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

[T DI T WU IR THOUSANDS PURCHASED M S YV ENETL LINES  SUPPLIED READY BUILT AND TESTED.
HIGH POWER, TWO CHANNEL 19 INCH RACK BY PROFESSIONAL USERS These modules now enjoy a world-wide r ion for qualily, reliabilily and performance a: 2
e models are available to suil lhe needs ol the prolessional and hobby marketie Industry, Leisure I~

i elc. When comparing prices, NOTE that all models include toroidal power supply, inlegral heal sink g'a

drive circuils to power a compatible Vu meter. All models are open and shorl circuil prool.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

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

OMP/MF 200 Mos-Fet Output power 200 walts
R.M.S. into 4 ohms. trequency response 1Hz - 100KHz
-3dB, Damping Factor 300 Slew Rate 50V uS
T.H.D. typical 0.001°: Input Sensitivity 500mY. SN R
-110 dB. Size 300 x 155 x 100mm
PRICE £64.35 — £4.00 P&P

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

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

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: Xindependen! power supplies wilh two torcidal Iransformers % Twin LE.D. Vu meters %
Level controls * Nluminaled on/oft swilch % XLR connectors + Standard 775mV inputs % Open and shor circuil
prool % Latest Mos-Fels lor siress free power delivery into virtually any load * High slew rate % Very low
dislortion * Aluminium cases * MXF600 & MXF90{ fan cooled with D.C. loudspeaker and thermal proteclion.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 'xH3"2" (2U)xD11"
MXF400 W19 xH5%." (3U)xD12”
MXF600 W19 xH5"." (3U)xD13”
MXFI00 W19"xH5" 4" (3U)xD14%,"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

OMP VARISPEED TURNTABLE CHASSI

* Manual arm * Steel chassis % Electronic speed
control 33 & 45 R.P.M. * Vari pitch control * High STANDARD - INPUT SENS S0t EAAG #eme - o ey

torque servo driven DC motor * Transit screws % 2 PEC (PROFESSIONAL EQUIPWEN" ~—ma—m E  weUT SENS
12" die cast platler * Neon strobe % Calibrated 775mV, BAND WIDTH 50K k2. CSDES ET1MC4SC IF SEC
balance weight * Removable head shell * %"
cartridge fixings * Cue leverx 220/240V 50/60Hz
* 390x305mm * Supplied with mounting cut-out
template.

PRICE £61.30 + £3.70 P&P
STANTON AL500mkii GOLDRING G950

—— s—

S e T O R I Y{SS LARGE SELECTION OF SPECIALIST LOUSSPEAKERS
STEREO DISCO MIXER DJ6500 * WITH ECHO » AVAILABLE, INCLUDING CABINET FITTINGS. SPEAKER

- GRILLES, CROSS-OVERS AND HIGH =CWER. HIGH
fT&ERREgr;Lsifng:i)s(eEr: ::i: Zb;r7gl:::: FREQUENCY BULLETS AND MORNS. LARGE A4) S.A.E.
LED Vu meters, MANY OUTSTANDING (308 STAMPE_D) FOR_COMPLHE LIS,
FEATURES:- including Echo with repeat & E From McKenzn_e Profgsswn_al Seres
speed control, DJ Mic with tone control S - From McKenzie Studio Series
& talk-over switch, 7 Channels with McKENZIE:- INSTRUMENTS, P.A., DISCO, ETC
individual faders plus cross fade, Cue
Headphone Monitor. Useful combination of ALL McKENZIE UNITS 8 OHMS IMPEDANCE
the following inputs:- 3 tur (mag), 3 8" 100 WATT P C8-100GP GEN. PURPOSE. LEAD GUITAR EXCEL_ZW" WIS Ti&Is
mics, 5 Line for CD, Tape, Video etc. RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 9548,
10" 100WATTSC10-1OOGP GUITAR, VOICE, KEYEOARD. DISCC ZxC

