cornell Univer-
sity have created a laser that
switches at 28 GHz, thus eclip-
sing the record 24GHz that had
been accomplished by resear-
chers at GTE.

wearoutand complicatemanu- rupts light beams passing theshaft,theforceused tomove
facturing. between LEDs and light- the joystick can also be
A recently  patented detecting  phototransistors, changed.
Whereas GTE’s device is a  with larger indium atoms. The munciations systems. The

conventional semi-conductor
laser, Cornell’s is a strained
quantum-well laser.

The Cornell laser is made of
gallium arsenide and contains
three or four quantum wells, 40
microns thick, that are doped

indium creates a strain in the
crystal lattice of the GaAs, and
the strain makes the quantum-
well lasers switch faster.

The researchers are now
working to create a 44GHz
laser that could be used in com-

atmosphere is transparent to
radiationin thatrange. Accord-
ing to the Cornell researchers,
the theoretical limit for such a
laser is 60GHz.

Preventing
video
wobble

Professional film makers use
a camera balancer to com-
bat camera wobble but the cost
ofitmakes it well out of reach of
the average home-movie pro-
ducer. Recently, the inventor of

the professional-size balancer
has developed a similar one for
lightweight camcorders, and it
is priced at just over $500.
The Steadicam JR, from
Cinema Products Corp., Los
Angeles, has a gimbal in its
handle that separates shaky
hand movements from the
camera. Thebalanceralsohasa
3.5" monitor that displays what

the camera is filming. This not
only keeps a person’s face from
bumping the camera, but also
allows more freedom of move-
ment.

The ©balancer can be
installed in about 15 min. This
involves adjusting the front to
back and side to side balance of
the camera so its centre of grav-
ity is directly over the gimbal.

Because the balancer folds up
under the camera when not in
use, itcan easily be left attached
to the cameras.

The Steadicam JR can be
used with 8mm, Hi-8, and
VHS-C camcorders weighing
3.51b or less. The balancer
weighs 2lb, including batteries
that power the monitor and
camera light.

More
technology
for the foot
soldier

Ithough the foot soldier of
today uses relatively low-
tech equipment when com-
pared with that found in fighter
aircraft and tanks, by 1995 they

may carry a 1lb, high-speed
portable computer with much
of the communications and
graphics capabilities of more
sophisticated systems.

Called the Soldier’s Com-
puter, it is being developed by
Texas Microsystems Inc., at
Houston, under a contract
from the US Army’s Communi-
cations Electronics Command.

One possible  version

includes a pocket-size, battery-
operated processing unit. This
would initially use Intel’s
80386 architecture coupled
with several attachments: a
radio capable of transmitting
both voice and data, aheads-up
display mounted to the helmet
or worn like glasses to project
virtual images, a global posi-
tioning system for pin-pointing
location, and a microphone

and hand-held joystick.

The system could be used to
view a real-time map showing
positions of troops or features
of the terrain. It could also be
used for field maintenance by
transmitting instruction
manuals stored on a remote
computer to mechanics in the
field. Likewise, a soldier could
capture and transmit pictures
to off-site experts.

Research
with lithium

ithium has become a stan-
dard electrolyte for batteries
in many portable applications,
but the metal can cause prob-
lems for VLSI researchers
attempting to build lithium

power sources into integrated
circuits. Lithium microbat-
teries are built by:layering a
lithium-based electrolyte film
between cathode and anode
films. To charge and discharge
such a system, Lithium ions
must migrate between the
centre electrolyte film and the
cathode. Cathode materials

become unstable during that
process, shortening battery life.

Researchers at Bellcore of
Red Bank, New Jersey, have
discovered a new material that
may solve that problem.
Experiments with Lithium
Manganese Oxide as the
cathode film show promising
stability with high Lithium-ion

density. The oxide lattice
allows the Lithium ions to

migrate while retaining its —

structure intact. So far, the
researchers have demonsirated
working micro-batterigs that
sustain up to 70 charge/dis-
charge cycles at 4.1V (without
any degradation in' perfor-
mance.
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Audio Desigrn
Power Amp
Mod

described some modifica-
tions to the stabilised power
supply for my ‘Audio Design’
power amplifier in ETI, May
1989, in which, amongst some
other small modifications, I
replaced the ‘Darlington’ bipo-
lar ‘pass’ transistors, Q17/Q18
with power MOSFETs, mainly
in the interests of greater
ruggedness.

This entailed adding a zener
diode, for over-voltage protec-
tion, between the source and
the gate of each the ‘pass’ tran-
sistors, Q17 and Q18, and
increasingthe value of the gate/
source resistors. Unfortunately,
itappears from experience that
I have not allowed enough
‘elbow room’ in the drive volt-
age, so that, in practice, some of

the MOSFETs —especially the |
‘P-channel’ ones, (28J49/50) |

— can current-limit, through
inadequate drive voltage, and
this can both limit the available
output power, and/or cause the
power supply to ‘trip’ prema-
turely.

I would therefore recom-
mend that the values of D32
and D33 be changed from 4V7
to 10V, and that R23 and R24
be increased to 10k. This will
avoid this problem. (The com-
ponent numbers are those
shown in Figure. 5, ETI, May
1989, page 29.)

John Linsley-Hood, Taunton

The Acousdix
Bridge
Amplifier

Harms in his comments

on the Bridge Amplifer
(February 1992) is correct in
terms of the pre-amplifier fre-
quency response and indeed
the original design had two 2p2
in parallel for C3. However, the
final design was based on a
series of listening tests, bearing

in mind the existence of spuri-
ous low frequencies from some
versions of turntable and/or

the occasional warped or
slightly off centre record. These
low frequencies can drive the
amplifier and loudspeaker into
non-linearity and the clarity of
the Bridge Amplifier is such
thatthe effects become audible.
Obviously, with a top range
turntable and loudspeaker sys-
tem all low frequency time con-
stants could be increased but

tic level goes down, so the
response of the ear attenuates
both low and high frequencies
and any readjustment to the
intensity of these frequencies is
then not true to life. There may
however, be deficiencies in
either the input transducer or
the loudspeaker and in these
cases a different approach to
the tone control is required
unless such correction is part of
the design.

J F Dix, Weymouth, Dorset

OV Detecting
Agerncy

read with much interest the
UV article published in the
March issue of ETI and I must
say that we have not come
across any journalist who
seems to have as much knowl-
edge as Mr. Clarkson. It was
enlighteningnot to have to read
an article thatjust concentrated
ononeaspectof UV buttoread
anarticle thatencompassed the
importance of UV and its relev-
ance in every part of life.
N.R. Grunfeld, Uvisol Ltd,
Bourton-on-the-water, Glos.

have for some time, as a
rather unknowledgeable
electronics enthusiast, been
wishing to build a small UV
detector, but armed only with
Maplin and RS catalogues have
notbeen able to get any further
than the glimmer of an idea. It
was with both relief and disbe-
liefthatIsaw your articlein ETI
this month!
Please would you be able to

‘point’ me to the sources of
either the components e.g. the
G3614, or the completed units
—so I can save myself a lot of
effort!

Many Thanks.
D A Ellis, Shipston-on-Stour,
Warcs.
Douglas Clarkson replies:
Here are details of the source of
Hamamatsu UV diodes.
Address: Hamamatsu Photonics
UK Ltd., Lough Point, 2 Glad-
beck way, Windmill Hill, Enfield,
Middlesex, EN2 7JA. Tel: 081
367 3560. Fax: 081 367 6384.

Item: Price
(ex VAT)
G3614 £7.44
G3614-01 37.21
Post and packing: £2.50
(ex VAT)

Delivery 6 - 8 weeks

It is important ro indicate with
order the nature of application of
sensor — e.g. educational, medi-
cal etc. Cheque with order is
appropriate for private individ-
uals —no credit cards.

There is a minimum order
charge of £25.00 (ex VAT).

this amplifier is intended to be
atthe budget end of the market.

Regarding G Daniels and
absence of loudness controls in
the more ‘serious’ amplifier
designs, if the volume control is
considered as a distance con-
trol, then only a flat frequency
response is valid. For example,
as you walk away from the
source of sound and the acous-

Bridge Amp
Not Avadlable

eregret that we are curren-

tly unable to supply kits of
the Acousdix BC 40 Amplifier.
Unfortunately the response to
the published article was very
disappointing and the mini-
mum order quantity that was

viable for manufacture of the
specially designed items (not-
ably the case and the PCBs) has
notbeen reached.

As a result we have had to
very reluctantly turn away the
few orders that we did receive
and thereby disappoint the
people concerned who were
hoping to build this fine ampli-
fier.

The first version of this
amplifier that was offered for
publication, consisted of four
PCBs,ahand wired power sup-
ply, and a mass of screened
cable signal input wires in a
very cheap, small case. Subse-
quent demonstrations of the
superior sound of the amplifier
prompted a strong desire to
produce a much higher stan-
dard of build quality, combined
with ease of assembly using
specialised components.

We certainly hope that

anyone who is interested may
get an opportunity to build and
listen to an exciting amplifier
whose performance compares
very favourably with units that
can be purchased in retail out-
lets at much higher prices.
Martech Systems (Weymouth)
Ltd.
To enable readers to build the
amplifier with the freedom to
choose switches, case and input
connectors, we will print copies
of simplified PCB foils for the
pre-amplifier (1 channel) and
amplifier (1 channel) on the PCB
foils pages next
month.

NTSC 7est-
card
Generalor

Canadian constructor has
requested an NTSC version
of my Test card generator —
what an interesting thought!
I've taken a quick look at the
circuit and data sheets, and it
should be possible to convert
the unit. I trust our Canadian
readeris fairly experienced and
understands NTSC.

10
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The main change will be in
the EPROM data since there is
100 less lines (525 as opposed
to0 625).

IC9 (TEA2000) will also
handle NTSC, pin 14 will need
to be connected to OV to select
NTSC,and XTAL2 needs tobe
changed to 8.867238MHz.
The delay line and chromin-
ance filter areno longer needed
anyway (see Update). IC10
(SAA1043) also has an NTSC
mode, pins 5 and 6 low and pin
7 high. XTAL1 should be
5.034964MHz. All this info is
in the appropriate data sheets.
Any other changes should be
relatively minor, a different
modulator will obviously be
required which may require
some value changes in the
video amps.

If the constructor contacts
me via ETI maybe we can dis-
cuss a modified project for the
American and Canadian mar-
ket.

Paul Stenning, Hereford.

FEarth
Charge
Recorder

ince writing the article about
the ECR I have discovered a

snag with the probe (ref Fig.12
in the second part of the
article). It seems that after a few
months exposed to the weather
the GUARD RING generatesa
negative offset to the input volt-
age. This is because T used an
aluminium plate and the guard
ring was copper. Because of the
way the input is arranged this
negative offset will cause the
input amplifier to bottom, ie.go
as far negative as it can, under
damp weather conditions. The

“eure is quite simple, OMIT

THE GUARD RING and do
not connect the screen of the
coax to anything at the probe
end. Providing the body of the
probe is made from plastic
items as suggested the insula-
tion resistance is sufficiently
high.

K. Garwell, Technical Direc-
tor, Newchapel Observatory &
Natural Science Centre,
Stoke-on-Trent

Weather
Report

ith refernce to your Earth
Charge Recorder in the
March issue, I would like to
mention several points raised

by your article.
I am interested in the elec-

trostatic effects of thunder-
storms and their effect on the
atmospheric charge on the
earth and found your article
both intersting and informa-
tive. I intend to build the high
resistance voltmeter for assess-
ment, intending to replace my
existing field strength equip-
ment built around my ZX81!
The circuitwill also presum-
ably work with slow field

strength changes associated

with thunderstorm activity.

An article on bad weather
activity was published some
time around Sept 1969 in Prac-
tical Electronics. It was
Entitled “Thunderstorms” by
M A Michaels. Perhaps Mr
Garwell would be interested
about this.

Anyone else out there who
is interested in this fascinating
branch of electronics, please
contact me !

Leslie Crossan, Tyne & Wear
Send any communication via the
ETI offices

Energy Ibé
Radar Mile

My records suggest that the
velocity of light is now
agreedtobe 299791.56km/sec
in clear air. Most current math-

ematical tables give the
measurement of one Interna-
tional Nautical Mile as being
1.852 km or 6076.115 ft.

Since a radar wave is pres-
umed to travel at the velocity of
light and radar measurements
are taken in nautical miles,
assuming clear air, we get a vel-
ocity for a radar pulse of
161874.4924 nm/sec.

To travel from a radar sta-
tion to an object at one nautical
mile  range will take
6.177625548 pseconds.

Your writer Mr A. P. Ste-
phenson has fallen in a trap set
many years ago. We have
Statute Miles, American Miles,
Data Miles, and of course the
Kilometre to measure the
longer distances. The economy
ofusingnaval charts to navigate
meant aviators learned to use
nautical miles. Those who fly
want those on the ground who
control them to use the same
standards, hence the use in
radar of the International Nau-
tical Mile.

Since no one wants 10 use
12.355251 pseconds as a stan-
dard when talking or making a
quick calculation most use
12.36 ps for a radar mile, 6.67
ps for aradar km and 2 nS for a
foot!

T. Grant, Bletchley, Bucks

o T e N e L e

PCB & SCHEMATIC CAD| DIGITAL SIMULATION | ANALOGUE SIMULATION |  SMITH CHART CAD
EASY-PC  £O8 pusaR  £195 | anawyserimn £195 | zwmarcHn £195
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e e winals

® Design Single sided, Double
sided and Multilayer boards.

©® One software package for
Schematics and PCB’s.

@ Standard output includes
Dot Matrix / Laser / Inkjet
Briniers Pen Plotters,

hoto-plotters and NC Drill.
® Award Winning EASY-PC is
in use in over 11,000
installations in 70 Countries
World-Wide.

®Runs on PC/XT/AT/286/386
with Herc, CGA, EGA, VGA.

@ Optional libraries include
S.M. Components etc. etc..

@ At Jast! A full featured Digital
Circuit Simulator for less
than £1000!

® Pulsar allows you to test your
logic designs Without the
need for expensive test
equipment.

® Catch glitches down to a
pico-second per week!

®Includes 4000 Series CMOS
and 74LS Libraries.

® Runs on PC/XT/AT/286/386/
486 with EGA or VGA.

Hard disk recommended.
®74HC / HCT Libraries
optional at £48.00 each.

®NEW powerful ANALYSER il
has full graphical output.

® Handles R’s,L's,C’s, Bipolar
Transistors FET" g OJ:-Amp‘s,
Tapped and Untappe
Transformers, and Microstrip
and Co-axial Transmission
Lines.

®Plots Input and Output
Impedances, Gain, Phase and
Group Delay.

@ Covers 0.001 Hzto >10GHz

® Runs on
PC/XT/AT/286/386/486 with

®Very fast computation.

®Z-MATCH Il takes the
drudgery out of RF matching
problems and includes many
more features than the
standard Smith Chart.

® Provides qulck accurate
solutions to many matching
roblems using transmission
ine transformers, stubs,
discrete components etc.etc..

@ Supplied with comprehensive
user instructions including
many worked examples.

® Runs on PC/XT/AT/386/486,
CGA,EGAVGA.

®|deal for both education and
industry.

For full info’ Phone, Fax or
Write to:

Number One Systems Ltd.

The Electronics CAD Specialists

REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.
Telephone: 0480 61778 (7 lines) Fax: 0480 494042 International: +44-480-61778 Fax: +44-480-494042

ACCESS, AMEX, MASTERCARD, VISA Welcome.

EGA or VGA displays.

Technical support free for life!
Programs not copy protected.
Special prices for Education.
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Station Road, Cullercoats,
Tyne & Wear NE30 4PQ
Tel: 091 251 4363 Fax: 091 252 2296
SWITCHES | LINEARICs [  74LS-SERIES 4000 Series TRANSISTORS
Minialure Toggle Switches 3amp ~ TLO71CP £0.32 74L500 £0.14 4000 £0.20 BC107 £0.14
250 6.4mm o mounting TLO72CP £0.34 74LS01 £0.17 4001 £0.17 BC108A £0.12
= dropforged out of carbon steel alloy SPST Toggle 058 TLO74CN £0.48 74LS02 €0.18 4002 €0.19 BC109C £0.15
= hardened and tempered SPOT Toggle 05 TL081 £0.29 ;itggg Eg:: :gg? gggg %%1,?_’8 Eg;g
S E SPOT CO Togyle 082 TLog2CP £0.34 .2 2 4 s
faid-in jomt O Tt 08 T4L505 £0.17 4008 E031 BCi7d £0.16
o it Gk s o ol o3, JLOBACN.  £0.46 7(con £0.17 4010 £0.18 BCIBZLE  £0.08
ELMTISNed A 1ack) Deads E\i:morogff" |ty | BA120S £0.60 741509 £0.17 4011 £0.16 BC1B3LB £0.09
= red PVC-coated handles (not insulating) I:Pg‘l ﬁOTg;I: :;s::ﬁ'l | M301A £0.25 741510 £0.17 4013 £0.17 BC184L £0.11
e MIVMMISN GUE M sasy w4 w0 s ma
Owal head, mini bevel £8.81 1453 JpOT min < 015 CAB24 £0.23 s : 5212 i
b T minf slide 15 Ma4BN £0.31 T74LS20 £0.16 4016 £0.18 BC213L0 £0.09
* OBLIQUE CUTTERS 125mm ARP  ROTARY SWITCHES LE3SIN £0.36 74Ls21 £0.16 4017 £0.25 BC214 £0.11
Stim haad, full flush £1 034 £1g08 | POLEIZWAY ki Sy o co27 74L530 £0.16 4018 £0.27 BC307 £0.11
i 2POLE § YAy 207t ' T4LS30 £0.17 4022 £0.32 BC308 £0.10
= TOP CUTTERS 125mm £058 . seocam pop LM3T? £257 741530 £0.17 4024 £021 BCaz7 £0.12
For confined spaces . £1488 om=ayay 078 tmgg?“ :;;g ?4t§3; Eg ; g 4025 £0.15 BC32s £0.10
= SNIPE NOSED PLIERS 125mm RRP  Key Swilch SPST £270 70 741542 4026 £0.40 £0.12
. £6.81 R f% LM386 £0.48 74(S51 £0.18 4027 £0.18 £0.08
Smooth jaws u £10.98- Pushlo
. Bush o brash w2 LM3s7 £1.60 74LS86 £0.20 4029 £0.27 £0.24
= ROUND NOSE PLIERS 125mm ET 27 RAR Ltehing Push Sar wse LMageN £0.79 T74LSD2 £0.40 4030 £0.17 £0.24
Smoath jaws . £iL4g i LM393N £0.28 74L593 £0.25 4033 £0.56 £0.24
FTatixgun. | SE048 55 74LS107  E0.30 4035 £0.31 £0.24
u FLAT NOSE PLIERS 120mm £6 31 ARR CAB555 022 74-2107 £021 Aot Eo2a 08
Smooth [aws . LS RE CONNECTORS RN £0.36 k ; :
NESaTh c0.as 745123 £0.40 4042 £0.22 £0.08
ENC Salder Pll 8085 <% 7415125 £0.21 4046 £0.31 £0.10
s UA733 64
BAC Crimp Plug My UAT3S £064 vaistaa  g0.22 4047 £0.25 £0.09
TEST BNC Solder S tigg CATHICE  £0.8 74,5138 £0.24 4049 £0.20 £0.09
BNC Chassis Skt f078 LM748CN £0.31 7415153 £0.25 4051 £0.25 £0.09
PLOSO 52mm 005 TBAB10S £0.68 74LS154 £0.90 4052 £0.25 £0.21
PL259 11mm £058 TBAB20M £0.39 74LS157 £0.25 4053 £0.24 £0.21
e AIND UHF socket f04 LM1458 £0.26 74LS164 £0.26 4055 £0.30 £0.21
LN2004 £0.48 74LS165 £0.53 4060 £0.31 £0.29
SRRl G0 LT oo 74LS175  £024 4063 £0.29 0
F Plug RGS8 027 TDA2030 £1.35 - g £0.29
9
e T e 037 74LS197 £0.24 4066 £0.18 £0.46
ug RGE E = 7415193 £0.24 4069 £0.20 £0.54
NPlugRGa £18 CA3080 £0.72 7, 9367 £0.21 4072 £0.17 £0.24
CA1310 €0.98 74} 3374 £0.32 4075 £0.17 £0.24
BRIDGE CAZ140 £0.44 4076 £0.30 £0.24
RECTIFIERS CA3240 £1.22 DIL SOCKETS ig;g gg:; §3§'§
Vit 5450 gy DM30 8072 g g, £0.07 4055 o 5
" LM3914 £270 4p; £0.11 - £€0.33
W2 154 200 020 e[l 1L 4093 £0.15 £0.34
LM3915 £270 qy5pin £0.15 g b
WID 154 1000V 0n - 4094 £0.31 £1.02
BRA230A 200V t3p MC4558 £0.36 18 Pin £0.15 4005 £0.56 £0.36
B8 6,04 200 ggy  NES532 £0.80 20Pin £0.18 4510 £0.26 £0.28
1004 1004 200V fy ICL7621 €170 24Pin £0.19 4514 £0.29 £0.16
S 0022 4515 £0.78 £0.28
D CONNECTORS | gl 49 4520 £0.26 £0.09
4521 £0.84 £0.09
| _REG'S | 4534 £2.48 £0.09
HE213 ANALOGLE METER MX180 DIGITAL METER ‘ 78L05 £0.24 Zener Diodes 2V7 to 4538 £0.37 £1.35
12 ranges, diaede protection, 19 ranges, 3.5 digit 12mm LD, signal 78L12 £0.24 33v 4541 £0.31 £1.42
mirrored scale, 2mm leads. Pockel  injectar, dinde test, fuse protection, auto 78L15 £0.24 BZYB88400Mw £0.08 4572 £0.25 £1.88
sized, supplied with battery and polarity and zero, supplied with ballery, g/ ier BUOKET TEAMINLS 79105 £0.28 BZY8513W £0.14 4584 £€0.24 0 £0.10
instruchions. I8ads and instruction manual. Plg Gl 79L12 £0.28 4585 £0.48 2ZN3905 £0.10
Dim.90 % 60 * 30mm £€5.96 [Dim. 126 * 70 x 24mm £14.73 y IN40D1 £0.07 40106 £0.24 2N3905 £0.09
9Pin 029 0 79015 T S007 4014 £0.94
HM103S ANALOGUE METER M2315B DIGITAL METER 160 03 03 7805 E0.28 ithe 007 :
19 ranges (ing 10A def, fuse and 17 ranges {inc 10A dc), 35 digit 12mm ISFHD. €081  e0s 7812 E0.28 \nanos £0.07 ADAPTORS
dlode pratecion, battery test, shock  LCD, diode test, burzer, auto polarity and  23Pin €040 042 78IS £0.28 |nanos £0.07
resistani fiited case, mirmored scale,  zero, over-range ad low battery indication,  25Pin 048 050 7905 £0.38 |\nanos £o.08 BNC Plug — PHOND Skt £0.78
suppllad with battery, leads and supplied with battery, leads and Yy plaste cover 03 7412 €038 |n4no7 go.0s BNC Plug — BNC Plug £1.96
instrugtions, instructions, 15 Wiy piasic cover 031 7915 £0.38 |ns4pn £0.08 EHC Skt — BNC Skt £1.00
Dim. 154 x 77 = 43mm €147  Dim. 130 * 72% 33mm £23.40 23y plastic cover 03 LM317T £0.44 1nN5401 £0.09 BNC Plug — UHF Bkt £1.38
BWayplsiccoer 8035 LM723 £0.28 |N5402 £0.09 BNC Plug — 2 x BNC Ski £1.89
HC2020S ANALOGUE METER TL34 DIGITAL METER INvand £0.11 BNC Ski— 2 x BNC Ski £1.89
20 Ranges {inc 104 de), fuse and 33 ranges (Inc 204 ac/de) PTG and fuse INB40E £0.11 UHF Plug — BNC Skt £1.59
diode protection, transistor and protection, 5 capacitance ranges, s INS407 £0.15 F Socket — F Socket £0.33
diadle testing, polarity reverse switch, Iransistor test, 3.5 digit largs 24mm 025W 5% CF E12 Serles £0.60/100 |0 ioe €045 35mm Plug — 2 x Ski £1.20
high Impact shock resistant case.  display. Heavy duty case with tit stang,  05W 5% CF E12 Serles £0.95/100 0.0 £0,06 S:5mm Plug — 25in Sk £0.57
Supplied with banery, leads, stand  Supplied with battery, leads and 0.25W 1% MF E12 Series £1.72/100 |ygq5 c0.06 0-25in Plug — 3.5mm £0.57
and instructions. instructions: POTS Log of Lin 470R — IMO 25mm dia.  na1as £0.04
Dim 150 = 102 x 45mm  £1845 Dim. 191 x B8 x 36mm £27.59 0.25 shaft £0.40 pyqa7 £0.11
PRESETS Enclosed Horz or Vert 100R — CA47 £0.28
We stock a full range of test equipmant from leading manufaciurers MO 0.15W £0.15 0As0 £0.07 &Y SPDT 64 (PCB) £0.70
HITACH! + KENWOOD - LEADER « THURLBY - THANDAR PRESETS Skeleton Horz o Vert 100R — OAS1 £0.10 12V SPDT 6A (PCB) £0.70
Full product material Is avaliable. Why not ¢all and see our extensive range of MO 0.1 £0.11 DA202 £0.14. 6V DPDT 6A (PCB) £1.96
o VELLEMAN KITS OPTO DEVICES CAPACITORS
€772 VEES S0MHz Scope U500 TGOS MM PiseBen 11000 Stockists of the full Ceramic Disc 100V 10pf to 100nP
E3000 LCOTODOMM Beope.  CSO3.00 174 Signal Gererater £12200 range of Velleman 10, 22, 100, 150, 220, 330, 470, 680p1 £0.07
TS0t Meer  £13850 SCIICA (OMH2Scope €000 LPMEOIOLaserPiMeter E1TAM Wit Catalogue 1, 2n2, 3n3, 4n7, 10, 15, 22, 33,47, 100nP £0.07
TH355 Digea! Meter £89.50 T0201 Digeal Storage Unit £195.00 TPt Logic Frabe 300 available upon Ceramic Plate 100V and 63V 1.0pf to 12nf
TM30T Digr Thermemetee 25950 SMHZLCD Genartor 24800 TP2 Logic Pulser B0 request. Smm Red LED €009 1pi-inf £0.06 1n2-2n7 £0.09
5mm Green LED £0.10 3n3-4n7 £€0.12 10nfand 12np £0.12
ELECTROLYTIC RADIAL CAPACITORS ELECTROLYTIC AXIAL CAPACITORS  [REiwbstinens £0.10 Polystyrene 160V 47pf to 10nf
ufF 168Y 28V 83V 100V uF 16V 25V B3V 100V 5mm Orange LED £0.10 47pf-2n2 £0.09 2n7-10nf £0.12
047 = - £0.05  £0.07 047 - = - £015  3mm Red LED £0.08
10 = - £0.05 £0.06 10 - - £0.10 €010  3mm GraenLED £0.12 u
22 = - £0.05  £0.06 22 - - £0.10 €010  3mm Yellow LED £0.13 onDERlNG 'NFORMATI N
47 = - €005 £0.08 47 - €0.09 €010  £0.10  3mm Orange LED £0.13 . — T
10 2005 £0.05 £005 &008 10 - W2 f012 %02 smmFlsingfed 080 Al et e Y T (1750
22 €005  £0.05  £0.09 - 22 — £008 €013 £0.17  SmmFlashnoGreen €054 F©aSe add B5p carriage to all orders an (17.5%)
47 £006  £O.06  £0.11 - a7 €010  £0.11 €046  E0.20  5mm EiColour £0.36 Na minimum order charge
100 €006  £0.08.  EO.MM - 100 £0.10  E£013  £0.21 - smm Tri Colour £0.48 Please send payment with your order
220 €008  E042 0.3 = 220 EDI3  £018  £0.42 = 5mm Plastic Bazal £0.04 PO/Cheques made payable to
470 £015  E0.18  £057 - 470 £0.21  E£020 €069 — 5mm Plastic Bazel £0.05 ESREloctonic Companents
1000 E0.22  £0.20 - - 1000 E033  E04D  £1.05 - 03" 7-Segment Display Fad p
2200  £037  EOST = - 2200  £052 €054 - - common anode £1.14 Access and Visa cards accepted
4700 - 111 - - 4700 £0.90 - - — common cathode £1.14  Official orders from schools and colleges welcome.
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TESTING

TM SERIES MULTIMETERS
D-MM Good Value!

The TM series of low cost meters,
with 3% digit LCDs, full overload
protection, strong ABS case and
packed with features. Supplied with
test leads. battery and manual.

VALUE!

EVEN BETTER

TM 5315  DC current (10A) continuity and diode test 56-05315 £19.99
TM 5365  Capacitance and frequency (200kHz) ranges 56-05365 £36.50
TM 5375  Frequency range (20MHz) and HFE test 56-05375 £36.95
T™ 115 AC 8 DC current (10A), HFE and continuity test ~ 56-00115  £32.50
T™ 135 Capacitance and temp. ranges (inc. probe} 56-00135 £45.95
T™ 175 Frequency (15MHz), capacitance ranges with

HFE, diode, continuity and LED test. 56-00175 £53.60
TM8020 33/, digit display, frequency (4MHz). capacitance

(4OpF), AC+DC current to 20A 56-08020 £54.76
TM8030 3/, digit display, frequency (4MHz}. temperature

(inc. probe), AC+DC current to 20A 56-18030 £59.96
7705 Capacitance meter, 1pF to 20.000uF 56-07705  £39.82

BLACK STAR e

Top quality, UK made,
frequency counters and

generators.
Jupiter 2010 2MHz function generator plus 20MHz

freq. counter 56-12010  £233.00
Orion PAL TV pattern generator 56-01600  £269.00
1410 Video Monitor Tester 56-01410  £527.00
Meteor 100 100MHz counter 56-00100  £128.08
Meteor 600 600MHz counter 56-00600  £158.63
Meteor 1000 1000MHz counter 56-01000  £209.15
Apolio 100 100MHz counter/timer 56-10100  £381.88
Nova 2400 2.4GHz counter 56-02000  £351.33
Jupiter 500 500kHz function generator 56-00500  £129.25
Jupiter 2000 2MHz function generator 56-02001 £175.05

HAMEG
"SCOPES

All Hameg scopes
are supplied with
two x 10 probes,
mains lead,

manual and
2 year
warranty.
HM203-7 Dual channe!, 20MHz 56-52037  £397.15
HM205-3 Digital storage, 20MHz sampling 56-52053  £716.75
HM604 Dual channel, 60MHz 56-56040  £716.75
HM1005 Triple channel, 100MHz 56-01005  £930.60

Full details of all the above are Included In our comprehensive
catalogue, £1.70 (inc. P&P).

