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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

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

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *independent power supplies with two toroidal translormers * Twin LED. Vu meters *
Level controls * llluminated on/off swilch * XLR ¢onnectors % Standard 775mV inputs * Open and shorl circuit
proof ¥ Latest Mos-Fels lor siress free power delivery intc virtually any load * High slew rate * Very low
distortion * Aluminium cases % MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal proieciion.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC. —H kS

SIZES:- MXF200 W19 'xH3"2" (2U)xD11" - i
MXF400 W19 'xH5 4" (3U)xD12"
MXFE600 W19 'xH5"4" (3U)xD13”
MXF900 W19 'xH5 V4" (3U)xD14%."
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL £12.50 EACH

e s 2 = =
INCLUDE V.A.T.+ PROMPT DEL/VERIES + FRIENDLY
VK:E + LARGE (A4 8.A.E, SDp ETAMPED FOR CATALOGLIE -

i — =

WER -mM SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide reputalion for qualily, reliability and performance al a realislic price. Fou
models are available lo suil Ihe needs of the prolessional and hobby market i.e. Industry. Leisure. Instrumenlal and Ho= |
eic. when comparing prices, NOTE tha all models include loroidal power supply, inlegral heal sink, glass fibre P C 8 |
drive circuils lo power a compalible Vu meler. Ali models are open and shor circuit proot

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

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

OMP/MF 200 Mos-Fet Output power 200 wak:
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, SN R
-110 dB. Size 300 x 155 x 100mm.
PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Oulput power 300 watts
" R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
" -3dB, Damping Factor >300, Slew Rate 60V/uS
T.H.D. typical 0 001%, Input Sensitivity 500mV. S.N.R
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS
T.H.D. typical 0.001%, Inpul Sensitivity 500mV, S N.R

GMP VARISPEED TURNTABL

* Manual arm * Steel chassis * Electronic speed
control 33 & 45 R.P.M. » Vari pitch control % High
torque servo driven DC motor * Transit screws *
12" die cast platter * Neon strobe * Calibrated
balance weight * Removable head shell * %"
cartridge fixings * Cue leverx 220/240V 50/60Hz
* 390x305mm * Supplied with mounting cut-out
template.

v PRICE £61.30 + £3.70 P&P
UP TIONAL MAGNETIC CARTHIDGESK) 1|

TON AL500mkii GOLDRING G950
PRICEC16,05 - S0P P&P £7.15 + 50P PaP

SCO MIXER DJ6500) * WITH ECHO *
STEREO DISCO MIXER with 2 x 7 band

L & R graphic equalisers with bar graph
LED Vu meters MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with tone control
& talk-over switch, 7 Channels with
individual faders plus cross fade, Cue
Headphone Monitor. Useful combination of
the g inputs:- 3 turntables (mag), 3
mics, 5 Line for CD, Tape, Video etc,

Price £134.99 + £5.00 P&P

SIZE; 482 x 240 x 120mm

-110 dB, Fan Cooled, D.C. Loudspeaker Protection. 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P i
NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO 'VERSIONS: !
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SEN¢
775mV, BAND WIDTH 50KHz. ORDER STANDARD OR PEC.

Vu METER Compatible with our four amplifiers detailed above. A very accurate
visual display employing 11 L.E.D.s (7 green, 4 red) plus an additional on/of
indicator. Sophisticated logic control for very fast rise and decay limes. Tough
i~ moulded plastic case, with acrylic tinted fronl Size 84 x 27 x 45mm,

* PRICE £8.70 + 50p P&P

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.
P| - From McKenzie Prolessional Series

- From McKenzie Studio Series
——

. == EiC
ALL McKENZIE UNITS 8 OHMS IMPEDANCE
8" 100 WATT P C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.
RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 96dB. PRICE£31.45 + £2.00 P&P
10" 100WATT [§ C10-100GP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MID.
RES. FREQ. 72Hz, FREQ. RESP. TO 6KHz, SENS97dB. PRICE £38.89 + £2.50 P&P

- p— » e = = -
PIEZO ELEGTRIC TWEETERS - MOTOROLA

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved
{ransient response with a lower distorlion level than ordinary dynamic tweelers. As a crossover is not required
these units can be added o exisling speaker systems of up to 100 wals (more if two are put in series. FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.

- TYPE ‘A’ (KSN1036A) 3° round with proleclive wire mesh. Ideal for

‘ beokshelf and medium sized Hi-Fi apzakers. Price £4.90 + 50p P&P.
TYPE 'B' (KSN10GBA) 3% super horn lor general purpose speakers,
disco and P.A. systems elc. Price £5.98 - 50p P&P.

TYPE 'C' (KSN1016A) 2°x5" wide dispersion horn for quality Hi-Fi sys-|

. lems and qualily discos elc. Price £6.99 + 50p P&P,

TYPE 'D' (KSN1025A) 2°x6” wide dispersion horn. Upper freguency |
response retained extending down 1o mid-range (2KHz}. Suitable for high

qualily Mi-Fi systems and quality discos. Price £5.98 + 50p PP,

| 10" 200WATT S/ C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MID.
RES.FREQ. 69Hx, FREQ. RESP. TD 5KHz, SENS 97dB. PRICE €53.21 -
12" 100WATT | C12-100GP HIGH PCWER GEN. PURPOSE, LEAD GUITAR, DISCQ.
RES.FREQ. 49Hx_ FREQ. RESP. TO 7KH2, SENS 98dB. PRICE £40.35 + £3.50 PP
12" 100WATT B €12-1047C (TWIN CONE) HIGH POWER. WIDE RESPONSE, P.A., VOICE, DISCO.
RES. FREG 45Hz, FREG. RESP, TO 12KHz, SENS 97dB. PRICE £41.30 4 C3.30 4P
127 200WATT S C12-2008 HIGH POWER BASS, KEYBOARDS, DISCO. P.A.

RES. FREQ. 45Hr, FREQ, RESP. TO 5KHz, SENS 99dB. PRICE £71.91 + £3.50 P4P
12° J00WATT S C12-3000F HIGH PDWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC.,

£2.50 P&P

RES. FREQ. 49Hz. FREQ. RESP. TO 7KHI, SENS 10048, PRICE £93.88 = C3.50 PAP
15" 100WATT FIC15-100BS BASS GUITAR, LOW FREQUENCY, P.A., DISCO. -

RES.FREQ. 40Hz, FREQ. RESP. TO 5KHz_ SENS 98dR_ PRICE £ 55.05 - £4.00P4P
15" 200WATTIHC15-2008S VERY HIGH POWER BASS
RES. FREQ. 40Hz, FREQ. RESP. TD 3KHz, SENS 9848,

15" 250WATT §/C15-250BS VERY HIGH POWER BASS.
RES. FREQ. 39Hz, FREQ. RESP. TQ 4KHz, SENS 99d5 PRICE £60.23 + £4.50 P&P
15" 400WATT [ C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS,

RES. FREQ. 40Hz, FREQ. RESP. TO 4 KHz, SENS 10048, PRICE£105.46 ~ £4.50 P&P
18" SOOWATT [§C18-500BS EXTREMELY HIGH POWER, LOW. FREQUENCY BASS.

RES. FREQ. 27Hz, FREQ. RESP. TQ 2KHz, SENS. 93dB. PRICE€1T74.97 - £5.00 P&P

. 1-‘1{.{:\}[ i U0, IN-CAR. ETQ

ALL EARBENDER UNITS 8 OHMS (Excepl EB5-50 & EB10-50 which are dual impedance lapped @ 4 & B ohm)

PRICE ££0.57 + £4.00 P&P

. TYPE'€E' (KSN103BA) 3% horn tweeter with attractive silver linish trim
‘ “L7_ Suitable for Hi-Fi monltor systems elc. Price €5.99 + 50p PAR.
| LEVEL CONTROL Combines, on a recessed mounting plale, levet contrai
TYRED / and cabinet input jack socket. 85x85mm. Price £4.10 ~ 60p P&P.
T
OMP LINNET LOUDSPEAKER

THE VERY BEST IN QUALITY AND VALUE

Made especially to suit today's need lor compactness with high output
sound levels, linished in hard wearing black vymide with protective
corners, grilte and carrying handle Each unit incorporates a 12” driver
plus high trequency horn lor a full frequency range of 45Hz-20KHz.
Both models are 8 Ohm impedance. Size: H20” x W15" x D12"

CHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR
OMP 12-200WATTS (200d8) PRICE £214.55 PER PAIR

SPECIALIST CARRIER DEL {£12.50 PER PAIR

. BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR

RES FREQ 40Hz, FREQ RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR;

RES. FREQ: 40Hz, FREQ RESP.TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB

12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

54" GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB.

62" GOWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

8" 6OWATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 — £1.50 P&P
10" 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.

RES. FREQ. 35Hz, FREQ RESP. TO 12KHz, SENS 98dB. PRICE £16.49 — £2.00 P&P

f
|

PRICE £30.39 + £3.50 P&P

PRICE £9.99 — £1.50 P&P
PRICE£10.99 - 1.50 P&P

THREE SUPERS HIGH POWER

CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125) Slereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:
* Slereo, bridgable mono # Choice of
high & low level inputs & L & R level
conlrols * Remote on-off * Speaker &
Nelma g

(N-CAR STERED BOOSTER AMFS)

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

POSTAL CHARGES FER ORDEA £1.00 MINIMUM. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGEE, GOVT, BODIER, FLCe ETC,
PRICES INCLUBIVE DF V.AT. BALEE COUNTER. VISa AND

CLAYCANS |

(EY

ACCE?_ACCEF‘I’E_D BY POST,PHONE CR FAX,

S i —
TRANSMITTER HOB

e
PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PAINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS

COMPLETE WITH CIRCUIT AND INSTRUCTIONS
3w TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL e
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 1 123mm, SUPPLY 12V 4 0.5AMP "i"‘
PRICEE14.85 + £1.00 P&P

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

PR PHOTO: 3W FM TRANSMITTER

B.K.ELECTRONICS

UNITS 1& S5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX. 552 €TR,
Tel:0702-527578 Fax.:0702 -qQa20242

www americanradiohistory com
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Power up your mains equipment on the move from this 12 to 240V inverter.
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F irstly many thanks for the return of our
reader survey. It certainly helps to know
your views on the sort of material you
require in ETI.

The convergence towards a certain compu-
ter format has emerged from your replies
and that standardisation seems to be mov-
ing towards an IBM PC format. I think we
would all agree that standardisation is
essential if information is to flow freely
and easily between computers and their
operators. Japanese manufacture of PC
clones must have played a significant role
in this process bringing greater availabity,
portability and lower cost to the consumer.
Conflict of interests

1 very often have a good laugh over how

media news journalists attempt to report on
scientific concepts.

“The simplification process can end in further
confusion for the viewer or reader. Their lack
of comprehension illustrates the need for a
very broad based education for journalists and
many other individuals in society including
government officials”.

“The best people at present to simplify scien-
tific jargon are scientists themselves when
asked to do so. They have both the everyday
language and specialist knowledge to do just
that. The sooner the news media realises this
the sooner we could start to address the terri-
ble problem of the arts/science imbalance in
education, governmental bias and a society
fearful of technology”.

ETI DECEMBER 1992
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igh definition television, in the guise of the HD-
MAC derivative, long the spearhead of Europe’s
television manufacturers, looks as though it might
finally bite the dust.

I’ve been predicting this for long enough, of course. My
first qualms about the system have always been my main
argument against it. It is not a digital system. MAC uses a
quasi-digital principle - its very name (an acronym of
multiplexed analogue component) tells you this - to transmit
analogue signal elements of video and audio components, in
a time-switched multiplexed manner. So, while Mac offers
the benefits of higher picture and sound quality due to the
separation and independent transmission of the signal parts,
it still uses an analogue base.

This makes it little more than a temporary stepping stone
to a more permanent digital transmission system.

Even more than this - the stepping stone which MAC
affords us, as we cross the river from analogue to digital
television technology, isn’t even in the right direction. If we
go the HD-MAC route, the stepping stone takes us out to the
still waters of the river. And we know what still waters do...

The eventual aim of television broadcasting, is to trans-
mit all signals totally digitally.

If we go the MAC route now, the stepping stone gives us
a breather for a few years while we stand in the deep waters
of the river, but then the jump to the riverbank on the digital
side of the river is no shorter thanks to being there. We still
need to jump, and being in the deep waters there may be a
greater chance of drowning.To be honest, I see and under-
stand what the European manufacturers are trying to do. By
creating a new system they hope to create a new marketplace.
Everyone in Europe will (they hope) buy a new MAC-based
television, so everyone (especially the manufacturers) will
be happy. But I believe now’s not the time.

NICAM stereo and a change to a better PAL-based system
(probably the format known as PALplus) can give excellent
sound and pretty good pictures, too. True, technically not so
good as HD-MAC, but cheaper, less confusing to Joe Public,
and a stepping stone more in line with a cohesive transition
from analogue to digital television.

Wait till a viable digital system has been developed.
That’s my advice.

What’s On Radio?

Every now and again, the ether gets clogged up. Too many
people broadcasting too many things, to too many receivers.
You know the sort of thing; Radio 1 wants a new FM
frequency but Radio 2 won’t move. Well, yes. That’s a
simplificatin, but it illustrates the point.

Taken globally, what’s good for one country may be an
anathema to its neighbours. There is an established proce-
dure setup to define what frequencies can be used by the
various countries in the world, and for what specific pur-
poses. The procedure is to hold a World Administrative
Radio Conference (WARC), and to thrash out the require-
ments and frequency slots available to each member country,

and the purposes to which these frequencies can be put.
Generally these WARCs, held every few years, plan for the
foreseeable future with a pretty clear vision. There is there-
fore little argument over the conclusions, and they are
binding as they are integrated into the Radiocommunications
Regulation, which is an Internationally recognised treaty.
Looking at the conclusions of one of these conferences,
therefore, can give an idea of the way things are going to
develop over the coming years. Developers request use of
radio frequencies because they have a pretty good idea of
what they want to do in the near future, so by looking at
allocated frequencies it’s possible to make some basic pre-
dictions about TV, radio, satellite and mobile comms,

The latest WARC was held earlier this year, albeit
allocating frequencies mainly only available as from the year
2007. Nevertheless, its main conclusions are pretty interest-
ing to us. First, high definition television allocations by
satellite are allocated to the 21 GHz waveband in Europe. The
Americas’ slot for the same will be the 17GHz band.

Second, digital sound radio services have been allocated
two slots. Terrestrial services will be digitally broadcast in
the VHF band, but satellite services will be in the 1450-
1490MHz band.

Finally, and what personally is most interesting, low
earth orbit (LEO) satellites have been allocated two bands.
Radio location and data transmission satellites (called small
LEO:s) have frequencies below 1GHz. Large LEOs, on the
other hand, are in the 1.6GHz band. These large LEOs will
be used for voice telephony.

Low earth orbit satellites are those satellites which orbit
quite closely to earth’s surface. Because they orbit much
closer to earth than geostationary satellites, their orbit time
is much quicker, and several satellites need to be in operation
to allow total global coverage. 1 mentioned Motorola’s
Iridium project a few months’ ago in Open Channel and this
is a classic example. Iridium is so named, because the system
uses the same number of satellites in low earth orbit as the
element iridium’s atomic number, that is - 77. Such a system
of LEO satellites will realise potential of a mobile commu-
nications network in which fairly simple hand-held (pocket-
sized, wristwatch sized?) transmitter/receivers could be used
anywhere around the world.

You’re Calling It What?

Talking about low earth orbit satellites allots me to tell
you something which you might find amusing. Motorola’s
Iridium project is being slightly redesigned. 1t’s now planned
to give each satellite greater transmission and reception
capabilities by carrying 11 extra transponders. Because of
this, fewer satellites will be needed to provide world cover-
age. Instead of 77 satellites, it’s calculated that only 66 will
be needed. This should greatly reduce costs, of course. But it
does mean that the project name should be changed, doesn’t
it? Instead of Iridium, we’ll have to start calling it by the name

of the element with the atomic number of 66 - Dyspiosium.
Keith Brindley

ETI DECEMBER 1992
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F ace-to-face meetings between
people at their desk-tops are
now possible following BT Visual
and Broadcast Services’s launch
of its VC7000 videoconferencing
system.

Costing just £7,500, BT de-
scribes the VC7000 as the lowest

BT LAUNCHES LOWEST COST
VIDEOCONFERENCING SYSTEM

cost videoconferencing unit in the
world. It allows small groups of
peopleto see each other and show
documents and objects regardless
of their location. It can also be
used for giving presentations,
showing product designs and hold-
ing training sessions.

BT believes that this low price
will vastly increase the size of the
visual services market. Steve
Maine, BT’s Director of Visual
and Broadcast Servicessaid: “‘Tra-
ditionally, users of
videoconferencing havebeen large
corporations, byt the launch of
this unit will enable smaller com-
panies to reap the benefits of visual
communication.”

“The launch of the VC7000 is
undoubtably the first step towards
the visual services mass market.
It will radically alter the way peo-

he new portable audio system

for digital recording and play-
back will be available in the shops
for Christmas.

Focusing on portbility, the first
products on sale will be two types
of Walkman, the playback/record
and the playback only version, as
well as a MiniDisc car stereo
model.

An MD software catalogue
will be available in time for prod-
uct launch listing 300 titles, with
500 titles being available by the
end of the year.

Many leading record compa-

ple do business by allowing them
to have instant face-to-face meet-
ings with colleagues, customers
and suppliers regardless of loca-
tion.”

BT has already sold the first
VC7000 units to National Power.
Tony Stewart, National Power’s
Customer Services Manager, Tel-
ecommunications, said: “The
VC7000 has completely changed
the economics of
videoconferencing and will play
an important part in improving
desk to desk communication be-
tween key people in National
Power. I also see this as an ena-
bler to a whole range of other
business applications. For exam-
ple, remote help desks could act

as a central core of expertise.”

The unit is manufactured by
the Norwegian company Tandberg
and complies fully with the
CCITT s H.320 series of interna-
tional videoconferencing stand-
ards. It works over BT’s dial up
digital network ISDN, at 64 or
128kbits/sec.

“Because the unit conforms to
international standards,” contin-
ued Maine, “It will interwork with
any currently existing standards-
compatible product, including all
the BT H.320 equipment that has
been sold in the last three years.

“This is the first of many new
products which will come onto
the market in the next few years.
Standards are vital because our

MINIDISCS IN EUROPEAN RECORD STORES

BEFORE CHRISTMAS

nies have already confirmed that
they will support the introduction
of the new disc-based digital re-
cording and playback system with
a selection of albums from their
top artists, resulting in an initial
launch catalogue of around 300
titles, spanning the whole range
of music repertoire, from classi-
cal to rock.

MD software will be available
from: EMI Music (including la-
bels such as EMI, Capitol, SBK,
Chrysalis and Parlophone), Fac-
tory Records, Mute Records, ARS
Records, Curb Records, Sony

Music (labels include Columbia,
Epic, Def Jam and Sony Classi-
cal) Virgin Records (labels in-
clude Virgin, Circa and Ten) and
most recently support from the
Wamer Music Group. Further
backing from additional record
companies is confidently ex-
pected. Many major artists are
already scheduled for the launch
catalogue, amongst them: Michael
Bolton; Depeche Mode; Bob
Dylan; Erasure; The Gipsy Kings;
Michael Jackson; Lenny Kravitz;
George Michael; Gary Moore;
Robert Palmer; The Rolling

customers must be able to buy a
kit which is compatible with
equipment manufactured by other
companies.

“Inaddition, the price of equip-
ment will only drop if manufac-
turers can produce it in large quan-
tities, and they will only do this if
they are confident that the market
will continue to grow.”

BT also announced earlier this
year that they will be launching a
PC-based videophone, in collabo-
ration with IBM, in the first quar-
ter of 1993. Further launches of
videophone products will take
place later that year,

Stones; Roxette; Simple Minds;
Soul IT Soul; Bruce Springsteen;
Talking Heads and Technotronic.

Not only has Sony confirmed
its beliefthat Compact Disc should
continue as the benchmark home
audio format, but the company
has enthused the record industry
with its intention to prioritise
portable - rather than home-based
- music enthusiasts withan SCMS-
equipped recording & playback
MD Walkman, a playback-only
MD Walkman and an MD in-car
system.

Although within its protective
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slim-line cartridge, an MD disc
measures approximately 2.5"
(6.4cm) in diameter, MD
premastered software is based on
the same optical disc recording
principle as CD, with informa-
tion recorded as pits on the disc’s
surface. Given that the shape and
distribution of these pits are simi-
lar for both formats, MD software
can be manufactured using exist-
ing CD production equipment with
relatively minor modifications.
Within the Sony group, three soft-
ware production facilities in Eu-
rope (DADC Austria), Japan and
the US are already custom press-
ing orders from record companies

and by the end of the year, monthly
production from these plants will
total 1.5 million discs worldwide.

Accolades for MiniDisc are
coming in from throughout the
music industry: “MD presents the
consumer with the quality and
convenience of CD, along with
portability and recordability fea-
tures,” said Jim Fifield, President
and CEO, EMIMusic Worldwide.
“The music fan will be very ex-
cited about this new optical car-
rier.”

Bob Krasnow, Chairman,
Elektra Entertainment, called MD
the “best format since Thomas A.
Edison.”

VOICE RECOGNITION FOR CONSUMER PRODUCTS

A:&T Microelectronics has
roduced a voice recogniser
for speedier automatic dialling.
Users can ‘train’ the hardware to
act on up to 40 key words or
phrases, which are recognised
within 0.5sec, even under noisy
conditions, such as those encoun-
tered on the move in a motor
vehicle, or in an industrial envi-
ronment. Sophisticated noise can-
cellation algorithms allow the
voice recogniser to achieve 95%
accuracy in such situations, a fig-
ure which exceeds 98% in envi-
ronments with low background
noise. .

Its principle application will
be in automatic dialling where
users can dial a number simply by
speaking the name of the person
to be called. The technology is
also sufficiently flexible and low-
cost to be used in products as

______

diverse as microwave ovens, in-
dustrial controls, and digital an-
swering machines.

Based on AT&T’s WE-
DSPI6A digital signal processor
chip, the voice recogniser also
includes a 32K x 8, 150nsec
SRAM block, and the interface

- i g
-
> &

Added George Michael, inter-
nationally renowned recording
artist, writer and producer: “The
sound is phenomenal....it’s the
future and I want the first one!”

Disc Media:
The Future of Audio

Ten years after the debut of
Compact Disc, the introduction
of MD brings a whole new dimen-
sion to the listener’s enjoyment of
music. The random access capa-
bility and ease of use offered by
CD have always met with a very
positive response from European
consumers. Sony developed the
high-tech MiniDisc because it is
convinced that today’s consumer

logic required to marry host proc-
essor, DSP, and memory. The
training algorithm is used to im-
prove reliability of recognition.
The target user says the key word
or phrase, and the recogniser ef-
fectively stores this in memory.
The hardware then asks the user

demands the features and ben-
efits optical media can deliver -
not only in the realm of home
audio, but also in mobile, port-
able and personal listening appli-
cations where reliability and du-
rability are critical. MiniDisc
brings to Walkman, portable sys-
tems and in-car stereos the ran-
dom access capability of a disc
medium in a compact size. It also
delivers asound quality approach-
ing that of CD, ease of handling
and a simple, high quality record-
ing capability vastly superior to
that of the conventional compact
cassette.

to repeat the key word, and com-
bines the information obtained in
the two passes, to improve recog-
nition and reduce the possibility
of false keyword detection.
Reader enquiries to Vic Drake,

Admail 4 International
Ltd,Tel:0732 460424

ARTISTIC HARMONY BRIDGES THE EUROPEAN DIVIDE

ln these uncertain economic and
political times, Art is set to
play an increasing role in develop-
ing a wider sense of communality
between the diverse cultures of
the new European Generation.
CEREC (Comite Europeen
pour le rapprochement de
I’economie et de la culture) and

Northern Telecom have launched
the first ever pan-European Arts
sponsorship programme.
Sponsored by global telecom-
munications company, Northern
Telecom, Northern Telecom Arts
Europe (NTAE) forms a unique
funding programme designed to
enable European Arts establish-

ments and artists to engage in
collaboration and exchange.

Incorporating all Art forms,
from the diverse fields of music
and theatre to dance and photog-
raphy, from classical to contem-
porary, this initiative aims to ex-
tend the boundaries of the familiar
to stimulate new ideas.

NTAE is worth a minimum of
£750,000 (sterling) to the Arts
over a three-year period. In the
first year, awards of £50,000 will
be given to professional Arts or-
ganisations based in France, Ger-
many and the UK., extending into
at least three further European
countries during 1994 and 1995.

FASTER FRACTAL COMPRESSION FOR WINDOWS

lterated Systems Ltd has an-
nounced Images Incorporated
version 2.0 for Windows, the next
release of their Fractal Transform
image compression and enhance-
ment product for end users,
Version 2.0 offers faster fractal

compression in software alone,
and now handles full screen Su-
per VGA image files. It also sup-
ports batch processing, provides
on-line help and has a simplified
installation routine.

Alan McKeon, Managing Di-

rector of Iterated Systems Ltd,
commented: “Responding to mar-
ket demand, this new version over-
comes the previous 640 x 400
pixel barrier, and compresses sub-
stantially faster.” He added: “As
part of our mass-market strategy,

we have reduced the price by one
third to £299.”

Images Incorporated v2.0 for
Windows is designed for use in
desktop publishing, desktop pres-
entations and other image-han-
dling situations. Users can build

)
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up a library of photographic qual-
ity images conveniently com-
pressed to very small file sizes
using Fractal Transform image
compression.
Compressionratios of 100 to 1
can be achieved, while retaining
the image quality. Decompres-
sion is typically quicker than dis-
playing the original image file.
Further, fractal compressed im-

ages are resolution independent,
meaning they can be decom-
pressed and displayed at several
scales.

Images Incorporated also fea-
tures Fractal Transform resolu-
tion enhancement. This technique
is applied to original,
uncompressed image files, allow-
ing a zoom in facility without
pixelation. Additional detail is

fractally predicted and added vir-
tually losslessly to the original
image data, without compression.
This is useful for resizing images,
or for increasing the number of
dots per inch to allow printing at
a higher resolution than the im-
age was scanned at. The tech-
nique is unique in that it predicts
infinite detail, while other meth-
ods use pixel averaging which

causes smeariness.

Existing users can upgrade to
version 2.0 for just £45 plus VAT.

Images Incorporated is avail-
able through selected dealers for
£299 plus VAT. For nearest
reseller, potential users should
call Iterated Systems direct on
0734880261. Academic Discount
is available to education estab-
lishments.

Sl T—————
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over Electronics, Bingharton,

NY, and AT/Comm, Inc. of
Marblehead, MA, have entered
into an agreement that will allow
them to exploit the burgeoning
markets for radio frequency iden-
tification systems in the transpor-
tation industry. The first product
is a system for non-stop electronic
toll collection. This tested and
patented technology allows mo-
torists to travel non-stop through
toll lanes, thereby reducing traffic
congestion as well as fuel con-
sumption and auto emissions. The

system was recently tested at
speeds in excess of 90 mph. by
New Hampshire State Police.
Designedand marketed by AT/
Comm, this approach to toll col-
lection is being heralded as the
mostadvancedin the market based
on its two-way radio communica-
tion techniques, known as ‘read-
write’. Europe, the Pacific Rim,
and most recently the Illinois
Tollway have specified microproc-
essor-based transponders with
read-write capability for electronic
toll collection. Most other com-

here manufacturing firms are

trying to ride out the world
recession by cutting back on R &
D investment, they are naturally
reluctant to spend money now on
buying in new developments from
outside.

But, many ofthe organisations
around the world who have in-
vested in R & D during this period
are now having to prune their

operations even harder. Some
research organisations, who nor-
mally market their'top R & D
output to major corporations, are
keen to talk to any firms who are
astute enough to be making their
product plans ready for imple-
mentation when the end of the
recession is in sight.

So there are some good ‘buys’
around in the technology market

petitors for this multi-billion dol-
lar market have only recently re-
spondedto AT/Comm’s advance-
ments, announcing plans to
develop and test read-write sys-
tems of their own. AT/Comm
owns broad patents on read-write
technology.

In the electronic toll collec-
tion, read only refers to a non-stop
toll collection process that uses
either barcode tags or radio re-
flective tags to simply ‘read’ the
ID of a passing vehicle. This proc-
ess is very expensive and com-
plex (and a worry to privacy advo-
cates) because it requires toll
agencies to centrally maintain toll
accounts and travel records for all
their once anonyous patrons.
Moreover, read only systems re-
quire that all electronic toll lanes
on a toll road be networked to
validate possibly hundreds of
thousands of motorists’ account
balances. Ifread only technology
were applied on a regional basis,
this would require a substantial
new bureaucracy to manage pos-
sibly millions oftoll accounts and
to keep track of everyone’s travel.
For toll road agencies, which
charge tolls based on entry and
exit locations, read only is an
impracticality.

Read-write refers to a non-
stop toll collection process that
provides intelligence in the trans-

ponder. Not only can this vehicle-
borne device be ‘read’ as it passes
through a toll lane, but informa-
tion can also be ‘written’ onto the
transponder. This could be the
entry point of a turnpike so that
the proper toll could be calculated
upon exit.

The AT’Comm system is the
mostadvanced form of read-write.
It is known as microprocessor-
based read-write, which allows
the transponder to be ‘read’, be
‘written’ to, and also provides
processing to manage the data
internally. The smart, microproc-
essor-based transponder main-
tains prepaid toll accounts in the
transponder, thus relieving the
agency, and ultimately the motor-
ist from the cost associated with
centralired accounting. Like a
postage meter, the transponder is
electronically charged with a
value, and that value is reduced
each time the car passes through a
toll lane. An LCD display and
audio alarm on the device also
gives the motorist real time infor-
mation on his or her account.

The AT/Comm smart trans-
ponder is also a platform for other
‘Intelligent Vehicle Highway Sys-
tems’ (IVHS) applications such
as incident wamings, automated
parking, commercial vehicle ac-
cess control at airports, and other
traffic management uses.

TECHNOSHOP ’'92 - A PLAN TO HELP
UK MANUFACTURERS BEAT THE RECESSION

and one UK organisation, a not-
for-profit company called The
Technology Exchange Ltd has
published a two volume catalogue
covering 5,000 currently avail-
able licence and joint venture of-
fers following a search of over
3,000 organisations in 34 coun-
tries.

Organisations like Krupp and
Aerospatiale, universities and in-

stitutes like MIT, UCLi and
Cornell are amongst those whose
offers have been selected for pub-
lication.

Firms buying the catalogues
can choose the offers they re-
quire, get a confidential introduc-
tion by fax and post, then hold
preliminary meetings at the an-
nual Technoshop Fair.

Then negotiations, which gen-
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erally proceed slowly, canbe ready
for implementation when the re-
cession ends.

So manufacturers, can avoid
making an investment until the
lastmoment and be ready to launch

Anew telephone answering de-
vice (TAD) chipset, devel-
oped by AT&T Microelectronics,
provides the core functions re-
quired to build a tapeless answer-
ing system, in either standalone
or integrated products. By replac-
ing thetraditional mechanical tape
recorder, the TAD chipset allows
more reliable and low-cost an-
swering machines to be designed.

The highly integrated DSP-
based chipset enables a fully fea-
tured answering machine to be
configured using just the chipset
and a host microcontroller,
memory and an analogue switch.

The TAD chipset consists of a
ROMcoded DSP16A1,aT7513B
8-bit p-law codec and an AT&T
custom chip which provides the
necessary clocks, control signals
and power management. Incorpo-
rated in the chips are software
algorithms to perform all the func-
tions necessary for speech com-
pression, telecommunications sig-
nalling, memory management and

new technology products just
when their competitors are reviv-
ing their old product lines which
have been in cold storage for a
couple of years at least.

In 1990, when the first two

volume catalogue set called “The
Next 5,000 New Products” was
published, over 800 firms in 51
countries used them and requested
3,000 introductions. Over 500
negotiations were underway

within six months after publica-
tion.

For further details fax: The
Technology Exchange Ltd on 0525
860664 or write to them at Wrest
Park, Silsoe, Beds MK45 4HS.

CHIPSET FOR TAPELESS ANSWERING MACHINE

remote operation via touch tone
(DTMF) control.,

A low bit rate, high quality,
speech coding algorithm, devel-
oped by AT&T, enables approxi-
mately 2.5 minutes of message
storage per Mbit of memory, al-
lowing up to 76 minutes of re-
cording in 32Mbit of memory. In
addition, cost is reduced by a pro-
prietary memory-management
system, which allows the use of
low-cost audio grade DRAM
(ARAM) forincoming and outgo-
ing message storage. The addi-
tion of a read-only memory ena-
bles the TAD to play synthesised
voice and user prompts, instruc-
tions and deliver message time
labelling.

The TAD chipset is controlled
by a system microprocessor via a
4 or 8 bit interface using a com-
mand/response-based architec-
ture. Reader enquiries to: Vic
Drake, Admail 4 International Ltd,
Tel 0732 460424

New from Saje Electronics are
two microprocessor based
hand-held frequency counters.

Their design incorporates an
angle mounted 16 x 1 liquid crys-
tal display giving excellent read-
ability from a wide viewing area
whether in hand held or bench
applications.

Annunciators are displayed to
assist in defining and editing set
up and measurement criteria. A
battery condition indicator gives
readout of the battery condition.

Both instruments providea full
range of features including meas-
urement of frequency, period,
count and with a unique View
facility enabling Min, Max, Av-
erage and Difference readings to
be displayed. In Frequency mode
a range of gating rates from 0.15
to 10 seconds is provided plus a
switchable low pass filter. A
display hold function is standard.

The SC-130 offersa frequency
range of SHz to 1.3GHz and the
SC-40from SHzto400MHz. Both

instruments provide good sensi-
tivity and high accuracy.

The instruments are housed in
rugged ABS cases with a separate
battery compartment for a PP3
size battery.

The SC-130 is priced at
£109.00 plus VAT and the SC-40
at £89.00 plus VAT. Both instru-
ments are designed and manufac-
tured in the UK by SAJE Elec-
tronics.

For further information please
contact:-

SAJE Electronics, Tel: (0223)
425440 Fax: (0223) 424711

More News

Next Month
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Voice
recognizer

low-cost voice recognizer may

pave the way for evalition of
voice dialling as a ubiquitous fea-
ture of mobile cellular phones.

Up to 40 spoken key words
can be stored in memory, ena-
bling hands-free voice dialing in
analogue or digital mobile cellu-
lar phones. AT&T claims the
speech-recognition algorithm re-
finements embodied in the voice
recognizer were 20 years in the
making at AT&T Bell Labs.

Beyond cellular phones,
AT&T see applications for the
technology in digital answering
machines, modems, industrial
controls and consumer electron-
ics.
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According to market-research
firm Herschel Shosteck Associ-
ates the availability of low-cost
voice recognizers will render cel-
lular-phone voice dialing univer-
sal in a few years, though last year
only 2-3% of cellular phones in-
stalled in the United States fea-
tured the capability.

The DSP16A with ROM-
coded voice recognizer firmware
on-chip will be available this
autumn for $20 apiece in quanti-

ties of 10,000.

In the training mode, the
recognizer permits the user to
store up to 40 spoken words, each
of up to two seconds’ duration.
The recognition mode allows the
user to control a process by speak-
ing a phrase that has been en-
coded and stored in memory. For
instance, in cellular-telephone
applications, the user would dial
a number by speaking a key word
(person’s name) that is associ-

ated with that telephone number.
The voice recognizer’s response
time is said to be better than 0.5
seconds.

AT&T Microelectronics has
tested the recognizerin a carmov-
ing at 30 mph with the air condi-
tioning on. In that situation, the
recognizer “achieved 95% accu-
racy,” meaning it could recognize
auser command on the first try 19
out of every 20 times.

Manufacturing ferro-electric
non destructive read-out

memory

SandiaNational Labs hasagreed
to help startup Radiant Tech-
nologies Inc. perfect the manu-
facturing of ferro-electric non-de-
structive read-out memory.
Radiant was formed by found-
ers of Krysalis Semiconductor
Corp. to focus on equipment for
testing ferroelectric thin films.
Radiant revealed it had won a
patent on a special resistive ele-
ment sandwiched in ferroelectric

and semiconducting layers of thin
film.

The Sandia equipment will
enable the team to‘take the first
steps toward developing thin films
based on plasma-enhanced
metallo-organic vapour deposi-
tion.

Ferroelectric materials, aclass
of perovskite ceramics with the
capacity to hold a polarization
state, have been explored for sev-

eral decades as potential candi-
dates for non-volatile memories.
Recent work on ferroelectric thin
films has linked the materials’
future to improvements in thin-
film deposition techniques, with
many research teams exploring
low-temperature deposition tech-
niques to improve reliability.
Other materials research has
sought to depart from the tradi-
tional, Lead zirconate-titanate
(PZT) and Lead-Lanthanum
Zirconate-titanate (PLZT) com-
pounds used in ferroelectrics.
Since all memory reads in tra-
ditional ferroelectric devices re-
quire destructive readouts, which
couldbe disrupted by single-event

upsets, a truly non-destructive
readout memory device such as
the one proposed by Radiantwould
move ferroelectric research a
giant step forward.

Radiant’s design calls for de-
positing a semiconducting thin
film atop a PZT thin film. The
conductivity of the top layer is
modulated by the PZT layer’s state
of polarization. Reading the de-
vice merely involves monitoring
the current.