OMP/MF 300 Mos-Fet Cuoes sowes 3
" R.M.S.into 4 ohms. frequency ~escomse T==
-3dB. Damping Factor Sem =
T.H.D. typical 0.001°: irows Sersmwsy Sy
-110 dB. Size 330 x 173 1 100m——
PRICE £81.75 - £5.00 P&P

OMP/MF 450 Mos-Fet
R.M.S. into 4 ohms. frequs
'-3dB, Damping Factor us,
T.H.D. typical 0.001°: Irows Secsmem 53—y S NR.
-110 dB. Fan Cooled. 0 £ _sws=sq S-onecTon, 2
Second Anti-Thump Deiay 3 iz

PRICE £132.85 - £5.00 P&F

NOTE: MOS-FET MODULES ARE Estla3UE i ~WC VERSIONS:

7. 508 iz ¥ES=m

Vu METER Compatible with our four a
visual display employing 11 LED s (7
indicator. Sophisticated logic conlrol for
moulded plastic case, with acrylic tinted *
PRICE £8.70 ~ 50p P&P

-

Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm RES. FREQ. 72Hz, FREQ. RESP. TO 6KHz, SENSS74B. = - £2.50 P&P
10" 200wA"§C1 0-200GP GUITAR, KEYB'D, DISCD. EXCELLENT ==~
PIEZO ELECTRIC TWEETERS - MTOROL 2 RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97dB =2 - £2.50 P&P
Join the Piezo revolution! The low dynamlic mass (no voice cail) of a Plezo Iweeter produces an improved [ 127 100WATT [P C12-100GP HIGH POWER GEN. PURPOSE LEAT SUTas
transient response with a lower distortion level than ordinary dynamic tweelers. As a crossover is not required | RES.FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 98dB o == A
these unils can be added to existing speaker systems of up to 100 walts (more if two are put in series. FREE [§ 12" 100WATT [P C12-100TC (TWIN CONE) HIGH POWER WIDE = \ wZE DISCO.
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER. RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS §7dB Z - £3.50 P&P

~~_. TYPE ‘A" (KSN1036A) 3" round with protective wire mesh, ideal for || 12" 200WATT §/C12-200B HIGH POWER BASS. KEYBOARDS /53

| M_A-{ bookshelf and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P. ?E'S";:fv?mﬁ%g?i?éggﬁ ;?Gﬂ‘:élﬁgggigdsBLEAD GUITAR <= f__:g.so BAF
\ TYPE ‘B' (KSN10054) 3'%" super horn for general purpose speakers, | RES. FREQ. 48Hz, FREQ. RESP. TO 7KHz, SENS 10048, K - £3.50P&P
{FE ~.. | discoand P.A, systems elc. Price £5.99 + 50p P&P. 15" 100WATT [P C15-100BS BASS GUITAR, LOW FREQUENCY > 2
. TYPE'C’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys- | RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 98dB. = - £4.00 P&P
tems and quality discos etc. Price £6.99 + 50p P&P. 15 200WATT [P/C15-200BS VERY HIGH POWER BASS.
TYPE ‘D’ (KSN1025A) 2"x6" wide dispersion horn, Upper frequency T?é?&?ﬂﬁiz'z?ioz‘gg:g Jggv'(:réasp"gsv?ggaé;\ss - T4.00P&P
response relained exlending down to mid-range (2KHz}. Suitable for high RES. FREQ. 39H§, FREt-). RESP. TO 4KHz, SENS 99dB. ’ SUCE THEIE - £4.50 PAP
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P. 15" 400WATT §/C15-400BS VERY HIGH POWER, LOW FREQUENC 7 ££55
TYPE ‘E' (KSN1038BA) 3% horn tweeter with attractive silver finish trim. | RES. FREQ. 40Hz, FREQ. RESP. TO 4 KHz, SENS 100dB. ICE 22242 - £4.50 P&P
Suitable for Hi-Fi monitor systems etc. Price €5.99 + 50p P&P. 18" S00WATT §C18-500BS EXTREMELY HIGH POWER, LOW FREGUSWC Y =
LEVEL CONTROL Combines, on a recessed mounting plate, level control § RES. FREQ. 27Hz, FREQ. RESP, TO 2KHz, SENS. 98dB PRCE 1774357 - L5.00PEP
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P. EARBENDER HI-FI, STUDIO, IN-CAR, ETC]

ALL EARBENDER UNITS 8 OHMS (Except EBB-50 & EB10-50 which ass sz —zanz=cs mumes - & & 5 imrm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI-FI &-22=

RES. FREQ. 40Hz, FREQ. RESP. TO 7KHz SENS 97dB. PR
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS +i-= F
RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.

