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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES QEETLIZEZCEIELLEEL

OMP POWER ﬁMPL|F|EH MODULES Now enjoy a world-wide repulation for quaiity, reliability and
pertarmance at a realistc price Four models avallable lo suil the needs of the professional and hobby market, 1e Induslry,
Leisure, Instrumenlal and Hi-Fi etc When comparing prices, NOTE ali models include Toroidal power supply, Inlegral heal sink,
Glass fibre P C B , and Drive circults to power compatible Vu meter Open and short circuil prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
R.M.S. into 4 ohms, Frequency Response 15Hz -
30KHz —3dB, T.H.D.0.01%, S.N.R, —118dB, Sens. for
Max. output 500mV at 10K, Size 355 x 115x65mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

into 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor, >300, Slew Rate 45V/uS,
T.H.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R.
—125dB. Size 300 x 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 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 Sensitivity 500mV, S.N.R

—130dB. Size 300 x 155 x 100mm.

PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300 walts R.M.S.
into 4 ohms, Frequency Response 1Hz - 100KHz
—3dB, Dampmg Factor =300, Slew Rate 60V/uS,
T.H.D. Typical 0.0008%, Input Sensitivity 500mV,
S.N.R. —130dB. Size 330 x 175 x 100mm.

PRICE £79.99 + £4.50 P&P.

NOTE:— MOS-FET MOOULES ARE AVAILABLE IN TWO VERSIONS, STANDARD — INFUT SENS, 500my BAND WIDTH 100KHz
PEC [PAOFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS, 7T5mY, BAND WIDTH 50kHz, ORDER STANDARD OR PEC

Vu METER Compatible with our four amplifiers detailed above. A very accurate visual
display employing 11 L.ED. diodes (7 green, 4 red) plus an additional on/off indicator.
Sophisticaled logic control circits for very fast rise and decay times. Tough moulded plastic
case, with tinted acrylic front, Size 84 x 27 x 45mm.

PRICE £8.50 + 50p P&P.

* PRICES INCLUDE V.A.T. * PROMPT DELIVERIES " FRIENDLY SERVICE
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS

OURTING CUTOUT
PRICE £58.99 — £3.50 P&P.

*

STANTON AL500
PRICE £16.99 ~ 50p P&P

'NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200

MXF400 (200w + 200w) MXF6&600

All pow

FEATURES: * independent pows:
indended level contrals * llluminaiec o
circuil proof * Latest Mos-Fets ‘or
distortion % Aluminium cases * MX 0
USED THE WORLD OVER IN CLUBS. PUBS, CINEMAS DSOS 58
SIZES:— MXF 200 W19 xH3%z (2U)- D11

MXF 400 W19 xH5va" (3U) - D12

MXF 600 W19"xH5% (3U)-D13

MXF200 £171.35

PRICES: MXF400 £228.85

MXF600 £322.0C
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UDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS

WAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A.. DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8" 100 WATT CB100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID DISCO.

AES, FREQ, 80Hz. FREQ, RESP, TO 14KHz SENS, B9dB, . CE £29.30 + £2.00 P&P

107 100 WATT C10100GP GUITAR, VOICE, CRGAN, KEYBOARD, DISCO E}CCELLENT MID.

RES, FREQ, 70Hz FREQ, RESF, TOBKHz. SENS, 10048 RICE £35.58 + £2.50 P&P

10" 200 WATT C10200GP GUITAR, KEYBOARD, [)!SCD EXCELLENT HIGH POWER MID,

HES, FREQ, 45Hz, FREQ, RESP, TO 7KHz SENS, 103d| PRICE £48.67 + £2.50 P&P

12 100 WATT C12100GP HIGH FOWER GEN, F‘UHPUSE LEAD GUITAF! DISCO

RES.FREQ, 45Hz FREQ, RESP, TO7KHz SENS, 9848 RICE £37.59 + £3.50 P&P

12" 100 WATT C12100TC TWIN CONE} HIGH F‘OWEH WIDE REEPONSE F' A VOICE, DISCO.

RES, FREQ, 45Hz FREQ, RESP, TQ 14KHz SENS, 1 E £38.58 + £3.50 P&P

12" 200 WATT C122008 HIGH POWER BASS, KEYBO&HDS 'DISCO, P.A

RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 100dB RICE £65. 79 + 23 50 P&P

12" 300 WATT C12300GP HIGH POWER BASS LEAD GUI-TAFI. KEYBCPAHDS DISCO, E

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 100! E £87.51 + 23 50 P&P
157 100 WATT C15100BS BASS GUITAR, LOW FREQUENCY PA, DISCO

RES, FREQ, 40Hz. FREQ. RESP, TO5KHz. SENS, 9 .. PRICE £55.05 + £4.00 P&P

15" 200 WATT C15200BS VERY HIGH POWER BASS

RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 99dB.

15" 250 WATT C15250BS VERY HIGH POWER BASS.

RES, FREQ, 40Hz. FREQ. RESP, TO 4KHz. SEMS, 25dB.

15 400 WATT C15400BS VERY HIGH POWER, LOW FREOUENCY BAS

RAES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 1 RICE £96.47 + £4.50 P&P

18" 400 WATT C18404BS EXTREMELY HIGH POWER Low FREQUENCY BASS.

RES, FREQ, 27Hz FREQ, RESP, TO3KHz SENS, 99dB PRICE £172.06 + £5.00 P&P

EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC

ALL EARBENDER UNITS 8 OHMS (Ficap £85-50 & EBT10:50 which e dual impedance iapped o 4
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

8” 50 WATT EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR
RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 97dB8 PRICE £8.90 + £2.00 P&P
10" 50 WATT EB10-50 DUAL IMPEDENCE TAPPED 4/8 OHM BASS, HI-FI, IN-CAR
RES, FREQ, 40HZ FREQ, RESP, TO 5KHz SENS 99dB . PRICE £12.00 + £2.50 P&P
10” 100 WATT EB10-100 BASS, HI-FI, STUDIO
RES, FREQ, 35Hz FREQ, RESP,TOSKHZ SENS, 96dB
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO
RES, FREQ, 28Hz FREQ, RESP, TO3KHz SENS, 92dB PRICE £21.00 + £3.00 P&P
12" 100 WATT EB12-100 BASS, STUDIO, HI- FI EXCELLENT DISCO.
RES, FREQ, 26Hz. FREQ, RESP TO3KHz. SENS, 93dB. PRICE £38.75 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE ROLLED SURROUND
5%” 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS 92dB. ..o PRICE £9.99 + £1.50 P&P
6" 60 WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
RES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS 94dB. ... i PRICE £10.99 + £1.50 P&P
8" 60 WATT EB8-60TC (TW!N CONE) HI-Fl, MULTI- ARRAY DISCO ETC.
RES, FREQ, 40Hz FREC), RESP, TO 18KHz. SENS, 89dB. |
10" 60 WATT EB10-60TC &ITWIN CONE) HI-F), MULTI ARRAY |
RES, FREQ, 35Hz. FREQ, RESP, TO 12KHz. SENS 86dB

.. PRICE £75.10 + £4.00 P&P

PRICE £82.54 + £4.50 P&P

& Bohm |

PRICE £27.76 + £3.50 P&P

..PRICE£12.99 + £1.50 P&P

TC.
..PRICE£16.49 + £2.00 P&P

SECURICOR DELIVERY £1200 =C
OMP LINNET LOUDSPEAKERS

THEVERY BEST IN QUALITY ANC « 4 F

MADE ESPE
TOpAY S M
PACTNESS W
SOUND LE
HARDWEAR!
WITH PROTE
GAILLE AND-{
INCORPORATE

HIGH FREQ
FHEQ. AAN
MODELS 8 OH
< D2

~1= STEREO
== AMPLIFIERS

W

CHOICE OF TWC MODE =S
POWER RATINGS QUOTED IN WATTS RMS FOR EAC= ZASME"
OMP 12-100 (100W 100dB) PRICE £159 39 PES =415
OMP 12-200 (200W 102dB) PRICE £209.99 PE= =S4

SECURICOR DEL,:— £12.00 PER PAIF

PIEZO ELECTRIC TWEETERS-MOTOROLA

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution. The low dynamic mass (no
response with a lower distortion level than ordinar,
be added lo existing speaker systems of up o 100 »
SUPPLIED WITH EACH TWEETER. TYPE ‘A

8.

[KSN2THEL

i‘r;ce £5.00 sach —
LEVEL COk":l‘

STEREO DISCO MIXER

STEREO DISCO MIXER with 2 »

TRANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS

3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE, RANGE UP.TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0 5AMP,

gmﬁ‘I ic equalisars and twin 10 ==
eters. Many outstanding feature
with individual taders providging
bination of the following—

3 Turntables (Mag). 3 Mics. £
plus Mic with talk over swit
tor. Pan Pot L, & B Mas
Output 775mV. Size 360« 28
220-240v,

3 watt FM

PRICE £14.49 + £1.00 P&P
Transmitter

FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT, PRICE

Price £134.99 — £4.00 P&P

B. K. ELECTRONICS oc:cc

POSTAL CHARGES PER ORDER £1 00 MINMMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES, GOVT. BODIES, ETC. PRICES INCLUSIVE OF VAT SALES COUNTER,
VISA ACCESS ACCEPTED BY POST, PHONE OR FAX.

8,62 + £1.00 PAP

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. 552 6TR
TEL:Q702-527572 FAX: 0702-420243
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Component
Tester

A valuable piece of test
equipment for any experi-
menter. Mark Daniels tells of
how its put together.

Solar Power

Solar energy can play an
important role in reducing our
energy bills, Paul Freeman
assesses the current situation
regarding the passive and
active sides to the technology.

2

High Definition
Television

In the start of a major new
series, Jim Archer assesses the
future of our viewing habits and
asks if we are ready for a higher
technical quality of television.

Microwaves

Colin White continues hislook
at the technological applica-
tions of electromagnetic waves
in the SHF region.”

Serial or Parallel
Loudspeakers

Ronald Wagner presents the
theory and practical details of
Electrostatic loudspeaker
design.

26
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Guitar Pick-up
Keith Brindley constructs this
piezo-electric pick-up for your

acoustic guitar.

The Sony High
Density Linear
Converter

Bitstream is the latest buzzword
in hi-fi technology. Eric
Kingdon reports on the latest
chip from Sony that interprets
serial digital audio at high
speed.

48

Data

2

Mike Bedford continues to give
us afascinatinginsight into how
computers talk to each other.

>4

R4X

Build this miniature Tuned
Radio Receiver and impress
your friends with this first
Surface Mount technology
project. Bill Mooney turns his
hand to articulate soldering.

58
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UPDATE |

‘Promising Trials on Cardigan Island’

The story so far: Manx Shear-
water birds have not been seen on
Cardigan Island for some time. To
rectify the situation Dyfed Wildlife
Trust have devised a plan to lure
them back. A tape recording of
Shearwaters calling can now be
heard periodically from loud-
speakers on the island. ETI,
amongst many other businesses
have contributed to the project.
Rod Penrose takes up the story:

he Amplifier was eagerly

received from ETI, courtesy
of Andrew Armstrong/Blueprint
Column. It was uncased as
expected, and quite obviously
needed protection from the
severe maritime environment and
extremes of temperatures causing
condensation. West Hyde Devel-
opments Ltd on hearing of our
project, donated a die-cast
aluminium enclosure. This
enclosure is hose-proof to
environmental protection
standard IP65 and is extremely
rugged, offering good mechanical
strength and electrical screening.
The ETI amplifier was mounted
onto an aluminium chassis plate
and fixed into the case by the
6mm screw fixings provided in
the base.

Good quality weatherproof
connectors were now needed. A
quick scan through various elect-
rical catalogues revealed, to my
mind that the Bulgin Buccaneer
series, for wet or hostile environ-
ments, was the most appropriate.

We asked AF Bulgin and Com-
pany PLC for their advice, they
were extremely helpful supplying
free of charge all the connectors
we needed including those for
mating to the recorder. With the
transit caps fitted to the con-
nectors | felt confident that the
finished cased amplifier could
survive the extremes, even being
dropped overboard!

The timer for the equipment
was designed using the excellent
Easy PC CAD system which was
also donated to the project by
Number One System Ltd. After
the air-lift in August the equip-
ment remained on the island
under-going trials until it was shut
down for the winter. Luckily a
second air-lift by the Rotary
Wing Test Sgn. from A+AEE
Boscombe Down was arranged
to ferry sand bags over to hold the
equipment down. This insurance
paid off as the storms of the
1989-90 winter were incredibly
severe. On the 25th of January a
wind speed indicator on the
mainland at nearby Aberporth
weather station recorded gusts of
up to 110mph until the power
lines supplying it were brought
down. The switch-on was
planned for February but it wasn't
until March that the sea swell had

subsided sufficiently for the
launch of our borrowed dinghy.

Early morning on the 13th
March we approached the equip-
ment after a steep climb on the
east side of the istand. The
equipment is in an extremely
exposed position with no shelter
and had obviously been subjected
to very severe conditions. One
speaker had suffered an impact
with something, causing a hole
through the side of the plastic
horn. Salt water picked up by the
winds had washed the grease
from the adjustable legs of the
cabinet leaving a red coating of
rust. It had coated everything with
sand, dirt and salt. We were
amazed, when, after opening the
cabinet and pressing the test
button the equipment sprang into
life with everything functioning
correctly. The circuit breakers
were reset and the equipment
was now up and running in
earnest.

The Manx-Shearwater has
enforced nocturnal habits, it is an
anti— predator, and to monitor
the effects of our bird sound on
passing Shearwaters, (Shear-
waters can be seen passing to and
fro close by on feeding runs from
Skomer island), Ferranti defence
systems loaned us a pair of

aviator’s night viewing goggles
that turn night into day. These
goggles allow you to see to the
horizon in total darkness. To
enhance this device, STC defence
systems have given us an infra-
red Laser Illluminator. This is
invisible unless viewed through
the night viewing goggles. Armed
with these sophisticated devices
we should be able to update and
change the bird-call transmissions
to the best advantage.

200 polymer concrete Puffins
will shortly be joining the equip-
ment on the island to try and lure
this species back. Puffins and
Manx-Shearwaters both require
similar habits and are often found
in close proximity. ACO of
Shefford, world leaders in poly-
mer concrete castings, have
kindly offered to cast these free of
charge. their normal products
being road and airport runway
drainage systems and complex
machine castings. This polymer
concrete is a durable and
immensely strong engineering
material. A similar project on Egg
Rock off the coast of North
America also used 3D decoys
and proved to be successful
resultingin the re-colonisation of
the island by pulffins.
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Sunday 24th June, New Moon

S unday 24th June was chosen
as the night-time stop-over,
there was extensive cloud cover
making it very dark, just the way
shearwaters like it. We positioned
ourselves 20 feet (6m) down the
steep grassy slope from the
equipment, and scanned the sea
with the night viewing goggles
and laser. Owing to limited funds
being available for this project, the
Solar Voltaic system is not large
enough for our full requirements,
therefore a timer in the equip-
ment turns the bird-call on and off
every 3 minutes throughout the
night to conserve power. After a
period of perhaps twenty minutes
a Shearwater was heard coming
in fast and low following the cliff
edge about 30 yds (28m) in front
and below us. This was fantastic,
we had expected to watch the
reactions of birds several hundred
yards out to sea. Had the trans-
missions already had an effect
since March ! The Shearwater
cleared the island and stopped
calling. The equipment started up
but it was too late! The bird was
now out of range and the sound
was drowned by the strong winds
and crashing sea. This was most
frustrating as it happened some 5

times.

At about 1 oclock in the
morning a Shearwater approa-
ched us. It called out, and
coincidentally the equipment res-
ponded. What happened next
was beyond our wildest dreams,
the bird changed course and
rapidly landed 7 ft. (2m) to our
left, we turned stunned, while a
second shearwater just missed
the top of my head and landed
6ft. uphill from us. The grouping
was impressive, obviously making
for the source of the sound. This
was repeated, confirming to us
that the positioning of the
equipment and the bird-call were
correct. Although its a long way
from re — colonisation, the results
witnessed were incredibly en-
couraging. The thought of this
activity happening un-monitored
on most evenings is most frust-
rating. If ETI is working on a
marinised radio controlled 12 volt
intensified video camera capable
of transmitting a couple of miles
please let us know !

Many many thanks to the fol-
lowing companies, who without
their help this project would not
be showing such promising
results: — ACO Polymer Pro-

# [
SOLAR SOLAR
VOLTAIC VOLTAIC
PANEL PANEL

REGULATOR

STORAGE
BATTERIES

SOLAR VOLTAIC PANELS
REGULATOR
* STORAGE BATTERIES
* LIGHT OPERATED SWITCH
* TIMER
* BIRD-CALL MEM STORAGE
* AMPLIFIER 55 WATT
* HORN SPEAKERS
CASE TEMP CONTROL
“ COOLING FAN
“ RADIO TAMPER ALARM
* CABINET
* DIE CAST AMP CASE
* CONNECTORS

SHEARWATER PROJECT

BLOCK DIAGRAM OF SOUND BROADCASTING EQUIPMENT

BP SOLAR LTD

BP SOLAR LTD

DETA/LEDA SOLAR BATTERIES

ROYCE THOMPSON ELECTRIC LTD
SP

R

RACAL RECORDERS

ELECTRONICS TODAY INTERNATIONAL
CARDIGAN ELECTRONICS

OTTER CONTROLS/St DAVID'S ASSEMBLIES
PAPST MOTORS

OTTER CONTROLS/St DAVID’S ASSEMBLIES

WEST HYDE DEVELOPMENTS LTD
A FBULGIN & COMPANY PLC

* DONATIONS

LIGHT

OFERATED BIRD-CALL
SWITCH STORAGE
P MEMORY

TIMER

CASE TEMP
CONTROL

AMPLIFIER

FAN

RADIO
ALARM

ducts, Andrew Armstrong, BP
Solar, AF Bulgin + Company
plc, John Lawrence of Cilgerran
TV, Creft Cwmderi, Cresta Hold-
ings, St Davids Assemblies,
Deta/Leda, Douglas Gill Inter-
national, Draper Tools Ltd,
Electronics Today International,
Ferranti Defence Systems,

Graphic Facilities, Number 1
Systems Ltd, Otter Controls,
Papst Fans, Racal Recorders, The
RAF, Royce Thompson Electric,
STC Defence Systems, Weir
Electronics and West Hyde
Developments.

Rod Penrose.

Dyfed Wildlife Trust

A HANDY NEW ADDITION TO OUR

VERSATILE MULTIMETER RANGE

Specification

OIGITAL

mMCTCD

Il LN

ranges.

Features include;

manual and test leads

LAFALITANG,

An extremely useful hand-held
capacitance meter measuring
from1pF to 20,000uF in nine

+13mm, 3.5 digit LCD - Zero adjustment
* Low battery indicator - One year warranty
+ Supplied with battery (PP3),

+ Just one of our many low cost Digital
Multimeters - send for full details

98

£3 ®inc. VAT

Please add £1.09
forp +p

ranges
200pF

res. accuracy

0ApF + (0.5% + 1 digit + 0.5pF)
1.0pF + (0.5% + 1 digit)

10pF + (0.5% + 1 digit)

100pF + (0.5% + 1 digit)

1.0nF + (0.5% + 1 digit)

10nF + (0.5% + 1 digit)

100nF + (0.5% + 1 digit)

1uF #(1.0% + 1 digit)

+ (2.0% + 1 digit)

The new Cirkit Catalogue
+ 184 pages

+ Discount vouchers

= 1,000's of products

£1.60 inc.

SAME DAY DESPATCH - 0992 444111
Cirkit Distribution Ltd.

Park Lane, Broxbourne, Herts. EN10 7NQ

Tel. Enquiries (0992) 441306 Fax. (0992) 464457
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OPEN CHANNEL

Seems like European plans to have our own form
of high definition television systems have been
boosted recently with the formation of a consortium
to promote its benefits above those of rival systems.
In a long and winding story comparable to TV soaps
of epic proportions, European HDTV is never ending,
and summarising the current situation is like rewriting
and editing a Jeffrey Archer novel — over and over
again.

In the beginning the Japanese created a word;
and that was Muse — Multiple sub-Nyquist Sampling
Encoding. Obvious really! — a sunrise adaptation of
the Japanese existing television system to give a field
frequency of 60Hz comprising pictures of 1125 lines
and an aspect ratio of 16:9. Since then, Muse has
become hi— vision and European manufacturers and
broadcasters alike have argued against its acceptance
over the continent. Hi-vision became a commercial
reality and is now marketed in Japan and appears to
be doing acceptably well.

H-vision, mind you is incompatible with all
existing systems. In other words, no existing television
is capable of receiving a hi-vision signal and displaying
it as a picture; new and highly expensive televisions
need to be bought!

Stateside of the Pacific, the hi-vision system
looked set to be a standard, too. Manufacturers there
seemed, dreamlike, to accept its consequence readily.
Last year however, the eagle awoke and realised if it
standardised on hi-vision, all its TV manufacturing
base would be undermined by the new, incompatible
system.

Here in Europe, thanks to the IBA mainly, an
incompatible system has always been reviled. Yet, until
recently, no comparable system had been shown to
be viable. The Eureka 95 project, was set up to
develop a compatible system, which it has done.

Developing the accepted MAC (Multiplexed
Analogue Component) television standard which is
to be incorporated into direct broadcast satellite
(DBS), Eureka 95 now has a high definition system
which is acceptable to all European manufacturers,
HD-MAC comprises pictures of 1250 lines, with the
required 16:9 aspect ratio and our European 50 Hz
field ratio.

To promote the HD-MAC system, the
consortium briefly mentioned before, made up of
manufacturers Philips, Nokia, Thomson and Unitel
along with broadcasters including BBC, BSB and
Thames Television, has been set up to show European
HDTV system is feasible. Known as Vision 1250, the
consortium aims to demonstrate a European standard
should be based on European research, development
and production; not Japanese.

In a parallel, ITT has plans to develop a single
integrated circuit to replace all chips currently inside
its television circuits. Single-chip TVs can thus be
expected, within a year, while CMOS low-power
versions are expected shortly after. ITT multi-MAC
decoding chips are to be used, coincidentally by
Thomson in its new 16:9 screen ratio wide-screen
television receivers.

The Rock Island Line?

A few years’ ago British Telecom’s monopoly on the
national telephone system (excluding existence of
Hull’s private local telephone network) was challenged
by Mercury. I've reported on how the Mercury
network can be used to effectively reduce telephone
charges — | have a Mercury phone which I estimate
saves me a considerable amount each year. This year,
though, the resultant duopoly between BT and
Mercury looks set to be shattered by Government
approval of other network operators. One of a likely
set of candidates is British Rail, whose own
communications system may be used as the basis of
a private network; supplying public telecommunica-
tions needs. British Rail's existing communications
link-up is in fact, the UK'’s largest existing private
network.

But that’s not all! British Aerospace wants to do
the same and is currently lobbying the Government
to break the BT/Mercury duopoly. Other, smaller
organisations are putting on the pressure, too.

In November a review of national telecom-
munications policies is to be undertaken by the
Department of Trade and Industry, and it is perfectly
possible one of the conclusions will be to demand
other network operators join BT and Mercury.
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SMD Protoboard: To experiment
with your SMD circuits.. £1.65

SMD Tweezers.. £2.62

SURFACE MOUNT COMPONENTS _
Surface Mount Technol kes circuit fabricati S T
urface Mount Technology makes circuit fabrication |, o | : E{E *‘
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Assembly Jig to hold SMDs in place whilst soldering.. £16.50

SMD Catalogue & Kit List. Send £1 to cover Postage etc.
Mail Order Address: 538 Liverpool Rd, Great Sankey, Warrington, Cheshire, WA5 3LU.
Telephone: 0925 72 7848 Evenings. (Caliers by Appointment).

easier and quicker andis “the” construction technique of G
& Bt 16

CW 2-pole filter, PCB & all comps.. £5.50

SMD KITS: A growing range of PCB kits to get you into surface mount.
SAE FORKIT LIST.

SUPER NEW SMD VERSION OF -
FAMOUS SUDDEN RECEIVER |
80M & 40M VERSIONS AVAILABLE | V/SA |

PRICE £22.95 |
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he new Imatronlc LDM135

module from Lambda Photo-
metrlcs comprises a laser dlode,
collimating optics and drive
electronics In a single compact
houslng measuring 16mm dia-
meter by 49mm. Power (from 3
to 5.25V DC) is applied via two,
colour-coded flying leads.

Although preset to produce a
parallel beam, the focal length is
easily adjusted to focus the beam
to a fine spot.

There are four basic versions
in the range offering powers of
0.5mW, 1mW, 2mW and 3mW at
660-685nm.

The circuitry includes output
power stabilization by means of
an internal monitor photodiode,
and TTL logic level compatibility.

This compact unit is suitable
for applications which would
have used He:Ne lasers and may
sometimes be better, as it is
rugged and small.

All of these LDM135 modules
have an MTBF of more than
10,000 hours when operated
within their maximum ratings.

The 0.5mW and 1mW ver-
sions cost £195, one off the 2mW
version costs £225, and the 3mW
£2.90.

Contact Lambda Photo-
metics. Telephone 0582 764334.

Cl is investing £100 million in

an innovative research pro-
gramme to find alternatives to
products implicated in ozone
depletion. Alternative products to
replace these solvents will need to
replicate the unique propertles
which make them such highly
effective cleaning agents and the
industry standard in the elect-
ronics, engineering and dry-
cleaning businesses, as well as to
meet exacting environmental and
health standards.

ICI has a full portfolio of
solvents products. ‘Triklone)
'Perklone' and ‘Methoklone’ are
not implicated In ozone depletion
and can be substituted where
appropriate.

ICI is also investigating the
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potential of HCFC 123 in clean-
ing applications and the design of
new cleaning plant with which to
use them. Other HCFCs with
promising characteristics include
HCEC 225 and HCFC 1111.

ICI's research has also
identified a number of novel
solvents whose performance
could prove superior to the
compounds of which we are
already aware. Further research
into these Chemicals and the
development of aqueous based
cleaning systems will be a high
priority in the coming months.

For futher information contact
Dianne Nevin, ICI Chlor-
Chemicals. Telephone: 0928
513065.

Aremarkab]e new study not
only removes the mystery
behind the low status of Britain’s
engineers, but identifies a low-
tech ‘overculture’ as the main
source of our economic ills. The
report was sponsored by the
Institution of Electrical Engineers
and researched by three ‘Engi-
neering and society students
from Worcester Polytechnic
Institute, Massachussetts,

The low status of UK tech-
nologists stems from their
involvement in the extensive
social and political changes of the
last century, the report argues.
Engineers helped to extend the
franchise and have been viewed
with suspicion ever since. Instead,
we now have a low-tech ‘over-
culture) atop echelon of adminis-
trators with no training in tech-
nology. Many of them are proud
of this situation, which is unique
to Britain. The top two civil
service grades contain one
engineer.
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Britain has a quarter as many
engineers in politics as France or
Germany. According to the re-
port, the overculture damages
not just the engineering pro-
fession, but industry, education
and the workings of Government.
Particularly destructive is the
failure to check hostile takeovers
and the growth of short-termism
in the City.

Coming ten years after Fin-
niston, the report looks at the
work of the Engineering Council.
Although progress has been
made, a brain drain after 1992 is
still predicted.

Finally it advises engineers to
speak out on the environment.
Demanding tougher pollution
laws would not only help Britain's
image, but increase public respect
for technologies and create more
jobs. ‘Industry must change lts
image from the monster who
created the environmental prob-
lems to the hero who can help
solve them’, say the authors.

he latest kit from Maplin is

Digital Speech Record and
Playback module which can store
speech digitally and then can be
played back at the push of a
button, The kit is based around
the UMbB100 digital voice
recorder and playback IC.

Digital recording has the
advantage over tape recording in
that there is no mechanical wear
and tear. Applications include
voice message pads, security
systems and telecommunica-
tions. The board-mounted 32K
SRAM memory will store bet-
ween 5 and 20 seconds of speech

(depending on the sample rate).

The module can be further
expanded with an EPROM pro-
grammer module, which will
allow non-volatile storage of
speech in EPROM. An additional
playback-only module s avall-
able, which does not incorporate
the record circuitry, and Is
intended for use with speech
stored in EPROM.

A complete kit of parts 1s
available at £35.95 Cat.No.
LM80B.




here are sharp contrasts

between manufacturing in-
dustry in the Far East and its
counterpart in the USA and
Europe. The popular view is that
while the Western world leads in
deslgner creativity and design

innovation, it is the Eastern
hemisphere which reaps the profit
and benefits in its manufacturing
industry. Although the popular
view may unfairly present the
difference as a matter of black and
white there are certainly elements
of truth to it. :

In efforts to correct this
situation, American and Euro-
pean manufacturing industry has
begun to look at the methodo-
logles it employs for getting
innovative new products to
market quickly, profitably and
with levels of quality to match ot
exceed those of the East. ‘Design
for Manufacture! (DFM) is the
term colned to describe the
corporate strategies which are
beginning to be adopted and the
methods being employed in the
design departments to bring
about these Improvements.

The key point of a DFM
strategy s that whereas manu-

facturing problems have classtc-
ally been addressed by improving
or re-tuning manufacturing pro-
cesses, they are now better
addressed by designing or rede-
signing products to take the
capabilittes and limitations of
those processes into account at
an earlier stage.

The benefits are clear. An
example often cited is that of an
automoblle manufacturer who
wished to reduce the manufac-
tured cost of a particular model.
Like many before him, he
embarked upon a series of
expensive studies of assembly
processes which led to a major
investment programme for new
automated assembly tools. After
spending millions of dollars, he
got the manufactured costs down
by 6 percent.

The next year he re-designed
the car to use 42 percent fewer
parts. Using the same manu-
facturing system, his manufac-
tured costs fell by 30 percent, The
cash spent in the design of the
new car was far less than that
spent the year before on pro-
duction line equipment. This
observation led consultant

Geoffrey Boothroyd of Booth-
royd-Dewhurst Inc. to make the
comment that: ‘While design is a
minor factor in the total cost of a
product, the deslgn process fixes
between 70 percent and 95
percent of all costs. In other
words, by putting the emphasis
on the design process rather than
on manufacture, great benefits
can accrue In terms of reduced
product cost.

The DFM strategy contains
elements which have implications
for the way businesses are orga-
nised and budgeted. In particular,
engineering department heads
have to be prepared to accept a
brief which may be wider than the
one they have had In the past;
they must be prepared to accept
responsibility for the manu-
facturabllity and testability of their
deslgns. The approach of having
designers design, production
engineers carry designhs into
manufacture and test engineers
figure out how to test the designs
is not sustainable. In this area the
Japanese have shown the way for
some time; a project team in
Japan typically includes produc-
tlon and test engineers from its
inception.

The decision to adopt a DFM
strategy is likely to be made at a
very senior level because of the
organisational and budgetary

implications. Nevertheless, it is
possible for an engineering
manager to adopt elements of the
DFM strategy unilaterally, pro-
vided he has the tools to support
his decision.

Electronics manufacturing
benefits far more than the auto-
moblle industry from a DFM
strategy because of the relative
ease with which component
counts can be reduced by greater
levels of integration, but this is
clearly only a part of the story. A
key lssue in electronics Is that the
principal product cost benefits
accrue from the ability of the
engineer to innovate new tech-
nologies, new clrcuit techniques,
new dense board and IC manu-
facturing methods and new test
technologies, and to do this in an
environment which provides the
necessary security to ensure that
products can be manufactured,
tested and shipped with the
minimum of delay.

Racal-Redac, a unit of Racal
Electronics plc, has announced a
software product suite, VISULA,
which supports the product
design cycle from architectural
design entry, simulation and
computer modelling, to test
generation and manufacturing
output.

new board repair and

diagnosis system capable of
handling the engineer’s night-
mare — intermittent faults — has
been Introduced by ABI Elect-
ronics. Known as the Board-
Master 4000, the systern uses
loop testing to enable these
eluslve faults to be detected.

The BoardMastet Is designed
to test digital ICs In or out of circuit
and can handle devices with up
to 40 pins — Including surface
mount packages. In addition, the
system’s manufacturing defects
analysis (MDA) capability allows
rapid location of PCB production
faults.

By attaching the test clip to the
device under test, typing in the
component number and initiating
the test sequence, the operator is
provided with detailed informa-
tion about the device and the
circuit conditions surrounding it.

If the device is unmarked, the
BoardMaster’s ‘search mode’
feature enables it to identify the
part and give a functional equiva-
lent for replacement.
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The system includes a com-
prehensive library of test
programs for standard devices,
and this can be readily expanded
as new devices appear.

In operation, the BoardMastet
rapidly determines whether IC
pins are connected to each other,
to the supply ot ground ralls, or
are undriven and electrically dis-

connected. It also provides quick
identification of components
which have been inserted
incorrectly.

Test threshold levels can be
adjusted to suit user require-
ments, and a ‘save and compare’
facility allows results from a
known-good board to be saved to
floppy disk via the integral drive
unit fot later comparison with a
suspect board.

For more informatton, contact
Andrew Myers on 0226 350145,

outh Thames College,

Wandsworth, London Is run
ning an evening course entitled
Introduction to sound recording.
It is aimed at audlo/video/elect-
ronics enthusiasts, and was so
popular last year that they are
intending to run several of them
this year.

The course covers multi-
tracking, using microphones,
effects units, etc., as well as
looking at digital audio and MIDI.

Courses will run once a week
for ten sessions, commencing in
September, on Monday, Tues-
day, and Thursday evenings and
Wednesday afternoons. The
course fee for ten sessions is £50.

Those Interested should con-
tact Des Lyver or John Dodd on
081 870 2241, ext. 340 or 405,
or 0732 354665,
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RiD Computer Systems is
supplying equipment that is
forming the backbone of a ten

week expedition in the rain forests
of Venezuela. The Orinoco Infor-
mation Technology Project is

exploring new methods of using
information technology to distri-
bute endangered knowledge.

The team consists of eight
Cambridge undergraduates and
atrained medical officer. They are
using the GRiD laptop computers
to record information on how
tribal people use the forest around
them and their customs. The
information will then be made
available to schools, colleges,
environmental groups and indi-
viduals around the world via a
Venezuelan relay centre.

GRiD field computers were
chosen because they were the
only product capable of offering
the processing power required as
well as the ruggedness to with-
stand the trip, They have taken
three GRiD 1520 computers with
magnesium alloy cases.

The team hopes to discover
and record which plants are used
as medicines and bring samples
of these back to the UK for
analysis.

The information will be col-
lected and stored on the laptop
computers in both structured and
‘free text’ formats. The ‘free text’
is essentially a transcript of the
tribespeoples’ descriptions of how
the plants are used.

It is particularly important that
western views do not distort the
data, something filling in the
blanks on forms automatically
does.

This information will be trans-

mitted between the three field
groups and the Venezuelan data-
base using a ‘packet radic’ tech-
nique, developed by radio
amateurs.

From Venezuela, information
will be exchanged with the UK.
This will allow experts to check
the data and advise the field
teams. This know-how is multi-
plied as organisations around the
world will have access to the same
database.

The expedition has received
help from the Chatback Project,
a charity for disabled children,
which will put the GRiD com-
puters and their information in
direct contact with hundreds of
schools all around the world.

The project is the first to visit
this remote region making use of
such sophisticated technology, as
James Delap, expedition leader,
explained: “If we achieve our
aims, less than 20 minutes after
we enter any data almost anyone
around the world can access it.
We will be making our exper-
iences of the rain forests
immediately accessible. [t is
important people and especially
schools can share this information
with us. It makes a while topic of
our environment and what we are
doing to help it off the television
and Into peoples’ lives” he
continues.

Further information, contact:
Mike Daly, GRiD Computer
Systems Ltd. Tel: 0372 60266,

he Universities of Bath and

Sussex are to be the co-
presenters of the 1990/91 IEE
Faraday Lecture, Entitled ‘Lode-
stones to Load Carriers, the
Lecture will visit 16 towns and
cities in the UK.

The Faraday tour will begin in
Brighton on 17 October and end
in Bath on 14 March 1991. The
Lecturing team will be led by
Professor Fred Eastham (Univer-
sity of Bath) and Professor Jay’
Jayawant (University of Sussex).

The Faraday Lecture was
inaugurated by the Institution of
Electrical Engineers (IEE) in 1924
to promote public interest in elec-
trical science and technology and
to commemorate the life and
wark of Michael Faraday as the
father of electromagnetism and
a pioneer in the field of electricity,
his work laid the foundatlon for
many of today's advances.

This years presentation will
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trace the history of electro-
magnetism from the discovery of
the magnetic properties of lode-
stones and the inventlon of the
compass to the applications of
modern magnetic materials in
such exciting developments as
high speed levitating trains and
space exploration with the use of
video, slides and live on-stage
demonstrations of electrical
machines, suspension systems,
linear propulsion and levltation
‘Lodestones to Load Carrlers’ will
both inform and entertain.

The one-hour presentation
will end with an exciting look at
further advances predicted for the
21st Century.

Admission to the lecture is free
and by ticket only. Morning and
afternoon performances are for
schools.

Further information from
Christina Dagnall [EE: Tel:
071-240 1871.

he new, highly versatile mini-

mum/maximum tempera-
ture module from Maplin Elect-
ronics, features LCD display and
circultry on one small PCB
mounted on a battery holder,
with a 17 way edge connector.
The module uses an external
probe to display temperatures in
the range —10°C to +110°C
with a resolution of one tenth of
a degree, in centigrade or
fahrenheit.