Because it is configured simi-
larly to a programmable resistor,
the Radiant design could be used
in programmable logic devices
and, possibly, as a replacement
for analogue elements in neural
networks and Al computing.

The memory is expected to
have 102 writes, unlimited reads
and a minimum data retention of
three years.

Radiant and Sandia will try to
improve thin-filmreliability along
several axes, targeting the ability
to process wafers at 400°C. The
research team will look at biasing
thermal substrate temperature and
will also seek to adjust the chem-
istry of the processes by varying
the metallo-organic precursors.
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Window
Opener
Questioned

I refer to the artical ‘Window
Opener by Terry Pinnell. I imag-
ine it would be a kind gesture if
Terry was informed that it may
be, cheaper, easier and not re-
quire keeping awake to operate a
bedside control, if a simple fly
screen was fitted to an open win-
dow in the first place before retir-
ing with his book, when he could
enjoy fresh air whilst reading.

Quite frankly, I cannot imag-
ine a greater waste of effort on
designing something for the sake
of it.

J M Whiteley,
Ravenstone, Leics

Each to their own - Mr
Whiteley. I agree in principle with
what you say, but there could be
occasions when the person in bed
is not able to physically get out to
open a window and it may be that
a window is beyond normal reach
say in tall buildings or industrial
greenhouses. I think the idea is
sound, but it is the application
which must be questioned. - Ed.

Moving LED
Display
Requested

Having used circuits (or vari-
ations) from your magazine for
many years, I am surprised that
there is one item that I have not
seen mentioned over the years.
What I am trying to produce is an
LED moving message display as
seen in lots of shops and post
offices. Although at first it seems
quite simple, I soon discovered
the whole problem can be quite
complex.Can you or your readers
give me any pointers towards any
books/publications that can help
me?

C N Eaton
Plympton, Devon

Yes, a good idea for a project
and we will see what can be done
- Ed

In Light
Aircraft

Regarding the Light aircraft
Intercom in the Sept "92 issue. As
both a PPL and-and electronics
engineer, 1 feel I should wam
readers that although the above
praject is an excelient design and
cerfianly cheaper than any com-
;mercial unit , connection of this
unit to the aircraft electrical/radio
systems may invalidate the radio
licence and could affect aircraft
instruments, espeeially (he mag-
netic compass. I'm afraid such
systems must be certified by the
CAA -Hencethe high cost ofsuch
-equipment. Many thanks for an
excellent magazine.

Ed Dinning,
Newcastle

After a break of several years

1 recently purchased the Septem-
ber issue of ETT (I first stared
reading ET}in the seventics), and
found it most interesting. How-
ever | must comment on the *in-
'itercom for light aircrafl’ project.
‘While this design is sound from
:the electronic view paint. it has
several drawhacks from the avia-
rion side. While the author states
that ‘it is not wise to discard the
‘previous microphone/phones etc
mmediately’ m casc of unit fail-
iure, this failure could happen at
ally time, and the headséts he

describes afe not compatible with

Loop Aerial
System
Requested

TheSurround Seund Decoder
in the July issue of ETI prompts
me to write to you about a loop
system for my own use at my
home.I have great difficulty in
listening to TV, or radio, because
of a hearing problem, and the
hearing aid develops condensa-
tion which makes matters worse.

standard aircrafl radios. Commer=
cial “carry on” units of this type
normally use standard headsets’
with failsafe relay switching to
by-pass the amplifier in case of*
failure orloss of supply. The legal
situation also needs to be clari-
fied. The Civil Aviation Author-
ity regulates aviation in the UK,
and any modification to an air-
craft or its systems may only be
carried out and cerified by a k-
censed engineer or approved or-
ganisation. Any unapproved modi-
fication will render the aircraft’s’
gertificate of airworthiness
invalid, and as a result the insur-
ance also. This project could be
considered a modification if it

. was directly wired to any of the

aircrafl systems, was physically
attached, or derived its power from
the aircraft supply. Velero is nol
acceptable as a means of attachy
ing cquipment, the CAA recently
issued aletter reminding approved
organisation of the requirement
10 stress avionics installations so
that equipment does not come,
loose in the event of an accident
Fortherecord, 1 have beena CAA
licensed engineer for ten years. .
Robert Atkinsen,;
Christchurch, Dorset

‘Points noted, and in the inter-
esis of safety. I agree with you
both entirely. Had rhe project
originated from the UK, caution .
ary warnings may have appeared.:
- who knows?. In retrospect, 'ni
sure the author would also agree:
that 'checking circuitry by other
officlal sources is a nust. - Ed.

I wonder if any of your technical
contributors could furnish details
of the loop system used in public
buildings, or a similar circuit that
I could assemble for my own use.
I'am not in the clear as to how that
system works, so any instructions
wouldbe greatly appreciated. Also
any hints on the use of lapel mic’s
used with these systems.If T could
obtain a circuit of some rig-up for
such a system it would be the
answer to my terrible problem.
P Trayers
Wirral, Cheshire

Active speaker
With A
Difference

As a long time regular reader
(and keeper of old issues) many
thanks for a stimulating and edu-
cational magazine.Recently con-
sidering the purchase of a MIDI
synthesiser addition to my piano
set-up, [ was introduced during
the demo to an apparently active
and effective amplifier/speaker
arrangement.  There was one
bass unit, floor standing, and two
high frequency units mounted
about ear level I feel this could be
an interesting home build project,
or for Blueprint, discussing the
frequency ranges required, active
filter characteristics, and power
requirements. I do not recall any
similar project to use as a basis -
could it be a first for ETI?

Peter J Metcalf
Paisley, Scotland

We have published a few ac-
tive speaker designs over the years
which have been in one cabinet.
This might be an interesting vari-
ation - Ed.

Another

EPROM

Service

Would you oblige if possible
by publishing the following de-
tails of a service to ETI readers.

EPROM and CPU program-
ming service to ETI readers, the
following types at present pro-
grammed, 2708,2716,2732,2764,
27128, 27256, 27512, 8048/49/
50, 8748/8749/8750, data to be
supplied on PC format disk 360k/
720k 5" and Apple IT 5" disk,
£10 setting up charge, printed/
typed lists also accepted,
EPROMSs supplied by customer
or purchased from me, for further
details contact:

Mr.D.J.Brown

2 Glentworth Avenue

Whitmore Park

Coventry

CV6 2HW

10

www americanradiohistory com

ETI DECEMBER 1992



instructions.

insiructions.

UV Exposure Unit

Elch Resist Pen

Bammx 25mm
64mm 2 85mm

84mm x 127mm

HC213 ANALOGUE METER
12ranges, didode protection,
mirrorad scale, 2mm laads. POCKE
sized, supplied with baltery and

Dim. 30 x 60 % 30mm

HM1035 ANALOGUE METER

19 rangas {inc 10A dc), luse and
dioge protecton, barery test. shock
tagishant Illed case, merrored scalg,
supplied with battery, leads and

Dim. 154 x 77x 43mm

HC20208 ANALOGUE METER
20 ranges (inc 10A dc), fuse and
diode protection, lranskstor and
dicge testing, polarily teversa
switch,high impact shock resistant
case, Supplied wilh battery, leads,
stard and instructions.

Dim. 1500 % 102 2 45mm

PCB EQUIPMENT

Piastc Development Tray !
Photo Rlesst - Aerosol spray {100mi)
Fetnc Chiorda Crystais (0.5kg)

Tin Piating Powder (80g)

PCB Polishing Biock
STRIPBOARD 0.1 PITCH BREAGBOARD

RESISTORS

MX190 DIGITAL METER

19 ranges, 3.5 gigit 12mm LCD, signal
injecior, diode tast, use protaction, au1o
folarily and zero, suphed with battery,
ieads and instructian manual,

€6.17 Dim. 126 x 70 x 24mm 14,73
M23158 DIGITAL METER
17 ranges (inc 10A dc), 3.5 digt 12mm

LCD. diede test, buzzer, autc polarity
and rero. over-range and low oattery
indication, supphed with battery, isads

and instructions.,

£11.47

£18.45

£67.38
£1.35
£3.90
£2.45
£9.86
[0n.n
£1.84

£0.27 81mm X B0mm
£0.9¢ 175mm x §2min
£1.20 175mmx§7mm

£2.86
£3.50
£5.20

B4mmx43tmm  €3.22 203mm x 7Smm inciudes
9Smmx127mim  £1.8¢ mounting plate&posis-£6.88
95mmxg5mm  £1.10 COPPER BOARD (G.Fihre}
9BSmmx43imm  £4.80 100mm x 168mm
100mmx 160mm £1.60 110mmx220mm .24
119mm x 454mm  £6.20

ELECTROLYTICAL RADIAL CAPACITORS
uf 18Y 25V B3V 100V
0.47 - - £0.05  £0.07
1.0 = - €0.05 €006
2.2 - - 20.05 £0.06
4.7 - - £0.05 £0.08
10 €005 £0.05 £0.06 -
22 £0.05 E0.05 £0,09 -
47 £0.06 £0.06 £0.11 =
100 £0.06  £0.09 0.1 -
220 £0.09 £0.12 1£0.31 -
470 £0.15 £0.19 £0.57 -
1000 £0.22 EO28B - -
2200 £0.37  £0.57 -
4700 - £1.11 - k

ELECTROLYTICAL AXIAL CAPACITORS
uF 18Y 25v 83v 100V
0.47 - - £0.15
1.0 - - £0.10 £0.10
22 - - £0,10 B0
4.7 - £0.09 £0,10 £0.10
10 = £0.12 €012  £0.12
22 - £0.09 £0.13  £0.17
a7 €010 E011 £0.16 £0.20
10 £0.10 £0.13 £0.1 -
220 €008 £0:12 £0.21 -
A7Q £0.21 £0.24 £0.69 -
1000 £0.33 €040 £1:.06
2200 f£0.52 £0B4 - -
4700 £0.90 - -

Dim 130 ¢ 72 % 33mm

TL34 DIGITAL METER
33 ranges (inc 20A acide] PTC and fusa
pratection, 5 capacinance rarges, :
transistor lesl. 3.5 dig iarge 24mm
display. Heavy duty case with (it stand.
Supplied with batiory. leads and
instructions,

Dim. 191 x 88 x 36mm

£23.40

£27.89

PHOTO RESIST BOARD
(8. Fibre)

axd £0,86
4x6 £1.62
axw £2.09
8x8' 241
PHOTO RESIST BOARD
{Paper)

Ixd £0.67
4x6° £1.24
416" £1.58
Bx 107 £4.63

OPTO DEVICES

smm Red LED £0.09
Smm GreenLED €010
5mm Yellow LED  £0.10
Smm Orange LED  £0.10
3mm Red LED £0.08
Imm Green LED  £0.12
Imm Yellow LED  £0.13
3mm CrangaLED  £0.13
Smm FlLashing Red £0.50
§mm Fiashing Graen
£0.54
Sram Bi Colour £0.2§
5mm Trl Colowr £0.48
Smm Plastic Beze!  £0.04

Smm Plastic 8ezo)  £0.05
03" 7-Segmenl Display
Rad

COmman anoda €114
common cathode  £1.14

VELLMAN KITS

Stackists ot the full

range of Vellman Kits.
NEW 1962-93
catalogue now
available send SAE

ESR ELECTRONIC COMPONENTS
Station Road, Cullercoats,

Tyne & Wear NE304PQ
Tel: 091 251 4363 Fax: 091 252 2296

0.25W 5% CF E12 Series
0.5W 5% CF E12 Series
0,25W 3% MF E12 Series

Q 25 shatt

1MO 0.015W

MO 01W

POTSALogor Lin470R — 1MO 25mm dia
PRESETS Enclosed Horz or Vert 100R —

£0.60/100 for your copy (AS).
£0.95/100 g
£1.72/100
2010500 £0.42
£0.40 TIC206D £0.65
TIC226D £0.73
5 BTA08-600B £0.84
TIC236 £0.96

PRESETS Skeleton Horz or Vert 100R —

£0.11 DIAC

SWITCHES IRGaly £0.56 745257  £0.24 4020 £0.31 2N2646  £080 BC3Y €010
e CA3240 £122 745258  £0.24 4021 2031 2N2904A  £025 BC3B  £040
SwTher: w@em LM3900 £0.72 740826  £0.14 4022 £032 2N2905A  £0.23 BCA14C  £0.13

ches 3amp: LM3914 £270 7405266  £0.14 4023 £0.16 2N2907  £0.20 BC441 £0.40
g-;g;".r""'l’”m"ﬂms LM3915 £2.70 74182  £0.14 4024 £021 2N292%6 €016 BCAGI  £040
FoTTuge  OM Moo % Misce Ba ie  Toa Mo D@ oo M

. i . 40 2 ! 78 2
gf,g‘r"r:f mw gg-g ICL7621 £170 74530  £0.14 4027 £0.18 2NJ0S5  £0.62 BG4S £032
oo e tna¢ CMTSEs £0.43 741532 €004 4028 £022 2N3440 €050 BCAX  €0.24
20 76 |CM7556 £0.96 741535  £0.21 4029 2027 2N3702  £0.09 BCSt6  £0.22
T e ZNEZ £104 7415367 €021 4030 £0.17 2N3703  £0.10 BCS17 €00
DPOTCOTopge  oNengE o Sy Gy 4 s A 0 b  ma
(Dasec fway)  £120 7n457¢ £882 745373  £032 4034 £124 ON3706  £0.10 BC537 €020
£PDTminiside | L0435 Zno8E £612 745374  £032 4035 £031 ON3771  £144 BCSIEC €080
:‘%’L‘gsm”gn ZN435E £531 748075 €034 4040 £029 oN3772 €151 BCHIC €090
e, i L T £7.02 748377  £0.32 4041 £031 2N3773 €179 BCSEC  £0.80°
A Ay . Moo £160 745378  £0.62 4042 2022 2N3B19  £0.40 BCHAXC  £040
WY BT EEETCONEN L, Sisc  meow saomm as
i el o BT £024 745393  £0.24 4045 £031 2N3905 €010 BCSSIC  £0A0
il T £0o4 745395  £0.25 4047 £0.25 2N3906  £0.10 BCSSEC €080
e S f058 78L15 £024 745399 €062 1043 £031 2N436  £031 ECHK €080
PCATaciybmm €025 79L05 £0.28 74L540 £0.14 048 £0.20 2N5296 £0.57 BCSE0B £0.90
: . T3L12 gpog 74842 €025 2080 £0.20 2N5321 £0.57 BC637 £0.21
RF CONNECTORS R3S 0o JALS4T  £042 4051 B035 2NBW7  E060 BCEXR 021
BNC Soider Plug £0.85 7805 £028 74L551 £0.14 4082 10,25 AC126 £030 BOEN N
BNC CrimpPlug 068 7872 028 748670 89 4053 £0.25 ACH27 1030 BOGX 0.n
BNC Soider Skt £1.06 7815 0.2 74573 047 40m 1£0.56 ACH28 [0.28 BGYD 0.2
BNC Chasss Skt £0.78 7905 £038 MLST4 019 4055 £0.30 ACHBY 0.3 e 0y
PL2595 2mm  TO.SB /o012 £038 MESTE £0.19 4050 0031 AC188 £0.37 BCYTR2 0.2
PL2SS 1tmm  £0.58 7915 ‘t03s 74L576 €025 4083 £€0.29 ACY17 £3.84 BOIX £0.20
BND UHF gocket €063  |LM217T en.a4 74583 £0.31 4066 0018 AC148 €167 BOIX 0.2
SOR UHF socks! €040 LM723 15029 TALSES £0.35 4067 210 ACIHY £0.82 80137 €0z
FPugRGSE  £0.77  L200CY £1.t5 74LSBE £0.20 24068 9.6 ACIG2 £0.82 80138 0.2
FPiug AGE 047 WK forp THSH £0.23 4069 £0.20 BC107 £0.714 80139 0.2
N Pig AGB £1.64  LM3IBK g5 741892 £0.35 407C £0.17 BCi078  £0.95 BDad 0.2
NSockeiRGE  £1.30 741593 £0.25 40T €020 BLI08 £0.12 BDMBOC  E0.B2
BNC Crmp Plersg18.50  MGIRE] 43113 BIL SOCKETS 407 €017 BC1G8A €014 B80S 042

8 IDGE 4800 014 73 017 BCIOS 054 B D3

A {FIERS 741501 20.14 8PN £0.07 4075 £0.47 BC1OC £0.13 BDEY mx

EC e co1 WP 011 4076 030 BCUH (041 BOQI M4
WO0S15A50V €019 74L504 ¢n14 6Pn 0.5 47 £0.47 BCItS 0.4 BDER 0040
W02154200V  £O.20 741505 014 !BPin 015 4081 £0.14 BC11§ £0.41 ADa3 £0.40
W10 1,54 1000V £0.24 741506 44 20Fin 0016 4082 £0.17 8C118 f0.41 B2 £0.40
BRI2I.0A200V £0.36 74507 £0.14 24Pn 2010 4085 €028 BCI132 £0.36 BO222 040
BAE26,04200V €064 740508 £014 28Pn 022 4080 025 BCI2¢ 036 BOZS D042
1004 10.04 400V €1.39 74509 eLis 40P £0.25 ﬁ gr?: gg:ig gzﬁ %g gg

1 . : . G .
D CONNECTORS Bl ol D DES 3t BCMI 027 B fE
7405108 R0.21 ZererCinces VTl 405 f056 BCIL2 031 BOM0B €037
@ 741511 £0.17  B7YR34G0MW£0.08 097 €1.20 BC14] £0.34 BLR4R 050
SOLOERBUCAET TEINAS 7418112 21 Bzvestaw core 0% gt BClY  f012 BOZMA 03
Sooker 74LS143 W2y pgey oot A0 @R OIS i, Hme
9P 028 @3 7al§Nd 00 Waod AmpryecR  (SasSRECISTEPSRLIZEORY ]
WP (0% 03 7812 akig Facn . gt BN o EMIARCUES DA BERe | e
1PRHOSS QW0 7alSTZe B wiu sy g BURETGIS B B e
ZPn G40 D4 748123 03 magos  copr 410 026 Bo70 06 D% 04
Bl e fof 748128 Eos) puaas  Neioa o (009 BCIN0B  £0.96 BOS® 4065
OWaypistiocove 100 7ALS18 sha, Ty ‘[ Bareate  HILIDARG UT EER eR
15 Way plckc covn£039 731513 Wl gl mes, e B TLIIS OANE SER T e
23 Wayplasic o £036 2408132 il Nowls g | |STERECITIRGEENT HAZORS LT
25Way plastc crver 0.3 7418133 S R i A L
i kR e f27 8C177 €07 EDRY L0
oy 020 naee  foar 450 026 8CI78 037 EDXR  OUM
TLOS! €035 7513 025 N7 fod 2 Elfr ol CLASHREE RS
TL052 £042 TALSH 018 INwge  £0.5 4528 E0 AL HET (o R B
i 4527 €039 BCIGA 008 BOXSIC  £0A7
TLos4 .46 745145 055 N9 £0.06
TLO7ICP £032 45147 [1.26 Not6  [006 528 2040 BCIEAS  £008 EOXWC  £00
5 SR TR 4529 w44 BCISI (008 BRE 8051
TL072C 3 18 £0.70 INe1ds  £0.05
TLOT4GN £0.48 4815 14 Brizz 03 452 Q03 BCISIL - £008 BRE 0
TL081 £043  74L8151 025 0ALT £0.28 4534 £224 BCIBAB 008 BREE 031
TOGCP €0 74LSIS3 05t mpreaar(LO0VEGIET (L0 JERIS s St
TLBMCN  0dc 74LStSe Epiuioasll  EpRdnas  EMTIBCINC Sl E e R
s sorr TSt W Qe foz €031 BCIBE  £03) DR 03
MDA €028 TaLS1SE o My o dd e R R gy NS
CAJE W23 TS 03 Baty G £X I PR o HZe A
CA324 £QZ3 L8156 025 gz g010 46 CET bl me LI
M3 D031 7ALS160 T - R - (R
LFasIN £036 7ALS161 2o oo gao 486 EXO0 L FOCORAIIS D TASHER BN 0
PRy M TaS1E 02 4572 025 8C212  £008 BF4S £019
LMa5EN £07  7ALS163 TIT 4000 BERIES i L024 SC2i12L 8008 BRH M
Qarry 257 TalR16s e 1585 032 8C2120B £0.08 BRSO PO
] g 4000 £0.17 472¢ £0.70 BC213 £0.06 BFX29 LE]
LM3BON 112 74L5165 £048 oo 017
W w210 ST t0%0 A7 4106 £031 BCAIAC  f0.08 EFXB  EOI
UM386 £048 TALSITI coas 002 2017 40109 w50 BC214 £0.08 BFXES 0.3
{Mas?. F150 ALS174 £0.24 ‘% m.:g s K046 f0.08 BFYS) PO
IMso2M €07 TALEIS 024 10 - gﬂ‘ 40174 £0.34 £0.09 BFYS) 0.5
e 07 TaLsis 0 08 BN w5 03 009 BFYEZ 0B
o ) o 0.2 419 06 [0 BSWSs €135
NE531 £15 7405132 co2e U1 LS 013 B2 0
NESS34 S066 748133 £0.24 “0;2 m-:_i; TRANSISTORS J:Ior- SR (R - V- S A
Ny ST L e L S
G BE SR Bl S AN B TLIEE
: e €018 2NN 208 POI024A3 0030
CATAIGE 741520 .
S iE L ami 025 2N2218A  £0.28 TICI060  £0.40
e e 4018 00.77 2M2Z9A  £0.25 TCIED  £0.66
Codlioes b £0.19 TIC128D  £0.77
TBABI0S 745240
TBAB20M 74.8241 e — ‘
rices exclude A
tmlég%df ;2tg§:§ Please add £1.25 carriage lo gll orders and VAT (17.5%) No mimimum order
TDA2030 7418044 e ch;rge. FRE:E Ll‘,t?'mputer gstm;cv)l/lghall orders c.:jver £5.0b? e
l@ease send payment wil 'our oraer. eque:
g:gggs ;2t§§2§ pay Elyectronic Componentis SRR

Access and Visa cards accepted. Official orders from schools and colleges
welcome.

CA3130 7418251

CALL IN—OPEN: MON-FRI 8.30-5.00 SAT 10.00-5.00
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ave you ever relaxed in a hot bath,
or shut yourself into your den for
apeaceful hourortwo-and wished
' you could take your CD/cassette/
vinyl collection in there with you? Meanwhile,
your hi-fi player is nestling snugly in its pride of
place in the living room - and somebody else wants to
watch the TV!

Dream no more. With the Lazerline Stereo Sound Sender,
all you have to carry with you is a portable radio, and you can
have the music of your choice anywhere in the house or
garden.

The Lazerline Sound Sender is a powerful, full-stereo
mini FM relay station. It can relay any audio signal (mono or
stereo) from your CD player, hi-fi amplifier, television,
VCR, etc., or any other audio signal source, to any FM

tmas Special Offier

receiver up to a 200-foot radius. All you have to do is
tune your radio to the Sound Sender’s frequency, and
listen to your own music.

The Sound Sender can do other tricks, too. If you
have a portable CD player, now you can listen to it in
your car without disturbing the in-car wiring. Place it
on alevel surface, connect the Sound Sender - and tune
in your car radio.

Used with a Walkman-style personal stereo radio
and headphones, the Sound Sender acts as a cordless
stereo headphone - useful if one of the family is hard of
hearing. Connect the Sound Sender to the television, tune in
the radio, and the listener can select a comfortable volume on
the headphones, without disturbing other listeners.

The Sound Sender is battery powered (by one PP3) so you
can use it anywhere. Using an alkaline battery, battery life
should exceed 150 hours. Automatic gain control ensures
that the modulation level is always correct, and compact
dimensions - 2.5 x 1.5 x 4.75 inches - mean that you can slot
it in alongside any audio kit from your television to your
slimline CD player. Listening volume is fully controllable
from the radio receiver you are using.

The Sound Sender can be connected to any sound source
which has a stereo output - including technology not yet on
the market. It works well with mono-only output, too, with a
simple cable-adaptor.

You can re-tune the Sound Sender if the preset frequency
is inconvenient for you - but this wouldn’t normally be
necessary, as the operating frequency is away from broadcast
frequencies in most areas.

Specification

The unit draws 3.3mA typically from a 9V PP3 battery.
The current drawn, and the range of transmission, decrease
very slightly as the battery runs out. In practice this means
that an alkaline manganese battery will normally run the
Sound Sender for about 200 hours, but can be relied upon for
at least 150 hours. The typical channel separation is 30dB,
while the frequency response extends beyond 13kHz. The
inputs cope with a signal range of approximately 150mV to
1V RMS. The practical result of all this is that on most
program material the received signal from the Sound Sender

0000 hl |‘°—:
‘ \_/ ©00oo L ||
Tuner with outside aerial

(Recelving a weak station which cannot
be received by a portable radio indoors.)

o

Sound Sender

—

NS =

- Portable Receiver

®
F]
i
[
§
&
&
H
i
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sounds 'similar to that from an FM broadcast radio station.

The RF output of the unit is approximately 2mW, which
gives enough range for any normal use while minimising the
possibility of causing interference. When the unit is used
inside a car, this power is sufficient to reach the car radio
aerial no matter where on the car it is mounted.

The sound sender is normally sold for £69.95, but a
discount of 20% is available to ETI readers. To obtain a
sound sender at the special offer price of £55.95, just fill in
the coupon opposite and post it to:

Lazerline

Unit 2

Castle Commerce
Old Road
Leighton Buzzard
Beds LU7 7RG

Ifyouprefer notto cutyour copy of ETI, photocopies of the
coupon are acceptable.

Not licensed in the UK
YOUR GUARANTEE
You should be TOTALLY happy with our service as
well as your purchase. :
All goods are designed and rnanufactured by
_ oursalves to a very high standard, and guaranteed
tfor 1 full year.
unlikely event that any product falls to give
liste satisfaction returfi it lamaged
‘condition within 7 days for refund
repiacement.
This, Is in additlon to your statutory rights.

%

VISA

— o Em e e = e

' HOW TO ORDER

; 10: Lazerline, Unit2, Castle Commerce, Leighton Buzzard, Beds, LU7 7RG
L Please supply............ Audio Senders at £65.95 + £2.00 p&p each.

| enclose cheque or crossed PO for............... payable to Lazerline.

| wish to pay by Visa - MasterCard, please
debit my account. My card number is:

CTTTI ST

Signature

.-.__....qu
i

i

i ! -
i Name {on card)

=

| Address

Bt
&

g
:

i

Postcode

L

i " Nommnoally dsspatched within 7days,
1 please aliow up to 28 days for delivery.

.

L e emh oW TR WEDo TR SRS RO S TR (T R O
3 1 H = 1 s e

ﬁ

TRADE & EXPORT ENQUIRIES WELCOME

Direct Hotline Number

Carriage discount over 5 items

0525 378267
FAX 0525 377916

s

EASY-PC PCB and CII‘CUIt Dlagram CAD

Forget using tapes and lightbox! Create your
Circuit Boards using CAD - like the professionals.

e Runs on PC/XT/AT etc.
with Hercules, CGA, EGA

or VGA display and
many DOS emulations.

¢ Design Schematics
Single and Double sided
and Multilayer boards
including Surface Mount.

e Standard output includes
Dot Matrix / Laser/
Inkjet Printer, Pen
Plotter, Photo-plotter and
N.C. Drill.

o Extremely powerful.

e Very easy to use.

e Not copy protected.

EASY-PC

£98.00!

Plus P&P + VAT

Technical support
| is free, for life!

Over 13,000 Installations in 70 Countries Worldwnde'

For full info’ please write, phone or fax:
Number One Systems Ltd.

1

The Electronlcs CAD Spemallsts

REF: ETI, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.
Telephone: 0480 61778 (7lines) Fax: 0480 494042 ACCESS, AMEX, MASTERCARD and VISA Welcome.
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£30 off Europe’s
best selling oscllloscopes'

» Excellent quality, built
to last a life time

> 2 year warranty

» Each ’scope supplied
with 2 sets x10
probes, manual and
mains lead.

PART NO. DESCRIPTION USUAL PRICE OFFER PRICE
HM203-7 20MHz, dual channel £397.15 £367.00
HM205-3 20MHz, storage 'scope £716.75 £686.00
HM604 60MHz, dual channel £716.75 £686.00
HM1005 100MHz, 3 channel £930.60 £899.00

=@ MULTIMETERS

The D-MM good value meters are
now even D-MMer good value!!

The TM series of low cost meters, with

B s e i e

: 3'/2 digit LCDs, full overload d

{ protection, strong ABS cases and 93
% packed with features. Supplied with “Gr ‘“ ‘st l‘
i test leads, battery and manual. 3
; . USUAL  OFFER
PART NO. DESCRIPTION PRICE  PRICE
TM 5315  DC current (10A) continuity and diode test £19.99 £19.25
TM 5365 Capacitance and frequency (200kHz) ranges £36.50 £29.99
TM 5375  Frequency range (20MHz) and HFE test £36.95 £31.49
TM 115  AC & DC current (10A), HFE and continuity test £32,50 £30.99
TM 175  Freq. (15MHz), capacitance ranges with HFE, diode, continuity & LED test £53.60 £45.00
TM 8020 3% digit display, freq. (4MHz) capacitance (40uF), AC+DC current to 20A  £54.76 £49.95
T™M 8030 3%/« digit display, freq (4MHz), temp. (inc probe), AC+DC to 20A £59.96 £55.49
7705 Capacitance meter, 1pF to 20,000uF £39.82 £35.90

SPECTRUM
ANALYSER
ADAPTOR

The new TSA250 will adapt any conventional
'scope into-a highly cost effective spectrum
analyser. With numerous applications in RF

design and development work, EMC
investigations, and education.

TSA250 £399.00

» 400kHz to 250MHz
frequency range

» LC display of centre
frequency

» Calibration marker

The Brand New Cirkn
Electronic Constructors
Catalogue
Winter 92/93

» 192 pages
» £££’s worth discount vouchers
» 100s new products.......

Books - the latest titles.

Capacitors - new range ceramic discs,
extended ranges electrolytic and polyester
types.

Computers - new CAD PCB layout software.
Connectors - extended ranges of BNC, Jacks,
XLR and PCB types.

Filters - new narrow band ceramic and low
pass TV filters.

Hardware - additions include new range
control knobs, cabinet hardware and heatsinks.
Inductors - more additions to our already
extensive range.

Kits - new additions to the Velleman range.
Rigs - handheld 'CB’ transceivers, wavemeters,
scanning receiver accessories and aerials.
Semis - new linear ICs, transistors and a
complete new range of LEDs including blue
types.

Speakers - new radio mic systems.

Test Equipment - new hand-held frequency
meter and satellite TV dish alignment system.
And much more besides.....

» Available at larger
newsagents, from
12th November,
or directly from
Cirkit.

All prices include VAT at 17.5%.

Postage and packing; standard £1.40, next

day delivery £4.60.

Prices correct at time of going to press, but
may change in line with exchange rate
fluctuations.

Cirkit |

CIRKIT DISTRIBUTION LTD

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ Telephone (0992) 444111 - Fax (0992) 464457
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All our products are easy to install - they connect directly to either the

printer or serial port and require no power supply. They are supplied with

easy to use software which collects data for either display or priht-out.

Ali prices-exclusive of VAT

PICO TECHNOLOGY LTD

@ 3- bit resolution

® one channel

@ 10-25k samples per second

@ Oscilloscope/Voltmeter software
® 0-5 Vinput range

@ Connects to printer port

® 10 - bit resolution

® 11 channel

® 5-10k samples per second
@ Data logger software

® 0-2.5 Vinput range

@ Connects to printer port

£75|

@ 3, 12, 16-bit resolution + sign

@ 38 s/e or 4 differential inputs

@ 2 16 or 300 8-bit samples per second
® : 2.5 Vinput range

® Data logger software

® Connects to serial port

Broadway House, 149 - 151 St Neots Road, Hardwick, Cambridge, CB3 7QJ

Tel: 0954 - 211716  Fax: 0954 - 211880

it
L

ETI DECEMBER 1992

www americanradiohistory com

15




Build a 20,50 or 120Watt inverter

for a portable mains power source

using our cover PCB. Mark
Daniels provides the details

simple battery to mains

inverter can be ex-

tremely useful for pro-

vidingelectrical power
to small mains appliances in
the event of a power failure, or
for powering similar appliances
in situations where no suitable
mains supply is available,

Given a suitably large bank bal-
ance and an adequate stock of batteries
it is possible to power virtually any desired
load from an inverter, but in order to keep the

proportions within reason the load should be limited. As an
example a 3kW load (about the maximum which can be
safely run from a 13 amp socket outlet) would require
an input current to the inverter of around 300 amps
from a 12 volt battery, discharging a typical 60
ampere- hour car battery in about five minutes.
A more acceptable load limit for our typical
car battery would be around 500 Watts, but this
" would still drain it in under one hour, which may
be quite acceptable if the load is an intermittent
one such as an electric drill or similar small power
tool. Finding a suitable transformer ex-stock generally
poses a problem with such a large inverter and added to that
is the cost of suitable power transistors.
The smaller inverters, having an output of 100 Watts or
less, are a much better proposition for the home constructor;

all the components being readily available at very low cost.

The circuit described in this article is designed to be used
with equipment having a power requirement of less than 20
Watts in the first place. By simple substitution of heavier
power components the output of this design may easily be
increased to 50 Watts, this is described in detail later. If a
little more work and expense can be tolerated a load capabil-
ity exceeding 100 Watts may be achieved, as will be ex-
plained at the end of this article!

Generating AC

There are many ways of generating the AC required for an
inverter, some of which are usable only in very small
applications, others require expensive or difficult to obtain
parts.

One obvious choice for generating the required timing

Flg.t Inverter configurations
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signals for the switching transistors is the ubiquitous 555
timer IC in its astable mode, which would have to be used in
a single-ended or half-bridge configuration. This would
result in quite a simple circuit, but it does pose two major
problems; the worst of which is the low RMS output that is
never able to exceed half the DC supply voltage. With a 12
volt supply the output is unlikely to be much better than about
4.5 Volts after transistor losses, etc. Also, the mark-space
ratio of the signal from an unmodified 555 circuit will always
be greater than the ideal 1:1 and consequently will not
provide the best waveform for an inverter.

The two electrolytic capacitors in the half- bridge con-
figuration of Figurela would need to have very large values
for operation at a frequency as low as 50Hz if a practical
amount of power is to be delivered to the load. The resulting
design would work out much more expensive than is neces-
sary.

A full bridge configuration, as in Figure 1b has a greatly
improved output and does not require expensive electrolytic

nverter

capacitors and could be used to good effect with a 12 Volt
supply. It does, however, require twice as many power
transistors as the half-bridge and a more complex timebase
circuit, which is little advantage in this particular applica-
tion. ;

There is a third configuration shown in Figure 1¢, which
at first glance appears to ‘overcome all of the problems
associated with the first two circuits, but not without intro-
ducing a couple of minor ones of its own.

The power transistors used in the bi-phase, or push-pull
circuit, of Figure lc require a V  rating in excess of twice the
peak supply voltage which, with a high DC input voltage, can
mean costly or difficult to obtain components. The inverter
described in this article runs from a nominal 12 Volt supply
and can use ordinary low voltage power transistors which are
readily available and inexpensive. This configuration re-

S ——

[ 00—

quires complementary timing signals of equal mark-space
ratio and obviously cannot be used with a standard 555
timebase.

Fortunately, most CMOS and TTL oscillators have com-
plementary outputs and are ideal for this type of application.
The CMOS option is chosen here for its additional advantage
of wide supply voltage tolerance.

Printed Circuit Board Assembly

The majority of the components are assembled onto the
single-sided glass-fibre printed circuit board, the component
overlay for which is provided in Figure 4.

The easiest and safest method of assembly is to fit the
small passive components and the socket for IC1 first,
checking positioning and orientation before soldering. The
three rectifiers, D1, D3 and D4 should be fitted next followed
by transistors Q1 and Q2.

—
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Fig.2 Voltage waveforms

The power transistors, Q3 and Q4 need fitting with small
heatsinks which may conveniently be made from small
pieces of 16swg (1.6mm) aluminium. If separate heatsinks
are used then no isolating kits are needed, simply apply a
small quantity of heatsink compound to the metal mounting
tab of each transistor and bolt it to its respective heatsink,
ensuring that the two cannot touch.

The fuseholder and preset, RV 1 may be fitted next. If user
adjustment of the output frequency is desired then an exter-
nal potentiometer may be fitted as described under Modifi-
cations.

Assembly To Case And Interwiring

If a two part plastic case with aluminium front and rear
panels is used as in the prototype then the PCB and trans-
former may be mounted in the bottom half of the case using
countersunk machine screws and nuts. Use spacers or a
couple of nuts to stand the PCB clear of the lower panel of the
case.

Drill the mounting hole for SK1 in the rear panel of the
case and de-burr it before fitting the miniature power connec-
tor. If the panel mounting option for RV1 has been chosen
then the mounting holes for this will also need drilling in the
back panel.

Prepare the front panel to accept the IEC 6 Amp socket (if
used), S1 and D1 in accordance with Figure 5. The cutout for

1)Ar0dd
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PROJECT

HOW IT WORKS

An inverter works by converting the direct current (DC) from a
battery into alternating current (AC), and feeding it into the primary
winding of a step-up transformer. For AC applications the frequency
is usually chosen to coincide with the local mains frequency of around
50 to 60Hz, although other frequencies such as 400Hz, commonly
used in aircraft systems are not unheard of.