JOMP LINNET LOUDSPEAKER

THE VERY BEST IN QUALITY AND VALUE

Made especially to suit today's need for compactness with high output

sound levels, finished in hard wearing black vynide with protective RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. PRICE E3C 35 - S350 BEF
corners, grille and carrying handie Each unit incorporates a 12" driver 12" 100WATT EB12-100 BASS, STUDIO, HI-Fi, EXCELLENT DISCC
plus high frequency horn for a full frequency range of 45Hz-20KHz. RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE L4212 - £3.5C P&P

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

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
54" 6OWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC

RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB. PRICE £9.99 - £1.50 P&P
62" 6OWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET RES! pnea abitz, Bt HESERT T AICIEI N i SRR
OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR 8" 60WATT EBB-60TC (TWIN CONE) HI-F1, MILTI-ARRAY DISCO ETC
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB. PRICE £12.99 - £1.50 P&P
10" 60WATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC.
SPECIALIST CARRIER DEL. £12.50 PEA PAIR RES, FREQ. 35Hz, FREQ, RESP, TO 12KHz, SENS 98dB. PRICE £16.49 — £2.00 P&P

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono

RANSMITTER HOBBY KIT!

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
250 WATTS (125 - 125) Stereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS

Bridged Mono aW TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL °
400 WATTS (200 ~ 200) Stereo, 400W [ PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP

IN-CAR STEREO BOOSTER AMPS

; Bridged Mono PRICE £14.85 - £1.00 P&P
. @ ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
3 : , Features: VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERAY,
= * 2 * Stereo, bridgable meono # Choice of : g - £1.00 P&P PHOTO: 3W FM TRANSMITTER
high & low level inputs * L & R level
PRICES: 150W £49.99 250W £99.99 's * R off % "
400W £109.95 P&P £2.00 EACH e S e e SR e O

PRICES INCLUSIVE OF V.AT. SALES COUNTER. VISA AND ESSEX.SS2E6TR.
Tel:0702-527572 Fax.: 0702 -4202493

B g e o occcoymyaysounenoonsea,

ACCESS ACCEPTED BY POST, PHONE OR FA X. | =
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Editorial

by Paul Freeman

n our world of digital electronics, the

developmental driving force almost seems
totally geared to packing in more power to
give more facilities at a cheaper price. The last
of these I think most of us would encourage,
but the drive for miniaturisation and greater
complexity has become inextricably linked to
consumerism. The consumer is being sold a
wonder gadget that not only has the built-in
redundancy element but also is so complex
that probably most of the functions it offers
will never be used. I speak of computers,
calculators, videos, synthesisers, and now TV
sets. Only the very few will exploit their full
potential. It seems one has to buy the
complexity to keep the product viable.
Another significant factor not thought about
by the manufacturer is associated with the

physical size of data storage. Take the CD,
an enormous store of information, but good
old-fashioned readable sized printing
placed on the disc has to tell us something
about the contents. Smaller discs, although
valuable for what they contain may well be
limited as a consumer durable simply
because sufficient information cannot be
printed directly on the disc.

In the desire to steam speedily ahead with
miniaturisation, one major world player in
mass data storage had not given this simple
visualindication of contents any thought. It
could be that only space for a printed code
number is available. Then the user would
be faced with consulting an index for
contents.

ETI AUGUST 1992
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odern electronic telecommunications is
wonderful, ain’t it? Despite many years to get it
right, thousands upon thousands of standards,
recommendations and regulations,
communications between electronics gadgetry such as
computers, workstations and PCs is still largely a black art.