The module records the

highest and lowest temperatures
measured by the probe, being
stored and updated and dis-
played on screen when required.
The max/min threshold values
are fully programmable.

Also included is a 12 hour
digital clock, 4kHz alarm output,
separate outputs for relay drivers
or similar connections. The
external probe is included
together with a comprehensive
manual. The temperature
module retails at £9.45.
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new plug-in board to turn any

[BM-PC compatible into an
intelligent digital multimeter, data
logger and chart recorder has
been launched by Blue Chip
Technology.

The Digital Multimeter —
Virtual Instrument Product

(DMM-VIP) uses the PC together
with a special plug-in card and
software package to reproduce
the functions of a digital multi-
meter, data logger and chart
recorder, It utilises the data
storage, intelligence of graphics
capability of the PC in addition to

providing all the functions of a
traditional bench-top instrument.

The screen display re-creates
a picture of a multimeter front
panel complete with push
buttons, range selector switches
and display. A mouse is used to
operate the buttons on the screen
to select volts, amps, ohms,
decibels or capacitance measure-
ments. The result is displayed in
4.5 digit resolution in the display
window.

The DMM-VIP will measure
AC or DC voltages up to 300 volts
with four selectable ranges. Input
impedance is 11 megohms on the
DC range, and measurement
timing can be synchronised to the
mains frequency for improved
stability.

Other rangesinclude AC/DC
current up to 2 amps, resistance
up to 20 megohms, capacitance
up to 2 microfarads and decibels
up to £55 decibels. Allranges are
protected against overload by
thermally operated self re-setting
fuses. Calibration data is held In
EEPROM allowing the card to be
re-calibrated by the user at any
time.

Below the digital multimeter
display is the chart recorder
emulation. This section of the
screen shows buttons to start and

stop the recorder, zero the
readings and select a sample rate
as well as a display area showing
the analogue trace. Once started,
all data may be logged to disk and
displayed graphically on the
screen. Recorded informatlon
can be recalled and displayed at
any time and a matrix printer can
be attached for a continuous hard
copy print-out,

For users wishing to make
more of the DMM-VIP functions,
external scanning units are avail-
able which allow up to 32
channels to be used. Each of the
channels can be set up via the
DMM display for different func-
tions and ranges. These can also
be used by the chart recorder to
display the values and log the
readings to disk at intervals up to
25 per second.

Applications for the DMM-VIP
include simple bench-top mea-
surements, Quality Assurance
(where measurements need to be
stored), low cost automatic test
(ATE) and data logging. It can
also be used to replace an
intelligent DMM already linked to
a PC via an Interface card,

The DMM-VIP package costs
£399.00 and is available from
Blue Chip Technology, telephone
0244 520222.

f your lab or workshop is short

of space, instruments which
combine several functions are
very useful. One instrument with
four separate test and measuring
systems is now available from
Alpha Electronics. DOA 141
combines a DMM, Function
Generator, Frequency Counter
and Power Supply into compact
instrument.

An auto ranging 3Y/2 digit LCD
multimeter features both AC and
DC voltage and current. Other
functions include Ohms, Diode
test and Continuity check with
audible alarm. A basic DC
accuracy of 0.5% is enhanced by
Measured Data Hold and
Memory Maode for relative mea-
surements. The power supply
displays both voltage and current
on a dedicated 3V2 digit LCD,
Triple outputs are 0-5V at 0.5A,

15V at 1A and 5V at 2A. Full
over current protection is
provided. Measuring from 1Hz to
100MHz, the eight digit freq-
uency counter is housed at the

top of the centre section with a
best resolution of 0.1Hz and a
sensitivity of 15mV. The LED
display also indicates units of
measurement with annunciators
and the 10MHz reference oscil-
lator has a stability of less than
5ppm. Bottom centre is the
function generator covering from

0.02Hz to 2MHz with up to
20Vpp output. Waveforms
include sine, square, trlangle,
ramp, pulse and TTL. This
adaptable signal source also had
both lin and log sweep modes.

For further information tele-
phone 0756 799737,

ew magnetic materials
which have greater corro-
sion resistance and thermal
stabllity than others before are
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now available in the UK from IG
Technologies Ltd.

They also have a greater
coercivity, making them more

stable over a wide range of
temperatures.

Combined with suitable pro-
tective coating, the new Nd-Fe-B
grades will give deslgn engineers
greater scope in advanced electric
motor and computer peripheral

applications.

The materials — new grades
of neodymium-iron-baron (Nd-
Fe-B) — marketed under the
name UGISTAB have been
developed by IG's parent com-
pany Aimants Ugimag,
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from one plate surface to the
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b
The pug fits through the
perfarations in the poly-
urethane frame and PCB

spring beam that acts against
the inserted plug to insure
i electrical

The central opening allows
- passage of the anchoring

Seal —

screw that connects the plug
unit, seal, and plug socket.

— Printed circuit board (PCB}

U

S

The LED is positioned near
——— the edge of the seal so it
is visible from the outside

-

printed circuit board are sand-

Light emitting
seal

n a new patented invention
light-emitting diodes and

wiched within a seal that is both
a gasket and a power-indicator
light for a solenoid-valve as-
sembly. The seal fits between the
plug and its socket. An anchoring
screw extends through the socket

and threads into the seal and
plug.

The PCB within the seal
contacts the plug, causing the
LEDs to light whenever the
power is on, indicating that the
valve is operating. The seal as-
sembly requires no wiring and
eliminates the need for hard-

wired solenoid indicator lights.
Called the Light Emitting Seal
itis made by the Aro Corp, Bryan,
Ohio. It is constructed of a flexible
polyurethane gasket that snaps
together over the PCB. The light
diodes are positioned in the
corners of the PCB and are sup-
ported in recesses inside the seal.

New form of
solid matter
A new form of solid matter,

called quasicrystals, could
lead to a host of materials with
special industrial and electronic
applications.

For centuries, scientists
thought there were only two
types of solids: crystalline and
glassy. In crystalline matter, such
as diamonds, atoms are arranged
in a regular, repeating manner. In
glass solids, which range from
some metal alloys to window
glass, atoms are randomly
arranged. The atoms in quasi-
crystals are arranged in symmetric
pentagon-shaped patterns, which
scientists previously assumed
could not fit together in an orderly
manner.

The breakthrough resulted
from advances in materials pro-
cessing that yielded high-quality
crystals for the first time, accord-
ing to research workers at AT&T
Bell Laboratories of Murray Hill,
New Jersey. Quasicrystal exist-
ence was confirmed by compar-
ing images of the solid, obtained
with a scanning-tunnelling micro-
scope, to high-resolution atomic-
structure measurements taken by
X-ray diffraction.
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It is reported that compounds
of the material made of alumin-
jum, cobalt, and copper are
extremely strong, hard as quartz
and resistant to surface wear, and
maintain a constant electrical
resistance over a wide range of
temperature variation. “The
electrical conduction mechanism
is not understood” says Refik
Kortan, a researcher in the
Materials Interface Research
Department at Bell Labs, “but
now that the atomic structure is
known and high-quality samples
are available, we are eager to
perform additional experiments
and construct new theories”

The work is part of a pro-
gramme that focuses on unusual
intermetallic compounds and
alloys for electronic applications.
Initial research indicates that
quasi-crystals may someday be
useful as fuse links and high-
quality electrical resistors.

Aluminium-air
fuel cell

A new system for use as an
emergency power supply
combines lead-acid batteries for
short-duration outages and
aluminium air fuel cells for longer-
term power generation. It was

developed as backup power for
telecommunication networks, but
the technology can be used for
other applications, including
electric vehicles and boats.

The aluminium-air fuel cell, a
spin-off from technology devel-
oped by Alcan’s Kingston,
Ontario, Research and Develop-
ment Centre, generates electricity
by the electro-chemical reaction
between aluminium and oxygen.
An alkaline solution or saltwater
is used as an electrolyte. The
caustic electrolyte is pumped
through the cell stack between
the aluminium anodes and air
cathodes.

Electricity is produced as the
aluminium oxidizes, and alumin-
ium hydroxide is formed as a by-
product. The aluminium hydro-

xide precipitates out and is
collected in a sump. An air stream
is blown through the cell stack to
supply the oxygen for the electro-
chemical reaction.

Because the aluminium is
eventually consumed, the cell is
recharged by replacing the alu-
minium anode plates; the electro-
lyte is replenished at the same
time. Aluminium hydroxide can
be collected and recycled back
into metallic aluminium, making
it a clean and non-polluting
renewable power source,

The lead-acid battery is used
for power during the 30-minute
period required for the alumin-
ium-air battery to reach full power
output. Once operating, the
aluminium-air battery can supply
continuous power for 50 hours or
more. By using a modular
approach, reserve systems with
capabilities of up to 250 hours are
possible. For example, aluminium
air modules would be activated
sequentially at 50-hour intervals.
The system has a potential
storage life of 10 years.

A possible application for the
telecommunications power-sup-
ply system is as a range extender
in an electric vehicle. The
aluminium-air battery’s energy
density of approximately 159 W-
h/Ib is comparable to that of an
internal combustion engine.
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Howlround Forum s

Ican understand the frustration
expressed by Mr. Metherell in
the August Read/Write regarding
‘howl-back’ on PA systems. ltis a
problem which plagues every
sound engineer, and unfortun-
ately has no ‘magic-formula’ cure.
‘Howl-back™ or as it is more
commonly known feedback
occurs because the sound being
emitted from the loudspeakers in
a PA system, is picked up by the
microphones, and re-amplified
by the system. This amplified
signal is then re-emitted, and the
process continues ad-infinitum.
There are many factors which
influence whether or not feed-
back occurs, and if so, at what
frequency. Dips or peaks in the
overall frequency response of the
total system, from microphone
and speakers, the size of the room
or hall, the distance from the
microphones to the speakers, the
height of the roof, whether or not
the stage is of the closed-in or
open style, any equalization
which has been made to the
microphone signal, the number
of people in the audience, {(bodies
absorb sound!), the material used
to finish the building, (ie. is it
absorbant or reflective?) are a few
of the influencing factors!
Having never been to the
Adelphi Theatre, [ cannot com-
ment on the PA system there,
other than to say that Mr.
Metherells estimate of hundreds
of watts is probably very conser-
vative. A few kilowatts would be
more like the thing! In general it
is actually easier to avoid feed-
back in a large theatre than in a
small hall. In a large venue, the
distance from the microphones to
the speakers is comparitively
great compared with that in a
smaller building. This means that
although the volume from the

speakers is high, it has dropped
considerably by the time the
sound reaches the microphones.
More importantly, a large theatre
or production company can
afford to use equipment and
techniques ‘which minimise the
chances of feedback. They may
employ directional microphones
with a smooth frequency
responses, high quality mixing
and processing equipment, and
good quality amps and speakers,
again having a smooth frequency
response.

If a particular frequency gives
feedback problems, a graphic
equalizer may be used to remove
this frequency from the audio
signal. A 31 band graphic could
remove a specific frequency
without noticeable deterioration
in the overall sound quality. Such
an equalizer could cost many
hundreds of pounds, but this is a
small price to pay for good sound
quality in a professional theatre
production!

Mr Metherell should also take
into consideration that he was
listening to professional per-
formers. Trained actors and
singers can project their voices
and produce a considerable
volume without any amplifica-
tion. This is very important for PA
work because to produce a cer-
tain volume level at the speakers,
less gain is required if the source
is loud rather than quiet, Less gain
in the system means less chance
of feedback.

There are a number of means
of curing feedback. | have already
mentioned the use of graphic
equalizers. Any materials which
can be used to dampen the sound
will also help, ie. if a theatrical
production can use carpet on the

stage floor to prevent reflection of
sound, it is of great benefit.
Curtains, suspended ceilings, soft
coverings on seats and other
furnishings also have a great
influence — architects take note!
The sound engineer should
endevour to place his loud-
speakers as far from the micro-
phones as possible — but not to
the extent where he creates a
‘hole in the middle’ effect where
people in the middle-front of the
audience are not covered by the
speakers. Using multiple cabinets
at each side of the stage to spread
out the sound is a useful tech-
nique. Choose microphones
which reject distant sounds. The
Shure SMb58 is an excellent close-
up microphone, and in my exper-
ience out performs many more
expensive microphones as a
hand held vocalists mic. Try to use
microphones as close to the
sound source as possible.

In suggesting a delay Mr
Metherell is partly correct in his
thinking. This should certainly
reduce the onset of feedback, but
once ‘ringing’ starts, the delay will
do nothing, other than possibly
change the feedback frequency.

Remember that the sound
system already has a natural
delay built in, because there is a
finite and significant time for the
sound to travel from the speaker
back to the microphone. Intro-
ducing a very long delay will cure
feedback completely, but then
who wants to hear an actors
words five seconds after he says
them? In any case I would not
suggest the use of bucket brigade
delay lines. The sound quality
would be significantly reduced by
employing these devices. By
todays sound quality standards
they are barely of high enough
quality to use in effects, which are

applied not to the full sound
signal, but to part of it via a side
chain, such as an effects send
from a mixing desk. 12 and even
16 bit digital delays are now com-
mercially available at reasonable
prices.

There are electronic devices
available to reduce feedback, but
these are generally expensive.
The ones which [ know of use a
frequency shifting technique to
actually change the frequency of
the sound being emitted from the
speakers. Since the sound
emitted is not the same frequency
as that being picked up by the
mic, feedback does not occur.
This technique should be used
with care, since even a change of
a few hertz in a note can disturb
musicians who can hear the
sound from the speakers, as well
as the natural frequency from
their instruments. If the micro-
phones are too close to the
speakers, a ringing sound,
increasing in frequency, can be
heard which is just as disturbing
as normal feedback. [ have used
such a device on one occasion,
and a significant gain in volume
without feedback is possible —
but electronics cannot solve the
problem completely. A circuit for
one of these units was published
quite a few years ago by one of
the hobby electronics magazines
— [ actually thought that it was
ETI. (It was — Frequency Shifter,
March 1978 — Ed).

By now Mr Metherell you
should be totally confused! I am
sorry [ can't offer a perfect solution
to your problem, however I hope
[ have given you food for thought!
Brian Adams,

Ballymena, Co. Antrim

To reduce the possibility of
accoustic feed-back or howl
back, may [ suggest two areas for
examination.

Speakers, Position and Type
These days, the idea is to create
a natural sound with little echo,
and this is achieved by placing the
main speakers in a position which
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is similar in distance from the
audience as the performers (or
stage microphones) are from the
audience. This way, what the
audience hears is accoustically in
phase with the performers, ie the
time taken for the real sound from
the performers to reach the
audience is the same as that from

the speakers. (The old system of
having smaller local speakers is
used less today because of the
echo effect and unnatural sound
this can have, although, local
speakers with delay lines can be
used in addition to the main
speakers with good effect, this is
by the way).

It is essential that the sound
produced by the main speakers
reaches the audience with good
volume, and good quality, but at
the same time it must not signific-
antly reach the performers. This
is achieved by using special high
quality DIRECTIONAL speakers,
mounted usually quite high, and
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probably each side of the
performers. Directional speakers
will emit most of the sound in a
band or corridor from the front of
the speaker, and outside this
corridor the sound produced falls
off. With the speakers directed
towards the back of the audience,
the main sound reaches the back,
and those towards the front in
theory are out of the corridor and

therefore hear less from the
speakers and possibly more from
the performers themselves
depending on the situation.
The performers themselves
being well out of the corridor hear
little or relatively little of the sound
produced from the main
speakers, and there is large
volume for the audience, but
insufficient onstage to produce

feed back or howl.

Notch Filter

This is an electronic filter which
can be built into an amplifier
system, and it is designed to
eliminate or attenuate a very
narrow band of frequencies, it is
sometimes used to eliminate
mains hum 50Hz for example. In
this case it would be set to
attenuate the frequency at which

the speaker is in phase with the
microphone signal, or the feed-
back frequency.

I don't think delay lines in the
main speaker circuits would be an
answer, since it would probably
only alter the pitch of the howl,
and would give a very unnatural
effect.

C. Moore, Reading.

n answer to the Read/Write,

Non howling mic question,
feedback in sound systems is not
only caused by direct sound
radiated from the loudspeaker to
the microphone, it also involves
reflections of sound from walls,
ceilings, and any other surfaces
within the room. The phase of the
frequencies involved do not
remain constant and depend on
the distance travelled. Therefore
a delay could only remove (by
phase shift) one frequency and its
harmonically related frequencies
from only one of the many feed-
back paths

To avoid feedback, the system
in use must be chosen and used
correctly. This involves speaker
quality, directivity and placement,
microphone choice and place-
ment for the application, and
avoiding excessive boost on tone
controls. A number of methods or
devices are available to the
engineer which help avoid
feedback. The one nearly always
used is the 1/3 Octave graphic
equaliser. This allows us to not
only equalise the system but to
also take out any peaks in the
system/room response, thus
giving us further gain before the

onset of the dreaded howl.
Ian Grant,
NUREMBURG LIGHT
&SOUND, Bolton.

have always used a frequency

shift circuit to cut down the
feedback loop that is the problem
with all PA systems.

The idea is that the overall
frequency of the microphone
signal is raised or lowered by a
small fraction. This breaks the
feedback loop as the signal from
the speakers is not identical to the

original received from the
microphone.

The frequency shift does not
have to be very great or it would
become noticeable by the
audience, it just has to be enough
to counteract the feedback loop.
I have found that a very small
increase or decrease is enough to
give a substantial increase in the
available useable sound level.

The frequency shift circuit can
of course be either digital or
analogue in design.

[ hope this is of some use.
J.G. Wilkinson,
Southampton.

Correspondent ET Metherall
of Longport, Somerset
writes about the problems of
microphone ‘howl-back’ and how
can it be eliminated, in August. It
cannot be eliminated, but only
alleviated!

After spending thirty years in
sound reinforcement [ can claim
to know just a little about this
phenomena. But first let us look
at the suggestion which is to use
a bucket brigade delay line ‘to put
the sound so out of phase that the
trouble would be overcome! This
is not workable for one reason.
The person speaking or singing
would hear their own voice
coming back with a delay and
research has shown that under
these circumstances the speaker/
singer will quickly dry up!

To tackle the problem of
acoustic feedback, to give it its
correct title, it is necessary to
analyse what is happening and
why. To state a couple of facts, the
sound pressure levels measured
Im from a loudspeaker in the
open air, with no buildings, trees
or shrubs to reflect sound, will be
considerably greater than the
same system in say a village hall
with no furnishings, a solid floor
and reflective ceiling, prior to the
onset of acoustic feedback. Inter-
nal reflections within the hall aid
acoustic feedback.

Feedback will start at some
principal frequency. The actual
frequency will depend on the
acoustic environment and the

quality or otherwise of the
amplifying equipment, including
the mic, amp and loudspeakers.
Equipment used such as a
graphic equalizer will also have an
effect. The use of any type of
compressor will make it virtually
impossible to eliminate feedback
if reasonably high sound pressure
levels are required. This latter
point is the reason why some
early types of radio mic were
unusable in a live situation. It is
only with the advent of peak
limiters, as opposed to compres-
sors, that radio mics became a
practical instrument. Compres-
sors allow higher gains when the
signal level is low and low gains
when the signal level is high. So
when a performer stops talking
into a mic the gain increases, and
does so quite rapidly, it is this gain
increase which causes the feed-
back. Peak limiters on the other
hand have no effect below a
preset threshold, and only take
effect when that threshold is
reached.

So what about the acoustic
environment? Let’s take for
example a mobile discothéque.
The operator has no idea from
week to week what environment
he will be working in next. One
week a marquee, the next a con-
crete box of a village hall. The
former has little in the way of
reflections as the tent is made of
canvas and absorbs sound or
allows it pass through. The con-
crete box hall, has so much sound

reflected from the walls, ceiling
and floor that it is impossible to
get sufficient sound from a mic
with acceptable quality.

In these latter conditions one
can only do so much. All equip-
ment needs to be top quality with
no peaks in its frequency
response, and the use of a 31
channel stereo graphic equalizer
to filter out the predominant
reflections. In this situation there
is just one piece of equipment
which will assist, it won't cure the
problem but it can help if used
intelligently, and that is a freq-
uency shifter. What this does is to
shift every frequency by a small
amount, usually 5Hz and so the
fed back frequency no longer
matches the fed out frequency.
This is acceptable for speech, but
out of the question for music.
(See Blueprint — Ed).

In the case of Starlight
Express, which [ have also seen,
the reason it works is that the
acoustic environment is excellent.
There are few if any parallel
surfaces (consider the shape of
the auditoriumy}, plenty of plush
furnishings, and bodies to absorb
sound rather than reflect it. You
can also be sure that all the sound
equipment is top quality.

Turning now to equipment, it
is highly unlikely that the Tinlid
Microphone from Teipei costing
£3.24 will work without horrible
results. So what is the difference
between that and an good mic,
which will cost a lot of bread

certainly not less than £100. The
difference will be in the
smoothness of the frequency
response.

A good mic will typically have
a response which is within a
couple of dB over its full range
from 30Hz to 18kHz. Mics I use
on my roadshow are flat within
1dB from 20Hz to 20kHz.
Feedback with these is much
reduced. Atfull power [ run 2kW
of audio and it is not uncommon
to walk in front of the loud-
speakers within a couple of
metres and still not get feedback.
The use of a unidirectional mic
rather than an omnidirectional
type will minimize the problem. A
unidirectional mic will have much
less sensitivity from behind the
mic than from the front, the
response being one with a
cardiod pickup pattern.

The same argument applies to
the amplifier and the loudspeak-
ers. The frequency response must
be substantially flat in order to
achieve these kinds of results.
This quality does not come cheap
and here is the rub, a mic costing
say £350, used with amps costing
£750 and loudspeakers costing
around £2,000 will get you
results. A £250 disco console
with built in 100W power amps
feeding home-brew loudspeakers
is not likely to work at high sound
levels without feedback.

Brian Davies,
Lingfield, Surrey
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BLUEPRINT

ln ETI August, a reader asks how to
stop howlround with microphones
and PA systems. This is an interesting
problem, so | decided to look at
possible answers

One standard approach is to shift
the frequency of the sound by a few
Hertz using a pair of ring modulators
This approach is illustrated in Figure
1, which those familiar with amateur
radio will recognise as a type of single
sideband generator. The effect it has
on the signal is to raise its frequency
by the frequency of the quadrature
oscillator. If the quadrature outputs
were exchanged, then the signal
frequency would be lowered instead

How does this help? Well,
howlround takes place at a particular
frequency, determined by the
frequency response of the whole
feedback systern including the room
The system has peaks and troughs of
response that would do the Alps
proud, and oscillation normally takes
place at the biggest peak With the
frequency shifter in circuit, the next
time a sound passes round the loop
it will no longer fall on the peak, and
so will be attenuated (or at least not
amplified so much). This lowers the
effective gain of the oscillatory system
to the average rather than the peak
loop gain, and can easily give 6dB
improvement in stability

Two snags exist The first is that
frequency shifted speech is not natural
sounding because harmonic relation-
ships between voice frequency com-
ponents are not maintained, A small
frequency shift may be helpful for
speech, but might impair the sound of
singing too much (Would you like to
be 10Hz out of tune?)

The other problem isthat it is very
difficult to maintain a 90° phase
difference over a wide range of audio
frequencies The way to achieve this
is to use two phase shitters which give
a frequency dependent phase shift,

and choose component values so that
the phase shifts start at different
frequencies and track at a phase
difference of 90°. Either a Wien bridge
network or cascaded all pass filters
(using op-amps) will do the job,

Other circuit blocks are relatively
straightforward to design. I have seen
several similar application notes in IC
manufacturers data books for
sine/cosine oscillators, and double
balanced modulator data sheets give
most of what is required to design the
multipliers. The main difficulty is to
keep the dynamic range (between
noise level and clipping level)
adequate for the purpose.

Different
Approaches

Another approach is to use two
microphone capsules in a “noise
cancelling” arrangement. The two
microphones are connected in
antiphase, so that any signal arriving
at both microphones with equal
strength is completely cancelled. The
separation of the microphones is such

Blueprintisacolumn intended to provide suggested answers
to readers’ electronics design prablems, Designs are only
carried outforitemsto be published, and will notbe prototyped
by the columnist. Circuits published In Blueprint are believed
to work, but may need minor alteration by the reader after
prototyping. Individual correspondence will not be entered
into, save as necessary to prepare items for publication.

that the voice of the person using the
microphone is received much more
strongly by one than the other, and is
therefore not cancelled. This cancel-
lation is often used in communications
microphones to cut out background
noise.

Room acoustics and loudspeaker
placement are crucial in cutting
howlround, regardless of other
solutions applied. The sound level
behind the speakers is less than that
in front of them, and the use of
directional loudspeakers helps still
more,

In a very reverberant room, it can
be better to use a number of loud-
speaker banks run at a modest power
to distribute the sound where needed,
rather than a single high power wall
of speakers at one point. The former
getsthe sound closer to peoples ears
rather than exciting room resonances

If possible, room resonances
should be damped by sound absorb-
ing objects, and for this, upholstered
seats and people are both helpful.
Graphic, or even better parametric
equalisers can be used to insert a dip
at the frequency of any really severe

room resonance, but this Is only
effective if one or two resonances are
much worse than the rest.

In his letter, the reader suggested
the use of a bucket brigade delay line
to put the sound out of phase. This
would probably help to some extent,
but would, | suspect, prove more
confusing to performers than the
frequency shifter, unless the delay was
very short. It might also do little more
than slightly delay the onset of
oscillation. I think that the frequency
shift approach is likely to be the most
effective in general.

Next month [ will show detailed
circuitry for the frequency shifter,
because this is likely to be useful In
many circumstances even when other
approaches to the problem are also
used.,
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Mark Daniels builds

this project for testing
various types of
component, Including
zener diodes.

PROJECT

18

COMPONENT TESTER

any components, such as resistors
and rectifier diodes, can often be
adequately tested using an ordinary
multimeter set to its ohms range.
This, however, only gives a limited
amount of information regarding the serviceability or
specification of a device and may in many cases give
misleading or inconclusive results, Zener diodes can
cause numerous problems when it becomes neces-
sary to test them: a variable voltage power supply, a
milli-ammeter and a voltmeter are virtually essential
if meaningful results are to be obtalned. In-circuit
testing of zeners is not ordinarlly a very practical
proposition using conventional test equipment and
substitution Is the method often resorted to.

The Component Tester described in this article
can perform tests on many modern components and
give information about them that would ordinarily be
missed using more conventional techniques and
equipment. Itis also extremely easy to use on devices
that are still in circuit.

Design Considerations

Most multimeters, including the more expensive ones,
use no more than about 15V for the ohms test, and
it is this that gives them some of their more severe
limitations. A backward reading, non-linear scale does
no more than compound the problems associated
with them.

What is needed is a self-powered test meter
which can produce a high test voltage when necessary
and has a linear, forward reading scale. The Compo-
nent Tester offers these benefits and is portable.

There are many ways of obtaining a high voltage,
each with its own advantages and disadvantages. A
mains derived power supply is an obvious one, but
it restricts the portabllity of the device. High voltage
batteries are not a very practical proposition either,
owing to their high cost and possible problems
abtaining replacements. A self oscillating inverter
offers big advantages over both of these and could be

used very effectively with just a 9V battery supply. This
method was given considerable investigation during
research for this project and rejected in favour of the
present approach, because of the lack of ready avail-
ability of suitable pot cores for the transformer and the
hassle of having to wind such a device by hand. The
final choice of voltage multiplier may seem a
somewhat unorthodox approach to the problem, but
it offers many advantages. Low cost, low weight, no
transformer (and the attendant magnetic fields to
interfere with the moving coil meter) and readily
available components, to name but a few.

A voltage multiplier is not without its drawbacks,
albelt minor ones. Firstly, as with transformers voltage
multipliers will not work on DC and we therefore have

as
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to produce AC from a battery. Secondly, unless the
operating frequency is sufficiently high a voltage
multiplier can be both bulky and inefficient. Which
means expensive to build and run! However since the
primary source of current is DC, and will therefore
need to be converted to AC, the frequency can be
freely chosen in order to optimise the voltage
multiplier operation.

Construction

Most of the components are mounted on a PCB
which should be etched and drilled in accordance with
Figure 2. The PCB must be assembled in the following

order if difficulties are to be avoided.

Fit and solder the socket for IC1 and resistors R1,
R2 and R9. Next insert and solder all the presets, then
C1. Diodes D1 to D10 should now be fitted and
soldered, followed by capacitors C2 to C11. Take care
to ensure that the orientation of these components is
correct as they are all polarised. Each capacitor and
diode should be fitted the opposite way round to its
neighbour in accordance with the layout of Figure 2.
Mistakes here could result in electrolytic capacitors
exploding! So check carefully. Also take care not to
overheat the diodes when soldering them or their
neighbouring components. R3 to R8 are mounted
vertically and should be fitted before the remaining
semiconductors.

Note that the Q5 pinout s not in the usual order
for a TO92 package and this must be remembered if
fault finding becomes necessary, Also it is not possible
to use more common devices such as BC182L as
substitutes, because of their lower voltage rating. Q6
must be a TIP31C or TIP41C and not the lower
voltage versions with an ‘A’ suffix or no suffix at all.

Take care with IC1 as it is an unbuffered CMOS
type, which means that it is more susceptible to
damage by static electricity than the more common
buffered versions, so we recommend that a socket is
used.

The remaining components are fitted to the case
lid and the layout should be carefully considered
before any holes are made. No case dimensions are
given as this will largely depend on the size of the
meter used for METER1, Before fitting the meter the
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front glass and scale should be carefully removed and
new scales marked on using transfers or very carefully
writing on with a drawing pen and black ink. Replace
the scale and front glass. A suggested arrangement
is shown in Figure 3, but remember to allow room for
the battery pack as this is rather bulky. If space is at
a premium then a PP6 may be used in place of the
six AA cells and their holder. All interwiring is also
shown in Figure 3. Note that D11 and D12 are
connected across the meter in opposite directions
The battery pack should be well secured before final
assembly of lid to case, asit is rather heavy and could
do considerable damage if left unrestrained!

Setting Up And Testing

An initial test can be performed by turning SW2 fully
clockwise and pressing SW1. The pointer of the meter
should move fairly quickly and smoothly across its
scale and come to rest against its end stop. Releasing
SW1 will allow the capacitors to slowly discharge
through the meter (and anything connected across the
test sockets) and the reading will eventually fall to zero

If nothing happens check for incorrect wiring,
bad solder joints or diodes fitted back to front. If
METERI does not fully deflect check the values of R8
and RV6 first, since if these are too high METER1 will
read low. Also check battery voltage under load as this
can cause low readings (if Ni-Cads are used eight will
be required to give 9.6V). If any of the transistors Q1
to Q2 are faulty this will give a zero or low reading

If everying is OK the constant current source may
now be set up. Connect a milli-ammeter across the
output and adjust RV1 to give exactly bmA while
pressing SW1. Allow the capacitors to discharge
through the milli-ammeter before continuing.
Assuming that the constant current has been set
correctly the voltage ranges may be calibrated using
close tolerance resistors. Starting with the 1V range
connect a pair of 100R resistors in series across the
test terminals and press SW1. Adjust RV2 so that the
meter reads full scale. Switch to the 5V range. connect
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Fig. 2 Component overlay for the Component Tester.
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a Ik resistor across the test terminals RV3 for full scale.
The 10V, 25V and 50V ranges are adjusted in the
same manner with RV4, RV5 and RV6 using total
values of resistance of 2k, 5k and 10k respectively.

Using The Component Tester

The unit should be now be fully functional and
calibrated. Its primary design function is the testing of
zener diodes, which may be tested as follows.
Connect the cathode of the zener to the positive
terminal of the Component Tester and the anode to
the negative. Select the 50V range and press the test
button. The zener voltage may be read directly from
the meter scale. If the reading is toward the left hand
end of the scale select a lower range and test again.
Read the voltage off the appropriate scale. The test
current of 5mA is approximately equal to the current

VoLTs

@

~ r
— OFF
w
BV
- 25y
50V

COMPONENT
TESTER

TO PCB

> A J

Fig. 3 Layout and front panel for the Component Tester.

HOW IT WORKS

Ic1i isa CMOS Hex inverter which in this application has two of its
‘gates, IC1aand IC1h, connected to form 2 square wave oscillatar, the
operating frequency of which is determined by R2 and C1. R1 is
- included to give the circuit some stability.

 ICleand IC1d are used to buffer the complimentary outputs from .
thaoscmaturand thus prevent Ioading of the oscillator. The outputs
atpins 10:and 12 are fod to two single stage push-oull amplifiers
which are canfigured to give large cuirrent gain but only unity voltage
gain.

The derived AC is Used to supply & standard Cockeraft Walton
voltage multiplier arrangement, cansisting of D110 D10 and C21tp
C11. This works by steering the current into capacitors via the diodes,
suchthatC2, C4; C6, CBand C10all eharga up tothe peak AC voltage
of around 7.5V. The diodes direct this voltage to the remaining five
capacitors; but this voltage is now also in series with the supply
voltage, so each of these capacitors charge up to twics the supply
voltage. Since C3, C5, C7, C9 and C11 are connectad in'series, the
total voltage available across the ends of the chain is ten times the
supply voltage of 7.5V, ie. 75V.

Aconstant current circuit consisting of 05, A6, RV, R3and RS
is used o provide a stable curent of 5mA, ata maximum voltage of
80V or so. This works passing the current to be regulated through
RVT, R3.and 06. When the voltage across RV and R3reaches a level
sufficiently high to turn Q5 on (usually about 0.65V) the transistar
begins to conduct. pulling the bias voltage, (provided by R9)-and Q6
base down to a lower voltage, thus reducing the current through RV1
and R3. As this happens 05 begins to turoff and the current remains
at @ level pradetermined by the combined values of RV1 and R3.

at which the zener voltage is usually specified for a
400mW device and should give reasonably accurate
results. The 1V range is intended for measuring the
forward voltage drop of silicon or germanium signal
or rectifier diodes. These should be connected the
opposite way round to zener diodes or false readings
will be obtained and sensitive devices may even be
destroyed by excessive reverse voltage.

Resistors may be tested in a similar manner to
zeners and the full scale readings are as given under
the heading ‘Setting Up and Testing. The scale is
forward reading and linear. Resistances in the range
20R to 10k may be measured with a fair degree of
accuracy and also below this range to some extent,
While zeners and rectifiers may be tested in circuits,
you should not do this with other components as the
voltage may rise high enough to destroy some of the
semiconductors in the circuit under test.

Electrolytic capacitors may also be tested, but
here great care should be taken not to charge them
to a voltage higher than their rated one. An indication
of capacitance may be obtained by timing the charging
period.

The Component Tester may also be used as a
fairly high impendance DC voltmeter and will
measure voltages up to 50V. Care should be taken
to connect the meter the correct way round to avoid
damaging its internal semiconductors. The test button
should not be pressed when the unit is being used in
this mode.

PARTS LIST
RESISTORS {all %W 5%)
R1 M 5% carbon film
R2 100k 5% carbon film
R3 828 5% carbon film
R4 56 19 metal film
RS 43k 1% metal film
R6 91k 1% meral film
R7 240k 1% metal film
R8 470k 1% metal film
R9 120k 5% carbor film
RV1 1008 Min horlzontal preset
RV2:3 . 10k Min horizontal praset
Rv4 22% Min horizontal preset
RVEE 47k Min horizontal praset
CAPACITORS
€1 470p polyearbonate
czn 10y, 35V electrolytic, PCB mounting radial
SEMICONDUCTORS
D12 N4148
a3 BC162
Q24 BC2112L
a5 - 2N5550
ag TIP31C
€t 4069uB
MISCELLANEOUS
- METER! 100uA panel meter
SKT 4mm red socket
SK2 4mm black socket
£ e Six AA cells and holder
sw1 Push-to-make panel mounting switch
Sw2 2:pole 6-way rotary switch
14-pin dil IC socket
Plastic case o suit
Materials for test leads
Knob to suit SW2
‘PP3 battery clips
Cannecting wire

Printed circuit board
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SOLAR

irect solar energy is there for the taking

in all its abundance and yet we are

only just waking to the fact. The recent

energy crisis of the 70s and the pollu-

ting effects throughout the 80s and 90s
has caused the world to think seriously about
alternative non polluting energy sources. Our free ride
on mother Earth, taking its long term storage of solar
energy in the form of fossil fuels, may soon be over.
And soitis now that we all should be seriously thinking
of the alternatives. So if man can devise and adopt
a technology to use solar energy in real time which
means getting the energy where we want it at the time
of asking or even over the short term converting it
efficiently to other forms through biological growth,
we are well on the way to what the Greens call
sustainability.

Saving energy by using it more efficiently is
actually cheaper than creating the extra supply, in
other words it is actually cheaper to save 1 Watt of
power than it is to make it available say from a power
station. And that is where solar energy can be used
passively to make the savings on electricity consump-
tion, be it for industrial or domestic use.

Solar collection and conversion is still in its
infancy and falls into two basic types: Active collectors
will convert the sun’s rays directly into another form
of energy, say electricity. The general name for these
devices are called transducers, The collection of solar
heat in water-piped solar panels is also loosely termed
an ‘active’ system but should not be confused with a
transducer. Passive types of solar collector are where
we try to store the heat and use the light directly from
the sun, the most obvious example being a carefully
designed house.