The usual mains electricity has a sinusoidal voltage waveform,
as depicted in Figure 2a. This is normal for electricity generated in a
rotating machine, such as an altemator. However, in electronics
things are not always as straightforward as this and for reasons of
simplicity and efficiency we often make do with a squarewave output
(Figure 2b). This does not affect the vast majority of small appliances
as the only major device which will not accept a square wave input
is the induction motor, which is generally excluded from connection
to this particular inverter by nature of its current hungry power
requirements anyway.

The circuit used in the Mini Inverter is very simple and is based
around stock parts, making it cheap and easy to build. Figure 3 shows
its complete circuit diagram.

A CMOS multivibrator, IC1 generates the timing signals at a user
adjustable rate, set by preset, RV1 in conjunction with fixed resistor,
R2 and capacitor, G2. Any frequency in the approximate range 42 to
68Hz may be selected, thus covering the World's most common
mains frequencies of 50 and 60Hz.

The multivibrator's outputs are used to drive two common emitter
darlington pairs, with a phase difference of 180° between their
outputs, swinging altemate ends of the transformer primary to ground
while the centre-tap is held at +12V. This generates a low frequency
square wave in the primary winding, inducing an alternating magnetic
flux in the iron core and ultimately a higher voltage in the transform-
er's secondary winding due to the far greater number of tumns on this
winding. The load is connected across the secondary and experi-
ences the equivalent of the full mains voltage.

Diodes D3 and D4 protect the power transistors and drive
electronics from the effects of the high voltage spikes produced by
vie of the extremely rapid switching of the inductive primary
winding. Capacitor, C1 provides supply decoupling and D1 in con-
juncfion with the fuse, FS1 protects the circuit against incorrect
supply connection.
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the socket may be made by drilling a 10mm hole at each
comner of the cutout and then using a junior hacksaw to join
up the four holes, finishing to size with a flat file. The other
holes are simply drilled, with an anti- rotation notch filed for
the switch, if necessary.

If front panel lettering is required apply it now and give
the panel two coats of transparent lacquer, which should be
allowed to dry before fitting any components to it. Fit the
panels to the lower half of the case using the self tapping
screws supplied with the case and make all the electrical
connections between the various components in accordance
with the interwiring diagram of Figure 5.

Fit a length of twin core flex to the DC plug, PL1, making
the centre pole positive and fit a large pair of crocodile clips
or a cigar lighter plug as preferred to the other end of the lead.
Keep this lead as short as possible to reduce cable voltage
drops (3 to 4 metres should be adequate in most cases). Any
extension leads should be on the high voltage side, where
currents will be lower, thus keeping power losses to a
minimum.

Safety
The high voltage output of this inverter is at a fairly low
impedance and is capable of giving quite a severe electric
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Fig.3 Circuit diagram of mini inverter

shock. It is essential to observe the same safety procedures
which apply when working with the normal mains, particu-
larly with the larger unit described later which is quite
capable of delivering sufficient current to kill! If you are at all
uncertain about working with mains voltages then do NOT
attempt to build any of these circuits.

It is essential that mains rated wire be used for all 240 volt
connections and the terminals on the mains socket must be
properly insulated to reduce electric shock hazard. Take note
of the earthing arrangements shown in Figure 6 as these are
essential for safe operation of the completed unit and must
NOT be omitted under any circumstances.
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Setting Up and Testing

A 12 volt DC source capable of providing at least 2 amps
(e.g. car battery) and a 4R7 2.5W wirewound resistor are the
only items essential for testing the inverter. An analogue
multimeter, although not essential, would be helpful particu-
larly if fault finding becomes necessary.

Connect the 4R7 resistor in series with the inverter and
battery and measure the output voltage of the inverter, which
should be in excess of 200 volts. Allow it to run for a while
and check that the power transistors do not get warm,
switching it off immediately at any sign of a problem.

Fig.4 Component Overlay

If all is well at this stage disconnect the 4R7 resistor,
reconnect the unit to the power source and measure the open
circuit output voltage, whieh should be around 300 to 340
volts. Apply a small load, such as a 15 Watt soldering iron
and check that the output voltage does not fall below 240
volts.

To set the output frequency connect a digital frequency
meter between pin 10 of IC1 and 0 volts and adjust RV 1 until
the desired frequency is obtained, normally 50Hz or 60Hz.

If no frequency meter is available an oscilloscope may
alternatively be used to set the period of the waveform to

20ms for 50Hz or approximately 17ms for 60Hz.

The above two methods of setting the frequency require
access to some fairly expensive test equipment, but with a
little ingenuity this may be avoided. A high impedance
loudspeaker connected between Q1 collector and the posi-
tive supply rail will produce an audible note which may be
compared with any accurately known 50Hz or 60Hz tone (e.g.
a speaker connected across the output of a low voltage
transformer plugged into the normal household mains).

Ifthe frequency is unimportant set RV 1 to give the highest
output frequency as this will also produce the greatest
efficiency and output voltage. The two higher power versions
of this inverter are tested in a manner similar to that outlined
above, with the following differences; a higher current
supply and suitably larger loads are required.

Fault Finding

This circuit should prevent no serious problems if assem-
bled on the cover PCB as shown. Solder bridges across
adjacent tracks on the board are the most likely problem.

Check the fuse first as this may have failed if the unit was
incorrectly connected to the battery. If this is the case the
reverse polarity protection diode may have have failed to a
short circuit and will also need replacing.

If the fuse fails a second time with the battery correctly
connected check the orientation of all the diodes and replace
any incorrectly fitted ones with new ones.

It is possible that the secondaries (used here as primaries)
of the transformer have been connected in opposition, thus
presenting a low impedance to the driver transistors. Check
for this by removing the transformer from the circuit and
connecting it to the mains in the normal manner. Measure its
output across the ends of the centre tapped winding, which
should produce around 18 to 20 volts AC. A reading of zero
indicates that the connections to one of the windings have
been reversed and will need swapping around.

Modifications

An external potentiometer may be fitted to the inverter to
allow user adjustment of the output frequency and is con-
nected as shown in Figure 7. The on-board preset shown in
Figure 2 is then not needed and should be omitted if this
modification is carried out.
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Fig.5 Front panel cutouts
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| Fig.6 Case layout and interwiring

For an increased output power of up to 50 Watts replace

: Q3 and Q4 with TIP41 devices, uprate T1 to 50VA and FS1 | I
to 3 or 4 amps. Fit a larger heatsink to the power transistors, S
using isolating kits and heatsink compound.

For adequate reverse polarity protection D1 will need
uprating to at least 6 Amps, otherwise it will have to be
replaced each time incorrect battery connections are made
and it will fail to a short circuit. The large areas of copper on P.C:BY
the PCB which carry the full input current to the inverter,
would benefit from heavy tinning if continuous use at high
powers is expected. All interwiring on the low voltage side
should also be suitably uprated to cope with higher input IO Ol
currents of upto 5 Amps at full load.

For maximum output power the TIP power transistors
may be replaced with TO3 packaged power darlingtons
mounted off-board on a large heatsink, having a thermal
resistance of less than 2°C/W. MJ4033 devices, having a
current rating of 16 amps, may be used for Q3 and Q4 and
should be fitted to the heatsink using isolating kits and
heatsink compound. Connection to the PCB and transformer
should be in accordance with Figure 8, using heavy connect-
ing wire for all high current paths, indicated by the thicker
lines in the drawing.

Fig.7 External frequency control wiring

-

Sl S

as TRANSISTORS
: VIEWED FROM
UNDERSIDE

NO CONNECTIONS

00
P.CB. °
Pr——
Q3 AND Q4 \ ey
OMITTED (1" ] )
FAOM PGB, ® FLTLY SE—_—
A.C
h ov T ouTPUT
o oV p——s
- e |/
k. MAKE CONNECTIONS
ﬁ AS PER FIG.4
00000
4 12v ‘b
F h : Fig.8 High power inverter wiring diagram . +

20 T ETI DECEMBER 1992

www americanradiohistory com



For a full 120 Watts rating a toroidal type transformer is
to be recommended for its lower magnetizing current re-
quirement, which is reflected in the inverter’s lower no-load
current and considerably greater part load efficiency. As an

added bonus a toroidal device of this rating is very much
cheaper than a conventional laminated transformer! A full
load efficiency of around 80% can be expected.

PARTS LIST

CAPACITORS
] 100,25V Radial Elec

RV1 220k Sub-min Horiz Preset

C2 4n7 Polyester, 5mm Pitch

RESISTORS (All 0.25W 5% Carbon Film)
R 680
| R2 330k
R3S 2k
R 2k

S1 Push to Make Switch ~ (20W)
5A Toggle Switch (50W)
16A Rocker Switch (120W)

FS1 1.5A 20mm Quick Blow  (20W)

3.15A 20mm Quick Blow (50W)
10A 1.25" (120W)
PCB Mounting Fuseholder for FS1
(Panel Mounting Type for 120VA Version)
Large Crocodile Clips or Cigar Lighter Plug
Panel Mounting A IEC Socket Outlet and Plug to Suit
Panel Mounting DC Power Connector and Cable Mounting Plug

SEMICONDUCTORS Ventilated Enclosure to Suit
D1 1N4001 (uprate accordingly for 50/120W versions) Wire, Solder Tags, Crimp Terminals, Screws, efc.
D2 5mm Green LED
D3,D4  1N4002 (2 off)
Q1,02  BC184L (2 off)
Q3,04  TIP31 (2 off for 20W)
TIP41 (2 off for 50W) BUYLINES
MJ4033 (2 off for 120W) Ventilated enclosure is TEK K22 from West Hyde (Tel: 0453
IC1 40478 731831) All other components are standard parts and were
supplied by J.P.G. Electronics (Tel: 0246 211202), who can
MISCELLANEOUS also supply a case if required.
T Mains Transformer
9-0-9V 20VA Rating (20W)
50VA Rating (50W)
120VA Toroidal (120W)

HALCYON
ELECTRONICS

Test equipment, video monitors, amateur radio gear, printers,
power supplies, communications, disk drives, multimeters,
oscilloscopes, scientific instruments, connectors, component
bridges, requency counters, signal generators, computers.

OXES

WANDEL/GOLTERMANN SPM2 LEVELMETER  £160 'ANTIQUE TEST EQUIPT, VARIOUS POA

WANDEL/GOLTERMANN SPM-3LEVELMETER  £183 COMMUNICATIONS RECEIVERS, VARIOUS POA

WANDEL/GOLTERMANN PS-3 SIGNAL GEN £169 200UV, SOURCE WITH TIMER 85

ADRET 470A AMFM SIG GEN 1-120MHZ £1985 1920 WIRELESS, REED & HORN SPKRS POA

FARNELL FG1 FUNC GEN 2-22MHZ £129 McMURDO SILVER CORD, 1 ONLY &9

MARCONI TF2304 AM/FM MOD METER PRTBLE  £15  PERISCOPES MILITARY No. 43 Mk.3 9

RACAL 5059 F/CTR 560MHZ MAINS/BATT £145 LCA MARCONITFI3(3AD 1% %

19" RACK, 20U, 31" DEEP £125 LCRMARCONI TR2701 I SITU 15

. GOULD OS33008 50MHz 2 TRACE DEL T/8 269 LCRMARCONI TFB66B )

. TEK 453 50MHZ DUAL TRACE DEL T/B £49 LCR COMPONENT COMPARATOR VO CZAST/S 15

TEK 465 100MHZ DUAL TRACE DEL T/8 £450 WAYNE KERR B221 B321 BRIDGES EAER

SCOPEX 4025 25MHZ DUAL TRACE £169 HP190TA -05A-0BA-TTA 25HHz PULSE GEN £1%

BECKMAN 9020 20MHZ DUAL TRACE 249 EKCOMARINER UBM LM RTSBCASTRECR €15

DATA PRECISION 6000 WITH 611 PLUGHN AND SCR 5768 GIBSON GIRL EMERGENCY XMITTER 75

661 DISK DRNVE UNIT. £305  AMFNENNER 6252516 GEN 1H-IMHZ SIS 89

GOULD 0S3000A dONHZ 2 TRACE, DEL T/B D49 LEVELL T152HZ-00KHZ OSC SINSQ i85

HAMEG 206:5 20MHZ, 2 TRACE, COMPTESTER  £249 LEVELL TMGB MICRO V-METER 450MHZ %

HITACHIVC 8015 1OMHZDIGITAL STORAGE 305 LEVELL TM3B MICROV-METER 3MHZ 85

HP, 13404 X-Y DISPLAYS, £99 TUBB/TUSB TUNER UNITS BRAND NEW £33

LEADER LBO-SC ALIGNMENT SCOPE {105 OEATLNGV2SINGLE PAN BALANCES 200GH €95

TEK SLAN 100KHZ SPECT ANAL WITHS110M, SAGE2-WAY CO-AXSWITCHSAN ZIZONCONNS 595

xSATBN, SB1ON TIME BASE ¢750 UDI 2026 SONAR SCANNER, SURFACEUNIT 685

TELEQUIPMENT DT, S0MHz 2TRACEDELTB 2225 BAK 1013 BFO & 2305 LEVEL RECORDER £1%

TEKTRONIX 7403N, OF1, 7001 LOGIC ANAL 2495 UPA CAVIDERM CDGPTH. TESTER 150

TEX 5585, 54 Sk e From£49 MARCONI MARINE KESTREL 3 POA A RANGE OF SMALL PLASTIC BOXES,
TEK 545/585 SERIES PLUG-NS From €10 ANALYTICAL BALANCES WITH WEIGHTS %

HP 3490A DMM AC/OC/V OHMS 6 DIGIT 1425 DECADE R/CV/BOXES " From 15 CASES AND POTTING BOXES AVAILABLE
XFORMERS SEC 30030V 204, UNIV PRIS, CCORE  £20 KAYE DEE PNEUMO UV EXP UNIT400x280mm  £175

WHOUSE 1/4HP REVBLE MOTORSZ20V 1KRPM €25 VACUUM PUMPS TYP 100MBAR (28LIMIN) % IN ANY QUANTITY.
CONSTANT VOLTAGE TRANSFSS0VAKV ~ POA  CALIBRATION STANDARDS CVILR PoA | |

MARCONI TF2331 DISTN FACTOR METER £175 COSSOR CRMS33A VHF NAVICOMRF SIGGEN ) preg SEND FOR FREE CATALOGUE
BBCS & MASTER COMPUTERS From %9 COSSOR CRMS11 (LSNOR AUDIO SIG GEN

MARCONI TF2300 FM/AM MODULATION METER £185
TEKTRONIX 834 PROG DATACOMMS TESTER £3%5

TOPAZ 91007-11 7.5KVA 120/240-120/240 180L £249
KINGSHILL NS1540 15V 404 PSU CASED £285
VARIABLE OUTPUT PSUS HY & LV From €29 HP 6264, 6284, SIG GENS LAST FEW £5ea
TEKTRONIX 520521A PAL V/SCOPES From 475 SIGNAL GENERATORS AF TO 21GHz From £15
LIST AVAILABLE, BUT 1000's OF UNLISTED BARGAINS FOR CALLERS ALL PRICES EXC. OF PAP AND VAT
QUALITY ELECTRONIC EQUIPMENT ALWAYS WANTED.
423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON'SW20-84R
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383
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AMAZING ADAPTER BUG

Built into a standard 13A adapter,
plugs into any 13A socke! and
transmits to a normal FM radio. Di-
rectly powered from the mains the
unit will transmit conversations etc
indefinitly! Price is £26.00 ref
M26P1

AMSTRAD 464 COMPUT-
ERS

Customer returned units
complete with a monitor and
circuit diagrams. These units
are generally nol working and
are nol returnable. Price is £35.00 ref M35P1.

PC CASES

Full size off white metal
cases ideal for building
your own PC four drive
bays, attractive plastic
front panel. £24.00 ref
| _M24P 1

WALKIE TALKIES 1
RANGE ?\. =
Pair of small pocket sized walkie
talkies complete with cases etc,
They will operate (subject to build-
ings etc) up to 1 mile apart. 2 PP3
9v batteries required. £30.00 ref
M30P1

MILE

O

AMSTRAD 6128 COMPUT-
ERS

Customer returned units com-
plete with a circuit diagram and
built in 3" disc drive. These
units are generally not working
and are not returnable. Price is £29.00 ref M29P1.

VIEWDATA SYTEMS
Made by Tandata these contain every thing you need to start
dialling into databases and bullitin boards such as Prestel etc
just plugs into a standard tv or monitor. Complete with modem,
infrared remote controlied keyboard and console. £20.00 ref
M20P2

— —

CORDLESS MICROPHONE

CAR STEREO AND SPEAK-
ERS

Complete system comprising
of stereo cassette player, ste-
reo FM radio plus AM band,
Pair of good quality speakers
all for just £19.00 ref M19P1

Small hand held battery operated microphone
that transmits to a standard FM radio, good
range. Our price £15.00 ref M15P3.

VIDEO SENDER
Transmits vided pictures from

SPECTRUM +2 COMPUTERS
Refurbished popular computer
with built in cassette deck and
128K of memory £32.00 each L.
ref M32P1 PSU £15.00 ref \-r—/

M15P4

We also have some requiring attention at £19.00 (non return-
able) ref M19P3

a video recorder or cam corder
to any television in the housel. !

AMBER MONITORS

12" high res screen 12v 1A sup-
ply needed. Hercules\TTL input
ie sep HOR and VER sync plus
video required. Brand new and-
housed in an off white plasiic
case. £22.00 ref M22P1.

Can also be used to transmit
from cam corder to video re-
corder, no more trailing wires|
£15.00 {ex psu) ref M15P4
£20 00 (inc psu) ref M20P1.

SPECTRUM +3 COM-
PUTERS

Refurbished popular
computer with buit in
disc drive and 128k of
memory £45.00 each ref

BUILT BUG

M45P1 PSU £15.00 ref M15P5. We also have have some re-
quiring attention at £25.00 (non returnable) ref M25P4

Built and tested superior FM bug
100m range, fits in match box all

12V SOLAR PANEL

Ideal for trickle charging car
batteries etc. Panel is made
from amorphous silicon, is
waterproo! and comes with
fly leads. Size is 30cm x
30cm x 4mm. £15.00 ref
M15P1. Other sizes stocked

you need is a 9v battery and an
ordinary FM radiol £14.00 ref
M14P1.

EPROMS

Clean erased eproms atbargain
prices! 27C64 pack of 10 for £7
ref M7P1,27C256 pack of 10 for

ULTRASONIC ALARM SYSTEM

£9ref MOP1,27C512pack of 10
for £10 ref M10P1,

Complete alarmsystemthat comprises a de-
tactar that simply’ plugs into a 13A socket in

the area you wish to prolect and a receiver 1

C64 TAPE STREAMER
Originally made for the Commo-
dore 64 Computer but may be
adaptable for other machines. Unit P
is supplied with its own operating

system, and two lapes. Approx 20 I £ 7
times faster than normal tape sys- |- -—

tems| £25.00 ref M25P1.

Extra tapes are available at £4 00 each ref M4P1 or 10 for
£25.00 ref M25P2

which plugs into a 13A socket where you

wish the alarm to sound. You could put one =t
in the garage and one indoors or perhaps ! +
protect your neigbours house etc. Fully ad- TV

justablesensitivity. £25.00 for complete sys-

WINDUP SOLAR POWERED
RADIO

Compact unit with built in hand
charger and solar panel just a
few turns of the handle powers
the radio for some time! Our
price is just £14.00 ref M14P2

tem rel M25P3.

TALKING TELEPHONE COIN BOXES

Phone bill too high? fit one of these and save. Fully program-
mable lor different call rates,
chargebands, time of day elc. ac-

BUGGING TAPE RECORDER
Contains voice activated switch so only ac-
tual conversations are recorded! takes a

standard audio cassette and uses AA batter- il |
ies. £20.00 ref M20P3

PC POWER SUPPLIES

Brand new units made by Az-

tec either 110v or 240v inpul =
giving 5v at 15A, 12v at 5A, -5v
at .3A and -12 at .5A. Fully
cased with on/off switch and
buitt in fan. £15.00 ref M15P2
Also available is a 200 watt
version at £22 00 ref M22P2.
Both types have standard PC fly leads

|

5 o]

cepts 10p, 50p and £1.00 coins.
Phone box actually speaks to you
with built in voice synthersiser
Wallor desk mounting. Two types
available 1 with built in lock at
£29.00 rel M29P2 the other with

TALKING ALARM CLOCK

Wakes you up by telling you the
time also speaks the time at the
push of a button| Battery operated
£14.00 ref M14P3,

no lock but easily adaptable is

just £23 00 ref M23P 1. Unit takes

4 C cells and is used in conjunction with an ordinary phone.
Supplied with fuil instructions, BT approved.

BROADBAND RADIO RECEIVER
Covers VHF 54-176 mhz (CB, air FM,
TV, PB, WB efc etc) hand held unit with

STEAM ENGINES

40 PAGE CATALOGUE AVAILABLE
CONTAINING OVER 1,500 SIMULAR
PRODUCTS FREE ON REQUEST!

Ever wanted one? brand new units
made by the famous Mamed com-
pany complete with fuel, burner etc

squelch control and carrying strap
£16.00 ret M15P6 Superb value.

£30.00 ref M30P 1

Other models stocked.
including traction engine at
£59.

EMERGENCY LIGHTING SYSTEM
Complete system give sup to 3
hours light from an integral 10AH
sealed lead acid battery The
battery is kept fully charged by
the mains, as soon as the mains
tails the two powerful lamps are
switched on and remain on until =
power is restored. Maintenance

free. £19.00 complete with bat-

tery. ref M19P2

12 BAND WORLD COMMUNICA-
TIONS RECEIVER

Mains or battery operated covers 9
short wave bands plus FM, LW and
AM bands.

Exceptional value at £19.
ref M19P4

BULL ELECTRICAL
250 PORTLAND ROAD HOVE SUSSEX
BN3 507 TELEPHONE 0273 203500 .

SINCLAIR C5 MOTORS

MI. ORDER TERMS CASH PO OR cm—:_xdd
WITH OHDER PLUS

MEXT DAY néuvsnv £0.00
" SHOP OPEN MON-SAT
“FAX 0273 23077

12v 29A (full load) complete with 4 to 1 reduction gearbox
giving 800 rpm output. Motor measures 8" x 4" with toothed
puiley output. £40 ref M4OP1, We aiso stock 13" wheels with
tyres at £6 each ref M6P 1, 16” at £6.00 ref M6P2 and an elec-
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This month, Mike Meechan
presents some circuits which are
guaranteed to raise the hackles
and boil the blood of the anti-
tone control brigade.

Ithough some of our readership has intimated as
much, and despite some scurrilous rumours to the
contrary, I have yet to secure a deal with Steven
L. Spielberg as regards a blockbuster movie of the
Anniversary AutoMate - with screenplay by Stephen King
and a musical score by Andrew Lloyd Webber - but T-shirt
sales are doing well, book rights have been agreed upon and
the album will soon be released! Anyway, enough of the
frivolity and wishful thinking and down to business.

The Equalizer

No, not a guest appearance in this column by Edward
Woodward, scourge of wrong-doers. At long last, we can
now present the equalization circuitry of the AutoMate and
I hope that all will agree thatit’s been worth the wait. At this
late (EQ) stage in the game, it might be worthwhile pointing
out that the AutoMate EQ is a true parametric equalizer. The
name parametric and sweep equalizer have, in many ways,
become synonymous. This is a quite false axiom since a
sweep equalizer offers control only of centre frequency and
boost/cut, not the other parameter necessary - that of Q
control - which yields the TRUE parametric equalizer. It is
as well to point this out here and now - like can therefore be
compared with like in the case of the AutoMate and any
potential commercial competitors.

Future topics for exploration and vivizection - in the style
of previous sections- will include dynamics and switching (in
next month’s issue), monitoring, panning, mixing and finally
AutoMation. We shall then start to publish some overlays for
the mono mic/line channel strip before briskly moving on to
other modules in the series including the stereo line/RIAA
channel strip, group module, master module etc.

For the present, we’ll content ourselves woth looking at
the comprehensive equalization circuitry of the AutoMate.
Referring to the circuit diagrams of Figures 1 and 2, we
should be able to see - after three months of intensive study
of EQ and filter networks - that the featured circuits are a
veritable smorgasbord of different types. This was flying
somewhat in the face of popular fashion where conventional
designs - for the parametric EQ at any rate - follow either one
school of thought, the constant all-pass phase-shifting types
(CAPS) invoked as variable and tunable admittances to
ground or the other, state-variable method of implementa-
tion. I have used both types where I thought that the
performance of one type in a particular aspect was superior
to the performance of the other type in that same aspect.
Sometimes, a slightly maverick approach to design is to be
commended....

Figure 1 shows the High Pass Filter section. This is an
outwardly conventional equal-component-type Sallen and
Key HPF. Tacked onto the end of it is a reasonably meaty
push-pull transistor stage which boosts current-sourcing
capability by a good factor and means that long lines or
jackfields can be driven with considerable ease. Feedback is
therefore derived from the output of the two transistors and
not from the op-amp. Referring to the discussion of some
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months previous, we now know that the Sallen and Key type
of filter has reasonable responses in all of the important
areas. Also, with the equal component type, the methods
used to produce better out-of-band roll-off ie a Butterworth
response means that 4dB of gain is introduced. This was why
the previous Line Trim stage was made to sustain an overall

4dB loss in the 0dB setting. There is thus no overall gain (or
loss) through the system with all level controls set for 0dB.

Fazed by Phase

In the second stage of the EQ, each of the true parametric
sections is able to be tuned over a 20:1 frequency range, from
50Hz to 1kHz at the lower end - I’ve called this section,
somewhat misleadingly, low -mid - and from 1kHz to 20kHz
at the upper end. On the face of it, there is no direct overlap
of frequencies. This is important since both of the state-
variable sections share a common Baxandall-style summing
stage. The one caveat, however, (with both filters able to be
tuned to the same frequency) is that if both sections are tuned
to a particular crossover frequency, or a very similar one for
that matter, the available cut or boost ratio is altered - you
can’t simply just add 15dB of boost at 1kHz in one section
and also boost it by the same amount in the other! This is
because the two stages are summed, not multiplied so the
maximum possible (if the op-amp can do so without clipping)
is 21dB. The use of both the gyrated admittances and state
variable in the same package meant that the EQ stage had an
unattractive overall phase inversion.Again, there has been
much subjective argument about the need to maintain faith-
fully the integrity of the audio phase, with an overall in-phase
response from input to output - sounds better, old boy. Ican’t
comment authoritatavely one way or the other but it is
interesting to note that many of the most widely-used Japa-
nese professional digital audio processors did, in fact, invert
the signal phase of the signal. It is claimed that incorrect
phase results in imaging that is perceived psychoacoustically
as ‘flat” and which sounds as if it emanates from a point near
or behind the loudspeaker. Absolute phase, on the other
hand, cause the image to tend to surround the listener and the
depth and dimensional character of the mix are enhanced
greatly. It makes one wonder just what absolute phase
reference there is to believe in in many recordings. Phase is
of particular importance with microphones, especially those
arranged to capture a stereo source (where phase-reversed
mics will cause images to wander) or where ambient as well
as close-miking of the source is being done since mono will
be affected, too, in this instance. Phase inversion can be used
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HOW IT WORKS

HIGH PASS FILTER AND EQ PHASE CORRECTION

The High Pass Filter utilizes an equal component second-order
Sallen and Key type filter. This gives a 12dB/octave roll-off and a
flattest amplitude response while the feedback necessary to create
this response gives 4dB of gain. Faster roll-off for out-of-band
signals has been compromised for a better in-band response.
The unity gain type, would, in any case, be difficult to tune, because
of the non-similar values of R's and C’s.

R54 and R55 and the associated part of RV2 set the tumover
frequency of the filter. The pot may be omitted and replaced by two
discrete resistors chosen from the values given in the attached table
{Figure 7). Whatever the case, the filter turnover frequency can be
varied from about 20 to 300 Hz. As already mentioned, the resistors
may be supplemented with a dual gang 20K linear pot, thus allowing
operator fully variable control of the tumover frequency. As men-
tioned in the general text, the control law, ideally, should be anti-log
in nature so in practise, the linear pot gives a sfightly cramped,
though useable law.

SWS5 switches the filter in and out of circuit. Conventionally, and
if the filter caused the signal o sustain no overall loss or gain, ie a
unity gain as opposed to equal-component value Sallen-Key, the
switch would simply and wholly bypass all of the filter circuitry. This
is advantageous in that the signal is passing through one less stage
of amplification, which can only be good from a sonic point of view.

However, because the filter is a flattest amplitude type, and so
gives 4dB of gain which has had to be assimilated into the overall
level architecture, simple bypassing won't do and with the filter out
of circuit, there must still be 4dB of frequency-insensitive -flat - gain.
This is achieved by shorting out C48 and C49. DC paths around the
switch are maintained during the switching operation and no clicks
are evident on the output.The output of IC7a drives a reasonably
hefty pair of line-driving transistors - Q4 and Q5 - in push-pull

configuration with Q3 behaving as a constant current source for
these two. LED1 biases this transistor while overall feedback is
provided from the node of R59 and R60 via R57. The C54/R62
combination AC couple and ground reference the output whilst R63
provides some protection against short-circuit or highly capacitive
loads. C53 value was chosen so that there is no LF roll-off with the
envisaged lowest load impedance of the FX unit - 00R - and the
electrolytic is bypassed with non-polarized C54 to improve in-band
response.

JK2 is the Channel Pre-EQ Insert point and comprises a 1/4"
stereo jack socket with switched contacts. These are ‘normalled’ in
the traditional way, providing an unbroken path for the signal unless
a jackplug is inserted whereupon the signal travels out of the mixer
through the ‘tip’ contacts. It then returns in processed form through
the ‘ring' contacts, with R64 providing a source impedance for any
FX and ground-referencing the return path.

IC7b is the Insert Buffer/EQ Phase Corrector. Refer to Figure
4. With EQ inserted via SW6b, overall phase between the input of
IC7b and the output of IC13b is unchanged. De-selecting the EQ
takes the signal directly from the ‘return’ contacts of the jack to IC13.

One snag with the arangement is the absence of the buffer
when EQ is OUT but in practise this has proven not to be a problem
with any FX units connected to the insert point. Again, each of the
high-value polarized coupling capacitors have been bypassed.

LED 4 and associated components constitiute an optional
indicator operated by the second half of SW5's contacts and shows
when the HPF is selecteed IN circuit. This is an important feature
should the switch be part of RV2 since the pull on/pull-off operation
needed to place the fiter in circuit can be difficult to see at a glance
when the control is buried amidst countless others. It can be omitted
if so desired

creatively, too, to bring a vocalist to the front of the mix, for
example, so that the listener is surrounded by vocals while
the orchestra or backing instruments reside in the back-
ground. See Figure 3. We’ll be looking more carefully at
spatial positioning at a later stage.

From a purely practical point of view, absolute phase
makes life easier for the designer if he knows that the output
from each discrete stage should be in-phase with the input.
This approach eradicates the need for individualism on
particular cards or parts of the mixer - a killer in any modular
system since they can then only be replaced by exactly the
same type at a particular point.But this is to miss the main
point. The problem of most concern here was that the signal
was in-phase with the EQ bypassed and out-of-phase with the
EQ in - a very unhappy state of affairs.

Consequently, I arranged for a compensatory phase re-
versal (transparent to the operator) to be introduced into the
signal path whenever the EQ was placed in-circuit. The
phase reverse amplifier (EQ absolute phase restorer) also
serves as a Post-Insert Buffer Amplifier , although it can only
be implemented as such when the EQ is in circuit. This is a
slightly unorthodox arrangement and ideally, the buffer
should have been present whether the EQ was in circuit or
out. The original design configured this amplifier in @an
identical way to the one used in the phase switching arrange-
ment of IC13a and associated components.

The amplifier became an inverter when EQ was IN and a
follower when EQ was OUT. All was hunky-dory but for the
clicks sometimes caused when switching EQ in and out of
circuit (for purposes of comparison etc) with the fader open.
It was thus abandoned. In any case, it makes for one less

detrimental amplification stage when EQ is switched out.
Further details on this are given in the How It Works section.
The signal path in each of the two conditions will be shown
next month.

Taking the Law into One’s Own Hands

There are some other rather quirky-but-nice design fea-
tures. Again, I was completely stymied in my efforts to locate
suppliers of anti-log pots so some cunning was required to
bend the law of the frequency-setting pots from easily-
available linear or log to the ideal anti-log law required.

It is important in any variable control - pot - that the
available control is not cramped at the extremes of rotation.
Figure 4 shows rotation laws for various pots when used, as
is a common requirement, as frequency-determining con-
trols. The use of star-delta transforms - as covered by A P
Stevenson in an article in the January 1992 issue of ETI -
facilitates powerful manipulation wherein networks of one
type can be converted into the corresponding equivalents of
the other type ie from star to delta or vice versa. We can thus
approximate various different laws using standard pots and
pull-up or pull-down resistors from the wiper to another
terminal. See Figure 5. Just such an approach is used
commercially in the quest for an financially-viable but also,
from the oft-despised subjective point of view, aurally accu-
rate, panpot control law. (We’ll cover the pan-pot debate at
a later point in the series). This ‘law-faking’ approach was
used at four different points in the EQ - in each of the
frequency determining controls for the four different sec-
tions.

1 suppose that, as in the case of the Mic Gain-setting

b e

1)4r0ud

ETI DECEMBER 1992

www americanradiohistory com

v
LT

ik

TeH e

Sl




-

FROM Cs8'

cas
160n
FROM POST
INSERT
BUFFER AMP : Cou
(IC7 PIN 7) 1001
TO RV3
WIPER -
(FIGURE 1)
—pceeey + 1TV
e 62
10CGn
oV,
" (<14
y F _*F_Q-HTV!_ 1
B20p
R73 . REB6 2K
15Kk = r——
—_—T
S
A r—" '
ov
R74 20kHz e
750R == 10dn
—Iﬁ. CLOCKWISE
¥ RvS 1kHz —— 11V,
Q WIDTH' —
d 20k LOG
[0V, o— Y _
Hi- MID EQUALISER
TO IC7b PIN 5
[ AT78 l
R a3k -
e
12k N
C88
.,__” : ceo cra L
2 6ns . 47n
— on | ers
12k ’ p 9 p :
17V, 10m. 1300 —0 17V,
o8 0V '
Fg: = 8 RO
b C76
T 3 anmu — — i,
I ¥
= 1kHz ——0TY, ov,
750R
MAX Q-5- } CLOCKWISE
MIN WIDTH
CLOCK vy
WISE @ ‘wibTh: 50Hz
# 20k LOG
MIN Q-0.5-
MAX WIDTH
0V, o -

Fig.2 AutoMate 4-band equaliser

LO- MID EQUALISER

www americanradiohistory com



= F -0 +17V,.
# LED3
sweb
oyr| ‘EQ INOUT
N
A109
aK?
i C77
—_— 1 ane
JK3
ov POST-EQ
A INSERT POINT
1
c78 ‘NORMAL' C: ?3_22“‘ SEND (TIP)
100N i— SW7a I V4
INVERT’
10K = A
— 4._5&. RETURN (RING)
10k 17V D7
cre A102 R104__ %7 15 pEAK
&- o8 100k DETECTOR
22p ¢ CIRCUIT
cs7
—00n,
CLOCKWISE
§mo IV, —  TO MUTE
RV SWITCH
TOKLIN ) y
o PHASE REVERSE amp R105
100k
o & -
AL POST EQ INSERT DRIVE AMP
10kLIN
FLT L - . S ccoc oo ool s o
1 OPTIONAL INDICATOR (& ) 1
A%0 2Kz +17Vy o—g o |
| R ce6 I )
—_ 100n AaNs ‘INVERT' 1
CB4 pan 1 %8 R
o—-l = - : :
- | P
¥l
1 ! LED4
1 # (* @ REVERSE') 1
*R91 R93 1
LOOK 5 | A6 a7k L
| * FITTED an 3wW7b |
—a — ONLY IF . 30Hz 1 i
RV11 V11 . 1
BELL/ SHELF OMITTED 't CENTRE" R
swa JOKLIN CLOCKWISE
(SEE TEXT) BELL /W SW8) 1
Ve o * —0 |
100Hz R - - e - = = = s
NOTE: RV11 MAY BE OMITTED IN SOME VERSIONS.
I IN THESE CASES R92, 93 ARE ALSO OMITTED AND
= ® - A FILTER CENTRE FREQUENCY IS DETERMINED SOLELY
BY R91 (VALUE CHOSEN FROM TABLE 2) AND R106.
HF SHELF/BELL EQUALISER
R e I
OPTIONAL INDICATOR (EQ) 1
+17V5 o ) |
R113 3
1k5 !
1
SW9 1
(SEE TEXT) 1
POINT X
(SEE TEXT), “ jjcer SWha r
e 50
SHELF 3 L
A .
R107 1k2 R108 1k l .
" = Joon —o
R110
K6 aiay—0 17V, g
Ic8 IS TLO72
|gs- 13 ARE NESZ%Z
= 0 6, 8 ARE BCSS!
% _— =5 b Q7 IS BD549C
: RV12 D4- 6 ARE IN4148
‘t CENTRE' LED3 IS 0.1" GREEN LED
10K LIN CLOCKWISE Q10, 11 ARE BC549C (OPTIONAL)
(C/W SW9) LED5, 6 ARE 0.1" RED LED (OPTIONAL)
2

HF SHELF/PEAK EQUALISER

o 0V,

gz‘% !