Let me explain. Until a year ago, my copy for this
column and anything else I wrote for ET1 was produced on my
computer, at my house. I would print out the copy and send it
to Paul, the Editor, by good old-fashioned post. Then, he
would mark-up the copy to suit, send it onto ETI’s typesetters,
where it would be re-typed into high-quality image-set film,
ready for printing.

Now, anyone could be forgiven for thinking that ETI
as a flagship electronics magazine should have been produced
by totally electronic methods. It should have been all written
by writers like myself on computer, downloaded by telephone
line to ETI editorial offices where the magazine was produced
on computer screen. Finally the resultant pages should have
been simply downloaded by telephone line, again, to the
printer. In an ideal world this should have been so. But
magazine publishing has had its financial ups and downs over
the last seven or eight years, and ETI was not yet at the
electronic stage.

About a year ago, however, ETI took its first tentative
steps in this direction. ETI’s computer system (ie, Paul’s
personal computer) could finally accept electronic copy from
writers. Great, except that we couldn’t get it to work. My
computer still couldn’t talk to his computer. My computer
disks are still different to his. So much for all these standards!

So we hit upon an interim arrangement, which lasts
to this day and will probably last a while longer, too. I write
my copy and fax it to Paul. This is not a fax in the traditional
sense, though. Plugged into the back of my computer I have
a special modem which doubles as a direct fax connection. I
can send a fax directly from my computer screen. So what I see
on the screen [ know will be printed out from any fax machine
I want to send the fax to. So, I send my computer-generated
Open Channel copy to Paul, via ETT’s fax machine.

When Paul gets it seconds later, he scans it into his
computer’s scanner. Once he’s done this he uses optical
character recognition software to read in the scanned copy.
Quality of my faxed material is so good (simply because it’s
coming directly from my computer - and not being faxed in the
traditional sense) Paul tells me he can expect over 98% of
words to be recognised by the optical character reader. So a
typical length column like Open Channel which has around
1000 words, he has to correct something less than 20 words.
From then on in, ETI” s computer takes over.

We know there are easier and better ways to do all
this. But when we first tried to do-it-all electronically we
wasted so much time and still couldn’t get it to work that we
simply ran out of time (ETI’ s press days can’t slip, or the
magazine just doesn’t get printed) and so gave up. Yes, we
know that with a bit of investment, the right software, and a
few days more work we could have got it working, but

L
deadlines are deadlines. We now have, instead. areliable and
reasonably accurate method of transferring files, albeit a bit
Heath Robinson in appearance and style.

Pheonix Rises From the Ashes

While I’ve talked about telepoint often enough in past Open
Channels, it’s time to air it yet again. Telepoint is the name
for the one-way portable telephone system, which forms part
of the CT2 technology.

At one time there seemed to be hundreds of telepoint
services (well. four actually) which was, I am convinced, one
of the two main reasons why they all failed dismally to attract
users. The other main reason was that they were all
incompatible with each other. Users of one system couldn’t
use base-stations of another.

All that’s history, and hopefully won’t happen again
(UK Government permitting!.). Now there is a new system -
based on the old ones but much more promising - currently
being setup by Hutchison Personal Communications. Planned
to launch in the Granada television region at the end of June
and expected to spread to highly populated areas by October,
Rabbit is the first system to operate on the common air
interface (CAI) standard. This means any handsets using the
CAI standard should work on the system.

Hutchison appears to have a realistic pricing policy,
too. Its basic handset will retail for less than £200, with
network charges of £6 per month and call charges comparable
with public telephone boxes.

While I never ceased from complaining about the lack
of coordination which previous telepoint network operators
putinto their systems, I have nothing but praise for Hutchison’s
Rabbit, Despite a bad start, telepoint finally looks set to pay
its way. Unless the Government decides to licence another 50
operators with incompatible systems again, that is.