Photo-voltaic cells

Research into active conversion of solar energy into
other forms has not been intensive in the past. Photo-
voltaics, those that convert light directly into electricity
are still inefficient, only 10% of the suns energy being
converted at peak output and 7.5% over a yearly
working average. They are still expensive to manu-
facture, but cost predictions in the 70s had indicated
that there should be a continual reduction up to the
turn of the century, Although partially true, for there
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has been a ten fold reduction in cost in the 10 years
between the early 70s and 80s, the targets so far have
not been met. The general consensus is that mass-
production will produce only a two to three fold
decrease in the present $10 per peak watt of
generated output power, a figure which European
countries still do not consider as being cost effective.
Final predictions are that we should see a ten fold
decrease on the $10 figure per watt for a system by
the year 2000.

The manufacturing process uses more energy to
create the cell than the cell gives back in its lifetime.
Life expectancy has increased with its development
and the lifetime of the cell is now around 20 years.

Solar power is a
greatly under utilised
resource. Paul
Freeman looks at the
technology and
highlights some of the
ways in which simple
improvements can be
made.
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Fig. 1 ldeal positioning of the house for maximum
passive solar collection.

Greatest experimental use of Photo-voltaics has been
in the US and Japan. California, with its wealth of
resources and open spaces has the most to gain from
solar power. The south-western state receives about
twice as much solar energy over the year compared
to central Europe, so it should come as no surprise
that the technology has been exploited.

The single most significant advancement has
been in the reduction in its own weight, a serious
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Fig. 2 The effect of adding a conservatory to a
house on the southern side.
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consideration when photo-voltaics are used as on-
board power sources for transport. This most recent
advance in mass reduction has been combined with
flexibility so that the cells can be curved around into
atube or around edges. The new materials give typical
power to weight ratios of 200milliwatts per gram, 10
times that of conventional glass covered cells.
Although extremely useful for satellite power,
photo-voltaics still remain a poor contender for an
alternative large-scale terrestrial energy source and
show little signs of making an economic contribution

to UK energy needs according to the Department of
Energy, until the cost per watt of generation is reduced
to what is considered to be a cost effective level.

Passive Solar Collecting

Passive solar energy collection has been found to be
cost effective and is most economically attractive. If
adopted on a wide scale through a process of
thoughtful house design, it could make significant
savings on the energy consumption of a typical
household. Well planned house design for effective
solar collection of heat and light would add little or
no extra cost to the building.

Firstly, the generalsighting and orientation of the
house is important. Maximum collection of the suns
rays in the northern hemisphere is for the main
window area of the house to be southfacing, with
minimum window area on the northern side (Figure
1). This is to take advantage of the real and useable
greenhouse effect, trapping the lower grade energy
infra red waves within the building. It should go
without saying, that all standard house windows
should at least be double glazed, trapping the
insulating layer of air between the glass to prevent heat
escape. Latest developments in glass technology has
reduced the radient heat escape still further by
depositing metallic or compound molecular layers on
the inside surface of the glass, but it remains to be seen
how long it will take for this ‘high-tech’ glass to become
affordable and standard.

The next and most fashionable way to add solar
heating is to integrate a highly glazed unheated area,
more commonly known as a conservatory, to the
south side of the building. The conservatory produces
two effects. It minimises heat loss from the house wall
and secondly the greenhouse heating effect can be
used to store the heat within the fabric of the building
over a longer period. This evens out the temperature
fluctuations inside the building (Figure 2).

The heat can be taken away from a heated wall-
space by convector vents at the top and bottom of the
wall during the second half of the day. It must be
closed at night to prevent areverse cycle coming into
operation.

If space is at a premium, then an alternative to
a conservatory is the use of a Trombe wall. Designed
by Felix Trombe in 1967, the double-glazed thermal
wall is made of a thick, black painted concrete wall.
The absorbed sunlight and heat is radiated and
convected by vents throughout the room (Figure 3).
The Trombe house shows that 70% of its annual
heating requirements are supplied by solar energy.

Water Walls And Roof Ponds

Although unusual, a water wall has many advantages
over a masonary thermal wall for storing heat. A
masonary wall will transfer heat by conduction and

SUN

EEERaAY

5

CONCRETE

Fig. 4 Heat transfer in concrete and water.
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takes a long time to heat up owing to its low thermal
conductivity, whereas water will transfer heat through-
out itself principally by convection (Figure 4). Water
stirs itself by this method and heats up more uniformly
using all of its mass for storage. It should also be
emphasised that water is a poor conductor of heat and
in certain circumstances will produce hot spots (when
swimming in the sea, the body feels these hot spots),
but if the container is taller than it is wide, this is not
much of a problem.

Another advantage over concrete is that water
will store over twice as much energy for the same

=]

Day Watar wall

NIGHT

Fig. 5 Combination of water wall and conservatory
using solar power.

volume and for the same temperature rise. The effect
of this in broad terms means that inside temperature
fluctuations are reduced owing to a larger energy
store. Combining a water wall or a material with high
heat capacity with a conservatory (Figure 5) would
optimise conditions on the south facing side of the
house. It is at this point, building designers might
consider an alternative to brick, having the same
strength and durability but with a higher specific heat
capacity.

Rather than having the dubious task of filling the
cavity wall with large plastic bags full with water and
hoping the seal will not break, is to use drums or
cylindrical cannisters painted black. The ‘tin-can’ idea
might be adopted in a greenhouse to reduce tempera-
ture changes from day to night and thus save on
heating bills. A matt black surface will absorb 95% of
solar radiation and surprisingly, blue follows a close
second at around 90%.

A roof pond (Figure 6) can provide some back-
up heating in winter and cooling in summer. Sunlight
is collected during the day in winter to heat the water.
At night when the covers are over the water, heat
escapes through the ceiling by radiation. In summer
the reverse effect can be adopted, keeping the white
insulating covers over by day, the cool water will
absorb heat from the room. The water then releases
its energy to the cool atmosphere at night with the
covers removed.

An essential design consideration for a roof pond
is the strength of the ceiling and the water seal. Ribbed
steel could be used as it serves the purposes of strength
and an increased surface area for re-radiation of heat
into the building. Again it would be advisable to
segment and contain the water in black vessels or bags
to minimise the problems of leaks and to ensure
maximum absorption from the sun. Open water not
only has the disadvantage of evaporation and
deposition from rain but suffers from an unacceptably
high reflectivity, what physicists might call an
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Fig. 6 Thermal storage within a roof pond showing the heating
and cooling cycle.

impedance mismatch. A thin black layer over the
surface of the water should go some way to
compensate for this.

Clerestory Lights And Atria

Clerestory windows are vertical windows in roof lines
and provide two functions. They provide much
needed light for interiors of buildings and also passive
solar heat. Much to be gained from the winter sun,
the clerestory is an under-used component in a typical
structure. Figure 7 shows that the winter sun will
provide the light for the room and the heat within a
rear storage wall. A shading lip over the window

L= 184

Fig. 7 A Clerestory roof structure for greater absorption of light
and heat.
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Fig. 8 A multiple clerestory arrangement for
efficient collection.
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Fig. 9 A simple projection to shade a window
from the mid summer sun.

minimises entry of the midday summer sun and the
ratio of L to H is adjusted to give maximum sun
coverage over the rear wall.

Multiple clerestories will gain an extra 9% of
collected energy from the sun in roof structures by
using a sawtooth arrangement (Figure 8). The initial
reflected energy is captured by the adjoining glass.

Simple shading of windows for the noonday

summer sun can be incorporated into a building. A
horizontal projection over the window (Figure 9) will
allow winter sunlight to enter the window and curtail
some of the maximum heat in the peak of summer.

Traditional shutters over windows could be
utilised to reflect sunlight into the house. The same
goes for reflective covers over rooflights (Figure 10).
Afiner point when designing houses, can be through

L= 11w 2xH
{a)

Fig. 10 Reflective shutters for solar collection.

tb)

Fig. 11 Wali chamfer to increase solar availability during winter.
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sloping the wall above a window (Figure 11). This
increases the available sunlight in winter.

We might also see the rise in popularity of atria
in domestic houses, where considerable energy
savings can be made in electric lighting. By making
central parts of the roof line transparent usually with
structures of glass, the inner parts of the building are
opened up to receive the extra heat and light. Further
innovative research into light-ducting and light-guide,
getting the much needed light into difficult central
areas and underground, would complete a chapter
in saving energy within buildings.

If Britain is to make serious energy savings in the
hope of reducing electric power consumption and
thus pollution, then we need to think carefully about
incorporating carefully designed solar houses as
standard. For the generating companies, it will pay to
conserve in every aspect of electricity consumption,
and delay the day when the ‘Greens’ say; “We told you
so” regarding the ‘greenhouse effect.
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GUARD DOG KIT

One of the best burglar deterrents is a
guard dog and this kit provides the
barking without the bite! Can be con-
nected to a doorbell, pressure mat or
1 any other intruder detector and pro-
duces random threatening barks.
{ Includes mains supply and horn
speaker.
XK125 £21.95

DISCO LIGHTING KITS

DLBOO0K 8-way sequencer kit with
built—in opto—isolated sound to
light input. Only requires a box and
control knob to complete ....£39.95
DL1000K 4-way chaser features
bi—directional sequence and
dimming 1kW per channel .. £23.95
DLA/1 (for DL & 1000K)

Uptional op-to input aliowing audio
'beat/light response p
DL3000K 3—channel sound to light
kit, zero voltage switching,
automatic level control and built-in
mic. TkW per channel £19.55
XK139 Unidirectional chaser zero
voltage switching and built-in audio
input ... "
POWER STROBE KIT

Produces an intanse

light pluisfe ata

variable requency

duiln A
ncludes high guality

PCB, compaonents,

connectors, 5Ws strobe tube and
assembly instructions. Supply:
240V ac. Size: 80x50x45.

XK124 STROBOSCOPE KIT. £17.25

ELECTRONIC WEIGHING
SCALE

4 it o Eny

Kit contains a single chip microproc-
essor. PCB, displays and ali electron-
ics to produce a digfital LED readout
of weight in Kgs or Sts/Lbs.'A PCB
link selects the scale-bathroom/two
types of kitchen scales. A low cost
digital ruler could aiso be made.
ES1 £8.25

PROGRAMMABLE ELECTHONIC LOCK KIT

Keys could be a thing of
the past with this new high
security lock. Secure
doors to sheds, garages,
even your home or pre-
ventthe unauthorised use
of computers, burglar
alarms or cars. One
4—digit sequence will op-
erate the lock while incor-
rect entries will sound an
alarm. The number of in-
correct entries allowed
before the alarm is triggered is selected by you. Further entries will
be ignored for a time also set by you. Only the correct sequence will
open the lock and switch off the alarm. The sequence may easily be
changed by entering a special number and code on the supplied
keyboard. Kit includes; keyboard, alarm buzzer, high quality PCB and
all electronic components. Supply 5-15V DC. Will drive our Latch
Mechanism (701 150 @ £16.50) or relay directly.

XK131 £19.95

PHOGRAMMABLE
LocK ic
ERRSN COUNTER
DUTPUT DARYER

X

SIMPLE KITS FOR BEGINNERS

| Especially aimed at the beginner. Have fun with your project even after you

quality solder resist printed circuit boards, all electronic components
(including speaker where used) and full construction instructions with
circuit description.

SK1DOOR CHIME playsatune when XK118 TEN EXCITING PROJECTS FOR

activated by a pushbutton ~ £4.50 BEGINNERS this kit contains a solder-

SK2 WHISTLE SWITCH switches a
relay onand offin response to whistle
command £4.50

SK3 SOUND GENERATOR produces
FOUR different sounds, including

; poI|ce/ambulance/f|re—eng|ne sirer
| and machine gun £4.50

VOICE RECORD/
PLAYBACK KIT

less breadboard, components and a
booklet with instructions to enable the
absoiute novice to build ten fascinating
projectsincluding alight operated switch,
intercom, burglar alarm and electronic
lock. Each project includes a circuit dia-
gram, description of operation and an
easy to follow layout diagram. A section
component identification and function is
included, enabling the beginner to build
the circuits with confidence .....£17.25

WOICE PROCESSON
20K MEMORY

RECTAN LEN

WICROPHONE |,

This simple to construct and even sim- :
pler to operate kit will record and play-
poRRT

back short messages or tunes. It has

many uses — seatbelt or light reminder S
in the car, welcome messages to visi- =

tors at home or at work, warning mes-
sages in factories and public places. In
{actanywhere where a spoken message

R GUALITY

is announced and which needs to be changed from time to time. Also suitable for toys —why
not convert your daugher's £8 doll to an £80 taking doll!!

Slze . sl

Message time ..._...o.ocoevvionviniiene

XK129

TK ELECTRONICS

13 Boston Road
London W7 3SJ
Tel: 081-579 9794
Fax: 081-566 1916

76 x 60 x 15mm

1-5 secs normal speed, 2-10 secs slow speed

£25.95

ORDERING INFORMATION All prices INCLUDE
VAT. Free P & P on orders over £60 (UK only),
otherwise add £1.15. Overseas Customers divide
total order by.1.15 then add P & P: Europe £3.50,
elsewhere £10.00. Send cheque/PO/Visa/Access
No. with order. Gire No. 529314002, Local Author-
ity and educational institutions orders welcome.
Shop Open: Tuesday—Thursday 10 am — 5 pm.

Saturday 10 am — 4 pm.

K FOR KITS

SUPER-SENSITIVE
MICROBUG

VARC AR TUNED

TRt e PRINTED Cumcy

AERAL COR

BREGLASS PCB wiTe
SCLDER RESIST (20 » A0mm)

Only 45x25x15mm, including built-
=in mic. 88~100MHz (standard FM

| radio). Range approx. 300m depend-

ing on terrain. Powered by 9V PP3
(7mA). Ideal for surveillance, baby
alarm etc. £6.35

REMOTE CONTROL
DIMMER KIT

TOUCH CONTROL

INFRA RED /k\an CHIP

PAE AMPLIFIER
/ el

FRONT PLATE

Imagine conlrolling lhe brightness of your lights
or switching them on or off from the comfort of
your armchair! This kit contains all the
componenls from front panel to the last screw
to enable you lo do just that and fit the shallowest
wall boxes. Max power 300W (not fluorescents).
XK132 £19.9

IR TRANSMITTER
KIT

Designed for use with the
XK132 and comes
complele with a pre-
drilled box. A PP3 9 voll
::aa':tery is required.

£4.95

XK136 TOUCH DIMMER KIT £12.96

VERSATILE REMOTE
CONTROL SYSTEM

“l These kits can switch up to 16 pieces of

equipment on and off or contral 16 functions
depending on the keyboard selectad for the
MKT8 transmitter. MK12 receiver has 18 |
outputs and operates from 12 to 24V do. or 2 IEV
ac. via the transformer supplied, The MK1S
requiras a 9 battery and keyboard. Great for
controlling Hohts, TVs, garage doors ete.

£19.55

MKS 4-Way Keyboard.
MK10 16-Way
601 133 Box for tra,

PROPORTIONAL TEMPERATURE
CONTROLLER KIT

Uses “burst fire®

technique to

maintain

temperature o

within 0.5°C.
|deal for

photography,

incubators, wine

making, etc

Maximum load 3kW (240V AC).
Temperature range up to 60°C.

Size: 7x4x2.5cms. XK140

.

EN

ORDERS: 081-567 8910 24 HOURS

ELECTRONICS
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In the first of a series,
James Archer presents
the case for HDTV.

26

HIGH DEFINITION
TELEVISION

The road towards a better system

s there a need for better quality television? It
is probably true to say that most present-day
television viewers are quite satisfied with the
technical quality of their television reception,
although their views on the quality of the
programme material would be very much more
diverse. It is even true to say that most viewers are
satisfied with a quality rather less good than that
provided by the broadcasters. The CCIR grading scale
for the subjective assessment of pictures grades
pictures from one to five, using the following
definitions: .

Grade Quality Impairment

5 Excellent Imperceptible

4 Good Perceptible but
not annoying

3 Fair Slightly annoying

2 Poor Annoying

1 Bad Very annoying

Whereas broadcasters strive to provide pictures
of as near to grade five as possible, and viewers can
usually achieve something better than grade four in
a domestic environment fitted with a good-quality
receiving aerial and properly adjusted receiver, many
viewers are equally happy to watch programmes that
have been recorded on a VHS video recorder. The
typical VHS machine provides pictures that are no
better than grade three, and yet viewers regularly
demonstrate that they are content with this quality of
picture by repeatedly going along to the local video
shop and renting a tape, handing over real money on
each occasion. In these circumstances one has to ask
whether there is a demand from viewers for some-
thing better than they have now, and the probable
answer is that currently there is not; the average
viewer, watching television in the living room on a
59cm diagonal screen, is quite content with the quality
of the picture signals received from the broadcasters.

If the size of the television display is increased,
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however, whether by using larger tubes or projection
techniques, even the least expert viewer starts to
notice that the picture quality seems worse; the
scanning lines are visible, and the colour appears
fuzzy. This suggests that it would probably be possible
for the television industry to sell a higher quality
system to viewers, if the assumption could be made
that the screen sizes of future television receivers are
going to be larger than they are at present.

This is not a straightforward assumption, since
fashion and the size of modern homes, as well as the
receivers that are available in the shops, play a part
in the viewers choice of receiver. When colour
television was first introduced into the UK in the late
1960s, the colour television receiver was an item to
show off and to boast about, and many families who
could afford a large screen receiver would ensure that
it was placed in a prominent position in the room.

857mm

) A
/ |

\J
<
A

515mm

Y

Fig. 1 Approximate dimensions of a one-metre
diagonal screen with an aspect ratio of 5:3.

Since the late 1970s, however, there has been a falling
off of large screen (26” or 66¢m) sales in the UK, but
itis difficult to decide whether this is because smaller
sets are significantly cheaper, or whether it is merely
that the fashion has changed, and that it has now
become socially more acceptable to relegate the
television receiver to a less prominent position in the
home; rising sales of 14” portable colour receivers
suggest that more and more families are buying
several sets, so that teenagers can watch their own
programmes in their own rooms, for example.

Recent trends from the United States and
demonstrations of larger screen television receivers
in stores and at exhibitions are suggesting that the time
may now be right for an increase in the sales of larger
screen receivers, Some European manufacturers have
reported that they have sold significant numbers of 327
receivers in the last couple of years, but even so, it is
believed that these sales represent less than one
percent of all colour receiver sales, and most of these
large receivers have gone into hotels and industrial
training areas.

In 1989 the IBA carried out a small survey of
about 1000 people who watched enhanced and high-
definition television pictures on large screen monitors
at an exhibition. It was interesting to find that in spite
of the fact that many people said that they would like
large screens, in general; the viewers placed improved
quality (clearer, sharper pictures) before larger pictures
in their order of preference.

The acceptability of television pictures in terms
of quality is a fairly complex matter, and much work
has gone into investigating it. Some of the important
factors, in relative order of significance, are:

1. Programme content

2. Display phosphor resolution
3. Display persistence

4. Viewing distance

5. Numbers of scanning lines

[t is interesting to see that by no means all of these
factors are technical; if the programme material is
attractive enough to the viewer, the actually technical
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quality may be disregarded. Examples of this have
been noted when audiences have shown themselves
very willing to watch pornographic material that has
been recorded by amateurs and is of very poor
technical quality, and when low-quality ‘pirated’
versions of the latest movies have been available on
the video black-market. Time and again it has been
found that it is the programme content which matters,
and those engineers who are convinced that high
definition television will succeed purely because of its
technical brilliance should continuously remind
themselves of this basic fact.

Satellite broadcasting will provide the first real test
of whether viewers will be prepared to pay for an
improved quality picture. Viewers in the UK have just
been given the choice between receiving satellite
programmes radiated in the PAL system, and those
radiated using the higher-quality MAC system, and
similar situations are occurring in some parts of
Europe. The Astra satellite, a medium power (45
watts) distribution satellite, radiates six PAL channels
in English, and viewers have been able to buy 60cm
dishes and suitable receiving equipment for about
£199 since early 1989. Since the spring of 1990 the
official UK Direct Broadcast Satellite, Marcopolo I,
owned by the British Satellite Broadcasting company,
BSB, provides five different programme channels
using the higher-quality MAC systemn, and its film
channel can actually broadcast wide-screen MAC
pictures to the very few viewers who currently have
the necessary special widescreen receivers. The
French company Thomson has plans to make these
receivers more widely available during the next couple
of years, but it seems that they will inevitably be rather
expensive.

Wide-screen viewers apart, BSB viewers will
have the chance to watch MAC pictures in their own
home, and should be able to take advantage of the

CONVENTIONAL TV = -~

Fig. 2 Comparison between viewing distances of standard television
and large screen television in terms of screen heights.

improvements which this system can bring. The most
obvious improvement over PAL is the lack of spurious
cross — colour patterns, but broadcasters rarely get any
complaints about this from viewers using the terrestrial
PAL transmitters, and it remains to be seen whether
the better picture quality available will actually make
viewers choose MAC rather than PAL. It seems to me
to be far more likely that their choice will be made on
the basis of the programmes that the two competing
satellites offer, rather than on any difference in
technical standards.
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HDTV — WHAT DO WE MEAN

Before we go on to examine various possible systems
in detail, it is sensible to ask what is meant by HDTV,
and rather than looking at the various official
definitions, it is perhaps appropriate to ask what we
would expect of an HDTV system that our current
systems do not provide. The four major features that
any HDTV system would require can be summarised
as:

1. Large screen size

2. Wider aspect ratio

3. Better resolution

4. Lack of spurious effects

We shall now consider these points in turn
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EXTRA ‘SIDES' SEEN BY
16:9 WIDESCREEN VIEWER

Fig. 3 Comparison between 4:3 and 16:9 aspect ratio pictures.

Large Screen

Although at the present time the practicability of
achieving large screen displays in the home at prices
that the consumer will be prepared to pay is a subject
of much discussion, those who believe in HDTV are
convinced that large screen displays will become
available. Just how large is another question; it seems
that there may well be two distinct large screen
markets, the first using money-no-object giant screens
for use in the electronic cinemas of the future, the
second using screens of perhaps 1 metre diagonal,
which would become the norm in the living rooms of
the future. Most experimenters in the field of HDTV
have chosen this size as representative of what may
be both practicable to manufacture and acceptable in
the home within the next few years. If we assume that
the cathode ray tube display will continue to be the
norm, and that is by no means certain, then an
extension to perhaps 1 metre from the largest present
day 68cm tubes seems feasible, and if the develop-
ment of flat screen displays should make screens of
this size practicable within the next few years, then a
‘picture on the wall with a 1 metre diagonal is probably
as large as most people would want, If such a screen
had an aspectratio (the ratio of the width to the height
of the picture) of 5:3, as will be suggested later, then
the screen would be about 86cm wide by 52cm high

Viewing Distance

The size of picture that is acceptable in the home is
intimately connected with the viewing distance. The
most popular screen size in the UK throughout the
1980s has been 56cm (22 inch), the figures rep-
resenting the size of the diagonal of the picture tube.
The height of such a screen is about 36cm, and the
aspect ratio is 4:3. In current television systems it is

recommended by the CCIR that for critical viewing
the viewer should sit between four and six times the
screen height (4H-6H) from the television screen.
These figures are intended to apply to professional
viewers who are assessing the technical quality of
pictures, but a survey in the early 1980s showed that
the average domestic viewer actually watched from
a distance of more than 7H. If we make the reasonable
assumption that our room sizes are unlikely to change
in the short term, then if larger screens are introduced
into our living rooms we will be unable to avoid
effectively sitting nearer to the screen in terms of
screen heights. Practical tests suggest that if a viewer
is watching a 1-metre screen in the home, the most
pleasing results are obtained when the screen is at a
distance of 3H from the viewer, and interestingly
enough, cinema buffs say that it has long been known
that the best seats in the cinema, the stalls, are those
which are situated at a distance of about 3H from the
screen. Research into cinema layouts in the USA that
was carried out way back in the 1950s confirms this,
since it showed that the centre of the auditorium was
on average just over 3H from the screen.

Wider Aspect Ratio

Those involved in research into HDTV are convinced
that any future system must provide the viewer with
an experience closer to that which is currently
obtained at the cinema. Work in Japan showed that
when people were shown a selection of pictures with
different aspect ratios, then, in general, the larger the
screen, the wider the aspect ratio that was preferred.
In particular, when viewers watching one metre
diagonal screens from a distance of 3H were offered
pictures with various different aspect ratios, they chose
aspect ratios of around 5:3 as the most pleasing. The
first experimental HDTV systems therefore used 5:3,
but following subsequent work in America which also
took into account the various aspect ratios currently
used for cinema film displays, this has now been
superseded by the slightly wider-screen aspect ratio
of 5.33:3, or 16:9. 1t is believed that 16:9 will make
the best use of the numerous existing cinema film
formats when these films are used as HDTV source
material.

It is interesting to note that the classical artists of
ancient Greece used a ratio of 1:0.618 as the one
found most pleasing to the eye, based upon their so-
called ‘golden section’, and this ratio turns out to be
just a little over 5:3.

Watching a 16:9 aspect ratio picture at a distance
of 3H gives a far more cinema-like effect than
watching a relatively small screen from 6H.

One other factor about receivers with different
aspect ratios that is relevant to the commercial market,
although rarely mentioned in the technical pages, is
that such receivers will actually look noticeably
different from normal standard receivers. Marketing
people think that this would appeal first to the ‘Super-
Joneses” and then to the Joneses, and they like to
think that this will be a significant factor in developing
wide-screen receiver sales; “Widescreen is great —
you can tell the difference even when the receiver is
switched off!” said one salesman at a recent seminar,

Better Resolution

Present-day pictures run out of resolution when it
comes to very fine detail, and if 525 or 625-line
pictures are shown on large screen, by projection for
example, this lack of resolution becomes obvious and
annoying. We could make use of more detail in
pictures if some means could be found of providing
this.
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In order to try to calculate the amount of detail
that the human eye/brain combination can actually
make use of, we have to first of all look at the
characteristics of the eye. Under conditions where a
test chart is well illuminated the resolving power of the
eye is limited to about 30 seconds of arc, or an angle
of one half-minute. This is equivalent to saying that
the eye can resolve about 60 cycles per degree of arc,
which is the more usual method for television
engineers to measure resolution.

At a distance of 3H from a one-metre diagonal
screen the vertical angle subtended by the eye will be
about 19°, as shown in Figure 4.

If we are to design a television system to match
this resolution on our screen we therefore need 19°
x 60 cycles per degree, which equals about 1140
cycles per picture height. In order to display this
number of cycles we need a minimum of two lines per
cycle, so that a minimum of about 2280 lines would
seem to be required for an HDTV system that matches
the resolution of the eye.

Fortunately, it turns out in practice that this
number of lines is not actually necessary. Subjective
tests have been carried out to determine the optimum
number of scanning lines required and these have
shown that, under the viewing condition described
earlier, the line structure cannot actually be seen when
the number of lines is greater than about 1000. Very
small improvements in the sharpness and detail visible
in the picture were noticed when the number of lines
was increased further, but virtually all expert observers
now agree that if a viewing distance of 3H is used, a
figure of just over 1000 lines will be very acceptable.

Picture Frequency —
Temporal Resolution

A television receiver displays what appear to the eye
to be moving images, but these are actually a series
of individual fields or frames which can be considered
as samples of the complete picture taken at regular
intervals of time. For any acceptable television system,
and certainly for a high definition system, the series
of samples must be capable of reproducing movement
without jerkiness, and must also provide pictures
without flicker and without annoying effects such as
interline flicker, which is caused on an interlaced
picture by the scanning lines of the two different fields
interacting with horizontal edges in the picture.

For smooth motion portrayal it has been found
that a repetition rate of greater than 45Hz is required.
Television pictures to date have used interlaced
scanning to give the effect of a greater number of
pictures per second whilst using a smaller bandwidth
than would be required without interlace. Both the
50Hz and 60Hz field rates used in the different parts
of the world will therefore satisfy the motion portrayal
requirement under most circumstances, although
some work has been done which suggests that the
relatively long exposure period of each television field
can lead to a form of blurring which is particularly
noticeable when the eye tries to follow moving objects
such as a racing car speeding around a track. In
general, however, the eye/brain combination does
not try to resolve fine detail in fast moving objects, so
that the 50Hz and 60Hz field rates should be
satisfactory.

B57mm
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distance of 3H is about 19°,

ANGLE SUBTENDED BY EYE AT 3H IS 2a

TANa = H/2 + 3H = H/2x 1/3H = 1/6 = 0.167

Fig. 4 The vertical angle subtended by the eye when viewing a one-metre diagonal screen from a
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~a=TAN" 10167
a = 9.46°
2a = 18.92°

In general, it is found that the sharpest pictures are
obtained when the horizontal resolution matches the
vertical resolution, and the two are usually related by
a simple formula which takes the aspect ratio of the
picture into account.

Chrominance Resolution

Another resolution problem with our present system
comes about as a result of the low chrominance
bandwidth that systems like PAL use. The PAL system
effectively provides a detailed black and white picture
with a much fuzzier colour image superimposed, and
this is a state that the eye normally finds quite
acceptable. There are some occasions, however,
notably when red captions are shown on a green
background, for example, where the chrominance
bandwidth can be seen to be short of something —
the edges of the coloured captions appear all fuzzy.
An increase in chrominance resolution would provide
a useful improvement in this case, and in pictures of
flower gardens and the like.
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Large area flicker is a different matter, however,
since tests have shown that for very bright images it
is necessary to use a field frequency of around 80Hz
if flicker is to be completely eliminated. The increased
cost of using 80Hz in terms of bandwidth and the
increased complexity of production equipment have
led most workers in this field to conclude that 60Hz,
and even perhaps 50Hz, will represent the same sort
of workable compromise as did 1000 lines rather than
the 2200 theoretically required. Technical improve-
ments in receivers will soon allow for several incoming
fields to be stored in a semiconductor memory, and
for the actual displayed picture to be read out from
the store at perhaps 100Hz, after some processing of
the moving parts of the picture. The display frequency
will therefore be independent of the transmitted signal
frequency.

Interline flicker, which is seen as a series of small
vertical movements on horizontal edges in interlaced
displays, is noticeable even on 50Hz and 60Hz
displays, and although the annoyance value reduced
as the number of lines is increased it may well be that
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ial display will provide a subjectively sharper
picture than aninterlaced display, and the difference

is surprisingly large, meaning that an interlaced display

needs about 1.5 times more lines to subjectively
produce the same resolution as a sequentially

- scanned display. As an Bxamp!e a625-line per frame  all
display with sequential scanning (all 625 lines scanned

one after the other at twice the normal rate) will give

the same subjective effect as a standard interlaced
display with some 940 lines, This is an important
feature which is largely based on the averaging that
the eye performs between lines and over fields. The
process is believed to be largely to do with the
persistence of vision, and the inability of our visual
system to distinguish between the interlaced lines from
alternate fields presented every fiftieth of a second.
j resented with a
 grating which has progressively finer and finer detail
in the vertical plane, there will be a limit at which the
_eye can no longer distinguish detail, ie. the difference
- some deterioration in the final picture quality; whether
: thls will pmwde an accepiable solution in lhe long term
o b :

In practical terms if the viewer is

between adjacent lines in the grating. This threshold
is extended if sequential scanning is used. This isthe
basis of some of the European arguments for an

‘extended definition television system which uses the
~ advantages 'of sequential scanning to provide an

improved system compahhle witl'z rhe existng 625—1jne
servims ; ARG :

Lack Of Spurious Effects

The most noﬁceable effect of this type ls«cross-colour'
The PAL television system transmits both the colour

“and the black and white parts of the picture at the:

same time, using frequency — division mulnplemng

- The colour information is eﬁectwe[y interleaved with:
the black and white picture as it is transmitted, and
the receiver has the job of sorting out the colour signals
from the black and white and then reassembling them
‘to form a eomplete calour picture. Most viewers are '
familiar with this effect when finely striped shirts or
checked suits catise spurious coloured patterns which

~move about with any picture movement. The same

_ problem in reverse, so to speak, occurs when there

‘are sharp colour transitions in the picture. The

luminance information breaks through into the

chrominance channel, causing a fine crawling dot
patterr, known s Cross — - luminance.

which lirmit resolution as the.liell EﬁeciTl“ns is defined
inthe Intemaﬂonal Eieatroteehmea% Voca’oufary as'‘the

ofa te]evtslo 15p]ay'being equai :

quivalent of the BBC in the UK, began‘ wOrk bn a
system of high-definition television, and they were

¢ joined by Japanese broadcasting equipment manu-

facturers shortly afterwards. Their system,

7 ;lévelopments of which have come to be known as

i-Vision, uses 1125 mterlaced scanning Imes and 60
Ids per second.

In essence this system provides extremely hlgh
quality pictures even on cinema-sized screens, and by
the early 1980s the Japanese were able to offer a
complete range of broadcast equipment using this

stem. Cameras, telecines, videorecorders, mixers,
monitors, and projeciors were all designed and

_developed to work with the 1125/60 system, but
. although the 1125/60 system represented a huge
 leap forward in picture quality, it also had and still has

two major disadvantages. Firstly, and probably most
importantly, the system is significantly different from
any of the world's existing television standards, which
eans that anyone wishing to make use of the bei‘ter

a pu: ures needs to buy an expenswe new

Y mplex conversion eqmpment whlch :
kely to be economically practicable.

_The second prablem with this HDTV system is
it requires iarge amounts of bandw1d1h to carry

prov:de For the h]ghest quahty transmls.smn a mdeo
bandwidth of around 30MHz isrequired, compared
with the 5 MHz needed for most European PAL and
SECAM systems. In radio frequency transmission
terms this means that an HDTV picture of this type

would take up four to five times the transmission
_bandwidth required by conventional systems, so

allowing a typical DBS satellite, which has the

bandwidth to carry five standard pictures; to carry only
“one HDTV channel instead. As we shall see later, the
~Japanese have worked hard on this problem, and

have developed a black-box' known as MUSE, which
can gvercome this bandwidth problem at the cost of

arc pmgrammes lookmg at future HDTV
pOSSIbllIerS, but only ‘the Japanese actually went
ahead and developed a complete working system.
NHK is compelled by the Japanese government to
ind 1.8% of its total turnover on research:
timated that up to the present time NHK
ed some $300,000,000 in its Hi-Vision
pmject ‘and that the various Japanese manufacturers
have also spent a similar amount, The fact that only
dJapanese HDTV equipment was available for sale led
to.a situation where in 1984 the Japanese submitted
1125/60 HDTV system to the world standards
g body for broadcasting, the CCIR, asking for
, as the world standard for hlgh definition

- This concentrated the minds of the rest of the
world’s broadcasters who had an interest in HDTV and:
encouraged them to focus upon what the acceptance
of the Japanese standard would mean in real terms.

1t was felt by many that the acceptance of the
- Japanesé sustem would inevitably give the Japanese
- manufacturers an unassailable advantage when it
_came to the supply of broadcasting equipment, right
through from studios to transmitters, and in a world
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where many of the television receivers already come  mean that those vi wers who want and can afford the
from Japanese sources, this would be going too far.
Several of the mostinfluential American broadcasters
originally supported the adoption of the J. apanese
system as a world standard, on the practical grounds
that it was the only system actually up and running,
as-opposed to the varicus laboratory concept:
favoured by other broadcasters. The system was ‘Pre!immary work in the Unibed States has conciude:l
actually officially adopted in 1988 as the that a one: metre dlagonal receiver is [lkely to cost
recommended HDTV produetion standard by the i
American Advanced Television Standards Com- expensive.

mittee, which accepted the proposals prepared by an cathode'raytube--.the price cannot be expected to fall
SMPTE working group and proposed to submitthe  as quickly as for most electronic equipment, and that
- decision to the American National Standards Institute.  receivers with one-metre screens may still cost over
- Although this proposal was agreed by a majority of ~ $3000 after five years of production. Asfar as the price
the forty-five organisations in membership of of the receiver is concerned the actual electronic
 ATSC, the support from some of the other m circuitry included in the receiver is considered to be
broadcasters was, however, lukewarm, and relatively unimportant, so that the price may be little
- National Association of Broadcasters refused its different whether a full HDTV system or one of the
approval; it was quickly realised that the decision to  many proposed enhanced systems is used.