2%
4

e
1 _ﬁ

www americanradiohistory com




RET

R

o

HOW IT WORKS

AUTOMATE PARAMETRIC EQUALISER

The parametric section consists of two state-variable sections,
identical in all respects but for the size of the frequency-determining
capacitors. The state-variable has been discussed at length in
previous parts of the article so we'll look Gnly at those aspects of the
design which set it apart from the bog-standard form. Only the high-
mid equalizer as regards component numbering - will be investigated
but as we've said, it is identical in electrical operation 1o the low-
mid.Input signals are derived from the wiper of RV4 which is part of
a conventional Baxandall-style ratiometric feedback/attenuation
network. Resistor values are lower than is customary in this type of
configuration to optimise noise performance.

From the wiper, the signal is injected into a reasonably conven-
tional two-integrator loop state variable. The only quirks in the
design which set it apart from other, more conventional types are all
centred around the major frequency-determining components, RV6a
and RVeb, R75, R82, R83 and R86, and C67 and C72. In straight-
forward textbook designs, both of the frequency-determining capaci-
tors are kept identical in value. (It simplifies the calculations). Figure
9 wiil show a schematic diagram next month. Break frequency of the
section can be determined quite simply from the equation:

f _ =12nCIR4

centre

This is the simple expression and supposes that both C's are the
same in value and that there is a single frequency-determining
resistor per section. The full expression is as follows:

f .. =1/2n\NR6/R3C1R4C2R7

centre

With R3 equal to R6, the transfer function simplifies further to:
f = 12Vi/R4CIRTC2

cenlre

In the AutoMate example, one of the capacitors is V22 times the
value of the other ie scaled about the geometric mean value. From
the equation, as in the simpler Sallen and Key types discussed some
months ago, we can see the PRODUCT is important. So long as the
product of the two calculates to be the same as the originally-needed
pair of identical values of single capacitors, the break frequency
remains the same.

In past issues, we have said circuits can be modified fo realize
LARGE Q values. Although it might seem strange now, it can be just
as difficult realizing SMALL values with this manifestation of the
state variable. This conventional state-variable with its single pot Q-
adjust can't realize Q values much below 1. The devious business
with the non-equal capacitors which was briefly outlined above
becomes necessary. In fact, each capacitor has been removed from
amiddle value by a factor of V22, one being scaled up by a factor of \22
and the other scaled down although the product of the two remains
constant. It is this product which determines the break frequency.
Equal value capacitors mean that the lowest value of Q achieveable is
unity. We really want Q's down to values of 0.5 to 0.2 and these
measures provide this range for us. Cunent through each of the
integrating capacitors, C67 and C71,is sharednon-equally. Aroundthe
integratorloop, R70 can be assumed to be the Q-determining component.
Changing the current through this alters the Q value to around the
required value of 0.5.

Values for the e o 18V Deen chosen to give a 20:1
range, from 50Hz to 1kHz in one of the sections and from 1kHz to
20kHz in the other. As stated, the complete inavailability of anti-log
pots to the hobbyist constructor prompted the use of a three resistor
network 1o fake the anti-log law required. An ant-log control law
yields the correct characteristic which should be one of resistance
value being inversely proportional to frequency ie as resistance
drops, filter break frequency increases. -

So the frequency determining pot has an almost linear frequency
change:percentage rotation characteristic which is good from an
operational viewpoint. Figure 4 shows the effects of using three pots
- linear, log and anti-log - for the control of frequency. Figure 5 shows
the transmutation between star and delta networks, how the value of
resistors in each network relate to one another and specifically how
these values relate to our required law-bending exercise. These

resistor values have been chosen to compromise both good noise
performance - values as low as possible but within the driving stage
capability of the op-amp - whilst allowing the frequency determining
capacilors to be of the polyester type rather than electrolytics etc.
10u caps become horribly expensive and bulky. RV5 is the Q-
determining pot, with maximum Q - corresponding to 5 - when the pot
is at its minimum value. Again, this control should have had an anti-
log law so that as the control is turned clockwise, the Q value
changes progressively and smoothly from a low to high value. Wiring
a log pot the wrong way round yields a control where WIDTH is
smoothly increased as the control is turned clockwise. SSL use this
approach on their desks, so we are in good company! lts electrical
effect upon the circuit is to attenuate the signal returned via R70 and
so alter the Q.

The phase switcher is straightforward. In the inverting state,
SW?7 grounds the non-inverting input of IC13b and it behaves as an
inverting amplifier of gain -1.  Switching SW7 to the NORMAL
position cannests the signal input to the inverting and non-inverting
input. Amplification through the IC is now 2 (non-inverting) plus -1
(inverting) so the overall gain is non-inverting. R97 and C80 prevent
any oscillation or bursts of noise from the output as the switch
contacts change over while each side of the switch has a DC path
to earth to avoid clicks when EQ is switched in and out of circuit.

In addition, there is an insert point drive amp, comprised of Q6
- the constant current source - and Q7/Q8, the push-pull output
stage. This is identical in operation to the line driving stage attached
to the HPF op-amp output and reference is made to this.

LF AND HF EQUALISER

Both of these circults could be termed ‘unusual’. A gyrator -
IC12a is used to synthesize an inductor to create a conventional
shelving bass control. R90,91,92, and 93 with C85 (and C84 when
in-circuit) set the turnover frequency with the network able to be
supplemented by a 10k linear pot (RV11) so the operator can have
fully variable conttal of this frequency. The table shown in Figure 7
gives component values for the range of turnover frequencies
betwean 30Hz and 100Hz. Switching capacitor C84 In or Out of
circuit using SW8 achieves a bell or resonant type of response rather
than the shelving response yielded when the capacitor is shorted
out. Again, the switching operation can be combined as a pull on/
push off switch integral to RV11 if this is fitted or from a separate
switch. Refer to the schematic shown in Figure 10 next month, The
network transfer function is as follows:

. =1/2ni/CB4C85RI0RY

centre effeclive

A variable tootstrapping aangement appears on the oulput of
lhe op-amp. A kinaar pot is used which, with the aw-faking resistars
R81.92 and 93 and the baotstrapping lechnique, yields & vary usable
law with frequency rising logarihmically with pot rolation. In this way,
Q varies as frequency is ncreasad, with larger Q's -smafier bang:
widths - at the lower end of the frequency range and the opposite as
frequency is increased. This yields an audio characteristic which is
subjectively very powerful and useful. Q is around the 1.5 mark at
30Hz and about 0.47 at 100Hz. It alters because the ratio of
resistance:reactance changes with frequency, in effect making the
network more ‘lossy at higher frequencies. C84 value has been
chosen so that it swamps C85 and, also, the desired frequency is
affected with the in-circuit resistor values. All of the impedances are
quite critical, compromised in such a way that there is a reasonable
cut and boost ratio to the required frequencies and little effect on the
athers ie those in the upper-mid and HF parts of the spectrum. The
responses in Figure 11 next month, show the lazy Q value at the
100Hz  control sefting (with maximum boost) and means the stage
has a lot of effect on frequencies axtending into the lower mid region.
Circuit impedances mean that even al HF, the response does not fall
fo unity. The worst case deviation in this design is in the ordler of pius
or minus 198. When we consider there is a 15dB change ta Ihe
frequencies at the lower end of the spectrum, the subjective effect
upon HF 15 minimal.
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control on the input amplifier, I could have used a multi-way
switch coupled to a precision resistor string. This would have
resticted flexibility (only discrete values of break frequency
would then have been available) and added cost so I thought
it better to stick with the preferred arrangement wherein
some operational ease is sacrificed - the control law is very
slightly cramped at one end of its rotation - but fully variable
control is realized.

Admittedly, the star-delta arithmetic does becomes a
little tedious but at the risk of sounding sanctimonious or just
plain patronizing, to those ‘in the know” or with very smart
friends (most definitely the author’s case), there do exist
certain key values which can be used to yield the important
law-faking curves. This alleviates calculator-induced insom-
nia!

Unfortunately, this law-fiddling approach can only work
where the network is a three terminal type - this technique
could not therefore be used in the Q-determining

”. o -,

’/ \\\ //— \

— =

X STEREO FIELD OUT OF ABSOLUTE PHASE \
N\ .“-
3 N
b £ ‘\ {

N
N

Fig.3 The subjective effect of absolute phase

pots in the parametric sections. A reverse-con-
nected log pot was therefore used and yields a
workable compromise although WIDTH is in-
creased as the pot is rotated clockwise compared
to Q in conventional, commercial designs using
anti-log types - one example of the maverick
approach - but in operational use, no problems
have been forthcoming. There is nothing to stop
enterprising individuals who do manage to track
down dual-gang anti-log pots at reasonable prices
fitting them to this stage.

Where fully-variable operator control of the
optional parts of the equalizer - High pass Filter
and LF and HF Equalisers break frequencies - is
NOT required, the respective pots can be replaced
by resistor or resistors in'the cases of the dual-

gang types.
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Borwick), Microphones John Borwick, Mixing
Consoles, Analogue (Richard Sweetenham).
Sound Processing (Richard Elen) - Digital

GRAPH OF RESISTANCE VERSUS ELECTRICAL ROTATION FOR VARIOUS POT TAPERS

Fig.4 Examples of different control laws acheived by using linear, log and anti-log
potentiometers to vary frequency

Recorders (Tony Faulkner) - Classical Music

s

Wt

(Adrian Revill) - Popular Music (Mike

Ross) -Radio Broadcasting (Dave Fisher)
Oxford University Press.

Audio Electronics Handbook (edited
by Ian R Sinclair) - Sound Recording
Techniques (Don Aldous), Sound Waves
(Dr W Tempest) -BSP Professional Books.

The New Audio Cyclopedia (edited
by Glen M. Ballou) - Consoles and Sys-
tems (Steve Dove), Details of the Session
(Chips Davies with Linda Jacobson) -
Howard W Sams.

Active Filter Cookbook - First and
Second Order Networks, Bandpass Filter
Design, Bandpass Filter Circuits (Don
Lancaster) - Howard W Sams.

MORE ON EQ

NEXT MONTH

DELTA NETWORK

EQUIVALENT
STAR NETWORK

RULES FOR THE TRANSPOSITION FROM ONE FORM TO ANOTHER

1.ADD UP ALL THE RESISTORS IN THE DELTA NETWORK AND CALL THIS TOTAL T'
2. EACH EQUIVALENT RESISTOR IN THE STAR NETWORK IS PRODUCT OF
TWO ADJACENT RESISTORS (IN THE DELTA FORM) DIVIDED BY T’

Fig.5 Practical example of the star/delta transform
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20 Mhz DX processor
2 megs RAM. Exp 10 meg -
40 meg hard drive
1.2 meg 5-1/4" floppy
32K cache exp. 64K

Enhanced

lightnino disk access.

- Complete with MS-DOS 4.01
- 2 seriai 1 parallel ports

8 free slots- 6 off 16 bit!
The MP386 quality made by Mitsubishi to last a lifetime! Brand new with
all manuals and software plus Super PC-Quick Disk Accelerator for
Only....

A

£4499!

102 key k/board

£499 (F)

. & A COMPLETE
! SYSTEM FOR ONLY £99!!

Just plug in and go - fully expandable - the Display PC-99! System supplied
complete with 12" mono monitor, 84 key keyboard, 360k 5-1/4" floppy disk drive,
128K RAM, 2 serial and 1 parallel port plus DOS with manual. Many other features
include 7 slot backplane, all metal case, 150 watt PSU and US made mother-
board. In very good used condition with 90 day guarantee. At the unique price of:

IBM PC COMPAT

L

Optiopal FITTED exiras: 256K RAM E15; 640K RAM £39.
12" CGA colour monilor with card £89. 2nd 5-1/4" 720K floppy
{or 360K if prefarced) £29.95. 20 mbyte hard drive £59.

£99(E)

Massive purchases of standard 514" and 312" drives enables us
to present prime product at industry beating low prices] All units
{unlass stated) are removed from offen brand New aquipment
and are fully tested, aligned and sar‘]g)ped to you with a 90 day

guarantee and operate from stand volta1nes and are of stand-
ard size. All are IBM-PC compatible (if 312" supported).

3.5" Panasonlic JU364 720K* £21.95(B)
3.5" Mitsublshl MF353C-L. 1.4 Meg. Laptops only* £29.95(B)

3.5" Mitsublshl MF353C-D. 1.4 Meg. Non laptop* £29.95(B)

5.25" Teac FD-55(36). 360K half height £22.95(B)

5.25" Teac FD-55(72). 720K half height £24.95(B)
* Data cable included in price.

Shugart 800/801 S5 raturbished & lested £1 75.00§E;

Shugert 851 double sided refurbished & tested £275.00(E
Mitsublshi M2B84-53 double sided switchable

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

Dual 8" drlves with 2 mbyte capacity housed in a smart case

with built in power supply! Ideal as exterior drives! £499.00(F)
End of line purchase scoop! Brand new NEC D2246 8" BS
megabyte of hard disk storage! Full CPU centrol and industry
standard SMD interface. Ultra hi speed trangfer and access time
leaves the good old ST506 interface standing. In mint condition
and comes complete with manual. Only. .£299(E)

Converts your colour monitor into a
QUALITY COLOUR TV!!

TV SOUND
& VIDEO

TUNER!

The TELEBOX consists of an attractive fully cased mains
powered unit, containing all electronics ready to plug into a host
of video monitors made by manufacturers such as MICROVI-
TEC, ATARI, SANYO, SONY, COMMODORE, PHILIPS, TA-
TUNG, AMSTRAD and many more. The composite video output
will also plug directly into most video recorders, allowing recep-
tion of TV channels not normally receivable on most television
receivers (TELEBOX MB). Push button controls on the front
panel allow reception of 8 fully tuneable 'off air' UHF colour
television or video channels. TELEBOX MB covers virtually all
television frequencies VHF and UHF including the HYPER-
BAND as used by most cable TV operators Composite and RGB
video outputs are located on the rear pansl for direct connection
to most makes of monitor. For complete compatibility - even for
monitors without sound - an integral 4 watt audio amplifier and
low level Hi Fi audio output are provided as standard.

Telebox ST for composite video input monitors £32.95
Telebox STL as ST but with integral speaker £36.50
Telebox MB as ST with Multiband tuner VHF-UHF-Cable.
& hyperband For overseas PAL versions state
5.5 or 6mhz sound specification. £69.95
Telebox RGB for analogue RGB monitors (15khz) £69.95
Shipping code on all Teleboxes is (B)
RGE Telebox also sultable tor |BM muitisync monitors with RGB
analog and composite sync. Overseas versions VHF & UHF call.
SECAM /NTSC not avallabie.

No Break Uninterruptable PSU's
Brand 2. uninterruptabla powar SUppl

trom- Densel. Model MUK 0585-AUAF s 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK

Dept ET 32

)
FLOPPY DISK DRIVES
52" from £22.95 - 312"

from £21.95! Power One SPL200-5200P 200 watt (250 w peak).Semi open

TAAIL ORDER & OFFICES
Open Man-Frl 9,00-5.30

Upper Narwoad,
London SE19 3XF

POWER SUPPLIES

frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.53,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v output. AC input selectable for 110/240
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B)

Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
(2A).5v @ 20A. £ 12v @ 1.5A. Switch mode. New.  £59.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4". New £22.95(B)
Greendale 19ABOE 60 watts switch mode.+5v @ 6a,t12v @
1a,+15v @ 1a. RFE 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.New. £49.95(C)
Boshert 13090. Switch mode.ldeal for drives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B)
Farnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C)
Farnell G24/5S. As above but 24v @ 5a. £65.00(C)

BBC Model B APM Boar
£100 CASH FOR THE

MOST NOVEL
DEMONSTRATABLE
APPLICATION!

BBC Model B type computer on a board. A major purchase
allows us to offer you the PROFESSIONAL version of the BBC
computer at a parts only price. Used as a front end graphics
system on large networked systems the architecture of the BBC
board has so many similarities to the regular BBC model B that
we are sure that with a bit of experimentation and ingenuity many
useful applications will be found for this board!! It is supplied
complete with a connector panel which brings all the I/0 to 'D’
and BNC type connectors - all you have to do is provide +5 and
+12v DC. The APM consists of a single PCB with most major
ic's socketed. The ic's are too numerous to list but include a
6502, RAM and an SAAS5050 teletext chip. Three 27128
EPROMS contain the custom operating system on which we
have no data, On application of DC power the system boots and
provides diagnostic information on the video output. On board
DIP switches and jumpers select the ECONET address and
enable the four extra EPROM sockets for user software. Appx.
dims: main board 13" x 10". I/O board 14" x 3" Supplied tested
with circuit diafm, data and competition entry form.

0nly£ 995 or 2 for £53cs;

SPECIAL INTEREST

rio 0-18 vdc bench PSU. 30 amps. New
Fujitsu M3041 600 LPM band printer
DEC LS/02 CPU board
Rhode & Schwarz SBUF TV test transmitter
25-1000mhz, Complete with SBTF2 Modulator
Galcomp 1036 large drum 3 pén plotter
Thurlby LA 160D loglc analyser
1.5kw 115v 60hz power source
Anton Pillar 400 Hz 3 phase fraquancy converter 75Kw POA
Newton Derby 400 Hz 70 Kw canvartar
ADDS 2020 VDU terminals - brand new
Sekonic SD 150H 18 channel Hybnid recarder
HP 7580A A1 8 pen high speed drum plotter

£18!
Kenwood DA-3501 CD tester, laser pickup simulator £ 350
BRAND NEW PRINTERS
Microline 183:NLQ 17x17 dot matrix. Full width. £139 (D)
Hyundai HDP-920. NLQ 24x18 dot matrix full width. £149 (D)

€ 470
£2950
£ 150

£6500
£ 650

£ 225
£2000

are internal, MUD has them in a matching case. Times from Qume LetterPro 20 daisy. Qume QS-3 interface. £39.95 (D) 92mm  DC 12v. 18 mm thick.
interrupt are 5 and 15 minutes respectively. Complete with full Centronics 152-2 9 x 7 dot matrix_Full width £149 (D) 4inch DC12v. 12w 112" thick
operation manuals....... .... MUK......£249 (F) MUD.....£525 (G) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2" widthg 99 (D) 4inch  DC 24v 8w. 1" thick.

LONDON SHOP
Open Mon-Sat 85,30
215 Whitehorse Lane.

South Norwood

London, SE25

Biggin Way,

£ 375 ide.
£950Flack2 Less sidepanels ...

POA 3%inch AC. 112"

DISTEL > The Original

Free dial-up database!

1000 s of items Cn Line
V21, V22 &8 V22 bis

081-679-

All prices for UK Mainland UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. PO orders from Government,Universities, Schools & Local Authorities
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)=£3 75. (B)=£5.50 (C)=£8 50 (D)=£11 50. (E)=£14.00 (F)=£18.00 (G)=Call . Scotland surcharge: call.
All goods supplied subject to our standard Conditions of Sale and unless otherwise stated guaranteed for 90 days All guarantees on a retum to base basis.Rights reserved to
change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash.'

(CGrmamr) THE ORIGINAL SURPLUS WONDERLAND! (o)
COMPUTER SCOOPS

PC-AT 386 20-DX FULLY LOADED FOR

installed VGA card

MONITORS

MONOCHROME MONITORS
THIS MONTH’S SPECIAL/

There has never been a deal like this onel
Brand spanking new & boxed monitors
from NEC, normally selling at about £140!
These are over-engineered for ultra relia-
bility. 9° green‘screen compasie input with
atched non-glare screen plus swilchable
high/low impedance input and output for
daisy chaining. 3 tront controls and 6 at rear. Standard BNC
sockals. IB%guti!Lg J':Ifgh conirast screen;md atiractive case with
carrying ledge. Perfec! as a main or backup monitor and for
quantity users! £39?§5 each (D) or Bfor £1 85(q)

COLOUR MONITORS
HI-DEFINITION COLOUR MONITORS
i SAVE £59 - ONLY €100
WHEN BOUGHT WITH

THE 385 ABOVE!
14" Phitips Modef CM8873 VGA imuiti-
sync all the way up to 34Khz with 640 x
480 resolution. This one has every-

thing! Two switches enable you to se-
lect CGA, EGA or VGA and digital/analog. Unusual for a profes-
sional monitor, sound is also provided, with a volume control
There is also a special "Text" switch for word processing, spread-
sheets and the like. Compatible with virtually all computers
including IBM PC's, Amiga, Atari, BBC, Archimedes etc. Good
used condition (possible minor screen burns) 90 day guarantee.
15" x 14" x 12". Onl 59(E)
KME 12" high definition colour monitors. Nice
tight 0.28" dot pitch for superb clarity and
modern two tone plastic styling. Operates
from any 15.625 khz sync RGB video source,
with RGB analog and composite sync suchas %
Atari, Commodore Amiga, Acorn Archimedes #
& BBC. Measures anly 135" x 127X 11" Also =
functions as qualily TV with our RGB Telabox. Excellent used
condifion with 90 day guarantee. In nice two tone beige and
browncase. Only ........ccvicmimcecirenenne - E149 (E)
Brand new Cenltronic 14" monitor tor IBM PC and compatibles
al a lower than ever price! Completely CGA equivalent. Hi-res
Mitsubishi 0,42 dot pitch giving 689 x 507 pixals. Big 28 Mhz
bandwidth. A supar monitor in atiractive style mouided case. Full
90 day guarantes. Only ....... £129(E)
NEC CGA 12° IBM-PC compatible. High s g
quality ex-equipment fully tested with a 90
day guarantee. In an attractive two tone
ribbed grey plastic case measuring 15"L x
13"W x 12"H. The front cosmetic bezel has
been removed for contractual rea-
sons_Only.......... £79 ©
20", 22" and 26" AV SPECIAL
Superbly made UK manufacture. PIL all solid state colour moni-
tors, complete with composite video & sound inputs. Attractive
teak styla casa. Perect for Schools Shaps,Disco, Clubs.
In EXCELLENT littla used condition with full 80 day guarantee.

20"....£135 22"....£155 26"...£185 ()
CALL FOR PRICING ON NTSC VERSIONS!

Superb Quality 6 foot 40u
19" Rack Cabinets

‘Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made in UK
by Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front
door, full height lockable half louvered back
door and removable side panels. Fully ad-
justable internal fixing struts, ready pun-
ched for any configuration of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribu-
tion strip make these racks some of the most versatile we have |
ever sold. Racks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dimensions
are 77-1/2"H x 32-1/2"D x 22"W.  Order as:
Rack 1 Complete with removable side panels....

'
-y
S8
143
S
3
53
LS
%E
s
-
ak

AL L)

..£275.00 (G)

thick

92mm AC 230 v. 18mm thick
312inch AC ETRI inmIine.OnIY 1" thick.
312inch AC 230 v 8 watts. Only 3/4" thick
4inch  AC 110/240v 112" thick.
10inch AC round. 312 thick. Rotron 110v
10inch As above but 230 volts

60mm DC 1" thick.No 812 for 6/12v.814 24v.
80mm DC 5v. Papst 8105G 4w. 38mm. RFE

EUIUIO

ihhhondh
S R

1992 Summer Issue of Display News now available - send large SAE - PACKED with bargalnsl

ALL ENQUIRIES

081:679-4414

Fax- 081-679-1927

1888
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UK’s teading modulemanukaclurer singe 1972

*AUDIO MODULESx*

AL 12580-125W AMPLIFIER

A rugged high powered module that is ideal for
use in discos & P.A. Systems where powers of
up lo 125W, 4 ohms are required. The heavy
duty output 'transttors ensure stable and
reliable performance. Its 1§ currently supplied
to a large number of manulaclurers where
reliability and performance are the main

AUTONALTD

considerations, whilsl for olhe:s ils low price is
the major factor. Operating from a supply
AL 2550-COMPACT LOW-COST 25W AMPLIFIER
One of our mos! popular audio modules with tens of
where low distortion and compact size are £6.55 =
the prime requirements. Used with supply i
MM 100-BUDGET 3-INPUT MIXER
and separate bass and treble control, it prowdes for inputs for microphone,
magnetic pick-up and tape, or second pick-up {selectable), and yet costs
This module is ideal for discos and public
address units and operates from 45V-70V.

voltage of 40-80V into loads from 4-16 ohms
thousands installed. ideal for demestic applications
raids of 20V-50V into loads of 8-16 ohms.
With a host of features inciuding 3 individual level controls, a master volume
considerably less than competitive units.
MM 100G GUITARMIXER

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

COMPLETE AUDIQ RANGE BOM 10W-125W

SEND FOR DETAILS TODAY

SECURITY EQUIPMENT

MINIATURE PASSIVE INFRA-RED SENSOR-RP33

Switchable Dual range, detects intruders up to & or 12 metres

-
. Quantity This advanced sensor operates ly;d\c.-leclim;; the body
bl discounts heat of an infruder moying within the detection lield.
. startat3 Slow ambient changes such as radiators, elc. are

units |gnmed Easily nstailed in & room or hallway. Providing
eliabie operation from a 12V supply, it 3 ideat for use
£1 7 95 wnh lhe CA 1382°cr equivalent h1gh quahly control unit
& Supplied with full instructions

VAT Size 80x60x40mm

DIGITAL ULTRASONIC DETECTOR-US 5063

Crystal controlled movement detection module operating
at 50kHz with a effective range up to 20ft. Suitable for
operation in a household or vehicle security systems.

12V operation and built-in timing makes it suitable for a
wide range of applications.

ADVANCED CONTROLUNIT-CA 1382

i Automatic Loop Test on Switch On *Automatic Siren
- Re-Set & Audible Entry/Exit Warning Buzzer * Two
Separate Loop Inputs + 24-hr Circufis &

Easily Installed. Full Instructions Suppied.

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

LOW'COST CONTROL UNIT-CA 1250

This tried and tested control unit provides the finest
¥ value for money in control systems, with many
Ll thousands protecting houses all over the country.
A suitable steel enclosure is available separately.

Slmm ‘

PLUS FULL RANGE OF SECURITY ACCESSORIES FOR
COMPLETE HOME PROTECYION

TELEPHONE FOR FREE LITERATURE TODAY

S50FT INFRA-RED BEAM-IR 1470

The IR1470 consists of a separate transmitter
and receiver providing a beam of up to 50ft
which, when interrupted, operates a relay in the receiver which
in turn may be used to control external equipment. The system
requwes only 65mA from a12V supply. Size:(each unit) 82 x 52 x

525 61

Order by Credit.Card for
immediate despatch

= KN

DEPT ETi-11
51 POPPY ROAD
PRINCES RISBOROUGH
BUCKS HP17 9DB

TEL: (084 44) 6326 Add VAT Carriage only £1.50
LFAX: (084 44) 7102 Export 10% minimum £1.50
=5 e et e

RALFE ELECTRONICS

36 EASTCOTE LANE,
SOUTH HARROW
Middlesex HA2 8DB
Tel: 081 422 3593
Fax: 081 423 4009

“WANTED”

We are continually on the lookout to buy for stock
‘High-end’ equipment by brand names such as Hewlett-
Packard, Tektronix, Marconi etc. and we would be
grateful for the opportunity to offer for any items you
may have available now or in the future.

MILLIONS OF QUALITY COMPONENTS
AT LOWEST EVER PRICES

Plus Tools, Watches, Fancy Goods, Toys.
Mail order only. UK only.

All inclusive prices
NO post, or VAT etc to add on.

Send 34p stamped self-addressed label or envelope
for catalogue/clearance list.
At least 2,100 offers to amaze you.

Brian J Reed Electronics
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 081-393 9055

'E THE WIDEST CHOICE OF USED ) Muti Funclion DMM 4 5.5 5 digl with
25CLLOSCOPES N The couTay RATREEws s W s

TERTROMX _T(HURLEV ELpaszP Bench PSU 030V 2 ATp o
7803 wilh 7A26 & TB53A Duan 100MH. Dela Sw (MCC el ol
i ool y = csg | JHAaD LD MULTIME[EHS TS agIOMIGTd
TAN with 7A18 & TB50 Dual Trace 60MHz =1 Ranges OC 2AMD .. ... only €18
7504 with 7A12 & 7852 Dual Trace S0MHz Defay Sweep .. 25 M2355-32 vanges ACIDC 10 Amps DioderTransistor
7503 with 7A12 & 7850 Dual Trace %MH’j 4 £200 Tesler; Freg Counter elc . f3280
7633 with 7A26 & 7B53A Dual Trace 100MHz Delay Sr«eep Stovaqe £500
7313 with A8 8 7853 Dual Trace 125MHz Deley Sweep Slorage . E300 “AC"UDAM S SS CeRLOLINZ —
TAT3 Difermetial Comparattr Ampifien DO:t05MHz ... 7 Mter 104

_ Other plug-in optonsare avalable e 4 Traceelc EA((;:AUEA(;M 9341 Databridge Automatic measurements of
TEKTRONIX 24458 Four Channel 150MHZ Delay 5\~eep WAYNE KERR BA24 RCL Meter LCD Drsplay £125

£750 WAYNE KERR 4210 LCR Meler Accuracy 0 1%

th Cursors . ¥ 500
TERTHC AVC AGIDC Bresldown Leakage & onisalion Tesler AM21SLI2  £600

SUSSEN D IARCGI Dmll. FRNLEEV MEYERS &E3
mcwmhm 30\ Delay Sweep
TN 720 oel e OME Dely S Puggerid _ E1000 TMNJM___ £130
HITACH! V1050F Dual Tracel 100MHz Dual TB with 4 Channel MAACTHE UNNERSAL i
Woos ) Type 2437 DC- o £175
mu&mmmmummu«.&w b Tiive 2438 0C S0

A0 ) THORN PSU 0-40V: (-50 AAmps Melered
rsi:mm :ga:?;; ,m"'g,z, n i ﬁg FARNELL PSU HEO/25 0-60V, 0-25 Amps Metered £400
TP PS.267 (i Trace YOONH: Uelmy Se0ets sy | FARNELL PSUL0E O 30V; 05 Amps Metered
TEXTROND! 2218A ) i Teare Gz Dielay Swee . 50 TELEQUIPMENT CT71 CurveTracer £250
22 D Trace SCHe Al T& Magnicator ... C500 MARCONI TF2700 Unwersal LCR bridge, batlery .. . . from £125
PHLLIPE A7 Dusl Trace SOMH; Demy S MARCONI TF2337A Auo Distort Meler 400Hz/1KHz001% . 175
GOULD D53000A -2 Truze 0MH; Cetay Swwep =% RACAL 9915 Freq Counler 10Hz-520MHz (Cryslal Oven) £150
ZOULT: 051100 Dusl Trace 30MK: Tl | MANNESMAN TALLY Py 3XY plotler RS232 L. E00
GOULD 03300 Dual Trace 20MHz £200 OWITNETES
IWATSU CS5702 DualTraco 20WHz (]| e e e e
TELEQUIPMENT D66 Dual Trace 25MMz £150 Tk 5 No', B, 95X from E45
TRIO CS172; Progremmatie aieHz Dual Trace ... . £300 ‘lﬁilﬂﬂl(}my ne= 0
HITACHI VAH Dupt Track 20y Poriable (A(}DC Ope'albon) - £40 30406 it Calmg (e 01
15 JUST A SAMPLE - MANY OTHERS AVAILABLE 38l Spsles v Bnderinc & Lents

MuQUGSDuaI Trace 20MHz Digﬂal Storage with 2 Probes & NEW EQHHORIENT

oy A o TS0 HAMEG OSCILLOSCOPE HM/T00S Trple Trace 100MHz Delay

RACAL Insiumertalion Recorders Sre 4D and Sore 7D fomes0. | fméoasa . i
KErHLEY Z'ST&Dgg”mmm. ageo e 0 | HAMEG OSCILLOSCOPE HMEDA DualTrace 60tz Delay Sweep i
FERROGRAPJ RTS2 Recorder Tod et ... i’ from £150 FHAMEG 0SCILLOSCOPE HM203 Dual Trace 20MHz Componen!

e ]
Fﬁmmmmmm\;mmww 500 nwnrenscnmsc PE HM205.3 Lual ftacs 20%Hz. Digital
FARNELL TTS520 Transmitter Tesl Sel consisling of RF/AF Counler, Sarige: . ... 1610
gF Flod meler: RF Power Meter: AF Votmeter, AF Disloriion meter: EQFM Aoty w-mmeava e - al ool g mppl 0bes
VTS 281/ e ———— e A
SOLD as a parr i QALY L E1000 BLACK STAR EQUIPMENT (p&p all units €5)
== APOLLO 10- 100MHz Counter Timers RaliofPeriod/Time Interval
SPEL THUM aNALYSERS
APOLLO 100 - 100MHz {as above with more hmcumsi £325
TEKTRONIX 4944P 10KHZ-325GH; POA METEQR 100 FREQUENCY COUNTER 100MHz . T
ANRITSU MSBBB 10KH: - 4 4GHz E4000 METEQR 600 FREQUENCY COUNTER 600MHz ms
ANRITSU MS628 10KHz - 1700MHz 2000 METEOR 1000 FREQUENCY COUNTER 1GHz £170
HP 1417 with 86554 & IF Plug-n 10MHz-18GHz ... £2500 JUPITOR 500 FUNCTION GENERATOR 0 1HZ-500KHz Sne/Sq/Tn mo
HP 1417 with 8554B & BSS52B S00KHz-1250MHz . £1500 ORION COLOUR BAR GENERATOR Pal/TVVideo
HP 1407 with 85541 & 85524 S00KHZ-1250MHz .., £1200 Allother Biack Star Equipmen! avallable
HP 1417 with B5564 & 85528 20HZ 300KHz £1250
| TEKTRONIX 481 Opton 01 10MHZ lo 2GHz - 01000 OSCILLOSCOPE PROBES Swilchable x1 x10 (p&p £3) ot

Used equipment - with % d!\fs]g.lannw Manuals supplied if possible
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telepnone for lisls. Please check avallabillity before ordering
CARRIAGE all units £16 VAT lo be added to Tolal of Goods & Carriage

STEWART OF READING

110 WYKEHAM ROAD, READING, BERKS RG6 1L [N

Callers welcome 9am-5 30pm Mon-Fri (until 8pm Thurs) |

Tel:0734268041 Fax: 0734351696

ETI DECEMBER 1992
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PROJECT

Daniel Brook
constructs an
invaluable piece of
test equipment

n theory it should be easy to test digital circuits as any

point can only be at one of two voltage levels, and for

simple circuits the theory holds true. All that is re-

quired is a logic probe to display the high/low status of
the point being tested.

However, simple gates rapidly get built up into counters,
microprocessors etc. with buses of logic signals, and in these
situations it can be difficult and/or impractical to test the
system using only a single logic probe to find the value of a
word on a typical 8-bit bus would require eight tests and a
calculator (or a good memory and head for figures!)

Even using eight logic probes together, you would still
have to convert the binary word to a base more manageable
by the human brain.

The solution to this problem is BUSTEST. This project
has eight TTL logic inputs, and will display the value at the
inputs on three 7 segment displays. The display is switchable
between octal, decimal and hexadecimal number bases, each
of which can be useful, depending on the situation.
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Design Considerations

The unit must be fairly compact as it is a piece of test gear,
simple to use (but still useful), and reasonably cheap. Also it
must be 5V TTL compatible as most complex digital systems
fall into this category.

The obvious solution to the problem would seem to be to
use a 7-segment display driver IC such asthe 4511, but closer
investigation shows that this approach won’t solve the prob-
lem. This is because the 4511 and similar drivers only
convert the 4 binary inputs to a single decimal digit, accord-
ing to the BCD (Binary Coded Decimal) system, which isn’t
acceptable for this application.

More expensive driver ICs are available that will control

a number of digits, but these are designed to be used with
microprocessors, and most will only produce output in one
number base (usually hex or decimal).

Solution

The solution presented here uses an EPROM and a simple
multiplexer circuit to directly drive each of the three digits
that make up the display (see Figure 1). The EPROM acts
like a look-up table to display the correct number in each
display, according to the word on the input pins. By choosing
a large enough EPROM, there is provision for switching
between octal, decimal and hex number bases.

EPROM

The EPROM required is a 2764 device which needs to be
programmed. Rather than present a lengthy hex dump of the
EPROM contents, which would require a tedious amount of
(error prone) typing in, I present a BASIC program. The
program (Figure 4) was written in GW BASIC on a PC clone,
and generates a binary file called ‘BUSTEST.BIN’. This file
contains the required EPROM contents, which can be loaded
into a programmer and then used to blow the EPROM.

Altematively, I can supply pre-progtammed EPROMS
(See Buylines).

Construction

Construction is fairly simple. Start first with the resistors
(note that R6 and R7 are mounted vertically), then the IC
sockets, capacitors, the connector (if required) and the
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switch. The switch used is a small PCB mounting SPDT
device with on-off-on action. i.e. the moving pole can touch
either, or neither, of the two throws. This provides the

switching between the three number bases.

Next fit the displays, which may be socketed if desired
(remove pins 4,5 and 12 from a 14 pin DIL socket), and then
the ICs. Note that IC2 is a CMOS device so take anti-static

precautions when handling it.

Finally, you will need to connect some test leads (see
Figure 3). Mini probe clips on short lengths of wire are ideal
for general purpose use, or you can make up custom leads to
suit your requirements. It is advisable to at least colour code
the power leads, if not the test inputs as well. If you have
fitted a connector to the PCB the leads will have to connect
to the other half of the connector (the socket). Alternatively,
solder the leads to PCB pins, or directly to the pads. The unit
wasn’t designed to be cased, although small boxes are
available should you wish to enclose the unit. One final
touch, whether you decide to case the unit or not, is to put a
piece of red filter in front of the displays to improve their

readability.