NICAM Starts to pay

Technology found in all NICAM televisions and videocassette-
recorders is patented by BBC. This is the good news, for
without the BBC it’s doubtful that we would ever have stereo
terrestrial television. The BBC was instrumental in developing
NICAM, and instrumental in persuading television and
videocassette-recorder manufacturers to implement NICAM
circuits in their equipment.

Naturally, we should expect the BBC to benefit from
this. There were over a million television receivers sold last
year in the UK alone with NICAM circuits, there’ll be double
that this year.

Following discussions with all the related
manufacturers, it now looks as though the BBC is set to get
royalty payments, which could easily amount to many millions
of pounds a year - even if a royalty payment of just £] per
appliance is agreed. The potential is even greater.

Once the BBC receives royalties, they 1l naturally be
doing the decent thing, and reducing all our television licence
fees. Won’t they?

Keith Brindley

ETI AUGUST 1992
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T’s fibre optic technology

has helped to virtually
eliminate car crime from the
places where closed circuit TV
(CCTV) cameras have been
installed in the Norfolk town of
King’s Lynn. The project has
generated great interest, with
visits and enquiries being made
from all over the UK and even the
USA.

Barrie Loftus,

Borough Council Project
Officer for the system
said: “In the first three
months of this year there
were 164 vehicle thefts
in the King’s Lynn area, only one
of those was from a car park. On
average, there used to be two
vehicles a week stolen from the
car parks, now that kind of theft
has been eliminated.”
And he added that it is not just car
thefts that have disappeared:
“There also used to be three or
four incidents of damage to cars
or thefts from vehicles on the car
parks a week. Since February,
when the CCTV system went
‘live’, there hasn’t been one
incident of this kind reported.”

The council points out
that it is not just the installation
of the cameras that has
contributed to their success. Staff
put out a press release, held a
formal press day and have made

TECHNOLOGY STOPS
CAR PARK CRIME

numerous appearances on local
TV and in the local press.

The local press has also
canvassed local people’s
opinions. “The majority of them
wereinfavour,” said Roy Daynes,
crime prevention officer in the
town, “What we are trying to do
is take away the fear of crime.
The cameras are there to make
people feel safer as well as catch
criminals and vandals. King’s
Lynn is now a safer place to go
shopping.”

There will soon be a total
of 46 cameras in the scheme, all
connected to a central control
room in the Council’s HQ by
BT’slatest fibre optic technology.
In the control room, a single

operator, provided by Broadland
Guarding Services, monitors
movement not just in the town’s
17 car parks, but also in a leisure
centre, in the area around the
council offices and on a major
housing estate, Hillington Square.

A manager at the leisure
centre remarked: “The level of
crime here is far less than in any
other centre I’ ve worked in. Most
crime is petty vandalism by kids.
Now they know the cameras are
here and there is hardly any
graffiti at all. Moreover, because
we can record incidents, we have
broughtkids into the control room
and shown them the screens -
word of the scheme spreads more
quickly that way.

“More importantly,
serious crime in the centre has
stopped altogether. At one time
we had a whole spate of mountain
bike thefts, now I can’t remember
the last time a bike was stolen. At
one stage a new artificial cricket
pitch was set alight. There is not
much chance of that happening
again.”

It is sad that yearly
running costs are about £180,000
including contract security
security staff, BT line rentals and
equipmentrentals. Thisis covered
by users of the scheme
contributing roughly £1,000 for
each camera provided, and by a
10p increase on car park tariffs.

new range of encapsulated

Low Profile Mains
Transformers are now available
from Cirkit.

Manufactured for Cirkit
these high quality, PCB mounting
transformers are ideal for
applications where space is at a

LOW PROFILE MAINS

TRANSFORMERS

premium, the MA size, for
example, is only 44 x 53 x 22mm.
Independent primary windings
allow 120 or 240V 50/60KHz
operation, together with
independent secondaries which
may be connected for series,
parallel or center tap operation,
giving a choice of voltage/current
combinations. Wound on twin
double section bobbins to provide
maximumisolation - 4kV between
windings and near toroidal
characteristics.