-adopt 1125/60 was something of a red-herring. The Reports such as this naturally do their best to
Japanese based system might be acceptable as a  exirapolate from the currenily known facts, but can
production standard. but as a ttansmission standard  take no account of some completely new technology
to provide the population of America with higher  that may, unknown to us, be just around the corner.
definition pictures it definitely left a lot to be desired. A lovely example of a new technology changing all
American companies woke up to the fact that the  previous conceptions came about in the last few years
commercial outcome of accepting the Japanese of the last century. From 1850 onwards people were
system might be disastrous for the US economy, and  complaining about the rapidly growing amount of
finally decided to lock for an improved television  horse-manure clogging the streets, and there were
system which would be particularly well suited to the  various dire predictions that if road traffic kept on
needs of the United States.  growingthe streets woufd betendered impassable by
: i dsight we
th

ossib]e lechnﬁ:a]!y, to mclude the arcultry for a

eceluer, thisis [ikely to add a substantial amount o

hat this generally means that recently-released
eature films must be offered. Such programme
matexial isvery expenswe because ofthe competmon

Eurcpean broadcasters realised the problems
that accepting a Japanese standard would bring
commercially, bui they were alse able to play a
technical card to avoid having to vote for the adoption ;
of the 1125/60 system. All European television in the initial stages, there were no more than a fow
systems, and about 60% of all the world’s viewers use  thousand viewers equipped fo received the service:
50Hz (50 fields of 3121/2 lines per second) anumber  the cost per viewer would be phenamenal. Far more
that was originally related to the 50Hz mains eleciricity  desirable would be a scenario in which the HDTV
frequency, although thereis now no longer anyneed  transmissions could also be received by the millions
for a/direct relationship between the two. European:  of existing viewers on their existing receivers; although
broadcasters were able to claim that the use of the ' theywould not gain the benefits of HDTV they would
Japanese 60Hz system would cause wvarious be able to watch the expensive programme material
problems, including a 10Hz flicker between mains-  to the normal viewing standards that they expect, and
powered studio lighting and 60Hz studio production:  this would enable the programme provider o spread
equipment. Although the Japanese explained that  the cost of the film material over millions of ordinary
they had been using the 60Hz NTSC system in parts ~ viewers, as well as the relatively small number of those
of Japan that use 50Hz electricity for over thirty years.  watching in HDTV./Such an approach would also
without any noticeable prablems, and althoughthey  appeal to advertisers, who need to be assured that
even designed, built and demonstrated areasonably  large numbers of people are waftching the
effective adaptive 10Hz filter, known as a ‘flicker—  programmes whbch they sponsar or during which they
licker, it became obvious that Europe was not going
to be in favour of adopting ihe 1125/ 60 system asthe
world HDTV standard., :

failed 1 have theu- sysiem adop_ed as i world
standard for HDTV, and instead it took its place in the
CCIR Reports and Recommendations as a Report.

As indicated earlier, the Japanese proposal
stired Europe and America into action to develop

1125/60 was and
different from ant
compatibility would !

‘onventional receiver within the cabinet of the HDTV

Ak —— DR a——og later we are: finding very different probiemsdue to the

HEDIE e DL P growth in the numbers of cars. Let us hope that the

FIELD 1 e FIELD 12 ———— : cheap and s!mple methocl of producing large area

o THpagl displays that will confound those who are predicting

that the HDTV receiver will always be a high-cost item.

FIELD Y ——— FED LR | == There are very great difficulties invelved in

! mtmdumng a completely new television system, even

INTERLACED DISPLAY L ONINIERPAGER if we ignore the technical complications. In order to

SCANNED DISPLAY provide a high-quality service that the viewer would

! . find desirable enough to pay for, any HDTV service
f'?_,z' sf"acj_d_f"d sedueT Ry S Cenn o - will need to provide high- quality programming, and

SR experience with subscription services elsewhere shows
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their own individual proposals. An enormous amount
of work has been put into trying to find a common
standard for HDTV which all the world’s broadcasters
will be able to agree upon, but it now looks very
unlikely that the members of the CCIR will be able to
reach such an agreement, and the most likely scenario
for the next few years is that there will be three HDTV
standards. These will be the original Japanese
1125/60 standard, a European 1250-line 50Hz
standard, and an American standard, possibly
1050-line 60 Hz, which still has to be decided upon.
Both the European and American systems have been
designed from the outset to provide a substantial
degree of compatibility with existing receivers, in order
to try to ease the problems of introducing a completely
new high-definition system. The European system
offers a step-by-step approach to HDTV, with the
various intermediate steps providing different
amounts of enhancement to the television picture,
depending upon the complexity of the receiver being
used. In subsequent articles we shall be taking a look
at various systems, and also considering the ongoing
work to try to bring at least some degree of
commonality to the multiplicity of different standards
that are to be used.

Terminology

We will end with a look at some of the terminology
and definitions which are applied to the various
enhanced and high— definition television services,
although it must be stressed that in such a fast
developing field as this the vocabulary is also changing
fast, and some standards bodies have not yet adopted
exactly the same definitions as others, which can lead
to confusion.

CCIR Definitions:

Enhanced Television

The term Enhanced Television designates a number
of different improvements applicable to 525/60 and
625/50 television systems, providing an aspect ratio
of 4:3, either with unchanged or new emission
standards.

Extended Definition Television

The term Extended Definition Television implies new
systems that are based upon 525/60 or 625/50
scanning, but providing a wider aspect ratio and
increased resolution.

High Definition Television
A high-definition systerm is a system designed to allow
viewing at about three times the picture height, such
that the system is virtually, or nearly, transparent to
the quality of portrayal that would have been
perceived in the original scene or performance by a
discerning viewer with normal visual acuity. Such
factors include improved motion portrayal and
improved perception of depth.

This generally implies in comparison with
conventional television systems: .
1. Spatial resolution in the vertical and horizontal
directions of at least twice that available with
Recommendation 601.
2. Any worthwhile improvements in temporal
resolution beyond that achievable with
Recommendation 601,
3. Improved colour rendition.
4. A wider aspect ratio.
5. Multi-channel high fidelity sound

Definitions from the International
Electrotechnical Vocabulary:

Enhanced Television System

Television system which retains the scanning
standards of the existing 625 line 50 field or 525 line
60 field systems, whilst providing various
improvements in the quality of the picture and
additional features as a result of new processes of
analysis, synthesis, and signal processing, with or
without modification of the transmission standards.

Extended Definition Television System

Enhanced television system which may include a
change in the transmission standards, to obtain
effectively greater resolution than existing systems.

High Definition Television System: HDTV
Television system in which the scanning standards are
improved over those of the existing 625 line 50 field
or 525 line 60 field systems, and in particular the
number of scanning lines per image is appreciably
higher than in these existing systems and, in principle,
higher than 1000.

Definitions from the United States Advanced
Television Systems Committee. These definitions
refer specifically to developments taking place in the
USA, asreferences to NTSC and to the FCC (Federal
Communications Commission) imply.

IDTV — Improved Definition Television

The term Improved Definition Television refers to
improvements to NTSC television which remain
within the general parameters of the NTSC emission
standards and, as such, would require little or no FCC
action. Improvements may be made at the source
and/or at the television receiver and may include
improvements in encoding, filtering, ghost
cancellation, and other parameters that may be
transmitted and received as standard NTSC in a 4:3
aspect ratio.

EDTV — Extended Definition Television

The term Extended Definition Television refers to a
number of different improvements that modify NTSC
emissions but that are NTSC receiver-compatible (as
either standard 4:3 or ‘letter-box’ format). These
changes may include one or more of the following:
1. Wide aspect ratio.

2. Extended picture definition at a level less than twice
the horizontal and vertical emitted resolution of
standard NTSC.

3. Any applicable improvements of IDTV.

HDTV — High Definition Television

The term High Definition Television refers to television
systems with approximately twice the horizontal and
vertical emitted resolution of standard NTSC. HDTV
systems are wide aspect ratio systems and may include
applicable improvements from IDTV and EDTV.
Terrestrial HDTV systems must be NTSC receiver —
compatible. This may be achieved through
simulcasting or through the use of an NTSC-
compatible main channel accompanied by an
augmentation channel.

Note thatimprovements in audio may be incorporated
in IDTV, EDTV, and HDTV.

ATV — Advanced Television

A collective term embracing the terms IDTV, EDTV,
and HDTV, described above.
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MICROWAVES

ast month we began our look at the world

of microwaves by explaining the signi-

ficance of this particular frequency band

and indicating some of the more important

landmarks in its one hundred year history.
Two important applications of the technology were
also discussed; microwave ovens and communication
equipment. This month we will be concentrating on
more applications in such fields as RADAR,
astronomy and medicine, to mention but three. The
article concludes with a somewhat personal prediction
of what I believe the future may hold for the micro-
wave industry.

Radar

Probably the most famous acronym of all standing for
Radio Detection And Ranging. It is based on the
position, strength, time delay and Doppler frequency
shift of the return echo of a transmitted microwave
pulse from the target. Radar equipment ranges in size
from the enormous military surveillance equipment
capable of detecting aircraft from hundreds of miles
away, or indeed a bee from hundreds of feet away,
down to portable hand-held equipment used by the
constabulary or, for use at the sharp end of guided
missiles (the radar, not the constabulary!}.

The method of operation of the radar is funda-
mentally quite simple. If a pulse of microwave energy
is transmitted from an antenna, and hits some target,
a small fraction of that energy will be reflected back
to the same antenna. By the time the pulse returns
to the antenna, the transmitter is switched off and a
very sensitive receiver is switched onto the antenna.
Analysis of the returned pulse gives us a considerable
amount of information about the target. Firstly, we
know the direction of the returned signal. We therefore
know the angular (azimuthal as it is known) position
of the target with respect to the radar. It is alsc possible
to calculate the height of the target from this infor-
mation. Secondly, there will be a time delay between
the transmitted and the received pulses. From this the
distance of the target from the radar can be calculated.
Thirdly, there may be a Doppler frequency shift.
Hence one can assess the radial velocity of the target.
Finally, having obtained all this information, the
strength of the returned signal can be measured, and
an estimate of the size, and even possibly the shape
of the target may be obtained.

With regard to military applications, the question
of whether the target is a ‘goodie’ or a ‘baddie’ is
obviously of some consequence. The usual method
is to transmit from the radar antenna an additional
signal known as an ‘ldentify Friend or Foe' or IFF
signal. This takes the form of a digitally coded data
streamn which will be recognised by a friend, but not
by a foe. The friend re-transmits a return signal which
will be recognised by the radar receiver and any attack
procedure would then be aborted. A simple, but
extremely effective technique.

One major advance of the last decade has been
the implementation of Phased Array Antennas in
radar applications. Phased arrays allow the microwave
beam to rotate 360°, or ‘nod’ up and down, electro-
nically. The advantages are enormous. There are no
moving parts like motors or bearings. To appreciate
the significance, consider the case of a ship-born
radar. The rotating joint supporting the half-tonne
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antenna must be able to support the weight as its
centre-of-gravity rolls and yaws with the ship’s
movement; any wear in the bearings will reflect in the
inaccuracy of target location. Furthermore, the
bearing must be impervious to salt-water corrosion.
If that is not enough, the joint must carry, simultan-
eously, up to three independent microwave signals
with negligible reflection or loss at the joint.

The phased-array negates these requirements.
The antenna no longer physically moves — only the
beam swings. Since it is electronic, the period of
rotation is governed by electronic rather than
mechanical processes. A rotation speed of one turn
per millisecond would be a reasonable expectation
from a phased array system, as opposed to one turn

AR 325 ‘Commander’ RADAR

every four seconds from a mechanical system — fast
enough to update a computer memory bank at a rate
at which it would not get bored!

Itis not only the direction of the beam which may
be controlled electronically. The beamwidth, or how
concentrated the beam is in one direction, can also
be controlled. In a purely mechanical system this can
only be achieved by shrinking, or expanding the dish!
One may be forgiven for thinking that, for radar
applications, the more pointed the beam, the better.
However if this parameter can be varied electronically,
we can totally rethink our target search regime. Instead
of searching for the target in a sequential manner at
each degree of rotation in turn, we may commence
the search with a fast, wide angle, sweep. When
suspicion falls on a particular area of the sky due to
a weak return signal being detected, a narrower beam
may be used, just to check the suspicious area.
Change of beam direction can take place near
instantaneously — there is no inertia in an electro-
nically swinging beam. By this means, close, fast-
moving targets may be detected quickly, and also the
possibility of multiple-target detection becomes a
reality.

From cooking to L
television, microwaves
are fast becoming an

important part of our -

lives. Colin White

looks at the past, the ]

present and the future
of the technology




34

oHF

Thematic Mapper image for the Isle of Wight

The operation of phased array antennae are
conceptually fairly simple to understand. They consist,
not of one antenna, but many (up to 10,000) small
antenna elements, normally mounted on the surface
of a flat plate, each fed from the one transmitter. If
each element is fed with a signal of equal amplitude
and equal phase from the transmitter the combined
beam from all the elements produces a main beam
at right angles to the elements. If the phase of the
signal feeding each element is changed, {achieved
electronically) the resultant beam will then turn to
produce a new equal-phase beam at an angle to the
original beam.

With regard to electronic control of the
beamwidth, we know that a small antenna (with
respect to the wavelength) produces a wide beam-
width while a large antenna produces a narrow
beamwidth., We can effectively alter the ‘size’ of our
phased array antenna by attenuating the signals to the
outer elements of the array, thus electronically making
the antenna smaller and hence producing a wider
beam

Remote Sensing

Remote sensing is principally concerned with
attempting to investigate aspects of the earth from
space-borne satellites. The technology matured,
originally due to the United States’ desire to have
knowledge of the Russian grain harvest. From this
early requirement, remote sensing has turned into a
series of techniques and technology which can
provide low cost detailed information about almost
all parts of the world.

Microwave technology forms but one aspect of
the science of remote sensing. Often three types of
sensors are used. The first and main sensor will be
optical. This usually consists of three cameras, one for
each primary colour. This is the only sensor capable
of providing a real colour image. The second sensor
will be sensitive to only the infra-red part of the
spectrum. This camera will detect, primarily ‘hot’
objects such as cars, buildings, tanks, or large groups
of people. The final sensor, the microwave camera,

(an ultra-sensitive microwave receiver) can pick up
some hot objects, but is especially sensitive to any form
of electromagnetic radiation emissions such as power
lines, radar and communication equipment, or even
telephone cables. The sensors can detect these
emissions within buildings, under water or even from
cables buried underground.

Remote sensing satellites are not usually
geostationary since there’s not much interest in taking
pictures of the same spot on the earth’s surface! They
are normally in what are known as sun synchronous
orbit, which means they fly over the earth’s surface in
such a manner that, to the satellite, it is always the
same time of the day. In other words the satellite and
the sun appear to move around the earth at the same
speed. The time chosen for the Land-Sat family of
remote sensing satellites was 9.30am, this being
considered as providing the best lighting conditions
for the colour photography.

There is much argument over the resolution
capabilities of such satellites, it being reported that
such military craft can read newspapers, recognise
faces, or read the regimental numbers from the
uniforms of earthbound soldiers. I do not propose to
enter into the theoretical capabilities of such systems,
only to report what [ have seen. Certainly individual
cars (or tanks!) can be seen, as can large (greater than
30) groups of people. River bridges are easily
recognisable, and power cables running under water
and/or land are observable.

The key to the success of remote sensing tech-
nology is not only in the use of high resolution
cameras, but also in the data processing of the infor-
mation once it is beamed down to earth (by micro-
wave link, of course!). Firstly, software error detection
techniques are applied to the raw data before any
attempt is made to display the picture. Secondly,
because all the information is held as data in a
computer memory, it can be manipulated in much the
same way as pop video effects. Allthe data from the
various sensors are merged to produce a combined
microwave/infra-red /optical image in a ratio that gives
the best picture for the required purpose. Computer
generated artificial colouring is often applied to the
picture. Aesthetically, we like the land to be green and
the sea to be a lovely shade of blue for instance. If one
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is particularly looking for a field of wheat, for instance,
once found, it can be highlighted in any suitable bright
colour.

‘One of the more remarkable data processing
effects, particularly with the advent of artificial
intelligence techniques, is that of pattern recognition.
This enables one to locate, say, ali the golf courses in
a particular area from knowledge of the location of
one golf course. The computer merely searches for
a match in the radiation spectrum profile of the known
area, over the larger search area.

Remote sensing is no longer exclusively used by
the military. It is used to aid weather forcasting, to
analyse crop harvests, as an aid to navigation, and is
also used by city planners and geologists. Recently,
with the increased interest in Green issues, Landsat
IV has been used to monitor pollution levels, assess
levels of fish and livestock and look into the extent of
deforestation. The polar ice caps can be seen, thereby
monitoring the extent of the ‘greenhouse effect
Landsat IV is in orbit at only 700km and at this height
can even resolve the difference between a field of
wheat and a field of barley — something I'm not
convinced [ could even manage at ground level.

Medical Applications

Microwave medical applications employ, in the main,
techniques which were developed from other appli-
cations such as ovens, radar and remote sensing.

Therapeutic applications involve applying
microwave energy to patients such that the affected
region of the body warms rather like the microwave
oven. Treatment falls into two principle categories,
diathermy and hyperthermia.

Diathermy treatment is concerned with the
gentle warming of tissue for the treatment of joint and
muscle disorders, principally rheumatism and arthritis.
The application of heat is a therapeutic procedure
commonly used in medicine. A local temperature rise
speeds up the metabolic processes, producing a
dilation of blood vessels. An increase in blood flow
results, together with a better irrigation of the tissues,
and a faster removal of wastes and heat. Tissues
warmed up in this manner receive more nutrients and
antibodies, and the healing process is thus speeded
up. At the same time, the pain is reduced and sedative
effects are noted. Classical ways to apply heat such
as hot packs, baths or paraffin baths reach the surface
only — it takes microwaves to reach those parts others
cannot reach! The power level and exposure duration
are critical factors determined by medical staff with
much experience. The moral: don't stick your tennis
elbow in your microwave oven, skin burns would be
the least of your problems!

Hyperthermia, on the other hand uses higher
powers and is used with increasing success for the
treatment of cancer. Body cells, whether healthy or
malignant, are killed if their temperature is elevated
to 43° for 10-15 minutes. It follows that tumours might
be destroyed by focusing microwaves on them while
cooling the surrounding tissues. Unfortunately matters
are not so simple. If a low frequency is utilised, good
penetration of the tissue is obtained, but as discussed
in the radar section above, efficient focusing of the
beam, so important for preventing damage to the
surrounding tissue, is impossible. A higher frequency
which allows good focusing facilities will not penetrate
so deeply due to the high water content of the tissue
and blood. Best results of hyperthermia treatment
have been reported when combined with other, more
established cancer treatments such as chemotherapy
and radiotherapy. ‘

The heat of a therapeutic X-ray machine is that
of an electron accelerator and a microwave generator,
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either a klystron or a magnetron. The microwave
power helps accelerate electrons to a high enough
energy to generate X-rays when the electrons strike
atarget. Electron linear accelerators have been widely
used for radiation therapy and industrial radiography
(a technique employed to detect fatigue and cracks
in industrial materials). Modern therapeutic machines
are used for cancer treatment by using electrons as
well as high energy X-rays.

Microwave Medical Thermometry is a technique,
presently in the early stages of development, of
measuring the patient’s temperature non-invasively
(ie without sticking anything into the body!). All
material held at a temperature above absolute zero
(—273°C) will radiate electromagnetic energy over
a broad range of frequencies centred on a frequency
dependent on the temperature. Incandescant light
bulbs radiate in the visible region for instance. At about
23°C the human body produces measurable radia-
tion in the microwave region which can be detected
using sensitive receivers in a similar manner to remote
sensing satellites. Because malignant tissue tends to
lie at a somewhat elevated temperature, this may be
detected without recourse to the more usual invasive
methods such as X-ray or ultrasound.

Photo courtesy Racal Electronics

Into The Future

Having charted the progress of the microwave
industry over the past 100 years or so, | will now
atternpt to predict microwave developments up to the
turn of the century, and allowing for some scientific
licence, into the 21st.

In order to consider these aspects it is necessary
to examine in more detail the design and engineering
changes which have occurred in the industry over the
last 10 years. First, and foremost, the use of computers
in the design of microwave circuits and components
has changed from an academic concept 10 years ago
to an essential design tool of the microwave engineer.
Even so, more research must continue in this field.
Many fundamental analysis techniques are still not
accurately modellable on PCs. Secondly, microwave
engineers have had to become far more interdiscip-
linary than of old. This trend must continue if we are
to design some of the equipment I will be alluding to
later in this section. Finally, the progress we have seen
in the field of materials technology must continue. The
1980s have seen major advancements in the manu-
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facture of ultra-pure semiconductor materials for use
in microwave integrated circuits and very low noise
devices. Possible emphasis in the 90s will be on room
temperature superconductor devices, and what have
become known as quantum devices.

On a somewhat pessimistic note, I predict that
the 90s will bring a decimation of the industry. Many
microwave companies will simply not be here at the
turn of the century. The reason for this funereal
attitude is the proportion of the industry which
presently lies in the military sector — currently about
90% world-wide, approximately 80% in Britain.

The military electronic market has been hit with
two blows. The first was the demise of the ‘Nimrod’
project. This was an enormous military contract which
went enormously wrong! The aim was to develop an
aircraft based submarine detection system. However,
after years of overspending and extensions to time-
scales, the government eventually called a halt to the
contract, but only after billions of defence pounds had
been wasted. Following the bad publicity this

Central London from remote sensing satellite
Photo courtesy NRSC Farnborough

produced, the whole military contracting system was
tightened up. Although in my opinion this was long
overdue, unfortunately as a consequence, less money
became available for research. We are five years on
from the ‘Nimrod’ affair, but the full repercussions have
vet to filter through and reflect in company profits.

Secondly, the changes seen in the USSR and
Eastern Europe recently will no doubt, result in a
change in attitude in the West which will be reflected
in the amount of money required to be spent on
defence. The massive defence budgets of the
1950-80s could be a thing of the past.

Which companies survive will depend on how
quickly they can change their image, marketing and
sales strategy, as well as how accurately they can
predict the changing popularities of the various
microwave applications. I believe company size will
be no advantage during this atrophy — the larger
companies, in order to survive, must reduce their
administrative inertia and be prepared to plough what
resources they have quickly into new and challenging
research ventures. They must be capable of gearing
up for large production runs of tens of thousands of

units within short timescales, then crash them down
at the whim of market forces, ready to begin on other
projects. Production lines for military contracts
typically took many man-hours to set up, were
extremely costly and production runs were often only
tens or hundreds of units. This expense was justified
on the grounds of military reliability requirements.
Each unit was heated, cooled, vibrated, dropped,
subjected to nuclear and thermal flashes, and only
then, if it was still functional, was it shipped. In
contrast, commercial quality control often entails
shipping the wretched thing, and if the customer
moans, exchange it.

Until recently, microwave electronics has been
one of the most expensive technologies. A bipolar
transistor costing 8p in the pages of an electronics
magazine would cost at least £40 when operation at
4GHzis required. A simple thing like a piece of wire,
say, 200mm long, has a negligible cost at dc, but when
operation is required at 10GHz, a length of waveguide
may be required, costing in the region of £10; at
100GHzg, getting on for £100. To be fair, these prices
reflect the research and technology costs and also high
raw material costs. The fact is, the military market
could afford it, the domestic market most definitely
cannot.

There is light at the end of the tunnel. Our
Rupert, bless his cotton socks, has done to the
microwave industry what Sir Clive Sinclair (remember
him?) did to the computer industry. A Satcom system
for under £200 would have been totally unbelievable
even five years ago — the fact that the standard of
programmes beamed down are also unbelievable is
a shame, but should not detract from the future
technical capabilities.

Consequently, I see microwave equipment
becoming increasing accessible to the public sector
and not just available to those who deal with the sharp
end of missiles. The question is, are there sufficient
applications to go around once the military market has
been pruned to the roots? I believe the answer to be
positive if the correct attitude is taken by industry and
the Government.

Most of this article has been paying compliment
to the remarkable achievements of the last century,
but let us stop for one moment and consider what has
not been achieved. Some of the non-accomplish-
ments of science are equally remarkable!

We may, for example be able to detect many
missiles approaching a target simultaneously, but a
vacuum cleaner is yet to be marketed which can
successfully detect comparatively static furnishings in
atypical lounge and thereby automate the tedium of
housework. We can monitor troop and tank move-
ment from space, but, as vet, do not have the
technology to warn a driver when he is about to collide
with another vehicle. Using direction finding
technology from space we can locate, to within
metres, an inflatable dinghy in the vastness of the
Pacific, yet 5% of all city traffic, at any one time is, in
fact, lost! Information transfer of a military, or business
nature is incredible, both in terms of quality and
quantity, but many areas of the third world are unable
to inform us of their plight by any means of
communication.

The secret to be the continuance of a successful
microwave industry lies in reduction of costs, mass
production and research into applications which will
appear in the high street store, not military exhibitions.
Applications to the end of the century will, however,
maintain the methodologies currently used in heating,
radar, remote sensing and communications.

Colin White is a lecturer in microwave
technology at Portsmouth Polytechnic.
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SERIAL OR PARALLEL
LOUDSPEAKERS

hen the terms serial or paralle! are
applied to a loud speaker it is
usually related to the speaker’s
electrical connections. In this
article, however, the terms are used
to denote the speaker’s acoustic output. To clarify this,
most people have heard a speaker system that uses
more than one driver for the same frequency. This
configuration is an example of the parallel function

The reason that most listeners are not familiar
with the serial function is that it is relatively new and
can only be found in speaker systems that use a plastic
film for the moving element. To illustrate this tech-
nology, this article will describe the theory, operation
and construction of an electrostatic or ESL speaker.
This knowledge will then be used to show the
advantages of a serial speaker.

The primary purpose of a loudspeaker is to
convert electrical into acoustic energy. This transfer,
in a conventional or electromagnetic speaker, is a
function of the force produced by a magnetic field.
Basically this type of speaker is made by connecting
a coil of wire that has been wound on a form, to a
paper or plastic cone. Following this, the coil is
positioned inside a magnetic field that is produced by
a permanent magnet. As the current from an audio
amplifier flows through the colil, it will create another
magnetic field. This field, will either produce a force
of attraction or one of repulsion. The cone, which is
attached to the coil, will follow this movement and the
air molecules next to its surface will be excited by the
moving cone. As time passes this molecular move-
ment will travel away from the source and be detected
by our ears. Our brain will interpret this motion as a
sound coming from the speaker

While the above method of sound reproduction
is the most common it is not the only type of
transducer that can shift energy from one form to
another. Many experts in sound reproduction have
discovered the outstanding performance of an
electrostatic speaker,

Without knowing anything else about it, the
name implies there is a difference between it and the
electromagnetic speaker. While a conventional
speaker relies on the force produced by a magnetic
tield, the ESL uses an electric field to accomplish a
similar task. Because the electrostatic forces are
usually smaller than its electromagnetic counterpart,
the material that moves the air molecules is also much
lighter.

Historical

The principles which govern the performance of an
ESL have been known for many years. Their
development, however, was hindered by many
problems, In the early days (before the second world
war) the limitations were mainly in the materials
needed to make the diaphragm. While this problem
reduced their commercialisation, it did not stop their
developrnent. One inventor solved this dilemma by
making the diaphragm out of a cloth that had been
impregnated with metallic thread.

The most significant contribution to the develop-
ment of the ESL was the invention of mylar by the El
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Fig. 1 Electrostatic speaker with
multiple diaphragms. Photo
courtesy of the Sound Lab. Co, Utah.

Dupont Corporation. This material was patented in
1949, Since that time, most commercial electrostatic
speakers have used it for a diaphragm. One of the first
was a speaker made by Arthur Janszen. [n the early
fifties Janszen produced an electrostatic tweeter array.
His product was usually paired with a book shelf
speaker from Acoustic Research. Later Janszen
produced a full range speaker, and it became well-
known as the KLH-9,

Another well-known speaker of that era was the
Pickering Isophase. It was produced by the Pickering
Company, which also made the best and most widely
accepted phonograph cartridge. Unfortunately, their
electrostatic speaker never enjoyed the same
popularity.

In the United Kingdom, Peter Walker, of the
Acoustical Manufacturing Company, and DTN
Williamson, of Ferranti Wireless Works, designed the
first Quad electrostatic speaker. This ESL enjoyed
many years of successful production, but it was
eventually replaced (in 1982) by a newer and
improved model called the Quad 63.

Although each of the early speakers had some
unique characteristic, they had trouble competing with
the conventional speaker. Besides their cost, they
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lacked the power needed to reproduce adequately the
bass frequencies. Another factor in their acceptance
was public opinion about what represented good bass
response. Most listeners of that time associated good
bass with the boom boxes that were popular in the
tifties and early sixties.

Gradually as the public’s appreciation for high-
quality sound improved, so did the technology of the
electrostatic speaker. Besides an increase in the
diaphragm area, the Quad 63 uses an electrical delay
line to create a sound field with a spherical wavefront.
Not only is this a significant accomplishment from a
flat diaphragm, but the results closely resembles how
a sound is produced by an ideal source.

In the early 70s the engineers at Koss Inc. came
up with another interesting idea for improving the
performance of an ESL. Their concept was to increase
the number of diaphragms. Many years later in 1985
Harold Beveridge patented a technique for making
a speaker with a multiple diaphragm. Today, the
Sound Lab Company, of Park City Utah, makes an
ESL that uses a multiple diaphram (see Figure 1). It
is this configuration that produces the serial function.

r2

Fig. 2 Electric field around a charged object.
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Electrostatic Principles

Electrostatics is the science of electricity that deals with
objects that have been electrically charged. When an
object is charged, it will be surrounded by an electric
field. This field in turn produces a corresponding
electrostatic force. If an uncharged object is brought
near one that has been charged, it will be influenced
by the force that surrounds the charged object. When
two charged objects are situated near each other they
will produce an interactive force. The direction of this
force is determined by the polarity of the charges, and
it is similar to the force that exists around two magnets.
That is, like charges will repel each other and unlike
charges will have a force of attraction.

.

Electric Charge

People are usually aware that liquids, gases and solids
are made up of many atoms. Every atom, in turn, has
two basic parts. In the centre is the core or nucleus.
It has a positive charge. Orbiting around this core is
one or more electrons. Each electron has a negative
charge. The material's characteristic will determine

how many electrons revolve around the nucleus. In
most materials the positive charge on the nucleus is
equal to the negative charge produced by the
electrons, and the atom remains neutral.

One important characteristic of an atom is its
ability to gain or lose an electron. When it gains an
electron it is called a negative ion. This means that it
will have a negative charge. Similarly if an atom loses
an electron it becomes a positive ion, and it will have
a positive charge.

The charge acquired by an object is determined
by the total number of electrons revolving around the
nucleus of each atom. Normally this charge is very
small and it makes them inconvenient to use in
calculations, To overcome this situation, electrical
charge is measured in coulombs, and one coulomb
is equal to 6.28x10'? electrons.

Electric Field

If a spherical object is electrically charged, there will
be a uniform electric field surrounding it. This is shown
in Figure 2. The lines spreading out from the sphere
represent the lines of an electric field. As they diverge,
they get farther apart. The strength of the field, at any
distance, is dependent on the number of lines per unit
area. Atthe inner radius (r1) the electric field is greater
than it is at the outer radius (r2). For any position
around the charged sphere the strength of the electric
field can by calculated by:

Fs=(kxQ)/R?
where Fs is the field strength in newtons/coulomb and
k is a value that depends upon the units of
measurement.
Qisthe electric charge in coulombs and R is the radial
distance from the sphere in metres.

Force Produced By An Electric
Field

If an object is located some distance from a charged
sphere, it will be influenced by the force of the electric
field. This force can be calculated by:

F=FsxQ
where F is the force in newtons.

The above formula only applies to a single object
that has been placed in an electric field. It also assumes
that the object is small and does not disturb the electric
field produced by the sphere. When two charged
objects are near each other the force between them
is equal to:

F=kx (QlxQ2)/R?
where Q1 is the charge on one object, Q2 s the charge
on the other object and R is the distance between
objects in metres.

As an example of this last equation, suppose two
spheres are located one metre apart. Each of the
spheres has a negative charge of one coulomb. The
force between the spheres is equal to:

F=9.07x(-1x-1)/(1)?
=9.07 newtons

(Multiplying this result by 0.248 will produce an
answer in pounds.) Because both spheres have the
same polarity, the force between them is one of
repulsion. Changing the charge polarity on either one
of the spheres will produce a force of attraction.

Speaker Capacity

In electronics, a device that has two or more plates
and stores energy in an electric field is called a
capacitor. An electrostatic speaker is analgous in the
respect because it will store energy in the electric field
between the plates and the diaphragm.
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Fig. 3 Electrostatic speaker with grille cloth removed.

Storing energy is similar to stockpiling something
in a glass jar. The storage capacity of a glass jar is
determined by the diameter and height of the jar. lts
capacity is measured in such terms as pints, quarts or
gallons. In an ESL the storage capacity is determined
by the size of the plates, and the distance between
them and the diaphragm. This capacity is measured
in an electrical unit called the Farad.

One of the difficulties associated with this unit of
measurement is that it is too coarse, and does not
provide an accurate indication of the storage
capability. To illustrate, suppose the measuring system
for the jars did not have a smaller unit. All
measurements had to be made in gallons. A half pint,
for instance, would be 1/16 of a gallon. Such a system
is not very convenient or accurate and fortunately the
other sizes are available.

Because the Farad is also a large unit of
measurement the storage capacity for a capacitor or
an electrostatic speaker is indicated in smaller units
such as the micro or pico farad. The microfarad is one
millionth of a Farad, while the picofarad is one
millionth of a microfarad.

The storage capacity of an ESL is also dependent
on the material that separates the plate from the
diaphragm. Usually this space is filled with air, and the
capacity can be determined by:

C=(kxA)/d
=(8.85x10-'2xA)/d
where C is the storage capacity in Farads, k is a
constant that assumes the separation is filled with air
(8.85x10" '?) and A is plate area in square metres.
dis the distance between the plate and the diaphram
in metres.

For a speaker with a plate size of 24 by 24 inches,
the equivalent area is 0.372 square metres. If the
distance between either one of the plates and the
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diaphragm is 0.0625 inches, this corresponds to

1.5875x 10~ ? metres. Using the metric values the

storage capacity for this speaker is:
C=1[(8.85%x10""1%)%(0.372)/(1.5875x 10~ 2)

= 2074 picofarads
This is the capacity between the diaphram and either
one of the plates.

At this point most of the basic factors pertinent
to the fields of electrostatic have been defined. This
information can now be used to describe how they are
incorporated into an electrostatic speaker. Before
doing this, however, the following section will briefly
describe how an ESL is made.

Electrostatic Speaker
Construction

The photograph shown in Figure 3 is an ESL with its
grille cloth removed. This particular speaker system
consists of two speaker panels plus some associated
electronics. Because the two panels are the same, the
following description can be applied to either one.

The easiest way to visualize how an electrostatic
speaker is made is to think of it as a cheese sandwich.
On the outside the bread is replaced by a pair of
conductive plates. In addition to their conductivity the
plates must also be acoustically transparent. This is
accomplished by using a perforated material. The
open area is approximately 50% of the plate area.

The cheese, in the sandwich, is replaced by a
thin, moveable, conductive diaphragm. Although the
cheese and the bread are often separated by butter,
the diaphragm and the plates are isolated by a layer
of air. Support for the diaphragm is provided by
stretching it over a set of spacers. They are located on
the outer edge of the speaker panel. The diagram
shown in Figure 4 illustrates the basic construction of
an elctrostatic speaker.

Electrical Characteristics Of A
Speaker

The electrical characteristics of an ESL can be divided
into two parts. The first will cover those factors that
are associated with a stationary diaphragm, and the
second will address what happens when the diaphram
is moving.

The charge used in an electrostatic speaker is
produced by a high voltage power supply. Its purpose
is to establish a linear electric field between each of
the plates and the diaphragm. Its output voltage is

PLATES

DIAPHRAGM

L

SPACERS

Fig. 4 Electrostatic speaker construction.

39

s Lk L e

Rt U




40

determined by the type of speaker. A bass speaker,
for instance, has a large plate-to-plate diaphragm
separation. It will require a greater voltage than either
a mid-range or tweeter speaker, to establish the same
linear electric field. As shown in Figure 5a, this power
supply is connected between the two plates and the
diaphragm.

Diaphragm Force

When the high voltage, shown in Figure 5a, is

supplied each plate produces a force of attraction for

the charge on the diaphragm. This force is equal to:
F=(9.07xQ)/d?

e
0

i

Fig. 5 DC and AC electrostatic speaker connections.

This equation is similar to the one shown in the section
on the electric field. The Q in this case is the charge
between either of the plates and the diaphragm. lts
value can be determined by:
Q=CxV

where C is the plate to diaphragm capacity in farads
and V is the voltage between the plates and the
diaphragm.

For a speaker with a capacity of 2074 picofarads
and a power supply or bias voltage, V, of 3000 volts,
the charge is equal to:

=2.074 %10~ °x 3000
=6.22x10" ¢ coulombs

Inserting this value into the force equation
provides the following result.

F=[9.07 x (CxV)]/d?
=22.4 newtons or 5.55 pounds
Because the diaphragm and the plates have opposite
polarities, the force is one of attraction. It tends to draw
the diaphram toward one of the plates. The status
condition is due to the speakers symmetrical
construction.

Field Strength

The application of a voltage between the plate and
the diaphragm, produces another important speaker
characteristic. In this case, it is the strength of the
electric field. This value is usually specified in volts/mil

(where a milis 0.001 inches) and can be calculated by:
E=V/

where E is the field strength in volts/mil, V is the

voltage between the plates and the diaphragm and

d is the distance between the plates and the

diaphragm in mils.

For a speaker with a plate to diaphragm spacing
of 0.0625 inches and a polarizing voltage of 3000 volts
the field strength is 3000/62.5 or 48 volts/mil. The
significance of this parameter is shown in Figure 6.

Field Strength Limits

The maximum limit to the field strength is determined
by the material used to separate the charged surfaces.
People who have witnessed an electrical storm have
seen what happens when this material limit is
exceeded. In this case, the two charged bodies have
produced a very large electric field. When the strength
of this field exceeds the limits of the material that
separates them, in this case the air, there is a flash of
lightning.