Testing

Before connecting up the circuit, check the board for
solder shorts, make sure the components are in the correct

HOW IT WORKS

IC1,R1,R2 and C1 form an astable oscillator, running at approxi-
mately 42kHz. This clock output is fed into IC2, a decoded decade
counter. Three outputs from the decade counter switch on the
displays via resistors R3-5 and transistors Q1-3 (see circuit diagram,
Figure 2). To turn on a segment or segments in any particular display,
the EPROM must sink current through the required segment and
resistor. R8-14 limit the current through the LED segments and
EPROM pins to about 5mA, but TTL can sink 16mA max, so this is
within fimits.

The EPROM can only light segments in one display at any one
time, but cycles through all the digits so quickly (as determined by
the clock) that persistence of vision makes us beleive that all the
digits are on together.

The segments the EPROM tums on are determined by the ‘look-
up tables’ programmed into the EPROM. The part of the table that is
‘looked at' is, in turn, determined by the EPROM address. The
address is parly made up from the input signals (D0-D7) which
connect to AQ-A7. The next two address bits, A and A9, select the
table for the desired number base. Both lines are normally pulled high
by R6 and R7, but one or other or none of the two can be set low by
switch SW1.. When they are both high, decimal is selected. When A8
is low, octal is selected, and when A9 is low, hex s selected, The final
three bits of the address come from the counter, IC2. When A11 is
high, the EPROM outputs the code for DISP3. When A10 is high, the
code for DISP2 is output, and when A12 is high the code for DISP1
is output.

IC2 outputs Q1, Q3 and Q5 control address lines A11,A10 and
A12 respectively. 1C2 outputs Q0,02 and Q4 are not used so that
there is a gap between one display turning off and the next tuming
on.

Output Q6 resets the counter to begin the cycle again.
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Fig.2 Complete circuit diagram
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places and that IC’s are the right way round in their sockets.

Assuming that all is okay so far, connect the power leads
to a 5V DC supply, and ground all of the inputs. Flicking the
switch between octal and decimal should produce three
zeros, whilst in hex only two zeros should be displayed.

Now connect the inputs to +5V. The display should show
377 for octal, 255 for decimal and FF for hex.

If the unit has worked so far, it is unlikely that anything
is wrong, but to satisfy yourself you may wish to apply various
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|| Fig.3 Component overlay and lead connections

wotds to. the unit and check the output.

If the unit has not yet shown signs of life, switch off and
recheck the component positions and solder joins. If you have
a ‘scope, check there is a clock output from IC1 pin 3 and that
this reaches IC2 pin 14. Also check that pins 1,2 and 7 of IC2
are being pulsed regularly.

If the unit still doesn’t work, it is likely that the EPROM
has not been programmed correctly or is of the wrong type -
it must be a standard TTL 2764, NOT a CMOS vetsion. If you
programmed your own EPROM, check that you have entered
the program correctly, then erase and reprogram the EPROM.

In Use

Operation of the unit is very straight-forward. Remember
to always connect the power supply lines before connecting
any of the inputs D0-D7. D0 is the least significant bit (LSB)
and D7 the most significant bit (MSB). The inputs should be
connected to the circuit under test bearing this in mind,
otherwise the output will make no sense.

If less than 6 bits are being tested, unused lines should be
grounded (these will be at the MSB end of the inputs).

I will now briefly mention the merits of each of the three
number bases:

Octal digits map to 3 binary digits, enabling easy conver-
sion back to binary if required.

Decimal is the easiest base for us humans to manipulate,
as it is the one we are most used to.

Hexadecimal digits map to 4 binary digits. With this in
mind, it is possible to monitor two words of up to 4 bits, with

a separate digit displaying the value of each word. When used
in this way, the left-hand digit shows the value on D4-D7 (D4
is LSB, D7 is MSB), and the right-hand digit shows the value
on D0-D3 (D0 is LSB, D3 is MSB).

| 20 REM Program to build EPROM file for use with BUSTEST project.

Program for Digital
Circuit Tester

10 CLS

30 REM Written in GW BASIC by D. BROOK 21/5/92.
40 OPEN ‘BUSTEST.BIN AS #1 LEN=1
50 FIELD #1,1 AS DGC$
60 FOR LOOP=1 TO 8192
70 LSET DGCS$=CHR$(255)
| 80 PUTH#1,LOOP

100 PRINT “CREATED EMPTY FILE’ .
110 REM Read “character codes’ for 7 segment displays into array DG(n)
120 REM where n is the value (0-15) of the corresponding character.
130 DIM DG(15)
140 FOR LOOP=0 TO 15
150 READ DG(LOOP)
160 NEXT LOOP i
170 REM Do the MAJOR loop 3 times (for octal, decimal, then hex data). i
' 180 FOR MAJOR=1TO 3 :
190 IF MAJOR=1 THEN PRINT ‘FILLING IN OCTAL DATA”
200 IF MAJOR=2 THEN PRINT FILLING IN DECIMAL DATA”
210 IF MAJOR=3 THEN PRINT “FILLING IN HEX DATA"
220 READ NUMBASE,LPA,LPB,LPC MULB MULC
230 REM Constants for loop set up.
240 REM Begin the MAJOR loop:
250 FOR DGTC=0 TO LPC
260 FOR DGTB=0 TO LPB
270 FOR DGTA=0 TO LPA
280 BASEREC=((DGTC'MULC)+{DGTB*MULB)+DGTA+NUMBASE)+1
290 REM Base record number set up.
300 REM Output code for digit A to the file.
310 LSET DGC$=CHR$(DG(DGTA))
| 320 REC=BASEREC+4096
330 PUT# ,REC
340 REM Now output for digit B.
350 LSET DGC$=CHR$(DG(DGTB))
360 REC=BASEREC+1024
370 PUT#,REC
380 REM Now output for digit C.
390 LSET DGC$=CHR$(DG(DGTC))
400 IF MAJOR=3 THEN LSET DGC$=CHRS$(255)
410 REC=BASEREC+2048
420 PUT#1,REC

output)

440 IF ((DGTC*MULC)+(DGTB*MULB)+DGTA)=255 THEN
DGTC=LPC:DGTB=LPB:DGTA=LPA

450 NEXT DGTA

460 NEXT DGTB

470 NEXT DGTC

480 NEXT MAJOR

490 CLOSE

500 PRINT * **** EINISHED FILE CREATION *****
510 REM Character data (0-15):-

520 DATA 16,182,40,34,134,66,64,54,0,2,4,192,88,160,72,76
530 REM Constants for OCTAL:-

540 DATA 512,7,7,3,8,64

550 REM Constants for DECIMAL:-

560 DATA 768,9,9,2,10,100

570 REM Constants for HEXADECIMAL:-

580 DATA 256,15,15,1,16,256

Fig.4 Basic Program
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Fig.5 Display Pinouts

BUYLINES

The 7-segment display is available from MAPLIN (Telephone
0702 55416]), order code FR36P. Other types may be suitable :
check the pin connections with Figure 5.

Tha swith used-in the prototype is marked RS, but may be
vallable from other suppliers. MAPLIN can supply a switch with
suitable action, but i wil not fit on the PCE.

For a pre-programmed EPROM, send a cheque for £6 to: Daniel
Brook, 119 Halg Drive, Mil Hill, London NW7 3EJ.

PARTS LIST
RESISTORS (All 1/4 Watt, 5% or better)

R167 10k (3 OFF)
R2-58-14 1k (11 OFF)
CAPACITORS

C1 2n2

c2 100n
SEMICONDUCTORS
IC1 NES55

IC2 4017BE

IC3 Programmed EPROM 2764 (not CMOS)
Q1-3 BC547 (3 OFF)
DISP1-3  common anode 7seg display (3 OFF)

MISCELLANEOUS

SW1 SPDT Toggle switch ON-OFF-ON (See text)

CON1 10 WAY PCB mount plug (If required)

PCB, IC sockets, probe clips, wire, plug to suit CON1, display fiter,
case
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A hybrid line amplifier
by Jeft Macaulay

ith the rapid demise of vinyl records the

role of the preamplifier in an audio sys-
tem is being re-evaluated. Most sources
currently available and those likely to be
encountered in the future are *flat’, That is to say they require
no frequency response equalisation but merely need to be
matched to the power amplifier’s input.  Unfortunately,
speaking from experience, I have yet1o find two sources with
the same output leve! or impedance charactaristics,

Output levels can vary from 50mV or so to 1V, a twenty
to one range. Moreover the electronics providing the signal
most definitly work better when fed into a high impedance.
Even CD players operate better into such s load since the now

Fa

Yo L

solution. In a
normal pre-amp circuit the
line level amp is already in evidence.
However most of these are not “state of the art’ and this fact
prompted the design described here.

Before I delve too deeply info the actual mechanics of the
cireuit it is useful to look at the problem in more detail and
the solutions used. First let’s real| ¥ getdown to basics. T have

VOLTAGE AMP

CURRENT AMP

PROJECT

|
zmcm ‘ Low Ro = o, 2 HiGw i
VOLTS/CURRENT CURRENT/VOLTS
- = Ek A o i
Fig.1 Basic Amplifier Types
traditional 10k passive pot can upset the operating mods of
the final op-amp in the player. Shifting the output into class volrsour o

B with it's associated distortion.

With this in mind the question arises how ¢an oné mix
and match these sources with the existing power amps
without compromising the input signal? The simplest solu-
tion is to produce a really high quality line level stage with

switched gain and a high input impedance. At the output end

of the circuit we require both a low impedance drive and a
high overload level for driving the amp.

Placing a high impedance pot between the source and amp
can provide an increase in performance but only when the
signal level is already adequate,

Furthermore 2 pot in this position will mean thai the
signal to noise ratio of the output will depend on the slider
position.The separate: line amp is an altogether better

e

& B = PRACTICAI
e AMP

l

‘.' A= |DEAL AMP

| i | | =

0 VOLTS IN

Fig.2 Real and Ideal amplifier transter characteristics
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written on this topic before but it bears
repeating. An amplifier, regardless of the
technology employed producesan enlarged
copy of the electrical signal presented to
it’s input. To do this it modulates an
external power supply and thus doesn’t
contravene the laws of physics.

In actual fact there are only four basic
types of amplifier and these are shown in
Figure 1. The difference between them is
defined by their input and output imped-
ances. Figure 1 shows the possibilities as
black boxes. Figure la shows the voltage
amplifier. In order not to load the input
voltage provided by the source the input
impedance must be as high as possible,
preferably infinite. On the output end we
want a voltage output which is independ-
ent of the load impedance. This requires
zero output impedance.

Figure 1b shows a current amplifier.
Here we are unconcerned with the voltage
provided by the source but we need to take
maximum current from it. Inconsequence
the input impedance must be very low,
preferably zero.

Turning to the output we need here to
provide a current output independent of
the load impedance. For this reason the
output impedance must be high, prefer-
ably infinitely so.

The other two amp types shown are
rather oddities but very useful nontheless.
Figure lc shows a voltage to current con-
verter, high input and output impedances
whilst Figure 1d shows the opposite. A
current to voltage converter. Here the in-
put impedance is low as well as the output
impedance.

For our application we need Figure la.
A voltage amplifier. Figure 2 shows the
ideal input output charactaristics of such
an amp. As you might expect this is a
straight line whose slope is proportional to
the voltage gain. Curve b gives a more
realistic transfer charactaristic which gen-
tly curves. What can be done to minimise
the non linearity? First we can restrict the
output voltage to small level. As John
Linsley-Hood once remarked inthese pages
a small enough section of any curve ap-
proaches a straight line. The curve as-
sumes a class A output stage. If we were to
operate in class B the non linearity would
increase with decreasing signal level.

Curve B also illustrates the linearity
conundrum faced by designers. If we re-
strict the output level sufficiently distor-
tion reduces approximately in proportion.
Theoretically with zero out we have zero
distortion. However although this is a sure
fire way of reducing non linearity of all
kinds it leads us into unacceptable noise
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levels. An altemativeis to byuild anamplifier capable of huge
signal excursions. This achieves the same results by the back
‘doaor, so to speak.

This is essentially the redson that a high overload ratio is
of vital importance when secking to"design for maximum
linearity. Too often this aspect of design is relegated o the
back burner and high overall linearity is sought by other
means. In particular the overuse of negative feedback, Feed-
back has been given a bad name in some quarters recently.
Certainly if an attempt is made to rescue a poot design by this
means it is possible to run into difficulties.

If on the other hand the design is made linear to start with
and has an adequate bandwidth negative feedback wil
itnprove matters both objectively and subjectively.

Anotber factor which has an important bearing on the
fina! performance of any amp is the power supply to which it
is atitached. If the voltage level varies with the drive level,
sadly a common occurance, the transfer charactaristic can
look more like an ellipse than a straight line with attendant
dire sound. Again, if ripple, RF noise on the supply line are

ullowed 10 reach the ‘output the sonic consequences are.

disaste rous,
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~ Please note nothing which I have described involves any
form of metaphysics, super components, grain orientated
wire, just simple physics! Having described the problem I
will now present my solution. I don’t beleive that it’s the
ultimate circuit, there’s simply no such thing but it’s the best
sounding line amp that I’ve ever designed or used. The basis
for the circuit is a single dual triode valve. I’ve used one per
channel.

The particular valve features a low anode impedance,
wide frequency response and large signal swings atadequate
current for the application in mind.

The circuit is shown in Figure 3 of one channel, the other
being identical. Being a valve circuit it uses a high operating
voltage. This need not be dangerous providing that simple
safety rules are applied. I’ll come back to this
aspect of things later in the article. The
circuit acts as a super buffer with high input
impedance and programmable gain via SW1.
Output impedance is less than 100R so that
long cables can be driven with ease.

The circuit configuration employed uses
a series feedback connected pair of triodes. In
many ways this is a classic valve circuit
dating back to the 1940’s. It’s virtues are
many with very few vices. Implemented with
high performance RF triodes it has a band-
width that extends well above 20kHz before
the application of feedback. Distortion lev-
els, with a standard line level output, 775mV,
are well below 0.1%, again before the appli-
cation of negative feedback.

One of these days the semiconductor in-
dustry will provide a device with the virtues
of a valve. The average valve is ten times
more linear than an equiverlent transistor

e

hS=Earbik

The valve is used in the common cathode mode, analogeous
to the common emmitter mode in a transistor amplifier and
thus gives a fair measure of voltage gain. The valve operates
very much like a J-FET. To provide correct bias the grid
voltage need to be negative with respectto the cathode. Infact
the stage will only work cotrectly when the grid is negative,
distortion levels increase dramatically if the grid is taken
positive. Luckily setting the correct anode current can be
achieved by selecting an appropiate sized resistor for the
cathode circuit, R2.

The output signal from the valve is generated across R6.
R11 and C1 form a very effective decoupling filter which
removes any noise and ripple from the supply voltage. The
signal is coupled to the other stage, built around V1b, via the
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stage and has an input impedance of approxi-

mately 100 Megohms. Although VFET charactaristics come
closest they haven’t yet cracked the problem of large input
capacitances which tends to negate the advantages ofthe high
DC input impedances of these devices. All this leaves the
valve as the premier device for this particular application and
this is why they are being used.

Astute readers will however notice the presence of semi-
conductor devices in this circuit . These are not however used
directly in the signal path but are rather employed in a
supporting role. To provide the output stage with a constant
current source. This enables the amplifier to provide far
larger symetrical signal swings than would be available with
a simple resistor anode load. If a resistor were to be used it
would appear to be in parallel with the load reducing the
signal swing.

The Circuit

Turning to Figure 3 the signals are applied to the voltage
divider resistors selected by SW1. The reasoning behind this
is to provide the amp with a uniform input voltage of about
70mV. Regardless of the actual input level. R1 maintains the
input impedance constant at 100k. Signals from the input
attenuator are directly applied to the grid of V1a. One half of
the dual triode. This is operated with a low level of anode

DC blocking capacitor C2. A good quality polypropolene
type is used here for it’s wide frequency response.

The output stage itself requires some explaining. As I
mentioned earlier I decided to use a constant current source
for the anode load of this stage. This prevents loading but it
also defines the anode current. Because of device to device
variation it is necessary to provide a DC feedback loop
around the stage. This is the functionof R10,R3 and R9. R10
and R11 provide shunt feedback to stabilise the operating
point. C5 completely removes any AC signals fed back by R9
by decoupling the junction of R10 and R3 to ground.

The anode current of V1b is set by the resistor R7 which
is in the constant current source formed by Q1,Q2,R7 and R8.
The operation of this is quite conventional. On switch on, R8
biases Q2 hard on. It’s collector current increases umntil
approximately 0.6V is generated across R7. This then turns
on QI which stabilises the current to a level defined by 0.6/
R7 amps. With the component values used this is 12mA/
channel.

Lastly the amp’s output voltage is supplied to the outside
world via the DC blocking capacitor C3 to RV1. Overall
negative feedback is applied to the cathode of Vla via R5.
The voltage gain being set by the ratio of RS to R2.

=
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current to ensure that the overall feedback loop connected Power Supply i “ .
from the output to the cathode resistor R2 won’t load the The most difficult area of valve design is the power il : .
output stage unduly. supply. Apart from the fact that some of the electrolytics are ' i i
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Fig.5 Case drilling detail

ORI

hard 10 find resistors tend to pose a problem as well. At high
voltages surprisingly large levels of power dissipation occur.
Put into simple language things can tend to get hot!

Large electrolytics of adcquate vollage rating are thin on
the ground and so other methods of smoothing the power
supply must be sought. The most obvious answer is o use a
floating vohtage regulator of the LM317 type. These work
well but have a low output impedance which requires care
while commisioning. Furthermore they cannot stand more
than 40V between the input and output terminals and wil]

turn themselves off if adequate heatsinking is not provided.

The circuit diagram of the power supply is also shown in
Figure 3. Here the HT voltage is full wave rectified by D1-
4 and the resulting raw DC is smoothed by C4. To avoid
overdissipation of ICI, the 317T regulator, Q3 is used as a
‘power dump’. This component is biased from ZD1 and R21
and prevents high voltages being applied across the chip.
Advantage is taken of the current flow through R14 to
provide onindication via LED D9. IC1 needs to float and this
is achieved by utilising the fact that the adjust pin must be
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1.25V below the output for proper operation.

R15 sets the quiescent current of IC1 at approximately
4mA and the adjust pin is lifted of ground by this current
flowing through the parallel resistors R16 to R19.

Construction And Testing

Most of the components are mounted on the PCB panel,
see overlay. The most important thing to watch is that you
have inserted the electrolytics the correct way round. If
anything is liable to produce problems a reversed electrolytic
will. None of the other components require commemt, Just
follow the overlay. The two Q1’s and IC1 require mounting
on a heatsink. Small finned types are used for these devices.
Note the two way PCB mounting plugs. Use Veropins for the
HT input as these are added to the circuit last

Having completed the board attention can be turned to the
mechanical aspects of the design. Figure 5 shows the me-
chanical drilling detail of the unit. Once the holes have been
drilled the case can be finished to taste. I chose to spray mine
matt black. Legends were then applied with white rub down
lettering and fixed with clear spray varnish. Both the latter
items were obtained from my local art shop.

Having finished the case the inevitable self adhesive
rubber feet were applied to the bottom of the case. Now the
real work can commence! Fit the transformer and PCB into
the case and also the pots and sockets.

Note that the heater and input wiring, shown in Figure 6
terminate in 2 way PCB plugs that mate with the sockets on
the board. In the first instance dont wire the HT leads in.

The reason is that to ensure safety it is important that the

valve heaters light up. With the valves on the HT supply is
rapidly discharged by the circuit’s current when the power is
removed. Otherwise a potentially dangerous HT voltage will
linger across C4.

Testing the unit consists of two stages. First with the HT
supply from T1 and the mains earth lead unconnected switch
on the unit. After a few seconds the valve heaters should start
to glow. If not switch off and find your wiring error. Assum-
ing all is well here the second stage of the testing can
commence. First a number precautions. When testing the HT
rail switch your testmeter to a range which will clearly show
300V DC. Ensure that you have made the connection be-
tween system earth and the case. Lodge the negative testmeter
probe securely in the case so that it makes a connection with
the metal work. Second always keep one arm behind your
back when testing.

Attach the HT leads to the Veropins on the board. Take
a deep breath and switch on. Take the positive test lead and
hold it against the metal tab of IC1. Keep the other hand
behind your back! You should read 300V, a few volts either
way is inconsequential. remove your test lead and switch off.
Reapplying it to IC1 tab should show the voltage decaying
rapidly. In any event don’t touch the circuit until this voltage
has decayed below 100V.

Having got this far the next stage is to actually try the unit
out. First connect the mains earth, your inputs and outputs.

Power up again. After a few seconds warm up sweet
music should emmanate from your system! If you have wired
the circuit up as described no further problems should be
encountered and all that remains is to enjoy!

A}

110 S B

GLERLE I T

PARTS LIST
RESISTORS
R1 47k
R2 15k
R3 8k2
R4 470R
R5 150k
R6 390k
R7 62R
R8, 100k
R9,10 M
R11 180k
R12 M
Ri3 100k i
R14 100R
R15 270R
R16,17,18,19 270k
R20 18k
Rv1,2 10k log pots i
MISCELLANEOUS
CAPACITORS B9A PCB valve base
C1 47450V 4 small heatsinks &
C2 10041000V T1 220V 150mA 6Y 1A secondary transformer :
C3 10450V PCB
C4 100450V Case
Ch 1025V 4P 3W rotary switch
Knobs
SEMICONDUCTORS Octal phono socket
Vi Cv2493
Qt 2N5058 Specifications !
@23 TIP49 The following measurements were made on the prototype unit, loaded with a 10k pot
D1-4 1N4007 SIN ratio -101dB unweighted below 775mV (input shorted) : . hE
IC1 LM317T THD  <0.005% at 1kHz, 775mV out - Sk :
ZD1 12V/400mW Frequency response -3dB at 0.8Hz and 150kHz i
D5 Panel LED Clipping level - +39.5dB above 775mV (74V RMS)
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Measuring

System

Ralph Mantel continues
his report from Germany
on a convenient way to
check the response from
a loudspeaker.

he complete circuit diagram from MEPEG is shown
in Fig.8a and b. The complete system, with the
exception of the mains transformer, is constructed
on a single eurocard.

As stated MEPEG uses a parallel (centronics) port and
the loudspeaker output of the PC. The loudspeaker output is
used solely for generating the measuring signal. All control
functions are achieved solely through the parallel port,

Construction

The construction of the boards should not cause any
problems, only the connections to the PC tone generator
should perhaps be described in some detail.

The loudspeaker output from the PC tone generator
should be connected to the 9 pin Sub D socket on the rear of

HOW IT WORKS

IC1 isa low noise input ampiifier with an amplification of 1 for normal use
and 30 lor microphone wse. The amplfication is automalically conirolied by
the computer via relay RLY2. R5, ZD1 and 202 provide over vollage
profection up lo 70V. Direct connection of the microphone is via a LR
socket. The microphone used is an asymmetrical electret condenser micro-
phone which requires a DC voitage t funclicn correctly. This voltage is fed
10 the mcrophone via R1/R2, Inserting the microphone plug in the XLR socket
an input 2 shorts pin 1 with pin 2via a bridge in the Socket. The signal therefore
Is imposed on the DC supply line and fed to the input amplifier. If requirad,
input one can be used to observe the microphone input signal using an
oscilioscope. Resistor RCal is used as a calibration resistor during imped-
ance measurements {e.g. TH/SM paramelers) and is connected using RLY1
autematically by the computer when required.

IC2/1C3 form a zero loss full way rectifier which rectities the AC input
voltage 10 a DC voltage. IC2 works as an inverting one way rectifier, the
negative hall waves of the input signal being short Circutiad by D4. The circuit
is then extended using IC3 as a sumator. Here, the negative half wave and
the ‘complete’ signal voitage via R13 are added togethar lo form our full way
rectifier. The rasulting DC voltage i integraied by C10 and using P2 this DC
voltage s set 1o the same level as the sHactive input signal lavel, The
selection of the OPs is very critical as the circul must wark over a large
valtage range linearly and without loss. The accuracy of this circuil is
dependent primarily on the diodes used and the siew rale of the OPs. IC4
wOrks as a nomal inverter. IC5 and IC5 work as an Vi/F converter (Voitage/
frequency-converter)[g]. The voltage on the inverting input cf IC5 is con-
veried info a proporional frequency in the ratio of 1 1o 2, i.2. an inpul of
1000mY would result in a frequency of 2000Hz on pin 3 {output) of IC6. The
resolution would ba 0.5mV. Pin 3 of iC6 s an ‘open collector and is connected
directiy 10 pin 10 on the paraliel port, This pin carries 5V under ‘no signal
conditions. Every negative pulse {charge from +5 to 0) on this pin sfarts a
Systern intampl in the computer, The tima between two inlerrupts is axactly
the periad of the input requency. The time is measured by the computer using
an assembler routine. The computer therefore has the value ol the input
signal as a proportional frequency {Fig. 9). The advantages of this so alled
senal A/D conversion are ajthe accuracy over a wide range and bjthe high
resoution {see Table 1) for a raiatively low cost

Measuring signal generation is achieved using the computers intemal
sourk] generator. For our ciruit the signal to the normal intemai loudspeaker
is diverted to IC7. The connection is, however, made by RLYS and only atter
the system has been swilched on. When the measufing system is switcheg
off the loudspeaker is availabie for formal use by the computer. Balh
generator outputs cary a DC votage. The pius pale also camy's the generator

Square wave signal on top. This square wave is directed through IC7 to iC4,
Tnis IC works as a frequency divider and reduces the genarator frequency
by a factor of 10. This Irequency is fed to pin 1 and 13 of IC8 and is usedin
the frequency range <150Hz. for controfiing the Phase Locked Loop {IC9,iC10)
relay RLY3 switches the origina!
frequency back in to pin 14 on I3, This Pracess is necassary in the lower
Irequencies in order to obiain g sufficiently high resolution, For example a
compuler is nol able to generate a Irequency ol say 20.47Hz so this
frequency is generated from 204.7Hz divided by 10. 1C9 and IC10 work as &

te. for signal generation. From 150Hz

Phase Looked Loop {PLL) and form the actual sine wave generation part of i

the circuil. The detailed function of a PLL cano? be described here. However
sufficient fo say that ICS compares the signal from the PC on pin 14 with the
signal from (C10 (VCQ) on pin 3, According to the frequancy diffarence
(phase diflerence) between these two signals there appears on pin 13 an
‘efror signal’ which s then integrated via a low pass filter (R32, C22, R33) and
In other words the square wave signal
from the PC fed lo pin 14 of IC9 is used to generate a sing wave of the same
Irequency at pin 2 of IC10. Every frequency change at pin 14 1C9 has an
squivalent frequency change al the output of IC10 (pin 2). Further, pin 1 of
C9 contains a Ylock’ signal whichis used via pin 12 of the paralle! port to signal
that the PLL is facked on. i.e. a check is made o ensure that the output of
IC10%s similar o the Input of IC9 {pin 14); itthis is not the case, the program

is used as a control signal for 110,

gives an ermor message.

The capzcitors on IC10 pins 5 and 6 control the frequency ranga of the
VCO. In the range 20-150Hz both Tetays are de-energised i.e. C26 Is in circuit.
In the range 150-1500Hz ALY3 is switched by the PC and €25 is then in use.
The other contacts on RLY3 switch the input frequency on pin 14, ICO as
aleady described. From 1500Hz RLY4 is activatad and connects C24 in
senes with C25 resulfing in a drop in the total capacity. By this method the
VCOis kept in its optimal voltage rarge. Trimmers P6 and P7 are used fo fine
tung the lorm and symmetry of the sine wave output signal. By careful
adjustments 1t is possibie to obtain a distortion figure of <1%. A description
of remaining components around 1C9 and 10 is not necessary for an

understanding of the overall cirouit,

The output frequency on pin 2 of IC10 is connected via IC11a to the
various outputs. P8 sets the signal amplitude. IC11b via R106 provides a
constant current output which is essential for all impedance measurements
e.g. Thiele/Small. The output via R106 will generally be used for all other
measurements that do not require a powerful output. The power output is
achieved using IC12 and can be used for example to directly drive a

loudspeaker. Specifications can be seen in Table 1.
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the compuler as shown in Figure 10. The PC speaker is
usually connected to the motherbodrd via a 4 pin plug. Pin |
carries the signal (positivepole) and pin 4 is the negative
pole.” Normaily it is a simple matter of de-soldering the
positive wire from the loudspeaker and connecting this wire
to the Sub D socket, The return conirection from the generator
card (+out) is only needed when the loudspeaker is to remain
in use. If this is the case the connection is then to be made to
the de-soldered connection on the speaker as shown in Figure
10. If the speaker plug is not marked + and - the signal
carrying pin can easily be determined by connecting one of
the wires up and testing to see if the signal generator card
functions. If this is not the case simply swop the wires on the
speaker connection over and retry. This trisl and error
method will not damage the circuit.

The connection between MEPEG and the PC is via a 25
pin Sub D plug, i.c. a normal parallel interface configuration.
The individual pin connections are shown in Figure 8a/8b.

The connecting cables from the two interfaces should
have a maximum length of 2m.

Adjustment

Before any adjustments can be made the circuit board,
must be working satisfactorily and be connected to the PC.
Also the software mus! be installed and running on the PC as
the programm is used in the adjustment process. (See section
on software installation).

A voltmeter, oscilloscope and if avajlable distortion

measuring equipment are necessary for adjusting the system.
With output 2 connected to input 1 adjustment of PR6 and
PR7 can be made. The programm must firstly be started with

<MEPEG> and from the main menu <begin> selected. We
then arrive in the measuring menu and should then
select No. <6 -Voltmeter>. The programm then asks :

Do you use measuring microphone(y/n)?

To which you should answer <p>.

If the circuitry is functioning, MEPEG generates a 1kHz
signal and the programm is in voltmeter mode. If the card is
not correctly connected to the PC an error message will most
probably appear. The amplitude of the sound wave signal at
output 2 is set to 5Vpp using PRS. Trimmer PR7 is set to

v 4 INTERRUPT
| 2 INTERRUPT !
+8Y SIGNAL OF V/F CONVERTER
: ov L — -
e
PERIOD ‘F &

| . . .
|| Fig.9 Input signal as a proportional frequency

midway and using PR6 the signal is adjusted to minimum
distortion. If distortion measuring equipment is not available
the adjustment must be made ‘by eye’. Set PR6 to 200 ohms
and using PR7 adjust the wave for optimal symmetry using
an oscilloscope.

With the help of a voltmeter adjust the 1kHz signal on
output 2 to 1000mV (output 2 still connected to input 1).
Then adjust the output of IC3 to 1000mV DC using PR2.
(Remember to change the voltmeter range from AC to DC!).
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Now disconnect the generator signal from input 1 and short
circuit it to earth. Using PR3 adjust the output of IC3 to 0omV
(Offset). The generator output 2 is then again connected to
input 1. The generator signal should now be adjusted to
10mV. Now adjust trimmer PR4 until the measuring bar on
the screen <Vmess> also shows 10mV. Then using the
voltmeter set the generator signal to 4000mV. Then adjust
PRS until the screen measuring bar shows 4000mV. On
completion of these adjustments MEPEG is calibrated and
ready for use. Now press <Esc> to leave the voltmeter mode
and return to the main menu.

Software

No great computer expertise is required to use MEPEG.
As mentioned in the introduction the majority of functions
are fully automatic, only measuring functions and param-
eters need be entered by the user. The programm catches
most errors which occur due to incorrect use or incorrect
entries. Problems with the hardware are also detected e.g.
measuring beyond the allowed range or PLL not locked on,
all of which could lead to inaccurate results. The program
works with a temporary store which is able to store up to 30
measured curves and associated data. This temporary store,
unlike many other programms, is held on the Hard/Floppy
drive. This has the advantage of not occupying valuable
memory and also should the system crash the data is not lost.
The temporary store is cleared before and aﬁ)er each session.

The minimum configuration for the use of MEPEG is an
IBM* or 100% compatible AT computer running DOS 2.0*
or higher with an EGA or VGA graphic card. Colour or
monochrome monitors may be used although by colour the

associated graphic card should have at least 128Kb of
memory. A parallel interface, LPT1, on port &H378 is also
required. If a second interface is available it is possible to
measure on LPT1 and print on LPT2.  Ifthis s not the case
measurement and printing are both via LPT1. The software
has been tested on several different IBM compatible comput-
ers with the above configuration and should therefore run on
most PCs without problem.

The following files are contained on the original disk;

Setup.exe Program to set the hardware configuration
Compen.dat Compensation file for the microphone
Ralf.exe File for main Program

Runmepeg.bat Batch file for system startup

Mepeg.exe Main program

Several demonstrations are also available.

The DOS routine ‘Graphics’ is used to enable screen hard
copies to be printed. Runmepeg. BAT loads ‘Graphics’ be-
fore starting the main programm. Hardcopies are therefore
available on all printers this routine supports; typically
Epson or IBM compatible 9 or 24 pin dot matrix.

Installation

All important settings with regard to hardware and the
installation of the software are carried out by the programm
<SETUP.EXE>. Insert the disk in drive <A>or <B>and start
the installation by typing SETUP and pressing ‘return’. (For
safety reasons only use the original disk for installation
purposes !!). The setup program is self explanatory and
requires no further explanation. When all the necessary
parameters have been entered the system software is auto-
matically installed. *Setup’ suggests < C:\MEPEG > as target
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directory, but this can of couse be changed by the user.

. Finally ‘setup’ writes a further file ‘setup.dat’ in which all
i the necessary parameters-are stored.

i NOTE: it is essential that the SETUP is run before

:‘ ' starting the main programm. The main programm will not
,'_5- function correctly if this is not done.

Main Program
- After succssful completion of the installation we find
i ourselves in the chosen target directory. All data operations
.. the storing and loading of curves are carried out in this
directory. The temporary store is aiso contained in here.
With <Mepeg> we start the main program and come to

e the main menu.

Main menu Functions

i The menu contains the following functions:

H Begin
With <B> for Begina measuring sesson is started and the

parameters. The requests are clear and require no further
explanation. ( Function 1-3 ask for a ‘reference frequency’.
As already explained, using this frequency the system calcu-
lates the ‘0 Decibel line reference value’). After all entries
are complete the measurement procedure starts. The user can
follow the measurment on the screen,

Load

<L> for load, shows the contents of the current directory
and allows files to be loaded into the temporary store. Only
MEPEG files i.e. files with the * MPG extension are shown.
The last curve to be loaded using this command is the ‘actual’
curve and is immediately available for use. ie. it does not
have to be recovered from the temporary store again.

Save

<S> for Save, saves curves and their asociated data to the
current directory. File names can be specified by the user and
are given the *. MPG extension.

Quit
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i measuring menu appears in which measuring functicns can
il be selected and parameters entered. If the temporary store
contains a curve the following message is given:
- Do you want to enter new Parameters (y/n)
et = If this is answered with <N> then the existing functions,
& parameters and reference values are kept and used in the new
session. By a series of measurements (e.g. sound level

LT measurement) this eleviates the need to enter the values

every time.

: Then the measuring procedure is immediately started.
Hiie If the question is answered with <Y> then the user can
enter new parameters etc.

The measuring menu then appears offering the following

| 5-Th/Sm measuremeny
| 6-Voltmeter
| 7-Generator

functions:

Sound level measurement
Near field measurement
Impedance’ measurement

Thiele/Small Parameter measurement
' Voltmeter mode
Computer controlled sine wave generator

1-Level measurement
2-Spl measurement
3-Nearfield measurement
4-Impedance measurement

The individual measurement functions and their proper-
ties have already been described in part 1. Depending on
| which function is chosen the user is asked for certain

<Q> for Quit to exit MEPEG. The" contents of the
temporary store are deleted and all unsaved curves are lost.
MEPEG does however check if the user wants to save any
data before leaving the program!!

Plot diagram

<P> for Plot diagram plots a curve on the screen. The
curve can be either from the last measurement or from disk.
On the lower right of the screen is a small menu with the
following options:

Copy

<C> for Copy sends a hard copy of the current screen to
the printer

Text

<T> for Text enables the user to add a comment to the
diagram ( up to 28 characters).

Res

<R> for Resolution enables the scale of the Y axis to be
changed. See Table 1 for the various possibilities

Gerv

<G> for Get curve allows different curves to be loaded
from the temporary store either into the current diagram, for
comparision purposes. If several curves are shown in the
same diagram the parameters shown apply the last curve to
be loaded.

Esc

With Esc the current measurement functions can be
interupted i.e. to leave the graphic mode.
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Difference New

Using <D> for Difference it is possible to calculate the
difference between curves currently in the temporary store.
The available curves are shown in a window on the left of the
screen and can be selected using the cursor keys. The selected
curves are shown in the window on the right. The difference
calculation is only possible with curves which have been
measured under the same conditions i.e. with the same
measuring functions and parameters. During this process the
origional cuves remain unchanged. After every difference
calculation the user is asked if he wishes to save the resulting
curve in the temporary store. If the answer is yes the user is
prompted for a name for the curve. If the user answers no, the
cuve is nevertheless saved in the temporary store under the
filename “Nname”.

Average

<A> for Average calculates the average of the curves
currently in the temporary store. The usage is the same as for
‘Difference’. ‘

Octave

<O> for 1/3 octave calculates the 1/3 octave response
curve from a sound level or level curve measured in High
resolution mode. During this process the origional curve
remains unchanged. Again, see ‘difference’ for use of this
function.