These low profile
transformers have industry
standard pinouts, are

encapsulated with UL94V-O self-
extinquishing resin and in a
rugged moulded case to provide
excellent environmental
protection and designed to BS
415, VDE 0550-0551, IEC 65
and BS 3535, Class 2
specifications.

The stock range covers
4VA to 30VA in the most
commonly used voltages with
custom wound versions available
to special order.
Furtherinformation contact Cirkit
Distribution Ltd,Tel:(0992)
441306
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INTERACTIVE TRUCK

DRIVELINE CONTROL

L ucas Automotive Ltd., UK,
is introducing Electronic
Control Units for the control of
functions such as fuelling,
transmission and braking. As a
resultconsiderable improvements
in vehicle performance for both
passenger cars and trucks.
However, further improvements
in driveline performance are
possible if greater interaction
occurs between the sub-system
controllers than is currently the
case.

This opportunity hasbeen
grasped by Lucas who in 1989
embarked on a collaborative
research project with two other
international vehicle component
suppliers, to explore the issues
surrounding truck driveline
performance by use of high speed

data bus communications
between driveline control
systems.

In the first phase of work
a mid-range diesel engined truck
has been equipped with a Lucas
electronic  diesel engine
management system, an
electronic automated mechanical
transmission and electronic ABS/
ASR control. The Electronic
Control Units for these three sub

systems have been interconnected
via a high speed ‘Controller Area
Network’ (CAN) databusin order

to allow rapid controller
interaction. This data bus
effectively replaces the

electromechanical linkages which
would otherwise be necessary for
the transmission and braking

CD COMPATIBLE
HEADPHONES

M aplin Electronics has
introduced a pair of high

quality headphones intended for
listening to compact disc and
digital music material. The

drivers feature high energy
magnets and diaphragms
designed to bring out the best in
the dynamic range and superior

signal to noise ratio of compact
disc.

The unit maintains
sensitivity and stability at low
volume levels. It has an
adjustable padded steel headband
and leather earpads, and a 2.7m
long extra flexible lead
terminated in a 3.5mm stereo jack
plug. A ldin. jack adaptor is
included.

The phones have a frequency
response of 16Hz to 22kHz and
cost £14.95.

$2MILLION GRANT TO
DEVELOP FRACTAL
TRANSFORM VIDEO CHIP

he US government has

awarded Iterated Systems a
$2 million grant to help develop
aspecial Fractal Transform video
decompression chip for use in
high definition (HDTV),
videophones and multimedia
computer systems.

The fractal chip project,
funded by the National Institute
of Standards and Technology
(NIST) under the Advanced
Technology Program, is called
High Fidelity Digital Image
Compression. The chip will
decompress digital images fast
enough to keep up with the frame
rate of television.

AlanMcKeon, Managing
Director of Iterated Systems Ltd,
the UK subsidiary commented

FOR HDTV

“The next step is developing a
Fractal Transform chip to
compress videoimages for HDTV
inreal time, to save the production
industry time and money.”

Referring to the strategic
importance of projects funded
under the program, George Bush,
President ofthe USA, said “Today
our government must help carry
that research forward and
contribute to the development of
generic technologies that build
on basic discoveries.” He
continued “In this way, we can
help leverage the R&D of the
private sector, helping whole
industries advance in an
increasingly competitive global
market.”

controllers to change the engine
torque during gear shifting and
ASR operation; in addition it
allows much greater exchange of
information between the control
units. This significantly improves
the driveline performance.

At the outset of this work, no

agreed standards existed for
message structures for the
transmission of datain interactive
systems of this type so the project
team developed their own
message format.

The vehicle fitted with the
interactive system  has

demonstrated significant
improvements in driveline
dynamic performance,

particularly during ABS/ASR
operation, owing to the improved
communication between the
engine, transmission and braking
controllers, compared with that
obtained with sub-systems
connected by conventional
electromechanical linkages. The
mechanical and  wiring
complexity is also reduced.

Further developments to
the interactive control strategies
are also being made to further
improve the dynamic driveline
performance and improve fuel
economy.