All the above are currently in stock and available for immediate
delivery. Standard P&P £1.20, next day delivery £4.60.

\J g~e_J_°
Ciriat

- Cirkit

All prices include VAT (at 17.5%)

AUTONALTD

s leading module manufacturer since 1972

AUDIO MODULES

A rugged high powered module that is ideal for
use in discos & P.A. Systems where powers of
up to 125W, 4 ohms are required. The heavy
duty output transistors ensure stable and
reliable performance. It is currently supplied to a
large number of equipment maufacturers where
reliability and performance are the main
considerations, whilst for others its low price is
the major factor. Operating from a supply
voltage of 40-80V into loads from 4-16 ohms.

AL 2550-COMPACT LOW-COST 25W AMPLIFIER

One of our most popular audio modules with tens of
thousands installed, Ideal for domestic applications
where low distortion and compact size are £6.55 '
the prime requirements. Used with supply .
raids of 20V-50V into Inads of 8-16 ohms. + VAT

MM 100-BUDGET 3-INPUT MIXER

With a host of features inciuding 3 individual level controls, a master volume
and separate bass and treble control, it provides for inputs for microphone,
magnetic pick-up and tape, or second pick-up (selectable), and yet costs
considerably less than competitive units.
This module is ideal for discos and public
address units and operates from 45V-70V.

As MM100 with two guitar + 1 microphone
input intended for guitar amplifier applications.

COMPLETE AUDIO RANGE FROM 10W-125W
SEND FOR DETAILS TODAY

SECURITY EQUIPMENT

MINIATURE PASSIVE INFRA-RED SENSOR-RP33
Switchable Dual range, detects intruders up to 6 or 12 metres

| Quartity This advanced sensor operates by datedting thebody
_discounts heat of an intrudar mowving within the detection field.
| startat 3 Slow ambient changes such as radiators ré
C O units, ignored. Easlly installed 7 a room or hallway, Providing

reliable eperation from a 12V supply, | s ideal 58
with the CA 1382 or equivalent high quallty control unit.
Supplied with full instructions.

Size 80x60x40mm

Crystal controlled mevement detedtion module operating
at 50kHz with an affective range up to 20ft. Suitable for
operation in household or vehiicle security systems, 12V
operation and built-in timing makes it suitable for a

' wide range of applications.

ADVANCED CONTROL UNIT-CA 1382

Autornatic Loop Test &Switch On * Automatic Siren
Re-Set # Audible Entry/Exit Warning Buzzer s Two
Separate Loop Inputs + 24-hr Circuits *

Easily Installed. Full Instructions Supplied.

This advanced control panel provides effective and
reliable control for all security installations, yet its
operation is sheer simplicity for all members of the
family, and is supplied with two keys.Housed in a steel
case with an attractive moulded front panel, it compares
with units costing twice the price.

LOW COST CONTROL UNIT-CA 1250

This tried and tested control unit provides the finest
value for money in control sustems, with mant

Easily Installed

thousands protecting houses alll over the country,
s A suitable steel enclosure is avallable separately
= 4
S0FT INFRA-RED BEAM-IR 1470 £25.61
The IR1470 consists of a separate transmitter =
and receiver providing a beam of up to 50ft 3
which, when interrupted, operates a relay in the recelver which
in turn may be used to control external equipment. The system
requires only 65mA from a12V supply. Size:(each unit) 82 x 52 x 57mm
PLUS FULL RANGE OF SECURITY ACCESSORIES FOR
COMPLETE HOME PROTECTION
TELEPHONE FOR FREE LITERATURE TODAY

DEPT ETI 5

51 POPPY ROAD
PRINCES RISBOROUGH
BUCKS HP17 9DB

Qrder by Credit Card for
immediate despatch

Add VAT. Carriage only £1 50

TEL: (084 44) 6326
L FAX: (084 44) 7102

Export 10% minimum £1.50 i
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THE CHOICE IS YOURS!

Choose from three GREAT magazines

ELECTRONICS TODAY INTERNATIONAL

Practical electronic projects and scientific and
technological features and tutorials on the past and
present state of the ar.

Published monthly.

Subscription Rates

UK £19.20

Europe £24.90

Sterling Overseas £26.80
US $ Overseas $49

HAM RADIO TODAY

Features construction projects, conversions, pocket radio,
club news, and all other areas of interest to radio
amateurs.

Published monthly.

Subscription Rates

UK £20.40

Europe £26.80

‘Sterling Overseas £28.90
US $ Overseas $53

CITIZENS BAND

Reviews of latest CB equipment, useful practical projects
for the CB’er and all the national and international citizen
band news.

Published monthly.

Subscription Rates

UK £19.20

Europe £24.30

Sterling Overseas £26.00
US $ Overseas $47

Credit card orders 0737 768611

DON’T MISS OUT

SUBSCRIBE TODAY!

{Please commence My SUBSCHPHON 10 s ol TG

ST issue. Renewal [] subscription number if applicablel

(A | AT l enclose my cheque/PO for ¢ ............... payable to ASP orf
Please debit by Visa/Access| [ | [ [ [ [ [ [ | | T T T TT !
| Signature EXPIRY.cnsccsineseen: :
| Name g
{ Address ......... H
1 I
B e e e e e e e e a e s ees s 1
I D Post COde ....vvrvuuurrerreneeerennnne I

EPIease return completed coupon to: Argus Subscription Services, Queenswayf
i House, 2 Queensway, Redhill, Surrev RH1 108, i
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K6001 TEMPERATURE SENSOR K6400 KEY CODE LOCK

K6700: WIRE COMMUNICATION TRANSMITTER
K6701: WIRE COMMUNICATION RECEIVER

K6002 uP TEMPERATURE
CONTROLLER

K2649 THERMOSTAT

K4000 STEREO TUBE AMPLIFIER

K2668 DUAL STEREO VU
METER MODULE

K2659 MORSE DECODER

R
b e R

Professional mixing panel |NFnAﬁED TRANSMITTER

15 CHANNEL INFRARED RECEIVER

TEMPERATURE SENSOR WITH LED DISPLAY

K4010 300W MOSFER AMPLIFIER NEW NEW NEW K4020 600W MOSFER MONO/STEREO
LOWER PRICES for 1992 LOWER PRICES

Send £1.00 UK or £2.50 overseas for your copy of our NEW 1992 catalogue & price list.
160 kits to choose from — all in stock — it’s a must for all electronic enthusiasts.

HIGH-Q-ELECTRONICS LTD

(SOLE UK DISTRIBUTORS FOR VELLEMAN KITS)

] Distributors for high quality electronic components o
VISA PO Box 142, Hatfield, Herts ALS 7JH. VISA
L Tel: 0707-263562 Fax: 0707-276746 P
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TELEPHONE
ORDERS

may be made on

(0242
66551)

ACCESS or VISA

FLECTRONICS

Price Price TODAY INTERNATIONAL
code (inc.
VAT)
C £1.80
D £2.50 E9205-1 Bat Detector . E
E £3.25 E9205-2 Pond Controller F
F £4.00
G £4.75 PCBs for the remaining projects are available from the companies lists in Buylines.
H £5.50 Use the form or a photocopy for your order. Please fill our all parts of the form. Make sure
\ copy f - you use the board reference
J i numbers. This not only identifies the board but also tells hen th j i i
J :g g: e e hdees e youwhen the project was published. The first two numbers are
L £8.8 Terms are strictly payment with order. We cannot accept official orders but 1 invoice i i
M £10.63 Such orders will not be processed until payment is received. YRR e pepfonmaingoigelibeaiied
N £13.10
o £15.80 E9103-2 64K EPROM Emulator ............. .. N E9107-4 The Consort Loadspeaker ... H
o 17590 E9103-3 SSB Radio Receiver ........... .G E91081 Pulsed Width Train Controller ... ... ... E
Q £21.80 59103»4 Active Loudspeaker board . H  E9108-2 Model Speed Controller — Main Board ....... F
R £23.90 9104-1 Tes?mete.r Volts. g E  E9108-3 Model Speed Controller — Power Supply ..... F
P £25.90 53104-2 Active Direct Injection Box ........................ F E9109-1 Geiger Counter .........................._._ E
T £29.00 Egigii EPROM Eraser ................ F E9109-2 Hemisync Waveform Generator Board ... .. G
U £32.20 = - 1glFa1 Ta(?hometer F E9109-3 Hemisync Pulse Generator Board
v £35.80 Eglgg-? Ils[adlo Calibrator . F E9109-4 Hemisync Power Supply Board .......
w £37.90 5910/2 T}:)d.ulator Laser (2 boards) .. H E9109-5 Nighfighter Main Processor Board
X £40.70 5- yristor Tester .................... F E9110-1 Freeze Alarm ...........
E9105-3 Frequency Plotter ....... Rt V. SR K E9110-2 Document Saver ......
. E9106-1 Laser Receiver ..., F  E9110-3 Proto-type Designer
E9106-2 i S
-2 Temperature Controller — Power Supply ..... G  E9110-4 Nightfighter — Sound to Light (double sided) L
E9107-1 Terpperamre Controller — Main Board ........ K E9110-5 Nightfighter — Ramp Generator Board E
1 Egig;g %\mperature Controller — Probe PCB ......... F  E9110-6 Nightfighter — Cyclic Crossfade
- e Foot Tapper — Volume Control (double sided)
tapper — Volume Control — (double sided) ............. P o a3 o aotzleg M
(double sided) ... J  E9110-7 Nightfighter — Strobe Board (double sided) ., J
L E9110-8 Nightfighter — 8 Channel Triac Board ........ N
- —— e - - D2 = E9111-1 Digital Code Lock ................... R Lo 0
3 E9111-2 Switched Mode Power Supply ........ =0 By E
| TO: ETI PCB SERVICE, READERS’ SERVICES, | E9111-3 Nightfighter Mode Selection {double sided) .. J
| ARGUS HOUSE, BOUNDARY WAY, E9111-4  Nightfighter — Display Board (double sided) M
I HEMEL HEMPSTEAD HP2 7ST | E9111-5 Nightfighter — Bass Beat Trigger
(double sided) ................ L
Please supply: | eonits N dect J
. ghtfighter — Sequence Select
| Quantity Ref. no. Price Code  Price Total Price | (double sided) ,.....oorvivniiinnnnns FE e i
| ES111-7 Nightfighter — Master Controller PSU ......... K
I E9111-8  Nightfighter — Output Switch (double sided) M
I | E9112-1 Nightfighter Sensor Switch Master Control
| (double sided) ... L
| E9112-2 Nightfighter Sensor Switch Channel Control
| (double sided) ........................ A= L
I E9112-3 Nightfighter Sensor Switch Sound Trigger ... H
I I ES112-4  Nightfighter Connector Board ................... F
| E9112-5 Nightfighter Sensor Switch PSU ... ... .K
| Post and packing £0.75 | E9112-6 Nightfighter 8-Channel Input Interface
(double sided) ................... e S S - ot
Total enclosed £ | E9112-7 Power On and Overload Regulator ...
[ | E9201-1 Laboratory Power Suppy ..............
| Please send my PCBs 10 brocx carmass = E9201-2 Test Card Generator Board .....................
|  E9201-3 LED Star (double sided) ....... Y:0000 SROGOBCE o
| Name e o Al 5 DA B e s | E9201-4 Enlarger Timer Main PCB (double sided) .... N
I E9201-5 Enlarger Timer Selector Board (double sided). K
Address Sl e Ry SR O | I§9201-6 Enlarger Timer Switch PCB .................... E
| g L E9202-1 Timer — Counter Driver (double sided) E
e o8 S S | E92022 Timer — Time Base (double sided) ............ F
| LINETIE S | E9r202-3 Timer.— Power Supply ........................... C
| o e e | Pathodens: s e Kie = : Egéggé m:g} 2witcier — I\P-‘Iam Board .. nnmaims: L
LI . awitcher — Power Supply ........iocooo. E
L fHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd. E9203-3 Sine Wave Generator (surface mount) ......... F
__________________ | E9204.1 Auto CarLights ...ocooovvv..ooooooooooF

16

ETI MAY 1992

R I P A ey —

P N T e ——




Mike Meechan confinues
to explain the facilities
available in this modular
avdio mixer.

ast month saw the introductory part of the maga-
zine world’s biggest ever mixer project, the
Anniversary AutoMate 20. This is a mixing con-
sole of modular design philosophy allowing care-
ful, cost-conscious tailoring to exact operational require-
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Fig.2 +48V Phantom Power Supply/5V Logic Supply

PROJECT

HOW IT WORKS
POWER SUPPLY UNIT

Incoming 240V mains s transformed by T1, a dual primary, dual secondary
16-0-15-0500VA toroidal. The use of a dual primarytransformer allows easy
canversion and connection to mains systems in countries abroad operating
fram 120VAC. It is rectified by BR1.2 and then smoothed by C1.2, twa
22,000,/56V audio grade electrolytics, Capacitors C3and C4 placed across
the bridge rectifiers provide & low impedance path at high audio frequen-
cies.

AWilliams 'ring of twa' configuration is used to generate the accurate
voltage reference required. This configuration uses two bipolar transistors,
(1,2 as constant current sources for the two zener diodes, ZD1,2.

e T T T

These are 6.2V zeners chosen for the following reasons, The break-
down voltage of the majority of zener diodes varies with temperature and
consequently, diodes designed for use below 5V depend for theiroperation
onelectron tunnelling and soexhibita breakdown voltage which decreases
with increasing temperature ie they are negative temperature coeficient
devices,

Once above 8Y, however, avalanche effect is dominant in the break-
down, This means that since breakdown voltage increases with increasing
temperature, the devices now possess & positive femperature coeficient,
Consider what happens i the region between the two fimits specified,
where breakdownis acombination of both tunnelling and avalanche mech-
anisms. Diodes with breakdown voltages around this region can be
designed with very small temperature coefficients, so that very stable EMF

ments.

We explained the pros and cons of both types of
microphone input stage design, namely the transformer
balanced input stage and the electronic balanced stage
and posed the question, which type of stage should we
use in this mixer?

We revealed all ina metaphorical sense in the open-
ing reels of the AutoMate saga. All of those who say the
electronic stage go to the top of the class. For those ofyou
who were wrong, the reasons are twofold. The primary
drawback of the transformer is in its cost —ta optlimise
the noise performance, we saw that it was necessary to
use a transformer with a strictly defined turns ratio.
Obviously, these aren’t readily available off the shelf
(although companies such as Jensen do stock a wide

range of transformers) so the designer must specify to the
manufacturer exactly his requirements. This adds greatly
to the costbut can be justified when the consignment will
befortwo thousand or so of the beasties —fora small pro-
duction run of twenty or thereabouts, the cost would be
prohibitive to a hobbyist constructor such as you or L.
The other shortcomingisin the size and weight pen-
alty incurred when our design brief calls for a compact
and easily transportable unit although it must be said that
the 20:8:2 model featured on the front cover is not quite
easily transportable —it wouldn't fit into the boot or pas-
senger compartmentofmy medium-sized saloon carand
whilst not unduly heavy, its bulk and awkward shape
makeitsomewhat unwieldy for one persontoliftor carry.
The circuit offered uses one moderately expensive
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‘s can then be produced from them,

In our circut, the base of Q1 is held at 6.2V so that its emitter current
adjusts to make V-emitter (6.2 — 06 = 58VL. Q1 emitter current is conse
quently 5.6/1000 or approximately 5mA. The collector current of Q1isalso
thus approximately equalto 5mA, and supplies ZD2, whichinturn feedsthe
base of 02, which conduets and passes a current elso approximately equal
to5mA. ZD2 behaves as the reference and feeds Q1. The network compris-
ing LED 2, R4 and D1 allows the circuit 1o be self starting since it draws cur-
rent from the unregulated part of the cireuit unfil such times as 02 is con-
ducting whereupon D1 is then reverse-biased and turns off In this way, the
reference voltage as seen by IC1 in opsrating conditions as opposed to
start-up conditions) is NOT degraded by ripple on the unregulated supply
input which improves the line regulztion by an order of magnitude.

This very temperature stable voitage reference feeds the non-inverting
input of the error amplifier, IC1. This compares the referance voltage to @
fraction of the output voltage applied to the inverting input via A8, PR1, The
error amplifier output thus compensates for any fluctuations in the supply
since the difference between thess twovoltagesisthe inputto theamplifier
and as R5, R8 and PR1 form a neg eedback loop, the amplifier output
voltage changes in such a wa nimise this difference. The unregu-
fated supply serves merely ¢ ide power for the amplifier, since it is
behaving as a high gain DC emgiifier and since Ao is very large, feedback
theory suggests;

Out = V ref (Rx + Ry)/Ry

Variations in power supply, therefore, donotaffectVoutsince Apishigh
and Vref is constant, The capacitors improve fipple rejection and reduce
nolseand the Darlington pairs reduce the outputimpedance whilst bring-
ing current handling capability up toa value which isofusetous here, ie TA.
(3 and 06 provide the current limiting function.

MTIV output, the normal value, the circuitwillstart imiting at 7A since
Q3's base is then at +T76V while its emitter is at 17V, In a fault condition
(shorted load) the short circuit current, however, s ess, since Q3 now sour-
ces current from the error amplifier, thus holding tfre power dissipation of
both pass fransistors at a value much essthan ina normal short circuit situ-
ation. Tounderstand aperation of the circuit, we mustnotethatinashort cir-
cuitsituation, the shorted Vout equals zero, Consequently, the voltage drop
across resistor Rllis negligily small. The voltage across R10 atshortcircuit)
is Isc X R10, and is designed o keep transistor OB just biased on. The equa-
fions governing the maximum cutput current, short circuit current and the
ratio between the two are as follows;

General form

[ max = 1/Rs[[1 + R2/R1) Vbe + R2/R1 Vreg]
Isc = 1/Rs{1 + R2/R1jVoe

| max:lsc = 1+ [R2/(R2 + R1)}Vreg/Vbe
Component-specific form

Imax = 1/R13](1 + RI/R12Vbe + R11/R12 Vreg]
lsc = 1/R13 (1 + R11/R12)0.6

Imaxlsc = 1 + (R11/[R12 + R11]]17/06

T ST R e T A T e e e B e e

The small value resistor, R13, produces a voltage proportional to the
load current drawn through it — regulation is unaffected since the resistor
comes before the regulator. Q5 has its base connected directly across A13
suchthatwhen the voltage dropped across it approaches 06, 05 begins to
conduct,fts collector pulling the base of 06 and hence the output Darling-
tons towards ground potential. As the base voltages drop, s the output
voltage drops, and if output current through R13 still continues to rise; 06
eventually saturates, clampingall of the output transistor basestoearthand
switching the supply output to OV.

Each of the power transistors has its own low value emitter ballasting
resistor of  value chiosen such that around 0.2V is dropped across it at full
loaded output. Werewe toneglect these resistors, the spreadin Vhe'softhe
transistors would mean that one transistor would 'hog’ mostof the current,
with the distinet possibility of excessive canduction, dissipation of heat and
subsequent destruction. The resistors provide a form ofnegative feedback,
thus controlling the transistors and eliminating the chance of thermel runa-
way.

The dual tracking functionis very easilyimplemented. The outputfrom
the posftive regulator is simply used as the referenice for the negative sup-
ply, the lower error amplifier controlling the negative output by comparing
the average of the two outputvoltages with ground, thus giving equal posi-
five and negative T7V requlated outputs. Inthis way, the origination of com-
mon mode signals in the power supply is eliminated.

Over-voltage protection s provided by ZD3, D1, 2, R1d and 06 and ifs
corresponding complemenis on the other supply rail. These components
provide the popular ‘crowbar’ method of protection. If the output voltage
exceads the zener voltage (6V) plus the two diode drops of D1 and 2 plus
one other diode volt drop (Vbe), the transistor is turned on &t 178V and
‘crowbars’ the output to ground for as long as the over-voltage condition
exists [or until the fuse blows). This method is preferable to using an SCR,
which is prone to false triggering on spikes, and will remain turned on until
reset — SCR's have memories like elephants in situations like these. With
this cirouit, the zenerwill stop drawing current the moment the over-voltage
condition disappesrs, so the load is protected from damage from transient
spikes and the PSU remains in operation exceptunder dire fault conditions:
TheLED'son the unrequlated DC rail serve tosupply & bleed path togrotind
for the smaothing capacitors when the mains supply is removed.

Keen-eyed readers and those who have been paying attention —ques-
tions wil be asked at a later stage — will have noticed the one flaw n the
dual-tracking/current-fimiting interaction. Should the positive rail enter the
current-limiting region, the negative rail will follow suitsincets referenceis
derived from Q5 emitter. However, if 3 current-limiting situation exists on
the negative rail its positve counterpart will remain in full operation. | have
1o admit that | could see no easy way around this but it has to be said that
some form of protection, although inadequate in some situations, Is better
than none at all {as parents everywhere will bear testimony 1ol)

The 17V switching supply is identical in all respects to that just men-

tioned, save for the factthatitderivesits unregulated supply fromBR12and
(12 of the audio power supply. i

i i ; |

S = == ~aa e

device, the Precision Monolithics’ SSM2015 IC, a one-

chip ultra-low noise microphone preamplifier in-the
input stage. These cost about £4.00 each but offer super-
lative noise and distortion performances and since the
constructor will already be making substantial savings
when the overall cost is compared to that of ready-built
mixing consoles, the author thinks that their inclusion on
the channel is fully justified.

The SSM2015 is one of anumber of specialistaudio
IC’s manufactured by PHI (Precision Monolithics Incor-
porated) and is itself specially suited to microphone or
other low level pre-amplification. I had fully commited
myself to using two of the LM394 devices when 1 dis-
covered the 2015 and was convinced when I realised that
utilising it within my design would incur no cost penalty

_— - R ———

at all over the 394's and in fact saved something in the
order of £8.00 per module.

The 2015 has true differential inputs and provides
both excellent common mode rejection with an ease of
interfacing to floatation transducers such as balanced
microphone outputs whilstproviding facility forconnec-
tion to single ended devices.

The very low voltage noise performance (1.3nV/
J/Hz) is enhanced by a programmable input stage which
allows overall noise to be optimised for sourceimpedan-
ces up to 4k.

However, for those of a canny disposition and thrifty
Scots origin (and I say that with my tongue firmly in my
cheek as I'm of decidedly Celtic extraction myselfl),
operating on a tight budget, and able to accept a slightly
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Fig.3 Integral architecture of Precision Monolithics SSM2015 Low-Noise Microphone Pre-Amplifier IC

less stringent noise specification (E\n of a mere 760nV
over the full audio bandwidth, and a distortion figure of
less than 0.01% at full gain), I have included a circuit
which may be used.

Current Concerns In The Designs Of
PSU’s

We’ll leave the input stage circuitry for the moment and
move onto the Power Supply Unit which should really
have been first on the list since its construction then
allows testing of any subsequently fabricated modules
before the whole kitten caboodle is bolted together to
create a working mixing console —I deviated from this
more logical ordering in order to whet your appetites.

The foundation of any good audio design should
begin with the power supply. Many otherwise good
designs of signal processing circuitry have excellent per-
formances needlessly impaired because they use poorly
designed or quite simply, use power supply units which
are woefully inadequate. A good PSU, for use in critical
situations such as this one, namely ultra low noise audio,
should haye the intrinsic qualities of very low drift, excel-
lent ripple rejection and very low noise. The circuit
described here fulfils all of these needs.

The design is somewhat more sophisticated than
that found in some audio projects, the author having for-
saken the use ofthe ubiquitous 3-pin monolithic SC regu-
lators sometimes found in mixer power suppliesand cre-
ated one from discrete components.

The supply rails for all of the audio circuitry were
Kept entirely separate from all others so that any glitches
or noise introduced by the switching processes
employed in the mixer didn't degrade the noise perfor-
mance of it. Separate earth busses were also provided for
the same reason,

For this project, the power supply unit had to pro-
vide the following;

Very stiff (well regulated) plus and minus 17V supplies
for all of the op-amp and audio circuitry. This bipolar
supply would have to possess good current-handling

capability and excellent ripple rejection.

Separate bipolar supply for all of the switching circuitry.
48V supply for phantom powering of microphones. 5V
supply for any logic circuitry.

Pve always been a firm believer in the ‘big is beauti-
ful’ philosophy in the design of both power supply units
and related equipment such as amplifiers, and I prefer to
putmy faithin the performance ofa 4U, 50kg1000W her-
nia-inducing power amplifier than in one of the new-fan-
gled 1U plastic-encapsulated 1kW class D (pulse width
modulated) type which is light enough to be lifted with
two fingers and whose performance might be summed up
with asimilar gesture! For me, and in this respect anyway,
might is right!

This design philosophy prevails throughout the
mixer, butin no other area s it so in evidence than in the
power supply unit which to some of you may seem
excessively over-large and over-rated.

Any hi-fi preamplifier with pretentions towards
greatnessisalwaysendowed withapower supplycapable
of sustaining ANY current demands which the audio cir-
cuitry puts upon it. No-compromise commercial pre-
amps may use 200 or 300VA power supplies although
the current consumption of the unit may only be in the
order of milliamps or perhaps tens of milliamps when the
circuitryis stressed under transient, high signallevel con-
ditions. In this way, headroom is increased and overload
margins improved.

In any case, the ripple current rating of smoothing
capacitors is directly proportional to their physical size,
soitfollows that capacitors of similar capacitance rating
but smaller physical size just CANNOT pertorm equally
well in terms of transient current delivery and it is this
which enables faithful response in the high level, lower
register area of the sound spectrum.

It should also be remembered that the unit must be
capable of powering, without modification, the largest,
automated consol configuration possible with the
increased current consuption which this will bring (an
automated fader, 8-group input module features some
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25 LED’s alone). If we consider a typical driving current
of around 10mA per LED, each module would require at
least 250mA. At this rate, itis very easy to suddenly accu-
mulate many amps of current sinking circuitry. This s, of
course, a slight over-simplification —isn’t it always. Not
all LED’s are likely to be on at any one time, and in any
case, all of the LED’s are programmed for much smaller
currents. This example does serve to illustrate why we
need such abeefy power supply (apologies to vegetarians
everywhere!)

The unit itself is housed in a separate 19” rack-
mounting case, thus minimising any opportunity for the
mixer circuitry to pick up mains hum. Itis very conserva-
tively rated and will run reasonably cool even under
arduous operating conditions, such as may be
encountered on a fully-endowed, 48 input, 16 output
automated desk.

20, i
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£ 50 :
E 1 250us
E 0 5008
B 0] v BONDING WIRE LIMITED 1.0ms
= ’ 3
2 ~— == THERMALLY LIMITED
Q 1.0+ @ Tc = 250°
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8 05-| ——— SECONDBREAKDOWN
) LIMITED
8
0.3
! T | [
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Vce, COLLECTOR-EMITTER VOLTAGE (V)

NOTE: THAT FOR Vg >40 VOLTS, SECOND BREAKDOWN
LIMITS THE DC COLLECTOR CURRENT TO LESS THAN
THE MAXIMUM ALLOWABLE DISSIPATION OF 155W

Fig.4 Graph of safe operating area (SOA) of popular
regulator pass transistor — Motorola 2N3055

As mentioned earlier, the normal 3 pin regulators
were not considered for usein thisapplication because of
the serious shortcomings of these devices at high fre-
quencies. I think that the decision to design one from
scratch first entered my head when 1 had cause to
measure the noise coming from a selection of what are
termed ‘laboratory standard’ power supply units —and
some very expensive ones at that —of the type normally
encountered in test-room/workshop environments and
was, quite frankly, appalled at the high level of hum and
noise, especially hum, which emanated from the output
terminals! In the interests of maintaining a quiet(!),
trouble-free existence and a desire to avoid the libel
courts, the manufacturer shall remain anonymous.

The design offered here is unlikely to bring gasps of
surprise from the audience as it features no specially
innovative circuit topology, but it performs rather well,
having a quite exemplary noise performance —less than
-73dBu unweighted noise and below a measurable level
when measured using a filter as recommended in the
CCIR/468-2 weighted noise measurement specifica-
tion —and as I said before, is very conservatively rated.
Although this figure may seem to be rather mediocre, the
noise level of the lab PSU which Imeasured was —43dBu.
1 think that it would be fair to say that if fitted with higher
voltage transformers, and with a few changes of compo-

nent value in and around the error amplifier and current-
limiting section, the power supply would do justice to the
finest Class-A power amplifier! Now there’s anideafora
follow-up project to the mixer —a 100W per channel
class A studio monitor amplifier, monoblock in design
and with a completely regulated power supply!

~ Careful thought was given to the layout of the PCB
trackwork. Students of audio engineering design will
doubtless be familiar with the creation of a central earth
point —star earth’ —so that fluctuations in the current of
one load will not affect the voltage seen by other loads
and create the opportunity for hum loops to form. What
islesscommonlyknownis the meritofadoptingthis‘star’
philosophy in the layout of the supply rail wiring, thus
eradicating or at least drastically minimising the oppor-
tunity for heavy, possibly dirty, currents (which will prob-
ably have noise and voltage spikes superimposed on
them) to influence and degrade the noise performance of
sensitive, Jighter load circuitry. Crosstalk performance
can be dramatically improved if separate supplies are
used for left and right channel circuitry —consider the
exemplary performance in this respectof the true ‘mono-
block’ power amplifier which uses isolated and separate
power supply units for each of the two stereo channels.
This eliminates crosstalk between the stereo outputs
because the separate power supplies mean that the
impedance of a common power supply interacting
between channels can no longer occur. There has been
much argument and debate about the way that power
supply regulation and distortion are inter-related. Whilst
not wishingto enter the argument, in my humble opinion,
and without digressing even further than 1 have done so

PASS
TRANSISTOR

LOAD 1
(HIGH 1)

PRECISION
REFERENCE

UNAEGULATED
SUPPLY

Fig.5 Power supply ‘star earth’. Mecca —
and corresponding power distribution star

already, the application of good engineering design prin-
ciples in the power supply cannot but fail to improve
overall performance of the active circuitry connected to
it. The main elements are as follows;
Transformers
Rectifiers
Smoothing Capacitors
Voltage Reference Circuits
Error amplifiers
Re-entrant current-limiting circuitry
Power Output Stages

I used a hefty S00VA toroidal transformer for the
main plus and minus rails, this type being preferable to C
or I laminated types for anumber of reasons, not least of
whichisthe smaller physical size for a given Volt-Ampere
rating. The toroidal also produces less magnetic inter-
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PROJECT

ference (hum fields), lower noise, better regulation and
ease of mounting than its C/I core counterpart. The
example used within this design was kindly supplied by
Newmarket Transformers who have, over the years, sup-
plied many prestigious clients within the pro-audio
amplification field with similar transformers. This toroi-
dalisspecially designed for audioin thatithas 20%more
copper within the windings which reduces accoustic
hum (as opposed to electrical hum). Acoustic humis that
hum orbuzz whichis audible from most types of transfor-
mer when in use and varies greatly from type to type and

quency harmonic distortion which certain capacitors are
prone to inducing into any audio which passes through
them. They are manufactured by Elna under the trade
name of ‘Cerafine’ and are without doubt the best elec-
trolytics for use with audio.