For an ESL the maximum limit is determined by
the strength of their air gap. If enough voltage is
applied across the plate to diaphragm spacing, the air
between them will also break down. When that
happens a spark will jump between the two charged
surfaces. The maximum voltage that can be placed
across the air gap of an electrostatic speaker is 75
volts/mil.

The Dynamic Speaker

Although a conventional speaker has been referred
to as a dynamic speaker, in this instance the word
dynamic is used to indicate an ESL with a moving
diaphragm.

The preceding material has described some of
the factors that affect an ESL with a stationary
diaphragm. ‘To make the diaphragm move, and
achieve dynamic performance, the plates must be
connected to a source of AC voltage. The method for
applying this voltgage is shown in Figure 5b. When
the AC voltage from the source (es) is zero, the
diaphragm will be in its centred position. As the source
voltage increases it will produce an AC voltage
between points a and c in Figure 5b.

The polarity of the voltage on the plates is
determined by both the transformer connections and
by the AC signal. If the voltage between a and b has
a positive polarity, then b and ¢ will have an equal
amplitude but a negative polarity. When the
alternating voltage shown in Figure 5¢c has reached
its positive peak (Vp) the diaphragm will have reached
the maximum limit of its excursion. In Figure 5b it will
be closest to the plate connected to terminal ¢ of the
transformer. When the voltage reverses itself and the
input reaches its negative peak (—Vp) the diaphram
will be closest to the opposite plate.

In 1954 Professor FV Hunt of Harvard. wrote a
book on Electro-acoustics. In it he mathematically
defined the relationship between the alternating
voltage and the force on the diaphragm. The book
states that if an ESL uses a constant potential
difference to establish a force on a moving diaphragm,
it will have a non-linear output. In other words the
output will be distorted. The solution proposed by
Professor Hunt was to create a constant charge on the
diaphragm. This is achieved by placing a very large
resistor in the output of the power supply (see Figure
5d). The resistor does not affect the static force
produced by the bias voltage, V.

To maintain a constant charge, the moving
diaphragm must not produce a current flow in the
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resistor. This is accomplished by making the time -2+
constant (RC) very long. The R in this equation is the
value of the resistor and C is the speaker’s capacity. )
If the time constant is greater than the half period of e
the speakers lowest frequency there will be no current 2 '.
flow through the resistor, and the diaphragm will have Z g =
a constant charge. z :
After the diaphragm has been charged, the AC § ~10—~ 1
voltage between a and ¢ will produce an alternating g |
force. When this voltage reaches its peak value the © -12-
force of attraction on the charged diaphragm is equal
to: 1]
F=ExQ L |
where Fis the force in newtons, E is the field strength
in volts/metre and Q the charge on the diaphragrm. el i
To obtain the maximum acoustic output the i
peak-to-peak value of the AC voltage must be equal ~3g l T | —TTTTT :
to the field intensity set by the charging voltage. 100 1,000 10,000
Because the plate-to-plate separation is twice the plate ) ) . LS £l
to diaphragm spacing, the AC voltage must be at least Fig. 6 Speaker output against bias voltage. f
twice the charging voltage. For a field intensity of 50 R i
volts per mil and a spacing (plate-to-plate) of 0.125 Dlaphragm Power _
inches, the AC voltage must be 6250 volts. This will  pen an object is moved over a distance in a specified §
make the field intensity, in metres, equal to: time, it requires some expenditure of energy. The @
’ E=.V/d power required to move the diaphragm can be :
where V is the voltage difference between the two determined by using the RMS value of both the force
plates and d is the distance between the two plates, and the distance. That is: :
in metres. P=(F, .xd, )/t 3
Therefore: | where P isthe power required to move the diaphragm I t
E=6250/(0.125x2.54x1077) (in watts) and t is the time required to move the fit
=1.969x10°¢ volts/metre diaphragm. E.:
Multiplying this bg{ the charge on the diaphragm For afrequency of 100Hz, this power is equal to: i"‘:
produces a force that is equal to: P=(12.25/2x0.707)[(0.125x 2.54 x 10~ /2) x0.707] i
F=(1.969%x10°%) x (6.22x 10~ ¢) : X 001 : f _
=4 e P =0.486 watts or 486 milliwatts il
il
TO BE CONTINUED ETIl I
b
i
if
Peerless CC FORCE
!
. w I
Wilmslow Audio's NEW range of il
speaker kits from Peerless. f:
Y g This new range of four kits utilise e f
ELECTRONICS DISTRIBUTORS FOR TRADE, CC technology drive units —— ‘{
INDUSTRY, EXPORT, EDUCATION AND HOBBYISTS Rl REC e es ]
The kit contains all the cabinet !
BIG DlscouNTs SPECIAL OFFERS components (accurately b
cAR ENLICATION Dmm was (£18.95) £13.95 machined from smooth MDF 4
FOY Il_'_)_- JANTLTY (30 models stocked) for easy assembly) &
:rguﬁ:?uwtgg?éag%l%qls 59%“‘ Pictured here the Force 6, ;
[ ] Tnhfsurﬂn:':ﬂl VHF/UHF TV/EM Ampfif.ier a large floor standing design. 4
u Tatltnens was (£11.95) £9.95 T i
{UK'slargest Analogue MM 27 Ranges Sl L
CAP/Hte/Temp/10A AC/DC e Bl
etc. was (£39.95) £29.95 . 32 HZ - 20 KHZ 0
ALL PRICES INCLUDE VAT : AMP Suitabllity: 30-120w i
FRER Impedence: 8 ohms £
CARPARKIN =
m Ve Dn Qo Cr ks e O S
gpeakers for Hi-FL in car, *your ticket when purchasing and Force 2 £159 £13pr. B!
| | ‘:;'w _ Getone hour as discount Force 4 £179 £13 zr' .[
; Forced £199 g£15pr. 5
AND TELEPHONED OROERS 1> Force8 £245 £15pr. i
I | — R All kits are available in Plus and — | | L.;'
| -| E n Rv .S AUDIO .S Basic forms. |! {_;
ELECTRONICS s Curity ° el
gton Close, i
404 Edgware Road, London W2 1ED Compopgny WI I mSIOW Parkgate Trading Estate i
Instruments/Audio 071-724 3564 11 00y 2 frgg T ° Knutsford Cheshire ]
Security/Communications/CCTV 071-724 0323 SAE fo LerS, oo i é WA16 8DX #
Components 071-723 1008 Fax: 071-724 0322 st | Ualo | i 4
Trade/Education/Export 071-258 1831 ; # - Tel: (0565) 50605 i
Account facilities available. DIY Speaker catal £1.50 Teleph dit card =
bodt o6 (oxpert £3.50) D e ) i
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ONE POUND BARGAIN PACKS

All packs are £1 each. Note the figure on the exireme left is the
pack ref number and the next figures is the quantity of items in
ihe pack, finally a short description

BD2 5 13Aspursprovide afusedoutletto aringmain where device
such as a clock must not be switched off

BDS 2 6v 1A mains transformers upright mounting with fixing
clamps

BD13 12 30waltl reed switches, it's surprising whal you can make
withe these -~ burglar alarms, secret switches. relay etc. etc

BD22 2 25waltloud speaker two unit cross—overs

BD30 2 Nicad constantcurrent charges adapt to charge aimost any
nicad battery

BD32 2 Humidity switches, as the air becomes damper the
membrane stretches and operates a microswitch

8D42 5 13Arocker switchthree1agsoon/off, or change over with
centre off

BD45 1 24hr time switch, ex—Electricity Board, automatically
adjust for lengihening and shortening day.

BD49 5 Neonvalves, with series resistors, these make good night
lights

BDS6 1 Miniuniselector, one use is for an electric jigsaw puzzle,
we give circuitdiagram forthis One pulseintomolor, moves
switch through on pole

BD67 1 Suck or blow operated pressure switch, or il can be
operated by any low pressure variations such as water level
In water fanks

BD103A 1 6v750MA power supply, nicely cased withinputand outpul
leads

BD120 2  Stripper boards each contains a 400v 2A bridge rectifier
and 14 other diodes and rectifiers as well as dozens of
condensers etc

BD132 2  Plastic boxesapprox 3" cube with square hole through top
soideal for inlerrupled beam switch

BD134 10 Molors for model aeroplanes, spin to start so needs no
switch

DB137 1 6%" 40HM Speaker 10 wati rating

BD139 6  Microphone inserts — magnetic 490 ohm also act as
speakers

BD148 4  Reedrelaykits youget 16reedswitchesand4coil sets with
nates on making c/o relays and other gadgets

BD148 6  Safety coverfor 13A sockets — prevent those inquisitive
little fingers getting nasty shocks

BD1B0 6  Neonindicatorsin panel mounting holders with lens

BD193 6  5amp3pinflushmouniing sockeis makesalowcostdisco
panel — need cable clips

BD199 1 Mainssolenoid very powerful has 1” pull or could pushif
modified

BD201 8  Keyboardswilches —made for computers but have many
other applications

BD211 1 Electricclockmains operated putthisinabox and youneed
never be late

BD221 5  12v alarms make a noise about as loud as a car horn
Slightly solid bul OK

BD252 1  Panostat, controls output of boiling ring from simmer to boil

BD259 50 Leads with pushon %" lags — a must for hook ups —
mains conneclions etc

BD263 2  Oblongpushswitches for bell or chimes, these can mains
up lo 5amps so could be foot switch if fitted into pattress

BD268 1 Mini1watiamp forrecord player. Willalso change speed
of record player motor

B8D305 1 Tubular dynamic mic with optional table rest

BD653 2  Miniaturedriver transformers, RefLT44 20k to 1k, centre
tapped

BD548 2  35voltrelays, each with two pairs changeover contacts

BD667 2  47uf,non-polarised block capacitors, pcb mounling

TV SOUND DECODER. Nicely cased, mains powered with 8
channels. Will drive a small speaker directly or could be fed into Hi Fl system
etc, £12.00 each. Ref: 12P22

VIDEO TAPES These are three hour tapes of superior quality, made
under licence from the famous JVC Company. Offered atonly £3each. Qur
ref 3P63. Or 5 for £11. Our rel 11P3. Orfor the really big user 10 for £20. Our
ref 20P20

ELECTRONIC SPACESHIP.

Sound and impact controlled, responds to
claps and shouls andreverseswhen it hits
anything. Kit with really detailed instruc-
tions. Ideal present for budding young
electrician. A youngster should be able to
assemble but youmay have to helpwiththe
soldering of the components on the pcb. Complete kit £10, Our ref 10P81.

2KV 500 WATT MAINS TRANSFORMERS. Suitable for

high voltage experiments or as a spare for a microwave oven etc. £1000. Ref:

12" HIGH RESOLUTION MONITOR. Amber screen,
beautifully casedfor free standing, needs only a 12v 1. 5amp supply.
Technical data is on its way but we undersland these are TTL input
Brand new in maker's cartons, Price: £22. Order ref 22P2

STC SWITCHED MODE POWER SUPPLY 220V or
110V operationgiving5Val2A +24at 25A +12al 15Aand +90V at 4A
£12.00 each. Ref: 12P27.

COMPOSITE VIDEO KITS. These convert composite videointo
separate h-sync, v-sync and video. Price £8 Our ref 8P39

BUSH RADIO MIDI SPEAKERS. Stereo pair. BASS reflex
syslem, using a full range 4in driver of 4 ohms impedance. Mounted invery
nicely made black fronted wainut finish cabinets. Cabinet size approx 8'%2in
wide, 14in high and 3"2in deep, Fitled with a good length of speaker flex and
terminating with a normal audio plug. Price £5 the pair Our ref 5P141

3%2in FLOPPY DRIVES. We still have two modelsin stock: Single
sided, 80track, by Chinon. Thisisinthe manufacturers metal case withleads
and IDC connectors. Price £40, reference 40P1. Also a double sided, 80
track, by NEC. Thisis uncased. Price £60, reference 60P2. Bothare brand

new.
YUASHA SEALED LEAD ACID BATTERIES 6V 10AH
only £9.00 each or 2 for £15.00. Ref: 15P37.

SINCLAIRC5 WHEELS
Including inner tubes and tyres. 13" and 16” diameter spoked
polycarbonate wheelsfinishedin black. Only £6 each. 13" rel 6P20
16" ref 6P21

PCSTYLE CASES 18" x18" x6". Complete withfan andgrill
illuminated power switch and IEC filtered power input plug. Priced al only
£1500. Ref: 15P38.

VERY POWERFUL 12 VOLT MOTORS. 1/3rdHorsepower.
Made todrive the Sinclair C5 electric car but adaptable to power ago-kan,
amower, arail car, model railway, elc. Brand new. Price £20, Our ref 20P22
PC POWER SUPPLIES. Brand new with builtin fan and power

swilchontheback +5 -5 +12 12 150 watt made by AZTEC. £2500each
Ref: 25P18

PHILIPS LASER
Thisis helium-neon and has a power rating of 2mW. Completely safe
solong as you do not iook directly into the beam when eye damage
could resuit. Brand new, full spec, £35. Mains operated power supply
forthistube gives8kvstrikingand 1.25kv at5mArunning. Complete
kil with case £15

There are over 1,000 items in our
please request this when ordering.

ifyouwanta copy

PERSONAL STEREOS Again customer returns but complete and
with stereo head phones. A bargain at only £3 each. Our ref 3P83

MAINS OPERATED MICROWAVE CONTROL
PANEL WITH TOUCH SWITCHES This has a4-digit display
with abuilt-in clock and 2 relay outputs, 1for power and 1 for pulsed power
level. Could be used for all sorts of timer control applications. Only £6. Ref

EQUIPMENT WALL MOUNT. Multi-adjustable metal bracket
for speak, etc. 2 for £5. Our ref 5P152

STABILISED POWER SUPPLY KIT. +—+/vV20A Contains
PCB, transformer and all components excluding case, etc. Our price s £20
Ref 20P25.

KEYBOARDS. Brand new uncased with 84 keys plus PCB with
several ICs Only £3. Ref 3P89

SUB-MIN TOGGLE SWITCH. Body size Bmmx4mmx7mm
SBOT with chrome dolly fixing nuts. 3 for £1 Order ref BD848

COPPER CLAD PANEL. For making PC8 Size approx 12in
longx 8'%2in wide. Dauble-sided on finragiass middle which is quite thick
(about 1/16in) so this wowld stippart quite heavy companants and could even
forma chassisio hold a mains iransiormer sic, Prica £1 gach, Ourref BD633.

POWERFUL IONISER
Generales approx 10 times more IONS than the ETI and similar
circuits. Will refresh your home, office, workroom etc. Makes youfeel
better and work harder — a complete mains operated Kil, case

included. £18. Our ret 18P2

REAL POWER AMPLIFIER. Foryourcar,ithas 150 watts output
Frequency response 20hz to 20Khz and signal 1o noise ratic better than
60d/b. Has builtin short circuit protection and adjustable input level to suit
your existing car stereo, so needs no pre-amp. Works into speakersref. 30P7
described below. Areal bargain at only £5700. Order ref: 57P1.

REAL POWER CAR SPEAKERS. Stereo pair output 100w
each 4-Ohmimpedence and cansisling of 6%2" woofer, 2" mid range and
1" tweeter. [deal to work with the amplifier described above Price per pair
£3000. Order ref: 30P7.

ORGAN MASTER is a three oclave musical keyboard. It is
beautifully made, has full size {piano size) keys, has gold plated contacts
andis complete with ribbon cable and edge connector. Can be used wilh
many computers, requestinformation sheet. Brand new, only £15 plus £3
postage. Our ref 15P15.

HIGH RESOLUTION MONITOR. 9in black and white, used
Philipsiube M24/306W Made upinalacqueredframe and has open side
Made for use with OPD computer but suitable for most others. Brand new,
£20. Ref 20P6

12 VOLT BRUSHLESS FAN. Japanese made The popular
squareshape41/2in x 41/2in x 13/4in}. The alectronically run fane notonly
consume very little currant bt alsothey do not cause interference asihe
brush type motors do. ideal for cooling computers, ate., or for & caravan, €8
each, Our ref 8P26.

MINI MONO AMP onpeb sized” = 2 (app.)
Fitted Volume conirol. The amplifier
has three transislors and we estimate
the output to be 2W rms. More
technical data will be included

with the amp. Brand new, perfect
condition, offered al the very low
price of £1.15 each, or 13 for £12,

NEW MAINS MOTORS. 25 walt 3000 rpm made by Framco
approx 6" x4" x3" priced at only €4, Ref 4P54

SHADED POLE MOTORS. Approx 3" square availablein 24V
AC or 240V AC, both with threaded outpul shaft and 2 fixing bolts, Price is
£2 each 24V ref 2p65. 240V ref 2P66

MICROWAVE TURNTABLE MOTORS. Complete with
weight sensing electronis that would have varied the cooking time. Ideal
for window displays etc. Only £5. Ref 5P165

SURFACE MOUNT KIT. Makes a super high gain snooping
amplifier on a PCB less than an inch square! £7. Rel 7P15,
INDUCTIVE PROXIMITY SWITCHES. Made by Honeywell
these units are brand new and otfered at only £12 each which is a fraction
of their normal price 10-36V DC model ref 12P19 or main version 12P20
1990 CATALOGUE NOW AVAILABLE PLEASE
SEND 6" x "9 SAE FOR FREE COPY

BULL ELECTRICAL

Dept. ETI, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.
MAIL ORDER TERMS: Cash. PO. or cheque with order. Please add £2 50
service charge. Monthly account orders ascept from schools and public
companies. Access & Barclaycard orders are accepted — minimum £5.
Phone (0273} 203500. Fax 23077

POPULAR ITEMS — MANY NEW THIS MONTH
1990 CATALOGUE now available — phone for copy.

YUASALEAD ACID RECHARGEABLE BATTERIES.
19AH 12v, £600 each

JOYSTICKS for BBC, Atari, Dragon, Commodore, C64 only. All £5 each
All brand new, state which required.

BOSCHERT SWITCHED MODE POWER SUPPLIER.
+5at 15A +12at3A -12at2A +24at2A 220vor 110vinput. Brand new and
guaranteed Retail price is £180!! ours £20 Rel: 20P30.

SUB-MIN PUSH SWITCHES Not much bigger than a plastic
transistor but double pole. PCB mounting. Three for £1. Our ref BD688.

AA CELLS. Probablythe most popular of the rechargeable NICAD types.
4or£4. Ourref 4P44.

20 WATT 40HM SPEAKER With built intweeter. Really well made
unitwhich has the power and the quality for hi-fi. 6%2in dia. Price £5. Ourref
5P155 or 10 for £40 ref 40P7.

MINI RADIO MODULE Only 2in square with ferrile aerial and solid
dia tuner with own knabs. Itis a superhet and operates from a PP3 battery and
would drive a crystal headphone. Price £1. Our ref BD716.

BULGIN MAINS PLUG AND SOCKET. Theold/aithful 3pin
with screw terminals. The plug is panel mounted and the socket is cable
moBuSiedsz pairs for £1 or4 plugs or 4 sockets for £1. Our ref BD715, BD715P
orBD715

MICROPHONE. Low cost hand hetd microphone with onioff switch
inhandle, lead terminatesin one 35 plugandone 2 5plug. Only £1. RefBD711

MOSFETS FOR POWER AMPLIFIERS AND HIGH
CURRENT DEVICES 140v 100w pair made by Hitachi. Availablein
H pack Ref 28J99 and 25K343 £4 a pair. Ref 4P51

TIME AND TEMPERATURE LCD MODULE. A 12 hour
clock, aCelcius and Fahrenheitthermometer, atoo hot alarm and atoo cold
alarm, Approx 50 x 20mm with 12 7mm digits. Requires one AA battery and
af'evéswitches Comes complete with full data and diagram. Price £9. Our
rel 9P5

REMOTE TEMPERATURE PROBE FOR ABOVE. £3
Our ref 3P60.

600 WATT AIR OR LIQUID MAINS HEATER. Small coil
heater made for heating air or liquids. Will not corrode, lasts for years, coil
size 3inx 2in mounted on a metal plate for easy fixing, 4india. Price £3. Rel
3F78 or 4 for £10. Our ref 10P76

EX EQUIPMENT SWITCHED MODE POWER
SUPPLIES. Various makes and specs but generally +5, 12y, ideal
bench supply. Only €8 Our ref P36

ACORN DATA RECORDER. Made for Electron or BBC computer
but suitabie for others. Includes mains adaptor, leads and book. £12. Ref
12P15

PTFE COATED SILVER PLATED CABLE. 19 strands of
.45mm copper, willcarry up lo30A andis virtually indestructable. Available
inredorblack. Regular priceis over £120 per reel, our price only £20 for 100m
reel, Ref 20P21 or 1 of each for £35. Ref 35P2, Makes absolutely superb
speaker cable!

NEW PIR SENSORS. Infrared movementsensors will swilch upto
1000W mains. UK made, 12 months manufacturers warranty. 15-20m range
with a 0-10min timer, adjustable wall bracket, daylight sensor. Only £25.00.
Ref 25P16

GEIGER COUNTER KIT. Includestube, PCB and all components
to build a 9V operation geiger counter. Only £39. Ref 39P1

BBC JOYSTICK INTERFACE. Converts a BBC jotstick port to
an Atari type port. Price £2. Qur ref 2P261

TELEPHONE EXTENSION ILEAD. 5M phone extension lead
with plug on one and socket on the ather. White. Price £3 Our ref 3P70 or 10
leads for only £19! Ref 19P2

LCD DISPLALY. 4»in digits supplied with connection data£3 Ref 3P77
or 5 for £10 Ref 10P78.

CROSS OVER NETWORK. 8 ohm 3-way for tweeter midrange
andwoofer. Nicely cased with corinections marked. Only £2. Qur ref 2P255
or 10for £15 ref 15P32

BASE STATION MICROPHONE. Top quality uni-directional
electret condenser mic 600r impedance sensitivity 16-18KHz —68db built
in chime, complete with mic stand brackel. £15, Ref 15P28,

MICROPHONE STAND. Very heavy chromed mic stand, magnetic
base 4in high. £3if ordered with above mic. Our rei 3P80

SOLARPOWERED NI-CAD CHARGER. 4Nicad AAbatiery
charger charges 4 batteries in 8 hours. Price £6. Our ref 6P3

MAINS SOLDERING IRON. Price £3 Our ref 3P85.
SOLDERING IRON STAND. Price £3 Our ref 3P66
C5 GEARED MOTORS.Please phone for Price and Availability.

CAR IONIZER KIT. Improve theair in your car, clears smoke and helps
prevent fatique Case reqPrice £12. Our ref 12P8

NEW FM BUG KIT. New design with PCB embedded coil 9v
operation Priced at €5. Our ref 5P158

NEW PANEL METERS. 50UAmovementwith three difierent scales
that are brought into view with a lever. Price only €3 Ref 3P81,

STROBE LIGHTS. Fil a standard Edison screw light fitting 240v
40/min flash rate, available in yellow, green, complete with sockel. Price £10
each Ref 10P80 (state colour reqd)

ELECTRIC SPEED CONTROL KIT. Suitable for controlling
our powerful 12vmotors, Price £17. Ref 17P3 (heatsink required).

EXTENSION CABLE WITH A DIFFERENCE. Itisflaton
one side, making it easy to lix and look tidy. 4 core, suitable ior alarms, phones
etc. Our price only £5 for 50m reel. Aef 5P153.

METAL PROJECT BOX. Ideal for battery charger, power supply
elc,, sprayed grey, size 8" x 4" x 47", jouvred for ventilation. Price £3. Ref
3P75
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ELECTRONICS

PCB

SERVICE
October

TODAY INTERNATIONAL

[

E9010-1 Component Tester
E9010-2 Active Contact Pickup
E9010-3 R4X Longwave Receiver

PCBs for the remaining projects are available from the companies listed in Buylines.

Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference
numbers. This not only identifies the board but also tells you when the project was published. The first two numbers
are the year, the next two are the month

Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice
if required. Such orders will not be processed until payment is received.

E8909-3
E8909-4
E8909-5
E8910-1

E8910-2
E8911-1

E8911-2

E8911-3

E8911-4

E8912-1

E8912-2
E8912-3
E8912-4
E8912-5
ES001-1

ES001-2
E9001-3
E9001-4
E9002-1
E9002-2
E9002-3
ES002-4
E9003-1
ES003-2
ES003-3
ES003-4
ES003-5
E9003-6
E9003-7
E9003-8
E9003-9
E9004-1
ES004-2
E9004-3
E9004-4
ES005-1
ES005-2
E9006-1
E9006-2
ES006-3
E9006-4
E9006-5
ES007-1
E9007-2

Field power supply (spec 3)
Micro monitors active filter

Chronoscope auto-reset .....................

Multimeter
MIDI Mapper

Smoke Alarm main board .

Smoke Alarm power supply
Frequency Meter (3 boards) ..
Serial Logic Scope . ...,
Mains Failure Alarm
Surveilance PCB .

Slide/Tape Synch .

Pedal Power . : .
Digital Noise Generator . ..

20 metre Receiver ...,
Wavemaker FG

Motorcycle Intercom

Low Voltage Alarm | .
EPROM Emulator o
Superscope Mother Board ...
Superscope CRT Driver Board
Superscope Timebase Board

Superscope Y1 input board ... .. .. ..

Superscope Y2 input board
Superscope switch generator

Business power amp board .........

Business power supply board
Business pre-amplifier board .
Water hole ...

Super Siren

Val's badge : :
Bass Amplifier DC Protection

Bass Amplifier Graphic Equaliser

Bass Amplifier Micro
Quad Power Supply
Business Display

Phone Lock and Logger
Dark Room Timer :
Telephone Extension Bell
Telephone External Bell .
Fecko Box

Bug Spotter ...

Guitar Practice Amp
Digital Frequency Meter
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E9007-3
E9007-4
E9007-5
E9008-1
E9008-2
E9008-3
E9009-2
E9009-2
E9009-3

Footstep Alarm

Transistor Tester

Decision Maker

AC Millivoltmeter .
Temperature Controller ... .
FM Generator .

Slide Projector Controller
Ultimate Diode Tester . .

The Entertainer

ADUMmMrHrZxa0Om

TO: ETI PCB SERVICE, READERS' SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Please supply:

Quantity Ref. no. Price Code

Post and packing
Total enclosed

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

TELEPHONE
ORDERS
may be made on

(0442)
66551

ACCESS or VISA

Price
(inc.
VAT)
£1.80
£2.50
£3.25
£4.00
£4.75
£5.50
£6.62
£7.20
£8.80
£10.60
£13.10
£15.80
£17.90
£21.80
£23.90
£25.90
£29.00
£32.20
£35.80
£37.90
£40.70

Price
code

XECCHOLIOVOZINrR-TIOTIOO

Price

Total Price

£0.75
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Infera \ ELECTRONICS

BUILD YOUR OWN COMPUTER

EDISON ROAD INDUSTRIAL ESTATE
ST IVES, CAMBS. PE17 4LF
TEL: ST IVES (0480) 495868 FAX: (0480) 68012

HIGH GRADE AUDIO
POWER COMPONENTS

INTERAK can be commenced with the minimum of outiay. Bare "
boards from £10.95, beg borrow or steal the components, or buy End Of Pl’OdUCtlon Run Surplus at
from us - all parts available separately. No special or custom chips
(ie PALs, ULAs, ASICs etc) used — no secrels Never to be Repeated Prices
Go as fast or as slowly as your funds and enthusiasm permit.
Made for those who must know what goes inside. Full circuit Toroidal Power Transformers

diagrams and descriptions are provided. And honestly, can you
really use a computer effectively if you don't know what's inside and

nobody will tell you? 300w Type 38-0-38v @ 4 amp 15-0-15 @ 1.5a 0-15 @ 200m/a Reg
Solid engineering construction - something to be proud of. 19" 3U 10% (wt 3%2kg) 165mm Dia x 32mm High
rack mounling, ptus in circuit boards and modular construction Price £18.00

keeps obsolescence at bay
Flourishing Independent Users Group, and newsletter. Hundreds of

500w Type 42-0-42 @ 56a 15-0-15 @ 1.5a 0-15 @ 200m/a Reg

programes on disk at little or no cost from the Users Group. 6.5% (wt 4kg) 180mm Dia x 36mm High
Program in machine code (Assembler), Basic, "C", Forih, etc Price £22.00
Database, Word Processing, Scientific apptications. 800w Type 58-0-58 @ 13 amp 15:0-15 @ 152015 @ 200m!
C 1 t disk to 4 d 1 Megabyte 3.5” m/a
ava;lsaeblz ftraop:\ Sseéﬁtleguoéanwadéuag’ g25” nBY'e: you wgnt) Disk (wi 5Vakg) Primary Taps @ 115/125/240 .
operating system CP/M Plus 163mm Dia x 65mm High Price £28.00
54K RAM, ZBO based at present with potential for expansion to a 16 1200w Type 68-0-68 @ 17
Megabytes addresg space and Zilog's latest ZB0280 in the fulure. : YpP (wt 6kg) grlm:r?%;pi?@;%S%gg/glg @ 200m/a
Needs no specialised knowledge to construct, and we will happily 165mm Dia x 70 H 3
gel you out of a jam if you get into one. mm High Price £35.00
Availability of land individual aft les service, impossible
t«;;vglt)i:éxlinl r:mplgrrzoencaorannpame;ww%z :ree{)l?l?y after your r:.on:yd ELECTROLYTICS
f fy - f G bank Elect tablishe )
si',?cf;% etisppbyStroRTpeqbgnkiEieciioniastes 15000 MFD 100v dc Screw Terminal 104mm High x 51rgm Dia
I rice £4.00
13000 MFD 65v Low Profile 32mm High x 65mm Dia
Greenbank Price £3.00

For more details write or phone us:
Greenbank Electronics, Dept. (T10E), 460 New Chester Road, NOTE:— Allour prices include Delivery and VAT
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

HE WIDEST CHOICE DF USED TEKTRONIX 475 Dual Trace 200MHZ Dy
T ‘ 1 LLOSCOPES IN THE COUNTRY TEKTRONIX 465 Dual Tiace 1ggMHzD:E¥§x::E R
‘ <TRONI 2235 Dusl Trace 100MHZ Datay Sweep £850 ESE;SEEQS?&”;;L‘TS;:?Q‘SH Dealy Ha
J J HH| IPbPMri*mal'ﬁnW&Dalay Swaep 425 Swer from€160-£150
GOULD (15300 Osvilscope Dusl Tragn 20MHZ . €250 | TELEQUIPMENTGT71 Curve Trace 75
o H PIMOA Dust Tracs 100MHE Datay Swes Tng £350 | MARCON) 172603 AF Miloltmaiar SOKHZA SGHZ:
PROFESSIONAL QUALITY KiTs I = SRk =
gl Tracs A0MHZ Dl MARCONI TF2:
1y 4 ELLir:ualaPsvht‘-;w F?ESTDuITEJEMHSEaIn; m}“‘! &?E MARCONI AF#?v?e?ﬁe‘?;ﬁmum! ‘DHzmM;?mlmv ggg
£ 1} Dial Traca 18MHZ £630 | MARCONIRF
E'?,ﬂfs‘gﬁg‘,'g‘,‘:‘.;l’g“‘ 'm;th?&" £ | MARCONI Power katar TF17521 DC-500MHE 05-25W,
) } i ] ) ' ) _ i 33 Cual Baam 10MHE TV Trig £150 | FARNELL Pulse Gensratar Systern 1HZ-1OMHZ Single/Dauble uo
A range of high quality kits as supplied lo leading UK security companies, all in-house designed %”_UJ-? ?ﬁﬂm‘fﬁfa" Track S5MHZ TY THy £160 | KIKLISUIAVM23 AT Voltimagar Dusl Chan 10HZ. 500?(Hz
and produced, not fo £. - 1~fused = *~ ~hean imports. All kits come fully documented with sn'mr'pt%}:: 4':‘:‘5|'“-.'—.;.';|"°1£c1”$mﬂ‘;"'°”"" R 150 | solamraoN 7045 Multimeter 4 5 digil LED 30 R
concise assembly and s: sreglass PCB and all components. All transmitters = il o ranges.
are fully tuneable and can be monllored on a normal VHF radio or tuned higher for greater TEKTRONIE 2315 Dug Trace 60MHz Swipp (P&PE7) . . . .85
securily. Build-up service available if required De\ay with manual, probes, Ironl cover, AVOCT446'I'ranslslorAnalyser Mi2 Sullcassslyle With
pouch only £450 Batteries & operation instruclions - ..£20
MTX Micro-miniature audic transmilter. 17mm X 17mm. 9V operation 1000mrange £12.95 THIS 1S JUST A SAMPLE — MANY OTHERS AVAILABLE '-A:E'f CO(';%;@E)AH GENERATOR —KG1 |
MARCONI TF201 L pallerns only £25
VT500 Hi-power audio transmitter, 250mW outpul 20mm X 40mm 9-12V operation 2-3000m MARCONlTFzgéamm;n:Tm:e? TF‘(‘""T””‘. usg g
range £15.95 MARCON) TF2016 AM/FM 13KHZ-120MHZ Sig Gan with LEVELL TM3B AC Microvalimetar 1HZMHZ. SvS00V . .£60
TE2173 - LEVELL TM3B AC Microvitmedos HZ-JMHZ, SVEON . . €40
VOX75 Voice aclivaled transmitler Variable sensitivity 30mm X 40mm_ 9V operation 1000m MARCONI TF2016 withoul Synchroniser TF2173 175 | LEVELL Oscitator TG152 IHZI00KHZ SinaiSg . from£55
range £18.95 FERROGRAPH RTS2 Record Tesl Sel from s:zoo LEVELL Oscillalor TG1504, 15HZ-150KHZ. Sing Wava
LEADEH LMVIBGA Two Channel M\lllvolmelevsHZ 500KHZ LEVELL Oscillalor TG1500M 1.5HZ-150KHZ. Sine/SQ Wave ~ £25
CTX900 Sub-carrier scrambled audio transmitler Cannol be monnured without decoder filted AR Al (M s e 2 e 100 B e PR BR Fenfe
lomatic Dislortion Meter i £100 Vicd rom
to radio. 30mm X 40mm 3V operation 1000m range £21.95 MARCONI TF2700 UNIVERSAL LCR Bridge Baltery  from £125
DSX900 Sub-carrier decoder unil for monitorning CTX900. Connects Lo radio earphone socket Goaaworkmgurdevwopg MLcJLPMEthEFI‘Is . Supplied with
- = ically not brilliani. Supplied wi
Provides outpul for headphones. 35mm X 50mm 9-12V operation £21.95 N s o Snmri A ar SR ACHZ 1,600 batoros & loags ONLY£30 "
HVX400 Mains powered audio lransmiller Connecls direclly to 240v AC supply 30mm X 35 MARCONI Sig Gery 18 AP A B2 IEW‘"E o ALLOTHERMODELSAVAMBLE
mm_ 500m range £18.95 RACAL-ANA Syninesized SigGan5520MHZ £650 FARMNELL TMZ FIF Millivoltmeler 50KHZ-1 5GHZ; 1mv-300Y :sa
XT89 Crystal controlled audio transmilter. High performance. 100mW output. Supplied with FUE ey s e 9020C wih BREABR BERID. -0 g ronecioe 330 F T e A Lk it
xtal lor 108MHz Others available 1o 116MHz B5mm X 28mm 9V operation 2-3000m ;8agﬁggwggsnlype1105508 24GHZ €500
ig Gen Iype 11068 1.8-46GHZ £500
range £36.95 POLARAD Sig Gon b 117083 78.4GH £500 et i LU BT
TKX900 Tracker/Bleeper transmitier Transmils continuous stream of aud(o pulses Variable POLARAD Sig Gen 12084 BI5-11GH with Freq HTMEGEBS(NLLOSCOPEHMWDualecedeHzosiay
toneandrale Powertul 200mW output 63mm X 25mm. 9V operation 2-3000mrange £21.95 Dodblenistons 21od HED weep
§ POLARAD 1207A Sig Gen 3.7 4GHZ wih Freq HAMEG osmu_oscope HM203 7 Duai Trace 20MHZ,
ATR2 Micro size telephone recording inlerface Connects between telephone lines (anywhere) Doubler 1509 10-155GHZ . 750 Test
and cassetle recorder Tape swilches aulomalically with use of phone. All conversations THURLBY PLAZOGMD 030V 24 Twice. Cuad Mode Digral ggﬁf‘:OSC'LLOSCOPE”Mz"“D“B'T'“@?OM“ZD'G""'
Maters = ~ I
;el-c;;t:);dMPowered from I|Te h10mm X 35mm . | . ) £12.95 rrmcn~sudue5nsepF. il oo S HE TN Al {abl mebes
icro miniature telephone lransmitler Connecls lo line (anywhere) switches on and s BLACK STAR EQUIPMENT (P&P all unils £5)
olf with phone use All conversations lransmitied. 20mm X 20mm_Powered lrom line 1000m L'::L;?%:E&?Fgﬂ;ﬂ:ﬂgﬁ:ﬁs:ﬁjg?“" APOLLOTO —100MHZ Counter Tmer RalioPariodTme ierval
range X ERY. Unised £18, Lsod £12 (PAP £3)
XM?.Q . £12.95 R BN ATOR B e R S0 He :Algcggb%woagomumsamewnh roreunclions) gt
00 RF bug detector Variable sensitivity Triggers LED and bleeper when in presence of Linusad (P&F £7) only £50 METEOR;%FHE%HEN%;%OHN.{EH M g
RF field Detecls MTX 15-20 leet. 55mm X 55mm. 9V operalion £26.95 ARG SiL6B AM 150104z 2200z 45 (PARET) o HZ 135
5 ity gL s S METEOR 1000 FREQUENCY COUNTER 1GHZ €178
XL7000 Professional bug deteclor/localor. Variable sensilivity Twin mode fen segment LED 40V 1240V out SIOVA. Cased with laad neid é‘,’n:',Tso/ﬁrSDOFUNCT'ON CENERATOR 1HZ 500K HZ 110
readoul ol signal strength with varable rate bieeper Second mode AUDIO CONFIRM rsl o rmmwnvmbanllps |m2nmt%f;i;'g§'; OHION COLOUR BAR GENERATOR PalTViVidea . . €209
dislinguishes belween localised bug transmission and normal Iegihmmeswgnalsuch aspagers H PSS — Plaase Enquin Allother Black Siar Equipment available
celluiar etc 70mm X 100mm 9V operalion £54.95 TELEPHONES HUNG CHANG DMM70303V1UIQK Himhsldmran%
? 10AMPAC/DC 0 1% Acc mm
UK customers please send cheques. PO’s or registered cash. Please add £1.50 per order = As above DMM 6010 0 25% Acc £33.50
Ve raaldinl fyps telsphones ihat don | siids anund the desk Type | Carrying Case for above =]
for P&P. Goods despatched ASAP allowing for cheque clearance, Overseas customers 0. 746 supiphad wih ssandana BT plugiused) Guantity
sendsterling bank draft or Eurocheque and add £5.00 per order for shipment. Creditcard it anly £5{pApEY | OSCILLOSCOPE PROBES Swichable x1:x10 .. . [PARES)EN]
.. —with 30 Arualn
orders accepted on 0827 714476. Trade enquiries welcome. Send 30p stamp for full 1990 This 1sa VERY SMALL SAMPLE OF vagK SAE o Tuiapiy o ists D
Catalogue. CARRIAGE & unils £15 VAT 1o ba added 10 Totalof Giaods & Carrings =

THE WORKSHOPS ; @ | STEWARTS OF READING
95 MAIN RD, BAXTERLEY 110 WYKEHAM ROAD, READING, BERKS RG6 1PL E

'lm H-:(T:E:*:ETEESE 0827 THa478 Tel: 0734 68041, Fax: 0734 351696, Callers welcome 9am 5.30pm Mon-Fri (until 8pm Thurs)
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rowing numbers of acoustic guitars
these days are available with pickups

Build yourself an

— usually internally mounted — < .

complete with volume and tone con- active PIEZO :

trols. The advantages of such pickups tmnsducer pjckup fO[
are pretty obvious, the main one being lifting the : ' :
feedback ceiling which simple microphonic your acoustic glﬂtaf

Keith Brindley shows

amplification of acoustic guitars suffers from.