Get curve

<G> for Get curve loads a chosen curve from the Tempo-
rary Store. This replaces the curve currently in use. (NB. the
curves in the temporary store are saved in the current
directory with the file extension *.STR. In the event of a
possible system crash the files can be found here !!).

<N> for New deletes all the curves currently in memory
and the temporary store and re-reads the compen.dat and
setup.dat files. This function is used primarily by a “Renew”
of the temporary store. A renew is automatically requested by
the programm when there are more than 30 curves in the
store. Before this is carried out there is of course the possiility
of saving one or more curves.

* IBM is the recognised Trademark of International
Business Machines

* MS-DOS s the recognised trademark of Microsoft
Corporation
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by RS232

A project where ’
‘Device Shall Speak
Unto Device’.
Commentary by
Keith Garwell

t the Newchapel Observatory and Natural
Sciences Centre, Stoke on Trent, we have sev-
eral small micros (Dragons in fact!) performing
various jobs round the site and we soon had a
requirement to pass data from these micros to a central
machine. Unfortunately the micros had no communications
interface,

Due to my general interest in electronics I often thought
it would be useful if I could couple my own IBM PC look-
alike to other equipment. To digitisers, controllers, and
because of an interest in amateur theatre even to a theatre

{ Fig.1

-y

1 .0F 5 BARS

COVERING THE BAR MOVES TO RIGHT
WIDTH OF THE > F ALLOWED BY SLOT
KEYBOARD

lighting system.

However to me the PC is an expensive device and I am
rather loath (though a competent computer engineer) to
meddle with or modify its innards,

A certain amount of cogitation later I concluded that the
serial interface on the PC was the best means of connection
provided that the speed at which data had to be passed was

not too large. There was then no need to modify anything and
the serial interface is well protected, electrically, from
accidents. [t also has the advantage that only three wires are
needed between the PC and the device in question. From this
came the idea of adopting a standard for myself and the
Centre and producing a “standard’ interface board. The-end
product enables 240 bytes of data per second to be sent in
either direction.

The serial interface is known as RS232 and there is a
complete official specification for it. Which is perhaps a
roundabout way of saying it’s quite popular and there are
many instances of it. It also meais that, in this case, whatever
applies to an IBM PC or lock-alike will also apply to any
other computer fitted with this interface.

The Early Years

The origin of RS232 is ancient and goes back to the days
when the only means of communication was by way of a
morse key, sounder, battery, and a single wire with earth
return. For further information see any wild west film!
With the diversification of business the morse key be-
came too slow and so ways of speeding up communication

32 SLOTS AND LEVERS
ARRANGED IN A CIRCLE

ONE 'OF THE LEVERS ONE OF THE sLaTSs

Fig.2a &b
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developed. In the first instance the morse dots and dashes
where punched onto paper tape by operators working to-
gether. The paper tape was then used by mechanical senders
to transmit the information at a much higher speed, still via
a single wire and earth return. At the far end the sounder
was replaced by a mechanical device which wrote or
punched the data onto paper tape again.
Meanwhile back at the ranch the type-
writer had appeared. So why couldn’t the
pressing of keys at one end of a line be made
to operate the type at the far end. Eventualy it
could and became the world famous Creed teleprinter.
Apart from a pair of contacts at the sending end and an
electromagnet at the receiving end the device was entirely
mechanical. The mechanics in principle were relatively
simple but in practice exceedingly intricate. Very briefly, at
the sending end pressing a key released five bars running the

START BIT STOP BIT

Fig.3 C no parity

—

length of the keyboard and which carried a code for each key
one of which is shown in Figure 1. The final position of the
ends of the bars corresponded to the key code. Following this
action a set of cams rotated once causing the code at the bar
ends to be applied to a pair of contacts in sequence. Thus five
consecutive makes/breaks identified the character. The com-
pleted rotation of the camshaft restored the bars to their
original position ready for the next key to be pressed.

To complete the sequence and to start the mechanism at
the far end, before the five codes were sent, a start break was
performed. (The contacts at the transmitter were normaly
closed so that at rest current flowed through the line. This
enabled the operators to check that the wire was still intact
before sending the message). To ensure the receiver mecha-
nism was always given time to complete its task a delay was
inserted between each character by the transmitter equal in
duration to at least the length of a data bit. Nowadays known
as the stop bits.

At the receiving end an electromagnet responded to the
interruptions in the line current. The first break started a
camshaft rotating. During this rotation the following five bits
of the code either allowed or inhibited a small rotation of five
rings. See Figure 2a for the face view and Figure 2b for the
side view. The rings had slots on their inner edge which
corresponded to the key codes. Because of the rotary move-
ment, at one particular point in the circle the slots all lined
up allowing a lever to move outward into the slots. Figure 2b.
The lever stopped the type head rotating so that the correct
character was aligned with the paper and on the next rotation
of the mechanism the character was pressed against the
paper. The characters received were thus printed one step
behind the characters being sent.

Each character was therefore represented by a code
consisting of start bit, five data bits and two stop bits. To
allow for all letters of the alphabet plus numbers and

punctuation two special shift characters were used. After
sending one of these characters all the printed characters
changed until the second character was sent.

Later to increase the distance over which messages could
be sent the single battery system was replaced by a dual
positve and negative supply with change over contacts at the
transmitter and a polarized electromagnet at the receiver.
Other enhancements included electromagnetic repeaters and
with the advent of amplifiers, voice frequency keying.

The teleprinter was the mainstay of the telegram service
in the 40s printing onto a sticky paper tape which could be
stuck onto a telegram form.

During WW?2 a page printing version was very popular
with the meteorelogical service as used by the forces. An
American version was produced known as a Teletype which
employed a different mechanical system (presumably to
avoid infringement of Creed patents). It took up less table
space than the Creed machine and became popular with carly
computer systems particularly as the computer operators
machine.

The start bit, 5 data bits, and stop bit system of serial data
transmission was soon adopted as a standard. To extend the
print repertoire the number of data bits was extended, and
error detection added. Thus was borne todays RS232.

Todays RS232

This is a more sophisticated system having more data bits
to extend the available codes plus if required a bit intended
to enable errors in transmission and reception to be detected.

As before the start bit is just that, it indicates the start of
the character and can be followed by either 5, 6, 7 or 8 data
bits. These in turn can optionally be followed by the error
detection bit, known as the parity bit. Finally either 1, 1.5 or
2 stop bits. One and a half bits sounds odd but in fact means
a duration of 1.5 bits.

Now let’s look at an example in further detail. The letter
C can be represented by the binary code 01000011. The data
is sent in reverse order to how it would normaly be written ie
with the least significant bit first. A dual voltage supply is
used and the quiescent condition is negative.Figure 3 shows

S8 9 12345¢67pSB

Fig.4 C odd parity

how the C would appear on an oscilloscope in the normal 3

sense with positive at the top using eight bits, one stop bit and
without parity. (Let’s not complicate the issue too soon).

The start bit is thus positive going followed by the first
data bit which is a 1 and is thus negative. Then the next data
bit a 1 also. Next the four zeroes as positive then bit 7a 0 and
finaly the stop bit which returns the line to its original
condition as negative.

Just to sidetrack the issue for amoment. Why did I choose
01000011 to represent the letter C? Answer. For the very
good reason that the most commonly used character code is
the ASCII code. In which the initials stand for American
Standard Code for Information Interchange. Strictly speak-
ing this code is a seven bit code but is frequently used as an
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eight bit. The eighth bit being used for special purposes. For
instance in the IBM PC and all its look-alikes the eight bit is
used for special characters such as foreign language charac-
ters and graphics characters ie. characters used for drawing.

Error detection and parity
With RS232 a parity bit is available and follows the most
significant bit of the data. Parity can be either odd or even and
it works like this.
The parity bit is generated by the electronics in such a way
that the number of ones in the combined data plus parity is
either odd or even.

| Fig.5 A odd parity

As an example
again suppose the let-
ter C is being sent rep-
resented by eight bits.
If parity is declared as
odd then in the case
chosen the ninth bit,
the parity bit, would

SB_012345¢67FPSB
-

S,
v +

be a 0 ie. in the nine
bits there are 3 ones and the remainder are zeros. See Figure
4.

If the letter A was being sent the parity bit would be a 1
because the eight bit code for A is 01010001 which only has
two ones. See Figure 5.

Atthe receiving end the electronics will count the number
of ones in each character as they are received. If parity is odd
then the ones count for each complete character received
must be odd also. If this is not so then an error signal is given.

Reception And Stop Bits

At the receiver, the electronics will detect the leading
edge of the start bit. It then waits for one and a half bit times
before strobing the input. The strobe should therefore come
exactly in the middle of the first data bit. It then waits for one
bit time and strobes again putting the second strobe in the
middle of the second bit and so on as shown in Figure 6. After
the 8th strobe the electronics is reset during the stop bit to
wait for the next start bit.

It is important to appreciate that although the start bit
must not occur before the expiration of the stop bit time ie.
there is a minimum delay before the next character - there is
no maximum delay.

The stop bit is intended to prevent characters running in
to each other and to allow time for the electronics and the line
to recover before the next character.

Baud Rates

Although we have just been discussing duration of the
pulses or bits the more usual consideration is frequency.
RS8232 allows for a wide variety, from 100 bits per second to
9600 and the bit rate is termed as so many Baud. After a well
known character who was big in data transmission!

The standard Baud rates for RS232 are 110, 150, 300,
600, 1200, 2400, 4800, and 9600..The actual rate at which
characters are sent will depend on the Baud rate and the
number of bits per character. For instance 1200 Baud, 7 data
bits, no parity, and one stop bit will give 1200/9 or 133
characters per second. 1200 Baud, 8 data bits, parity and 2
stop bits would be 1200/12 or 100 characters per second.

The shape of the pulses will be distorted by the electrical
properties of the connecting line and these in turn will

depend upon the length and type of line. The Baud rate
chosen is therefore a trade-off between freedom from €ITOrs
and the time available for transmission.

There is also a further point of significance, namely the
accuracy of timing of the clectronics. Consequenily R8232
links are usually erystal controlied. From Figure 6 1t can be
seen that for 8 bits no parity the permissable error before the
8th bit is misread is plus/minus 0.5 after an interval of 8.5
which is | in 17 or just under 6%.

Plugs and Sockets

As well as standardising the methods of transmission the
plug and socketry is also included in the specification. The
standard'is a 25 pin D type connector which at the processor
is male ie. its a plug. The pin out of which is as follows, (The
pins not mentioned are not used).
1. Frame or screen.

2. Tx Transmit, the serial ouput.
3. Rx Receive, the serial input.
4.RTS Request to send.

5.CTS Clear to send.

6. DSR Data set ready.

7. Signal ground The common line.

8. DCD Data carrier detected.

20. DTR Data terminal ready.
22.RI Ring indicator.

It will be seen from the above that only three connections
are actualy needed for the data exchange. Pins 2 and 3 data
transmit and receive, and pin 7 the common line which is
ground, 0 volts, or earth, call it what you will.

The remainder are handshaking signals intended for use
principly between a computer and a modem. Modem stands
for modulator/demodulator and is a device which at the

s8

Fig.6 C No parity

sending end converts the DC signals to voice frequencies
suitable for sending over a telephone line, radio link etc.
Thats the modulator. At the receiving end the voice frequen-
cies are converted back to the DC signals. Thats the
demodulator.

An alternative connector frequently used these days par-
ticularly on physicaly small machines eg. portables, isa 9 pin
D type connector. The pin-out is usualy as follows.

.DCD

Rx

Tx

DTR

. Signal ground
. DSR

.RTS

. CTS

RI

N

$ oA W
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The Chips

The chip chosen to convert the parallel to serial data and
vice versa is the IM6402, readily available and compatible
with industry standards. These devices are known as UARTSs
ie. Universal Asynchronous Receiver Transmitters. The data
bits, commonly known as the word length can be 5, 6, 7 or 8
bits. Parity can be odd, even or none, and there can be one,
one and a half or two stop bits. The chip is a 40 pin DIL. As
well as its use as a terminal unit for equipment of all sorts it
can also be used in conjunction with a microprocessor for
which reason it is possible to switch all its output signals to
a high impedance state.

Figure 7 shows the pin layout with names and I am sure
a quick run through their purpose will do no harm. Starting
at pin 1. High level is +5 volts, low level is Ov.

VDD the positive supply 5 volts.
NC not connected.
VSS the negative supply, ground or 0 volts.
RRD Read Register Disable. A high level on this line forces
the receiver outputs to a high impedance state.
5-12 RBR8 to RBR1 the Receive Buifer Register ie. the receiver
output. The least significant bit is RBR1.

13 PE Parity Error a high leve! on this pin indicates a parity
error has been detected.

14 FE Framing Error a high level indicates an invalid stop bit.

15 OE Overrun Error a high level indicates receive data not
read soon enough.

16 SFD Status Flags Disable a high level applied to this pin
forces the status lines PE, FE, OE, DR and TBRE to a high
impedance state.

17 RRC the Receive Register Clock, this input should be
driven at 16 times the Baud rate.

18 DRR (N) Data Received Reset a low level here clears the
receiver output.

19 DR Data Received a high level indicates a character has
been received. :

20 RRI Receive Register Input ie the incoming serial data.
And going back up the other side -

21 MR Master Reset a high on here resets everything except
the receive buffer register.

22 TBRE Transmit Buffer Register Empty ie ready for the next
character.

23 TBRL (N) Transmit Buffer Register Load a low here trans
fers data from the input terminals to the bufer register.

24 TRE Transmitter Register Empty a high indicates data has
been sent.

25 TRO Transmitter Register Output ie. the serial data.

26-33 TBR1 to TBR8 Transmit buffer register ie. input to transmitter.

34 CRL Control Register Load a high level here loads the
control register.

35 PI Parity Inhibit a high level selects no parity.

36 SBS Stop Bit Select a high selects 1.5 stop bits for 5 bit
data and 2 stop bits for all others. A low selects 1 stop bit.

37&38 CLS2 and CLS1 Character Length Select. The appropriate
combination of levels on these pins select 5, 6, 7 or 8 data
bits.

39 EPE Even Parity Enable a high level selects even parity

providing pin 35 is low. Low selects odd parity.

BWN =

transmitter Baud rate.

The remaining 3 chips used are quite common and
familiar to most I would imagine.

The clock oscillator is a TLC555 the CMOS version of the
555 and is used to generate both transmitter and receiver
clocks.

40 TRC Transmitter Register Clock this should be 16 times the

A 4011 CMOS quad NAND gate is used for generating
some of the control signals, see ‘How it works’. -

A CA3401 op-amp is used for converting the Ov and +5v
signals to -12v and +12V.

The Power Supply

The power requirements are quite small. About 10mA at
5V for the chips and the same for the + 12 volt supplies for
the line driver. The smallest commonly available mains
transformer is usualy 100mA which is rather more than
enough! In fact remarks about sledge-hammers and nuts
would be justyfied. So before embarking on a power supply
for the conversion board (just CB in future) consider any
options such as sharing a supply. Another option is to run
from a single 12V supply. See below.

Conventional power

If a mains supply is going to be used to drive the RS232
board only, then the simplest arrangement is shown in Figure
9. Using a 12-0-12 transformer with half

=L

10Aroud

wave rectification to produce a peak output of
12 x 1.4 ie. approx 17 volts. This leaves 8402 UART
plenty of headroom to drive two 100mA 12V vee —  4ob—TRe
regulators eg. HA78L12 and PA79LI12. In el e e
addition the +5V (LA78L05) comes off the URRD, =] :gg
+12V. Don’t forget the capacitor on the nega- RBR7 - —p1
tive rail is upside down ie. its positive leg is SR = :'E:;a
connected to OV. e = e
The current output of such a simple ar- RBR2 — —TBRS
rangement can be full wave rectification and RB:.; £l :?.?:;
using larger capacitors. The new configura- el = by
tion of transformer secondary, diodes and g:g = :TT:;’
capacitors is shown in Figure 10 otherwise NDDR — —TaRL N
its the same as Figure 9. F?:, —Hp = ::":ne
DC to DC convertors . Fig.7 6402 UART Connections
Because the current consumption of the

board is so small there are alternatives to

conventional power supplies. Indeed in my case the boards
are all run from a +12 volt battery supply. This involves DC
to DC conversion.

Various DC to DC voltage convertors are available. The
RC4190 micropower switching regulator will convert almost
anything to anything! (Maplin UR15R). The TBA820 (Maplin
WQ63T) which we all know is a small audio power amplifier
can also be configured as a voltage convertor. Figure 11
shows how to use it to generate =12 from +12. This is how we
use the device. The 5V comes off the +12 via a 100mA
regulator as before. In Figure 11 the TBA820 operates as a
high frequency (40kHz) square wave power oscillator. At pin
5 apeakto peak voltage of 12V is available which is inverted
by the the two diodes and capacitor following. The diodes in
these circuits are all IN4148.

Building the Conversion Board

Assembly (Refer also to the copper design and component
placement)

Immediately it’s decision time. How is the board to be
fitted with plugs and sockets? It’s easy for plug and socketry
to cost as much as all the electronics put together so it’s as
well to give some consideration to the problem.

As we made several of these boards for various purposes
we decided on a ‘standard’ board which would be fitted with
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HOW IT WORKS

The Conversion Board

Our general requirement for RS232 links was fairly specific. It
had to be as simple as possible and of course reiiable. No graat
distances are invoived, 100 metres being the absolute maximum.
The final choice was 2400 Bd, no parity, 8 dala bits and 9 stop bit
Al 2400 Bd this aliows a character rate of 240cps. As there is no
allowance for any sort of retransmission or handshaking parity would
be pointiess as nothing could be done if a parity eror did occur. 8
data bits was the maximum possitle and allowed for tha transmis-
sion of standard 8 bit bytes. This format has proved very reliable in
practica. Its not at all uncommon to transfer 20 to 30Kbyte chunks
of data, and touch wood so far without error,

Sending

Figure 8 shows the schematic with data flow as far as possible
from left to right. The P numbers on the (ines are the pin numbers on
the board connecior. First the transmit sice, 8 bit data input to serial
output which is suitable for converting standard Centronics printer
data 1o sedial dafa. Al the top laft the 8 data lines T4 to 8 go lo pins
26 10 33 on the 6402 IC. TXS Is the fine which strobes the data in,
and would be connectad to the Cenironics strobe line, Busy is
relumed by inverting, via IC4, the signal on pin 22 of the 6402 which
is transmit burtfer empty, the inverse condition will be transmit buffar
full which gives busy.

On the output side the serial data is on pin 25 of IC1. This is
inverted by connection to the inverting input of the 0p-amp (C3, The
non-inverting input of which is reference 1o the mid point of the 5 vol
supply by the two 470R resistors, The supplies 10 1C3 are +12 voits
o pin 7 and -12 volts on pn 4. Pin 6 therefore gives an inverted
version of the serial ouput al +12 volls. The 33 resistor just acls as
@ current imith g resistor to the serial output TX OUT.

Receiving i

In the case of the receiver serial data appears on the left ai RX
IN. By means of the 10k resistor and the two clamping diodes the:
input Is restrictad to 0 volts and +5 voits. This s inverled by another
section of IG4 to feed the serial input of the 6402 at pin 20.

The 8 bits of serial data will appear in parailel on pins 5 lo 12 of
IC1 thence 1o R1 to R of the output highway. The data ready signal
appearing at pin 19 is delayed by Ihe 1esistor capacitor ¢ombination
R6 and C1 and invaried by another section of IC4 to generate the
data received reset signal al pin 18, This signal is also provided at
the ouput as RXDR receiver data raceived. Working in this way data
received at the serial input appears on the paralle: highway ‘and
remains thera until the nexi character is raceived.

Clock generation

Al the botlom of Figure 8 and fo the left is the clock generalor:
This is a CMOS 555 1C2 in a slandard arrangerrant generating a
nearly symefrical square wave. The 10k preset patentiometer aliows
for setting the fraquency (sea setting up and testing). The clock
[generator runs al 38.5kHz which is 16 tmes the Baud rate.

Miscellaneous

Al the bottom and to the right. A 100n capacitor is connectsd
across the 5 volt power supply ails. The forth Section of IC4 T Spare
its inputs connected to 5 vols to hold the ouput down to Ov. These
connections can be cutif the NAND gate is required for any purpose.

Finally the foflowing pins set tha operational paramelars for the
8402. Pin 35 0 5V to give nc party. Phs 37 and 38 fo 5V to give 8
bits. Parity Is not being used but pin 39 must be connecled
somewhere and its convenient fo connect i to +5V. Pin 36 is
connected to Ov to give 1 stop bit.

Pins 13, 14 and 15 are not used and not connected.

IC1

P22
—
12V
7
8 Pis
—{—— +—0 mour
R4 3k3
ol KTV P20

6402
+35Y

-15 N
o1 13-15NC

RE 10k R9 33 2 c3 L
160n
£
P12 I
wc & - -

Fig.8 Circuit diagram

a multi-pin plug. The components list identifies this item and
the pin numbers are shown on the board schematic drawing.
(Numbered P to P32). A corresponding mother board is
fitted with the mating 32 way socket at one end and a
convenient board for the purpose is a 39 way by 39 holes, 4
x 4 inches. Maplin JP49D. We also run ours from a single

12V supply, so additionaly we build a small power supply
board which connects with the 12V and 0V and carries a 5V
regulator and an inverter for the -12V based on the TBAS20
mentioned earlier. This power supply board is built on a
small piece of strip-board and connected to the mother board
via gold-plated PCB connectors. Maplin WQI5R and WQ168S.
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' This arrangement is very convenient and flexible. Addi-

tional boards for other circuitry can be made and fitted via the
same style of 32 way plugs and sockets or such other sockets
as necessary wired from the mother board. However this is a
bit over the top if the board is dedicated to converting a
Centronics printer output to RS2322 with its own power
supply. In which case it would be easier and cheaper to mount
the conversion board along with its power supply and wire it
directly to the board along with a Centronics socket and
RS232 socket. (See later under usage for pin connections).

So, if you are going to fit the 32 way plug, do it first. The
end of the PCB will need trimming to make a good fit. To do
this temporarily insert the pins in the

right, then the left hand diode should have its band at the top
and the right hand diode its band at the bottom.

The 10k square 22 turn Cermet preset is actually 1ntended
for vertical mounting but is best fitted on its back with the
adjusting screw at the outside edge of the board. Only two
connections need be made using the centre lead and one of the
others. Bend them to fit the holes marked 1 and 2 on the
placement drawing and leave the other lead alone. Glue the
preset to the board using ‘UHU’, ‘Clear Bostic’ or similar
adhesive. Hold it in place until the glue sets with a paper clip,
clothes peg, or whatever is handy. This done, the board is
ready for testing.

board. The plug should be on the
same side as the other components.
Mark the piece to be trimmed with
pencil and mark the fixing holes.
Then remove the plug and saw off

the unwanted portion of the PCB
with a fine hacksaw. A Junior is the
easiest.

Fit and solder the remainder of

3 +12Y +5v
d Regulntor Regulslor

the components with the exception
of the 10k preset. The 4 links can be
bare or covered wire. Bare is obvi-

=

g -12V
1000y Reguistor

ously cheaperunless youwouldhave | O-
to buy some specially in which case
use covered! The diodes must be the
right way up. Facing the component

Fig.9 Power supply arrangments
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side of the board with the plug on the

OMNI ELECTRONICS

174 Dalkelth Road, Edlnburgh EH16 5DX - 031 667 2611

A
The supplier to use if you're looking for —
* A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST %

* COMPETITIVE VAT INCLUSIVE PRICES *
% MAIL ORDER - generally by
RETURN OF POST %

% FRIENDLY SERVICE *

Open: Monday-Thursday 9.15-6.00
Friday 9.15-5.00 Saturday 9.30-5.00

Hesing Technology @
g

Tel: (0480) 433156
Fax: (0480) 214488

Cromwell Chambers, 8 St. Johns Street,
Huntingdon, Cambs. PE18 6DD

TEST EQUIPMENT SYSTEM CONSULTANCY
Supply Repl;acement Parts
Maintenance Supply of Service &
Commissioning Operators Manuals

Components
Distributors for:

WAUGH INSTRUMENTS, RAMTEST LTD, KRENZ ELECTRONICS, PANTHER

S YNIEE

New for 1992

* New MOSFET Amplifiers
improved range of SMOS modules
30W, 30+30W, 60W, 120W

% 20 watt Class A Amplifier

* Low profile PCB Transformers
a range of encapsulated transformers
4VA, 6VA, 10VA, 18VA, 24VA, 30VA
Write or phone for data and prices...

which include details of standard range of
toroidal transformers and audio modules.

No price increase for 1992

laytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254. Fax: {0227) 365104
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The Greening

5]

ol the Car

by Douglas Clarkson

he car is probably a superb example of something

that ‘just happened’ - meaning it was a process of

social and economic change which from very hum-

ble beginnings developed in an unpredictable way
to become a very major element in the economies of the
developed world. The car has become an indispensable
element of modern life but in seeking to provide freedom to
the individual, it is becoming a collective problem in relation
to use of resources and pollution of various types.

Car manufacture has been an industry sector which has
received a lot of encouragement over the years from govern-
ments. They have been encouraged to set up new production
facilities - manufacturers have been quick to do so. Govern-
ments have been unenthusiastic to restrict the role of the car
in respect of environmental factors - they sense this as an
adoption of principles of economic downturn. Manufacturers
like to consider that they adopt an ‘everything we do is driven
by you’ attitude towards car development. The customer gets
precisely what they want - nice wheel trim - reclining seats
-electric power windows - nippy acceleration and a top speed
of 120 mph.

The private individual and environmental pressure groups
may identify features that they wish to be included in car
design -but have little in the way of collective ‘clout’.
Environmental groups have a role in influencing public
opinion and to focus on the ‘green’ car lobby.

Since the energy crisis of the early 1970, pressure
groups have been steadily growing. Although the USA took
little part in the early technology of the car, it has in fact
forced the pace of key elements of ‘green’ car policy which
relate to emission levels as outlined in Figure 1. This is
because the USA was the first to witness high levels of car
exhaust pollution.

Aspects of Emission Control

The topic of emission control deals with one specific
undesirable feature of the car. While it is a useful and
necessary step forward, it is not the end point of the process
ofa ‘green’ car policy. It is appropriate, however, to examine
the various types of offending emissions from cars and see
how they can be minimised.

Lead in Petrol

Petrol is normally produced by refining crude oil. In the
internal combustion engine, fuel tends to ignite before the
gas mixture is fully compressed. This is because the work
done in compressing the gas is transferred as thermal energy
to the gas molecules themselves (adiabatic compression).
The use of Lead Tetra Ethyl prevents this pre-combustion
and provides a more efficient combustion of the petrol/air
mixture.

HC/NOxX (g/mile) CO (g/mile)
0 | N NN o
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Fig.1 Sequence of US emission standards which have
been introduced to date.

“Year | Al’l—i-(_'llfnt“o‘fﬁfe'ad s Table 1: Variation of lead

(thousands of tons) Lt:l:iassed in UK on yearly

1962 | 6.8

1963 | 6.9 | The total amount of lead
183‘5‘ (7552} released is probably still
i o, ing d ds. Whil
1986 | 29 (unleaded available) i;’f’v.‘“gh °W“Wﬁ’ S
1987 | 3.0 ‘ 18 18 the overall picture, it
1988 | 31 1t does not take into account
1989 . 26 | instances of high deposition

in inner city areas where
traffic densities are alarmingly high. If the UK was divided
into a 100 by 100 grid, there would be some squares with
alarmingly high lead concentrations.

There is regional variation within the EEC however, on
the level of uptake of unleaded petrol. Within (West) Ger-
many the level is approaching 80%, within France around
25% and within the UK around 40%. Interestingly, the
significant early days of the car unfolded in Germany.

The bulk of the research into lead uptake in the population
has been undertaken by the academic community and not by
government agencies. Lead and its effect on individuals is a
very complex field. Lead compounds were removed from
petrol in the USA during the 1970’s. The levels of lead in the
general USA population was observed to fall. At the same
time, the level 0f 30 micrograms per decilitre which was once
considered ‘safe’ has been identified with neurobehavioral
defects in children and increased blood pressure levels in
adults.

There is also evidence that lead which has accumulated in
the bones can be ‘leached’ out as a result of changed
metabolic conditions. Thus it may be the case that lead
accumulated in the bones of a pregnant mother can be
released with potential toxic effects on both the fetus and the
mother. There is also indication that increased levels of lead
is associated with cardiovascular diseases.

Allin all, and perhaps later rather than sooner, lead from
petrol is a diminishing but still relevant concem.

Carbon Monoxide

Carbon monoxide is a product of incomplete combustion
which reduces the ability of the bloodstream to carry oxygen,
If sufficiently high levels are breathed in, the consequences
can be fatal. The invisible gas,is heavier than air and it can
accumulate when stagnant air masses are in contact with cold
ground surfaces. The pollutant is a greater risk to individuals
who already have an impairment of their heart/lung system
- eg angina sufferers or chronic bronchitics. The level of 9.5
parts per million over an 8 hour period is generally taken as
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alevel which ifexceeded canresult in adverse effects for high
risk individuals and also impair the performance of ‘normal’
individuals - cause drowsiness or loss of concentration.

Ozone

While there are worries about ozone depletion in the
upper atmosphere there are also worries about environmen-
tal pollution caused by ozone. Ozone is considered to inflame
and scar the airways of the lung - bringing about a reduction
of lung capacity which is both short term and long term in its
effect. Indeed, in the worst affected areas of California,
reductions in lung capacity of some 50 to 75% have been
observed in some individuals. During most normal activities,
such a loss of capacity may not be noticed though this will
significantly reduce the level of exercise that the individual
could sustain.

In the USA the ‘threshold’ level is considered to be 0.12
parts per million.

Children would appear to be more vulnerable to air
pollution in general, because they tend to breath more
through their mouths. The human nose, it appears, is able to
remove up to 90% of pollutants from inhaled air. Confirma-
tion of the reduced lung capacity of children due to Ozone
pollution was obtained when a study of children who grew up
in the Los Angeles basin revealed that they had a reduced
capacity of between 10 and 15% when compared with
equivalent children in a ‘clean’ environment.

Paradoxically, athletes who on average breath more than
the average individual can damage their lungs when they
exercise in an ozone rich environment. There is also some
evidence from animal experiments that ozone can impair the
immune System.

In the USA the top of the poll of worst offenders in 1989
was, not surprisingly, Los Angeles with a tally of 137.5 days
in which the level was above the 0.12 ppm standard.

If in the UK, freedom of information is not a problem,
where are the comparable statistics for UK ozone level
pollution?

Oxides of Nitrogen

Nitric oxide and nitrous oxide are formed during the
combustion process. Where they are present in high concen-
trations they can appear as a yellow-brown hue in the sky.
They are considered to be respiratory irritants and cause
lower resistance to infection.

Fine Particulates

Everyone will be aware that exhausts from vehicles
discharge smoke particles into the atmosphere. In relation to
air pollution this aspect is termed - ‘fine particulates’. It has
been shown that such particles can lead to lung cancer and
contribute to respiratory illness. Medical researchers con-
sider that this form of pollution in association with other
agents may be responsible for the rise in incidence of asthma
within the population in the UK.

Carbon Dioxide

The role of carbon dioxide as a polluter is constantly
under review in an assessment of how it will influence global
warming. This ‘pollutant’ is very much for the collective
health of the planet and not the immediate health of a cyclist
pedalling through rush hour traffic in London. In various
ways, government in the developed world have pledged to

establish emission by the year 2000 at 1990 levels.

This policy pledge will certainly be the final hurdle to
cross to perfect the ultimate non-polluting mode of transport.
In the short term it relates to making vehicles more fuel
efficient and in the longer term finding alternate fuels and
developing radical new technologies to source energy.

Hydrocarbons

Fuel for the internal combustion engine does not com-
pletely burn. Unburnt hydrocarbons are released into the
environment and react with other pollutants and sunlight.
Surprisingly large volumes of hydrocarbons are also released
into the atmosphere by spillages at petrol stations. There
should perhaps be notices of petrol pumps warning custom-
ers to minimise any spillages.

Table 2 shows the relative contributions of road transport
in the UK to various emissions. Power stations produce an
equal amount of nitrogen oxide emissions and industry is
responsible for around 52% of hydrocarbon emissions. Thus
road transport is not wholly to blame for poor air quality in
the UK.

Emission [% Emission by
Catalytic 7 road transport (UK)
Clean Up Carbon monoxide | 85

Assuming that
the legacy of lead
pollution is if not al-
together vanquished then on the wane, attention is focusing
on the key pollutants of carbon monoxide, ozone and oxides
of nitrogen. One solution has been to try and develop ‘lean
burn engines’ where the pollution problem would be treated
at source - within the engine itself. While progress has been
made in this regard - most manufacturers have opted for a
‘bolt on’ catalytic converter ‘cure’.

Various catalytic converters have been developed. The
two way (oxidation) catalyst of Palladium and Platinum
treats only the two pollutants carbon monoxide and hydrocar-
bons. The unit requires to be heated initially to over 300°C
- necessitating location of the unit close to the engine.

The open-loop (unregulated) three-way catalyst is prima-
rily intended as an ‘aftermarket’ device which does not
integrate with the engine or the fuel system of the car. A
platinum catalyst oxidises hydrocarbons and carbon monox-
ide while a Rhodium catalyst reduces oxides of Nitrogen to
simple atomic nitrogen.

The closed-loop (regulated) three way catalyst functions
in a more complex way. In this system the air fuel ratio is
maintained at a value of 14.7 to 1. This allows for optimum
oxidation of hydrocarbons and carbon monoxide and in
addition ensures optimum removal of nitrogen oxides. This
control system is usually only available on more expensive
cars with complex engine management systems.

Cars equipped with catalytic converters run the risk of
‘poisoning’ them with leaded fuel which acts to block the
pores ofthe active surfaces. Consequently, the fuel inlet ports
of such cars are restricted to accommodate only the slimmer
nozzle of unleaded petrol pumps. There is also typically a
small loss of engine performance associated with a catalytic
converter -typically around 3%.

Nitrogen oxide 40
Hydrocarbons ’ 28

Action on Emissions
The initiative for cleaning up the car has mainly stemmed
from directives in the USA where pollution in Southern
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California has been an acute problem for over 30 years.
Figure | shows the sequence of US emission standards which
have been introduced to date. The reduction in emission
levels is largely achieved through the use of more efficient
engines and catalytic converters,

More recent legislation in the USA will further reduce
nitrous oxide emissions by 60% (to 0.4 g/mile) and hydrocar-
bons by 40% (to 0.25 g/mile). These changes were initially
scheduled between 1994 and 1996, though California and
various other states will implement them from 1993,

The anticipated expansion of cars in the Los Angeles area
would, around the turn of the century, continue to cause
pollution problems even with the more stringent emission
levels. Rather than lower emission levels still further based
on conventional car technology, future plans relate to the
phasing out of all polluting vehicles. In this process the
following categories of vehicle are specified:-

TLEV - transitional low emission vehicle

LEV - low emission vehicle

ULEV - ultra low emission vehicle

ZEV - zero emission vehicle

Between 1994 and 2010 it is proposed to change the mix
of these vehicles so that there is a steady progression towards
ZEV types of transportation. This focuses attention on what
will be on the streets of Los Angeles in 2010. The question
also arises - what will be on the streets of Europe at this time?
There is no comparable plan such as the TLEV to ZEV
transition which is scheduled for California. Based on the
low of precedence,

Function Percentage Loss the standards about
Alternator/cooling fan | 9% to be introduced in
gearbox 6% the EEC in 1993 are
differential 4% almost identical to
drivetrain 5% those introduced in
rolling resistance 18% the USA in 1983 - a
air resistance 40% :

t f
direct drive 18% SSERORSEUETC 2
3 ke some 10 years. Vari-

ous member coun-
tries, such as Denmark and West Germany, however, ac-
cepted this deadline ‘ahead of time’.

People, however, are only beginning to look at the envi-
ronmental impact of the car. Progress is being made. The
phasing out of lead in petrol is a blessing - but one which
should have come sooner. The reduction of emissions from
car exhausts is also good - although it will be some time
before the benefits of this filter through to the general public
as the ‘fleet average’ levels diminish to safer levels. It is
particularly surprising, that the effect of such emissions on
the health of the population seems to have been researched
at a level out of all proportion to its importance, Why is this?

Reducing CO, Emissions

General Aspects

Attention is now being directed towards the ultimate
greening of the car - the reduction or the elimination of
Carbon Dioxide emissions in order to slow the effect of
global warming.

There has been a significant switch in emphasis recently
to view the carbon dioxide emissions as the most sinister in
the long term. While some governments remain on the
sidelines to wait and see how new technologies emerge,
others are taking an active part in developing solutions which

could in the not too distant future reap immense commercial
rewards.

In this initiative, there are a range of options ranging from
stabilising or reducing emissions to establishing zero net
emissions. Within Europe, Germany has adopted the more
ambitious plan than the UK of reducing CO, emission by
25% between 1990 and 2000. By comparison, the UK has
plans only to stabilise emission between 1990 and 2005.

The drive towards more fuel efficient cars is certainly a
step in the right direction - and fuel economies of cars are
generally rising. In the USA the so called CAFE scheme
(Corporate Average Fuel Economy) has raised its standards
averaged over groups of manufactured cars from 18.0 US
mpgin 1978 t027.5 USmpg in 1990. Various Bills in the US,
however, to improve on this rating have been defeated.