It has to be said that because of the amount of ‘har-
dware’ involved in the construction of the power supply
unit (heatsinks, case, large transformer. expensive capa-
citors etc), it is not the most inexpensive mixer supply.
However, it is still small in relation to the the overall cost
of the project and in any case, a quick scan through the
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Fig.6 Graph of output voltage Vs Load Current for PSU fitted with re-entrant-foldback current limiting
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manufacturer to manufacturer.Itis a great nuisance when
the unit has to be sited and used within an otherwise low
ambientnoise situation ( such as mightbe encountered in
atypical presentation studio) and because it intrinsically
is of a mechanical nature, there is very little we as electri-
cal engineers can do about it. It is obviously of less
importance when the desk is used as a front of the house
monitor mixer at an ear-splitting 130dB SPL rock con-
cert! Ordinary types are available if this is envisaged to be
a frequent or exclusive scenario. The toroidals also fea-
ture electrostatic screens which reduce the chance of
pick-up of electrically-induced hum in the surrounding
circuitry.

The Bridge Rectifiers are 25A/400V PIV rated
encapsulated types which use 0.25” spade connectors
and bolt to the chassis as an aid to heat dissipation when
the bridge is passinglarge currents. I specified the highest
quality smoothing electrolytics which I could find avail-
able in the commercial marketplace. These are similar in
many respects to the massive ‘computer-grade’ electroly-
tics to be found in the PSU’s of digital equipment, differ-
ing only in the fact that these capacitors have been
designed and manufactured specifically for use in high-
quality audio applications. The excellent response at fre-
quencies within the audio bandwidth is achieved by
lowering the equivalent series resistance to a value which
isaround 50% lower than other capacitors of similar size
and type. The high grade materials employed also give
superior ageing qualities and tonal stability over the
whole audio range whilst reducing the level of high fre-

PSU section of any of the component distributors’ cata-
logues would reveal that the cost of similar precision high
current power sources is greater by an order of magni-
tude.

Getting A Good Reference For Your CV
(Controlled Voltage)

A zener diode/resistor combination provides a very
stable reference voltage for the error amplifier, and the
paralleled output transistors (each with its own ballasting
emitter resistor to provide negative feedback and so a
measure of temperature stability) boost the power hand-

ling capability of the stage to somewhere in the region of
TA.

Protection Is A Racket

Both current limiting and over-voltage protection were
thought to be mandatory requirements for each of the dif-
ferent power supplies. In the first instance, a power sup-
ply of this size can supply an whole lot of amps in a short
circuit situation, this obviously being somewhat destuc-
tive to both load and PSU.

One way around this is to completely over-engineer
the series pass transistor section, using both heftily-rated
transistors and heatsinks around three times the normal
size. In this way, power can safely be dissipated under
worst case conditionsie short-circuitload. Only then will
the pass transistor survive more than momentary shorted
outputs. This design approach has its merits but huge
heatsinks and over-rated components can sometimes be
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inconvenient and in any case, will add considerably to
the cost. It is also unwise to allow heavy currents to flow
into the powered circuit under fault conditions.

A much more elegant and favoured methodis to use
some form of current limiting, if for no other, reason than
that the prevailing reason for pass transistor failure is
over-dissipation caused, of course, by excessive current
flow or inadequate heatsinking,

Re-entrant or foldback limiting is the more prefer-
able of the two types available since simple corrent limi-
ting will still allow the PSU maximum currentto flowina
fault situation, causing the pass transistor power dissipa-
tion to rise dramatically and perhaps terminally as the
voltage dropped across each rises to the full unregulated
input voltage. Maximum voltage AND maximum current
simultaneously is a very bad state of affairs in any type of
semiconductor control circuit and is to be avoided at all
costs if the longevity of the power components is to be
maximised — I avoided using the word ‘guaranteed’
because the life of any electronic component can only be
estimated.

Foldback limiting, on the other hand. reduces the
output current (and voltage) under short circuit or over-
load conditions, both protecting the load and forcing the
transistors to maintain operation within their S0A (safe
operating area). Referring to the Graph ofa tvpical limi-
ting characteristic, we can see that the regulated output
voltage remains constant until Imaxis approached Then
the current begins reducing (or folding back) to a lower
short circuit level Isc to produce a lower power dissipa-
tion in the pass transistor.

e SR A
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Gan = BB
(= 1KHz 0ga7 oo % TV 1ms
f= 10KH ans poz % TV g
Gan = 40dB
f= 1KHz noo? 01 % V=TV ms
i= 10KHz
Gain = 20dB
f= 1KHz o k015 % Yt =TV (e
£+ 10KHY {01 015 k. Vg =TV (ms
Retarrad Voltags Noise (EIN)
= KO Input Shorted to Eround
= 60dB 02 13 pVms. 20K Hz Bandwldth
= 40dB 3 15 Wy 20K Hz Bandwidth
= 0d8 | 17 aNrms 20KHz Bandwidth
foes = 150KQ inpul Shorted 10 Ground
Cen = 60dB 028 045 uNrms 20KHz Bandwidth
Cain = 40dB 4 .55 s 20z Bandwidth
Gan = 2B 11 A7 Wims 20z Bandwidth
ripust Current Neese (in)
fbizs = 3J3KR 0 phems 20KH7 Bandwidth
Ahizs = E8KD bl A s 20KHz Bandwidth
Rpias = 160KL 130 ph s 20KHz Bandwidth
Gain Eguation
Errar from Gain Equation {AGain|
Gaoin = G0dE 8] 03 B R,=R,=10KQ
Gola = 4008 i} 03 d8 R =R,=10KQ
| Gin = o8 02 0 48 R=R.=10KY
Comman Wade Resection Ratio (CMRR|
Gain = 6048 90 100 d AR
Gan = 406 hit ] [l BBy 10KR
Gain = 20dB B 5 a8 A+, 10KQ
308 Bandwidth (Gain Bandwidth Praduct}
Gain = 5 154 KHz
Gain = 4ldB ] KHz
Gain_ = 20d8 1000 Kiz
| Slew Flste _§ Wl

Table 1 Specifications of Precision Monolithic’s Inc SSM 2015

Microphone Pre-amplifier

Over-voltage protection is provided for both anal-
ogue bipolar and logic supply rails. Since there is much
TTL circuitry in evidence throughout the console, the
reason for the inclusion of over-voltage protection on the
5V rail should be obvious. A similar reason exists for it
beingincluded on the plus and minus17V supply,namely,
that all of the analogue IC’s are operating within a few
volts of their specified maximum supply voltages, so it
makes sense to protect perhaps three or four hundred
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Fig.7 Precision bipolar power supply unit block diagram
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IC’s from death by misadventure at high voltages, as can
happen if the pass transistor fails in its favoured mode
(short circuit) causing the full, unregulated input voltage
to be applied to the load.

Staying On The Right Tracks

The regulators are also of the dual-tracking type, thus
minimising any common-mode errors in the circuitry,
and forcing shutdown of a neighbouring rail if a fault
exists on one (op-amps make the most terrible noise
when powered by one rail but biased for two!).

It can be seen from the circnit diagram that as men-
tioned previously, I have adopted very careful grounding
layouts so that the voltage is sensed at the correct point
and so that hum and instability are avoided. The ideal
would have been to include remote voltage-sensing ofthe
load.butthisisimpracticalin this applicationand so I put
my faith in connectors of adequate current rating and
cable ofthe correct cross-sectional area so that voltdrops
in the interface between source and load were mini-
mised.

A Phantom Supply
48V Power Supply

tions for any unit requiring mains power, all of my gui-
delines with respect to shrouding of connectors, specifi-
cation of wiring and terminal blocks etc should be strictly
adhered to. If I sound like a harbinger of doom at this
point, it is merely because the nature of this particular
project means that it is quite possible that the unit will be
used by or in conjunction with other people, or even the
general public. Consequently, you as the constructor
could well be found to be liable for any mishaps which
occur during its use (or mis-use as the case may be) and [
as designer could become an accessory alter the fact! As
my specification calls for good, approved materials and
safe constructional work practises, my obligation is ful-
filled and the ultimate safety of the unit will be dictated by
the way in which you, the reader, builds the unit. Thisis all
somewhat theoretical since | have yet to hear of any test
cases being brought forward. In any case — no pun
intended —the interior of some items of consumer elec-
tronic equipment of a more Oriental than Occidental
origin, shall we say, bear testimony to some very danger-
ouswiring practices, with inadequate sh rouding of mains
terminals in the cases of equipment deemed to be
‘double-insulated’ and inadequate earthing arrange-

ments in Class 1 types of equipment.

T

This supply DOES use the monolithic 3 pin regulator

IC's referred to in such derogatory terms in the general
text, The quality of this rail is not quite so important,
being used only to provide a polarising voltage for capa-
citormics. It uses the industry standard 317 series of vari-
able voltage regulators with the ADJUST pin held some
voltage from ground potential via the zener diode,
ZD101 and somejiggery-pokery with judiciously-placed
capacitorsimproves regulation to 80dB. The outputvolt-
age can therefore be calculated as follows:

Vout =Vz+1.25(1 +R102/R 103)

Preset PR101 allows precise setting of the output
voltage. The bypass capacitor, C103, on the ADJ pin of
the regulator is the conjuring trick just mentioned and
improves theripple and spike rejection of the IC byabout
15dB, and the diode, D101 provides a safety discharge
path for this capacitor,
5V Logic Supply
This is identical in all aspects to the high power biploar
supplies, the only difference being in the magnitude of
the output voltage. As the explanation of the workings of
all of the important modules of this supply have already
beencoveredin the Bipolar 17V section, no further textis
deemed to be necessary.

Power Supply Construction

The power supply unit is housed in a separate 19", 2U
rack-mounting unit which means, as we said earlier, that
any circuitry with 50Hz AC is kept well away from sensi-
tive audio circuitry. It also makes for a much safer unit
since mains voltages are all contained in one stu rdy and
secure unit, well away from any low level signals and
operational surfaces and the possibility of fatal electric
shocks caused by dire fault conditions are thus elimi-
nated.

Whilst on this rather serious note, it should be men-
tioned that new Health and Safety (Electricity) legisla-
tion make the individual much more culpable in matters
such as these. To comply with the recent recommenda-

As the mechanical construction is rather awkward
and definitely not to be attempted on aFriday night after
downingone or two pints of your favourite ale at the pub,
the PCB foil layouts,component overlays and full con-
structional details for the power supply unit will be pub-
lished in next months Part Three, thus affordingall inter-
ested parties —and those shunning earlier “don’t build
yet” advice —the opportunity to scan the parts list and
order the special parts from the companies specified.

This seems like an opportune moment to mention
that many of the specialist components used in the mixer
are available only from dedicated pro-audio sources (via
mail order). Although this might seem a mite awkward,
all of the companies mentioned are readily able to deal
with large quantity orders. [ found it immensely dis-sat-
isfying and frustrating when developing the Nightfighter
to have to make three or four trips to the local high street
outlet before my quota of components was fulfilled. This
new method completely eradicates these frustrations, as
well as offering bulk savings which more than compen-
sate for packaging and carriage costs.
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BBC Model B APM Board

£100 CASH FOR THE
WIN E100 MOST NOVEL

cASH! DEMONSTRATABLE
APPLICATION!

BBC Model B type computer on a board. A major purchase U
allows us to offer you the PROFESSIONAL version of the BBC
computer at a parts on!y prloe Used as a froml end graphics

tem onlarge r the architecture of the BBC
board has so many slrnl|ar|ﬂes to the regular BBC model B that
we are sure that with a bit of experimentation and Ingenulty many
useful applications will be found for this boardll It Is supplled
complete with a connector panel which brings all the VO to 'D’
and BNC type connectors - all you have o do Is provide +5 and
112 v DC. The APM consists of a single PCB with most major
Ic's socketed. The Ic's are too numerous to list but Include a
6502, HAM and an SAAS5050 telelext chip. Three 27128
EPROMS contaln the custom operating system on which we
have no data, On application of DC power the system boots and
provides diagnostic information on the video output. On board
DIP swilches and jumpers select the ECONET address and
enable the four extra EPROM sockets for user software. Appx.
dims: main board 13" x 10". VO board 14" x 3". Supplled tested
with clreult dlagram, data and competition entry torm.

Only 22995 or 2 for £53 ®)

MONITORS

MONOCHROME MONITORS
THIS MONTH'S SPECIALI

There has never been a deal llke this onel
| Brand ng new & boxed monitors
from NEC, normally selling at about £1401
These are over-engineered for ultra
1 rellability. 9" greenscreen composite input
wward with etched non-glare screen plus switch-
able highflow impedance |nput and output
for dalsy-chaining. 3 front controls and 6 at rear. Standard BNC
sockets. Beauliful high contrast screen and attracfive case with
camying ledge. Perfect as a maln or backup menitor and for

quantity usersl  £39 95 each () or 5 for £185(g)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
COLOUR MONITORS
Decca 16" 80 budget range colour monitor, Features a PIL ube,
beautiful teak style case and guaranteed 80 column resolution,
features usually seen only on colour monitors costing 3 llmes
our pricel Ready to connect to most computers or video
75 composlite input with Integral audlo amp & speaker. IIy
tested surplus, sold In ittle or hardly used condtfion with 90 day
full RTB guarantee. ideal for use with video recorder or our
Telebox ST, and other audio visual uses. £99(E) IE275(G)
20", 22" and 26" AV SPECIALS
Superbly made "UK manufacture. PIL all solid state colour
manitors, complete with compostite video & sound Inputs. Attrac-
tive leak slyle case. Perfect for Schools,Shops,Disco, Clubs.
In EXCELLENT litthe used condition with full 90 day guaraniee.

20"...£135 22"...£155 26"....£185 ®
CALL FOR PRICING ON NTSC VERSIONSI
HLDEFINITION COLOUR MONITORS
Brand new 12" mutllinput high definition
colour moniiors by Microvitek. Nice tight
0.31" dot pitch for superb clarity and
modem metal black box styling. Operales
from any 15.625 khz sync RGB video
source, with eltherindividual H & V syncs
such as CGA IBM PC's or RGB analog
with composite sync such as Atari, Com-

modore Amiga, Acorn Archimedes & BEC. Measures only 14" x
. Free data sheet Including eonnection Information.

12" squars,
Will also function as quality TV with our RGB Telebox.

Only (E)
Brand new Centronic 14" monitor for [BM PC and compatibles

at a lower than ever pricsl Com) CGA equivalent. Hi-res
Mitsubushi 0.42 dol pitch giving 668 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor in attractive style moulded case.Full
90 day guarantee. Only E)

NEC CGA IBM-PC compatible. High quality sx-equipment fully
tested with a 80 day guararttee. in an attraclive two tone ribbed
grey plastic case measuring 16L x 13"W x 12°H. A terrific Newton
purchase enables us to pass these on at only.... 9 5]

V22 1200 BAUD MO

Master Systems 2/12 mic moessorw trolled V22 full dupl
1200 baud modem. Fully B unit, pmvldes standard
V22 high speed data comm, w ch at 120 , CAn save your
ne bill and connect time by %I Ultra slim 45 Thu

h. Full featured with LED sinius I nrs and remote
ee'rr:rclu stics. Sync or Async use; speech or data swiiching;
bullt In 24i}v mains su and 2 wire connection to BT. Units
are in used but tion. Fully tested prior despalch, with
data and a full 80 day guarantee. What more can you ask for -

and at this pricell ONLY £69 (D)

MAIL ORDER & OFFICES
Open Mon-Frl 9.00-5.30
.J

for UK Mainland. UK customens add 17.5% VAT to TOTAL order amournt. Minkmum order £10. PO orders from Govermment,

IBM KEYBOARD DEALS

A replacement or backup keyboard, switchable for IBM PC,
PC-XT or PC-AT. LED's for Caps, Scroll & Num Locks. Standard
B4 k:myrd layout. Made by NCR for the English & US markets.
tandard. Brand new & boxed with manual and key
template for user slog.nns on the funciion ke s. Attractive
bemr gray and cream finish, with the usual retractable
meath. A generous le h of curly cord, terminating in t!
standard 5 pin DIN plug autiful clean of manufac-
twrers surpius. What a de (B) /175 (D)

Brand new and boxed 84 key PC/XT type keyboardsin standard
IBM grey with very attractive mottied finish and "clicky” solid feel
keys. 10 funclion keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

FLOPPY DISK DRIVES
BARGAINS GALORE !
NEW 5% Inch from £29.95]

Massive purchases of slandard 514" drl\ms anables us to
presant prime produt at industry beating low prices! All units

(uriaﬁs stated) are removed from often nd new eq..l&mn
and are fully tested,aligned and shi toyoumma day
guarantes and operate from 45 & + , are of

and

the s rd 34 way connector.
TAN

TWH00-2A IBM compatible DS
CANON,TEC etc.DS half height.State 40 or 80T
'IEICFD-EB-FMD DS half height. BRAND NEW mm

% Sgeccalel %

TEAC FD-55 half helght series In your chaice of 40 track
double sided 360k or 80 track double sided 720k. Ex-equlp-

ment fully tested In excellent condition with 90 day warranty.
r TE-36 for 360k £29.95(C) or TE-72 for 720k £38.85(C
CHOOSE YOUH 8 INCH!
Shugart B00/801 SS refurbished & 50.
Shugart 851 double sided refurbished & |ssled m.m{g
Mitsublishi M2894-63 double sided swiichable

hard or soft sectors- BRAND NEW £250.00(E)

SPECIAL OFFERSI!
Dnﬂ:l::l Itlrlm with2 g;glsbm capacity housedin a smartcase
wil t in power supply!
e o Brae o B 240 5
ne scoop new "

megabyte of hard disk storagel Full CPU control and industry
standard SMD Interface. Ultra hl speed transfer and access ime
leaves the good old ST506 irﬂarfacs standing. In mint condition
and comas complete with l. Only £309(E)

AFFORDABLE 10 Mb WINCHESTERS

A fantastic deal - 10mb (formatted) Winchester for £39.95|
Tandon TM502 full height ST506 Interface. Use It as a second
hard drive on your present driver card or as a starter Into
Winchester jand - see the driver card iisied beiow. in exceiieni
used condition, guaranteed for 90 days... £30.95(C)
Hard disk driver card, complete with cables ready to piug Into

our PC or compatible. ports tero Winchesters.. S{A

No Break Uninterruptable PSU S

Brand new and boxed 230 volts uninterruptable power supplies
from Densel. Model MUK 0565-AUAF Is 0.5 kva and MUD
1085-AHBH Is 1 kva. Both have sealed lead acid batleries. MUK
are Internal, MUD has them In a maiching case. Times from
Imerrupt are 5 and 15 minutes respectively. Complete with full
operation manuals.. MUK.....£240 MUD..... 525 G

RECHARGEABLE BATTERIES

LEAD ACID

Maintenance free sealed long fife. Type A300.
12voits 12 volts 3 s
Gvolts 6 volts3 amp/hours !: 8.95 .&.
12volts Cenire 1.8 amp hours. AFE. £ 595(A
12 voits 12 volts 38 amp hours.7-1/2"L x6"S.AFE £35.

EXTRA HI-CAPACITY NICKEL CADMIUM
Super high capacity Chloride Alcad 12
volts reflllable type XL1.5. Electrolyte Is
readily avallable Potassium Hydroxide. In
banks of 10 cells per 8"H x 24'L x 5.5"D wooden case. Each cell
maasumsa"HH ?5‘1.14"0 Ganbaeasﬁywpmlnd Ideal

3 phase . m mwa‘nx:

Rhode & Schwarz SBUF TV test transmitter

25-1000mhz. Complete with SBTF2 Modulator £6500
Gnleom 1oasiar?ndmm3penﬂoner € 650

LA 1608 logic analyser € 375
1.Ekw 16v 60hz power source £ 950
Tektronlx R140 NTSC TV test signal standard. g :I‘:

aonDy KTX 1000 Videotex system - brand new
S 2020

20 VDU terminals - brand new £ 225
Sekonic SD 150H 18 channel Hybrid recorder £2000
Tnnd 1-0-1 Data transmission test set £ 625

DA-3501 CD tester, laser pickup simulator £ 350

LARGE QUANTITIES OF OSCII.I.OSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI

LONDON SHOP
100's of ba:ramql
5.3

DISTEL © The

000's of it
Les: = Va1, v

South Ncrugcgd. 081-679-

Blggin Way,
d,

London, S

2000 cpl In Pica, 163 in Blite. Friction or tractor feed.

g Including £ sign. Font and ribbon Diablo compatible....... £188(E)
e s S2900 DED DPGZ1 miniature ball point pen priner plotier machanism|
DEC LS/02 CPU board £ 150 with full 40 characters per line. Complale with data sheet which

Free dlal-up database!
5+info On Line
& V22 bis

Universitias,
J=fB.50. (D)-EM.SO (E)-EMOO(F)-EIBM(G)-C::I Al goods supplied subject to our
ba

|
'Iad I‘or !
Superb Quality 6 loot 4Du

19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quallty 19" rack cabinets made In UK
by Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front
door, full heightlockable half louvered back
door and removable slde panels. Fully ad-
Justable Imernal fixing struls, ready
punched for any configuration of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribu-
tion strip make these racks some of the most versatile we have
over sold. Racks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dimensions
are 77-1/2°H x 32-1/2"D x 22"W.  Order as:
Rack 1 Complete \Mih remcweble side panels...... £275.00 (G)

Rack2 Lesssidep £145.00 (G!
POWER SUPPLIES

size Power One SPL200-5200P 200 watt (250 w peak).Sem| open
frame glving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,
+24v 4a (6a poak). All outputs fully regulated with over voltage
C1 protection on the +5v autput. AC input selectable for 110/240
vac. Dims13" x 57 x 2.5". Fully guaranteed RFE. £85.00 (B)

Powar One SPL130. 130 walls. Selectable for 12v (4A) or24 v
(2A). Bv @ 20A. & 12v @ 1.5A. Swilch mode, New.  £59.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £19.95(8)
Greendale 19ABOE 60 walls swilch mode.+5v @ 6a,212v @
1a4+15v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watl hi-grade VDE spec.Switch mode.+5v
@ 15a,-5v @ 1ati2v @ 6a.27 x 12.5 x 6.5cms.New.
£49.95(C)

Boshert 13090.Switch mode.ldeal fordrives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B)
Famell G&/40A. Switch mode. 5v @ 40a.Encased £95.00(C)

COOLING FANS
Please specify ‘IlloerqufwAChntE %

3 Inch AC 112" thick
312inch AC ETRI slimline.Only 1 thick.
31/2Inch AC 230 v 8 watts. Only 3/4" thick
4Inch AC 110/240v 12" thick.

10Inch  AC round. 312 thick. Rotron 110v
10Inch  As above but 230 volts
60mm  DC 1" thick.No.812 for 6/12v.814 24v.
80 mm DCS5 v. Papst 8105G 4w. 38mm. RFE.
DC 12v. 18 mm thick.

DC 12v. 12w 112" thick

DC 24v 8Bw. 1" thick.

THE AMAZING TELEBOX!

TV SOUND
& VIDEO
TUNER!
Brand new hlgh quality, fully cased, 7 channel UHF PAL TV tuner
) . Unit simply connects to yourT\.l’ aerial socket and colour

morilorim‘nl sameinto a fabulous colour TV. Dont worry
our monitor ﬁces nt have sound, the TELEBOX even has an
ral audio amp for driving a speaker plus an auxillary ouIEu
for nes or Hi Al system etc. Many other features: LED
Status indicator, Smarnt moulded case, Mains powered, Bullt to
BS s-aie Many other uses for TV sound or video etc.
Ied NEW with full 1 year guamntea
T ST for composite video Input monitors...
Telebox STL as ST but with Integral speaker..
Telebox RGB for analogue RGB monitors...
RGB Telsbox also suitabls for IBM multisylnc monitors with RG
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not avaiiabie.

BRAND NEW PRINTERS |

Model FP1500-25 dalsywheel printer d
for Its reliabllity, Diablo print mechanism gives superb
registraion and quality. On board mici cessor gives full
Diablo/Qume command capalill'ly Serial RS-232C with full
handshake, Bidirectional 26 cps, switchable 10 or 12 lchggg
A

Includes drcult dlagrams for simple driver electronics......£49(B)
Cenfronics 150 series. Always known for their naiiaulty in
continuous use - real workhorses in any environment. Fast 150
cps with 4 fonts and cholce of interfaces at a fanastic pricel
1508-4 Serial up to 8.5" paper, {an fold tractor 2 9. W{EE
..9149

150-4 Serlalup to 9.5" , tractor, roll ors/

152-2 parallel up to 1 paper tractor or s/sheat...
CALL FOR TI'IE MANY OTHERS IN STOCK.
VISIT OUR SHOP FOR BARGAINS

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502

Orlglinal

1888

Schools & Local Authorities

ensorwthenghlbd\an@ piices & specifications




he March edition of this mini-series dealt with

the design of ‘L’-type attenuator networks. This
month’s article continues the theme by showing

how to design ‘matched-resistance’ attenuators.

A serious weakness of the ‘L’-type attenuator is its
outputimpedance varies with the attenuator setting and
itsinputimpedance varies in a similar way if the output s
externally loaded. The significance of this latter effect
is illustrated in Figure 1, where the attenuator is
represented by the load on the
O output of the waveform gener-
ator, which has an output
impedance of 100R. If the
generator is set to give 1 volt
outputintoa 1k0load, the out-
put varies between 1-048
volts and 0-:917 volts if the
load is then varied between
2k0 and 500R, thus invalidat-
ing the attenuator’s calibra-

WAVEFORM
GENERATOR

our
Vour

g LOAD

Vaur = 1.000V AT 1k0 LOAD —_—
= 1.048V AT 2k0 LOAD
=0.917V AT 500R LOAD f ov

Fig1 The output voltage of a generator varies
with changes in its load impedance.

tion.
j ke PR, P T S So in Figure 2, the ‘ideal’
variable attenuator should
Vin LOAD Veur | have input and output imped-

ances that remain constant
irrespective of the attenuation
setting. Such attenuators do
exist, and are usually based on
a number of switch-selected

Q
/fL‘/OV

Fig.2 The ‘ideal’ variable attenuator presents
constant input and output impedances.

%

fixed-value attenuator pads. These pads come in a
variety of types, and the five most popular of these are
shown in Figures 3 and 4, together with their

R1 ;3] i3] R3
nvout SRz OUTAN INOUT S A2 OUT/IN
A1 A1 OUTAN
TTYPE Hz z’vn:)s
a1 a—
A= 2w = 2a+1) BRIDGED-T TYPE
zz=2(ai:1) R2=Z(:ra1) =X :
Vin Rz= Z[;—_-i]
. NOTE: a = gt R =2ia1)
-| Fig.3 Circuits and design formulae of the basic ‘T’ type attenuator and its
'H* and *Bridged-T' derivatives.

' design formulae. These attenuators are perfectly symme-
trical, enabling their input and output terminals to be
transposed, and that they are each designed to feed into a
fixed load impedance, Z, which actually becomes part of
the attenuator network. Note that the pad’s input and out-
put impedances are designed to equal that of the desig-
nated load, thus enabling impedance-matched pads of
any desired attenuation values to‘be cascaded in any
desired combination, as shown in Figure 5.

The two most popular types of pad attenuator are
the “T” and = types; the ‘H’ and ‘O’ types are simply ‘bal-
anced input’ versions of these, and the ‘bridged-T” type is
a derivative of the basic ‘T’ type.

Figure 6 shows a practical version of a T-type atte-
nuator, designed to give a matched impedance of 1k0 and
to give 20 dB of attenuation. Working through the design
of this example from the back, note that the 1k0 load
shunts R2 and brings its effective impedance down to
550 ohms, which then acts with R1 as an ‘L’-type attenua-
tor that give the 20dB of attenuation and has an input
impedance (into R1) of 5-501 ohms, which is shunted by
R3to giveanactualinputimpedance of 1000R. Note that
the output load forms a vital part of the attenuator, and
that if it is removed the pad’s attenuation falls to only
5:052, or —14-07dB.

R1
Cr AANN ]
INOUT S R2 R2 OUTAN
m
o AN Q)
o, —
n TYPE INOUT S R2 R2 OUTAN
72 A1
T2z O AAAA O
a+
R2=2( B—L ) O TYPE
Vin
NOTE: a = —
v =28
out R1=2( = )
a+1
R2=2(2%)
Fig.4 Circuits and design formulae for the basic © type
attenuator and its ‘0’ type derivative.

Figure 7 shows a practical version of a T-type attenu-
ator, designed to give a matched impedance of 1k0 and

ttenuator Circui

20dB of attenuation. R3 and the 1k0 load form an -
type ‘+1-8182’ attenuator that has an input impedance
(into R3) of 1,818-2 ohms. R1 and R2 also form an ‘L’-
type attenuator, but in this case R2 is shunted by the
above 1,818-2 ohm impedance and has its effective value
reduced to 181-8 ohms, so this stage gives an attenuation
of +5-5 and has an input impedance of 1000R. Thus, the
T-type attenuator actually consists of a pair of cascaded
L-types, which in this example give individual attenua-
tion ratios of 1:8182 and 5-5, or +10-00 overall. Note that
if the outputload is removed from this attenuator its atte-
nuation falls to only +5-50, or —14-81dB.

Figure 8 shows a chart that makes the design of “T’
and T attenuators very easy. To find the correct values of
R1 and R2, simply read off the chart’s r1 and r2 values
indicated at the desired attenuation level and multiply
these by the desired attenuator impedance, in ohms.
Thus, to make a 100R, 20 dB pad, R1 and R2 need
values of 818R and 202R respectively. Note that this
chartcanalso be used to design ‘H’ and ‘O’ attenuators by
simply halving the derived R1 value.