Perhaps the most famous acoustic guitars to use
internal pickups, and certainly those which give
among the best sounds, are those made by Ovation.
Ovation guitars have piezoelectric sensing tranducers
built into bridge saddles, coupled to an internal
preamplifier which gives required ampilification and
equalization. These bridge sensing tranducers are
specially made by Ovation.

This Active Pickup follows the Ovation principle.
using a straightforward, commonly available and
cheap piezoelectric transducer (unlike the Ovation
bridge), and coupling it with a purpose designed
preamplifier which allows the same amplification and
equalization controls. Also like the Ovation
preamplifier, the project is designed to be mounted
inside your guitar, with three holes (two for controls),
one for jack socket) allowing volume and tone controls
to be adjusted externally and your guitar lead to be
unplugged when the guitar is not in use

Although the Active Pickup is designed to be
internally mounted in a guitar there is no reason why
the preamplifier couldn be mounted in a separate
box, away from the guitar. This would be particularly
suitable if you don't feel up to drilling a few holes into
your guitar, and | certainly wouldn't advocte drilling
any holes in any valuable instrument unless you really
knew what you're doing. Mounted away from the

guitar strings. Output volume and tone are controlled
by potentiometers RV1 and RV2.

Construction

Construction of this project is not too difficult, because
the printed circuit board is designed to hold all
controls, directly mounted. This greatly reduces the
amount of wiring you have to undertake and, as it'’s
often this wiring which causes problems in the first
place, it increases your project’s chance of first-time
success.

you how.

guitar, however, you will find the pickup lead itself is AAAA
susceptible to the usual knocks and vibrations which ca s
unpreamplified contact pickups suffer from. lf you're Mo
brave enough and up to doing it, best position is i}
undoubted inside the guitar.
Guitars are not the only instrument with which i L /
L . S ! LOG 3n |
the Active Pickup can be used — it wili work with any T | |
instrument which has a soundboard (such as a -]j\'\—
mandolin, violin and so on) of any description. For m’éﬁ; -k 4l
test purposes, the prototype was used with a guiros 100k + ¥
) b AAAA A :
{a South American scraper), a kazoo and a toy BATTERY B
trumpet, working well each time. T !
Power is from a PP3-sized 9 volt battery. The life Ggﬁr i
of this battery is quite exceptional as the Active Pickup FL PN s
has a minute current drain of around 2.5mA and will 1000 2l 2 |;
continue to operate with a voltage down to as low as 1 >— v
. g 4 i+ 6 + i}
5 volts. A good quality alkaline battery will power the I = +/ s =8 :
circuit for over 250 hours’ use — long enough to see = l = oS i
you through the world tour. Power is automatically PiEZO a7k S ve
disconnected from the circuit when your guitar lead | PICKUP e % s = LG =
is unplugged from the jack socket, so no on switch is 47u '|' ‘°°"% Pt =3
needed. | T
This low power consumption is because the y = —
project uses a particular type of integrated circuit. The FgisGllcuitiofitheictive Rickup-

circuit of the Active Pickup is shown in Figure 1, where
the single integrated circuit IC1 can be seen to form
the heart of the project. This integrated circuit is an
operational amplifier acting as an equalized pre-
amplifier, buffering the output of a piezoelectric
transducer which picks up the sounds made by the
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A fairly logical order of assembly should be
followed when making up a printed circuit board. First,
get familiar with the layout of the board and where
all the components are mounted or connected to. A
component overlay, showing these and wiring details,

45




46

is given in Figure 2.

Make sure all holes in the blank circuit board are
the right sizes. Component holes are usually 1mm in
diameter. However, holes for connection pins of the
stereo Y4 inch jack socket and two potentiometer
controls should be around 1.5mm in diameter.

Now you can start actual assembly. Push-fit the
circuit board pins at all off-board connection points.
There are two for the connections to the battery, and
two allowing connection to the piezoelectric trans-
ducer. Although wired connections can be made
directly to the circuit board, circuit board pins make
aneater and more easily undertaken job of connecting
to the board. Once push-fitted into the board, solder
in the pins to the copper track.

L ]
B 4
= ®
L ]
” -
. éﬁ
g " 2
z
A2 L
2
-
.
L] X
22
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[

HIDNASNYHL
0z3id

Fig. 2 Component overlay for the Active Pickup.

It is conventional (though by no means
necessary) to insert and solder all resistors first,
followed by capacitors, followed finally by semi-
g conductors. This convention simply aids construction
because the components less likely to be damaged by
heat are soldered first. But as there is only one
semiconductor (IC1) and we recommend use of an
integrated circuit socket to mount it. It doesn't really
matter what order components are soldered in.

Insert and solder jack socket SK1, the two
potentiometers RV1 and RV2, and the integrated
circuit socket. :

Once you've completed main assembly of the
circuit board, you can insert the integrated circuit itself
into its socket. First, however, a word of warning. The
integrated circuit used in the project incorporates
CMOS transistors in its output circuit. CMOS devices
are susceptible to damage by static discharge in
careless handling, so take care when you insert the
integrated circuit. There are a number of precautions

you can take, like using an earthed mat to assemble
your project on; using a soldering iron with an earthed
tip; wearing a bracelet on your wrist which is earthed
and so on. However most devices won't be so easily
damaged. Just make sure you don't touch the pins
of the integrated circuit. Your integrated circuit should
be supplied in either a small plastic holder or pushed
into conductive foam. If it'sin a holder, you can push
it out onto your worksurface with the tip of a pencil.
Carefully pick it up between thumb and forefinger at
each end, so you do not touch the pins. Now check
which way round it should go and insert into its socket
on the board

Testing

Your project is now in a position to test, but to do this
you need to connect the transducer and the battery,
and have an amplifier to hear the results with.

The piezoelectric transducer used is in fact
designed as a miniature loudspeaker-type of output
device — the sort of thing which produces speech in
toys and dells. In your Active Pickup, on the other
hand, it is used as an input device. It works perfectly
well in either mode, in the same way that a real
loudspeaker can also function as a sort of
microphone

Your transducer will probably be supplied with
acouple of short leads attached. These are, of course,
meant to be connections when in output mode. In
input mode, a screened lead must be used to avoid
picking up interference such as mains hum from
amplifiers and so on. So, you must unsolder the short
leads then solder on screened lead.

Be careful here! Piezo transducers of this sort are
easily damaged by heat. Hold your hot soldering iron
tip on the solder joint for only the minimum length
of time necessary first to unsolder the leads, then
resolder the screened lead. It's best to let the
transducer cool down after each individual soldering
operation. Connect about a metre of screened lead
between transducer and circuit board initially — this
is just for test purposes and you can reduce this length
to suit your guitar later. Figure 2 shows the method
of connecting screened and signal wires to the
transducer and board.

Now connect a battery clip to the board as shown
in the overlay, and connect a battery. Set both
potentiometer controls to mid-position, and plug in
a guitar lead between your project’s jack socket and
your amplifier. Adjust your amplifier's volume level to
a suitable position.

Test your project simply by tapping the trans-
ducer gently. If the project works, you'll hear this
directly through your amplifier. Now use masking
tape, tape the transducer to an acoustic guitar (on the
scratchplate is a good place to start). Play the guitar
adjusting the controls to suit.

Once you've ascertained that your Active Pickup
works you should play around with the transducer,
moving it around the body of the guitar to find the best
spot. As with all contact types of pickup, you'll find
that sound varies greatly with position. My prototype
was tested using a conventional jumbo-style guitar
and a flat-necked 12-stringed Spanish guitar and on
both, taping the transducer to the bridge proved a
good position. For the jumbo, another good position
was on the side of the body hips. For the 12-string,
though, the best place was found to be around the
scratchplate area.

Once you've found your optimum position, you
need to remove the guitar strings to allow you access
to the innards. This is where you need to drill your
guitar body to mount the project. The best position
is on the upper shoulder of the body, so the controls
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are easy to adjust and the guitar lead plugs into the
socket mounted on the guitar back. So you need to
drilltwo holes for the potentiometers on the shoulder
and one for the socket on the back — a fair bit of
accurate measurement, estimation and good luck is
probably called for here!

Before final mounting of the circuit board into
your guitar, with two or three sticky pads mount the
battery onto the back of the board. Also estimate the
length of screened lead you'llneed between board and
transducer and cut and resolder to suit. (Resoldering
the board end — not transducer end!) Mount the
circuit board in the guitar and hold it in place with
potentiometer and jack socket washers and nuts.

Next, fasten the transducer inside the guitar body
in a place internally corresponding to optimum
outside position. Instead of masking tape this time,
though, use a sticky pad. Note that once you fix the
transducer on with a sticky pad, you'll probably never
get it off again in one piece, so make sure it’s in the
right position. If the screened lead between the circuit
board and transducer is too long, you might find it
clatters against the inside of the guitar body — in which
case get a few self-adhesive cable ties to hold it down
permanently.

Fasten on a couple of control knobs to the
potentiometer spindles. Finally, restring your new
electro-acoustic guitar.

HOW IT WORKS

The piezoelectric pickup used in the project is actually an output
transducer; used in toys to give speech or music effects. Used as an
input device, however, it becomes a type of microphona with very
high impedance and unequal frequency response. So it must be
coupled to'astandard guitar amplifier using a preamplifier; which has
acorrespondingly high input impedantce and is capableof equalizing
the signal to give a reasonably level frequency response.

Although we've specified a particular type of piszoelsctric
transducer; the Active Pickup will function with many types of simitar
device: The protatype was tested with two other commanly available
types, although the specified type gave best overall frequency
response.

The integrated circuit IC1 forms the active component in the
preamplifier circuit, whose frequency response is shaped by the
camponents around it. The preamplifier has an inpUt impedance of
100k — high enough to match the high output impedance of the
pickup, without being so high as to suffer from interference and noise
problems, A small amotint of gain is designed in ta the preamplifier,

This integrated circuit has an extremely low current drain, around
2mA, andis thusideally suited to battery-powered operation, Itis also
capable:af running from a single supply ie, cnly one battery is needed)
down 10 less than 5V,

The potentiometer RV1 gives a measure of tone control, actively
cutting or boosting frequencies above 750Hz, Potentiometer RV2
controls output volume level. Onjoff switching is undertaken as the
outputjack plug is inserted into jack socket SK1, The sacket s a stereo
version, on to one terminal of which the bartery negative supply for
earth) is connected. The circuit’s earth is connected to another
terminal. Insertion of 8 mono jack plug connects these two sarthed
terminals and pawer is applied to the circuit.

PARTS LIST
RESISTORS (all %W 5%}
R1,235 100k
R4 47k :
R 39 5
RY1 M miniature togamhmm patentiometer
RV2 10k miniature logarithmic potentiometer
CAPACITORS e
C138 AuT 16V radial electralyfic
cz7 - 470 16V radial electrolytic
c4 _ npolyester .
C5 68 polystyrene
€6 33n polyester
SEMICONDUCTORS:
(€1 - 3130
MISCELLANEOUS i fie
SK1 i stereo }imhiack socka e
Piezoelectric transducer — 41mm diameter, speech transdu'__
Printed circuit board, crrt:uut hoard pins.

8-pin dualin-line integrated circuit sankst
PP3-sized battery and cllp. i

- Screened lead.
Sticky pads. et

BUYLINES

Most parts are easily obtamable from anv component outlat.
Piezoelectric transducer is available from Maplin (part urmber
YUB3E). The circuit hcard is avaﬂatﬁe from ﬂm ETI PCB service,
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Recent developments
in CD hi-fi has seen
the use of bitstream
technology. Eric
Kingdom shows how
the latest chip from
Sony works.
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LINEAR CHARACTERISTICS OBTAINED _91/
WITH ACCURATE CONVERSION =

SAMPLING POINTS e

e

{’H"é{

“6 1 2 34 5 6 7 8 9 101 1213 14

Fig.1 Linear characteristics obtained with
accurate conversion.

NON-LINEAR OUTPUT WHEN (2}
VALUE SHIFTS TO (2.2)

]
il

o]

e

_—

Wil

“0 1 2 3 45 6 7 8 9 1011213 14

2232 6272 10.2 1.2 14.2

Fig. 2 Non-linear output when ‘2’ value shifts to
‘2.2

ecently the digital to analogue converter,

a key component in digital audio

equipment has been undergoing a series

of remarkable technical improvements.

Making maximum possible use of the 16
bit data within the compact disc system standard as
originally formulated in conjunction with Sony, has
always been a key aim of the system designer. A major
step forward to this end has been achieved through
Sony’s new pulse D/A converter. Musical signals are
represented by a changing density of pulses to achieve
a new level of quality in high sound.

Conventional D/A Converters

Probably the most popular type of D/A converter
is the step waveform type. Here the digital data input

is converted into an analogue signal by switching a
series of electronic switches. Each switch is connected
to one of many current sources and the resulting
currents combine to form the signal amplitude or
volume. The quality of this type of D/A converter has
been improved but there are some inherent
drawbacks for example, differential non linear
distortion, glitches and zero cross distortion. The types
of distortion generated using a 16 bit DAC will now
be explained.

Differential Non-Linear Distortion

In a 16 bit D/A converter there are 16 different
current sources which can reproduce 2 6 different
signal levels or 65,536 output levels. Every slice or
sample of the original signal is present in the form of
a 16 bit wide input ‘word’ which can be one of a choice
of 65,536 generating a corresponding output current
level. Each current source must change in precise
steps and is weighted in the order of 1. 2,4, 8 ...
32, 768. If we consider a 4 bit DAC which has 4
electrical sources with values 1, 2, 4 and 8. Putting
these sources together in different combinational steps
varying gives 16 possible levels. To express 7, levels
1, 2 and 4 are added; 15, will come from 1 + 2 +
4 + 8 and so on. If each current source is constant
at all times the result is a linear conversion
characteristic shown in Figure 1

However, if the current source with value 2
fluctuates and becomes 2.2 then not only step 2 but
all others using that source are effected; step 3 swells
to 3.2, 6 to 6.2 and on up the scale. The linear
characteristics are then lost, shown in Figure 2. This
change distortion current is called differential non
linear distortion,

Glitches

It is not possible to turn all sixteen electronic
switches on and off at the same time due to minute
differences in timing — for example, when the signal
level changes from step 9 (9 = 1 + 8) to step 5 (5
= 1 + 4} in figure 3, the switching off of 8 must be

13

:
-
;

1
CE
|
|
|
|
|
|
5 t:1} | 5
|
|
(A |
14} Il‘ﬁl 4
|

i) m {(1)

A SMOOTH CHANGE
FROM (9} TO (5}

Fig. 3 A smooth change
from ‘9’ to ‘5’

(1) RESULTS WHEN ON TIMING
FOR (4} IS DELAYED

Fig. 4 Results when ON timing
for ‘4’ is delayed.

{13} RESULTS WHEN OFF TIMING
FOR (8) IS DELAYED

Fig. 5 ‘13’ results when when OFF
timing for ‘8’ is delayed.
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synchronized with the switching on of 4. If 4 is not
turned on at the correct time, then only 1 is present
momentarily (see figure 4). Similarly if 8 is not
switched off in time, 13 would be momentarily
represented (figure 5). The spike-like noise caused by
such inaccuracies in switch timing is called a glitch and
at low signal levels the glitch to signal value ratio is at
its highest and is at its most severe. Some
manufacturers have introduced deglitchers, but these
create additional linearity problems in the total DAC
circuit.

Zero-Cross Distortion

In a 16 bit system the moment the DAC output
changes from 32767 to 32768 at the halfway point
is called the zero cross point for audio signals.
Consider a simple 4 bit system with 16 levels, the zero
cross point is when 7 changes to 8. At this critical point
electrical currents 1, 2and 4 (1 + 2 + 4 = 7) are
allturned off and 8 is turned on. This is the point when
all switches operate and errors due to timing and level
difference are not only more likely to occur but are
more severe. A timing error in a 16 bit system could
result in the momentary leap of many steps away from
the original signal. This causes large fluctuations in
current and switching speeds, considerable differential
non linear distortion and glitches — collectively called
zero cross distortion.

In some step waveform type DAC’s these distor-
tions are minimized and operating precision improved
by ‘laser triming’ during the manufacture of the IC’s.
For higher precision semi-fixed resistors are externally
added to control more finely the current intensity of
certain bits. However, none of this can take into
account the effect of component ageing, temperature,
component mounting on circuit boards and physical
vibration. One may conclude that step waveform type
D/A converters have already reached their full
potential in terms of precision.

Principles of the 1 Bit D/A
Converter

This new type of conversion is theoretically free of
differential non linear distortion, glitches and zero
cross distortion associated with step waveform type
D/A converters. Also their conversion accuracy can
be increased without trimming or regulation.

Output Section of 1 Bit Device

In the typical step waveform type DAC, digital data
is converted into an analogue waveform varying in
amplitude as in figure 6. If these are rotated 90° to
the right, and laid on their side they are now constant
in terms of amplitude as in figure 7. This represents
output waveforms via the single bit method. Analogue
signals can be obtained in the same way as the multibit
or step waveform method after passing through a low
pass filter,

Since the ideal single bit D/A converter has only
a single current source and switch, it is free from
variations in current intensity or switching speed. To
compare between the 1 bit converters, some
measured values are quoted later for reference only.
Sensibly manufacturers have opted for a variety of
different names to distinguish their particular
approach, for they are certainly different in method
and component, and do rely on the basic principle
of handling a high speed data or bitstream on one
form or another.

The Sony 1 bit pulse DAC uses one electrical
source and one electronic switch to express only two
values 1 and 0 switching them at ultra high speed.
Musical signal levels are expressed by the changing
densities of 1's and O’s. Imagine a tall tank, when a 1
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PRINCIPLE OF 1-BIT OPERATION

4 Fig. 6 Step waveform.
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signalis sent from the digital processor the tap opens
and water is added. When an 0 is received the drain
opens and water is let out. When the music starts, a
train of pulses is transmitted so the level of the tank
water will vary constantly. This change in water level
in the tank over a time corresponds to the musical
signal. In effect, this type of analogy corresponds to
the low-pass filter in the actual circuit.

Noise Shaping

To convert 16 bit data along the time axis directly using
the single bit method, one would need a clock (the
timer or governer for the electronic output switch)
operating at approximately 44.1 kHz x(216 — 3)
Gigahertz !!!

This frequency cannot be produced practically
with todays IC technology. However, if the 16 bit data
is reduced into only a few bits, conversion can be
performed using a clock with a frequency in the tens
of megahertz.

However, bit reduction in dynamic range but this
problem can be solved by noise shaping. Any error
generated in the bit reduction process is returned to

ouUTPUT
NO NOISE SHAPING

0.4 UNOBTAINABLE
t

0 O—O o o =
oo L i

TIME {t)

Fig. 8 No noise shaping with 0.4 input example.

OuTPUT WITH NOISE SHAPING
! |

0.4 CAN BE
EXPRESS

|

e

s R o o o3 Fact ;
0 o = o —£-

TIME (t)

Fig. 9 Noise shaping wing 0.4 as an input example.
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Fig. 10 Spectral Noise of 1-Bit operation
16-BIT 64TIMES AT (5] VALUES 3rd-ORDER
OVERSAMPLING QUANTISATION NOISE SHAPING
0dB 048 048 0dB
~15.7dB
-33.7dB Fit
—50dB—| 5008~ 50dB—
-98dB s
-100dB—{TTTT ~100dB~— —100d8
: —118dB__—
-150dB 1 -150dB 1 —150d | —15048 e
0 20kHz 0 20kHz 20kHz 0 20kH:z
a) 16-Bit b)At ‘5’ values quantization c) 64 times oversampling d) 3rd-order noise shaping.

the input negative feedback to reduce noise in the
audible spectrum, so improving dynamic range. If 16
bits are reduced to a single bit, only two output values
are available 1 and 0, any other value cannot be
expressed even if received. Output resulting from an
input of 0.4 is given in Figure 8, with the help of noise
shaping 2 out of 5 outputs will have the value 1 and
three will have O so that a value of 0.4 can be
expressed by averaging as in Figure 9. This feedback
circuit also shifts requantisation noise from the audible
frequencies to higher inaudible ones shaping’ noise.
(Figure 10).

D/A Converter Operation

Sony has developed a new single bit pulse D/A
converter attaining a high level of conversion
performance. As already discussed, a pulse DAC has
a single current source, and a single electronic switch
to rapidly switch between the two values of 1 and 0,
the musical signals being expressed by the fluctuation
in density of the values. Figure 11 shows that the black
portion of the DACs output waveform corresponds
to the ones and the white to the collection of zeros.

So, a higher signal level along the + axis
corresponds to a thicker black or a greater density of
the 1 value whilst a higher level along the — axis is
represented by a more solid white or high density of
0 value. As this pulse D/A converter changes digital
data into a train of pulses extremely similar to
analogue values, the subsequent analogue low filter

can be of low order (with a gentle roll-off or slope)
showing good group delay characteristics.

Different non-linear distortion and glitches are
also absent from the pulse DAC. As there is only a
single current source, a fluctuation will only change
the pulse height and not the density, so differential
non-linear distortion through variations in several
current sources cannot exist. Similarly any change in
switching speed of the pulse DAC only results in an
overall delay of the whole pulse train. Glitches, from
variations in switching speed cannot exist either.

The new pulse DAC consists of & PLM (pulse
length modulation) convector, a newly developed
Sony extended noise shaper and a direct digital sync
as shown in Figure 12.

PLM Pulse Converter

The converter output is a train of pulses generated by
a PLM type of pulse converter. In this way music
signals can be expressed more accurately if the pulse
density is made higher. A pulse generator operating
at a maximum speed of 50MHz is integrated onto the
CXD2552 Pulse D/A Converter IC. The operating
speed is approximately twice as high as ordinary ‘high
speed’ CMOS [Cs. {20-30 MHz maximum). Thus a
high speed pulse converter modulates pulse lengths
in high density resolution.

Two arrangements are possible: the standard
single mode using one pulse D/A converter, and the
complimentary mode which uses two for higher
performance.

The Single Mode

The PLM pulse converter in figure 11 will output 7
different pulse lengths each consisting of combinations
of 1 and O values according to input data. So, the
length between the 1 pulses is modulated according
to input data and the change step is accurately
controlled by a master clock operating at 45MHz
(1,024 times the sampling frequency of CD).
However, harmonic distortion is normally created by
modulation of the pulse length, the main component
being of a secondary type and irrespective of the
parameters of the CMOS device. We think this
distortion is caused by the asymmetrical modulation
structures of 1 and 0 when modulation is applied to
the length of the 1 pulses. Noise shaping data

INPUT DATA

L

OUTPUT OF 8 TIMES OVERSAMPLING DIGITAL FILTER

PULSE D/A CONVERTER OUTPUT | ‘ |

ANALOG LOW-PASS FILTER OUTPUT

/—\

0011111111111100000000 1111000000

‘\ /
i

Fig. 11 Output of the Pulse D/A Converter.

\//

BITSTREAM
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modulates the 1 directly and the 0 is modulated by

a complement of the maximum modulation value. .

The result is split into two halves, each one being
added to the two adjacent data blocks equally.
Therefore asymmetry is generated by a type of
‘aperture’ effect caused by the ratio of signal cycle and
pulse width. This type of asymmetry normally results
in even number orders of harmonic distortion and is
more obvious when the signal frequency is higher or
the pulse rate is low. This is because of the relatively
low number of pulses to each signal waveform, In fact
it varies in proportion to the signal frequency squared
and inversely to the operating rate squared. But, as
the operating rate of this Sony system is above 45 MHz
the secondary distortion component is kept quite low,
around 100dB at 10KHz playback frequency.

The Complimentary Mode

Distortion arising in the single mode can be eliminated
in a complimentary arrangement. The common
method of pulse inversion and differential
composition cannot cancel this type of distortion, for
pulse inversion alone simply rearranges distortion and
signals in the same orientation. The complementary
mode, in contrast, cancels distortion by modulating
1 pulses using data complimentary to each other and
then composing the results differentially. This system
uses two pulse D/A converters (figure 13) and can be
found in the CDPX77ES,

Copies of actual waveform analysis, (figure 14)
indicate that waveform C is free of distortion,
Furthermore, when combined with the direct digital
synchronisation (see later) the PLM pulse converter
performs conversion without affecting the high
precision of the guartz oscillator. The result is an
extremely low distortion ratio of 0.001% (THD + N)
or less.

Sony Extended Noise Shaper

The above noise shaper is a high dynamic range

Conventional Sony D/A Converter

PULSE D/A CONVERTER

SONY EXTENDED 3
NOISE SHAPING  |_| pl'pMLTstPE -

U
TYPE
NOISE SHAPER GONVERTER

DIGITAL
AUD|O Ol
DATA

P\
A

]

SYSTEM
CLOCK -I—-—-—LDIHECT MGITAL SYNC

MASTER CLOCK

QUARTZ
OSCILLATOR

g

Fig. 12 Construction of the pulse D/A converter.

ANALOGUE
SIGNAL

version of a third-order noise shaping operation using
an EFB (Extended Feedback) pass. It generates the
input data for the PLM pulse converter. Figure 15
shows the input/output characteristics of a basic noise
shaper of the Nth order and is given by the equation:

Y=X+(1-21)Ng

and changes when N, the number of orders, is varied
in Figure 16,

The noise, from requantization in the audible
range decreases as the value of N increases, but noise
increases rapidly outside the audible range, This
increase in noise will affect the burden on subsequent
analogue low pass follow, so affecting sound quality.

A better solution to the problem is to increase the
operation rate rather than the number of orders, This
improves dynamic range in the audible sound
spectrum. Sony’s basic policy is to employ third-order

New Sony Puise D/A Converter

Table 1
Typical Typical Typical Sony Pulse
PWM Higher Grade PDM CXD2552 & DF
Oversampling 4x Bx 4 x 8x
Digital Acc Bit~ 18 24 28 45 — CDP990 & UP
Filter Ripple +0.0072dB  £0.0001dB  =0.02dB , (18) — CDP790
' : +0.00001dB
Order of N.S 3rd 3rd 2nd 3rd
Oversampling 32 32x 256 x 64 x
D/A Dynamic Range 106dB 106dB 108dB 118dB (single mode)
Converter THD & N 0.003%* 0.0025%* ? 0.001%
Master Clock 768fs 768fs 256fs 1024fs

fs=frequency sample
* measurement method unknown
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PULSE WAVEFORM A

|

PULSE WAVEFDRM B
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PULSE WAVEFORM C

Fig. 13 PLM Pulse waveform.
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Fig. 16 Noise shaping characteristics.

NOISE SHAPE FREQUENCY

noise shaping while using a high operation rate of 64
times oversampling to move the major noise
component away from the audible range.
Consequently, noise is kept below —100dB even by
use of an analogue low pass filter of low order.
However, a problem exists with the arrangement
shown in the last figure, if noise shaping is adopted
at a third-order or higher. Without alteration
operational stability would suffer due to overloading

REFERENCE
SIGNAL (10kHz)

2nd HARMONIC
DISTORTION

RESPONSE {dB)
I
2
o

WAVEFORM A - 2nd ORDER
HARMONIC DISTORTION

-200 T
0.00 44.10 88.20
FREQUENCY (kHz|
0
@
=
'
7]
s -100
&
w
T
WAVEFORM C — NO
HARMONIC DISTORTION
-200 T
0.00 4410 88.20

FREQUENCY {kHz)

Fig. 14 Spectral noise of the PLM Pulse waveform.

of the integrator. In the pulse DAC stability is
maintained by use of multistage noise shaping, (figure
17). Primary noise shaping operates on the signal in
the first two stages. If the output of the second
quantizer is three values or higher, the first stage may
be overloaded.

This problem is solved by providing an EFB
(extended feedback pass). Figure 17 shows that data
is passed from A to B and figure 18 shows the circuit
complete with EFB pass. The first integrator will
receive ordinary feedback data along with data which
passed the quantizer in the first stage, thus the EFB
pass assists operational speed so preventing overload.

The output of the quantizer in the second stage
can have two values giving an improved overall
dynamic range of around 16dR.

Figure 19 shows a copy of the final noise
spectrum which illustrates a noise distribution of 18dRB
per octave, a degree of third stage noise shaping and
greater noise reduction in the lower ranges. Including
such noise, the final dynamic range is an astonishing
118dRB, quite sufficient as they say for the theoretical
values of CD recording.

Sony Direct Digital
Synchronisation

Last year Sony introduced an IC offering digital
synchronisation, and was put immediately before the
DAC jitter was eliminated. As the pulse D/A converter
creates musical signals by altering pulse density it is
vital that the pulses keep accurate time to give good
conversion,

The digital sychronisation is now integrated into the
IC, permitting direct connection of a highly accurate
quartz oscillator master clock to the pulse converter
which outputs the analogue signals, This contributes
to the very low distortion ratio of the PLM pulse
converter.

The Sony High Density Linear
Converter System

The combination of the new CXD-2552 pulse D/A
converter, a digital filter and an analogue low pass filter
form the Sony High Density Linear Converter system
shown in Figure 20,
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Although the pulse D/A converter is very
accurate, its performance will be limited if the digital
filter preceding it in the data route is of inferior
performance level. The HDLC system thus uses a
noise shaping Sony digital filter (CXD 1244) which
uses an internal 45 bit long accumulator performing
highly accurate oversampling. The output data is then
subjected to a first order noise shaping to produce high
dynamic range.

The overall noise characteristics of the CXD
1244/CXD 2552 combination is illustrated in Figure
21. The right and left sections of the graph show
differences in noise, reflecting a rational distribution
of orders in noise shaping within the audio band.

Pulse Converter Characteristics

The greatest advantage of a pulse converter is low
distortion. Figures 22 and 23 show distortion
components from a conventional multibit DAC and
the new pulse D/A converter. The upper section
shows the output waveform and the lower section
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Fig. 18 Sony extended noise shaping.

distortion, both from playing sine waves through the
components. As a conventional DAC produces
differential non linear distortion and glitches, these
copies show a larger version of zero cross distortion.
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Fig. 19 Spectral noise of third-order noise
shaping and EFB Pass.
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Random noise is the main component in the pulse
DAC and the output contains none of the described
distortion so detrimental to sound quality.

I hope that this overview of the Sony High
Density Linear Converter System and the rationale
behind its development has been an interesting one,
Time does not permit a more in depth view of what
is a most fascinating example of applied research.
Certainly, the new pulse D/A converter is an
important part of Sony’s CD player range, and it might
be worthwhile to listen to any of these models and
hear for yourself the musical appeal of this remarkable
new conversion technology.

PULSE D/A CONVERTER [CXD-2552)

(CXD-1244 (45 BIT})
(CXD-2551 (18 BITH
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Fig. 21 Overall spectral noise.

]

ANALCGUE
U siGNAL

Fig. 20 Sony high density linear converter system.




In the second of two
articles, Mike Bedford
explains synchronous
communications and
networking.

- DATA

COMMUNICATIONS

ntil recently, most home data
communication used asynchronous
serial links, the synchronous world
being the domain of large IBM main-
frames and suchlike. Whereas home
users will still use asynchronous links for connecting
a computer to say a printer, a plotter, a modem or an
EPROM programmer, synchronous communications
is starting to creep into the realm of radio data
communications such as the AX25 packet switching
systems now used by radio amateurs.

Asynchronous serial communications equip-
ment uses a comparatively simple clocking technique
which ensures that the transmitter and receiver stay
in synchronisation for at least the length of one
character, that is 8 or 9 bits (including parity). In order
to achieve the necessary periodic re-synchronisation,
each character is framed by a start bit and at least one
stop bit, these being of different polarity so that re-
synchronisation takes place on the first postive to
negative transition after the end of the previous
character. To refresh the memory about this and to
provide some comparison with what is to follow,
Figure la shows the waveform of the ASCII string
ETI? (45H, 54H, 49H, 3FH) with an even parity bit
transmitted asynchronously with 1 stop bit. The
question mark is there because | needed an example
with at least 5 consecutive binary 1s for reasons which
will be revealed later!

In many applications, for example a link between
a VDU terminal and a computer, where the user
periodically types data at the keyboard and couldn't
possibly keep up a 9600 baud rate, the interface is not
100% utilised and the additional start and stop bits
added to each character do not decrease the overall
data rate. Where data is continually being transmitted,
however, the 25% decrease in throughput is sig-
nificant. Furthermore, because of the comparatively
simple clocking methods used in asynchronous
communications, the maximum usable baud rate is
limited to about 38,400. Synchronous communi-
cations overcomes these drawbacks.

Synchronous Communications

As its name suggests, in synchronous communication
the transmitter and receiver stay in synchronisation

| o ) DATA

| b1 BIPOLAR _I—I_

|
| & | PHASE |
|

| N

I d ) NRZY

Fig. 1 Encoding sc

hemes for synchronous transmission.
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for the duration of large blocks of data, not just for a
single character. This can only be achieved by sharing
the same clock. The simplest means of achieving this
is for, say, the transmitter to generate the clock and
transmit this to the receiver over a conductor separate
to the one on which the data is sent. R§232C does
make provision for such a scheme but since in the
general case of communications via telephone circuits
this is clearly not possible, other means have to be
found.

The next most obvious solution is illustrated as
Figure 2a and is referred to as bipolar encoding. Here,
abinary 1 is represented by a positive going pulse and
a 0 by a negative one. There is a transition during
every bit making it possible to extract the clock. In this
scheme, three amplitude levels are required and this
complicates modem requirements. This method is
also known as RZ (for return to zero).

An alternative NRZ (non return to zero) encoding
method overcomes this three amplitude level problem
and is shown as Figure 2b. In this encoding method,
which is known as phase or Manchester encoding, a
1 is represented by a positive going transition (not a
pulse) and a zero by a negative going transition, in
each case at the centre of the corresponding time
interval. These two encoding methods both involve
combining the data and the clock at the transmitter
and then extracting the one from the other at the
receiver. The alternative approach is analogous to
asynchronous transmission in that the receiver has a
stable clock which is periodically re-synchronised.
However, since there are no start and stop bits, to use
this method it is necessary to encode the data to
ensure there are sufficient transitions in the data
stream for this re-synchronisation to take place. Such
an encoding method is called NRZI (non return to zero
inverted) and is shown as Figure 2c. Here the signal
level changes at the start of each zero bit but stays the
same for a one. This means that so long as we don’t
try to transmit long strings of 1s (and for reasons we'll
touch on later this won’t happen) there are always
enough transitions to allow a phase locked loop in the
receiver to re-adjust,

Now that we've covered the means of ensuring
that the transmitter and receiver remain in synchron-
isation, let’s spend a bit of time considering the way
in which data is bundled together in blocks, otherwise
known as frames. There are two distinct methods,
called character orientated protocols and bit orientated
protocols. Since the character synchronous approach
is somewhat long in the tooth and really only lingers
on in the world of mainframe computers (for example
IBM’s BSC protocol) we shall only consider the newer
bit oriented method.