Diesel engines offer the best fuel efficiency. Urban cycle
efficiencies of 48.6 mpg can be achieved for cars such as the
Rover Montego 2.0 DSLX Turbo. Public worries about
pollution, however, still limit their widespread uptake by the
public. It is likely, however, that fuel efficiency figures will
continue to rise based on ‘incremental’ development. More
fundamental advances may also help achieve improved
performances. It seems unlikely, however, that even signifi-
cant rises in fuel efficiency will diminish total levels of Co,
emissions since road traffic is itself rising rapidly - both in the
developed world and also in the developing world.

There is no doubt that the real underlying need for fuel
efficiency is the need to reduce CO, emissions. The countries
in the world such as Germany who have taken a more
progressive line on meeting targets for reducing such emis-
sions have at the same time provided a real market stimulus
for developing the technologies to meet the perceived chal-
lenges.

Vehicle Design

Table 3 shows typical way in which energy is consumed
in petrol driven vehicles. Usually only some 28% of energy
in the petrol is converted to power at the crankshaft.

This indicates that some 42% of the energy available for
mechanical motion is dissipated in losses within the vehicle
(gearbox, drivetrain etc). There would seem ample opportu-
nity to reduce this figure using technology of new materials
and engineering,

For many years engineers have been trying to develop
continuously variable transmissions which would provide
improved fuel efficiency. Recently a device described as an
infinitely variable transmission (IVT) has been developed by
Epilogics Inc. in Los Gatos, California. Rotary motion on one
side is converted to oscillatory motion and back to rotary
motion at the output shaft. Such a system of continuous
gearing is being investigated by various companies in the
USA. It is known, that the motor racing industry is keenly
aware of the potential benefits of such technology. It is
possible, this technology will first be proved on the Grand
Prix race tracks of the world before it is available for the
family car.

The coefficient of aerodynamic drag (Cd) is an indication
of the level of air resistance of a specific design. Citroen cars
have a history of low Cd values. The Citroen Activa prototype
has a Cd value of 0.25 while most modem cars have values
of around 0.32.

Vehicles of smaller mass will accelerate more rapidly (
acceleration is force divided by mass). Thus a vehicle with a
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5% reduction in mass will have a similar improvement in
acceleration performance and contribute to improvement in
fuel economy. There has been a tendency, however, to
increase the weight of modem cars with the array of refine-
ments and adornments which now accompany most cars.

Alternative Fuels

The use of fuels produced from crops such as sugar cane
and sunflower seeds has been undertaken in countties such
as Brazil and South Africa for reasons of economic necessity.
Ttis unlikely, that such methods of production would contrib-
ute any useful amount of fuel to the world economy.

The use of Hydrogen has long been considered as an
alternative fuel. The only product of its combustion in air is
water. The hydrogen can either be provided in liquid form or
stored in a metal hydride cartridge which releases the gas
when it is heated. A development car produced by the Sanyo
Electric Company in Japan has created a car which uses a
phosphoric acid fuel cell which runs off hydrogen and air.
Solar radiation or the output from the fuel cell can directly
charge the nickel cadmium batteries which in tumn drive a
brushless DC motor. The energy density, of such a hydrogen
fuel cell is about 3.6 watts per pound which is less than one
third than that of current lead acid battery technology.

In the USA, the American Hydrogen Association lobbies
for the increased use of hydrogen in the energy infrastructure

Ni-Cd BATTERY

"
j TO ELECTRIC
i = " MOTOR

SOLAR CELLS

= e e

I

HYDROGEN

| FUEL CELL

Fig.2 Design of car with integral fuel cell and Ni-Cd
batteries.

of the world. The president of this group, Roy McAlister,
Professor of Thermodynamics at Arizona State University
anticipates that in the future solar power will be used to
produce Hydrogen from sea water - apparently the Saudi
Arabia plan to produce 25% of the world’s energy require-
ments from Hydrogen.

One of the schemes which is being evaluated in the USA
is one which involves the use of Methanol in a mixture 85%
methanol and 15% petrol (M85). The value of methanol as
a ‘greenhouse friendly’ gas, depends very much on its origin.
Methanol canin factbe synthesised from a range of feedstocks
such as natural gas, coal, sugar cane or even wood. Natural
gas is inmany respects a waste product of oil extraction when
it is flared off at sites too remote for pipeline collection.

The use of methanol, would require some changes to both
systems of distribution and use within vehicles. M85 has less
calorific value than petrol. About one gallon of petrol is
equivalent to 1.6 gallons of M85. This will require that fuel

tanks in vehicles should be larger and also the distribution
system for the fuel will need additional capacity compared
with petrol. The M85 mixture, however, has a tendency to
corrode present fuel system components.

Battery Technology

There is no doubt that technology is inching towards
battery vehicles which can draw on non polluting sources of
power. The fundamental breakthrough in battery storage
technology, has yet to be announced. It may be, that such a
breakthrough has already taken place and that the ink is
nearly dry on the patent applications.

There is no doubt, that relatively large sums are being
spenton developing battery technology. In the USA the major
motor manufacturers General Motors, Ford and Chrysler
have formed a co-operative group to develop battery technol-
ogy. There is also intense activity in Japan and Europe.

The types of battery currently being developed include
Nickel-Cadmium, Zinc-Bromine and Sodium-Sulphur. The
Sodium-Sulphur battery which is being developed by ASEA-
Brown Boveri (ABB) of Switzerland and Chloride in the UK
has the advantage of four times the energy density of lead acid
batteries. One drawback, however, is that the chemicals
require to be at temperatures between 299°C and 329°C.
This requires that some of the energy stored in the battery is
required to bring the battery to its optimum operating tem-
perature.

One major development in electric vehicles was that of
the ‘Impact’ sports car developed by General Motors. While
using conventional lead acid batteries, the car used a compact
and efficient DC to AC voltage converter which allowed use
of more efficient AC motors. The ‘Impact’, is still created in
the traditional image of the car - stylish, assertive and trendy.
Table 4 indicates the performance of a range of electric cars.
The 1990’s will no doubt see increasing numbers of electric
vehicles on the road.

There is increasing interest in utilising solar energy as the
energy source for powered vehicles. The World Solar Chal-
lenge which was first run in Australia in 1987 between
Darwin and Adelaide proved that solar powered vehicles
need to be taken seriously. The winner of the race was the
General Motors SunRacer which completed the distance at
an average speed of 66 kmh and which achieved a top speed
of 113 kmh. This success was due in part to the use of a high

TP
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Make ' Range ' Top Speed | Acceleration

GM Impact 192 km | 160 km/h | 0-50 km/h in 4.2 secs
Volkswagen Jetta CitySTROMer | 120 km | 105 km/h | 0-50 km/h in 12 secs
BMW 3-series 115 km | 100 km/h

0-50 km/h in 12 secs |

efficiency ‘Magnequench’ electric motor manufactured by
GM Delco Remy division.

The race was subsequently held again in 1990. The
winner this time was an entry from the Biel School of
Engineering in Switzerland. Their vehicle used high effi-
ciency solar cells and were developed at the University of
New South Wales using a laser technique to etch the cell
surface and so increase its active area.

By the late 1980’s, efficiencies for Silicon cells and those
made using Gallium Arsenide were in excess of 20%.
Subsequently a Gallium Arsenide device which operates in
conjunction with a focusing element has achieved an effi-
ciency of 37%. To provide an element of historical perspec-
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tive, efficiency values were around 1% in the 1930’s and 6%
in the mid 1950’s.

Assuming a vehicle surface area of 5 square metres on a
partially sunny day with a solar radiation of 0.5kw/m? and
with cells with 30% efficiency, there would be approxi-
mately 0.75kW of power available. For a vehicle of 1000kg
and assuming 75% efficiency in the electric motors, this will
produce speed of about 35kmh in 10 seconds. Such vehicles,
must surely operate with significant battery reserves within
the vehicle to augment conditions of poor solar radjation.

In fact it makes more sense to use the larger surface areas
of the roofs of domestic houses to capture solar energy than
the relatively small area of a motor vehicle. Where such areas
can be utilised for solar power collection values of areas can
be quite significant eg around 20 square metres. Assuming 6
hours of sun on average at 0.5kw/m? and at 30% collection
efficiency, this equates to 65MJ of energy or 18kWh (kilo
watt hours). The cost of this amount of energy through the
National Grid is £1.33 at a cost of 7.37p/kwh. Already in
Switzerland, this process of charging vehicles from solar
panels on buildings is becoming common.

Reference should also be made to ‘flywheel technology’
where the energy of a spinning disk is used to propel a
vehicle. Such devices usually operate within a vacuum
environment and utilise ultra low resistance bearings. The
materials used require to be ultra strong to prevent fracturing
due to the large centripetal forces. While such vehicles have
been demonstrated, no major car manufacturer has so far
adopted this method of energy storage.

Summary: Due to a combination of technological advance

and the need to reduce car emissions still further (particularly
CO,), the 1990’s will no doubt see the beginning of the end
of polluting vehicles. The whole process, however, will need
a switch in investment on a colossal scale if this is to come
about. With the public increasingly willing to be responsible
in their use of the resources of Planet Earth it should be
increasingly easy to convince the industrialists that the
models in their showrooms are going to experience major
changes in design and function. Why not write to them and
communicate your views to them?

Further Reading:
The Green Car Guide, Paul Nieuwenhuis, Peter Cope and
Janet Armstrong, Green Print, 1992.

Useful addresses:

Air Resources Board, PO Box 2815, 1102 Q Street,
Sacramento, CA 95814, USA.

Electric Vehicle Association of Great Britain Lud., 13
Golden Square, Piccadilly, London, WIR 3AG.

Electric Vehicle Council, 1111 19th Street NW, Washing-
ton DC 20036, USA.

Energy and Environment Research Unit, Faculty of Tech-
nology, The Open University, Milton Keynes, MK7 6AA.
General Motors Environmental Activities, 30400 Mound
Road, Warren, Michigan, 48090-9015, USA.

Greenpeace, 30-31 Islington Green, London, N1 8XE.
National Society for Clean Air and Environmental Protec-
tion, 136 North Street, Brighton, BN1 1RG.
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[J 085242924X SCANNERS 2 INTERNATIONAL 1095 Signature and quote |
(] 1854860062 SCANNERS 3rd EDITION £8.95 Name Mastercard/

[J 1854860542 AVIATION ENTHUSIAST'S HANDBOOK £9.95 Address. ool

O 1854869282 ETI BOOK OF ELECTRONICS £10.95 Allow up to 28

Please ensure that all cheques are made payable to days for delivery. ‘I
Bailey Distribution and, together with the completed form send to:
I Bailey Distribution Ltd, Units 1a/1b Learoyd Road, Mountfield Road Industrial Estate, New Romney, Kent TN28 8XU. I
JD | enclose my remittance of £ Postage & Packing FREE I
[ Please charge my access/mastercard/barclaycard/visa No | | | [ | [ | | | | | | [ | | ]| xpiry date
_________‘u______.__g_.______——__—l
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Subscnbe for yourself or as the subscr ibe
ideal year round Christmas present {0 ETI!

for a friend. The Right Choice - a
year of the best in electronics, a
superb free gift and home delivery-

post free!

Subscription Rates:

1 Year

UK £23.40
EUROPE £29.50
STERLING OVERSEAS £31.00
US $ DOLLARS $62.00

BARCLAYCARD

CREDIT CARD HOTLINE

0442 66551

(EXTENSION 210}

Terms & Conditions

This offer closes 31st December 1992 and is open to
current ET/ subscribers who wish to renew or extend
their subscription. To guarantee receipt of your gift
before Christmas, orders MUST be received by 4th
December 1992 Please allow 28 days for delivery,
This promotion cannot be used in conjunction with any
other offer

i TP S
e S N ey e o
5y Y_‘( L

When you subscnbe
to E.T.I. for 1 year...

Digital Electronics Projects for
beginners contains 12 projects
suitable for the beginner to build
with the minimum of equipment.
They cover a wide range of topics,
from instrumentation to home
security and a
few "fun’
devices too.
And it’s
FREE when
you

L= '1'_' . T

Please tick and complete.

3 1 would iike to suscribe to ETI for.one year and receive my free book Digital Electronic Projects

O 1 would like a gift subscription to ETl for one year for a friend.. Send gift to (O ME [ FRIEND
PLEASE COMPLETE IN BLOCK CAPITALS

My name AL, ... Recipient’s name {Gii sub)

2

Address, Adlress.....c.con e

Post Code........... o D PostCoge...... !
[ new suscriber [ Renewal I New suscriber (J Renewat

Please.commence my subscription with the - ....issua. | enclose my cheque/MO for €.
made payable o ASP or please debit my Accesansa cardNo[ [ [ T[] [TITTTI1

Signature. - veenes Expiry Date..

Beturn to Subscnpuons Dept.. Argus Specialist Publications, Argus House, Boundary Way, Hamaet Hempstead
Herts HP2 75T. Thank you for-your crder.. {ETI/DEC 92)

You may receiva turther iInformation about olfers and semages wh'chumay be of parficultar interest o you

ETI DECEMBER 1992
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ISIS ILLUSTRATOR combines the high functionality of our DOS based ISIS products with the
graphics capabilities of Windows 3. The result is the ability to create presentation quality schematics
like you see in the magazines. ILLUSTRATOR gives you fulf control of line widths, fill styles, fonts,
colours and much more. When the drawing is complete, transferring it your WP or DTP program is
simply a matter of cutting and pasting through the Windows Clipboard.

O—

+  Features

= Runs under Windows 3.0 or 3.1,
m Full control of drawing appearance including line
widths, fill styles, fonts, colours and more.
Curved or angular wire corners.
Automatic wire routing and dot placement.
Fully automatic annotator
Comes complete with component libraries; edit
o your own parts directly on the drawing.
r— b - ? Full set of 2D drawing primitives + symbol
o b library for logos etc.
Output to Windows printer devices including
POSTSCRIPT and colour printers.

=t — : ® Loads SIS SUPERSKETCH and DESIGNER
__L files directly.

R1

CADPAK - Two Programs for
the Price of One.

iISIS SUPERSKETCH

A superb schematic drawing
program for DOS offering Wire
Autorouting, Auto Dot Placement, full
component libraries, export to DTP and
much more.

ISIS and ARES - The
Professional's Choice

ISIS DESIGNER from £275
ISIS DESIGNER forms the ideal front end of your
CAD system, providing schematic capture, netlisting,
bill of materials and electrical rules checks.

DESIGNER+ adds advanced design managment
features and is one of the most advanced DOS based
schematics programs on the market.

Exceptionally easy and quick to use. For example, you
can place a wire with just two mouse clicks - the wire
autorouter does the rest.

ARES from £275

The ARES range of advanced PCB design products
links with 1SIS DESIGNER and other schematics
programs. Working from a netlist, ARES helps you get
it right first time with each connection automatically
verified against the schematic.

PCB Il
High performance manual PCB layout package for
DOS. Many advanced features including curved tracks,
auto track necking, DXF export, Gerber and NC file
generation, Gerber viewing and more.

ARES AUTOROUTE adds multi-strategy autorouting,
whilst for the ultimate in performance, ARES 386 goes
up to 400% faster with unlimited design capacity.

Call us today on 0274 542868 or

fax 0274 481078 for a demo pack.

- Comblnation, multl-copy and educational
discounts avallable. Prlces exc PRP and VAT.

14 Marriner's Drive, Bradford, BD9 4JT.

Graphical User Interface with intuitive "point and do"
operation gives unparalled ease of use. '

labcenter

Electronics
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PCB Foils

The PCB foil patterns presented here are
intended as a guide only. They can be used
as a template when using tape and transfer

for the creation of a foil,

Mains Inverter

MIDI Keyboard August '92

The PCB overlay is correct but in Figures 1a,1¢ 3 and
4 all references to NC (normally closed) should read as
referring to NO (normally open), and vice versa. On
circuit diagram, R3 should go to +5V, and R4 to OV.

Pin PL2 Connection PL3 Connection
10 Highest NO busbar Highest NC busbar
Next NO busbar Next NC busbar

Lowest NO busbar Lowest NC busbar
+5V to pull ups +5V to pull ups

=N W R IS ®NO

It is necessary to connect each common key contact
to the common line through adiode (1N4148), anode to
the key contact, cathode to the common line to provide
extra isolation.

Aerial Tuner Unit Oct '90

The circuit diagram in figure 1 should not show a
connection between inductor L1 and the screened case.
Follow the wiring diagram in Figure 3 as this is correct.

Hﬂg 1

&%:__

!

-
-

1
ey

_[.iff"l

:

T

- ‘ :-ITL: 200000000
|

[ RS232 Interface

) OB0A000C
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137

Ppowrivs

TELE;PI‘QIONE ;
'ORDERS &
. may be made vn
0442)
66551
lgccg‘;ss or VISA, .

P i £

e

e

vt

.

ELECTRONICS

Service
December

_ § O O
= i ¥ [ 3
i Price | fo 3 q
f«:&? (Lllcc : E9212-1 Digital Circuit Tester Sesstssnssnesnisnetssnissnsnasnssaasasstssansstennennesaassasnesassnssnnesns I
VAT) | E9212-2 Communications Link Dy RS232......coonucmnnnnnserennennssssseensassssssossssososasnnes.
o1, Do E9212-FC MAiNS INVEILEr cvvvusuuncvssesscnessssesrsssnmssrssnnesssssaseesensssessssssssssmsosseossseseeennss. B
E £3.25 PCBs for the remaining projects are available from the companies lists in Buylines.
F £4.00 Use the form ora photocopy foryour order. Please fill out all parts of the form. Make sure you use the board reference numbers. This notonly identifies the board
G £4.785 but also tells you when the project was published. The first two numbers are the year, the next two are the month.
H £5.50 Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice if Tequired.
1J £6.62 Such orders will not be processed until payment is received
K £7.20 |
L £8.80 E9107-4  The Consort Loudspeaker ...............ooooovve vovove oo H E9111-4  Nightfighter- Display Board(2sided) ... ... M
M £10.60 E9108-1 Pulsed Width Train Controller ......... ~~E  E9111-5  Nighfighter - Bass Beat Trigger (2 sided) ........ L
N £13.10 E9108-2  Model Speed Controller-MainBoard ... F E9111-6 Nightfighter- Sequence Select (2sided) ... kool il
0 £15.80 E9108-3  Model Speed Controller-Power Supply ......................... F E9111-7 Nightfighter - Master Controller PSU ......c.........._..... K
P £17.90 E9109-1  GeigerCounter ...........coooeeerevoeemrrorinnn SSE; E9111-8  Nightfighter- Output Switch (2isided) eyt |8 M
1Q £21.80 | E9109-2  Hemisync Waveform Generator Board G E9112-1 Nightfighter SensorSwitch Master Control
1R £2390 | E9109-3  HemisyncPulse Generator Board ..... 8 ccal? (2SI e e B L
S £2 5°90 it E9109-4  Hemisync Power SupplyBoard .......... ME E9112-2  Nightfighter Sensor Switch Channel Control
: E9109-5 NighfighterMainProcessor Board ...... oo (0) (2sided) . oo SRR e L
T £29.00 E9110-1 Freeze Alarm ... ~E E911233  NightfighterSensor Swilch Sound Trigger .
Y £32.20 E9110-2 DocumentSaver ..... ..E E9112-4 NightfighterConncctorBoard........ ...
|Y £35.80 E9110-3  PrototypeDesigner .................. «J  E9112-5 NightfighterSensorSwitchPSU ... .
W £37.90 £ E9110-4 Nightfighter- Sound fo Light (2 sided) ... ~.L E9112-6  Nightfighter8-Chaune! Lnput Interface (2 sided)......... '
X £40.70 E . E9110-5 Nightfighter- Ramp Generator Board ..... ~.F E9112-7  PowerOnaud Qverload Regulator ... ..
\______J z E9110-6 Nightfighter - Cyclic Crossfade (2 sided) . .M E9201-1 Laboratory Power Supply ..........
i Heiiii E9110-7  Nightfighter- Strobe Board {2 sided] ... «d E9201-2  TestCard Generator Board ...
Hi E9110-8  Nightfighter - 8 Channe} Triac Board ... N E9201-3  LED Star(2sided)..oo oo
! E9111-1 Digital Code Lock .......ou.............. ! il E9201-4  Enlarger Timer Main PCB (2 sided) ... ..
i E9111-2  Switched Mode Power Supply .......... ..E E9201-5  Enlarger Timer Selector Board {2 sided) ..
] E9111-3  Nightfighter Mode Selection (2 sided) .........coooee........... J E9201-6  Enlarger TimerSwitch PCB ... ...
M E9203-1 MIDI Switcher- Main Board .. ......
il LA, AT o) e e S BT i e Ly 7] E9203-2  MIDISwitcher- Power Suply .
ETI PCB SERVICE, READER'S SERVICES, | E92033 SineWove Generator(uses o)
| ! 1204- uto Car Lights
| ARGUS HOUSE, BOUNDARY WAY, | E9205.1 BatDetectar. ..
HEMEL HEMPSTEAD HP2 7ST i E9205-2 PondController...........
J | I E9206-FC Stereoamplifier.......................
% Please supply: | E9206-2 Xenon flashirigger Main Board
j Quantity  Ref. No. Price Code  Price Total Price | E9206-3  Xenon flashtrigger Flash Board ...
E9206-4  Scannerforaudiogenerator ...
i | E9207-1 ImprovedRearBike Lamp......... .. .
'I E9207-2  Mini Baby Bug Monitor ............ . ...
| ' E9207-3  Uttrasonic Audio Sender (2 boards) ...
I | E9207-4 Camera Add-onunit (4 boards) ..............
] | E9287-5 AutoMate 5V/48V Mixer power supply ......
: E9207-6  AutoMate Precision 1 7V pawersupply ...........
| Post & Packing £0.75 |  E9207-FC SurroundSound Decoder.........
E9208-1 DynamicNoise Limiter ..........c...coooooovooo
i Total Enclosed £ I E9208-2  Touch Controlled Intercom (2 boards) .
1 g ] E9208-3 MIDIKeyboard...............cconvrrmrrennn.
. 5 E9208-FC Battery Charger ...........c.....tuoeoeesveesrrooooooooooooooo
l Please send my PCBs to: 1 E9209-1 Intercom forlight aircraft ...
| | E92092 Alamprotector........... .
Name ................. § S - W -y e+ ¢ s s ke s « D A, o . E9209-1 Temperaturecontrolier ... .. M
i | E9209FC 45W Hybrid power e s JIE
I | E92i0-1  Universal VO Interface for PC N
Address seribaunnamunanens Gaeesanaa LLTTRELE ety mesaaaiimnsy ranane FLIEY YT T T PR Fgdv g ananadaiicanelic - Ezglu‘z RﬂpldFuSCchBCkCr .................... “-.‘E
1 | E92103  HearhoavAudioL isicner I
i 7 | E9210-FC Wizards Hat IE
Btddedeaprsasntcnioanniannnssinan FITTY Y #ruesasassraranss J----;L:p ------- FisBsnbeRarsnsuonan gupesedecannennngy » 592”4 E]eclrﬂniCDiR e e —r ] ..E
1 S TSIl TR il A R s i
............................................................. Postcode ........................ |
: i
: CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd. _‘ ETI DECEMBER 1992
W e— S e —— (p— d——— A —— i A e —
HEEES
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Lucy Hu

Send your requirements to:

Semidispla:

ghes
0442 66551

ETIClassified Department, ASP, A
Boundary Way, Hemel Hempstead,
Lineage: 60p per word (+VA (minimum 15 words)
:(minimum 2.5¢cms)
£15.00 per single column centimetre (+VAT) } Per
Ejectromart £24.00 (+VAT)
Ring for infermation on series bookingsdiscounts.
Alf advertisements in this section must be prepaid.
Agvertisements are accepted subject to the terms and conditions
printed on the advertisement rate cand (available on request).

us House,
P27ST

Insertion

FOR SALE

Soecis| offers - please check for wolwmk

Foslte 32hax87mm. . ...

¥ cell with solder 1egs. 1.2V ..£4.30

A2 2 18mm chs 1 2V £1.46

ltﬂdllﬂm:lmnu-wﬂhmbblm
ser & 8,96

& cell bettery B8men & 25mm g
(172G celiml_ -.£3.60
Co: ter gracke CAOBCITONE w-m KW l:|1mm|1|
1 20V £2 80 §700Cu! 10V £1.96:
68000ut 16% £2.96: 10000u! 15 £1.30
7 1t COImOn ancde lad dieplay. s

12rmem o
L2931 AT 5 0 lore drop out $¥
ulator TO220 package — 4
THI2 and THI2 12V 1A reguision  £20.60 pet 100
LA337% TOJ eage vavisdie regu Aior..,.. . Elo
a9,

00+
B8260 P channe! mosfet 46p, BC559 transistor

per 100 £3.95

TALSO06 hax invertor £10.00 per 100

Used 8748 Microcontrolier £3.60

81952 UHF Limiting amplifier LC 1€ surtace

N mounting package with data shea!. - £1.96

AM2TS02..........o.c.con.n. £1.25 axch: 909 100 +

CD4007UB 10p 100+, 8p 1000+
TV Mains switch, 4A double with mome

pole iy
contacts for remote control, pack of 10 £3.95
box of 50 £19.85

DC-DC convartos, Rsiisbilny mode!, VIZPS, 12V ¢

in 5V 200mA oul, 300V nout 10 cutoul. Isalidién
with dars 4 liucnarudmlw-mso

Hour countsr usad 7 diga 240V ac 50Hz.....£1.45
Resistor pack 2500 resstors 1/8-2W 50 differam
values™ e TN SegE e £8.95

MODEMS

V22/V22bis IBM PC internal full langth card
modem, BT approved, can be settocom 1 or 2,
1200/2400 baud with sofiware and manual, not
Hayes compatable, made by Plessey... .- .£65.00

V32 9600 baud and 4800 baud GEC Plasev
telecom external modem, model 3632, Hayes
compstable and 87 ngoud with Buso cail,
AUIC ATEW, U V25biy and Hayes AT
protocots end V54 remots « loul dhagnosncs. It
dons not work on siowes 04cS, V22,1200 baud
wic and needs 1 in dap switch to be
switched on lo select Hayes commands |t comes
with 2 100 + pépe comprahansna Al size
manual. An all together britiant machme
foronly ... e BRIGOL = 2235 : k]

-—-—-———

All products advertised are new new and
unused unless otherwise stated.
Wide range of CMOS TTL 74HC 74F Linear
Transistors kits, rechargeable batteries,
capacitors, tools etc. always in stock
Please add 95p towards P&P
VAT included in all prices

JPG ELECTRONICS
276-278 Chatsworth Roacl

Chesterfield S4028H
Avcess Visa Orders
(0246} 211202

M (1)

Moth#iboards

288 16 MHz motherboard £57.00
386SX 25 MHz motherboard £108.00
386SX 33 MHz mo £118.00

486DX 33 MHz motherboard 256K cache £395.00
RAM 1 MB SIM module 70ns £22, 50

A ce Gards

IDE Controlier, 2 HD, 2FD, 2 Serial, 1 Parallel, 1
Games £15.95
170, 2 Serial. | Frruilel, 1 Gamen
Mono (le:ull:) {ntertace Boand
VQA K Colour Graphics Boarg
Y3EA 512K Colour Grlphk:s Board
¥GA M Colour Graprics Bosrd £49.00
V@A 1M Colour Graphics Board TSENG  £75.00

£9.!
£1295
.50

C:l;a:

Z‘I

g 20kO wm PSU with Fan and Auxillary Power
ocket

+* 7 Segment LED Speed Display

* LED eqndu:mors for Power, Turbo and HDD
+ Keyboard lock

Deskiop Case £55 00
Mini Tower Case £54 .00
Slim Line Deaktop Case £64 00
Medlum Tower Case £65,00
Full Tower Case £89.50
5.25" 1.2 MB Floppy Disk Drive £37.00
3.5" 1.44 MB Floppy Disk Drive £30.00
3.5" 40 MB IDE Hard Disk Drive 21ms £120.00
3.5 80 MB IDE Hard Disk Drive 17ms £195 00
3.5" 120 MB IDE Hard Disk Drive 15ms  £235.00
3.5" 210 MB IDE Hard Disk Drive 15ms ~ £375.00

Manlors

Hercules Mono/TTL monitor £79.50
VGA 14" Mono Monitor r White £75.00
SVGA 14" Colour Monitor 0.28mm dot  £175.00

Sungdry

162 key kayboard (lactiie) UK Layout £22,00
102 key haybonm ‘niarnative} UK layout 22950

Mouss + Driver Sottwars 11.95
Microsoft MSDOS 5.0 £35.00
Microsoft Windows 3.0 £25.00
Microsott Windows 3.1 £44.00
Prlngar Cable 25D to 36C £2.90
T L
O] 4@l ina
35" 720K er§§ Ciskatra {pk of 50) J £18:00

3.5" 1.44M Floppy Disketta }Inc iabals) £0,

35" T;aaid Fioppy Diskata {pk af 80) £24

srmeishomuoey 2
" PIasl 50 40 CADAC

3.5 Prastic Library Case 00 :ap.cﬁ

Greennank Electronics Dept ETI12, 460 New Chester Road
Rock Ferry Brrkenhead. Merseyside L42 2AE. Tel: 031-645 3391

brel.

SYSTEMS

All systems include:
4 Mother Board. Now all with 4 MB RAM as
standard!
+ Minl Tower or Desk Top Case
+ Interface Controller Card 2x|DE 2xFloppy,
2 Serial, 1 Parallel, 1 Games P
* 35" 1.44MB Floppy Drive
+* 102 Key UK Keyboard
+* Includes Cables, Meins Plug
All that is required to make a full syslem is choose
hard disk drive (if required), VDU interface and
monltor

Base System Prices

Grel 386sx 33MHz £32095
Grel 386dx 40MHz 64K cache £395 95
GreL 486dx 33MHz 256K cache £595.95

All items available separately, please send sae for
ful

Terms
Carriage, terms (ADD VAT TO ALL PRICES inc
carrisga)
carriage on Grel Systems Components; small
ftems £2 00, maximum £7.95 piua £3.00 insurance
i required. Overaeas customers No VAT, plaase
Bsk for quots for casriage.

Payment with order
Cradit Cards (Access, Visa) accepted, no
surcharge

__Interask 1—__"

Z80 Modular Computer System.
Also SBC-1 Z80 Controller (48 i/0 lines)
Please send for free leaflet.

Melal detector boards with data, has
tuner, mocds, discrimitata, headphone
jack. on/oftivotume and pugh button
taciltties , ....E7.55 ea

Dictaphone cassatta, mech/record erase
playback heads. 6Y solenaid, motor, hall
sffect switch . £2.00 o8”

35mm Camera raturns with Auto Flash/
Wind on etc . . .EB ea or 2 for £10

TV/Printer stands . ... .E285ea
Bice-Voro Easiwire
construction kit ... ........ £4.95 ad"

Cabinat Speakers Iro Ni<cam TV-Video
USE L..eees . ... £18.85 pair

£CB with Lithium lelem 2732 3 IC's +
Transiste Fuse, Crystal,

s i e e L. EA.95 w0
TTL/CMOS short circult snooper , . £4.95°
Dot matrix LCD 10#2 lines ERTS ea”

with Dots . .. £4.85"
40 character = 1 line dot mamx ds play

with data . 95 ea
2 digit 16 segment VF d-spluy
withdats ...... L. £2.95 08"

4 digit Inteliigent dot matrx d»splay £8,00°
17 segment VE dispiay with driver

board and data ... £2 98 en*
A digit liquid crystal dsplay ... £1.T5e8”
4 digit LCD with

T2 drivecchip ........... £3.50 oa'
Dightai clock display ... RS0
11 key membrana keypad . £1.50 ea”
Keyboard 382mm=180mm/i00 keys

on board +LCD + 74HCDS/

BOCAS easily removable ... ... £4.95
18" 30 eub rack enclosures.. .. ... £8.95

12V stepped motar board with slottad

oplo+2 marcury tilt switches ., .£3.85 ea*
1000 mixed /4 watt 1% resistors 94,85 ea
250 atactrolyic axial+radial caps £4.95 8
200 off mixed polyester caps . ......E7.9%
100 Mixed trimmer caps populer

values
Cable box UHF modulstor/video prumpf

transiormers/R's + GC's/leads .. ....£8.96
1000 oft mixed Mullilayet Caramic
OMe............ . 195
25 ofl Mixed crystal oacl‘tsiors ... 1995
Audio Cassatte Cleaning +
De-magnetizing Kit. vern.. E150%
Car Burgiar alarm vibration auto entry/
axit detay . L£5.95 cn®

Single zone alarm pane! auto entry.'
exit delay housed in domesiic ght
socket . .£9.95 en

P.C. P.S.U. 50 wett 115-230V input+5V
AA=12V 2.5A cutput with bullt-in fan,
IECinlet+on ol ... ... .. cocan. 605 e
STC P.S.U. 240V Irﬂﬂ 5V BA autput
{converts to 12V 3A details ]
availabia) . . .£5.95 a0
240V input SV 104 oulpul (convoﬂs to
12V 5A no detalls £5.95 o
800 line output (ranafonners oo E125 00
240V in 0-28V 82VA aut transformer £2.75
Translormer+PCB gives 2n7.5V 32VA with
sit tor 5 or 12V regulator, will power

floppy drive ..........ocvee. . ELTS 08
Uﬂm.wmczramduw( fte

receive) . - o £1.50 peir
3 to 18V oeiocMCsounden .. .50p*

8V DC elegtromechanical sounder . . .50p*
24V DG alactromachanical sounder  50p°
removeabls in two Mgosmons .....
DiL switches PCB MT 3/d/6 way .. ...
5V SPCO SIL read relsy ....... P )
8Y 2PCO DIL miniature raiay ..... .. .80p'
12V 2PCO or APCO continental relay 80p*
12V 10A PGB MT (1o maks contact)
TBIAY (o o idls wila s e a0 e o e 95p°
3 to 12V eiectro mapnatic accaustic
transducer withdala ............. 73"
1457&‘8 Ba20/21.10 MHz
RS .......
B 25A 200V..
2A1

b Mixed componums pack
25 off mixed relaya .
40 off milxed toggie switches .
50 off mixed swilches, toggle rocket.
micro, olide .......... ...£9.95

miniature axial chokes, 0. 8_ 0.12,0.33,

.33, 0,15, 1, 3.30H 10p £750
50 Mixed lerminal blocks .. ......... £2.95
250 off 16/22/24/40 wa . .LADG"
Crystal Oscillatars 10/24/48 MHz £1.00 ea’

Spider Plug Leads, .. .o..o.iueee..

amoﬂ Phono pl"% vuﬂbl& m"&%

WE ALSO BUY ALL FORMS OF ELECTRONIC
COMPOMENTS, P.8.LL'S, DiSK DRIVEE ETC, LISTS
TO BELOW ADDHESS

ALEPRICES INCLUDE AT
EASE ADC £214) sp EXCEPT {TEMS MARKEDS
WHICH 4RE S0p  SAE FOR BULR BLYWNG LIST
PAVHENT viTH ORDER

Dept ETI, COMPELEC,

14 Constable Road. St lves
Hunlingdon, Cambs PE17 6EQ
Tel/Fax: 0480 300819

TRADE DISPOSAL SALE

Due to emigration/retirement a dealer in components & equipment has
entire stock tor disposal. Mostly new components (every type) and various
s/h equipment. ‘Avaiiatie in job lots of our selection. ldeat for radio rallies,
shops, mail order, etc. Various size iots from £80 (fill a car), £200 (Transit

van),

£450 (Luton van}, Cash & Carry only. Rock bottom price with

excellent profit margin (300%, 400%, Plus) for quick clearance. Bring your
vehicle & cash — you won't be disgppointed!

Tel: 021 446 4346

Semiconductor Clearance!!

Z80-CPU £0.59!1 27C256 £1 37111 LM334Z £0 49! B08SAHC
£1336522 £1 43, NES31 £0 79, etc, ec, elc,, !!!!
WoLkshop reorgaidation thbicn w8 1o offer 3 tiewited quantny
of wrance 1ioch ol g0 arepratabie {ractio of the sormal
prices. All componcali arc {00 ho-qnbhic guurantesd (0%
of wan. Masroprenor. fopic, inees, dncroes, hardwiie i,
e AL [or free extemnnd Lk,

Profile Electronics (ETI), 160-102 Woodhouse Rd.,
[Aylonslnne, London EI1 3NA. Minimum order £10.00 please

dd £2.50 P&P plus VAT at (he curreni rale.
++ ll}% Educational Discoun! on all official orders ++

AT LAST HERE IT IS “The World
of Bug & Mini Transmitters".
Dozens of circuits in one book.
Limited edition only 1,000 copies
available. Special Offer only £7.95
inc P&P Cheques, Postal orders to:
Gainsford  Electronics, 71,
Gainsford Road, Southampton,
S02 1AW
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‘ WANTED

TOP QUALITY % NEW % EX-SOCKET % D/SOLD * COMPONENTS

DRAM'S DRAM'S

8118, ex sock 0.47 4164 NEW 0.71
4164, ex sock 0.47 41256 NEW 177
41256 ©x 50ck 0.71 41C1000 de/sol 1.18
41484, de/sol STATIC'S :
STATIC'S 6116 0.59
6167LP-8 ex sock 0.71 62256LP ex sock 2.35
6264LP ex sock 1.18 MISC

Misc DYE5AC ex sock 0.58
AM7910DC ex sock 3.53 BOCBSA x 30Tk 1.18
8031AH ex soc 0.71 AY-3-8910 ex anck 1.18
81C55 ex sock 0.71 8250N ox sock 1.41
8237A NEW 1.18 B753H ex sock 235
8255A ex sock 1.18 87554 NEW 3.53
ZBOACPU ex sock 1.18 8745+ ex sock 2.94
8748H ex sock 294 V20-8; NEW 3.53
ZBOBCPU NEW 1.4

UK Customers only. Please send cheques PQ's of reg’ cash, Flease add 1.20 for P+F, Goods despatched
ASAP allowing for cheque clearance ALL above com ¢nis are including VAY,
Pleese make cheques PAYASLE TO: “MAIL ELEC‘TRB?%?CS". 3
UNIT 8 FORBES COURT, BILLINGTON £OAD, BURNLEY, LANCS,
BB1 5UB TEL/FAX 0282 26670
WE ALSO STOCN NEW CAPS, DIQDES, REGULATORS, |C SOCKETS EPROMS, XTALS, OSC', CMOS,
78, LS, HC. HCT, ALS, YHANSISTORS, LINEARS: ALL AT LOW,LOW PRICES. RING TODAY 02682 26870

Noto -+ ALL PRICES AHE SUBJECT T4 AVAILABILITY AND CHANGE WITHOUT NOTICE..