Switched Attenuators

Matched-impedance attenuator pads can be cascaded in
any desired sequence of values and types, and this fact
makes it easy to design switched-value attenuator net-
works and ‘boxes’, as shown in Figures 9 and 10. Figure 9

ETI MAY 1992



Oo— ~1db = ~4db = —20db
600R PAD 600R PAD 600R PAD
G00R
Vi LOAD
e,

/?'L’IDV

O

Fig.5 Matched attenuator pads can be cascaded in any combination.

impedance shunts R3 of the preceding
section and reduces its effective value to
1100R, so that section (the 4th) also gives
+10 attenuation and an 11kinputimped-
ance. Similarly, sections 2 and 3 act in
precisely the same way. The ‘1’ input ‘L’-
type section consists of the generator’s
source impedance (2k0) and R1, which

Vour = ViN-25dB

shows how four binary-sequenced ‘1-2-4-8’ attenuator
pads can be cascaded, using 2-pole 2-way selector swit-
ches, to make an attenuator that can be varied from 0dB
to —15dB in 1dB steps, and Figure 10 shows an alterna-
tive arrangement that enables attenuation to be varied
from 0dB to —70dBin 10dB steps. These two circuits can
be cascaded, if desired, to make an attenuator thatis vari-
able from 0dB to —85dB in 1dB steps.

The three most widely used values of ‘matching’
impedance are 50R and 75R for ‘wireless’ work and
600R for ‘audio’ work, and Figures 11 and 2 show the
appropriate R1 and R2 values needed to make “T” and T
pads of these impedances and with attenuation values of
1,2,4,8,10,16,20,0r 32dB.Note when designingattenua-
tor pads that the R1 or R2 values may be adversely
affected by stray capacitance if the values are excessively
large, or by the resistances of switch cdntacts and wiringif
excessively small. Thus, it can be seen from Figures 11
and 12 thata —1dB pad would best be made from a T sec-
tionifdesigned for 50R matching. butfroma “I” sectionif
intended for 600R matching.

esign

If large (greater than —32dB) values of pad attenua-
tion are needed, it is best to make the pad from two or
more cascaded attenuator networks. If the multi-stage
pad is to be made from identical T-type stages, as shown
in Figure 13a, an economy can be made by replacing
adjoining pairs of R2 resistors with a single resistor with a
value of R2/2, as shown in Figures 13b. A similar tech-
nique can be used if the cascaded sections do not have
identical attenuation values, but in this case the single
replacement resistor needs a value equal to the parallel
value of the adjoining pair of resistors thatit is replacing,

Although the Figure 13b ladder attenuator is
described as a Tt-type design, it can be described as a set
of cascaded ‘L’-type attenuators with a shunt across its
main input terminals. With this description in mind, a
mostingenious developmentofthe circuitis the switched
ladder attenuator, a 5-step version of which is shown in
Figure 14, together with its design formulae and with
worked values for giving +10 (=—20dB) steps and a 1k0
matching impedance. The input signal’s effective source
impedance forms a vital part of this attenuator network,
and needs a value of 2Z. ’

To understand the operation of the attenuator
shown in Figure 14 itis best to firstimagine it without the
external load connected, and to work through the design
from right to left. The 5th (output) section (R2-R4) acts
asa+10°‘L’ attenuator withan 11k inputimpedance. This

+5.5 +1.8182

l‘_A%
a1 Ra
Ty =1k0 818.2R B1a2ZR
R2 LOAD
I 202R OUT 2 1ko
O
o

Fig.7 Worked example of a 1k0, ~20db ‘T’-type
attenuator; its unloaded attenuation is
+5:50, = -14-81 dB.

R1
Zoy=1k0 4951R
Cr

R3 R2 LOAD
I‘" 12228 <122em OV Z ko
e,

7 ov

Fig.6 Worked example of a 1k0, -20dB n-type
attenuator; its unloaded attenuation is
+5-052, = -14-07 dB.

dB e TTYPE ‘TYPE
LOSS | (VilVou r r2 r1 r2
0 1000 | 0 o 0 ®
01 1012 0.00576 86.9 0015 | 174
02 1023 0.01%5 434 00230 | 869
03 1035 00173 29 0.0345 579
04 1047 0.0230 ni 0.0461 434
05 1089 | 00288 174 00576 | 348
06 1072 00345 145 0.0691 20
08 1096 0.0460 108 00922 27
10 1122 0.0575 867 0115 174
15 1188 0.0861 576 0174 16
2 1259 015 430 0.232 872
3 1413 o 284 0.352 585
4 1585 0.226 210 0477 442
5 1778 0.280 164 0,608 357
6 1995 0332 134 0.747 3
7 2239 | 0382 112 0.896 261
8 251 0431 0946 1057 23
9 2818 0476 0812 123 210
10 3162 0520 0.703 143 192
12 3981 0598 0536 186 167
‘% 501 0.667 0416 24 150
15 562 0693 0.367 272 143
16 631 0726 0.325 308 138
18 794 0.776 0.256 391 129
20 10.00 0818 0.202 495 122
2% 1778 0,894 0113 8.86 112
30 3162 0939 0.0633 158 107
32 3981 0.951 0.0503 19.89 1052
ki 56.23 0.965 0.0356 21 104
40 100.0 0.980 0.0200 501 102
45 1778 0.989 002 889 101
50 3162 0994 0.00632 158 1006
55 562.3 099 0.00356 281 10036
60 1000 0998 0.00200 500 10020
64 1585 0.9987 0001262 | 800 100126

Fig.8 ‘T’ and = attenuator design chart. To find the
correct R1-R2 values, read the r1 and r2 values
indicated at the desired attenuation value and
multiply by the desired attenuator impedance.
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LOAD

e

-20dB u ourt

LOAD

Fig.10 This switched attenuator is variable from 0 to 70dB in 10dB steps.

(since itis shunted by the 11k input impedance of the ‘2’

section) has an effective impedance of 2k0; this section
thus has an effective attenuation of +2,

Now imagine the effect of connecting the external

1k0 load to any one of the atte-

A'I'I'ENUATOFI PADS

nuator’s output terminals. Ifitis
e connected to the output of the
Sth section it shunts R4 and
increases that section’s attenu-

gp | 90QIMPEDANCE | 75Q IMPEDANCE | 6002 IMPEDANCE | ation to +19-9 and reduces its
Loss | R1@ | Rae) | Ao | Rx0) | mua) | R1©) input impedance to 10,424R,
1| um ‘ W3 R & | 5| | therebyalsoincreasingtheate-
o | 88 | Weo | %% | 3i5 | 282 | 252 | nuation of the preceding sec-
5| s ‘ 83 M3 lme | e | g | pon Py O The netreultis
! ; : 915 2970 732 that the attenuation at the out-

; | 789 | 11,934 | 631.2

R2

DR, 75R, and 600R ‘T'-type

put terminal increases by a fac-
tor of 1-995, or precisely 6dB.
Similarly, if the load is con-

ATI'ENUATOR PADS

nected to the output of any of
the ‘2’ to ‘4’ sections, increases
by precisely 6dB. Finally, if the
load is connected to the output

'T'-TYP|

of section ‘1’, that section’s atte-

4B | S0RIMPEDANCE | 7501IMPEDANCE | 600Li IMPEDANGE 0N
Loss | mua) | Ra@) | mum) | maw) | Rig) | R1(%) nuation increases by a factor of
]| 2875 | 4335 | 432 | es02 | saso | s22 | 2000 (to +4), or precisely
2 5.750 215.0 8.625 322.5 69.00 2580 6021dB
4 1.30 105.0 16.95 1(5)0.0 13:.6 516262 .
8 21 47.30 32.33 70.95 258.6 7. . .
55 Since the load is con-
10 26.00 35.15 39.00 52.73 3120 421.8 5
o | 3830 | 1625 | 5445 | 2437 | 4356 | 1950 | nected to SOME part of the cir-
20 40.90 10.10 61.35 15.15 490.8 121.2 o, Wy
3 | 4755 | 2515 | 7132 | 3772 | s706 | 3048 | cuit, it does not affect the step
DR, 75R, and 600R ‘'~type attenuation of the network. If

the load is shifted a 20dB step
down the line, from the output

IDENTICAL PADS
Y

LOAD

Fig13 The 3-stage ‘n’-type ladder attenuator of (b} is a simple development
of the 3-pad circuit shown in (a).

(b)

a+1

R1=22(2%)
R2= 2(32'1)
A3= Z(a—”) l
Re=2(2)
0dB  —20dB  —40dB  -60dB  -80dB
Vi o o
v,
out
J
R4 LOAD(Z)
1100k < 1ko

SECTION
NUMBER 5

UNLOADED a=2 a=10 a=10 a=10
VALUES Z,g= 2k0 Zuy = Yk Zh 2 1k Zo o 1k 2z =11k
Fig.14 A worked example of a 5-step switched ladder
attenuator, giving -20dB steps into 1k0, with
design formulae.

A
c1
1000 4500R
O—i'—/\/\f\/\q
ouT
4V rms
LOW-Z
INPUT
]
O —0

/7;” ov

Fig15 Practical 600R 4-step switched ladder attenuator
for use in an audio generator.

of section ‘2’ to thatof section ‘3, the outputofsection 2’
(and theinputofsection *3) rises by 6dB but the attenua-
tion of section ‘3’ increases by 6dB to —26dB, to give an
overall step change of precisely 20dB. This accuracy is
maintained with great precision on all except the 1st step
position, where a trivial error of 40-25%, or 0 021dB,
occurs. It is widely used in the output of audio and RF
generators.

Figure 15 shows a 4-step 600R ladder attenuator
suitable for audio generators. It is meant to be driven
from a low-impedance source; with a 4V RMS input, it
givesoutputsof 1V, 100mV, 10mV,and 1mV. Switch SW2
enables the output to be loaded with an internal 600R
resistor when driving high-impedance external loads.
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Figure 2
the Colour/Mono

The author and ETI would like to

apologise for these errors, particularly to

1 anybody who has spent hours struggling
There was a slight, but significant

Also in Figure 1
switch should be labeled SW6.

W5.

connections shown reversed at the PCB
2

end.
The wire from colour switch (SW6) to the

PCB should be co-ax to prevent stray
hole is available on the PCB for the

screen. The Ov link between SW6 and

SW3 should be removed and the switch
mounting brackets connected to Ov at

pickup affecting chrominance level, a
S

Modifications
and after much experiment it was found that

the only way to get rid of the problem was to remove the

3

Alsoin Figure 2,D13 and D14 are shown the wrong
way round (ouch!). They should be mounted with the bar
In Figure 1, the Interwiring Diagram, the bottom
screened cable from SW8to the PCB (near CV1), hasthe

In the PCB Component Overlay,
upwards (towards MOD1).

between R37 and R32 should be R34.
card pattern. This was caused by the luminance

delay line completely, and replace it with it’s equivalent

particularly visible in the cross-hatch sections of the
resistance. The purpose of the delay line was to compen-
sate for the delay caused to the chrominance signal by the

delay line

test

s

Test-card And Test Pattern
Generator — An Update
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chrominance filter circuit, so the chrominance filter had
to go too. When the resulting video signal was examined
on an oscilloscope the ringing was gone completely, the
edges of the luminance signal were much sharper and the
chrominance timing was spot on. The picture, when
viewed on a high quality monitor via the scart socket, is
much improved and the lack of a chrominance filter
appears to have no adverse effects at all. To carry out this
modification, remove L1 (delay line), 1.2 (15pH) and
C10 (82p, next to L2). Fit a 910R resistor between the
lower two holes of L1 (delay line) position. Yes —I know
it’s a waste of two pounds worth of bits —I'm sorry!

The video signal to MOD1 is slightly too high, to

correct this, reduce R39 from 390R to 360R (4k7in par-
allel with the 390R has the same effect).

Acknowledgements

The author would like to thank all those constructors
who wrote to him with details of errors and problems. In
particular he would like to thank Mr C. Oliver from Che-
shire who provided the modifications and made several
helpful comments. The Author would also like to hear
from other constructors with their comments and sug-
gestions, please write to the address given in Buylines in
Part 2 of the project.

BUYLINES

Ithas come tothe author's attention that 150ns 27C 128 EPROM's are not oo
easy to come by, The prototype has since been tested with 250ns EPROM's
which work fine. It should be noted that the EPROM’s must be the CMOS
21C128 types, as normal 27128 devices consume far tao much power and
will overload IC13 {the 78L0S regulator] causing it to current limit

Afew canstructors have reported problems obtaining the AHCE741C,
it Is available from RS/Electromail and Cricklewood Electronics, Anyone
who s repairing televisions and video recorders should definitely obtain a
copy of the Cricklewood Electronics catalogue, since they stock almost
every obscure IC and transistor you are likely to come across, as well as
video heads, belts etc. Write to Cricklewood Electronics Ltd, 40 Cricklewood
Broadway, London, NW2 3ET or ‘phone 081 452 0161 (The author has no
connection with this company, other than as a satisfied customer).

Maplin have recently changed their range of 01" pitch ceramic plate
capacitors to ceramic disks with a 0.2° pitch, without changing the order
codes! These will fit the PCB if the leads are bent, or the correct typecan be
obtained from RS/Electromail. Most other suppliers seem to omit the lead
pitch of capacitors in their catalogues,

The Maplin order codes for the more critical or abscure parts are listed
below:

w1 22pF TrimmerWL70M
IC9 TEA2000 UHGEW
IC10 SAA1043 UK85G
MOD1 UM1286 BK66W
SKe R/A ScartFVaaw
SW1,3-9 DPDT LatchFH76X

XTAL1 5000000 MHzUL51F

XTAL2 8867238 MHzUH85G

Regrettably the author can no longer offer a printed HEX listing of the
EPROM data, since it runs to 64 pages of A4, which is expensive to photo-
copy and post, and the 32K of data would be almost impossible for anyone
to type in without error! The EPROM programming and HEX dump to disk
services are still availabie and will continue to be indefinitely. Please ensure
thatany disk you send to the author is formatted (several haven't been|, and
ifwriting from outside the UK please enclose 2 nternational Reply Coupans
for return postage.

SEMICONDU(TAD
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MILTARY AND COMMERCIAL
TWELVE MILLION SEMICONDUCTORS EX-STOCK

SAVE HOURS ON THE TELEPHONE
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MASTER STOCK LIST AVAILABLE AS CATALOGUE OR ON 3.5"
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A high quality

odular preamplifi

by John Linsley-Hood

n the first part of this article. I showed the general
layout of the preamp.. and explained my choice of a
moderately elaborate gramophone input (RIAA)
equalising circuit.

For the rest of the unit. [ am. by inclination, a ‘mini-
malist’ —by whichImean thatl prefer to have the smallest
possible number of signal handling circuit blocks
between the signal inputs and the power amplifier. Thisis
partly because what one doesn't include doesn’t cost
money,and won’t go wrong. but mainly because I feel that
however pure one’s circuitry may be, it can never be any

provide both a ‘rumble’ filter, and some form of ‘tone
control’, within the system. If one allows for these to be
switched out of circuit, or bypassed, when not required,
this should avoid any possible signal degradation, on the
majority of occasions when the programme material is
good enough not to need any tailoring.

Both of these modules can be omitted entirely from
the preamplifier layout if wished.

The other modules are two unity-gain buffer stages,
and a high quality symmetrical class-A headphone
amplifier, which can also serve as an outputline driver for
use with power amplifiers of lower sensitivity, or without
gain and channel balance facilities on their inputs.

Input buffer stage
options and relay

driver board

P I
100 1
i e
a1 a3
A1 = - C1 R4
330R Av1 1.0 120R
INPUT O=A AN 1k0
8) c2
=3 (110 —15V
NOTE: (b)
Q2 Qa IC1 = TLO72, LF/%53,
LMB33 or OP27/37
(a) Jid cs L tcs Gl o
el T (1001 Q3 = BC214
) O iV OB Q4 - BC184
Fig1 Input buffer stage options a) Discrete component b) Ic op-amp

better in its quality than a direct wire connection.

By and large, most contemporary sources of pro-
gramme material are sufficiently good in quality that they
don'trequire much modification, but there are still, occa-
sionally, instances where the source material is a bit
‘woofly’inits sound, or perhaps a bit ‘over bright’in tone.
There are also some instances where there is a persistent
LF ‘rumble’ accompanying the signal, usually due to
poor turntable bearings on recording or replay, or studio
background noise, and even occurring, I regret to say, in
some FM broadcasts originating from the BBC.

So, my preference, as a practical compromise, is to

Buffer Stages

It saves a lot of possible operational problems, such as
‘cross-talk’ orunwanted ‘hum’ and noise pick up,ifall the
signal routing within the preamplifier is handled at alow
impedance. All of the incoming signals from the input
selector switching are therefore taken to one or other of
the impedance converting unity-gain buffer stages.

My preferred circuit for this position is the balanced
FET/bipolar unity gain block shown in Figure 1a.1can-
not hear any difference between this, or a good quality
‘op-amp’ (such as an LF351/353), used as a non-invert-
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ing, unity gain module, or a direct wire connection, when
I'have done switch-over comparisons, on quite a wide
range of material —though I have often found noticeable
differences in sound quality between other bits of cir-
cuitry which I have tested in audio applications.

However, T feel that, other things being equal, the
FET/bipolar circuit ought to be better, because it is sim-
pler,and has better HF phase linearity.I therefore recom-
mend this for the main input buffer position, though the
module shown in Figure 1b, can be used without any con-
cernon the grounds of quality, and | suggest the op-amp.
unit as the output buffer to “Tape No. 2" output, since it is
extremely probable that any commercial tape recorder
unit will be based on op-amps anyway.

O +15Y
Al
Qz
BC212C
ok |
\_ SW1 : ALy
1 4
3 0 0V
Fig.2 Click suppression circuit for relay switching

Signal switching

The power amplifier is suffi-
ciently versatile, onits own, for
it to be worth while to ensure
that the preamplifier has some
unique additional facilities to
justify the trouble of building
it. These lie mainly in the input

switching and signal selection
facilities offered, which not
only permit the direct recor-
ding from one tape recorder

30Hz FT (VALUES IN BRACKETS GIVE 50Hz Fy)
* INCLUDE R1 IF SWITCHING CAUSES INPUT (C) TO BE OPEN-CIRCUIT

Fig.3 Rumble filter for ‘ETI 80 watt’ pre-amp

(No.1) to another, (No.2}, but also allow one programme
to be taped while listening to another, or even to monitor
one programme on headphones while another is being
routed to the power amplifier.

Hart have proposed, and included in their kit,
another option which I had overlooked, and that is to
make available to the constructor the choice, by way ofan
optional PCB link, of taking the output ‘low-level’ drive
from either the input to, or the output from, the head-

phone ‘balance’ and ‘gain’ controls.

Ideally, all small signal switching should be by way of
nonsliding, gold-plated contacts, operated in the
absence of air. ‘Reed’ relays, or other inert-gas filled, or
vacuum relays are among the best choices for this, if the
costcan be supported, particularly since it would save the
need for signal wiring to be brought to the front panel of
the unit. (The use of relay switching is the option-which
has been adopted by Hart Electronic Kits, in their kit of

32

ETI MAY 1992



partsfor this design). Care needs to be taken though, with
relays, to avoid switching ‘clicks as the coil is energised
or de-energised. A suggested relav switching lavout is
shown in Figure 2.

Rumble Filter

Thisis shown in Figure 3,and is a third-crder "bootstrap’
filter with a substantially flat response. {within +1dB),
downtoitscut-offfrequency.and a-22dB/ octave attenu-

wouldn't expect that there would be any audible dif-
ference between these options.

I have shown the frequency response of the rumble
filter in Figure 4.

The Tone Control Circuit

AsImentioned in the first part of this article, [ have done
a lot of heart searching over the design to offer for this
purpose. Most programme material is good, and LS units

s

are also getting better, so much of the one-

time justification for providing some

means for tinkering with the system fre-
quency response has disappeared.
Nevertheless, there are still records

1)4f0ud

8 - which can be a little shrill, or lacking in
é St bass, and broadcasts or tape sources
é which may sometimes be a bitdull or lack-
E sl - ing in treble. My earlier suggestion for a
) push-button selected choice of +3dB
steps, at four regions of the audio band,
—80 i T T T
5 10 30 50 100 1k 10k 20kHz
FREQUENCY (Hz) =
Fig.4 Attenuation characteristics of ‘rumble’ filter Dok
BASS'
ation slope below this point. T have o) + k- as
amended its cut-off frequency to TVVN swaa (55 | C8  swab | A
30Hz, from the 30H7z value which —" o—{t}—
I suggested in June 1930. butitis NOTE:
£ -ted 1 . o1 ""gﬁ‘_“—"'lk'@;m- IC1 = LFas3
otherwise largely unchanged. This o S
choice of cut-off frequency is, b L e e [
however, at the discretion of the o %5&:7 C10
user, depending on the values >
chosen for R2. R3 and R4. The n G
o 2 0 a -
11k bootstrap r651stor§ are within | eyt o) || ms
the 1% preferred value series, but, B / ov
ifhard to find. can be made from a [ .
! : . SW2a oy SW16 e
pair of 22k resistors in parallel. L CANCEL-”‘/—OF}
The op-amps used can be of L a2 A2 ;:) ci3
any type the user prefers, but I 54 L N s

would suggest either LF353s or, at
a somewhat greater cost, the tech-

Fig.5 Modified ‘Baxandall’ type tone control a) Using single switches

nically superior TL0352s, which
are a pin for pin replacement. Since IC4 is used at unity
gain, and so is [C3, over the bulk of the audio spectrum, I

has coped with most of my needs in practice, but there
have been times when I would have liked rather greater

‘Baxandall’ type
tone control
board
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delicacy.in the choices offered.

I'had played for a while with a simplified ‘graphic
equaliser’ type of layout, which divided the spectruminto
three chunks, (bass, mid, and treble) and allowed each of
these —basically flat —portions to be lifted or lowered in
relation to the others, but thisdid notallow the possibility
ofadBortwoliftor cutat the extrémes of the audio band.

I have therefore reverted to the layout which I
thought I had liked best overall, the switched operating
frequency modification of Peter Baxandall’s celebrated
circuit, which Thad used in my 1972 ‘Hi-Fi News’ 75 watt
amplitier design. With modern, ‘third generation’ op.
amps., such as the LF351/3 devices, or the even better
TLO51/2 units, a very low distortion and low noise per-
formance can be guaranteed.

By switching the values of the capacitorsin the treble
and bass control circuitry, one can have either three or

Bl ——

(b)

Rv1
100k
R1 A RS
VAN ——e cs | cs =22 —
100n | 100n
SWza o= 4 sw2b
cs | co
33n | 33n
I il
L1
cio
47n
ate.
C13
3n3
it
R3 c12
1n5 J
- SW2b
c2 cn
4n7 4n7
Fig.5b Using centre-off toggle switches

cumstances or preferences led to the use of headphones
rather thanloudspeal-rs. One observes with regretthata
growing number of commercial power amplifiers do not
offer headphone outputs, or, if they do, they merely offer
a parallel connection to the standard LS output sockets,
with perhaps a resistor attenuator included for signal
level matching.

This, Iteel, does notallow one to take full advantage
ofthe highimpedance, low power demand of most head-
phone units, which will permit the use of circuitry
designed specifically for this application, which can
operate in class-A, with its complete intrinsic freedom
from crossover type distortion products, without the
need for any "quiescent current’ adjustment.

The circuit shown, in Figure 7, is a derivative of the
same symmetrical push-pull design which I used in the
RIAA inputbuffer stage; though with the small signaland
small power transistors reversed in their roles; and its
performance is equally good in respect of distortion and
transient response. It also has an excellent ability to drive
awkward loads, which could be useful if itis used as aline
driver.

The current dravwn by each channel of the head-
phone amplifier, (controlled by R11 /R12), is about
80mA, which willlead to a heat dissipation in each of the
output transisiors of about 1.2 watts, so a small heatsink
foreach outputdeviceis necded. The head phone ampli-
fier is fed from a separate +15V DC output from the
power supply, (o avoid the possibility of any unwanted
supply line signal feedback to the earlier stages.

The potentiometers RV2 and RV 102 are used to set
the DC offset at the output to the headphones to within
about 50mV of the zero level.

T have also included a changeover switch, (SW18),
on the input to this amplifier to allow it to be used to
monitor the output to Tape No. 2, where the main ampli-

four choices of the shape of the

lift/cut  frequency response,
coupled with a smoothly variable
range of control, from zero up to
some 15-20dB.In addition, by lift-
ing or cutting both treble and bass
simultaneously, one can also, rela-
tively, lift or lower the midband for
aform of ‘presence’ control.

In the circuit shown in Figure
5,IC1isused asaunity gain buffer,
and could also be of any type one
wishes, but a FET-input op-amp.
is by far the best choice for IC2.

+10

ATTENUATION (dB)
(-]
1

-10

-20 -

MIN
InS~JREBLE;

There will be a small advantage in GRS
maintaining high channel separ-

ation, if one is using dual ICs, in

Fig.6 Tone control circuit — possible frequency response

T T T
300 5[‘)0 1k 2k 3k 5k 10k 20k
FREQUENCY (Hz)

T T
100 200

making IC1 and IC2 the two halves of the dual amp.
I'have shown the possible response curves given by
this circuit in Figure 6. .

The Headphone Amp

Part of the design intention of this preamp. was to pro-
vide a self contained unit, with very high quality head-
phone listening facilities for those whose domestic cir-

fier is being used on the other input selector channel.

The Power Supply

The layout of this is shown in Figure 8, and is an entirely
conventional cireuit, with a bridge rectifier and four (or
five) (78./79..type) IC voltage stabilisers. Each of these
should be fitted with a small heatsink, to allow for worst
case dissipation figures of about 1.5 watts.
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i -5V FROM PSU

* HEATSINK FITTED

Fig.7 Class ‘A’ symmetrically driven headphone amplifier

L __nTO OTHER
CHANNEL

Itis recommended thata screened toroidal transfor-
mer is used, with a rating of at least 21 watts if relay
switching is to be used. If conventional mechanical
switching s to be employed. a 15 watt rating will be ade-
quate.]would also suggest that the transformerislocated
as far away from the MC input (RIAA) stage asis practic-
able. None of the other modules should be particularly
susceptible to hum pick-up from its magnetic field.

On the power supply lines to the buffer, rumble filter,
and tone control stages, where not shown, the supply
lines should be decoupled to the local, on-board, ‘0V’
line by a pair of 100y, 15V DC working electrolytics,

bypassed in turn by 0,1 non-polar capacitors, toavoid the
occurrence of HF or AF loops along the supply line net-
work.

LED Indicators

In my 1980 preamplifier circuit, which had, admittedly,
rather fewer switching options, I arranged that a front
panel LED would indicate which of the inputs was
selected, and if either the filter or the tone control
module was in circuit.

I think that this is quite a useful idea, and worth
retaining. If relay switching is used, the LED can be con-

Input switching circuitry

1)304d
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m -
+15V POWER SUPPLY .
TO HEAD AMP O——— T S
100y == 100n 1C1,2,3 = 7815
I i IC4,5'= 7915
D1-4 = 1N4003
]'_‘__ D2 T1=15-0-15v 10VA
+15V POWER SUPPLY s ci TRANSFORMER
TO HEADPHONE AMP 7 [ A
1oou‘—-|;_ T 100n | T
I
(OPTIONAL) POWER i |;:_3 K - L
O = — —— b= ——— Ome(D)
RELAY SWITCHING csi cs | g 11| swia
1OOHT T 100n MAINS
ov O— INPUT
gL L,
1004 n N
~15V POWER SUPPLY IEE ic4 A S o
TO HEADPHONE AMP pl & | swib |
c13 0
cotl | c1o L 1000 (TO CHASSIS
100p == 100n D3 Da ONLY)
15V POWER SUPPLY °F Siis 15
TO PREAMP O .
Fig.8 Pre-amplifier power supplies +15V (also +12V if relay switching is used)

nected in series with the live side of the relay operating
coil, but, in this case, allow an extra 3V on the relay sup-
ply. If simple push-switches are employed, a spare con-
tacton the switch can be used to route SmA DC from, say,
one of the +15V DC supply lines, through a 2k7 resistor
to the LED.

PCB Layouts

Suitable PCB layouts for the inputbuffers, the rumble fil-
ter, the tone controls, the headphone amplifier and the
power supply unit, are shown in Figures 9 —13.

Overall performance

people who have built this amplifier, and are delighted
with its sound quality. With regard to this preamplifier, I
am very pleased with both the new RIAA stage, and the
headphone amplifier, both of which do, I think. offer a
better performance than any other comparable circuitry
which I know.

A very ‘up-market’ gramophone record headphone
monitor unit could be built by just hooking these two
units together, with a suitable twin output £15V DC
power supply.

The thing any potential constructor always wants to
know about any project is ‘How good will it be when I've
finished it’ Since DIY audio designs are very seldom
reviewed: by the "Hi-Fi’ press: who mainly cater for the
buyers of commercially available ‘black-boxes’; and the
designerhimselfis likely to be prejudiced in favour of his
own brainchild, this is a difficult question to answer.,
There have been some very kind comments about
the performance of the ‘80 Watt' ‘Audio Design’ power
amplifier, which have appeared in one or two magazine
correspondence columns, and I have, myself, met a few

BUYLINES

The bulk of the components | have used should be readily available from
electronic componentsuppliers. However, | am advised that HartElectronic
Kits, of Penylan Mill, Oswestry, Shropshire, have assem bled a complete kit
of parts, complete with metalwark, to match the very nice looking kit which
they have built for my power amplifier, and this should areatly assist the
would-be constructar, They are also often helpfulin tracking down and sup-
plying other, sometimes unusual, components.

Buffered shunt feedback RIAA equalisation stage
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Andrew Chadwick
provides a solution to an
evaporating water
problem.

i aving spent a back-breaking weekend installing
~ a garden pond I consoled myself with the
 thought of sunny afternoons lazing in a deck-
" chair. watching the ripples play amongst the
reeds. It wasn't long before I was disillusioned.

Although sunshine is afairly rare phenomenon dur-
ing the British summer, when it does occur its surprising
how quickly water evaporates from a pond. A few days of
good weather leaves the edges of the liner glaringly
exposed and carefully designed shallows looking like
Blackpool beach at low tide.

The answer is of course to top up the pond regularly
which I'm sure keen gardeners would simply add to their
list of seasonal chores. However as I had intended spend-
ing my leisure relaxing by the pond, not carrying buckets
of water (o and from it, I considered whether there might
be an electronic solution.

A low level alarm would be easy enough to devise
butwould only tell me whatI could already see. What was
needed was a level control system which automatically
topped up the pond.

The system I designed does just that and is shown in
the block diagram Figure 1. It can be conveniently
divided into three sections; the control circuit, the level

sensor itself and the
plumbing.

The control
circuit and plumbing
are situated indoors
so that there is no
need for weather-
proofing of the
control unit and no
hazard from mains
cables outdoors.
The level sensor
and associated
circuit operates at
low voltage and
is isolated from
the mains so that
screened audio
cable can be used
for the connection to the level sensor.