HDLC (High-level Data Link Control), which is
very important as it forms the basis for the X25 packet
switching networks, uses such a bit orientated
approach. Essentially, each frame is bracketed by an
opening flag and a closing flag, both these being the
bit pattern 01111110. Receipt of this pattern informs
the receiver that a frame is about to start and then
again that it has terminated. Between these flags is the
frame content which may be any number of bits of
binary data.

The astute will now be wondering what happens
if the data happens to contain the sequence 01111110.
This is where the technique of bit stuffing or zero bit
insertion comes in. If the transmitting device detects

ETI OCTOBER 1990



a string of five consecutive 1s then an extra O is
automatically inserted so if the data actually was
01111110 then it would go out as 011111010. In order
to compensate for this, the receiver, on receipt of a
zero following five 1s, automatically deletes it. This
explains how the dreaded continuous stream of 1s
which would upset the NRZI encoding scheme is just
not possible.

The data between the opening and closing flags
of a frame is usually not all true data in the normal
sense of the word. Of course true data is there, but
each distinct protocol includes additional information
which includes the destination of the frame (for use
in networks), a code to indicate the type of frame
(information frames or supervisory frames which are
used for error and flow control) and error detection
information. A proper discussion of all this takes us
out of the realm of a hardware into the realm of
software so we will call a halt at this point.

Let’s now look at Figure 1 in its entirety. This
figure illustrates the difference between asynchronous
and synchronous transmission. Note 1b is atypical,
as the waveform has been shown as low for 0 and high
for 1, rather than an NRZI or phase encoded form
which would normally be expected. This has been
done to ease interpretation by the reader

Let’s briefly venture once more in to the realm of
software, this time to consider error detection. Most
readers will be aware of the concept of parity which
is a simple form of error detection used with
asynchronous communications. The addition of an
extra parity bit to each character indicates any
erroneous bits, so long as there is no more than one
error in the character. In a block of many hundreds
of bits, the addition of a single parity bit at the end is
virtually useless. Since data is sent at a much higher
rate in synchronous communications, a short burst of
interference is much more likely to wipe out a number
of consecutive bits so a parity bit every 8 bits wouldn't
be very effective either. This is where the frame
checksum (FCS) or cyclic redundancy check (CRC)
comes in.

Frame Check Sums

Generated by use of polynomial codes, the FCS or
CRC takes the form of a block of check bits appended
to the end of the frame. The number of such bits is
variable, but it's a case of the more the better) except
of course that the longer the CRC, the more data there
is to transmit and hence the overall speed decreases).
Normally 16 or 32 bits are used. We won't go into a
full mathematical proof of how polynomial codes
work but in essence the following method is used to
generate the checksum:

A number of zeros, equal to the number of check
bits to be generated, is appended to the end of the data
block. This is then divided {(module 2) by a constant
referred to as the polynomial generator, which is one
bit longer than the length of the required checksum.
The remainder of this division becomes the
checksum,

The choice of polynomial generator is quite
critical and affects both the efficiency of the error check
and the types of error which will be detected. The
generator recommended by the CCITT for use with
telephone circuits is expressedas x' ¢ + x'? + x° +
x’,  which in binary terms means
10001000000100001.

So much for generation of the checksum but
what happens at the other end? At the receiver the
same process is carried out but the starting point is the
received data, including the checksum rather than the
data to be transmitted with a number of appended
zeros. Assuming no errors, the remainder of such a

ETI OCTOBER 1990

E T I
10100010P 00101T010P 10010010f | 1111711008
T LsB STOP BIT
START BIT
{a } ASYNCHRONOUS
OPENING FRAME CONTENTS CLOSING
FLAG FLAG
g |
\ IDLE | 01111110 | ADDRESS | CRTL DATA % FCS| 01111110 IDLE/
2o ) AN
./'-
E T I
[10100010(00101070[10010010/111110100
A
LS8 ZERD
INSERTED
{ b ) SYNCHRONOUS
Fig. 2 Asynchronous versus synchronous.

diviesion will be zero. A non-zero result is indicative
of an error. At first sight the circuitry to do this
computation seems quite involved but actually this
isn't so. A combination of shift registers and exclusive
OR gates is all that is needed to do the trick.

Networking

The past decade has seen a gradual increase in the
proportion of personal computers compared to the
more traditional mini-computer or mainframe. In the
mini-computer environment a central computer with
disc drives and line printer allowed simultaneous
access to a number of users each operating a VDU
terminal.

A typical senario for the newer generation of PC
users is a small company investing in a personal
computer with off the shelf software. As requirements
grow, further PCs are bought. Each user has a
considerable amount of computing power at their
disposal, probably more than that available to one of
say 32 users on a mini. However, unlike the mini-
computer situation, the individual PC users are not
able to work on the same shared data files, an
important consideration to the corporate user.
Similarly, the shared use of expensive peripherals
such as system line printers of plotters is not easily
accomplished. This is where the network comes in.
Although other classifications exist, we shall restrict
our discussion to networks of physically close PCs,
these being known as Local Area Networks (or LANs
to their friends).

The first thing to consider about networks is their
topology, in other words the way in which the
individual PCs and other devices are interconnected.
A node is the name given to such a constituent part
of a network.

The simplest form of network to implement is a
star, this being shown in Figure 3a. Although this is
conceptually the easiest type of topology to create,
there are a number of practical drawbacks. Firstly,
since all the nodes (except one) connect to one central
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machine (called the file server), a significant amount
of cabling is required. Secondly, there is quite a
workload on the file server, even for messages passed
between two of the other nodes. In every case, the
message has to be received by the central machine
and re-transmitted to the destination. On the positive
side, such an arrangment could be made to work with
no special hardware. Although it would by no means
give impressive performance, such a network could
run over ordinary RS232C lines, so the only special
requirement is for the file server to have sufficient ports
to connect to each of the other nodes.

A quick word about file servers. Why was the
central machine in the star network given this name?
We have established that a need to share data was one
of the main reasons for forming PCs together into
networks. Now, if a number of PCs are to access a
common set of data files, it makes sense for these to
reside on the discs of a single machine which serves
files to the other nodes. The other PCs can use their
own hard or floppy discs for local files which are of
no interest to other users, but common files are stored
in the one place.

The requirements in terms of speed (both
processor and disc access time) for this file server are
a lot more stringent than those of a single PC if it is
not to prove a bottle neck to the network. For this
reason, the file server within a network of ordinary
PCsis often based on an 80386 processor and could
easily have a disc capacity of a hundred or more
megabytes and a short access time. The file server can
also be the machine to which expensive common
hardware resources such as high speed printers are
connected, in which case it also acts as a printer
server. In the star network, the file server is
topologically different to the other nodes, but this isn't
the case in the other topologies we shall look at.
However, the concept of a file server is common to all.

Bus Networks

Turning now to the bus structured network which is
iliustrated as Figure 3b, this topology is one of the two
which make up the majority of LANs (the other is the
ring, which we'll look at later).

Looking at the electrical interface requirement,
we now need a multi-drop type so a RS232C, even
if it gave an acceptable speed, could not be used. A
multi-drop interface is one which allows a number of
inputs and outputs to be connected to a single
conductor. The interface used in Ethernest, one of the
most common bus structured LANs, specifies a
coaxial cable and operates at a speed of 10MBits/sec.
Typical LAN speeds look very high to those whose
previous experience is limited to RS232C but
remember that in a network it’s not just a matter of
transmitting user dialogue (VDU traffic) but often
entire file contents.

How is line discipline ensured in a Bus Network.
What prevents the chaos which would result from
more than one workstation transmitting over the
network at the same time? The method is known as

Carrier Sense Multiple Access/Collision Detection
(CSMA/CD}) and is an integral part of the Ethernet
specification.

This is really a ‘first come — first served’
approach, so if a PC wishes to transmit it first listens
on the network to see if it senses a carrier which would
indicate that another station was transmitting. If other
traffic is detected it waits, otherwise it starts to transmit
a frame. Now it is quite possible that two nodes could
be going through this process and both start trans-
mitting at the same instant. Such an occurrence is
called a collision. As a node starts to transmit, it listens
to the signal on the network, comparing it with what
is being sent. A mismatch indicates that the signal is
being interfered with and in this instance the detecting
node continues to transmit a jam sequence of random
digits for a short while to ensure that the collision is
recognised by the other node concerned. Eventually
both these nodes will stop transmitting. At this point
a random delay is executed before trying again
Hopefully this time one node will get in there first.

Ring Networks

In the ring topology (Figure 3c), each node is
connected only to those on each side of itin the ring
So, for a message to be passed from one node to
another at the opposite side of the ring it must be
relayed by all the intermediate nodes. An implication
of this is if one PC in the network were to be turned
off, then the whole system would fall down. To over-
come this, an arrangement of relays is used at each
node so that when a unit is turned off, the relays revert
to their closed position and effectively remove that
node from the ring.

Here, discipline is maintained by giving each
node in turn the opportunity to transmit. This method
is called Token Ring as it involves passing a token
around the ring. Only the holder of the token is
authorised to originate a transmission. Of course those
nodes not holding the token are still able to relay
messages originated elsewhere around the ring. There
is an interesting parallel here which was used in the
early days of the railways to allow trains to pass in both
directions over a stretch of single track. To ensure that
a collision could not take place, a train could only enter
the section of track if the driver was holding a token.
This token would be carried along the track and
passed to any train waiting at the other end to use the
track.

Comms Software For The
Home User

Well, so far you may be finding this article very
interesting, but what use can you make of it? Very few
people are going to decide to go out and ‘do some
synchronous communicating but those who are
starting to dabble in packet switching and the like will
not get very far without this sort of grounding.

On the other hand, it is quite feasible that
someone reading this may decide to start investigating
the world of Prestel, bulletin boards, electronic mail,
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tele-software and the like. We've said quite a bit about
hardware selection but for those intending to use
medems for the first time a mention of software
requirements would prove useful.

Essentially something referred to as a com-
munications package is required. [ am not in a position
to comment on other computers but quite a range is
available for the IBM PC. Such packages sometimes
come free with modems but if not, there are many
avallable both commercially and as shareware. The
package | have is called Procomm and is fairly typical.
It includes modem support (auto-dial etc), VDU
terminal emulations and protocols for software
downloading.

As far as finding the various services is
concerned, PCW lists UK bulletin boards each month.
A word of warning — telephone charges really do
mount up this way. It would be a shame to have to
sell the modem to pay the first quarter's telephone billf
One final comment on modems, telephone links are
not the only use of modems the home enthusiast
could experiment with. Those with a communications
receiver can explore the world of data on the airwaves
both amateur and commercial, ASCII or Baudot data
and even facsimile pictures are all there to be found.

And finally networking. Why, I hear you asking,
would anyone want to implement a home network?
Until recently there would have been no way a home
user could justify the cost of doing so but the launch
of a network for about £30 provides a convenient
solution to flle transfer problems. In today's confusing
perlod of dual standard floppy disk drives on PCs
(525" and 3.5"), users who want to exchange files
have quite a headache.

So, what about this cheap network and how does
it help? Well, it certainly doesn't match up to Ethernet
in terms of speed, using RS232C ports as the

communications media, but it does manage 115,00
baud. R$232C isn't supposed to work at this speed
but provided that the cables are short it should work.
When the software is installed (and that is what you
get for your money — there is no special interface and
you make your own RS232C cable) it works like a real
network. If PC1 has one floppy drive (A:) and one
hard disk (C:) and PC2 has two floppies (A: and B:),
then PC1 gains two extra virtual disks (D: and E:)
which are really PC2’s A: and B: PC2 gains D: and
E: these being PC1s A: and C:. Each PC can therefore
access the disks of the other machine as if they were
its own. To copy a file from PC2 to PC1 would only
require a command such as COPY D:FILE.EXE A:
to be entered at PC1. This low cost network is available
for £30.05 (including VAT and Carriage) from EQ
Consultants on 0334 84248.

BAUD RATE and BITS per
SECOND

Probably most people reading this article will be under the impression
that the term baudis just another name for bits per second in much
the same way that Hertz is synonomous with cycles per second. If
experience has been limited to say connacting printers or VDUs to
computers using an RS232C interface then this is understandable
sincein such aninstance the baud rate truly is ameasure of the data
rate in bits/second. In the general case, however, the two terms cannot
be interchanged.

The term baud is defined as the number of signal transitions per
second. This gives a measure of data rate only if the number of states
the signal can take is equal to two, If the signal can take 4 different
levels then each time interval represents two bits (ie 00, 01, 10.or 11)
and accordingly the data rate is double the baud rate. In general the
following formula shows the relationship between baud rate and data
rate:

Data rate = Baud rate  log, {number of levels)
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A pocket fixed-
frequency receiver for
the BBC Radio 4 long
wave transmission,
using surface mount
components by Bill
Mooney.

PROJECT
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THE R4X LONG WAVE
- RECEIVER

portable fixed frequency receiver was
required which would pull in Radio 4 on
earphones, This is mainly a talkie news
station so the AM long wave transmis-
sion would have adequate quality and
the receiver would not need re-tuning in different
areas of the country. A small pocket recelver was the
aim and this was a good reason to go for Surface
Mount construction. All this leads to the latest
generation of the famaus ZN414 IC. The chip we are

talking about is the ZN416 AM radio supplied in an
SO8 Surface Mount package. This represents a
considerable improvement over the 414 in that it has
an added audio power amplifier output stage which
will drive a pair of 64R headphones wild. The RF
section of this IC is identical to the old ZN414 so most
of the published information still applies. The internals
of the IC are shown in Figure 1 and its main
characteristics in Table 1. Turning this into a receiver
is a simple matter.

The R4X receiver consists of a small Surface
Mount PCB on which is mounted a ZN416 IC, a
transistor audio preamp to liven things up a bit, and
a handful of passive surface mount devices. Most of
the space In the R4X is taken up by the battery and
the ferrite rod aerial. The PCB is the smallest thing
aboard and the whole thing fits into a 50mm x 37mm
x 18mm plastic box. This is certainly the simplest
receiver around If lack of knobs and switches Is any
guide. Not only do we leave out the tuning control but
also the volume control. Volume level is affected by
rotating the set to adjust the level of signal picked up
by the ferrite rod. The ZN416 has a little AGC built
in which also helps. Audio quality is excellent for
speech and quite tolerable for muslc. The individual
type earphones without a headband are the most
appropriate as they are more efficient. Of course you
don’t have to fix tune it on R4 there are other forms
of life on long wave,

The R4X is a desirable little radlo as witnessed
by the requests for copies from my teenage daughter
and her friends who fix tune them on 252kHz, But
more importantly, itis a simple way to get into Surface
Mount construction. For many who take their first
faltering steps into Surface Mount Devices (SMDs)

with basic projects like this one the simplicity of this
new technique is soon realised. Atthe same time the
huge potential for complexity and miniaturisation
become apparent. There's no return, you will soon
want to make everything in SMD and will be ready
for the increasing number of ICs and other compo-
nents some of which are available only in SMD form.
The excellent article on SMD by Keith Brindley in the
February issue of ETI makes good background
reading for this constructional project.

Construction And SMD Practice

Although we refer mainly to R4X here, the comments
should be taken as general advice for hand working
with SMDs.

The circuit of the R4 X is shown in Figure 2. It is
implemented using Surface Mount components
which although designed and manufactured with
automatic assembly in mind can easily be used for
hand soldering. Several advantages over leaded
devices will be noted. As can be seen from the track
pattern in Figure 3, the PCB is very simple and the
tedious process of hole drilling for component leads
is eliminated. The use of a double sided PCB s highly
recommended as single sided board tends to warp
slightly and can put strain on the leadless chips.
Provided there Is no interaction, circuits could be
implemented on both sides of the PCB. Double sided
and hybrid construction is common practice on
commercial boards.

Fig. 1 The ZN414 IC internal structure

SMDs come in various sizes, the more popular
‘1206’ size chip capacltors and resistors are used for
the R4X as they are the easiest for hand soldering and
still give an enormous size reduction. The ‘0805’ chip
devices are considerably smaller and becoming more
popular but are not recommended for the beginner
in the art of hand working SMDs. Incidently, multi-
layer ceramic chip capacitors are not marked with a
value, although they may have a code letter on, so
don’t unpack them until you need them. Ceramic
chips are used for values from a fraction of a pF up
to 470n or even 1u/16V. Higher capacities usually
necessitate the use of SMD tantalum. ‘Tants’ are far
more efficient than aluminium electrolytics of the
same marked value and are the best cholce for this
type of work. ICs and transistors come in much
smaller sizes also and all components produce circuits
with wafer thin profiles. It can easily be seen how a
super mini, slim version of the R4X would be possible
when the very low profile of the finished surface
mount PCB is considered.
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Producing the PCB poses no problems. Just use
the normal UV exposure and etch techniques. Dry
transfers of SMD footprints are available and for single
or small runs, 1:1 positives on drafting film are very
satlsfactory. The translucent type of drafting film will
take drafting tapes but a 0.25mm or 0.18mm Rotring
drawing pen will work on this media also and give
excellent fine lines when needed. A 0.35mm pen can
be used to fillin larger areas where copper is required.
Leave as much copper on the PCB as possible, indeed
if SOT89 power devices are used a small area of
copper will act as an excellent heatsink

Assuming you've got your etched PCB, make
sure it's very clean and spray it with a thin coating of
Electrolube solder-through lacquer. Allow it to dry
fully on a radiator for an hour or two before populating
it. The lacquer coat acts as a flux and also reduce the
tendency for the chips to slide about on the copper.

In this circuit there is no preferred order of
addition of the components but if you place the IC at
an early stage it will make it easier to locate the position
of the passives. The component positions are shown
in Figure 4. SMDs must be held in place whilst
soldering as they are very light and the surface tension
of the solder will make them play tricks such as
standing on end or going out of alignment resulting
in an untidy PCB. It is important to ensure that
components with tracks running underneath, such as
R1, are aligned at right angles to the underun. Use a
fine 26 swg (0.5mm) solder and an iron with a fine

tip. Such devices and other SMD working instrurents

are readily available. Use the very minimum amount
of solder otherwise the result will look messy and will
be less reliable.

An SMD assembly jig is a real advantage as it
holds the chips in place whilst soldering. This results
in good alignment and a very neat finished PCRB.
However a much more important reason for using a
jig is to allow a correct soldering procedure.

To solder a component in place it must be held
down by pressing it to the copper footprints with a
toothpick, for example. The soldering iron tip and the
solder must be applied to the joint at exactly the same
time. Carrying solder to the joint on the iron tip is just
not on, because the flux evaporates in a fraction of
a second and you end up applying a blob of very
poorly ‘wetted’ solder to the joint. A dry, unreliable
contact {s will result. Three hands are therefore
tequired to make a good SMD solder connection and
most of us don't have three hands. The jigis therefore
your third hand.

The operation is simple. With the PCB on the jig
base, place the SMD on its footprints, slide the board
gently into place and clamp the chip. It can now be
soldered correctly. The operation of the jig is shown
in Figure 5. It will take PCBs up to about 50mm and
is ideal for most projects. A lot of electronics will fit
on a 50mm SMD board.

Take note of the line indicating the positive side
of the Tantalum capacitor and solder it in the right way
around. Q1 is a tiny SOT23 device and like other
SMDs is best handled with tweezers. If the tweezers
are even slightly magnetised, they will make mani-
pulation difficult due to the nickel content of the
contacts. A residual magnetisation tends to build up
on most tweezers after a time and is easily removed
with a tape head demagnitiser. Note the use of a zero
ohm jumper Rx, to bring the output connection to the
edge of the PCB. This is not vital here but demon-
strates their use. Zero ohm jumpers will get the
designer out of many a tight spot by jumping one or
two tracks and reducing the need for wire links. When
all is complete give the PCB a second light spray with
lacquer to protect everything from the environment.

The construction of L1 is worthy of comment.
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Firstly the rod is easily cut to length by filing a groove
right around its circumference after which it will easily
snap if given a firm tap. Use 42 swg enamelled wire
of the self tinning type. There may be some differences
in ferrite materials and also the winding technique, so
you may have to trim a few tens of turns to get the
required station where you want it. Pile wind the coil
as shown in Figure 6 using a portion of thin card or
piece of plastic as a former to protect the wire from
the rod. Make the coil moveable on the rod if you can.
This will allow a coarse tuning control by moving the
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Fig. 2 Circuit diagram of the R4X AM receiver
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rod in or out of the coil. The coil can be held in place
with ‘Blutac’ whilst setting up and a more permanent
adhesive can be substituted later.

When it comes to boxing it up, the simplest
approach is to use a ready made plastic box. It must
be plastic otherwise the ferrite rod won't work. A
suitable type is the type 1521 from Maplin. This is too
deep as supplied and can be trimmed by about 6mm
To do this mark a fine line all the way around. Cut off
the excess using a junior hacksaw on the waste side.
Then file to the line with a fine file. The pillars which
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Fig. 3 Position of surface mount components on the PCB

take the self tapping screws for the lid are holed to the
bottom of the box and can therefore still be used. Use
countersunk M2 bolts to hold the N type battery
holder, cutting off and filing smooth as required so as
not to obstruct the cell. Use a miniature 2.5mm jack
socket for the output. It will be necessary to reconnect
the earphone leads in series to get the required 64R.
The moulded jack plug supplied will therefore have
to be replaced by a normal type. A miniature slide
switch is used for the on/off function. The PCB is
glued to the box lid. There is no need to bolt it down
as it is very light.

Wire up the output jack, battery connections and
on /off switch using 1/0.25mm kynar wire. This wire
is excellent for miniature SMD work but it is solid core
and won't take too much flexing. If you are a com-




UPPER FINGE
FERRLULE REST 72

LEVER ARM l

STANCHION g
COMPONENT
PCa
r—n,_= -
[.- P, "/. A Al |, TR K o /‘/ ‘//l
| === = =

Fig. 4 The SMD assembly jig showing how components are held in place

pulsive twiddler, leave the connecting wires a bit
longer than necessary so that reconnections can be
made when breakages occur. Connect the coil to the
PCB as indicated, taking care with the 42swg wire.

Getting It Going

Check all wiring and everything on the PCB, Wire up
the headphones in series such that they are in phase
(+ to — to +). Now plug in the headphones and
switch on, At this stage you should hear some hiss at
least. Bring in the required station using the trimmer.
For setting up, an external variable capacitor of say
500p can be connected across CV1 and turns can be
added or taken away until the signal is within the
trimcap range with zero external capacitance in circuit,

With 1.5V applied, the current drain should be
about 4mA. The voltage on Q1 collector should be
0.7V approx. If you get a lot of distortion and whistles,
the thing may be ‘taking off due to feedback. This can
usually be cured by moving the cofl away from the
PCB end. Strong signals may well cause clipping
which can be reduced by rotating the ferrite rod to
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Fig. 5 Position of major elements and interwiring

reduce the signal level. The quality should be excellent
when set up correctly.

Mods For Rockers

Certain pop stations appear on long wave from time
to time and there is no reason why the R4X should
not be used for their reception. A little more selectivity
and a bigger rod would be required to pull in the
French stations effectively on a UK wide basis but they
are audible on the R4X. If a 10mm hole is drilled in
the case to allow a little longer ferrite rod to protrude
it makes an excellent tuning system. Removing a
hundred or so turns will get you on the medium wave
band.

TURNS 42swg
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H
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Fig. 6 Construction of the ferrite antenna L1
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wave receiver but two factors necessitate the addition of a little extra PARTS LIST
audia amplification. First the gain of the RF section falls off at low RESISTORS

frequency such: s 198kHz and secondly we want to use a very short R 100k2% size 1206
ferrite rod aeriat which picks up alot less signal. Q1 givesanextra .~ R2 1k 2% size 1206
few ¢Bs of gain which makes all the difference to the R4X. Itis very Rx Zero ohm flimper
corvenient to be able to slot in an extra function batween pins 2 and CAPACITORS

3 of the ZN414. A volume control for example [10k] could be putin
here. Simplicity was the aim here and a volume control was not

included because some rudimentary AGC operates in the RF section C5 33n/50V size 1206 Y5V dielectric. Caramic chip
and rotation of the receiver provides a means of level control due to C8 4716V Tantalum SMD cap e
the directivity of the ferrite rod. The Radio 4 signalis very strong and (W 50p SMD Type 3204 trim cap
van overload the RF stages so for this reason, the signal can be SEMICONDUCTORS
reduced by rotating the receiver sa that the ferrite rod picks up a il BCF32in SMD type SOT23 packaga
reduced amount of energy. ic1 ZN816 am radio IC
Lnoking now at the output section, Thishasagain of some 168 MISCELLANEQUS !
and has an open emitter output which should connedt to @ load U 360 Turns 42 owg SRl wlre o 3.5|:m X fom
impedance of 648, Two 32R earpieces conngcted in series is ideal Rathisoe it vog
for the purpose. The circuit will come to no harm with lower loads 2 S miiature jack plog
such as 8R but the quality and loudness will be considerably reduced h.iini stira-slidb switch
a8 will battery life. The whole ZN416 draws about 4mA quiescent - Nityge bettery holder

‘current mast of which is due o the output stage. The R4X will work
froma 1.2V button cell but a 1.5V alkaline ‘N' type cell is by far the
best choice and will give much higher output for alonger time. The
uutputisdirectly cnuplad $0 that tha usua! bulkv output electrolytic

C13 1416V size 1206 Y5V dielectric. Ceramic chip
€24 100n/50V size 1206 Y5V dielectric. Ceramic chip

M2 counter sunk nd round head bolts and nuts
Connecting wire, Kynar 30 swg type
Plastic box type 1521 size 50x 37x 24mm

Table 1. Characteristics Of The ZN416 IC

Supply Voltage ... ... 1110 1.6V
BUYLINES Quiescent Current .. ... 4mA
All the Surface Mount companents and the Kynar thin wire for Frequency range .................... 0.15kHz to 3.0mHz
interconnecting are available from: Blue Rose Elsctranics (Mail Order), |nputl Impedance """"""""""""""""" M
538, Liverpool Rd, Great Sankey, Warington WAB 3LU. (Tek 0825 | SENSTVIEY oo oo
72 7848). AGC range ... REREERRTRRRTRRRTRRS 20dB
The Jack plug, onfoff slide switch, battery holder, enamel wire S‘;‘I'::é:’::m_ Z'::m) chst‘:g:m """""""""" qg:g
¥ - |5 1 I [‘ 4 e L R T T TR RN T T B S R T TR I ) i [ I’
and box are vailable from Maplin Electronic Supplies OUPUL IO BAONM oo 340mVpp ;

'JOIN UP WITH LITESOLD

Professional Soldering Equipment at Special Mail- Order Prices.
SK1B Soldering Kit. £19.75 2 =

Build or repair any electronic project.
LC18 240v 18w iron with 3.2, 2.4,
and 1.6mm bits. Pack of 18 swg
flux-cored 60/40 solder. Tweezers.
3 soldering aids. Reel of De-Solder
braid. In PVC presentation wallet.

ADAMIN Miniature Iron £8.60 nylon handle with finger grip.
W Interchangeable bits available 1.2,
1.6, 2.4, 3.4 and 4.7mm. Fitted with
Possibly smallest mains iron in the 2.4mm. 240v 12w (12v available).
world. Ideal for fine work. Slim Presentation wallet. e

‘' Series Lightweight Irons. 12w £9.20
High efficiency irons for all 0
electronic hobby work. Non-ro
handles with finger guards. 18w £9.27
Stainless! steel element shafts. Screw- model, 12w, 24mm bit. LC 18 Model,
connected elements. Slip-on bits 18w, 3.2mm bit. 240v Std — 12v
available from 1.6 to 4.7mm. LA12 available. Presentation wallet.

Designed specially for LITESOLD irons.
Heavy, solid-plastic base with non-slip pads.
Won't tip over, holds iron safely. With wiping
sponge and location for spare (hot) bits.

No 5 stand for EC50 iron No 4 stand

=) for ADAMIN miniature lron No 3 stand

for LA12 and LC18 Irons.
De-Solder Pumps £8.65 | T .
- —_— = % . I i O
== | I High Quality version of increasingly l"““ \L“ = E

popular type of tool. Precision made  thumb operation. Automatic solder
anodised aluminium body, plunger ejection. Conductive PTFE nozzle —
guard and high-seal piston. Easy no static problems.

Prices include p&p and VAT. Send order
with Cheque/PO. Ring for Access/Visa sales

LIGHT SOLDERING DEVELOPMENTS LTD. DEPT. ET
97-99 GLOUCESTER ROAD, CROYDON CRO 2DN. 081 689 0574
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MARCO

TRADING

ELECTRONIC COMPONENTS
& EQUIPMENT

MAIL ORDER ® WHOLESALE
RETAIL

Latest 1991 Catalogue

Available now

MARCO

TRADING
1991
ELECTRONIC COMPONENTS

* Free prepaid envelope
* Many new lines

* Pages of Special Offers
* Free gifts

SEND £1.50 to: CATALOGUE

MARCO TRADING e vame
Dept ET 19

The Maltings

High Street

WEM, Shrewsbury
SY4 5EN

Tel: 0939-32763

Soldering Iron
Stands 3&4

£1.33

ETI OCTOBER 1990




PCB FOIL
PATTERNS
C

i
4

vy
16

i
0 0.0
B

5 PR
TR
Jusuodwod

—
o % CLT
I | R4X Long Wave Receiver
{copper on component diode)

The Component Tester foil

EASY-PC, SCHEMATIC and PCB CAD

NEW VERSION! BRITISH
NOW DRAWS EVEN FASTER! DESIGN

e Runs on:-
PC/XT/AT/386
CGA EGA VGA.

e Design:-
Single sided,
Double sided and
Multilayer boards.

e Provides Surface
Mount support.

e Standard output in- e T il -} 2
cludes Dot Matrix T P !
1 w3 .i:-‘.\ iek | L3 L
printer, Pen Plotter, e T Hlile o
Rre@ il T Chishtae
N.C. Dril w U ot
. . . z n_l'jl%:)‘_‘__[‘.ﬁrl_" [

Fast Professional Quality Output at an Affordable Price

Write, ’Phone or Fax for full details:- ePrie
Number One Systems Ltd. ) § The CAD Specialists
REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.

Telephone: 0480 61778 (6 lines) Fax: 0480 494042 ACCESS, AMEX, MASTERCARD, VISA Welcome.
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o HART KITS gives you lhe opportunity
o 10 build the very best engineered hi-fi equipmenl
i there is, designed by the leaders in their field, using the
L best componens that are available.
With a HART KIT you have direct access o the friendly HART service, you
arp not dealing trawgh, or paying for, smy middeman

Every HART KIT |5 nof just = new aguipmant kequission bul a valuable investment in

knowledge, giving you guided hards-on sxpanenss ol medien electronic techniques.
Telgphong or wri far yiur FREE LISTS aning fid details of all our Kits, components and

spacial offers, Here are a few selected items:-

AUDIO DESIGN 80 WATT POWER AMPLIFIER

Thit it ot Limsley amplifiat is tha fagehip ol our range, andMe deat
pawsrhouse for your ullimate ni-l eyslem. This it s your way o get Ex parformancs o afew
tenthe of tie cost!

Faatured on B5 frant cover of ‘Exschionics Today i comipiele serea powar

empiiier olfers Workd Class povformance ified 1o e famous HART quality and ease of
consbuction, John Linsiey Hood's commants or saeing a complate uni wem entfusasic-
“The extemal visw:is Itat of a ihoroughly probessional phece of sudio gesr nest elagard and
turcticnal. Thisimp & graaly rewinred by e ntmal which s redalan!
of quafity, bath in compensnts and = g
Thi siandar ampidier comes with the option of 2 starae LED power mater and a versadile
i ned iripeits. and ALPS pracizan, fow-ndis batange
cantrats. A new telay swithed Ionsend safion also gjves 2 tap d oulput acility, This
means that for use with tuners, lapes 206 OO piysrs, of indesd any givar fial” inputs the
pomwer amiplilier may ba used o (i awn, withaut e nesd for sy extermal sipnel nending
stages. ‘Slave’ and ‘moriobloc” versions withoul the passive input stage and power meter are
also available. All versions fit within our slandard 420X260X75mm case to malch our 400
Series Tunar rangas. ALL wly powersupply rails are fully stebilised, and tho compiete pows!
Sugply. using & {oedal ransformer, i comtained within a heavy gauge skiminium chesss!
heatsmk fried with IEC mains nputand owipat sockats. All e Cicuitry 5 on i proges printed
circult with low-nesisangy Wade conmeciors far tie s stabiised DT outputs. HART KITS
dan't lenvs yoo fo Fasten & lew stsbilised DO auputs o e main chassis and wire e pawer
supply thie hard way! HART wirlng /s &ven pee-lominated, raady for instint uss! Remambar
with 2 HART KIT you get ihe performanca you want al the price quotsd thmugh pripsr
i g desig! anr?lhz faht Wa do ot inlegante by oflering 2
Kital whial saems aimr price and fhan i you thaf yoo have b epend thmoe fimesas much i
el an upgraced modal!

RLH10 Reprints of lales| ‘Audio Design Amflnief arlicles .. £2.70
K1100CM HART Construction Manual with full parts lists. . . £4.50

Why not buy the reprints and construction manual to see how easy 1L is to build your own

equipment the HART way. The FULL cost can be credited against your subsequent kit
purchase.

SPECIAL OFFERS FOR THE NEXT MONTH. All orders for complete kils will get the ALPS

Precision Pots in the Passive Inp i We can the new Relay
Switched Inpul Stage, normally £57.28, tor only £30!

ALPS PRECISION LOW-NOISE STEREQ POTS

HART AUDIO KITS — YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-Fi

HIGH QUALITY REPLACEMENT CASSETTE HEADS

Do your twpes iack irebila™ Awarn had caud ba the problem. Feting ongof ear repincemant
heads could ressara purkdrmarice 1o bettar than new! Standard induciances and modring

ke g easy on gy d our T Tast sy I al
spal o, As w 4 the Actual impodets you &t prme parts &l lowes prices, compaio gu
gircas with other suppliess e see? Al our haads ane sibable ot use wilt any Dofy syswn
and e normaly avisabia e stock, We als sbock & wide range of special heads for homs
cansiryction ant ndusinal Lsars

Now backin stock, the a5t baich said sul monihs agal Exciling anga af
in values to cover mos! quality ampafir applicalion. AN ate in 2-gang stéren lomat, with
20mm long 6mm g, stesl shatts, smoath rotation fyps with no Indels. Now you can throw
outthose nosy ll-matehed wilh tha re iy usad
leively y 4o fighi o % )l Al i Thaimp
track accuracy and malching really is incredible giving better tonal balance between
channels and rock solid image stability. Values availabie are 10K and 100K Log, 100K I and
10K Special Balance. (Zero 10ss in centre position). Our prices are incredibly low for pois of
this quality due to large purchases for our quality kits.

aifio pots

2-Gang Lin. .. £7.59
2-Gang Log. P £8.87
2-Gang Special Balance, zero crosslalk and zero centre (0ss ES.40

"LINSLEY HOOD 400 SERIES SUPER HIGH QUALITY AM/FM TUNER SYSTEM

This ulira high & syslem is the id panian o the BIW Audva Design
Wlnimnnn}ulﬁmmmm% ith ol d i
unisied for stacking, Like the 80W Auo Dosign Amphfier 1 i your roule 1o ultmats
periormancs &l scredinly mudest cost! Two desgns by Jahn Linsiay Hoad make up s
o his uitra fegh quality FM fnes gnd 2iarmo d and th Synenrodyne Ak
recaivar, Novel ciroult leatures in the FM secton include ready bulll gre-aligned froal and,
piase |ockad loop camodutator with & response domn b OC and advancad samale ant hald
togatmer making & fimer whi s better han i b thig Frig-pricar
gaotica but, thanky 1o MART enginearing, rmaing vary easy % buld and sat up. The
Synchradyni AM Sectin with itz seiectebie bandwidsh grovices the best possible results
ram Lomg and Megiun: wave.channels, 5o nacessary in thesa days of split prageemming.
YL want (he wary best in tegl Hi-F) listening then this is tha-tunes for you. Since all
Companars are sakesied by Me designer ln ghte the veey best uound this tunex s not chesy,
bt in farms o itz shear sound quali vdibs 4 acatoricralingads AM
only and FM onily versmng ate wedl &5 1 Wit any it baing
upgradabe at any time, For hurther delads sae tur ful

5
RLH? Reprints of articles descriting the ‘Synchrodyne’ Section

£2.80
INS450 Conslruclion Wanual for 'Synchrodyne’ AM Section ... £2.90
ALH8 Reprinls of 3 artities cavering the FM Tuner Seclion ... £270
INS400 Construction Manual for FM Seclion £4.90

Don't forget you can buy the construclion manual and reprints 1o see how easy itis and the
cosl will be credited IN FULL when you buy your kit,

H! y Stereo Head. Hugh quality head with excellent frequency response and
hyperbalic face for good lape to head conlact ...................oeovois £17.66
HC40 NEW RANGE High Bets Permalioy Stereo Head. Madairapace save design for easy
fitting and low cost. Sutable for chioms melaf and ferric pes, truly 3 unversal replacement
head for fi-fi decks Io car pliyers @7 41 an incredible price fog £6.55
HX100 Special Offer Sterea Permalioy Head £2.85
HRPA73 Downstream Monltor Stereo Combination Head £44.39
HQ551 4-Track Record & Play Permailoy Head for auto-reverse car players or
quadraphonic recording . Y]

H5524 Standard Erage Head £2.59
SM166 2/2 AC Erase Head, Standard Mount £1260
HS9510 2/4 Stereo DC Erase Head - £8.70
HQ751E 4/4 AC Erase Head, fracks compatible with HQ551 £57.06
REEL TO REEL HEADS

999R 2/4 Record/Play 110mH. . E13.34
298E 2/4 Erase Head 1mH, £11.96

TAPE RECORDER CARE PRODUCTS
HART TC1 TEST CASSETTE. Our lamous lriple purpose lest cassette Sets tape ezimuth,

VU level and tap speed £5.3%
DEM1 Mains Powered Tape Head Demagneliser, prevents noise on playback due lo
residual head magnetiser ..o £4.08

DEM115 Electronic, Cassette Type, demagnetiser £8.61

Ournew SUMMER '90 List is FREE. Send lor your capy now. Overseas cuslomers welcome,
please send 2 IRCs to cover surface post, or 5 for Airmail

We now i d poslortelep Il
and Visa credil cards

Please add part cos| of carriage and insurance as lollows:

INLAND:
Orders up fo £20 — €1; Orders over £20 — £2 50; Nex| day — €9

OVERSEAS:
Please see the ordering information
with our fists.