KXY COOKE INTERNATIONAL =

TEST INSTRUMENTS
AUTUMN CLEARANCE BARGAINS
Seopex 456 Single Beam Seof £65.00
Telequipment D61 Portable Scopes DC-15Mhz £95.00
Fluke 83005 Digual Vilimeters £125.00
Racal 835 Universai Timer/ Counters DC-|SMhz £35.00
H.P. 612A UHF Signal Generators 450-1230Mhz £90.00
Advance P.S.U. 0-60V 0-1A £35.00
H.P. 1402A Dual Trace Amp DC-20 Mh: £25.00
Marcom TF 1245 Magnification “Q™ Meters. £155.00
Marconl TF 1246 Oscillatory for above £95.00

Many more items available. Send $.A.E. for lists. Original W/Shop manuals for sale send
S.A.E. for lists. Computers, monitors etc. In stock. Phone for details.

All prives exciude VAT & Carriage. Open MoneFri 9am-Spm Saturday by arrangement.
Cmﬂe International, Units 4/5 Fordingbridge Site, Main Road, Barnham, Bognor Regis
West Sussey PD212.0EB.

VA IABLE VOLTAGE o NIGDE e~
TRANSFORMERS mp%:ﬁ;ﬂu&m:&%qﬁg;:ﬂ
At of M FyTIny
e s/ il il He Bl e,

e _pap|gpasinoossns G e omer Sowiina
B son
0.5KVA 2.6 amp max £29.2g9 » £\4/A615 300:1 Gear oo:g"‘gmwuul o e &wdm s
b h 3N gl

37.(40 m%s. ) with 6 x 1.5V Ni-C.lI;'AfA cells back:up I..CAD‘C
(€51 28 inc VAT) Digital read-out 17mm high with legends. Audible

: E£7.80 [Rol™. i tor e dismantiing of (W wxcapbonal
(5%72 62inc VAT), aulxlv componens Rm no Cirewurty avadable

1KVA 5 amp max £.
2KVA 10 amp max £64.

3KVA 15 amp max d d ihcuioualy low price. £16.00 + (4,00 plip
(£93.18 inc VAT) __ (£23.50 incl VAT),
5KVA 25 amp max £126.60 WIBE RANGE OF XENDN FLASHTURES

(Plus Carriage) WVrite, PRONE your sequiries

Buy direct from the Importers Keenest pnces in the country ViV O.C. GEARED MOTOR
COMPREHENSIVE ARANGE OF . 12V D.C Reversible ision-bui Motor Gurpot
TRANSFORMERS-LT-ISOLATION & AUTO speeds No load approx. 12V-26 rpm; 8V-20 oy 8Y-12
(190- 2404 Ayt trarter wither casad wah Amaiean socket and rpm. Will work at lowe: voltages and still retain a

minins \8ad O Opa Lisers2 bype Arvesiabile for immediate reasonable torque. ldest for robotcs etc. Size: L
ULTRA VIOLET BLACK LIGHT 40mm. W. 29 mm. H_ Shaft. 3 dia x 10mm
FLDUREECENT TUBES t

Fomm

. Price: £5.00 + 50p plp (£10.00 inc. VAT)

14,10 inc VAT o TORIN cmm;;&@n FLOWER

L1021 mc VAT) | 235 AC 2,800 AIPM, 09 amp. 130mm dismecs:, am-

1E7 70inc VAT) | pelor cutiat 83 4 37mm. oversll mm 1858 x 150 x
{L852rc VAT) | 180mm long. Prce CTY.50 + €2 50 plp (£23.50 inc

Bin B watt £3 86+ 500 php

E5.24 inc VATY | yATY
Bin 4 wart €£3 98 ¢ 50p p&p €5 24 inc YA SOUD STATE RELAY
230V AC BALLAST W7 7 amp i 240V, A.C. when mourted an suitable Heat-
For either Ban, i or 1 2in ubss £6.50+ £1.15 - sink, Ciin b driven) from T,T.L or Computer cutput be-

olp {£7.8) mc VAT) resn 3.10v D.C Sizw. 24mm x 1 7mm x 1 5mm high.
Foe 12 nibes £6.00+ 3 359:: @ r?ﬁnq entes J0mm (TO-3). Prica: £3.00 +40p
&

411 40 watt £12.00 [rallers nnty)
20wt £7.44+£1.25 pAp
13m 10 war £6.80 » 75p phip
12n B wan £4.80 + 750 pip

Gl
B4 inc VAT) .00 1nc. VA
400 WATT UV LAMP f) GEARED MOTORS

Only £3.00 - [250pkp  £42.89 inc VAT) 71 APM 20/ nch sorque rvarsatie 316V AL in-

180 WATY SELF BALLASTED BLACK pul Incl

UGHT MERCLRY BLILE

Avallatis with BC or ES iinting. prine inc VAT
& pko and VAT £25.56

Capociter angd transtorman for 240V AC
oparaton. Prca e VAT & pA p C239.50.
BOLID STATE EHT UNIT
inout  200/260V AC. Owtput g
Producmg l&n;;pmt Bu-in 1 3
SAVE POUNDS. Build your own torged E"'D,.,w' tion. Dozens of vems in the
bank note defector, Wili detact i bt - ) s
counterteit amongat quantity of Rotas. | |or amon wbes e, Frice tess cose €8 B0
Complete kit & parts less case fgr 240
volt AG QP inc, €' UV black light tube/
starter and holder. Pair 8i-pin leads
circuit instruglion,
Total price P&P VAT £13.08

12V D.C. BILGE PUMPS
Buy direct from the importers
500 Gt 150 head d amp £18.21
17.60 GPH 164t head 9 amp £31.72
PRICE INCLUDE P&P & VAT

SUPER HY-LIGHT STROBE KT

Dumsignad for Disco. Theatrical usa atc, . EPHOM ERASURE NIT =

Approu 16 joules Adjustabie soeed £50.00 + £3 00 plip | Build you own EPROM ERASURE for a fraction of the

{[82 ZBinc VAT) | price of » mede-up unit il of parts 'ess cose includes

Cosa and reilocior £24.00  £3.00 p&s:  {£31 73 inc VAT), | 12in & wan 2537 Angat Tube Salias L pair of bi-pin

SAE for funhes detarts inclhuding Hy-Light ane in. Neon Indhcatex, mﬁwllnh. safety micraswich smd
116

dusinai Sirobe K eucuh £14.00 4 £2.00 [£18.80 jre VAT)
SERVICE TRADING CO ==mm
57 BRIDGMAN | ROAD. CHISWICK. LONDON w4 588 &
81-985
oo oper ACCOUNT CUSTOMERS MiN_ GADER £10 P B

TURN YOUR SURPLUS
mﬁﬂi‘;&%‘;’i“m % i?»’:.«:ﬁ: = TRANSISTORS, ICS ETC INTO CASH
Hgh il o gresn of pellow S o = ' immediate settlement.
&;5&’?,2?&:’,‘:‘_5?&' s We also welcome the opportunity
B ng xmr‘“ i fﬂg to quote fo!r complete factory
WManmq-:l;‘mqwummmym clearance.

Jninche ot 107 Contact:

ot L8 e o COLES-HARDING & CO.

iz by €06 - Sandall Road, Wisbech,

Compunar rads capacilors with screw tenminals 38000u! 20y e Cambs PE13 2PS

g‘m mmﬁamﬁ“ﬁﬂwianf 1 BUEYERS OSF sunpués INVENTORY
T Commn anods oo Sty 120w .. Hé STABLISHED OVER 15 YEARS

B f vt o o e oS Tel: 0945 584188

TALSO5 haw ivverton £10 00 pir 400, ianect B748 Wi occreroar FAS0

TV Mier gardc 44 JouHY GOkt W MOmenIry corfacts ke i Fax: 0945 475216

Conmrod pack of 10 £3.98 how 0060 €10.58

D000 corrvericr Raat

model V12P5 12y i v M00ma cut
FIOU! o gl ol Al £4.96 aach or pack of 10 £9.52
v ac

Hour counlr wsed 1 drgt = LY
ST eyt oo S e %8 EDUCATIONAL
amwm"mmmlm__m N1 ]

Wide: reege of CHOS TTL MHC 74F Linest Tranwators
Gansrms canachion 0se s sy tlock Flasse ok

Fip 10dnrtn PAP val mcuded STUDY ELECTRONICS ON A 'PC'.

ml’zvr:gm%g?m%&r:ﬂ% ng%,. Qver 80 tully intoraclive, menu driven,
AccessVise Orders (S 111202 catlers wekcome: graphics screens, coraining charts,

grapns, ciroult diagrams, formulae and
theory. With user inputs and calculated
outputs. Covers subject from electron
flow, through analysis of AC and DC
circuits, to semi-conductors. £39.95 +
£2.00 p&p. Credit Card orders 0376-
514008. SAE for details.

E.P.T. Educational Software, Pump
House, Lockram Lane, Witham, Essex
CM8 2BJ.

FREE I.C. AMPLIFIER module!!
Built & directions - return ad +
£1 p.p. K.LA. 1 Regent Road,
likley. Sterecamps & controls,
sockets - Reg/PSU - 60W/£10.

NEW VHE MICROTRANSMITTER ﬁiﬁﬁmﬂﬁsﬂéﬁ?‘}?{‘?ﬂ’mm a
KIT tuneable 80-135 MHz, 500 hew mode! Vancap tuned, 4.2t stage, Omol
metre range, sensitive electret :&m’;&“&'&mgﬁtma’

H i i i it As 1} YSM/M.
g;ggr: E DSFE 'Eg; gg;'gl}’e tZCkBi t' W’g ¥ OC. Waich mnr‘u}y? mn: f:nge‘ﬁolle!
ONLY £5.95, assembled and ready
to use £9.95 inclusive P&P. Credit

Tined PCO £8.95 ine pp. Immediate next day
card orders telephone 021 411

deapaich from atock
PRECISION TINE, 65, Roseland Hoad,
Wawnartwyod, Swanses SAS 45T,
1821, Fax: 021 411 2355,
Cheques/PO's to: Quantek
Electronics, (Dept ETI) 3 Houldey
Rd, Birmingham, B31 3HL. Send
S.AEE. for details of this and other
kits. - Callers welcome.

HEATHKIT. U.K. spares and
service centre/Educational
Products Distributor. Cedar
Electronics, 12, isbourn Way,
Winchcombe, Cheltenham
GL54 5NS Tel. (0242) 602402,

TEST
EQUIPMENT

ETI HYBRID AMP KITS:- Sept
92 Cover £169.93, Output
Transformers for abave £79.99,
ET| Hybrid preamp kit £89.99,
PE 80W/CH Maoscode kit
£189.99. All are designer
approved. Add £5 to cover
postage. O/Seas add £25
airmail. Enquirers SAE or IRCS.
Cheques, P.0.'s to Hobtek, The 8inpul regutt péo:sesasﬂa £28.99 or
Cottage, 8 Bartholomews, pEES NCR AL

Brighton BN1 1HG. e AL AL L L

________COMPONENTS |

LOGIC ANALYSER

Tum your OC Compatibls into &
powerlul Logic Analyser. Full
graphics dispiay, Max 18 Chennels, 4
combinational triggers, aulo
calibration Excellant value. Includes

“ELECTRO COMP"

WE CLEAR

Electronic Components  Semiconductors
Computer Equipment ¢ Electronic Test Equipment
Populated Boards
In fact anything with an electronic bias

JOB LOTS, FACTORY CLEARANCE A SPECIALITY
Decision normally within 24-36 hours

LOQKING FQR _COMPONENTS!! As an ex Industrial buyer for 25 years |
won't self you reject or faulty product!! Only top quality components at the right
pricel! No Mail Order only production quantities!!

SNAG§ only one. My terms are C.0.D. Deliveries normally made within 48 hours

Phone or Fax your list or enquiry to: 0635 46496

ELECTROICOMP 36 Talbot Close, Newbury, Berks RG13 1UA

= = = - \WWwW americanradiohistorvy com




ELECTROMART

L.F. HANNEY

Your Electric Component
Specialist for Avon, Wilts
& Somerset.

77 Lower Bristol
Road, Bath, Avon.

Tel: 0225 424811

THE ELECTRONIC SHOP
Electronic components, test
equipment, telephone accessories,
computer accessories, microphones,
disco lighting, speakers, turn tables,
mixers, meters, stylus.

29 Hanging Ditch,
Manchester M4 3ES
Telephone & Fax 061 834 1185

SERVICE
MANUALS

Available for Most Equipment.
TV, Video, Audio, test etc.
Any Age, Make or Model.

Write or Phone for Quotation.

MAURITRON (ETI)

8 Cherry tree Road, Chinnor,

Oxon, OX9 4QY.

Tel:- (0844) 351694.
Fax:- (0844) 352554

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street
Tel: 051 236 0982 051 236 0154

47 Whitechapel
Tel: 051 236 5489
Liverpool 2

‘THE ELECTRONICS SPECIALISTS’
Open: Tues-Sat 9.30-5.30

S

Falcon DIY SPEAKERS

SUB-BASS Kits
ARIAS

Passive Bandpass
Responses 25 - 80/100 Hz
Sensitivities 87 - 94dB.
250+ Watt Rating
No separate amplifiers required.

Also

Active Centre Bass Designs
Active Stereo Designs
All in our SUB-BASS Leaflet
30p (stamps) + 28p SASE
_ FALCON ELECTRONICS
(Dept ETI) Tabor House, Mulbarton,

Norfolk NR14 8JT (0506{78272
(Proprietors: Faloon Acoustics Lid)

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 55p per word + VAT minimum 15 words.

Semi-display £14.00 per single column ¢m plus VAT. No reimbursement for cancellations. All ads must be

pre-paid.

Signature ................
| PLEASE DEBIT MY AC

......................................

N ) OB o e e i .. - 7000
ANANES S et erime 5 bt o s

COURSES

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398 ETI/1292

0 Telecomms
Tech C&G 271
o Radio Amateur
Licence C&G
o Micro-
processor
- O Introductionte
Television

Name.

Radio & Telecommunicatlons Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 SUN

| FOR SALE EQUIPMENT
s

end lor our FREE price list PL20.
All we ask for is a SAE
(34p stamp) or §2 biil (]a)r) verseas,
{Eurape — J intemational reply Coupons).
'STEM DESIGNS (Total Kita)
Focal, XEF Constructar, Seas, slc
DRIVE UNITS:

© Soriad X Mixer Kits,
up ta 1,000 inputs, &
auxiianes, verslons
for PA, recording,
rdio. disco.
From £9.02

® Cirgurta fav: notse
gales, compressors,

FOCAL, KEF, Audax, Coles, Poeriass, exciiers, mps MIXERS &
Seas, Slare, Elac Metai Dome, machines, mixers. MULTITRADE
Scanapeak, etc. © 100mm faders, RECORDERS
Also Group/Disco Units, switches REPAIRED
CRO! NETWORKS:
Aéf“w z P"ﬁ‘f” Componegts. Send 40p for catalogue to:
BS500183, progriens L-aps. K. Tek, P.O. Box 172A Surbiton,
AUDIO AMATEUA PUHLICATIONS '
BACK ISSUES: Surrey KT6 6HN.

Speaker Buiider, Audio Amateur & Glass
Audio & lots of baoks.
Full detalis from
FALCON ELECTRONICS
(Dept ETI} Tabor House, Mulbarton;
Norfolk NR 4 84T (0508!;,8272

(Progt ekore Falood Acouliios

Tel: 081 337 5997 Moblie: 0831 875676

T S T TR T b T TR TR R R R R T R T P

CESS/BARCLAYCARD No. | | |

[T 1]

FOR SALE [ COMPONENTS [1PLANS []OTHERS STATE

|
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ELECTRONICS

TODAY INTERNATIONAL

EDITORIAL

Editor Paul Freeman

CREATIVE
Art Editor Peter Kirby
Designer Iain Houston
Technical Illustration Tony Burlinson
Photography Manny Cefai

ADVERTISEMENT SALES
Advertisement Manager
Mark Linacre
Advertisement Sales
Michele Donovan
Advertisement Copy Control
Marie Quilter
Key Accounts Manager
Donna Wells

MANAGEMENT
Managing Director
Terry Pattisson
Circulation & Promotions Manager
Debra Stupple
Production Manager
Tony Dowdeswell
Group Editor
Stuart Cooke
Group Advertisement Manager
Claire Jenkinson

Member of the
1)81?;—7229 ABC Aran Buljesy
dt-Clreuiation

ETiis normally puohshed on the tirst Friday in the mainm eceding the cover dale, The coftents
of thie pubhcation Including all articies, plans, Grawangs and programs and ajl copynighl and ol
other intelisciun! property ights therein belong to Argus Specialist Publications. All rights
conforred by the Law of Copynght and other imellactuat propory rights and by vinué of
imecnational copyrigit convenbong ars specifically reserved 1o Argus Specialisi Publications.
ant reproduction requires the priar written consent ol tha company 01990 Argus Specialis:
Publications. All reasonable care 1s laker Inthe preparation of the Magazine contents, but the
publishers cannot be heid isgally responsible lor asrors. Wheto misiakes do occur, a correctron
will normally bo published as s00n 8s possibie alterwards All prces and data contained in
adverbsmants are arcepiad by us in good fath as commact at the fime ot going lo press. Ne ther
tha advedisars nor the publishers oan bs held respansibio. howeves, Tor any variations
affecting pce or avaitability which may occur shter the publication has closed far press

@ Subsciption rates... UK£23 40 Europe £29 50 Sterling Overseas£31 00 US Dollars Overseas
§$62.00

HP2 75T, Telepnone (0442) 86551, UK newsiade disinbution by SM Disinhution Lid, &
Leigham Court Road, London SW16 2PG Talsphone 081 667 8111, Overseas and non-
newstrada sales by Magazire Salss Dopartment, Argus House Boundary Way, Hemel
Hompstaad, HP2 7ST. Telephone (0442} 65551, Subscripions by Argus Suberipton Services,
ETL Quaonsway House. 2 Queansway, Redhill, Surtay RH1 10S. US subscrptions by Wise
Cwt Worldwide Pubkcations, 4314 West 238th Streat, Torrance, CAB0S05 USA. Talephone
(310} 375 6258. Typesettng and originatlon by Ebani, Liskaand, Cormeall, Printed by Witshire

AfQUS

SPECIALISY PUBLICATION

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST
Telephone (0442) 66551 Fax (0442) 66998

‘itter will follow on in the February issue.

- ThoaboviBtces b

ln our Christmas issue we have an interesting selection of
projects for you. The next two cover PCBs will form the
basis of a four channel infra-red remote controlled switch-
ing system. The receiver, presented next month is built to
fit into a ‘lightswitch-sized’ box and is designed to work
with commercially available touch dimmers. The trans-

Something completely different on the project front for
next month is a Macro-Heliograph receiver. A what? - you
say! 1t’s a device to detect very low frequency/very low
power sound waves emanating from your garden using
sunlight. There's nothing quite like it!

Wealso have an EPROM Programmer project for you to
construct. Then there will be no fear of tackling prajects
containing EPROMS. Also as it is Christmas, the seasonal
fading fairy lights could adom your tree. See the January
issue for details. Qut on Friday December 4th,

crciistances may Pavent pibhcasn

Last Month

ur November issue featured:
Nanotechnology
The Ten Year Capacitor
Auto Protection
AutoMate Pt7b
Audio Response Measuring System
Basic Multimeter Circuits
Universal I/O Interface for the PC Pt2
Electronic Die for Board Games
Differential Calculus

Back issues can be obtained from Argus Subscription Services. |
Address in column to left.

Puliished oy Arqus'Speciafist Pubtations, Argus House, Boundary Way, Hemal Hnmpstead

AUTONA..........cccommmirsss 3] JPGELECTRONICS e 3
BK ELECTRONICS ...oosuninscsFC LABCENTRE o 60
CIRKIT 14 M&B... : - 1BC

CRICKLEWOOD ELECTRONICS...47  MAPLINELECTRONICS ........... OBC |
DISPLAY ELECTRONICS ......0....30  NUMBERONESYSTEMS...........13 |

ESR ELECTRONICS .......oouvcee 11 OMNI ELECTRONICS ......... .
HALCYON ELECTRONICS...........21  PICO TECHNOLOGY ....o.rcor 15 |
HENRY'S 35 RALFE ELECTRONICS .........u.... 31
HENSING TECHNOLOGY ..........53  REED ELECTRONICS .......corune31
L) 11N E—— 22 S.LM. MODEL ENGINEERING ......21

JAY TEE ELECTRONICS ......... :....53 STEWARTS OF READING ............31

ADVERTISERS’ INDEX
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—£1 BARGAIN PACKS -

In fact, cheaper than £1 because if you
buy 10 you can choose one other and
receive it free!

2 x 25W CROSSOVERS for 4 ohm loudspeakers Order
=i 22

2 x NICAD CONSTANT CURRENT CHARGERS easily
zcaptable to charge almost any nicad battery. Order Ref

10m TWIN SCREENED FLEX white pvc cover Order
=af 122

2 x WHITE PLASTIC BOXES with lids, approx 3"cube
L2 nas square hole through the centre so these are ideal
“or iight operated switch Order Ref. 132

2 x REED RELAY KITS you get 8 reed switches and 2
sets with notes on making relays and other gadgets
CrzerRef 148

1 x BIG PULL SOLENOID mains operated: Has %" pull,
Deder Ref 871

1 x BIG PUSH SOLENOID mains operated. Has #' push
Z-z2-Ref 872

1 x MINI MONO AMP 3W into 4 ohm speaker or 1W into
22-— Order Ref 268

* x MINI STEREO 1W AMP, Order ref 870

1 x IN-FLIGHT STEREO UNIT is a stereo amp Has two
+useful mini moving coil speakers. Made for BOAC
2ngers Order Ref 29

1 x MAGNETIC SECRET SWTICH does not look like a
s«=cn and is supplied with a separate magnetto to
zz=rate it Order Ref 873

*x 0-1mA PANEL METER full vision face 70mm square
S2aed 0-100 Order Ref. 756

2 x LITHIUM BATTERIES 2 5V penlight size Order Ref

2 x 3M TELEPHONE LEADS with BT flat plug. Ideal for
z~3ne extensions, fax, etc. Order Ref 552

* x 12V SOLENOID has good %" pull or could push it
—zcfied Order Ref 232

£ xIN-FLEX SWITCHES with neon on/off lights saves
=2y ng things switched ohm_Order Ref 7

2 X 6 1A MAINS TRANSFORMERS upright mounting
a5 fixing clamps Order Ref 9

72 x 30 WATT REED SWTICHES It’s surprising what
»>u can make with these — burglar alarms, secret
ss=ches, relay, etc Order Ref; 13

2 x HUMIDITY SWITCHES, as the air becomes damper
—= membrane stretches and operates a micro switches
vdsr Ref.32

2 x 13A ROCKER SWITCH three tags so on/off, or
z~zngeover with centre off, Order Ref 42

2 x FLAT SOLENOIDS you could make your multi tester
-2z AC amps with this Order Ref 79

x SUCK OR BLOW OPERATED PRESSURE SWITCH
27 can be operated by any low pressure variation such
=3 water level in water tanks, Order Ref;67

7 x 6V 750mA POWER SUPPLY  nicely cased with

=z ns input and 6v output leads Order Ref 103A

2 x STRIPPER BOARDS, each contains a 400V 2A
anage rectifier as well as dozens of condensers, etc
Crder Ref 120

12 x VERY FINE DRILLS for pcb boards etc Normal cost
200ut 80p each Order Ref, 128

5 x MOTORS FOR MODEL AEROPLANES, spinto start
32 needs no switch. Order Ref 134

& x MICROPHONES INSERTS magnetic 400 ohm also
=2t as speakers Order Ref. 139

& x NEON INDICATORS in panel mounting holders with
=ns Order Ref. 180

1 x MAINS SOLENOID very powertful as %" pull or could
cushit modified. Order Ref 199

1 x ELECTRIC CLOCK mains operated, put this in a box
znd you need never be late Order Ref. 211

4 x 12V ALARMS makes a noise about as loud as a car
~orn Allbrand new. Order Ref. 221

2x(8"x4") SPEAKERS 16 ohm 5 watts so can be joined
n parallel to make a high wattage column. Order Ref
243,

1 x PANOSTSAT controls output of boiling ring from
simmer up to boil. Order Ref. 252

2x OBLONG PUSH SWITCHES for bell or chimes, these
can switch mains up to 5A so could be foot switch if fitted
in pattress. Order Ref 263

50 x MIXED SILICON DIODES Order Ref 293

1 x 6 DIGIT MAINS OPERATED COUNTER standard
size but counts in even numbers Order Ref. 28

2 x 6V OPERATED REED RELAYS one normally on,
other normally closed Order Ref 48

1 x CABINET LOCK with 2 keys Order Ref 55

1 x MAGNETIC BRAKE for stopping motor or rotating
toal. Order Rel. 68,

1x SHADED POLE MALINS MOTOR %" stack soquite
nowerful. Order Rel. 85.

2% 5" ALUMINIUM FAN BLADES couldbe Itec to the
above motor. Order Ref. B6.

1x CASE 3% x 2% x 1% with 13A socikef pins. Order Ref,

845,

2x CASES 2% x 2k x 1% with 13A pins, Order Ref. 565.

4 x LUMINOUS ROCKER SWITCHES 10A mains. Order

Rel. 793.

4 X DIFFERENT STANDARD V3 MICRO SWITCHES.

Order Ref. 340.

4 x DIFFERENT SUB MIN MICRO SWITCHES. Order

Rel.313.

LIGHTWEIGHT STEREQ HEADPHONES moving coil

so superior sound. Orger Ref. 836,

LOUDSPEAKER 6% 4 OHM 12 Watt max, Order Ret
900.

BARGAINS - GALORE

DRY BATTERIES CAN BE RECHARGED but not with a normal
d.c charger, it must be a periodic current reversal type. We can
supply the kit, with data £9. Order Ref 9P10
SOLAR ENERGY EDUCATIONAL KIT - an ideal present for
electronics students, it shows how to make solar circuits and
electrical circuits, how to increase the voltage or current, how to
use solar power to work a radio, calculator, cassette player and
to charge nicad batteries The kit comprises 8 solar cells, one
solar motor, fan blades to fit motor and metal frame to hold it to
complete a free-standing electric fan A really well written
instruction manual makes this a lovely litttle present Price £8.00.
Order Ref 8P42B
HEAVY DUTY FLEX 3 core 15A, grey outer, 10m for £2.50,
Order Ref 2 5P3 3 core 20A, white outer, 10m for £3, Order Ref
3P109 2 core 20A, 15m for £3, Order Ref 3P110
HIGH POWER SWITCH MODE PSU normal mains input. 3
oulputs:- +12V at 4A, +5V at 16A and -12V at XA Completely
enclosed in plated steel case Brand new Our special offer price
of £9.50 extended until 31st August. Order Ref 9 5P1
MULTI-CORE CABLES all with 8A 230V cores so suitable for
disco and other special lighting effects. With earthcable woven
screen and thick pvc outer 3 core, 30p per metre, 16 core 50p
per metre, 18 core, 80p per metre, 25 core, £1 per metre and 36
core, £1.50 per metre
ULTRA THIN DRILLS Actually 0 3mm To buy these regular
cost a fortune However, these are packed in half dozens and the
price to you is £1 per pack, Order Ref 7978
YOU CAN STAND ON IT! Made to house GPO telephone
equipment, this box is extremely tough and would be ideal for
keeping your small tools Internal size approx 10%" x 4%" x 6"
high These are complete with snap closure lip and shoulder-
length carrying strap Taken from used equipment but in good
condition, price £2 Order Ref 2P283B
POWER SUPPLY WITH EXTRAS mains input is fused and
filtered and the 12V dc output Is voltage regualted intended for
high class equipment, this is mounted on a PCB and also
mounted on the board but easily removed, are 2 12V relays and
a Piezo sounder £3. Order Ref 3P80B
ULTRA SONIC TRANSDUCERS 2 metal cased units, one
transmits, one receives Built to operate around 40kHz Price
£1.50 the pair, Order Ref 1 5P/4
100W MAINS TRANSFORMER normal primary 20-0-20 at
25A £4 Order Ref 4P24 40V at 2 5A, £4, Order Ref 4P59
50V ar 2A. £4, Order Ref 4P60
PHILIPS 9" HIGH RESOLUTION MONITOR black & white in
metal frame for easy mounting, brand new still in maker's
packaging offered at less than price of tube alone, only £15,
Order Ref 15P1
16 CHARACTER 2-LINE DISPLAY screen size 85mm x 36mm,
Alphanumericc LCD dot matrix module with integral; micro
processor made by Epson, their Ref 16027Ar, £8, Order Ref
4

8P48

INSULATION TESTER WITH MULTI METER internally
generates voltages which enables you to read insulation directly
on megohms The multimeter has four ranges, AC/DC volts, 3
ranges DC milliamps, 3 ranges resistance and 5 amp range
These instruments are ex British Telecom but in very good
condition. tested and guaranteed OK, probably cost at least £50
each yours for only £7.50, with leads, carry case £2 extra, Order
Ref 7.5P/4

MAINS 230V FAN best make “PAPST" 4% square, metal blades,
€8 Order Ref 8P8

2MW LASER Helium neon by Phillips, full spec £30, Order Ref
30P1 Power supply for this kit form with case is £15, Order Ref
15P16. or in larger case to house tube as well £18, Order Ref
18P2 The larger unit, made up, tested and ready to use,
complete with laser tube £69, Crder Ref 69P1

1/3HP 12V MOTOR — THE FAMOUS SINCLAIR C5 brand
new £15, Order Ref 15P8

SOLAR CHARGER holds 4AA nicads and recharges these in
8 hours, in very neat plastic case, £6, Order Ref 6P3
FERRITE AERIAL ROD 8" long x 3/8 diameter, made by
Mullard Complete with 2 coil formers 2 for £1, order Ref 8328
AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision
tuning UHF circuits, 4 for £1, Order ref, 8188

MAINS ISOLATION TRANSFORMER stops you getting “to
earth” shocks 230V in and 230V out. 150 watt upright mounting,
£7.50, Order Ref 7. 5P/5 and a 250W version is £10, Order Ref
10P79

SRAPM MAINS DRIVEN Thisis a shaded pole motor £5, Order
Ref 5P54

POWER SUPPLY UNIT mains in, dc out, cased 4 5V 100mA £1,
Order Ref 104 6V 200mA €1, Order Ref 103 6V 700mA £1,
Order Ref 103A 24V 200mA £2, Order Ref. 2P4 12V 2A £6,
Order Ref 6P23

AMSTRAD POWER UNIT 13 5V at 1 9A encased and with
leads and output plug, normal mains input, £6, Order Ref 6P23
ATARI 65XE at 65K this is quite powerful, so suitable for home
or business, unused and in perfect order but less PSU, only
£19.95, Order Ref 19.5P/58B

80W MAINS TRANSFORMERS two available, good quality,
both with normal primaries and upright mounting, one is 20V 4A,
Order Ref. 3P 106 the other 40V 2A, Order Ref 3P107, only £3
each

PROJECT BOX is approx 8" x 4" x 4%" metal sprayed grey,
louvred ends for ventilation otherwise undrilled, Made for GPO
so best quality, only £3 each, Order Ref 3P74

WATER VALVE 230V operated with hose connctions, ideal for
auto plant spray or would control air or gas into tanks etc
£1each, Order Ref 370

BT POWER SUPPLY UNIT output9 5V AC at600mA, in black
plastic case with 13A plugs to go straight into socketand
approximately 3 metres of twin output lead. Price £1.50 Order
Ref 1.5P7

BUILDING YOUR OWN PSU, battery charger, night light, or any
other gadget that you want to enclose in a plastic case and be
able to piug into a 13A socket? We have two cases, one 3%" x 24"
x 1%" deep, £1 each, Order Ref 845 The otheroneis 2%" x 2 %"
x 14" deep, 2 for £1, Order Ref, 565

500V BRIDGE MEGGER developed for GPO technicians the
Ohmetert8B is the modern equivalent of the bridge megger. 3V
battery operated, it incorporates a 500V generator for insulation
testing and a null balance bridge for very accurate resistance
measurement Ex B T in quite good condition with data &
tested. Yours for a fraction of the original cost, £45, Order Ref
5P167

EXPERIMENTING WITH VALVES don't spend a fortune on a
mains transformer, we can supply one with standard mains
input and secs. of 250-0-250V at 75mA and 6,3V at 3A €5,
Order Ref 5P167

15W 8 OHM 8" SPEAKER & 3" TWEETER made for
discontinued high quality music centre, gives real hi-fi, and only
£4 per pair, Order Ref 4P57,

3VSOLAR PANEL price £3, Order Ref 5P189

WATER PUMP very powerful with twin outlets, an ideal shower
controller, mains operated, £10, Order Ref. 10P74 Ditto but
with a single outlet, same price & order ref, Please specify
which one you require

0-1MA FULL VISION PANEL METER 2%" square, scales 0-
100 but scale easily removed for re-writing, £1 each, Order Ref
756

VU METER illuminate this from behind becomes on/off
indicator as well, 1'2" square, 75p each, Order Ref 366
EDGE-WISE PANEL METER ideal when short of panel space
only 40 x 14mm, also have built-in led, 500pA f sdd, scaled 0-
5, €1 each, Order Ref. 131

THIS MONTH'S SNIP is a Japanese-made 12v DC or battery
operated, brushless axial fan. 93mm square, its optium is 12 bit
it performs equally well at only 6v and its current then is only
100mA so it could be made into a hand-held dry battery-
operated cooler Or, onyour desk operatedby ap,s.u orinthe
car using the lighter socket. Snip price only £4, Order Ref
4P65 Mains power unit to operate this at variable speeds, £2,
Order Ref 2P3

MOVEMENT ALARM goes off, with the slightest touch Ideal
to protect car, cycle, doorway, window, stairway, etc etc
Complete with Piezo shrieker, ready to use. Only £2 (PP3
battery not supplied) Order Ref,2P282

PROJECT BOX a first-class, Japanese two-part moulding size
95 x 66 x 23mm_held together by 2 screws, take a battery and
aPCB and is ideal for many projects To name just a few, the
washer bottle monitor, the Quicktest and the model railway
auto signal,described in September's issue of EE This is
nicely finished and very substantial You get2 for €1, Order Ref

876

HOLD IT MAGNETIC BASE embedded is a circular metal
shallow disc, diameter approx. 65mm (2%"), is the most
powerful magnet. We have yet to find anyone who can remove
this with his fingers Ideal for adding extra shelves inside a
metal case or to glass without drilling lts uses, in fact, are
innumerable. Price £2 each, Order Ref. 2P296

AM/FM MAINS RADIO CHASSIS with separate LCD module
lo display date and{ime This is complete with loudspeaker and
is main powered but it is not cased. Price £3.50, Order Ref
35P5 '

2,3 AND 4 WAY TERMINAL BLOCKS the usual grub screw
types Parcel containing a mixture of the 3 types, giving you 100
ways for £1, Order Ref. 875

12/24V DC SOLENOID constructed so that it will push or pull,
plunger is a combined rod and piston. With 24v is terrifically
powerful but is still very good at 12v and, of course, with any
intermediate voltage with increasing or decreasing power. It
has all the normal uses of a solenoid and an extra one, if wired
in series with a make and break, this could be a scribing tool for
marking plastics and soft metals We welcome otherideas and
will give a £25 credit voucher for any used Price £1, Order ref
877

2M 3-CORE LEAD terminating with flat pin instrument socket,
€1, Order Ref, 879 Ditto but with plug on the other end so that
you could use this to extend an instrument lead £1.50, Order
Ref. 1 5P10

20W 5" 4 OHM SPEAKER mounted on baffle with front grille,
£3, Order Ref. 3P145 Matching 4 ochm 20W tweeter on
separate baffle, £1.50, Order Ref, 1.5P9

LIMITED SUPPLY ITEMS

are only described in our newsletter Over 50 appear in our

currentissue. If you order something this month you will
receive this and the next three issues posted to you free of
charge

Pricesinclude V.A.T. Send
cheque/postal order or ring and quote
credit card number. Add £3 post and
packing. Order over £25 post free.

M & B ELECTRICAL
SUPPLIES LTD

12 Boundary Road, Hove,

Sussex BN3 4EH

Telephone {(0273) 430380
Fax or phone (0273) 410142

www americanradiohistory com
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products at super low prices!

On sale now, only £2.95
Available from all branches of WHSMITH and
Maplin shops nationwide. Hundreds of new
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