The level control circuit is based on the LM 1830
level control integrated circuit which monitors the resist-
ance between two probes in the sensor immersed in the
pond. When the level falls below the tip of one of the
probes, theincrease in resistance is detected and the out-
put of the integrated circuit energises a solenoid oper-
ated valve via an opto-coupled triac. The valve opens,
allowing water from the cold water supply into the pond
until the level rises sufficiently to contact the level sensor
probe again.
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CONTROL UNIT

ALTERNATIVE ARRANGEMENT FOR SECTION A—B

;ﬁ;lém STOP

(-

N
= SWITCHED
FUSED
= OUTLET OR
PLUG AND

::!E SOCKET

3/4in BSP/22mm 15-22mm PIPE MAINS
TAP CONNECTOR REDUCER SUBPLY
SINGLE CORE |
SCREENED —_— ——
CABLE
I \_
WASHING %ﬁ#gn

240V AC

I
|
! SOLENOID MACHINE VALVE
! OPERATED STOP COCK
I VALVE
I
I
GARDEN I INDOORS

MACHINE

HOSE | SUPPLY

(A)

WASHING

Construction
I'have described the plumbing first as this is an area that
readers may be unfamiliar with, [f you don’t feel happy
about tacklingthis partof the projectthenask akeen DI'Y
friend or even a plumber to do the job for you. You won't
be thanked for creating another pond indoors,

Decide on the location of the control unit and sole-

60

>

2 HOLES
TO suIT

55

I 3/in CLEARANCE HOLE
| (28mm DIAMETER) TO FiT
! S0V INLET

@Wm 2 HOLES TO SUIT '
P MOUNTING SCREWS b

MATERIAL 1/16in ALUMINUM

Fig.2 Solenoid valve bracket

noid valve. Ideally the position should be indoors close
lo acold water supply and a mains electricity supply and
not too far away from the pond.

‘There should be an easy route for the hose from the
solenoid valve to pass through the wall of the house for
example viaairbricks or adjacent to exisfing waste pipes.
The length of hose running indoors should be as short as
possible. All plumbing should be below the control unit
and wiring so that any leaking water will not drip onto
electrical equipment.

Turn off the cold water supply and install a tee in the
pipe.Run 15mm pipe to the intended location ofthe con-
trolunit. Fita check valve then a stop cock. The solenoid
valve Lused was obtained from an old automatic washing
machine and has a /" BSP thread on the inlet side. 1
installed a washing machine stop cock which also has ¥,”
BSP thread on the outlet and connected this to the sole-
noid valve with a flexible washing machine hose. How-
ever [ could just as easily have used a normal stop cock
withashortlength ofrigid pipeanda¥," tap connectoron
the outlet.

If a flexible washing machine hose is used. the sole-
noid valve will have to be mounted on a suitable bracket
such as the one shown in Figure 2, From the outlet of the
solenoid valve run 1/2” garden hose to the pond. Choose
a route that will minimise the chance of the pipe being
damaged by garden hazards such as spades, lawn mowers
and children. The cable to the sensor should be run along
the same route and tywrapped to the pipeso thatitis pro-
tected to some extent. The end of the pipe should be
above water level. This precaution together with the
check valve in the supply pipe is to prevent pond water
being drawn back and contaminating the mains water
supply. Secure the hose to the solenoid valve with ajubi-
lee clip or similar.

Details of the sensor are shown in Figure 3. A plastic
35 mm film container is used to house the two probes.
The central probe is made of ¥,,” brass rod (obtainable
from model shops) and it is the position of the tip of this
probe that determines the water level in the pond. The
outer probe is made of 22swg tinned copper wire and is
normally submerged. The two probes are supported ona
piece of thin polythene cut from the lid of a plastic con-
tainer. The external dimensions of this support may have
to be adjusted to suit the particular film container used.
Single core screened cable is soldered 1o the two probes
and leaves byatightfittingholein the lid. A /. ventholeis
drilled in the side of the container. The 2" hole in the
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Fig.3 Sensor construction details
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base of the container allows water to enter but is suffi-
ciently small to act as a restrictor and with the capacity of
the container produces a sort of RC filter which damps
out any oscillations in water level caused by wind, foun-
tains etc.

The sensor is supported by a 1Y,” waste pipe bracket
(plumbing again!) which can be clamped by two 4BA
brass screws joined by a brass tapped pillar. The bracket
was attached to the vertical face of a brick using brass
screws and plastic plugs. The brick was concealed at the
edge of the pond overhanging the water. When fixing the
sensor in position remember that the water level will be
controlled at the height of the tip of the central probe
whichisat approximately 15 mm from the base of the film
container. Fine adjustments to the level can be made by
slackening the clamping screws and sliding the sensor up
ordown in the bracket. Position the sensor so that the air

vent hole is at the back and so not obstructed by the
bracket.

Finally to the electronics. The control unitis builton
a single printed circuit board and housed in a suitable
enclosure. A cheap folded aluminium type was used in
the prototype.

To ensure safe operation, the PCB has been laid out
so that the mains voltages are segregated from the low
voltage circuits and it is essential that this separation is
maintained during construction. The earth terminal on
the board must be connected to the mains earth and if the
case is metal this should also be earthed.

Mount the compeonents on the printed circuit board
according to the overlay shown in Figure 4 starting as
usual with the lowest profile components. Connect the
LED to the board using two short lengths of flex. Sleeve
the joints to the LED legs to avoid short circuits. Refer-

Fig.4 Component Overlay

ETI MAY 1992




ring to Figure S place the circuit board in the enclosure
and mark through the mounting pillar holes. Dril] holes PARTSLIST
in the case for the mounting pillars, and temporarily fit !
the board in the case. Mark the position of the three cable RESISTORS AW 680R
entries opposite the terminals and drill suitably sized R? 1%
holes, allowing for grommets if a metal caseisused. Drill
holes through the base for screws. to attach the control CAPACITORS
unitto the wall or other suitable surface anddrillaholein €1 in
the side for the LED. C2 il
Mount the enclosure on the wall, fit the board to the o W40
mounting pillars and locate the LED in the hole in the C4 10004 16V
side of the enclosure. 5 100n
Wire up the enclosure as shown in Figure 5. Run a C6 22116V
three core flexible cable from the mains terminals to a
suitably fused plug and socket or a dedicated switched SEMICONDUCTORS
fused outlet. The cable to the solenoid valve will prob- D14 TN400T
. . . D5 Red LED
ably require push on connectors to suit the terminals on
thesolenoid. Use the insulated type and for extra protec- IC1 LM1830
tion thread acable gland shroud (obtainable from electri- IC2 TIL3022
cal wholesalers) over the solenoid terminals as shown in
Figure 5 If a metal bracket has been made up to support MISCELLANEOUS
the solenoid valve connect the earth wire to it. FS1 20mm T100mA .
Tl 9V 3VA PCB mounting
LEb: Terminals 3 3-way PCB type
LED clip
ﬁ Fuse clips
Thre o PRt Case MBS or similar
2 OF PCB Solenoid valve
.f";.-" BOLANSIG | rmaNsFORMER Screened cable
\ |
H; 3 ;.‘.ONNECT
)b BRAGkeY ||
é ; BUYLINES
g Y Most parts are available from the usual suppliers. IC2 can be any opto-
Wi toupled triac rated at 100mA RMS with 4 trigger current of no more than
; 15mA. T1 can be obtained from Farnell, Check the layout of the PCB pins if
X [ any other type Is used. The salenoid valve in the prototype was obtained
T Mams, 1 cnos 70 SENSOR from a scrap washing machine. Try your local washer spares shop!
: VALVE
E.S Case details and wiring
Testing
Check that the mains circuitry is well separated from the
low voltage circuits. Disconnect the mains cable at the
socket or outlet and check that there is continuity

between the earth conductor and the screen of the level
sensor cable. Then use a megger or failing that a
multimeter setto the high resistance range tomeasure the
resistance between the live and earth and neutral and
carth conductors. Both tests should give an infinite read-
ing.

Reconnect the mains and switch on. Ask an assistant
to raise and lower the level sensor and listen for the sole-
noid valve operating or monitor the voltage across the
terminals. Don’tforget that there will be adelayduetothe
restriction in the base of the level sensor. If the system
seems to be operating satisfactorily, position the level
sensor in roughly the desired position and open the stop
cock. The pond should fill to the correct level when the
solenoid valve should close. If the pond is already full,
remove a few buckets of water in order to lower the level
and activate the solenoid valve.

All that remains is to get the deckchair out and wait
for some sunshine!
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Fig.6 Circuit diagram

HOWIT WORKS
Figure 6 is the circuit diagram ¢ ¢ ¢! controller which is based around
the LM1830 level control integrzzea Srauit, IC1. The LM1830 monitors the
resistance between two orobes oy sassing an AC current between them.
When the probes are immersez in 2 seasonably conductive liquid {such as
pondwater) the resistance besween them is low and the output transistor is
off.Ifthe level falls so that the oropes nolonger make contact with theliquid,
the resistance between ihem increzses and the output transistor turns on.
(1 sets the frequency ¢ 2n internal oscillater to roughly TkHz. The out-
put of this oscillator is & square wave of amplitude 4Vbe whichis fed via an
internal reference resistor to 0in 13.C2 couples the ACsignal tothe level sen-
sor whilst blocking any DC zamoonent present which could cause electro-

lysis and corrosion of the probes. The AC signal across the level sensor is
monitored by the detectorinput, pin 10, andfitexceeds 2Vbe, the opencol-
lector output, pin 12, will be turned on, This will occur when the resistance
between the probes exceeds the internal reference resistor which is set at
about 13k.

(6 smooths the output of the detector and provides some protection
against noise picked up on the sensor cable.

The output of IC1 turns on the opto-coupled triac, IC2 which energises
the solenoid valve.

R2 and C3 damp any transients when the highly inductive solenoid is
turned off.

T1,D01-D4, C4 and C5 provide the low voltage supply for IC1
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Malcolm Plant presents a
poritable sensor for
hearing vltra sonic
frequencies made by bats.
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Fig.2 Building blocks of the bat detector

Abouwt Bals

verybody is fascinated by bats. They are animals
thatfly like birds yet have fur not feathers, rest and
sleep upside down and, magicaily, they feed and
find their way about in complete darkness. They
are very clean and groom frequently, and the British
variety eats onlyinsects and givesbirthtolive youngasdo
rabbits, foxes and seals. Yet many people, their imagin-
ations fired by the myths that surround bats even today,
actually seem to be afraid of these harmless and fascinat-
ing creatures.

Surprisingly, bats make up a third of the species of
mammals in Britain but, like so much of our wildlife, the
numbers of bats have declined seriously in the last few
decades. Their need for plenty of insect food and differ-
entoptions for roosting make them vulnerable to the way
we have changed the natural environment: trees and
hedgeslostto agriculture and buildingdevelopments, the
reduction of insects through modern farming methods;
the use of pesticides to control wood beetle in roof
spaces; and the blocking up of their resting quarters in
cavesand tunnels which are often used as waste dumpsor
stores, have all affected them directly or indirectly and
reduced their range, habitat and numbers,

In addition to the fact that bats are interesting to
watch and understand, they also have an essential partto
play in maintaining biological diversity in the Earth’s
ecosystem. For example, their importance as pollinators
of plants all over the world is only just begining to be real-
ized.

Indeed, so many species of bats have been destroyed
worldwide that June 21 to 27 in 1990 was designated
National Bat Week in Britain in order to bringto the pub-
lic’s attention the plight of bats,

Fig.1 The general appearance of the Bat detector

Bat Sonar

When you see bats flying over your gardens and along
hedgerows and woodland edges at dusk and after dark.
you must have wondered how they are able to avoid
bumpinginto things let alone be able to catch night flying
moths and other insects for food. Their secret, which is
also shared with dolphins is that over the last 50 million
years bats have evolved a superbly sensitive sonar system
which is exquisitely adapted for navigation and finding




food while flying about. Their built-in sonar produces
bursts of ultrasonic waves which bounce back from
objects, includinginsects, to give bats a sound picture’ of
their surroundingsin probably as much detail as our sight
gives us.

Until about 1940, nobody knew that bats used echo
location. But when the word got about. some scientists
couldn’t believe their ears. The idea that bats could do
anything even remotely like the latest triumphs of elec-
tronic engineering, namely serar and radar which in
1940 were still military secrets. struck them as being very
improbable. So much for open-minded science!

Using the Bat Detector
The Bat Detector is powered by a PP3-type battery
housed in an integral batiery compartment, and you

4

-

e
i

L

e
i

i

ik ok
b

%x
“;’ii;é

e
-
g iy

s

5
i

SRt

listen to the sounds bats mzke through a pair of stereo .
headphonesplugged into the headphone socket. Youcan — ear. Wideband ultrasonic sensors are available but they ﬁ‘* .
test that the Bat Detector warks asfollows: press the ‘on’  are expensive so it was decided to try and sense the ultra- ﬁ;’g%ﬁ;&é
switch and rub your thumb and fingers together near the ~ sonic soundsusinga standard low-costultrasonic sensor -
ultrasonic sensor at the {ront of the unit. A scraping which, typically has a narrow bandwidth centred on
sound should be heard since the rubbing of the fingers 40kHz (+1kHz). They are usually sold as matched pairs
produces ultrasonic sounds. The splash of running water ~ which means that the receiver sensor has its maximum
from atap, the rustle of paper and friction between many  sensitivity tuned to that of the transmitter sensor. They
types of surface also produce ultrasonic sounds which  areinfacttransducers, since their functionis determined
can be heard with the Bat Detector. by piezoelectric (usually ceramic) material which pro-

The BatDetectorisused ratherlike atorch. Youscan ~ vides small amplitude voltage variations on receiving
the sky with it but it receives signals rather than sending ~ 40kHz sound waves (in the case of the receiver trans-
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them out. Remember that the bat you hearcould beflying ~ ducer), and the transmitter produces 40kHz sound ﬁ;f
behind you. You should avoid rubbing your fingers over ~ waves when fed with pulses at this frequency. g{éii
the Bat Detector when vou are using it as this will cause The narrow bandwidth of the receiver transducer is E@”‘
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Fig.3 Circuit diagram of the bat detector
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interference that masks the sounds you are hoping to  alimitation since the Bat Detector only samples a small
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hear from the bats.

The bursts of ultrasonic sounds that bats make will
be heard as a "chick, chick . . . chick . . .” sound, repeated
atarate of between about 10 and 100 per second depend-
ing on what the bat is doing. For example, when a Little
Brown Bat is cruising about, the rate is about 10 per sec-
ond, rising to about 200 which sounds like a “buzz” or a
“burp” when it moves in on an interception course with
an insect.

Design Decisions

The ultrasonic sound made by bats has a wide frequency
spectrum most of which is well above human hearing in
the range 20kHz to 200kHz. In order for us to hear these
sounds they must be reduced to audible frequencies that
are below about 16kHz —at least for the average human

portion of the range of ultrasonic pulses the bat emits.
However, the unit is sensitive and responds well to the
calls of bats commonly found in our countryside.

The output from the receiver transduceris analogue
but it was decided not to faithfully amplify this signal
throughout the circuit design as this would complicate
the design and make it more difficult to lower the fre-
quency so that it could be heard. In any case, the small
bandwidth of the transducer did not merit such a design.
Instead, as shown in Figure 2, the signals from the trans-
ducer are amplified by two low power audio preampli-
fiers in a single IC package, the LM 381 device. The two
amplifiers each have a 75kHz bandwidth so are ideally
suited for amplifynig 40kHz signals from the receiver
transducer.

The final part of the circuit design is a frequency
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divider which is based on a CMOS 4040 frequency
divider, one output (pin 5) of whichis chosen to give afre-
quency division of 2°,ie 32. Thus an audio frequency ver-
sion of the original ultrasonic pulses is heard in head-
phones at around 1.2kHz. It was decided not to use a
Schmitt Trigger to condition the waveforms from the
amplifier as tests showed that the signals from the second
amplifier had an acceptable shape to ‘clock’the divider.
The voltage step introduced by the silicon diode IC
attentuates noise in this high gain preamplifier.

us1

TERMINAL
BLOCK

: BATTERY

&)

R T TR g
Fig.4 Component Overlay

The above design considerations have been incor-
poratedin the circuit diagram shown in Figure 3. A push-
to-make release-to-break switch, SW1 is used to power
up the circuit as the Bat ‘Detector is always hand-held. A
9V PP3 battery provides the circuit power and was
chosen tofitinside aready-made box —see below. Stereo
headphones are used to listen to the bat calls —not that
the reception is in stereo! But stereo headphones are
readily available with other audio equipment such as per-
sonal cassette players. The CMOS frequency divider
chips vary in their ability to deliver power to the head-
phones and the one recommended from Farnell Elec-
tronic components was more effective in this respect
than others that were tried.

Assembly

The size of the printed circuit board for the Bat Detector
is shown in the component overlay in Figure 4. The
switch, jack socket and terminal block are mounted on
the PCB. Note that all holes for component leads should
be 1mm diameter except those for the jack socket which
should be 2mm. diameter. The batteryleads go to the PP3
battery in the integral battery compartment via whole
drilled in the dividing panel. The battery should be
padded with a small piece of foam to prevent it moving
about for this generates ultrasonic interference. Use soc-
kets for the ICs and only insert these once the sockets
have been soldered in place. The terminal block needs
raising tmm off the surface of the PCB to ensure that the
transducer is dead centre in the end plate. (Use a small
piece of stripboard as a spacer). Carefully measure the
diameter of the transducer before making a neat hole in
the end plate for a push-fit so that the transducer pro-
jects about 1mm through the plate. Cut the two corner
pieces off the board and, if necessary, slice off one

of the pillar ribs on each side of the box. Position the PCB
in the base of the box. Carefully mark the positions of the
jack socket and push switch. Remove the PCB and screw
the two halves of the box together before drilling two
holes neatly and carefully through the sides of the box —
the holes cutinto both halves. The holes should be a tight
fit for the jack socket but allow some freedom for the
black cap of the push switch to move in and out ofits hole.
There should be no need for PCB fixing screws as the
PCB will be held firmly in place via the jack socket and
ultrasonic transducer. The layout of the main compo-
nents in the box is shown in Figure 5. Remember to cut a
small piece of polystyrene foam to fit inside the battery
compartment to prevent movement of the battery. It is
important that there is no movement of the circuit board
or other components inside the box as this will cause
ultrasonic noise and mask what you want to hear. Finally
copy and cut a label to stick in the panel of the box.

Testing And Use

Plugin apair of stereo headphones press the push switch
and rub the fingers together in front of the transducer. A
scraping sound indicates that the unit works, At night or
at dusk when looking for bats, make sure that youdo not
rub your fingers over the surface of the box as this will
mask the ‘chick, chick, chick . . " audio frequency version
ofthe ultrasonic pulses made by bats. Note the increase in
frequency of ‘chick’ sounds when bats dive or swerve to
capture an insect. If you buy a dual headphone adaptor,
two people can enjoy the music! The circuit draws a few
milliamps so that a new or fully charged PP3 battery will
lastyou for many balmy Springand Summer evenings lis-
tening to the calls of bats.
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Further Information

There are many books to help vou understand bats PARTS LIST
better and how to identify them. Bats are having a tough RESISTORS [1/4watt metal flm)
time and need your care so join a local bat protection R12k2
society! And the following books contain information R2 470k
about identifying and caring for bats: R3 1k

Amazing Bats, Greenaway F. Dorling Kindersley R4 220k
(1991) CAPACITORS

- = 1,2 100n poly

Bats, Richardson,P, London Whittet Books (1985) 03.2200/10V

The Likes of Bats, Schober W. London Croom C4’100pu//50V
S SEMICONDUCTORS

Which Bat Is It'? Stebbings R E, The Mammal IC1 LM381
Society (1986) IC2 CD4040CN

The Blind Watchnaker. Dawkins R, Penguin Books D11N4001
(1986) MISCELLANEOUS

US1 Ultrasonic transducer type R40-16 sold as a pair
= SW1 Sub-min DPDT momentary action
PO AR SK1 35mm PCB stereo jack
IC socket 14 pin and 18 pin

| 28mm

Terminal block 3-way standard 300 series
BATT 19V PP3 and battery clip

FOAM
Y Box Pocket type with integral battery compartment
paner || Label
3 Copy the label shown in this article, or make your own, and stick it in
H__ HOLE FOR .
A| BarERy the panel oil the top of the box
BATTERY
: ) BUYLINES
; a2mm = PA\mmoN Allcomponents from Maplin Electronic Supplies Ltd unless otherwise
- - stated.

Fig.5 Component arrangment in box
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Fig1 A standard fitness function

by Douglas Clarkson

erhaps the best secrets of Nature are in fact the
simplest. The field of Genetic Algorithms (GAs)
is attracting increasing interest from a range of
different application areas. While this mathe-
matical tool may appear to be driven by a high level of
mathematics, thisisin factnotso. Many of the operations
are in fact very simple binary bit manipulations of binary
data, so at any level of activity, the computer is actually
doing very simple work.

While computers are an essential part of imple-
menting GAs, the programming is not over complex, so
anyone who is reasonably competent in say BASIC, can
implementademonstration programme. Where GAs are
used for serious work, powerful machines running opti-
mised software packages are required. In summ ary, GAs
are simple and can be readily understood.

Problem Solving

In solving problems the term ‘problem space’ is often
used. Thisasit wereis the range over which possible solu-
tion can be found. Where there is an optimised solution,
this could be for example 1 out of 100 options, 1 out of
10,000 options or 1 out of a very large number. Different
problems have different problem spaces. GAsareused to
speed up the process of finding an optimised solution for
aproblem area where itis not practical to check each sol-
ution individually. GAs as it were sniff out the compo-
nents which lead towards success. An essential part of
implementing GAs is the use of a so called ‘fitness func-
tion’.

Consider the equation : _
YA X G 25 G e et s Sl it (1)

Figure 1 shows how the function behaves between 0
and 256. The value of Y can be described as the fitness
function of X. In this example we do not need GAs to
show thatamaximum value of Y is obtained fora value of

X of 128. This example of a fitness function, however,
shows how a problem space of values of X between 0 and
256. There are numerous problems, however, where
problem spacesare vast—values of 10 raised to power 10
or 10,000 million are typical of large spaces. Itisnot prac-
tical to go and evaluate a function foreach one. This is the
area where GAs can play a part in finding a solution.

ConsiderFigure 2 which shows a 88 gridinwhich 4
objects are placed at random. The solution is required
which will lead to a minimum of ‘energy’ of the system
where the energy of a given object with respectioanother
objectisinversely proportional to the square of their sep-
aration. Thatis all the objects want to be as far from each
other as possible.

If the first object is placed in any one of 64 squares,
thenthenextoneis placed in any one of the remaining 63

and so on until all are placed in separate squares, there
are 64 X 63 X62 X61 =15,249 ()24 placement possi-
bilities. So this is a non trivial problem space. Where all
the objects influence each other equally, then there is
probably many duplicate solutions. This indicates that
some problems can have a great number of possible
states and that there is a requirement to develop tools to
arrive at the optimum solution in as short a time as
possible. This problem can be also simulated in a test
program.

_

Fig.2 Showing the four objects in an 8x8 grid

Implementing GAs
Binary arithmeticisanatural tool forimplementing GAs.
It is first necessary, however, to decide on the extent of
information required to be represented a spectfic ‘solu-
tion’ to the problem. In the case ofequation I.the range of
X is between 0 and 255, so 8 bits are required, Thus
binary numbers such as 01011000.11010011 and
01010001 would be values of X in the problem space.
In the example of Figure 2, each co-ordinate varies
between 0 and 7, so 3 bits are required for each X value
and 3 bitsforeach Y value makingatotal of 6 bits. Thus to
code 4 points 24 bits will be required. Thus sequences of
binary data such as:
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010101010101010101010101

001010101010101010101011

010101010101001010110101
will define the co-ordinates in the problem space.

The demonstration program can generate and man-
ipulate values between 4 and 24 bits.

In terms of parallelism with genetics, the string of
binary bits corresponds to achromosome and a gene to a
value of a location on such a binary string.

Defining the Population

Once the extent of the ‘genetic’ information has been
defined for each ‘solution’ —it is necessary to define the
size of the population. Itis difficult to define hard and fast
rules about what constitutes a "correct’ population size.
Where the problem space is say 1000 entries, a popula-

tion of 20 might be appropriate. Where the problem
space is 1,000,000, a higher value would be indicated.
GAs will typically tend to have high values of problem
space, otherwise simple numeric calculation would yield
afaster way to optimising the solution. It can be imagined
that where a very large problem space is defined, a small
initial population may not contain sufficiently ‘rich’
material to allow useful optimising of the problem.

Generating the Initial Population

Initially elements of the population space are generated
by a random number generation as outlined in Table 1.
The standard fitness option is selected.

Element Value Binary Fitness Norm. Replification

1 23 00010111 53590 0051 051
56 00111000 112000 0.106 1.06
261 11111011 12550 0.012 012
17210101100 144480 04137 137
94 01011110 152280 0.145 145
233 11101001 53590  0.051 051
14410010000 161280 0.153 183
51 00110011 104550 0099 099
9 54 00110110 109080 0.104 1.04
10 90 01011010 149400 0.142 142

Table 1: Initial population of 10 from a problem
space of 256 states.

00 ~J O3 O & LD R

The following headings are explained.

The sequence number 1to 10 of the population.

Value: The value of the element.

Binary: Binary representation of the element. Most significant bit on left.
Fitness: This is the value derived from the fitness equation derived in equa-
tion 1 or appropriate fitness function.

Norm: Value of the fitness divided by the total of all the fitness values.
Replication: This is the value of ‘Norm' divided by the average chance of a
member of the population to survive. For a population of 10, each has a 0.1
average chance of surviving.

Even from this initial random spread of elements,
thereis asignificant spread in the replication factor. This

factor can be identified with the likelihood that the ele-
ment will carry forward to the next generation. The value
23 is much less likely to survive than element 144. The
next phase in the survival processis to replicate the more
successful and remove the less successtul. Table 2 shows
the typical set of limits used to drive this process of repli-
cation.

Replification value Action

<05 Remove
>=0510125 Replicate x1
>=125 Replicate x2

Table 2: Limits used for replicating population
elements.

Afterthefirstreplication pass, the elements with the
10 highest fitness values are retained in the population.
Theentries retained are shown in Table 3. As the process
of optimising proceeds, the ‘Replification’ values
approach unity, so replication becomeslessimportantin
the functioning of the GA.

list of maximum entries for maximum fitness
seq. entry fitness
1 144 16128

2 144 16128

3 94 15228

4 9% 15228

5 %0 14940

6 %0 14940

7 172 14448

8 172 14448

9 56 11200
10 54 10908

Table 3: List of elements carried forward after first
‘replication’.

Typically for a populationq of 10 elements, this will
expand to about 12 or 13 with replication and the most fit
10 elements are retained for the next ‘mating’.

Mating Elements

This is the process in which information is swapped
between two elements as shown below where in the
example of an 8 bitelement, mating takes place at the 5th
bit position.

BitPosition 1 2 3 4 b 6 7 '8
Initial A 0 1 0 1 0 1 1 0
Initial B T 1 1 0 0 0 0 1
Final A 0 1 0 0 0 0o 1
Final B T 1 1 0 0 1 1 0

Thus bit positions 1, 2, 3 and 4 of A and B remain
while each swaps bit positions 5,6, 7 and 8. This ‘mating’
process is a way of moving round patterns of data
between the elements of the population. The character
shows where the break occurs.

Mating takes place in pairs and a number of ‘mating’
processes can be undertaken on a given population. The
fitness of a ‘mated’ element is checked. If it does not pro-
vide abetterfitthe altered elementisnotputbackinto the
population.In the demonstration program thereis altow-
ance for up to 50% mating cycles of a given population.
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Mutation

The other main process in which optimising of bit
patterns can be achieved is mutation. The mechanism of
‘mating’, however, can be of greater importance. In the
demonstration program, mutation can take place within
agiven cycle such as the 5th, 10th, 15th etc depending on
the frequency initially specified. When mutation takes
placeaspecificelementisselected and aspecific bit posi-
tion altered. No check is made if the mutation event leads
to an improved progeny.

Figure 3 shows the essential function of the GA.

POPULATION

Using The Program

The demonstration program can
implement the fitness function of
(1) for up to 24 bit arithmetic

REPLICATE where:
Y =—X>4+X2»
: wheren=4.. .24 ... (2)
or | Equation 1 1is therefore an

LO
CONTROL

example of (2) where n=8.

Table 4 below illustrates the
size ofthe problem space for vari-
ous values of n.

specify no. of breeding cycles before a mutation eg.value
of 3 will mutate an element every 3 main cycles.

Thusavalue of |0 will resultin amutationin a single
element of a population every [0th breeding cycle.

The program will then prompt:
specify display details 1 minimum 2 additional

When 1 is input, a single line summary is provided.
When2isselected,additional entries are displayed and it
will be required to press a key when prompted in order to
step through the program. When option 1 (minimum)
has been selected key 2 should be pressed to toggle to the
option 2 (additional) screen display mode. This can be
usefulifitisrequired to see what s taking place internally
as a specific population is being developed.

When the programisrun, the process of initial popu-
lation creation, replication, mating and mutation then
will be undertaker for the specific number of breeding
generations.

The next section deals with a basic outline of how
performance of the GA behaves as various factors such as
populationsize, problem space, numberof mating cycles
and mutation frequency. The program in the (minimum)
configuration usefully indicates the elapsed time into a
simulation.

ALGORITHMS

Value of n Problem space Popu.l.atlon Sl_ze
Tl A = 8 - 256 i The initial popglatlon of.eleme.nts
10 1024 is the genetic richness with which
Thus as n 12 4095 the problem starts out. For a very
increases, the 14 16384 large problem space, a limited
problem space 16 65536 population will restrict the growth
increases sharply. 18 262,144 towards an optimised solution.
2 1,048,578 The examples outlined relate to
Dl‘iVing the ;21 12;%‘2% the standard fitness function of
program — — format of Equation 1. Table 5

.. Table 4: Diversity of problem states as a .

Initially the prc- funciionre ol shows the time taken to solve for a
gram prompts: 10bitwide problem with 30% mat-

Input the number of items in the population (max 100)

Forsmall problem spaces (lessthan 1000),avalue of
10is probably adequate. The maximum value available is
100.

The program will prompt:
select fitness function 1 standard 2 88 array

Where the standard option is selected the program
will prompt:
input number of bits in string (max 24-min 4)

This is the term which indicates the diversity of
problem states as indicated in Table 4.

The program will then prompt:
input number of breeding cycles

A breeding cycle is a complete process of replica-
tion, mating and mutation. Problems may require onlya
few such cycles or thousands. There is no limit set on the
value. At the end of a breeding sequence, the program
will prompt:
run complete: press C to continue or any other for new
run Type therefore C to continue with the problem.

The program will then prompt:
input the number of mating cycles

Thisis thenumber of pairs of elements mated within
a given population. Up to 50% of a population can be
mated if required. Values will be around 25%.