24hr SALES LINE

(0691) 652894 | ALL PRICES INCLUDE VAT

™ QUALITY AUDIOKITS |

BINDERS

-~
7 \ FOR YOUR VALUABLE
/ £6.80 ‘l COLLECTION OF
t Inc |

ELECTRONICS TODAY
\P &B’/

| OMNI ELECTRONICS

I 174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

A COMPREHENSIVE RANGE WITH

SERVICE SECOND TO NONE
OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE

INTERNATIONAL
MAGAZINES

New

B * TOP QUALITY - catalogue o OUCHERS TO USE AGAINST FUTURE
e H HASES. TO RECEIVE A COPY, PLEASE
* SMART : CEAETIEL I T GHR AEMIETANGE WITHYOUR NAME
I ADDRESS AND TELEPHONE NUMBER
N % EASY TO USE REQUESTING A COPY OF THE 19c9£1{2|‘|-00(I;VL|’I\IIEI
ASP Open: Monday-Friday 9.00-6.00
D READER SERVICES Saturday 9.00-5.00 —
ARGUS HOUSE :
[E sounpary way
HEMEL HEMPSTEAD o ":99” RACK MOUNTING EQUIPMENT CASES
is range of 19" i 20 .
R nertsupzrst U s ey o OONE o s T S oo vt
s Telephone your order e E:%‘j;f:trqeé;g?smw (101mm} deep and are availabia i the ollowing popular izes:
(0442) 66551 R e o
PU2 314" (88mm) £18.50
Please Supply .............. ELECTRONICS TODAY INTERNATIONAL BINDERS PU3 51" (133mm)  £20.50
@ £6.80 each inc. p&p. A e Egggm g2
Total£ ............(Please make cheques/postal orders payable to A.S.P) EQUIPMENT CASES
u1 19" (44mm)  £20.70
Y = U2 3%"(88mm)  £24.15
U3 5%" (133mm)  £27.60
ADDRESS . u4 7" (178mm)  £29.90
o000 0Ha0006000080008d AaMOBBETS. 5855 oo IHe 3o B Deiveryinciuded (UKonl)
All prices include VAT,
........................... sas s e s .- D R I A e Y DR IR BLANKING PANELS,
and RACK CABINETS ars aiso aralapia
.......................... R L T T Please send SAE for details
Or debit my qu:hoz75823983forAccessIVisaSaIesorcheque
ACCESSVISA T TIITTTITTITITITI] Expiry..........| | "o RACKZ PRODUCTS
Please allow 28 days for delivery PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY
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ELECTRONICS

TODAY INTERNATIONAL

Ben Adewole
0442 66551 Ext 250

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 55p per word (+ VAT) (minimum 15 words)
Semi Display: (minimum 2 cms)
£14.00 per single column centimetre (+ VAT)
Electromart £22.00 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).

FOR SALE

DO YOU WANT USED
SCOPES - GENERATORS
POWER SUPPLIES
POWER METERS
DVMs - OSCILLATORS
ATTENUATORS
TEST EQUIPMENT
Contact:

COOKE INTERNATIONAL
Unit 4, Fordingbridge Site,
Main Road, Barnham
Bognor Regis,

West Sussex PO22 OEB
Tel: 0243 545111
Fax: 0243 542457

Wide range of items available ==
B Send for lists wilim

FM Transmitter Kits
Also a Telephone Bug Detector Kit
Ready buill FM iransmitier £5.00 including Posl & Packing
Thess ars Commercial Kits — We alao stock s seleclion of
ek for

afree cataldgue.
WA B E AR NE T T S

97 LEIGH RD, ATHERTON, GT, MANCHESTER
Telephone Atherton (0942) 891140 Mail Order Only

SPECIAL OFFER: 15W Soldering
Irons at the amazing price of £4.99;
while stocks last. Plus Free Handy
Tips with every order. Send cheque/
PO. to: Timecloud Computers, 3
Pebble Close, Amington, Tam-
worth, Staffs B77 4RD (Please
include £1.00 p&p per order).

40 NEW Components and illus-
trated Catalogue . . . Return Ad +
£1.— K.1.A. Audio, 8 Cunliffe Road,
likley.

RACK’EM!! . . . 60 watt Racks £12;
regulated mains power supply and
sockets. — K.|.A. Audio, 8 Cunliffe
Road, lkley.

PLANS

ELECTRONIC PLANS, laser
designs, solarand wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire; HR8 2HS.

o = = e e e o

| T~ 1 ELECTRONICS TODAY INTERNATIONAL,

CLASSIFIED ADVERTISEMENT DEPARTMENT,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

I Rates: Lineage SSQrper word + VAT minimum 15 words. Semi-display £14.00 per single

column cm plus VAT

. No reimbursements for cancellations. All ads must be pre-paid.

Signature ...............

aytime Tel, NO: o

Date il oo e
| PLEASE DEBIT MY ACCESS/BARCLAYCARD No. l
|H[IIIIIHHLIIIE§¥§T _____________________________________________ I

[ ] FORSALE [ ] COMPONENTS [ | PLANS [ | OTHERS STATE
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CAMBRIDGE COMPUTER SCIENCE LIMITED

10MByte Wincheslers, used, 3 months Wty ... £42.00 each
5.25" Disk Drives, 80 Tk, DSDD £34.00 each
525" drive cases, room for drive PSU & fan ... £10.00 each
5.25" Digk Drives, 80 Tk, DSDD Used, No Wty £15.00 each
{The £15.00 drives are sold ona striclly “as is” i
525" Disks, D300, 48tpi boxes of 10
40W PSU 5V 3.75A, 12V 15A -1V 0

onfolf switeh ..., v .. £10.00 each
Barc switch mode PSU 5V 2.5A 12V 2A-12V 0.1A ....... £7.00
Gould PSU 0-30V @ 5A Limited guanlily only . £45.00 each
Slngle Dala lead (BBC Micro to Tisk Drive) . . £2.00 each
Duel Data fead (BBC Micro bo 2 Disk Drlves) . . £4.00 each
Power |ead (BBC Micro to Diak Driva) . ... . £2.00 each
Dual power lead (BBC Micra ko 2 Dish Crives) .. £4.00 each
88000 CPUS (1ha first arders oet HIMHz chios) . £3.50 each
TALSTTL, plck and mix, buy 10ormorefor ....... £0.12 each
Types avaliabla '00 '02'04°08 11121315 °20'21'26

"7 730323338 '42 7483 '96 '107 '109 122132

'136 '139 '145 151 153 "157 '158 162 '163 '164 165

‘174191 193253 '257 '298 353 365 '670
8066 CPU cw £2.00 each
ZBOA CPU, CIC, P £4.50all 4
764 EPROMS (Ex-equipment) . ... £1.00 each
27128 EPAOMS (Ex-equipment) ....... £1.20 each or £5.00/5

is)
£3.00 box
Lh

Prices include postage. Add 50p (plus VAT) to orders below £5.00. All items new unless stated
Add 15% VAT to all prices. Send an SAE for our latest list or for more info.
Dept ETI, 374 MILTON ROAD, CAMBRIDGE CB4 1SU
Tel: 0223 424602 or 0831 430496 (Please note, Mail Order only)

27128 EPROMS e ... £2.50 each
27C256-25 EPROMS .. . £3.50 each
256K Byle DRAM Moduis £6.00 each
6116 2K Byte SRAM . £1.10 each
6264 8K Byte SRAM ..-15 £3.00 each -12 £3.80 each
65256 32K Byte rams £7.00 each
8K Byte NV ram chip: £10.00 four
20 pin dil low profile [C sockets £0.5010 .. - £4.00/100
40 pin dil low profile IC sockets £0.60/10 ... £5.00 each
DEC LSi11/23 CPU cards used but workin: 50.00 each

CPU cards (Newbrain) ZB0 CPU. 3 EPROMS & 60+
mostly FLSICE £2.00 each
LOD graphics mod 240 by 54 pvel wilh drivar chips £13.000ach
Circui tester. linds fauns in TTL & CMOS logie circuits
INCIBBEE et e —— RROD BACH
Keyboard, 100 keys on board LCD & microiff .... £8.00 each
Melal project boxe i i bul unused

2Bx325x5cm ... ... £6.00 each
Toroidal mains | 2V 4A & 04A,

12-0121A & 2A,9-0-92A . £4.001 £6.00/2£8.00/3
Smoke datErices, small size ... £7.00 each

i and pause
... £13.00 each
... £2,50 each

Smoke duleciors, large wi
featurs
Video Tapes, E180 VHS ...

A & G ELECTRONICS LTD.
ELECTRONIC COMPONENTS MAIL ORDER COMPANY

1990 CATALOGUE
IS QUT NOW.

Order a catalogue now and we send you a
0.5" ORANGE DUAL LED DISPLAY
Value £ 2.00 absolutely free!!!

o FASTSERVICE K8 ‘Eﬁ;&- m
® LOW PRICES %‘&‘ _%.aag}‘; >

o tarGeDiscaunTs I
SEND £1 FOR YOUR COPY Offer fora
Eefundabie with first order limited period.

Y Park Avenue, London Eb 25K,

Tel: 051 2086 Fas: US1-519 34149

TO ADVERTISE
CALL
0442 66551

WANTED

Turn your surplus
4ransistors, 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.
NOW ESTABLISHED OVER 15 YEARS
Tel: 0945 584188
Fax Number: 0945 588844

SURVEILLANCE

SURVEILLANCE &
COUNTER
SURVEILLANCE
EQUIPMENT

WE MANUFACTURE AND SUPPLY
i TOP QUALITY
SURVEILLANCE
AND SECURITY
¢ EQUIPMENT
including VHF Tr
Automatic Telephone
Recorders, Recording
21 Briefcases, Bug
w4 Deteclors
7" Telephone
CounterTap Units

@. Q' “We also olfer a complete

1ange of accessories,
including microcasselte recorders, microphones,
receivers, cassettes and batteries

CCTV AND SECURITY
SYSTEMS SPECIALISTS

Write or phone for a detailed catalogue to:

ESKAN ELECTRONICS LTD.

DEPT. ET. 172 CALEDONIAN ROAD. LONDON, N1

ex071-278 1768 =

TEMPERATURE

MEASUREMENT

IRREVERSIBLE TEMPERATURE
INDICATORS

Minialure labsls 11mm x 3mm for lhe measurement
of temperature on small components, Each strip has
four tamperature points: 40-43-46-49°C,
54-60-66-71°C. 77-82-88-93°C, 99-104-110-116°C,
121-127-132-138°C, 143-149-154-160°C. Supplied in
packets of 45 strips priced at £3.00 plus VAT.

These and other lypes of indicators up to 260°C
available from:

S'feclnllsed Labels, Block ‘D', New Normanton

lis, Stanhope Street, Derby DE3 8CU, England.

Tel (0332) 382421, Fax {0332} 291208.
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Start training now
courses. Send for

for the following
our brochure —

without obligation or Telephone us on
0626 779398

(Ref: ETI/10/90)

N A T 1/

Name

o Telecomms

Tech C&G 271

O Radio Amateur
—— Licence C&G

_____d Miecro-
processor

-0 Introductionto

Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

KITS

KITS, PLANS, bulit units, mlcro-
transmitters, telephone switches,
bleepers, personal protection (sonic
and electric). SAE list: ACE(TI), 99
Greenheath, Hednesford, Staffs.

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 500
metre range, sensitive electret
microphone, hié:h guality PCB,
SPECIAL OFFER complete Kit
ONLY £595, assembled and ready
to use £9.95 post free. Access/Visa
order telephone 021-411 1821,
Cheques/POs to: Quantek Elec-
tronics Ltd, Kits Dept (ETI), 45A
Station Road, Northfield, Birming-
ham B31 3TE. S.A.E. for details of
this and other kits.

CALL
BEN ADEWOLE
ON
0442 66551
TO ADVERTISE
INETI

05438 71802.

FLATMATE SPEAKER enhanced
electronics kit £49.50 pair. SAE
details: Memex Electronics Ltd, 1
Icknield Close, Ickleford, Hitchin,

Herts.

PCB'S

Sample Our Quality With
AFREE

BOARD
Single/Double Sided Circuits
or Plated Through Hole

PRINTED CIRCUIT

White to:
PAYNE ELECTROPRINT LTD
Marcus Road, Dunkeswell,
Nt Honiton, Devon EX14 ORA

ELECTRONIC COMPONENTS.
Send for our 1991 catalogue
contains 1000's of product lines
including SMD components. Send
cheque or PO, for £1.80 to: Sarm
Digital, 13 Pearle Strest,
Macclesfield, Cheshire SK10 2AL.
Mail Order only. Prop: N. Farrar.

RETAIL OUTLETS

COLLEGE
TECHNOLOGY

PACKAGED SHORT COURSES

The National College of Technology (NCT Ltd)
offers a range of packaged short courses in
analogue electronics, digital electronics and fibres
and optoelectronics for study at home or at work.
The advantages are that you may.

~— commence at any time— work at your own pace
— have a tutor (optional) and there is no travelling
involved. BTEC certificates are available subject
to the conditions of the award. These highly popular
packed courses contain workbooks, a cassette
tape, circuit board and components necessary to
provide both theoretical and practical training.

Whether you are a newcomer to electronics or have
some experience and simply need updating, there
is probably a packaged short course ready for you.
Write or telephone for details, quoting ETI to:

NCT Litd, Bicester Hall
5 London Road, Bicester, Oxon 0X6 7BU

0O N A4 L :
0 F

or telephone (0296) 613067 Ext. 202

ELECTRICAL
COMPONENTS SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy tofollow diagrams
and uses only £1.00. Components
and PC.B'savailable. Herrington, 63
Home Farm Rd, Hanwall, London
W7 INL.

<3>3 03 40mrm

EDINBURGH

| OMNI ELECTRONICS |

stoch a wide range of slectronic Bomperients al

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Opan: Mon-Frl 9arm-8pm, 8at Bam-&pm
Send 2x18p stamps lor latest catalogue,

LIVERPOOL

PROGRESSIVE RADIO
87/03 Dale Street Tel: 051 236 0154
47 Whitechapel Tel: 081 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tuee-Sat 8.30-6.30

LONDON

CRICHLEWOCD
ELECTROMNICS

One of thi lirgust componant ralallers iniha LIK, Fastand efficlent,
same ty personal sarvice on ‘1N STOCK ITEMS' Vary competative
pricee Nomitimium orger Call Crckiswood Electronics now
40 CRICKLEWOOD BROADWAY, LONDON NW2 3ET
Tel: 081-460 0995/452 0161

SOUTH COAST

ELECTRONIC COMPONENTS
are best seen at

FRASER ELECTRONICS
42 ELM GROVE » SOUTHSEA » HANTS
Telephone (0705) 815584
Barclaycard Access
COME AND BROWSE BEFORE YOU BUY

ETI OCTOBER 18990

LIVERPOOL

Tv & VIDEO SPARES EMPORIUM
Ni
Trade and Publio Retall Outlet
FERG VIDEO HEAQS FROM £1096 @ PANASONIC HEADS FROM £1095

] PY KITB €495 OR8CH
FERQ VIDEO LAMP WIRE ENDS 40p & FERQ VIDEO LAMP WITHPLUG 60p
20MMA/S FUBES t1 PER FACK OF TEN

>
Q
2%
ozIp
o b3
Zmy

w0

ALL YOUR TV & VIDEO NEEDS HERE IN LPOOL
101 ROCKY ME TUERBROOK
LIVERFOOL L aBi 12604025
Mon-Froo 1065 30 Sal Bam: 500

ALLPARTS

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 081-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

<= I >2 03 <40mrm
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Panel Engraving Service

Now you can give your projects amore professional finish by using the
ETI Front panel service. If you have difficulty with drilling clean holes
and producing good quality labels for your treasured projects then
this service is a must for you, We will supply complete front panels for
selected projects featured in ETI in a variety of base colours and
coloured type according to your choice. The material used is a tough
laminated plastic of extremely durable quality. It can be used as a glue
on front-piece to a metal back plate or even as a front panel in its own
right, the decision is yours. We believe the prices quoted are extremely
good value for money and indeed hard to beat.”

All you do is fill in the coupon stating cleatly the code number, your
name and address and your remittance made payable to: AS.P.
Reader Services,

For the choice of colour you must add two letters to the end of the

code. They are these: BW — Black panel, white lettering, RW — Red

egnr:l. white lettering, WB — White panel, black lettering, WR —
hite panel, red lettering,

The ultimate in personal service must be to offer a front panel madeto
your design requirements and this does not have to be limited to
electronic projects. It could be a design for a clockface, a door-panel
insignia, even your own logo, Now we can offer that facility too, Send
us by letter or Fax, a neat dimensioned millimetre drawing of your
sanel design and we will be happy to give you a quote for a coloured
ront patel. On acceptance of the quote just send in the artwork and
we'll do the rest. There's a minimum charge of £10.00 4+ VAT for this
custom service but we reckon it’s worth it.

Here are some recent popular projects to start this brand new service
on its way, the prices are inclusive of VAT and postage and packing:

P9005-1 The Business Bass Am £16.95
P9003-1 Superscope CRT Pane £ 395
P9003-2 Superscope X shift Panel £ 2,95
P9003-3 Superscope T/base £.4.95
P9003-4 Superscope Y1 Input £ 4,00
P9003-5 Superscope Y2 Input £ 4.00
P9003-6 Superscope All 5 boards £17.95
POO0O1-1 Wavemaker FG £ 500
P8910-1 Multimeter £ 595
P9007-1 Decision Maker £ 8.95

TELEPHONE ORDERS

BN 0442 66551

ETI Reader Services, Argus House, Boundary Way, Heniel Herpstead, Herts, HP2 7ST

ln the actlon packed November audlo editlon of ET| we have a
comprehensive gulde on how arecording studio Is deslgned and put
together in order to achleve the best results in sound recording, together
with a whole host of musical tech tips for the constructor to experiment
with ranglng from a MIDI activated nolse gate, to several other sound
bending and modlfying technlques.

There’s a four channel cassette recordet/mixer for you to build
which will take you into the winter months. We also present the second
part on electrostatic loudspeaker deslgn which highlights other methods
of reproducing sound apart from using magnetic forces.

In the HDTV series, James Archer looks at existing Japanese
technology for wide-screen high quality television together with its
advantages and disadvantages.

So make sure of reserving a copy when ETI enters the market place
on October 5th.

The above articles are In preparation but circumstances may prsvent publication

Please supply P9005-1  Colour Qty
Please supply PO003-1  Colour ... Qty
Please supply PO003-2  Colour Qty
| Please supply P9003-3  Colour Qty
Please supply P9003-4  Colour Oty

Please supply P9003-5 . Colour ..., Quy
I Please supply P9003-6  Colour ..., Qty

Please supply P9001-1  Colout Oty
I Please supply PE910-1  Colour Oty

Please supply P9007-1 Colour Qty i |
| Cheques/P.O, payable to A S.P. or debit my Access/Visa

On the list of items featured in the September lssue were
articles covering Video cassette recorder timers and the
new technology that could replace them, microwave
applicatlons from cooking to warheads, data communications
and how computers talk to each other and cross-over networks,
could they be a necessary evil? On the projects front, we
presented a slide projector controller, a music relay system to
send your hi-fl around the house and a diode tester, Sorne back
copies are still available from Select Subsctlptions.

ADVERTISERS’ INDEX

0 O O O |

Signature

Name

| Address

I ETI Reader Services, Argus House, Boundary Way,
Hemel Hempstead, Herts, HP2 7ST
Allow 28 days for delivery
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MONITORS

MONOCHROME MONITORS

THIS MONTH'S SPECIALJ
There has never been a deal fike this onel
Brand spanking new & boxed monitors
from NEC, normalty sefiing at about £1401
These are over-engineered for uitra

i with etched non-glare screen pius switch-
able high\ow impedance input and output
for dajsy-chalning. 3 front corirois and 6 at rear. Standard BNC
sockets. Beauiiful high conirast screen and attractive case with
carrying ledge. Perfect @ a main or backup monitor and for
quantity usersl  £39.95 each 0 or 5 for £185(g)

CALL FOR XSCOUNTS ON HIGHER QUANTITIES!
Zenith ZVH-1240-EA brand new & boxed 12" amber flat screen
with ooboral serva 2 B base. Sunflex filtter with dark tint.
Stanciars TTL PC compatiee. 18 mhz bandwidth. Very atiractive
‘s#e ¥ Te = ‘apemc grey case. Standard 9 pin D plug
suooke! o 1 metsm com and mains cord terminated with IEC
=rmerzr. 247 e0fs complete with operations manual. An ab-
SIS g = £53 (D) 102500 (G). Swivel/tilt base £4.95.

very high resolution, fully cased 14" green or amber screen
monter with non-glare screen and swivel/tilt base, The very
sf==t technology at the very lowest pricel Fully compatible and
plug compatible with all IBM PCs and clones fitted with a high
r=s Hercules or equivalent candl Enables superb graphics and
resolution, all al a give away price. Has many exira features
imcluding aux +5 & 12v DC outputs to power al least 2 disk drives,
¥ your PC power supply is getting hotl Supplied BRAND NEW
2nd boxed. State whether amber or green screen required.
Amber ..o £79 Green .........£69 %EI.
Wang green screen 127 chassis monitor with composife video
rout. Adjustable for Git. Requires 12 vdc. Brand new and boxed
im perfect condition. Only £38 each or 2 for £75 (F)
Motorola M1000-100 5™ black & white compad chassis measur-
ng only 11.6H x 12W x 22D. Ideal for CCTV or computer
mplicalions. Accepls standard compesite or indvidual H & V
syncs. Needs 12vde al only 0.5a. Some units may have minor
screan blemishes. Fully tested with 30 day guaranise and full
=ta, £29.00(C)
Fully cased as above in afracfve mouioed desk sianding
swivel, Dim 12 x 14,5 x 26cm £39.00({C)
JYC 751 uvltra compact chassis monfior for 12vdc 0.7a. Dim 11
7 14 x 18cm. Simple DHY data induded 1o conver o composite
wdeo Input _Full data. BRAND NEW £65.007B)
20" Black & white monitors by Aztex. Cofron & Nafional. All
zolid state, fully cased monitors ideal for 2l types of AV or CCTV
aoplications. Standard composie viceo
audio amp and speaker. Soid in good uses conditon - 1
#ith 90 day guarantee.

COLOUR MCHNITORS
Decca 16" B0 budget range colour monitor. Features 2 PiL ube,
seautiful leak style case and guaramiesd 50 column resolution,
=atures usually seen anfy on colour mo imes
aur pricel Ready to connect to mos compuss outs
56 composite input with integral 2udo amp & speaker. Fully
t=sled surplus, sold in little or hamdy usec condifon with 30 day
%l RTB guarantee. ideal for use with vides recordar of cur
Telebox ST, and other audio visual uses. £99(F) 3E275(G)

HIDEFINITION COLOUR MOMITORS
Srand new Centranic 14" monstor for BM PC and compatibles
= a lower than ever pricel Compistsly CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 859 x 507 pis=i=. Big 28 Mhz
Sandwidth. A super monitor in aftracive stvle moukded cass Full
20 day guarantee. Only 149 (B)

20",22" and 26" AV SPECIALS

Superbly made UK manufacture. PR @l sold state colour
monhors, complete with composite video & sound inputs. Attrac-
Fve teak style case. Perfect for Schodks, Shoos. Disco, Clubs.

m EXCELLENT litie used condition with il 90 day guarantee.

20

£155 22"....£170 26"
COMPUTER SYSTE

TATUNG PC2000. Big brother of the
TPC2000 Professional 3 piece system
resolution Green 12" monitor. Sculpturac 22 ksy keyboard and
plinth unit containing Z80A CPU and all coniral circusts. PLUS 2
integral TEAC 5.25 BO track double sided disk drives. Generous
other features Include dual 8° IBM far disk drive support.
Serial and paraliel nutg:jm. full expansion port. 64K ram and
ready o run softwane. Supplied compiets wis C
and Basic. Brand new and coversd
gusrantee and baduip. Normal pri
Our price .... on

We gol a Iremendous buy on further xs of this popular
Master Systems 2/12 microprocessor controfied V22 full duplex
1200 baud modem - we can now bring them to you at half last
sdvertised pricel Fully BT approved provides standard
V22 high speed data comm, which at 120 ops, can save your
Il and connect ime by a staggering 75%! Ulira slim 45
mm high. Full fealured with LED st=tus Indicstors and remote
arror diagnostics. Sync or Async use, speach or data switching;
built in 240y malns supply and 2 wire connecton 1o BT, Units
are n used bulgood condition. Fully tested pror despatch, with
data and a full 80 day guarantes. Wha! more can you ask for -
and at thiz pricell ONLY £69 (D)

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOW!I

Dept ET, 32

MsRLAY

'HE ORIGINAL SURPLUS

reliability, 97 green screen composite input a

MAIL ORDER & OFFICES
Open Mon-Fr 9.00-5.30

Upper Norwood,
London SE18 3XF.

'IBM KEYBOARD DEALS

A replacement or backup keyboard, swilchable for IBM PC,
PC-XT or PC-AT. LED's for Caps, Scroll & Num Locks. Standard
84 keyboard layout. Made by NCR for the English & US markets.
Absolutely standard. Brand new & boxed with manual and key
lemplate for user slogans on the function keys. Atractive
bsige,grey and cream finish, with the usual reiractable legs

meath, A generous length of curly cord, terminating In the
standard 5 pin DIN plug. A beautiful clean plece of manufac-
turers surplus. What a deall (B) S£175 (D)

Brand new and boxed 84 key PC/XT type keyboards In standard
IBM grey with very attractive motfied finish and "dicky” solid feel
keys. 10 function keys on sida. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) S5/£135 (D)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

FLOPPY DISK DRIVES
BARGAINS GALORE !
NEW 514 Inch from £29.951

Masslve purchases of standard 514" drives enables us to
present prime product at industry beating low prices! All units

{unless staled) are removed from often brand new amig)men!
and are fully tested,aligned and shi lo you with a 90 day
guaranee and operate from +5 & + , are of standard size

and accept the standard 34 way connector.
SHUGAHT SA405. BRAND NI
TANDON TM100-2A IBM compatible DS
TANDON TM101-4 80 Track DS £40.95(C
CANON,TEC etc.DS half height.State 40 or 80T £75.00(C
TEAC FD-55-F.40-80 DS half helght. BRAND NEW £96.00(C)
3% INCH BRAND NEW AT £19.95[1
Never before seen price for a 314" drive. Standard size belleved
to be by Canen. Brand new and packaged - mint condition! 40
track 55, run from +5 & +12vdc with standard power connec-
tor...Only..... £19.95 or 2 for £34.50(B)
CHOOSE YOUR 8 INCHI
Shugart 800/801 5SS refurbished & tested
Shugart 851 double sided refurbished & tested  £195.00(E)
Mitsubishl M2884-63 double sided switchable
hard or soft sectors- BRAND NEW £250.00(E)
SPECIAL OFFERS!!
Dusl 8" drives with 2 megabyte capadity housed In a smart case
with built In power supplyl Only £499.00 (F)

Ideal as exderior drives!

End of line purchase scoop! Brand new NEC D2246 8" 85
megabyte of hard disk storagel Full CPU control and Industry
standard SMD interface. Ultra hi transfer and access ime
leaves the good old ST506 inferface standing. In mint condition

and comes complele with manual. Only............crc.v.......E399(E)

£29.95(C
£30.95(C

£150.00(

= MAINS SUPPRESSORS & FILTERS

Roxburgh SDC 021 2 amp mains AFI filter. Has an extra wide
frequency range of 150 khz to 30 mhz. Can type, solder lug
connection. Quality manufactured to BS 613 standards. Dims
1-1/2°D x 1-3/4"H........... £3.95 or 3 for £E10 (A) 10 for £28 (B)
Roxburgh SDA 013/25, Similar to above rated at 1-1/2 amps.
Dims 1-1/2°D x 1-3/4"H....£3.25 or 3 for £8.50 (A) 10 for £25(B)
Suppression Devices SO5 A10. Extra compact general pur-
pose suppressor. Plastic moulded case with single bolt fixing
and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/4"L
x1-1/8"W x 5/8"H............ £3.95 or 3 for £10 (A) 10 for £28 (B)
Befling-Lee type L2127 3 amp mains RFl filters. Has a bullt in
mains cable (English ceding), and a three pin mintature non-re-
versible socket and a mating plug, to ge to the equipment. Ideal
for those who are bugged by RF Interference. Very compaci.
Dims 3-1/8" x 2. 1. .£3.95 each or 3 for £10 (A
- : i

LEAD ACID

Maintenance free sealed long life. Type A300.

12volts 12 volts 3 amp/hours £13.95(A
6 volts 6 volts3 am s £ 9.95(A
12volts  Centre tapped 1.8 amp hours. RFE. £ 5.95(A!
12volts 12 volts 24 amp hours. A200. RFE. £29.00(B

CKEL CADMIUM

Quality 12v 4ah cell pack. Originally made for the Technicololor TEC Starwriter Model FP1500-25 dalsywhee! printer renowned

video company. Contalns 10 GE top quality D nicad cells in a

smart robust case with a DC output connector. Ideal tazrfaﬂabia

eEquipment, Bran::lcn_\;v, Re ", !i.QS{B)

x-equipment N cells by GE. Removed from pment

and‘eﬁ-‘ggod, used condlion:byo size 4ah ;o
F slze 7ah

SPECIAL INTEREST

Advance 6120 7 pin A3 plotter HPGL. New
Trlo 0-18 vdc bench PSU. 30 amps. New
DEC VAX11/750 Inc. 2 Meg Ram DZ and full

documentation, In brand new condition £3900
DEC VAX Station 100 E 295
DEC LS/02 CPU board E 150
Calcomp 1036 large drum 3 pen plotter £ 850
Thuriby LA 180B logic analyser E 375
1.5kw 115v 60hz power source £ 850
Tekitronics R140 NTSC TV lest signal standard. £ 875 |
KTX 1000 Videotex system - brand new £ 790
ADDS 2020 VDU terminals - brand new £ 225 |
Sekonic SD 150 18 channel Hybrid recorder £2000
Trend 1-8~1 Data transmission test set £ 525
Kenwood DA-3501 laser plckup simulator £ 350

LONDON SHOP
100’s of bargains|
Open Mon-Sat 9-5,30
215 Whitehorse Lane,
South Norwood,
London, SE25 .

DISTEL ® The

Biggin Way, 300 bd 081-67

200/1200 bd 081

Al pricas for UK Mainiand. UK customers add 15% VAT o TOTAL order amourt. Minimum order £10. PO orders from Gavermment, Universiies, Schools & Local Authorties
welcome-minimum account

stand;ld Conditions of Sale guaranteed
without prior notics. Orders accepted subject to stock Quotations willingly given for

ordsr £25. Camiage charges (A}=£2.00. (B}=£4.50. (C}=£8.50. (D}=£1
and unlese otherwise stated for 80 days. Al

@ comrect connection to various CPU's including the 8080, Z-80,

E) Famell G&/40A. Switch mode. 5v @ 40a.Encased £95.00({C)

Telebox 4
T ﬁoﬁﬂ&“ﬂ?ﬁ%ﬁ%ﬁﬁﬁﬁaw mnriitgtf‘rgs

4 for £5(8) cpl In Pica, 163 In Elite. Friction or tractor feed.
6 for £8(B) Includin
DED D

with full 40 characters per line. Complete with data sheet which

£ 425 includes circuit diagrams for simple driver electronics..... £48(B)
£ 470 Centronics 150 series. Always known for their reflabilty In

cps with 4 fonts and cholce of Interfaces at a fantastic pricel

Free dlal-up database|
1000°s of [tems+info On Line|

1200/75 bd 081-6

gu=rantess on a retum fo base basis. We mserve the right to change prices & specificaions
higher quantities than those stated, Bulk surplus always required for cash.

DERLAND!

ANALOG to DIGITAL and DIGITAL to
ANALOG CONVERTERS

Brand new and boxed Amdek
ADA-200 analog to digital and
digltal to analog converter pack-
ed full of features: interlaces to
most popular PC's; 2 channel
Input & output by software selec-
tion; integral Input/output filters and address decoder; Input
pre-amp; over-level detecter; Irigger signal detecter dircuit;
expansion avallability and more. Input level 25mv 1o 50v p-p.
Max. sampling frequency is 44khz and input gain varable to
200 times. Deslgned for use with almost any personal com-
puter, allowing conversion of analog signals to digital data for
processing by the computer plus conversion back to analog
signals. The 26 page manual supplied includes data on the

6800, 6502 and 6809 familles plus data and schematics foruser
medification of VO filter cut-off frequencies. Complete with 50
way ribbon cable and edge connector to go to the computer and
pawer cable. All for a fraction of the regular pricel ~ £49.95 (C)

- POWER SUPPLIES - -

All PSUs 220-240vec input and are BRAND NEW unless
stated. Many types ranging from 3v to 10kv always in stock.
Fine OP-8619 20 walts switch mode. +5v @ 2a. +12v @ 0.1a,
12v@ 0.1a. 5" x 3" x 1-1/2". £15.95(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". £19.95(B)
Greendale 19ABOE 60 watls switch mode.+5v @ 6a.+12v @
1a+15v @ 1a. AFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v
@ 15a,-5v@ 1a,+12v @ 6a.27 x 12.5 x 6.5cms £49.95(C)
Boshert 13090.Swilch mode.ldeal for drives & system. +5v@
6a, +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a, £29.95(B)

Famell G24/58. As above but 24v @ 5a, £65.00(C)

Please specify 110 or 240 volts for AC fans.

3inch  AC. 114" thick £ 8.50(B
3i2inch  AC ETRI slimline.Only 1" thick. £ 8.958
4 inch AC 110/240v 112" thick. £10.95(B
4 inch AC 114" thick £ 9.95B
10 inch Round.31%2 thick. Rotran 110v £10.958
62 mm DC 1" thick.No.812 for 6/12v.814 24v, E15.95(A
92 mm DC 12v. 18 mm thick. £14.95(A
4inch DC 12v. 12w 112" thick £12.50(B
4 inch DC 24v 8w. 1" thick. £14.50(B|
THE AMAZING TELEBOX!
colour monitor into a

Converts your

.. QUALITY COLOUR TVII
e

TV SOUND
& VIDEO
TUNER!

Brand new high quality, fully cased, 7 channel UHF PAL TV tuner
system. Unit simply connects to your TV aerlal socket and colour
ldeo monitortuming same into a fabulous colour TV. Dont worry
i your monitor does’nt have sound, the TELEBOX even has an
Integral audio amp for driving a speaker plus an auxillary output
for Headphones or Hi Fi system etc. Many other features: LED
Status Indicator, Smart moulded case, Mains powered, Built to
BS safety specs. Many other uses for TV sound or video etc.
Supplied BRAND NEW with full 1 year guarantee.
}
)

Telebox ST for composite video Input monitors.
)

E29.95

STL as ST but with integral speaker.

PAL overseas version please call. SECAM nat available.

BRAND NEW PRINTERS ' .,

for its reflability. Diablo gpe print mechanism gives superb
registration and quality. On board microprocessor gives full
Diablo/Qume command capability. Serial AS-232C with full
handshake. Bidirectional 25 cps, switchable 10 or 12 :ch. 136
ull ASCH
€ sign. Font and ribbon Diablo compatible........ £199(E)

minfature ball point pen printer plotler mechanism

continuous use - real workhorses in any environmentL. Fast 150

158-4 Serial up to 9.5" paper, fan lold tractor......

.£ 99.00(E}
150-4 Serial up to 9.5" paper, tractor, roll or s/sheel

£129.
152-2 parallel up to 14.5" paper, tractor or yshaet.,mﬂ.ag
CALL FOR THE MANY OTHERS IN STOCK.
Visit our Shop - Technical help always on hand
plus many un-advertised specials, You can buy a
colour television for as little as £29! Come and
Join the gang at 215 Whitshorse Lane!

Orliglnal ALL ENQUIRIES

081-679-4414

Fax- 081-679-1927
Telex- 894502

9-1888,
79.6183,
-679-8769

=

0.00. (E)=£12.00 (F)=£17.00 {G}=Call . All goods supplied subject to our
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