The program will then prompt:

438

ing cycles within each population
and with no mutations.
There is considerable variability in time to solution
between different equally sized populations though the
trend is to reduce the time with increasing population.

Population Size Time to Solve {mins)

20 18
30 14
40 1.1
50 0.9
60 17
70 0.1

Table 5: Effect of population size on time to
solve for 30% mating cycles and no mutation of data.

Problem Space

For a given initial population, the time to solution
increases as the problem space increases. Table 6 shows
an initial population of 20 with 6 mating cycles.

No. of bits Problem space Time to solution

8 256 03

9 512 0.2
10 1024 18
1 2048 11
12 409 0.7
13 8192 38

14 16384 838

Table 6: Time to solution as a function of prob-
lem space for a population of 20 elements with 6
mating cycles (no mutations)




Mating Cycles 00000000 16000400
Table 7 showvs a given configuration of & 111 bit problem e Anoonngy
with an initial population ofDEO el ¢ time to solu- OQORAG JODDRILA
tion varies with the number of m veles CLRABA0 02000,000
generation 1, fitness 23.80, time 0.15
: Thearray of 88 pointsindicates the locations of the
No. Mating Cycles Time to Solution {mins Z? I:"renz tvoa‘:'i;ﬂ?“ 4 glujects within the array. With increasing ‘fitness’ the
1 44 shiom as function ijects shou'ld move further apart. The calculation of the
9 24 of the number of fitness function is the main computing component of the
3 38 mating cycles for program.
g 85 ;g;lartlllgtailon of 20 Conclusion: Mutation Cycles Time to solve (mins}
6 02 for a 10 bit wide The field of Genetic Algorithms offers a None >5
problem space. new approach for optimising problemsin 1in 10 12
a range of different environments. The Tin5 0.9
In general terms. the more mating within a gener-  basic mechanism of GAs is simple and 1in4 15
ation then times to solution «re reduced. programs are not over long or complex. It 1 ?”3 20
- is important, however, to have a good ‘fit- 2 20
Level of Mutation ness’ function in order to optimise the “fit- fin’ 2
Table 8 shows the results on time maximise based on  mness of individual entries. Once the main
an initial population of <{! with 2 12 bit wide problem  features of a GA program have been structured, it can be Table 8: Time to
space and 8 mating cycles per zensration. readily converted to new problems by configuring the fit- :?«::tt:?'t‘haesi:t\lr:f;f
While the introduction of mutation cycles reduces  ness function appropriately. The demonstration pro- mutation for 12
the time to solution, it is more difficult to determine an  gram indicates how this is done in practice. The demon- bit problem
‘ideal’ level of mutation. For the specific problem  stration program has not been designed with ‘speed’ in space, 40 wide

population and 8

depicted,alevel of one cvcleinfive couldbeappropriate.  mind. Rather it is intended to indicate in general terms mating cycles.

how GA programs can be designed.
Optimising the Array Problem A photocopy of the program is available by sending
The problem space of the 2X¢ array is very large and the  an SAE to ETI editorial.
demonstration program is hard pressed tofind asolution  Further Reading
quickly. The typical sereen wiii display for anintermedi- ~ Genetic algorithms in search, optimisation and machine
ate state: learning. David E. Goldberg, Addison-Wesley.
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ORIGINAL

(a)
UNQUANTIZED
AMPLE

[ scaLeor Simplicity, whereas in a real system eight

[ QUANTA  bits, 256 levels are used. (a) shows the

C original waveform and the samples which are
— taken and then converted to the nearest

— whole number, a process known as

= 0 quantisation. {(b) shows the quantised

&

Fig1 The various stages in digitising an
analogue television picture and then
returning it to its analogue state. Note that a
four-bit, sixteen level code is used for

numbers converted into a four bit binary
number code, the digital system proper. (c)
shows the signal as it might be received after
it has been transmitted over a typical path,
and it can be seen that the original signal has
been subjected to much distortion (d) shows
the regenerated code after the incoming
signal has passed through a threshold

(b)
iRAsEMTIED 0001, 0101, 1110, 1100, 0101
CODE
—— =~ ——
a=1 1} b=5 c=14 d=12 e=5
ECENED ANA [ — A
HECEIVED = = V' S UTiiresrown
(d) T 7 7
REGENERATED : ! i
CODE ! : '
! | i '
|
y : C :
h ) o
' !
' i
i ]
(e) i i
DECODED ' i
QUANTIZED

SAMPLES

detector and appropnate new pulses have
been generated. (¢} shows how the decoded
samples may be reconstructed to form a
representation of the original analogue
system. Notice that the regenerated signal
has been delayed by the period of one digital
l word, since decoding cannot begin until all

| the digits have been received.

i Diagram Courtesy IBA.

A View of the Future by
James Archer

here is absolutely no doubt that the future lies
with Digital Television, butitis also true that the
future could well be along time coming! In recent
months stories from across the Atlantic and from
nearer home in Europe have given the impression that
digital television transmission is just around the corner;
the truth islikely to be rather more prosaic, in that there is
still alot of work needs to be done in the research labora-
tories of the world before we find digital television sig-
nals coming down our aerial leads. In this series we shall
take alook at the basics of digital television, and will then
move on to consider the applications of digital television
in studios, in receivers, and in transmission. The latest
developmentsin the American proposals to adoptadigi-
tal approach as the answer to the problems they have
found in their quest for an Advanced Television system
will be explained, as will the completely different ideas
from the European company Philips, in which they pro-
pose to use digits to provide a ‘plug-free’ digital TV ser-
vicewhich willbe so rugged thata portable receiver could

be used to provide excellent quality pictures virtually
anywhere, without being connected to an external aerial.
As is often the case in research, it is not always those
developments that are given the highest publicity profile
thatturn out to be the most significantin the longrun,and
the series will be examining research work going in the
laboratories of UK broadcasters, work which could lead
the way to digital transmissions being broadcast over the
existing networks, offering viewers higher quality and
more choice of programmes without destroying the exist-
ing networks. Video recording too can benefit enor-
mously from the use of digital techniques, and although it
is only the studios that have so far benefitted from digital
video recorders, there are already in the manufacturers’
back rooms prototype domestic versions, machines
which could allow us to make recordings of a quality pre-
viously undreamed of. All these developments rely on
the excitingnew techniques of bit rate reduction and data
compression thatare currently beingrevealed in research
laboratories all over the world. Such techniques could
lead to a complete revolution in the way we communi-
cate, making it possible to record superb digital pictures
in the home, to send these along the public telephone ser-
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vice to our friends and relations. who couid display them
on thelarge flatscreens thatwe have been promised for so
long.

Digital Television — The Beginings

Digital television began, not in studios. but with the net-
works carrying television signals between studio centres
and transmitters. Although analogue television systems
have served us well, and will continue to do so for the
foreseeable future, they only give excellent pictures pro-
vided that all the equipmen: in :ie Froadcasting chain is
kept in first class condition. something that requires eter-
nal vigilance, much measuring. and a good deal of main-
tenance. This is the major reason why broadcast engin-
eers originally became interested in digital techniques,
and why they became keen to zdept a svstem that offers a
way of providing more rugged and reliable signals. The
analogue television system works only if each piece of
equipment is precisely lined up to work within very nar-
rowtolerance limits. Just cons:der the number of amplifi-
cation and equalisation
stages that a television sig-
nal orniginated in London
must go through before it
arrives on the screen of a
the Outer
Hebndes. Unless every
care is taken at each stage
of that signal’s journey to
ensure that the amplitude
and frequency response of
the signal remain constant,
there is very little chance
that the shade of grey that
appears on the viewer's screen in Scotland will be the
shade that was generated in London, and it is something
of a tribute to the engineers of British Telecom, the com-
pany in the UK responsible for carrying the TV signals
from the studios to the transmitters, that the received
analogue pictures are usually excellent.

We will begin our look at digital television by
reminding ourselves of the basic techniques of pulse
code modulation which are used when converting an
analogue picture signal, perhaps from a television
camera, to its digital equivalent.

In an analogue to digital conversion system like that
in Figure 1 there are two main factors of importance:
(1) The number of bits which we use to describe each
sample, or in other words, the number of levels of bright-
ness which we need to provide.

(if) The rate at which we take samples of the analogue
waveform.

The number of sampling levels required was
decided upon after much careful examination of digital
pictures made with different numbers of bits per sample,
and it was found that eight bits per sample, giving 28 i.e.

INFORMATION BOX

Analogue TV - varying
voltage levels represent
different levels of brightness
& colour in the picture.

Digital TV - a stream of data
pulses Indicates the
brightness & colour of each
sample of the picture.

HuyuuL

viewer in

256 levels, gave excellent results, although we shall see-

later in this article that the wisdom of this decision has
since been questioned.

Sampling Frequency
It can be seen from Figure 1 that the more samples taken
in a given time, the more bits of information will be avail-

able to rebuild the analogue signal at the end of the cod-
ing and decoding process. We therefore need as high a
samplingfrequency as practicable, but have to remember
that the higher the sampling frequency the greater the
amount of memory required to store each picture, and
since semiconductor memory costs money, this has
economic implications. Sampling rates are discussed in
more detail later, but a fundamental limitation which
gives the minimum possible sampling rate for any signal
was laid down by the Swedish mathematician Nyquist.
His work showed thatin order to sample an analogue sig-
nal so that it can be reconstructed from the derived sam-
ples without distortion, the samples must be taken at a
rate greater than twice the highest frequency contained in
thesignal. Foratypical modern television system, like the
one used in the UK, CCIR system I, the frequency band
used by the video components stretches up to 5.5MHz,
and this therefore implies that we need to use aminimum
Nyquist sampling frequency of
2x55=11MHz

Since, as we shall see later, it is often convenient to
use a sampling frequency which is a multiple of the sub-
carrier frequency, the first multiple of the CCIR System I
PAL subcarrier frequency (4.43MHz, approx.) which
exceeds the 11MHz Nyquist limit is three, which is why
three times the subcarrier frequency (13 .3MHz, approx.)
was much used in the early days of digital television.

T

VISION
SIGNAL
AMPLITUDE

— — -

- [

A

5,5MHz
FREQUENCY (MHz)

Fig.2 The baseband frequency spectrum used by the
IJK PAL TV System |

Sub-Nyquist sampling

Whilst we are discussing sampling frequencies it is worth
noting that in 1975 BBC Research Department pub-
lished a paper which showed that, because of the repeti-
tive nature of the television video signal, under certain
specified conditions it is actually possible to sample the
PAL signal at a frequency below that stipulated by
Nyquist, with very little loss of quality. Although this at
firstsight seems paradoxical,itisnotinfactan example of
Nyquist’s rule being defied. What happens is that the
television signal is sampled below the Nyquist rate
(usually at twice the frequency of the subcarrier), and as
the theory would predict, various distortions do arise. It
is possible to calculate in advance what these distortion
products are likely to be as the video waveform is very
repetitive. It is therefore possible to design filter circuits
which remove the distortion. We are then left with the
original signal undistorted, but considerably reduced in
amplitude.

The Advantages Of Digital Television

Television pictures can be considered as being con-
structed from many individual picture elements, just as
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newspaper photographs are built up from hundreds of
thousands of tiny dots. Digital techniques allow a televi-
sion picture to be broken into these picture elements,
pixels, and instead of transmitting an analogue signal, a
varying voltage waveform, which directly represents the
brightness and colour of a television picture, what is sent
along the microwave links or cables to the transmitters is
a coded message which effectively says ‘picture element
number x has brightness level y and colour z’. At the far
end of the link the message can be decoded, and a com-
pletely new picture can bereconstructed, a pixel at a time,
according to the brightness and colour levels specified in
the coded message. The received picture should there-
fore be a perfect recreation of the original. In the case of
the analogue signals, any variation of the voltage level
between the transmitting end and the receivingend of the
link would result in an alteration of the grey level of the
picture, i.e. distortion. In the digital case, the actual level
of the digital signal should make no difference to the
quality of the received picture; provided that there is suf-
ficient signal to allow the decoder to distinguish between
the coding pulses, the picture can be rebuiltinto a clone
of the original. As a further advantage, whereas a small
amount of drift in an analogue circuit, perhaps due to
temperature changes, would cause noticeable distortion,
the same amount of drift would be most unlikely to dis-
turbadigital circuit to the extent that the pulses cannot be
decoded.

Fig.3 A comparison between the accurary needed to
_ | decode analogue signals and digital signals

75%

25%

1% 50%

MARGIN FOR ERROR

Itwas soonrealised that similar advantages could be
obtained if digital video recorders could be made. When
acomposite analogue televison signal,i.e.asignal such as
PAL which consists ofa multiplex of colourinformation,
monochrome information, and the synchronisation sig-
nals, is recorded on tape, it is subject to noise and distor-
tion. This increases significantly with each generation of
recording, and resultsin noisy pictures with moiré patter-
ning occurring in the highly-saturated coloured parts of
the picture.

In a digital recorder, on the other, hand, just the
coded pulses representing the brightness and colour of
each picture element are laid down on tape. When the
tape is played back there will inevitably be noise pro-
duced from the record/playback process. Provided the
level of this noise is insufficient to mask the signal levels
representing the coded pulses, the picture can once again
be re-built as new. Itis rather like listening to a very weak
Morse-code message from a distant part of the world.
The code might contain a great deal of background hiss
on the received radio signals, but provided that your ear
can make out the individual dots and dashes from

#

amongst the noise, the original message can be written
down without distortion or errors. Digital video recor-
ding was first shown to be practicable by engineers of the
UK IBA in 1979, and there are now three recognised
digital VTR formats on the market. Two of these, known
as D1 and D2, use 19mm wide tape, whilst a third, called
DX or D3, uses half-inch tape in VHS-type cassettes.
Other digital formats are also currently being displayed
at exhibitions of broadcasting equipment, and the
Ampex company, which was once the major name in pro-
fessional video recording, is claiming to have designed
and built a new digital recorder which can pack more
data into a given area of tape than any other format.

The Need For A Digital Standard

During the late 1970s and the 1980s studios started to
make use of many individual pieces of equipment, not-
ably time-base correctors, special effects units, and noise
reducers, which made use of digital techniques as an
indispensable part of their internal operation. Unfortu-
nately, there was virtuallyno cooperation between differ-
ent manufacturers as to the digital coding techniques
used, each wishingto keep its commercial secrets fromits
competitors. This meant that in a PAL studio, for
example, each item of digital equipment had to have a
PAL-to-digital coder at its input, and a digital-to-PAL
coder atits output, in order that these units could be con-
nected as part of the normal chain of PAL equipment in
the studio. In a studio using time-base correctors and
digital special effects units it was not uncommon for the
signal to be converted from analogue PAL to digital form
and then back again to analogue PAL several times dur-
ing the course of its journey through the studio equip-
ment,and each time a television signal passes through the
coding-decoding process it is unavoidably degraded to
some extent. Several passes through the inevitable
‘codecs’ (coder-decoders) caused noticeable picture
impairments, basically caused because studios were
using what came to be known, in unusually poetic lan-
guage for engineers, as ‘digital islands’ in an ‘analogue
sea’ What wasneeded wasto be able to connectall digital
processing units together directly, without going through
the analogue-digital conversion process every time, and
it was this realisation that led the world’s broadcasters to
gettogether to try to agree on a standard for digital equip-
ment in studios.

Composite Digital Video

All the early research work on digital television was done
on composite signals such as NTSC and PAL, because
these were the signals in day to day use in the studios.
Composite television signals are those in which the
luminance (brightness) and chrominance (colour) sig-
nals are combined together to form the complete video
signal, the colour signals being carried on colour subcar-
riers.

The earliest tests on digital composite signals sug-
gested thatitwould be advantageousfor the sampling fre-
quency to bear a simple relationship to the horizontal
line frequency. When this is the case the individual sam-
ples willautomatically be arranged in equally spaced ver-
tical rows, i.e., the sampling pattern will be orthogonal
and spatially static, as shown in Figure 4.
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Research engineers soon found there were big
advantages if the horizontal sampling frequency bore a
simple refationship to the
colour-subcarrier fre-

INFORMATION BOX

Component and Composit quency of the system. It
TV signals | minimise impairments
COMPOSITE SIGNAL E resu from sampling
|
| and g

the design of colour

) coders and decoders,
Luminance & i ) 1

Checoiinancs I reduaing patterning

the subcarrier

COMPONENT SIGNALS

I . and harmonics of the digi-
uminance i .
UJ_I_L“‘—._‘_‘I . 1zl clock. In the American
| NTSC system  both
B-Y companent | " .
U‘]_['I_ﬂ— requirements could easily
_r—L'_,_,—L’_H-\r companent

he satisfied, since the col-
ursubcarrierfrequencyis
4352 times the line fre-
auency. The PAL system,
used in most of Europe excep: France, lacks this simple
relationship between line freguency and colour subcar-
rier, because the designers deliberately offset the fre-
quency of the subcarrier to reduce patterning problems
on black and white receivers, and the simplest relation-
ship we can obtain is:

f,, =(1135/4 +1/6235) times line frequency.

For the French SECAM system, there is no direct

relationship at all between line frequency and subcarrier
frequency, because the frequency modulated subcarrier
is continuously varying with the modulation.
In most of the early research work frequencies such
as 2f, 3f,. and 4f _ were used for different purposes, and
many digital timebase correctors and field-store syn-
chronisers using 3f._. were built and sold. In America
broadcasters developed a specification for the intercon-
nection of digital equipment in studios using 4 times the
NTSC subcarrier frequency and eight bits per sample.
The search for acommon standard was headed by engin-
eers of the American SMPTE and of the European
Broadcasting Union (EBU). Much of the initial work
towards digital standardisation was concerned with try-
ing to find ways of coping with the three very different
colour subcarrier frequencies used in NTSC, SECAM,
and PAL systems, and alotof time and effort was spenton
this, before the researchers set off on a completely differ-
ent track.

Digital special effects units came into being as
engineers realised that a digitised television picture need
nolongerbe thought ofasacomplete image, but thateach
picture element was effectively represented by a group of
numbers (address, brightness, colour), and that these
numbers could be and were being stored inside what
were effectivelyjustlarge computer memories. Once you
have numbers inside a computer store you can then treat
those numbers like any other numbers, reading them in
and out at different rates, carrying out mathematical
operations upon them, or selecting just some of the num-
bers to create your final display with the desired effects.
The manufacturers of these digital effects units found
that it was very difficult and restrictive to try to obtain
many of the effects which they were seeking if they used

& 3

composite signals, and so inside the digital special effects
units that were being manufactured, virtually all the pro-
cessing was done on signals that had been decoded from

e
-

composite to component form. The realisation that this
was happening inside digital special effects units led to a
rethink among those engineers who were seeking a com-

mon standard.

Component Digital Video

Component based television systems, like the MAC

Multiplexed Analogrne

Component system, for

example, are those in which the luminance and chromin-
ance signals are kept separate throughout the studio and
transmission chain; this can lead to higher quality pic-
tures, since the receiverisnot presented with the problem
of havingto separate out the colourinformation from the

black and white, as it must with a composite signals like

PAL.

Those working in the field of digital television
realised thatall existingtelevision systems began with the
component signals Red, Green, and Blue (R,G,B) in
common. Some work was done on digitising these RGB
signals, and excellent pictures resulted, but the problem
with this method is that each of the R,G, and B signals
require the full video bandwidth. The result is we effec-
tively end up storing and processing three separate tele-
vision signals, an expensive and wasteful operation. It is
possible to use adifferent setof components, forexample
Y, afullbandwidthluminance signal, and the two narrow-
band colour-difference signals (B-Y) and (R-Y). The first
step along the road to standardisation was therefore for

engineers to agree that
the sought-for digital
television standard
should be based on digi-
tising the three compo-
nent signals, Y, B-Y, and
R-Y. 8 bits per sample
would provide an adequ-
ate number of video
levels. Tests were carried
out at different numbers
of bits per sample, and it
was generally agreed that
eight bits, offering 256

SAMPLING POINTS
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Fig.4 Showing how when the sampling rate is an
integral multiple of line frequency the sampling
pattern is static and orthogonal.

(i.e. 2%) quantizing levels, or about 220 useable grey
levels, provided excellent pictures under the standard
conditions for critical viewing laid down in CCIR Rec-
ommendation 500. The agreed aim of those trying to
decide on the parameters of a digital standard was that
the resulting pictures should be of a quality to match the
original R,G,B source pictures. This would be a con-
siderable improvement on the picture quality provided
by the current NTSC, SECAM,or PAL systems.

Although a significant step, it still left major items
such as sampling frequency and component signal band-
width unresolved. Much experiment and debate was to
take place before the final agreement was reached. The
higher the sampling frequency, the greater the overall bit
rate would be required, and consequently the greater the
storage area. So choice of sampling frequency has signifi-
cant financial consequences.

Although we have so far just spoken of sampling fre-
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525-line, 60 field / sec systems

625-line, 50 field / sec systems

Coded signals: Y, Cy, Cy

Number of samples per total line:

—luminance signal
—each colour-difference signal

standard

—luminance signal (Y) 858 864
—each colour-difference signal 429 432
(CR’ CB)
Sampling structure Orthgonal, line, field and frame repetitive. Cy and Cy samples co-
sited with odd (1st, 3rd, 5th, etc.) Y samples in each line
Sampling frequency:

The tolerance for the sampling frequencies should coincide with the
tolerance for the line frequency of the relevant colour television

13.5 MHz
6.75 MHz

Form of coding

Uniformly quantized PCM, 8 bits per sample, for the luminance
signal and each colour-difference signal

Number of samples per digital
active line:

—luminance signal

—each colour-difference signal

720
360

Correspondence between video
signal levels and quantization
levels:

—scale

—luminance signal

0to 255

—each colour-difference signal

220 quantization levels with the black level corresponding to level 16
and the peak white level corresponding to level 235. The signal may
occasionally excurse beyond level 235

225 quantization levels in the centre part of the quantization scale
with zero signal corresponding to level 128.

Fig.5 Basic details of CCIR Recommendation 601

quency, i.e. the frequency with which we take samples
along a television picture line, it is important to notice
that another way of looking at the same thing is to con-
sider the number of samples along each line of a televi-
sion picture from the sampling process. Both ideas will
be used as we discuss the choice of a sampling frequency.

From the EBU proposed that the luminance (Y)sig-
nals should be sampled at 12MHz, and that each of the
two colour difference signals should be sampled at
4MHz. This type of system became known as 12:4:4 in
the engineers’ shorthand, and an American proposal to
use 14MHz for luminance sampling and 7MHz for col-
our difference signals was similarly known as 14:7:7.

Sampling a 64psecond televison line at 12MHz
gives:

12 x 10°x 64 x 107° =768 samples per line

The Americans carried out a series of tests which
showed that picture qualityimproved asthe sampling fre-
quency was raised from 12MHz to 14.35 MHz, and so
they were notprepared to adoptthe EBUidea of 12MHz.
Experiments and demonstrations were carried out by
EBU and SMPTE groups, and after much work and a
good deal of horsetrading, and not without some misgiv-
ings on the part of some of the Americans who felt that
14.3MHz, a multiple of the NTSC subcarrier, would be
better, the two groups agreed to recommend a luminance

sampling frequency of 13.5 MHz, and colour difference
samplingfrequencies of 6.75MHz. After discussions and
demonstrations, The Japanese, the Russians, and vari-
ous other broadcasting organisations supported the pro-
posals, and the various parameters were adopted as a
world standard, Recommendation 601 of the CCIR, in
1982.

The choice of 13.5MHz as the luminance sampling
frequency was an interesting one, since as well as beinga
compromise between the initial 122MHz EBU proposal
and the 14.3MHz that some SMPTE members wanted, it
gave rise to some very useful figures when compatibility
between the 525-line and 625-line systems was con-
sidered, and was one of the very few figures that could
have permitted the same sampling frequency to be used
for both systems.

Interestingly 13.5MHz was the only frequency
which gave rise to an integer or whole number of samples
per line for both 525 and 625-line systems.

The 625-line system has a total line time of 64pseconds.
At 13.5MHz this gives 13.5 x 64 =864 samples

The 525-line system has a total line time of 63.56pse-
conds.

At 13.5MHz this gives 13.5 x 63.56 =858 samples

In the 625-line system the line blanking period is
12pseconds,so thatthe active line time, the part of the TV
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line that can actually be used to carry picture informa-
tion, is 52pseconds, i.e. (64-12).

In the 525-line system the line blanking takes
11.56pseconds, giving an active line time of 52 useconds,
so that we have the same nominal active line time for both
systems. ’

Interms of samples per active line. we have, for both
525 and 625-line systems:
52pseconds x 13.5MHz =702 samples per active line

Thus the choice of 13.3MHz for a common samp-
ling frequency gave the advantage of an identical number
of samples per active picture line. and allowed the cur-
rent line blanking periods to remain the same for each
system.

It was these features that finally led to the adoption
of this ‘magic number” of 13.3MHz for the luminance
sampling frequency.

Tests showed that a rate of half this, i.e. 6.75MHz,
was sufficient for sampling the colour-difference signals
s0 as to provide excellent pictures.

Although the length of a complete television line in
each system must be kept the same as in the existing stan-
dards, corresponding to 864 bits for a 625-line system
and 858 bits for 523-line systems at 13.5MHz sampling
rate, so long as the length of the active line sampling is
kept the same, there is no real reason for it to remain at
702 bits long (52useconds active line). Instead, the
researchers working to develop the standard felt that it
would be a good idea to have an active line slightly longer
than the 52pseconds. with the line beginning slightly ear-
lier and ending slightly later than a standard 52usecond
line. The reason for this was to allow for a short period of
areference black level ateach end, and to reduce the rate
of change of transients when a picture line starts or fin-
ishes at peak white. For all these reasons, it was decided
to use a larger number than 702, and 720 was chosen
because ithad alarge number of factors, in fact a number
that would be suitable for conversion if other higher or
lower order members of the Rec.601 family were used.

The colour difference signals each have 360 sam-
plesperactive pictureline,forboth 525 and 625-line sys-
tems. These samplingarrangements give rise to an ortho-
gonal line and field sampling structure, and the colour-
difference samples are arranged so that they are effec-
tively co-sited with alternate, odd-numbered luminance
samples.

The basic features of the world standard for digital
television studios, CCIR Recommendation 601, are
shownin Figure 5, and in order to allow equipment using
signals of this type to be connected together, an 8-bit par-
allel digital interface has also been specified in a separate
CCIR Recommendation, number 656. Interconnec-
tions take place via 25-pin subminiature D-connectors,
carrying eightseparate pairs of conductors, each carrying
atime-multiplexed stream of bits of the three component
signals,in the order Cy, Y, Cy, Y, where Cy and Cy are the
two colour difference signals. Ancillary data is also car-
ried on these pairs, and a ninth pair carry a 27MHz syn-
chronous clock signal.

Quantisation Levels

As mentioned earlier, the system utilises 8 bits per
sample, which, in a binary coded system, would permit a

maximum of 28, which is 256 Quantising levels. Rather
than use all these levels for the grey scale, black level is
chosen to correspond with level sixteen, and a further
220 quantising levels above this are given to the grey
scale, peak white normally being at level 235. Levels
above 235 allow for occasional white overshoots.

The colour difference signals use 225 of the 256
possible quantising levels.

At the time that the standard was being developed,
priorto 1982, mostofthe testsources used were cameras,
telecines, and test generators where the signal to noise
ratios were poor enough (although the equipment was
then state of the art) to mask some of the effects of low-
level quantising errors arising in the eight-bit analogue to

it

digital convertors that
were used. Quantising
errors arise when the
number of steps avail-
able to describe the
brightness of the pic-

picture information, duration 52ps.

Complels line

INFORMATION BOX

One TV line, showing the complete line duration of 64yus,
and the active line i.e. that part of the line which can carry

Gdus

Line time

ture is insufficient. For e —

__Active line duration 52us

example, if the sample
of the analogue bright-
ness signal actually
gave avalue of 201.5 on
the scale of 256 which
is available on an eight-
bit system, then itis just
not possible to

Line
blarking
T2us

Front
porch

Back
porch

describe 201.5, and we S ——
have to approximate to either 201 or 202, and it is this
type of approximation which gives rise to quantising
errors, which generally show up as noise on the picture.
Some digital processing effects were tested at this time,
but the main emphasis was on chromakey, and the soph-
isticated digital processors that we have today were no
more than a twinkle in the designer’s eye.

Since the introduction of the CCIR Recommenda-
tion 601, it has become the norm to use electronically
generated graphics and characters as part of the normal
studio output, and many special effects generators are
also now used routinely as day to day equipment, rather
than purely being utilised for exceptional special effects
as they were in earlier years. Such electronically gener-
ated signals can be virtually noise-free, so that thereisnot
enough noise to mask any quantisation errors, and when
multiple generations of these very clean signals are
utilised, it has been found that undesirable effects can
occur. One of these effects is known as contouring,
because what are effectively contour lines are seen
between adjacent areas of brightness or colour, which
seem toindicate that the number of brightnesslevels, that
isthe number of bits per sample,isinadequate under cer-
tain circumstances.

Rounding Errors

The problem is that mathematical rounding errors occur
as the digital signals are passed from one piece of digital
equipment to another, or through the same analogue to
digital conversion equipment several times. To illustrate
the effect of rounding errors in a field other than televi-
sion, try the effect of using a basic electronic calculator to
work out the simple expression:
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(10/3)x3

Although the correct answer should obviously be
10, many calculators give the answer 9.9999999 due to
the microchip being unable to cope with enough digits to
give the correct answer. A more sophisticated calculator
oracomputer will often be able to utilise more bits forits
calculations, and so will give the correct answer.

During multi-stage digital processing the numbers
representing the brightness and colour of individual pic-
ture elements can be subject to these rounding errors,
When an eight bit digital word is multiplied by another
eightbitword, 16 bits will be required to store the answer,
and this is readily achievable within any individual digi-
tal device. Unfortunately, when CCIR Rec.601 digital
signals are passed from one piece of equipment to
another they must be passed via the 8-bit digital interface
detailed in CCIR Recommendation 656, and so the
internal signals must be truncated or rounded so that
only an eight bit signal is presented at the interface.

; These problems have led some manufac-
| turers to say that Recommendations 601 and
1 656 are inadequate for present day circum-
! stances, and they have increased the number
4. of bits which they use to ten, and have used
| two spare connections on the 25-pin D-con-
. nectorspecifiedin Rec.656 to carry the extra
. bit streams. Unfortunately this solution can
1 only work if pieces of equipment made by
the same manufacturers are used, and
. whilst it is undoubtedly true that ten bits
give better results than eight in some cir-
cumstances, many people are unhappy
with this idea, since even ten
- bits may not necessarily be sufficient to
ensure perfection under all conditions, and
sinceit goes completely against the idea of the hard-

won world standard laid down in Rec.601.

One of the largest manufacturers of complex digital
picture processing equipment, Quantel, has demon-
strated a technique called Dynamic Rounding, which
removes the unwanted contouring effects of multiple
processing without resorting to changes in the specifica-
tion of the digital standard, and many broadcasters have
been convinced by demonstrations that this technique
will prove adequate for some time to come. A somewhat
different technique discovered by the Research Depart-
ment of the BBC, known as Error Feedback Roundin‘g,
has been shown to achieve similar improvements with
the standard eight-bit digital signals.

In the longer term, however, it now seems likely that
more bits will eventually be required, as more and more
processing of the digital signals takes place, and the
reduction in cost of semiconductor memory makes it
practicable toaccommodate sufficient storage at a realis-
tic cost. CCIR Recommendation 601 actually makes
provision for future higher-level systems, as explained
below, and it seems likely that there. will eventually be a
supplementary standard for a digital system using atleast
16 bits per sample, with a corresponding parallel digital
interface.

The 4:2:2 Shorthand

We have seen already the use of a shorthand notation
such as 12:4:4 or 14:7:7 to describe digital component
systems. In those systems that used sampling frequencies
tied to the subcarrier frequency it was common to refer to
them as 4:2:2, meaning that the luminance was sampled
at 4f . and the colour-difference signals were sampled at
21 As the work on digital standardisation progressed a
different notation came into use, and the Recommenda-
tion 601 system is not known as 13.5: 6.75 16.75,but as
4:2:2. The "4’ in this coding scheme is used to mean the
universal luminance sampling frequency of 13.5MHz,
and any other numbers, such as ‘2" refer to appropriate
proportions or fractions of that frequency, so that ‘27,
which is half of ‘4", indicates a sampling frequency of
6.75MHz,

Anadvantage of this notation is thatit can be used to
describe othermembers of a digital hierarchy of systems,
based upon 4:2:2, butincluding higher quality and lower
quality systemsaswell, for specialised purposes, Recom-
mendation 601 does in fact provide for an extensible
family of compatible digital coding standards, any of
which may be simply interfaced with any other.

Anexample of alower level system would be 2:1 :1,a
narrower bandwidth 6.75 3.375 : 3.375MHz system
which might be suitable for newsgathering purposes,
where the highest quality pictures are not essential. A
tuture higher quality digital system mightbe described as
4:4:4, having equal sampling frequencies for luminance
and chrominance signals, and CCIR Recommendation
601 actually provides a tentative specification for a digi-
tal system of this type, as shown in Figure 7.

To add to the possible confusion over this shorthand
notation. it should be noted that in some research papers
occasional use is made of a fourth component in the
ratio,e.g.4:4:4:4, The extranumberdenotes a special key
signal channel that may be used to provide the very hig-
hest quality special effects, where one television signal is
to be keyed into another.

Recommendations 601 and 656 have certainly pro-
vided the breakthrough needed to persuade manufac-
turers to undertake the costly business of making many
different iterns of digital studio equipment, and it is now
possible to build virtually all-digital studios, although the
economics of changing from existing standards make it
likely that it will still be some years before such studios
are the norm.

Composite Digital Reappears

We saw earlier that the initial work on digital television
was carried out on coruposite signals such as NTSC and
PAL but that this work was discontinued when it was
agreed that to carry out digital processing on the individ-
ual component signals was likely to give better results, as
well as to make it easier to reach an international stan-
dard. The first major triumph of the component digital
system described in CCIR REC.601 was probably the
component digital videotape recorder, using what
became known as the D-1 format. These machines can
cope with 525-line 60Hz and 625-line 50Hz signals
without modification The efforts taken to achieve stan-
dardisation can produce virtually transparent copies
over as many as fifty generations and has revolutionised
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323-line, 60 field / sec systems

625-line, 50 field / sec systems

Coded signals: Y, Cy, Cy

orR,G,B namely:

These signals are obtained from gamma pre-corrected signals,

ELE.-EyE,-E,orEy, Eg E,

Number of samples per iotal line
for each signal:

858

864

Sampling sirucniore

Orthgonal, line, field and {rame repetitive. The three sampling
| structures to be coincident and coincident also with the luminance
sampling structure of the 4 : 2 : 2 member

Sampling frequency for caci
signal

13.5MHz

Form of coding

Uniformly quantized PCM, 8 bits per sample

Duration of the digital active line
expressed in number of sumples

Atleast 720

Correspondence berwezn vides
signal levels and the mios:
significant bits (MSB) of thz
quantization level ior zach
sample:

—scale

—R, G, B, luminance siznal

0to 255

—each colour-dift

-
o

220 quantization levels with the black level corresponding to level 16
and the peak white level corresponding to level 235. The signal may
occasionally excurse beyond level 235

225 quantization levels in the centre part of the quantization scale
with zero signal corresponding to level 128.

Fig.7 Tentative Specification for a 4:4:4 member of the REC 601 family

studio post-production. Unfortunately they are very
complex, difficult to manufacture, and therefore very
expensive, perhaps two or three times the cost of the 1”
C-Format recorders that have been the standard studio
machines of the nineteen eighties. They also suffer from
the disadvantage that being component machines,
requiring Jluminance and colour-difference signals at
inputand output, they are difficult to install in a standard
studio which has been built to deal with composite PAL
signals. Indeed, to make full use of the D1 format the
whole studio distribution system must be replaced, at
considerable expense.

Realising this, the Ampex Corporation, whilst car-
rying out its research and development on the compo-
neunt digital D-1 machines, also carried out parallel work
on a composite digital video recorder, which records
composite NTSC (or PAL) signals directly, using the
samplingfrequency of 4fsc that we discussed earlier. This
type of machine, using what has now become known as
the D2 Format, is cheaper to manufacture than the D1
machines, and also has theimmense advantage thatsince
it uses composite signals, which are carried along one
wire, the machine can be used as a direct plug-in replace-
ment for a C-Format NTSC machine, without making
any modifications to the studio wiring.

Another important plus factor is that the predicted
price will eventually be about the same as C-Format
machines. Since the machine is a digital recorder it gives
excellent multi-generation performance, perhaps up to
the twenty generations claimed by the manufacturer, and

is probably the major requirement in many production
centres. Since the D2 machine is recording composite
signals it suffers from some of the disadvantages of com-
posite signals, such as cross-colour effects. The use of
4fsc sampling does help to minimise some of theses
effects. Sony also make and sell these composite digital
D2 machines, which many people are predicting will
become the standard workhorses of television studios
for the next decade, although I would guess that some
new digital mini-format from the far East is likely to take
over long before then.

Although it is virtually the only major standard
affecting television which has been agreed by broadcas-
ters and administrations throughout the world, Rec 601,
officially titled ‘Encoding Parameters of Digital Televi-
sionfor Studios’ suffers, asits title might suggest, from the
restriction that it currently applies only to studios, and
programme production equipment. Although we shall
see later that digital signals can be transmitted using spe-
cial coding techniques, at the present time the high bit
rates that would be required for the transmission of digi-
tal television signals render digital transmission imprac-
tical, but the significant advantages that digital process-
ingcanbringtotelevision have made aknowledge of Rec.
601 essential for anyone who wants to understand digital
television.

TO BE CONTINUED
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JECT INDEX 1972-1992

AU D I 0 CONTINUED

Loudspeaker protection module
Loudspeaker squeaker
Loudspeaker,transmission line
Loudspeaker, V3

Loudspeaker QWL

Errata
Low distortion stereo decoder
Low-cost audio mixer

Errata

Mains audio link

Mains audio link, FM

Matchbox amplifier

Microamp stereo amplifier
Microamp stereo test amplifier
Microphone switching unit
Millivoltmeter, audio, ‘A weighted
Mixer, disco, 4 into 2

Mixer, disco part 1
part 2
part 3

Mixer, FET, four input
Errata

Mixer, four input

Mixer, low-cost
Errata

Mixer/preamplifier for

professional PA part 1

part 2
part 3
part4
Errata

Mixer/preamplifier, four input

Mixer, stage, 16 into 8 part 1
part 2

Modular pre-amplifier part 1
part 2
part 3

Disc Input Update
Moving coil head amplifier
Moving coil pre-amplifier, Audiophile

Errata
Errata
NAB equalisation stage
(Free PCB Project)
NICAM Stereo TV conversion
NDFL 60W power amplifier
Errata
Noise filter, dynamic, for records part 1
part 2
Noise gate
Noise gate

with compressor and DI box
Noise generator, audio
Noise Limiter for tape
Noise reducer, dynamic
Noise Reduction, Dynamic

Errata’

Novel loudspeaker

Over-LED amplifier and clipping
indicator

Paragraph equaliser (combined

graphic/parametric) part 1
part 2
Phaser,CCD
Errata

Mth

Jul

Nov
Jul

Oct
Aug
Oct
Feb
Jun
Jun
Sep
Jun
Apr
Feb
Jul

Jul

Apr
Feb
Jul

Aug
Sep
Jul

Aug
Dec
Jun
Jun

Apr
May
Jun
Jul
Oct
Dec
Jul
Sep
Dec
Jan
Feb
Mar
Nov
Jan
Feb
Apr

Mar
Apr

May
Sep

Feb

Mar
Jul

Dec
Apr
Feb
Sep
May
Oct
Jun

Nov

Feb
Mar
May
Jul

Yr

1980
1984
1987
1981
1988
1988
1987
1985
1986
1981
1980
1986
1986
1977
1982
1976
1977
1981
1981
1981
1972
1872
1980
1985
1986

1973
1973
1973
1973
1973
1973
1975
1975
1983
1984
1984
1989
1983
1980
1880
1980

1986
1991

1983
1983
1976
1976
1985

1985
1976
1979
1979
1988
1988
1984

1973

1985
1985
1978
1978

Pg

95
17
33
22
24
56
46
38
55
76
15
40
38
30
20
26
16
39
76
42
66

9
19
38
55

66
30
56
63
52
55
26
33
55
56
51
44
31
29
17
15

35
33
24
46
37
62
38

46
22
41
35
32
56
57

56

31
49
57

7

Playmate guitar effects amplifier part 1
part 2
part 1
part 2
part 3
Plus-Two add-on decoder/amplifier

PLL FM tuner

Portable PA amplifier part 1
part 2

Power-bulge -Inverter for

bridging amplifiers

Power meter, audio

Power meter, audio, LED

Power meter, stereo

Preamplifier, Active contact PU

Preamplifier, balanced input

Preamplifier, experimental

Preampiifier, general purpose

Preamplifier, Hybrid

Preampilifier, modular part 1
part 2
part3

Preampilifier, RIAA

Preamplifier, RIAA

Preamplifier, upgradeable

(ETI Virtuoso) part 1
part 2
part 3
part 4
part 5

Preampilifier, valve

QWL loudspeaker
Errata

RIAA equalisation stage
(Free PCB project)
Rumbile filter, stereo
Scratch and rumble filter, variable
Series 5000 bridging adaptor
Series 5000 MOSFET amplifier
Signal line tester
Simple amplifier, 1.5W
Simple bass-reflex cabinet
Simple loudhailer
Simple loudness control
Simple stereo amplifier
Sonneti combo amplifier

Errata
Sound bender (ring modulator)
Sound pressure level meter
Spectrum analyser, audio
Spring line reverbration unit
5Q decoder for quadrophonic
systems
Stabilised PSU for hi-fi systems
Stage mixer, 16 into 8 part 1
part 2
Stereo decoder, low distortion
Stereo Decoder update
Stereo image co-ordinator

Errata
Stereo image width enhancer

Errata
Stereo power meter
Stereo rumble filter
Stereo simulator |
Stereo simulator (Short Circuit)

Mth

Aug
Sep
Feb
Mar
Apr
Nov
Apr
May

Oct
Mar
Jun
Mar
Oct
May
Sep
Nov
Nov
Dec
Jan
Feb
Sep
Nov

Jun
Jul

Aug
Sep
Nov
Aug
Aug
Oct

Mar
Jan
Feb
Jul

Jun
Dec
Sep
Apr
Oct
Aug
Mar
Mar
Jul

Oct
Feb
Jun
Dec

Jun
May
Jul
Sep
Feb
Aug
Jun
Aug
Sep
Oct
Mar
Jan
May
Sep

Yr

1982
1982
1987
1887
1987
1974
1986
1986

1978
1979
1976
1984
1990
1983
1986
1976
1991
1983
1984
1984
1880
1980

1986
1986
1986
1986
1986
1986
1988
1988

1986
1975
1880
1982
1982
1982
1974
1972
1973
1975
1975
1985
1985
1981
1981
1978
1974

1974
1983
1975
1975
1987
1990
1980
1980
1972
1972
1984
1975
1985
1977

Pg

28
16
46
34
33
54
19
43

41
67
29
35
45
38
45
26
32
55
55
51
98
39

34
38
47
49
46
32
24
56

36
52
39
85
48
97
32
57
70
25
26
22
27
88
74
27
46

60
18
26
33
46
44
68
13
38
43
35
52
50
16

ETI MAY 1992



Stereo to quadrophonic upgrade

Super stereo effective width enhancer

Sweet Sixteen stereo amplifier
System 8000 tuner/amplifier

System A amplifier

Tape noise limiter
Tape Recorder bias optimiser
Tape Recorder 4-track cassetis

Tape 4-track Update
THD meter

Three channel tone contrz
(Short Circuit)
Tone burst generator

et

Tuner/amplifier, System 8302

TV sound tuner

TV sound tuner
Upgradeable pre-ampiifier
(ETI Virtuoso)

Upgrading amplifiers ?Sis
Valve preamplifier

V3 loudspeaker

Visual complex sound analyser
Voice over unit

VU meter, LED

Walkmate (amplifier for

personal stereos!

Wattmeter, direct reading, 0-50W
White noise.generator, digital

Errata

part 1
part 2
Errata
part 1
D&t 2
pait 3
Errata
Errata

part 1
part 2

part 1
part 2
part 3

part 1
part 2
part 1
part 2
Errata

part 1
part 2
part 3
partd
part 5

Mth

Nov
Sep
Oct
Jul
Jun
Jul
Sep
Jul
Aug
Sep.
Oct
Feb
Feb
Jun
Nov
Dec
Jul
Jan
Feb
Mar

Oct
Feb
Mar
Jun
Jul

Sep
Sep
Dec

Jun
Jul
Aug
Sep
Nov
Feb
Aug
Oct
Apr
Nov
May

Jan
Oct
Dec

Yr

1974
1972
1972
1976
1979
1879
1979
1981
1981
1981
1981
1986
1979
1980
1990
1990
1991
1985
1985
1985

1977
1976
1976
1979
1979
1979
1880
1981

1986
1986
1986
1986
1986
1982
1986
1981
1981
1981
1980

1986
1973
1979

BIO-ELECTRONICS

Biofeedback monitor

Breath/pulse count monitor

Direct-ion
Dream machine
EEG Monitor

GSR monitor

Heart beat monitor
Heart rate monitor
Hemisync machine

lon generator

loniser
Lucid dream Simulator

Muscle meter (Electromyogram)

part 1
part 2
Errata
part 1
part 2
part3

part 1
part 2

part 1
part 2

part 1
part 2
part 3
part4
partb

Nov
Dec
Mar
Jun
Jul
Aug
Jul
Nov
Sep
Oct
Jul
Aug
Dec
Aug
Sep
Oct
Jan
May
Jun
Jul
Aug
Sep
Mar

1986
1986
1987
1988
1988
1988
1986
1987
1987
1987
1977
1981
1976
1990
1990
1988
1989
1988
1988
1988
1988
1988
1980

Pg

54
38
43
38
30
79

52
40

13

41
44
56
45
36
55
37
43

41
46
67

nn

L3

50

42
36
40
30
32
34
46
"

31

19
2
b2
44
38
28
42
36
44
31

b6

Negative ion generator
Quest-ion

Mth

Jun
Feb

Yr

1982
1989

CLOCKS & TIMERS

Autocue timer
1-2 hour timers
Clockwise
Comparator module for the digital
stopwatch
Darkroom timer
Errata

Digital alarm clock/calendar
Digital clock
Digital stopwatch
Digital stopwatch
Egg timer
Gun chronescope
Chronoscope (upgrade)
Humane alarm — alarm clock

add-on (Design Competition)
Long period timer, TMin — 20hrs
Mains switched timer
Meter beater
Micropower pendulum
Meadifying the ETI digital alarm
clock

Multi-option, clock part 1
part 2

Musical alarm clock

Process controller/timer

Photographic Enlarger timer

Reacton Timer

Remote Control timer part 1
part 2
part 3

Update

Rugby clock part 1
part 2
Errata

School timer

Speaking clock

STAC timer
Errata

STD timer

Stopwatch/calculator

Timer
Errata

R

Universal timer
Universal timer

COMPUTING

16 channel A to D board
64K DRAM board

Errata

64K DRAM board, improved

6502 real-time clock/calendar
Errata

6502 sound/DAC card

6802/6809 single board controller
Errata

6802 evaluation board

6802 evaluation board

EPROM emulator

6809 single board computer part 1
part 2
part 3
part4
partb

Nov
Oct
Apr

Jan

Jun

Aug
Sep
May
Jan

Dec
Aug
Nov
Sep

Feb
Dec
Feb
Feb
Oct

Sep
Nov
Dec
Dec
Jan
Jan
Apr
Dec
Jan
Feb
May
Aug
Sep
Nov
Apr
Sep
Sep
Oct
Nov
Apr
Apr
May
Aug
Jan

Dec
Sep
Jan

Dec
Apr

Aug
Mar
Mar
Mar
May

Aug
Dec
Jan
Feb
Mar
Apr

1990
1976
988

1976
1990
1990
1973
1981

1974
1975
1977
1988
1989

1983
1979
1992
1975
1881

1976
1977
1977
1880
1980
1992
1989
1990
1991

18991

1991

1982
1982
1982
1984
1981

1978
1978
1976
1976
1988
1976
1876
1981

1983
1983
1985
1984
1983
1983
1983
1985
1986
1985

1985
1985
1986
1986
1986
1986

18
64
28
31
3
70
48
35
60
27

46
27
36
31
47
49

ETI MAY 1992




Amstrad CPC Sampler for

Analogue computer part 1
part 2
Ace colour board
Errata

Ace keyboard/joystick interface
ADC, ZX81/Spectrum, 8 ch,8 bit

Errata
ASCIl keyboard, System 68
A to D board, 16 channel
Atom keypad
Baud rate converter
Errata

BBC Midi interface, two channel
BBC motor interface

BBC typewriter interface

Bongo box for the Commodore 64

Cassette deck, digital part 1
part 2
Cassette interface
Errata
Centronics interface for the Cortex
part 1
part 2

Centronics interface for the Sharp
MZz80K
Centronics interface for the Spectrum

Errata
Colour board for the Jupiter Ace
Errata
Computer output driver
Control port for the Spectrum  part 1
part 2
Errata
Co-processor for spectrum part 1
part 2
part 3
part4
) Errata
Cortex 16-bit computer part 1
part 2
part 3
Errata
Cortex Centronics interface part 1
part 2
Cortex parallel 170
Errata
DAC/ADC filter amplifier
DEPROM (EPROM eraser)
Digital cassette deck part 1
part 2
Digital control port for the
Spectrum part 1
part 2
Errata
DRAM board, 64K
Errata

DRAM board, 64K, improved

DRAM board, Z80

DRAM board Z80 upgrade

Drum synthesiser for the
Commodore 64 (Bongo Box)

Drum synthesiser for the

Spectrum (SpecDrum}

Electron second processor part 1
part 2
Electron speech board
Errata
EPROM emulator part 1
part2

EPROM emulator for the 6802
evaluation board

Mth

Sep
Jul
Aug
Apr
May
Nov
Jan
Aug
Apr
Dec
Jun
May
Mar
Apr
Jul
Aug
Dec
Sep
Oct
Oct
Dec

Jun
Aug

May
Dec
Oct
Apr
May
Jul
Oct
Nov
Jul
Feb
Mar
Apr
May
Oct
Nov
Dec
Jan
Dec
Jun
Aug
Sep
Jun
Nov
May
Sep
Oct

Oct
Nov
Jul

Sep
Jan
Dec
Mar
Feb

Dec

Dec
Jun
Jul
Nov
Jul
Jul
Aug

Aug

Yr

1987
1988
1988
1984
1984
1983
1983
1983
1977
1983
1983
1986
1987
1987
1986
1985
1986
1984
1984
1980
1980

1984
1984

1984
1984
1885
1984
1984
1983
1984
1984
1985
1988
1988
1988
1988
1988
1982
1982
1983
1982
1984
1984
1985
1986
1983
1984
1984
1984

1984
1984
1985
1983
1985
1984
1984
1984

1986

1985
1985
1985
1984
1985
1984
1984

1985

Pg

Ly

38
28
41

69
20
61

70
25
19
78
33
63
42
34
41

43
27
28
63
13

65
23

47
57
58
41

69
28
44
29
27
24
39
43
40
56
24
55
42
83
65
23
53
55
59
17
27
28

44
29
27
64
28
31

45
29

43

M
32
43
57
27
22
50

46

EPROM emulator for Spectrum

EPROM emulator

EPROM emulator 64k

EPROM eraser

EPROM eraser

EPROM board for the Oric/Atmos
Errata

EPROM board for the Spectrum

(ETISpectROM)

EPROM programmer for the Triton

EPROM programmer for the ZX81

Errata

part 1

part 2

Errata

Errata

EPROM programmer, universal

EPROM programmer,

universal, MKII part 1
part 2
part 3
part 4
EPROM Programmer

(Stand Alone hardware)

(Stand Alone software)
ETI faker (RS232 patch box)
EX42 keyboard interface
EX42 typewriter interface for the BBC
Experimenters’ DRAM card, 64K
Fast light pen
Filter amplifier, DAC/ADC
Joystick controller for 6502
mice computers (Reader’s Design)
Joystick interface for the Jupiter Ace
Joystick Interface for the Sharp

Errata
Joystick interface for the Spectrum
Errata

Joystick/Mouse conversion
Keyboard interface, EX42
Keyboard interface for the Jupter Ace
Light pen, fast
Low-cost VDU, ETI560 part 1
part 2
part3
Errata
part 1
part 2
part 3
Errata

Marvin (Z80 control computer)

Message panel

Message panel interface

Microbox I single board computer
part 1
part 2
part 3
part4
part5

Microcomputer expansion system
part 1
part 2
part 3
part 4

Microtan single board controller,

6802/6809

Microtutor machine code tutor part 1

part 2

part 3

Errata

MIDI interface for the BBC,

two channel

Mini-Mynah speech synthesiser board

Errata

Mth

Sep
Feb
Mar
Apr
May
Jun
May

Sep
Jan

May
Sep
Aug
Sep
Jan

Apr

May
Jun
Jul
Aug

Jan

Feb

Apr
Sep
Aug
Dec
Nov
Nov

Jun

Nov
Aug
Sep
Jun

Aug
Aug
Sep
Nov
Nov
Aug
Sep
Oct

Nov
Aug
Sep
Oct

Nov
Oct

Nov

Dec
Jan
Feb
Mar
Apr

Dec
Jan
Feb
Apr

Mar
Aug
Sep
Oct
Apr

Apr
Feb
May

Yr

1988
1990
1991
1991
1984
1984
1985

1985
1980
1984
1984
1983
1983
1984
1984

1885
1985
1985
1985

1989
1989
1987
1984
1985
1984
1983
1983

1981
1983
1984
1984
1984
1984
1989
1984
1983
1983
1976
1976
1976
1976
1983
1983
1983
1983
1982
1982

1985
1986
1986
1986
1986

1981
1982
1982
1982

1985
1982
1982
1982
1983

1987
1984
1984

Pg

a1
54
56
54
17
36
62

35
43
48
51

42
46
38
23
41
31
81
59

27
36
31
47
49

22
58
76
26

35
50
72
46
1

42
20
69
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Motor interface for the BBC
Multiple output port
Multi-standard printer buffer

Music board, ZX81 part 1
part 2
Errata
Numeric keypad for the Atom
Oric/Atmos EPROM card
Errata
Output driver for computers
Output port, multiple
Parallel 1/0 for the cortex
rrata
Printer buffer part 1
nart 2
Errata

PseudoROM

RGB-composite converter

Real time clock/calendar for 6502
systems

Errata
RS232 interface for the
ZX81/Spectrum
RS232 patch box (ETlfaker
SBC 09 Computer Firmware cart 1
part 2
Second processor for the Eleciron
part 1
part 2
Sharp Centronics interface
Sharp Joystick interface
Errata
Single board controller using
the 6802/6803
Errata
Single board microccmputer,
6809-based part 1
part 2
part 3
part4
part5

Sound board, ZX Design Competition)
Sound/DAC card, 6502
Spectrum Centronics interface

Errata
Spectrum control port part 1
part 2
Errata
Spectrum drum sequencer
(ETISpecDrum)
Spectrum EPROM board
Spectrum joystick interface
Errata

Spectrum RS232 interface
Spectrum stage lighting interface
Speech board for the Electron
Errata
Speech synthesis board
Errata
Supply line status check with DVM
for home computers
Supply protector for ZX81s
System 68 ASCI| keyboard

System 68 CPU board part 1
part 2
System 68 CUTS card part 1
part 2
System 68 PSU
Errata
Errata
System 68 software
System 68 TTY interface part 1

Mth

Jul
Nov
Nov
Apr
May
Jun
Jun
Jun
May
Jul
Nov
Sep
Jun
Jul
Aug
Jun
Jun
Jan

Apr
Aug

Apr
Apr
Jan
Feb

Jun
Jul
May
Aug
Sep

Mar
Mar

Dec
Jan

Feb

Mar
Apr
Feb

Mar
Dec
Oct

Oct

Nov
Jul

Dec
Sep
Jun
Aug
Apr
Nov
Nov
Jul
Feb
May

Feb
Oct
Apr
Sep
Oct
Jan
Feb
May
Jun
Jul
Mar
Nov

Ve

1986
1883
1887
1983
1983
1983
1983
1984
1985
1983
1983
1985
1986
1985
1985
1986
1983
1987

1983
1883

1985
1987
1991
1991

1985
1985
1984
1984
1984

1985
1986

1985
1986
1986
1986
1986
1983
1983
1984
1985
1984
1984
1985

1985
1985
1984
1984
1985
1984
1984
1985
1984
1984

1983
1983
1977
1977
1977
1978
1978
1977
1977
1977
1978
1977

Pg

34
52
43
16
54
15
78
36
62
28
52
53
55
33
48
55
52
32

31
70

23
38
46
50

32
43
47
42
68

35
60

27
36
31
47
49
73
48
57
58
44
29
27

Y

40
49
66
23
72
57
27
20
69

System 68 update
System 68 VDU

System 68 VDU interface and

bus structure

System reset generator for

home-built computers

Tape save modification, ZX80

Tape save modification, 2X81

Temperature sensor and alarm
for computers

Time-out generator/system
failure alarm

Triton EPROM programmer

Triton personal computer

Triton 8K EPROM card

Typewriter interface

Typewriter interface for the BBC
Universal EPROM programmer

Universal EPROM
programmer Mkll

User-defined graphics, ZX81
Vector graphic display for home
computers

Versatile EPROM emulator

Video display unit for
the System 68

Z80 control computer

Z80 DRAM board
ZX ADC

ZX burglar alarm

ZX soundboard

ZX80 DRAM upgrade
ZX80 save modification
ZX81 EPROM programmer

ZX81 music board

ZX81-RS232 interface

ZX81 save modification
ZX81 supply protector
ZX81 user-defined graphics

TO BE CONTINUED

part 2

part 1
part 2

Errata

part 1
part 2
Errata
Errata

part 1
part 2
part 3
part 4

part 1
part 2

part 1
part 2
part 1
part 2
part 3
Errata

Errata

Errata
part 1
part 2
Errata

Errata

Mth

Dec
Jun
Jun
Jul

Aug

Feb
Oct
Feb

Feb

Feb
Jan
Nov
Jun
Oct
Mar
Aug
Aug
Sep
Jan
Apr

May
Jun
Jul
Aug
Mar

Jan
Jul
Aug

Jun
Jul
Aug
Sep
Oct
Nov
Mar
Jan
Aug
Dec
Feb
Feb
Oct
May
Sep
Apr
May
Jun
Apr
Feb
Oct
Mar
Aug

Yr

1977
1978
1977
1977

1977

1983
1983
1983

1983

1983
1980
1978
1979
1983
1984
1985
1983
1983
1984
1984

1985
1985
1986
1985
1983

1984
1984
1984

1977
1977
1983
1983
1983
1983
1984
1983
1983
1983
1983
1984
1983
1984
1984
1983
1983
1883
1985
1983
1983
1983
1983

Pg

59
95
33
54

45

83
63
61

86

84
42
16
73
21
25
iy
45
37
61
33

35
43
48
51
23

19
22
50

31
54
65
59
56
96
45
61
70
31
73
29
63
26
68
16
54
15
23
61
39
23
70
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Pond Level Control Board

Bat Detector Foil

Tel: 0753 548785 Mobile: 0860 635702
e Fax: 0753 3403 SERVICE MANUALS
COMPUTER We can supply Service Manuals for almost any type of
SYSTEMS Equipment. Televisions, Video Recorders, Amateur Radio, l
MONITOR 4 Test Equipment, Vintage Valve, Any type of Audio Equment
; Military Surpius eic. etc.
PRINTERS 'TRIDENT SYSTEMS All makes and Models supplied, from the 1930s to the
FLOPPY & HARD PO Box 1408, Slough, Berks SL3 8TN present.
DISK DRIVES Originals or Photostats supplied as available. '
FAX CARDS FREE Repair and Data Guide with all orders or SAE for your
co
SPROREpLES g s day MAURITRON SEIRVICES (ETI),
CABLES one of the Computer or 8 Cherry Tree Road,
RIBBONS Radio Rallys we attend each E Chinnor,
. = hweekend& ; Oxfordshire OX9 4QY
elephone for details. Tel: (0844) 51694 Fax: (0844) 52554
= e e _d

CRICKLEWOOD
ELECTRON |

CRICKLEWOOD ELECTRONICS LTD, 40 CRICKLEWOOD BROADW AY, LONDON NW 2 3ET
Tel: 081 452 0161 Fax: 081 208 1441

BOOKS  [BOXES & CASES | CABLE & WIRE CAPACITORE/ CONNECTORS KITS
SPEAKERS | VIDEO HEADS SWITCHES - TOOLS &

, T UL N ) J s
%

L L

SEND NOW FOR THE |- CRICKLEWOOD  ((ipONENT CATALOGUE
ONE OF THE BEST RANGES AVAILABLE

|
/ [ |
/ : Please send .....cco... copies of Cricklewood Electronics Catalogue :
1

at £2.00 each. Cheque's payable to: Cricklewood Elecfronlcs Co. N

62 ETI MAY 1992




ELECTRONICS

TODAY INTERNATIONAL

Amanda Spray
0442 66551

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 60p per word (+VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£15.00 per single column centimetre (+VAT) Pper
Electromart £24.00 per Insertion (+VAT)

Ring for information on series bookings/discounts.

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

insertion

FOR SALE

Metal detector boards with ¢
tuner, mode, discrimitate. hea:
jack, on/off/volume and push cution
facilities ... .. £7.95 ea

Dictaphone cassette, mech recorc erase
playback heads, 6V solenca —ot ior, hall

effact switch £2.00 ea®
TY/Printer stands £3.95 ea

Bicc-Vero Easiwirs

construction kit £4.95 ea”

TTL/CMOS short circutt snocoer . €4.95*
Dot matrix LCD 10x2 lines £3.75 ea"
Dot matrix LCD 16x1 lines

with Dots £4,95*
40 character x 1 line de: mzx display

with data £14.95 ea
20 character x 2 line cot maT x aisplay

with data €795 ea
2 digit 16 segment VF cisciay

with data £2.95 ea*
4 digit intelligent do spiay £6.00*
17 segment VF disg river

board and data £2.99 ea”
8 digit liquid crysta! cisoiay £1.75 ea”
4 digit LCD with

7211 driver chig £3.50 ea”
Digital clock disp! £2.50"
11 key membrane £1.50 ea*
Keyboard 392mm= 100 keys

on board = LCC - 35

80C49 easily £4.95

19" 3U sub rack
12V stepped m

T3'step a
Stepped moti

£6.95

opto+2 me 1cnes £3.95 ea*
1000 mixed . % resislors . £4.95 ea
250 electroiyic ax.al-radial caps £4.95 ea
200 off mixed ccivester caps £7.95
100 Mixed trimmar caps popular

values £4.95"
50 off MC 78M12CT Volt Regs £2.95*
20 off WO2M Vet Regs £1.50"

25 off mixed buzzers and sounders £4.95
Cable box UHF modular/video preamp/

transformer/ R's + C's/leads ..., £6.95
1000 off mixed Multlayer Ceramic

Caps .. €7.95
Solar ceii mocules

045V 700mA ....£2.95ea"
BBC Micro to disc drive lead .. £1.50*

Car Burgiar alarm vibration auto entry/
exit delay ....£5.95 ea”
Slngle zone alarm panel auto entry/
exit delay housed in domestic light
socket ..£9.95 ea

SPECIAL OFFERS

CATALOGUE £1.00 + 25p P&P

LEDs 3mm or 5mm red or green ..., 6p each yellow 11p each
High inlensily red, green or yellow Smm .. ... 30p eact
Cable lies 1p each £5.95 per 1000 £49, 50 pev
Glapping motor £ phadse 12y 7.5 aien 50 chms.
SABTDET stepoing motor divar chi. ...

FM Tranamitar it oad gusity saund .. ]
High ouaily phoss resst wwo' L mpoxy n;aass Doards

Cimanajans singla idad il s
3xdinches 20 95 £107
4x8 inches £240 £268
6x12 inches £537 =
12x12 inches. £1066 -
Special Offers

Compuler grade capacﬂors with screw erminals 38000u! 20v

B7000u' 0vEr 95 '68000ul 15v 22 95 10000“! 1GV 1 50
gﬁ camman anode lsd dsplay 12mm._ .
LW TS 0 lnw denp out Sy fagulalce TOZR) parkage .,
B5250 7 channal mesint £0 -1' trarmsintnr £3.58 pa
TALEE now vertoe S10.00 e BT40 Mv“l:ccmnlsr £4.50
TV Mains swilch 4A double pu)e W|lh mnmenlry conlacts for remele
conlrol pack of 10 £3.95 box of 60 £19.95
-DC converlor Reliability model V1 ZPS 12vin Sv 200ma oul 300v
input lo output Jsolalion wilh data £4 95 each or pacl
Hour counler used 7 digil 240v ac 50Hz . L E1.
Reslsmr pack 2500 resistors 1/8-2 50 diferent values . £B.95
WEI

rechargable batlenes capamlws tools elc always in slock Please add
95p fowards P&F val included

ELECTRONICS

JPG
276-278 Chatsworlh Road Chesterfield S40 28H

Acosss/Visa Orders {0246) 211202 callers welcome

BC. PSU. 50 watt 115-230V input+5V
4A+12V 2.5A output with built-in fan,
|IEC infet+onoff .. .,...,... £9.95 ea

STC PS.U. 240V input 5V BA output
(converts to 12V 3A details
avajlable) : £5.95 ea

240V input 5V 10A nutpm ¢CDnvt‘-}rt=‘. o

12V 5A no detalls) | ..£E5.95ea
6002 line output transformers . £1.25 ea
240% in 0-12V 0.75A out

transformer (E2.75

240V in 0-28V B2VA out transformert2.75
Transtormer+PCH gives 2x75V 32VA with
skt for 5 or 12V regulator, will power
floppy drive ... . £3.75ea
Ultrasonic transducer [lranam||+
racaive) , .. £1.50 pair
3 to 16V Piezaslectric sounners ..50p*
9V DC electromechanical sounder . 50p*
24V DC electromechanical sounder ,50p*
2A 250V keyswitch 3 position key
removable in two positions ... £1.50*
DIL switches PCB MT 3/4/6 way ... _35p"
5V SPCO SIL reed relay oo..40p*
5V 2PCO DIL miniature relay .......60p*
12V 2PCO or 4PCO continental relay 60p*
12V 104 PCB MT (to make cantact)
relay . ... .95p*
31w 12V eiectru magnellc accoustic

transducer with data .. 75p*
24576/8.8328/21.10 MHz
crystals ...... ; 50p ea”
Bridges 254 200V | . £1.00"
100V ...50p*
3Ib Mlxed camponsnts pack .. £4.95
25 off mixed relays . cras ED.85
40 off mixed toagle switches .£9.95

50 off mixed switches, toggle, rocker
micro, slide ...,

minlature axfal chokes, 01 018 012 033
0.39, 015, 1, 3.30H 1lJpea 100 for £7.50

50 Mixed terminal blocks £2.95

250 off 168/22/24/40 way IC Skis . £4.95%

100 off Phono plugs (red/blk/grey) £3.50"

QUANTITY DISCOUNTS AVAILABLE — PLEASE RING

ALL PRICES INCLUDE VA.T.
PLEASE ADD £2.00 p&p EXCEPT ITEMS
MARKED » WHICH ARE 50p
SAE FOR BULK BUYING LIST
PAYMENT WITH ORDER TO:

Dept ETI, COMPELEC,
14 Constable Road, St Ives,
Huntingdon, Cambs PE17 6EQ
Tel/Fax: 0480 300819

LASER Diode Modules, 2mw,
670nm, water and shock
resistant, reverse polarity pro-
tected, dimensions 14.7mm x
28.5mm, £179.95. A. McKeeve, 6
Grange Farm, Kirkcaldy, Fife,
Scotland KY2 5UH.

WANTED

TURN YOUR SURPLUS
TRANSISTORS, ICS 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. PE14 ORJ

BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax: 0945 475216

ARTRIDGE
LECTRONICS

4 Two Mic. Inputs + Line Input ¢
& Auto — Manual Control ¢
& D.T.M.F. or L.D. /Dialing &

OUTSIDE BROADCAST UNIT
EASY TO CARRY
FLIGHT CASE
BROADCAST OVER
STANDARD PHONE NETWORK

REPORTER
Model T26

UNITD

318 HIGH ROAD
BENFLEET

ESSEX §87 5HB
TELEPHONE: 0268 793381

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 500
metre range sensitive electet
microphone, high quality PCB,
SPECIAL OF-‘FEgF! complete kit
ONLY £5.95 assembled and ready
to use £9.95 post free. Access/
Visa order telephone 021-411
1821. Cheques/POs to: Quantek
Electronics Ltd, Kits Dept (ETI), 3
Houndley Road, West Heath,
Birmingham B31 3AL. Tel: 0214
599647. For details on this and
other kits. Shop now open —
callers welcome.

TINY FM microtrans mitter (bug)
100-116 mHz, long range,
electret microphone, complete kit
£5, assembled £8. Cheques/
POs, S. Keitley, PO Box 79,
Middlesbrough, Cleveland TS3
O0YT. SAE for details.

ELECTRONIC PLANS, laser
designs, solarand wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphicstablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

FREE AMPLIFIER

MODULE

FREE amplifier module!!
Complete + V/C, return ad + £1
P&P. K.I.A., 1 Regent Road,
Ilkley. Sterecamps cased +
controls 60w/£10. Catalogue
50p.

KITS

KITS. VHF/FM Microtransmitter,
15x25mm, £5.95, built £9.95.
“Stinger” Shocker, uses PP3!,
£12.99, built £19.99. Loads of
plans, kits, units, surveillance,
protection. Sae list. Cheque/PO:
Ace(ti), 53 Woodland Way,
Burntwood, Staffs WS7 8UP. Tel:
0543 676477 (24 hrs).

DISPLAY current waveforms on
your oscilloscope, easily, from
any point in your circuit.
Accurate 100Hz to 10MHz, high-
current capability. 10mA
resolution. Compact probe.
Isolated from circuit. No
adjustment. Easy to build kit,
offered at only £9.99 + 50p P&P
incl manual. Send cheque/PO to
AKC Electronics, 41 Wash
Road, Brentwood, Essex CM13
1BX.

MISCELLANEOUS

HEATHKIT UK educational
products, distributors — service
centre. Cedar Electronics, Cedar
House, 12 Isbourne Way, Broad-
way Road, Winchcombe, Chelten-
ham, Glos. Tel 0242 602402.

Fax your advert
on 0442-66998

DESIGN SERVICES

CAD system, Protel Schematic,
PCB layout, autorouter, profes-
sional system, not to be confused
with budget CAD, complete suite
cost £1,800. Do | hear £4007
Demo disks available. 081-544
1995.
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TRANSFORMERS

SPECIAL OFFERS OPEN COURSES
SPECIAL OFFER TO ETI READERS!
. lcf)nlgﬁ £.1d7'?9 (g.:cb:&tpl) ‘ BTEc qualifications

how common electric components work ® Electronics 2

THE VIDEO * Telecommunications S

ELECTRAONICS FOR THE HOBBYIST ¢Microelectronics w

(An excellent 30 minule video using computer- =

i graphic simulations) For further information contact: -
Send cheques/PO payable to: Dept 703 m

ON-LINE VIDEO MARKETING (DEPT EV.3) National Extension College g

The Cottage, Tredown Farm, Bradstone, 18 Brooklands Avenue -

Milton Abbot, Tavistock, Devon PL19 0QT. Cambridge CB2 2HN E

O s avaiabls SAE for sl Allow 14 days for dlivery Tel: (0223) 316644 NEC

ELECTRONIC COMPONENTS CLUBS

NEW MEMBERS WELCOME!!
Electron UK, the electronics club
for the enthusiast, is now
enrolling new members. News,
view, competitions, projects and
lots more!! For further information
send SAE to: Electron UK, 48
Lancing Park, Lancing, Sussex

improved range of SMOS modules
30W, 30+30W, 60W, 120W

* 20 watt Class A Amplifier
* Low profile PCB Transformers

RF & General Purpose
electronic components for
constructors projects.
Our mail order catalogue shows
it. Send 75p for your copy now.

£3.00 of discount vouchers
supplied

a range of encapsulated transformers el N BN15 8RF.
4VA, 6VA, 10VA, 18VA, 24VA, 30VA e
Write or phone for data and prices... AEEE el Fax your
R q 3 J.A.B Electronic Components
which include details of standard range of Rear of Queslett Motors advert on

1180 Aldridge Road

Great Barr, Birmingham
B44 8PE i
Tel: 021-366 6928

toroidal transformers and audio modules.
No price increase for 1992

0442 66998

Telephone Amanda Spray
for all details of
Advertising Rates on
0442 66551

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254. Fax: (0227) 365104

ELECTROMART

LIVERPOOL

LIVERPOOL

PROGRESSIVE RADIO

To advertise in

ALL PARTS

TV & Video spares emporium
87/93 Dale Street  Tel: gg} ,‘Z’gg 81923 E I ectr‘o ma r‘t Phone for besI: price 051 spares
‘ Ferg Video Heads from £10.95, P: ic Heads from £10.95
47 Whitechapel Tel: 051 236 5489 Tel: 0442 66551 78 Yo Copy s £5.39. Ao S s from
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How many times have you wanted to hold parts
still while sawing through them? Or indeed,
have you often cursed while attempting to fold
photo-etched parts or struggled to remove a
screw top from a paint jar? If any of these
problems affect you why not invest in a baby
vice. It is small and unobtrusive enough to fit
most modellers work benches yet large enough
to cope with tasks asked of it. You will wonder
how you managed without one!
: |Please supply ............ ROMM/33 @ £6.50. K
ONLY £6.50 inc p&p RRP £8.50 i | enclose my cheque/PO for £ .................. made payable to ASP or Pleasei
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MORE PAGES MORE PROJECTS
AND A PCB
Starting next month on a regular basis a complete
printed circuit board will appear on the front
cover of ETI. This great value idea will accompany a
project featured in the magazine and we start with a
stereo amplifier for your to construct.

Other projects include: A Scanner for our sur-
face-mount signal generator, a Xenon flash trigger, a
battery saving rear bicycle lamp, power supply con-
struction on our mixing desk and circuit applications
for a Phase-Locked-Loop.

Make sure of ordering your copy and collectiton
May 1st.

NOW EVEN GREATER VALUE

The above articles are in preparation but cir may prevent publication

\ ~
hgﬂ:wi & G ELECTRONICS LTD

ELECTRONIC COMPONENTS MAIL ORDER COMPANY
NEW 1992 CATALOGUE | :

BTN Sk --'?=-*;_||||'"“"""“':"""“"' =;|1.|l-|-.

Order a catalogue now and we send you a
0.5" ORANGE DUAL LED DISPLAY Offer for a

Value £ 2.00 absolutely free ! limited period,
SEND £1.50 FOR YOUR COPY Refundable with the first order
100 Park Avenue, London E6 2SR,

Tel: 081-552 2386 Fax: 081-471 7968
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AMSTRAD PCHTASLE PCS FROM £142 (PPC15125D).
£179 (PPIC s £:73 (PPC1640SD). £209
(PPC1640DD . WCLEWS 253 EXTRANO MANUALS OR
PSU.

HIGHPOWER CA

4ohm imp=

100w each
~d range and
above Price per

1"tweeter

pair £3C 020

2KV 500 WATT T‘”\S)F"RUERS for high vollage
expenment cven etc. 250v AC input
Now only €4

Yz =s cperated, with touch
d.gial clock, and 2 relay
s2d power (programmable)
swons etc Now only £4.00

switches Como
outputs ©
Idealfor=
ref 4P151
FIBRE OPTIC CABLE
PVC Five ==z e
12V SOLAR CELL =
charging exc 302 ——
15P428
PASSIVE INFRA-RED MOTION SENSOR.
s¢r adjustable hghts
C rangs with a 90
erge facilty Com-
& holders etc Brand
Now only £19.00 ref

tcal fibres sheathed in black
.t 1deal for tnckle 5

Cur price £15.00 ref I~

plete wit~ &
new anc o
19P29
Pack of tve Z o os for above unit £12.00 ref 12P437

VIDEO SENDER UNIT Transmit both audio and vides sigrals
from either z o2ec camera, video recorder or computer 'c any
standarc T 12 100" range! {tune TV to a spzre c~anrel)

12v DC cc X ref 15P38R Suitable mains adacicr £5 5O ref
SP1S1R

FM TRANSMITTER housed in a standard wo~g *3A
adapter buc s mans driven). £26.00 ref 26P2R 4

MINATURE RADIO TRANSCEIVERS A nz-
walkie 2k es wnth a range of up to 2 kilometes
measure 22x32x155mm. Complete with cases £303C | (I
ref 30P 12 -
FM CORDLESS MICROPHONE.Sma twth a 500"
rangel 2 transmitpower levels reqs PP3bzzes, etcany FM
receiver Cur price £15 ref 15P42AR .

12 BAND COMMUNICATIONS RECEIVER.S snont FHE=E.
bands FM AMand LW DX/ocal switc~ -
or battery Complets with shoulder st-
NOW ONLY £19.00!! REF 18P14R
CAR STEREO AND FM RADIO_ov

5 watts per channel Signal to nose ¢ than 45db,
wow and [lutter less than 35% z e £1900 ’ J
ref 19P30 -

LOW COST WALIKIE TALKIES =
erated units with a range of azous 2
a pair ref 8P50R

7 CHANNEL GRAPHIC EQUAUZER ..< = 59 watt power amp!
20-21KHZ 4-8R 12-14v DT Cased £25 ref 25P14R
NICAD BATTERIES. 4 x AA's £4 00 ref
4P44R 2xC's£400re COref 9P12R, 1 x PP3
£6 00 ref 6P3ASR

TOWERS INTERNATICHAL TRANSISTOR SELECTOR
GUIDE. The ultimate =c..z2-"s coc= Latest editon £20 00 ref
20P32R

CABLE TIES. - P “w of 100 £3.00 ref

3P1C04R Bumrpe-

1 14P6R

1992 CATALOGUE AVAILABLE NOW
IF YOU DO NCT HAYE A COPY PLEASE REQUEST ONE|
WHEN ORDER!NG TR SEND US A 6"X9” SAE FOR A FREE]
COPY.

GEIGER COUHTE? KIT

nents s Suls =

—c etewith tube, PCB and all compo-
aeiger counter. £39 00 ref 39P1R
~ PCB embedded coll Transmits to
any =M - 2 £500 ref 5P158R
FM BUG s.ceror 9v operation £14 00 ref 14P3R
COMPOSITE WIDEO KITS. These converl composite video into
seCczTE - R ideo 12v DC £8 00 ref 8P39R
SINCLAJR C3 HOTORS 12v 29A (full load) 3300 pm 6"x4" 1/4"
= =i 20P22R
ec £t 1 nline reduction box (800rpm) and
ve zog £40 00 ref 40P8R
Sn NCLEIRCS WHEELS "or 16" dia including treaded tyre and
2ck spoked one piece poly carbonate 13"
16 wheel £6 00 ref 6P21R
ELECT“OHC SPEED CONTROL KlTor c5 motor PCB and all
z speed controller (0-95% of speed) Uses

v ~ £17.00 ref 17PaA.

R PO »»ERED N|CAD CHARGER.Charges 4 )
“= = nzes Brand new and cased £6.00 ref N 2

12 YOLT BRUSHLESS FAN4 1/2" square brand new idea! for

boat ca* < £3 00 ref 5P206

ACORN DATA RECOHDER ALF503 Made for BBC computer

but suitab'e ‘mers Includes mains adapter, leads and book
£1500 ref 15223R

VIDEO TAPES. Three hour superior quality tapes made under
hcence from tne famous JVC company Pack of 5 tapes New low

czrz. =

VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 58P4R

25 WATT STEREO AMPLIFIERc STK043. With the addition of
a handful of components you can build a 25 watt amplifier £4 00 ref
4PB9R (Circuit dia included)

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 x 52mm £1 00 ref BDB27R
ALARM TRANSMITTERS. No data avaliable but nicely made
complex radio transmitters 9v operation £4 00 each ref 4P81R
12V 19A TRANSFORMER. Ex eguipment but otherwise ok Our
price £20 00

GX4000 COMPUTERS. Customer returned games machines
complete with plugin game, joysticks and power supply Retailprice
1s almost £100 Qurs is £12 00 ref B12P1

ULTRASONIC ALARM SYSTEM. Once agan in stock these
units consist of a detector that plugs into a 13A socketin the area to
protect The receiver plugs into a 13A socket anywhers else on the
same supply ldeal for protecting garages, sheds etc Complete
system £25 00 ref B25P1 additional detectors £11 00 ref B11P1
IBM XT KEYBOARDS. Brand new 86 key keyboards £5 00 ref
5P612

IBM AT KEYBOARDSBrand new 86 key keyboards £15 00 ref
15P612

386 MOTHER BOARDS. Customer returned units without a cpu
fitted £22 00 ref A22P1

-

\_

N\

BSB SATELLITE SYSTEMS
BRAND NEW
REMOTE CONTROL
£49.00 REF F49P1

J

286 MOTHER BOARDS. Brand new but customer returns so may
need attention Complete with technical manual £20 00 rel A20P2
286 MOTHER BOARDS. Brand new and tested complete with
technical manual. £49.00 ref A48P1

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads. Holds up to 5 batteries at once New and cased, mains
operated £6 00 ref 6P36R

IN CAR POWER SUPPLY.Plugs into cigar socket and gives
3,4,5,6,7 59, and 12v outputs at BOOMA Complete with universal
spider plug £5 00 ref 5P167R

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watt 2%
metal film £5 00 ref SP170R

Oacy o " L

N
MIRACOM WS4000 MODEMS

vV21/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING

£29 p

IBM PRINTER LEAD. (D25 to centranics plug) 2 metre parallel
£5 00 ref SP186R

COPPERCLAD STRIPBOARD 17" x4"of 1" pitch “vero”board
£4 00 a sheel ref 4P62R or 2 shests for £7 00 ref 7P22R

STRIP BOARD CUTTING TOQL.£2 00 ref 2P352R

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths Ideal tor repairs and projects ref 3P91R
4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths. Ref 2P365R

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart melal plate for
easy tixing £2 00 ref 2P366R

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines Swiss made £8 00 ref 8P57R_Atari ST
conversion kit £2 00 ref 2P362R

6 1/2" 20 WATT SPEAKER Built in tweeter 4 ohm £5 00 ref
5P205R

WINDUP SOLAR POWERED RADIO! FM/AM radio 1akes re-
chargeable batleries compleke with hand charger and solar panel
14P200R

PC STYLE POWER SUPPLY Made by AZTEC 110v or 240v
input +5@ 15A,+12@ 5A.-12@ 5SA,-5@ 3A Fully cased with fan,
on/off switch, IEC inlet and standard PC flyleads £15 00 ref F15P4
ALARM PIR SENSORS Standard 12v alarm type sensor will
interface to most alarm panels £16 00 ref 16P200

ALARMPANELS 2 zone cased keypad entry, entry exit ime delay

price £8.00 ref 8P 161

PHILIPS LASER 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R,
12 TO 220V INVERTER KITAs supplied it will handle up to about
15w at220vbutwih alarger transformerit will handle 80 watts Basic
kit £12 00 ref 12P17R Larger transformer £12 00 ref 12P41R
VERO EASI WIRE PROTOTYPING SYSTEMIdeal for design-
ing projects on ete. Complete with 1ools, wire and reusable board
New low bargain price only £2,00 ref B2P1

HIGH RESOLUTION 12" AMBER MONITORI2v 1,5A Hercu-
les compatible {TTL input) new and cased £22,00 ref 22P2R

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

etc £18 00 ref 18P200

MODEMS FOR THREE POUNDS!!

Fully cased UK modems designed for dial up system (PSTN) no data
or info but only £3 00 ref 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3 00 ref 3P146R

BARGAIN STRIPPERS

Computer keyboards Loads of switches and components excellent
value at £1 00 ref CD40R

DATA RECORDERS

Customer returned mains battery units builtin mic ideal for Computer
or general purpose audio use Prnce (s £4,00 ref 4P100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum to provide a standard Atari type joystick
port. Our price £4 00 ref 4P101R

ATAR! JOYSTICKS

Ok for use with the above interface, our price £4 00 rel 4P102R
BENCH POWER SUPPLIES

Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply
Fused and short circuitprotected. For sale atless than the cost of the
case! Our price is £4 00 ref 4P103R

SPEAKER WIRE

Brown twin core Insulated cable 100 leet for £2 00 REF 2P79R
MAINS FANS

Brand new 5" x 3" complete with mounting plate quite powerfull and
quite Our price £1.00 ref CD41R

DISC DRIVES

Customer returned units mixed capacities (up to 1 44M) We have not
sorted these so you just get the next one on the shelt Price (s only
£7 00 ref 7P1R {worth it even as a stripper)

HEX KEYBOARDS

Brand new units approx 5" x 3" only £1 00 each ref CD42R
PROJECT BOX

51/2" x 31/2" x 1" black ABS with screw on Iid £1 00 ref CD43R
SCART TO SCART LEADS

Bargain pnce leads at 2 for £3 00 ref 3P147R

SCART 7O D TYPE LEADS

Standard Scart on one end, Hi density D type on the other Pack of
ten leads only £7 00 ref 7P2R

OZONE FRIENDLY LATEX

250m| bottle of liquid rubber setsin 2 hours. [deal formounung PCB's
fixing wires etc £2 00 each ref 2P379R

QUICK SHOTS

Standard Atari compatible hand controller (same as joysticks) our
price is 2 for £2 00 ref 2P380R

VIEWDATA SYSTEMS

Brand new units made by TANDATA complste with 1200775 butlt1n
modem infra red remote conirolled qwery keyboard BT appproved
Prestel compatible, Cantronics printer pot RGB colourand compos-
te output (works with ordinary television) complete with power
supply and fully cased. Our price is only £20 00 ref 20P1R

AC STEPDOWN CONVERTOR

Cased unils that convert 240v to 110v 3" x 2" with mains input lead
and 2 pin American output socket (suitable for resistive loads only)
our price £2 00 ref 2P381R

SPECTRUM +2 LIGHT GUN PACK

complete with software and instructions £8.00 ref 8P58R/2
CURLY CABLE

Extends from 8"to 6 feet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1 00 each ref CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2 00 ref 2P382R

BUGGING TAPE RECORDER

Smalthand held cassette recorders that only operate when there 1s
sound then turn off 6 seconds after so you could leave itin a room alt
day and just record any thing that was said Priceis £20 00 ref 20P3R
IEC MAINS LEADS

Complete with 13A plug our pnce s only £3 00 for TWO! ref 3P148R
NEW SOLAR ENERGY KIT

Contains 8 solar cells, motor, tools, fan etc plus educational booklet
Ideal for the budding enthusiast! Prce 1s £12 00 ref 12P2R

286 AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
PLY £139 REF 139P1 (no /o cards or drives included) Some

etal work req'd phone for detalls,

35MM CAMERAS Customer returned units with built in flash and
28mm lens 2 for £8.00 ref 8P200
STEAM ENGINE Standard Mameod 1332
engine complete with boiler piston etc £30
ref 30P200

TALKING CLOCK

LCD display, alarm, batlery operated
Clock will announce the time at the,
push of a button and when the
alarm s due The alarm is swichable
from voice to a cock crowing!£14 00 ref 14P200 R
HANDHELD TONE DIALLERS

Small units that are designed to hold over the mouth piece of a
telephone to send MF dialling tones |deal for the remote control of
answer machines £5 00 ref SP20SA

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new drives with cartridge and software 10
times faster than tape machines works with any Commodore 64
setup The orginal price for these was £49 00 but we can offer them
to you at only £25 00! Ref 25P1R

ATARI 2600 GAMES COMPUTER Brand new with joystick and
32 game caniridge (plugs into TV) £29 00 ref F29P 1 also some with
1 game at £19 00 ref F19P2

BEER PUMPS Mains operated with fluid detector and electronic
timer standard connections Ex equipment £18 Q0 ref F18P1

90 WATT MAINS MOTORS Ex equipment but ok (as filted to
above pump) Good general puposeé unit £9 00 ref FOP1

HI Fl SPEAKER BARGAIN Originally made for TV sets they
consist of a 4”10 watt4R speaker and a 2" 140R twester [f you want
two of each plus 2 of our crossovers you can have the lot for £5 00
ref FSP2

VIDEO TAPES E180 FIFTY TAPES FOR £70.00 REF F70P1
360K 5 1/4"'Brand new drives white front £20 00 Ret F20P1

IN SUSSEX? CALL IN AND SEE US!



Simply the best!

THE VELLEMAN K4000.
GUTSY & GOOD LOOKING.
SOUNDS GREAT!

PRICE FOR PRICE, THE
BEST VALUE, BEST
SOUNDING, BEST LOOKING,
STATE-OF-THE-ART

VALVE POWER AMPLIFIER
KIT THAT'S AVAILABLE.
VELLEMAN,

SIMPLY THE BEST!

The Velleman name stands for quality, and the K4000 valve amplifier
is supplied with everything you'll need to build it, including a ‘Get-You-
Working' back-up service,

Delivering 95 watts in class A/B1, the K4000 is, without doubt, price for
price, the best sounding, ‘gutsiest’, most handsome valve power amplifier
kit available anywhere,

Asmooth top end, open mid range and deceptively powerful bass, give a
tangible holographic sound stage, The massive, wide dvnamic swing and
overall sound quality means this amplifier loves music! — Any music!

The full range of Velleman kits is available from Maplin Electronics,
official appointed U.K. agents, including the Velleman K4000 (VE99H
£499.95 [H]), high performance valve power amplifier, (featured above).
Prices of Velleman kits start from as low as £7.45 and all kits are
manufactured to the same high standards and quality.

See the full range of Velleman kits in the 1992 Maplin Catalogue £2.75,
or by post £2.95 (CA09K), or visit your local Maplin store. Credit Card
Hotline 0702 554161. Mail Order to: P.O. Box 3, Rayleigh, Essex SS6 SLR.

Nelleman

AVAILABLE FROM MAPLIN ELECTRONICS: OFFICIALLY APPOINTED UK. AGENTS
THE ONLY AGENT THAT GUARANTEES TO ‘GET-YOU-WORKING'

Visit our stores at: BIRMINGHAM; Sutton New Road, Erdington. BRIGHTON; 65 London Road. BRISTOL; 302 Gloucester Road. CARDIFF; 29 City Road. CHATHAM: 2 Luton Road.
GLASGOW, 264-266 Graat Western Road. LEEDS; Carpet Worid Building, 3 Regent Street. LEICESTER; Office World Building, Burton Street. LONDON; 146-144 Bum! Oak Broadway,
Edgware. 120-122 King Street, Hammersmith. MANCHESTER; 8 Oxford Road. NEWCASTLE-UPON-TYNE; Unit 4, Allison Court, The Metro Centre, Gateshead. NOTTINGHAM; 86-88
Lower Parliament Street. READING; 129-131 Oxford Road. SHEFFIELD; 413 Langsett Road, Hillsborough. SOUTHAMPTON; 46-48 Bevois Valley Road. SOUTHEND-ON-SEA; 282-284
London Road, Westcliff. Plus new stores in COVENTRY and SOUTH LONDON opening soon. Ring 0702 552911 for further details. All items subject to availability. For items marked [A] add
£5.30 carriage. For all Mail Order purchases add £1,00 p&p, If buying a catalogue only on Mail Order, you do not have lo pay the £1,00 p&p charge.