For further information
please contact:-
Don Hiett at Lucas Automotive.
Tel:021-627 3939
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LIVE VIDEO LINK IN UK CIVIL COURT

Evidence will be given by live
video link for the first time in a
civilcase in the UK on Wednesday
13th May.

The County Court is to sit
on that day in the Bar Council’s
videoconferencing studio at 3
King’s Bench Walk in the
Temple. The court will hear
evidence in the case of Henderson

v SBS Realisations Ltd. live from
a studio in the Massachusetts
Institute of Technology in the
United States. The case concerns
a claim for damages arising from
the disappearance of an antique
clock from a family home in
England.

The County Court was
allowed to sit in the

videoconferencing studio
following a decision in the Court
of Appeal.

Bernard Weatherill,
Chairman of the Bar Services
Committee, which has pioneered
the use of live video links in the
courts in the UK, said, “This is an
important first. The use of
videoconferencing can make

justice much more affordable, not
only in cases where witnesses are
abroad, but also where they are in
different parts of the UK. Ihope
that the use of this technique will
spread as a natural development
of the legal process.”

ZERO EMISSION

new company has been

formed called ZERO Ltd.
ZERO stands for Zero Emissions
Racing Organisation. It is the aim
of ZERO to design, build and
develop an electric racing car.
The desire to build such a vehicle,
has come from the clear objective
for the companies involved to
remain firmly at the fore-front of
technology.

Those involved in this
new company are all well known
in the Motor Industry. Day to day
running of ZERO will be in the
hands of Managing Director,

Gerard Sauer. He will also be
responsible for the gathering of
research-data and information.
Building of the chassis and its
auxillary components will be
undertaken by Lola Cars. All
electronics, electric motors, and
batteries will be developed by
Zytek Systems.

The company should have
its first prototype car ready by the
beginning of September 1993, in
readiness for the 1994
competition season.

Commented a spokesman
for Zytek Systems: “A major part

of Zytek Systems’ business is in
the development and supply of
electronic equipment for use on
competition vehicles worldwide.
The electric vehicle is viewed by
many as the future of road
transport and itis therefore logical
that Zytek should combine these
technologies in the development
of the ZERO electric racing car”.
A spokesman for Lola Cars
commented: “We see this as part
of our policy of always looking
forward - environmental issues
are not going to go away, so the
sooner we seriously investigate

RACING

ORGANISATION

the technology of zero-emission
racing cars, the stronger our
position will be when ‘green’
pressuresreally start to bite. There
are fascinating challenges
involved in this project, some of
which will undoubtedly lead to
technology ‘spin-offs’ for our
more conventional racing
programmes’.

Arthur Large will be
responsible for the funding of the
company, its City contacts, and
also acts as company secretary.
Commented Automotive
Consultants founder, Gerard
Sauer: “Over the last 6 years, we
have acted as marriagebrokers
between many °‘leading-edge’
technology companies. Our role
as coordinators in the project suits
us particularly well, since it
represents the highest
technological challenges
undertaken by the foremost in
this field. It is also to record that
with Great Britain the present
undisputed leader in the field of
international motorsport, my
company will be directly involved
in the first real effort to maintain
that position in the future”.

For further information
contact Gerard Sauer on 071-
7371769.

RESEARCH ON RSI

S imon Bull, Final year student
at Leeds Polytechnic has
carried out his research project
on the subject of ‘Repetitive
Strain Injury’ or RSI. This subject
is something on which
information is extremely limited,
and yet the consequences of

misinformation orevenignorance
could be devastating to many
companies. Repetetive Strain
Injury’ or ‘RS’ is just one of the
many names used to describe
damage to the soft tissue of the
hand, wrists, arms and neck.
Although recognised in ‘blue

collar’ workers since the 1970’s
(having been around for thousands
of years) the cause of this damage
is widely disputed where ‘white
collar’ workers are concerned. It
has recently manifested itself
following the introduction of
electronic keyboards in many

industries. The arguments in
industry, essentially lie along a
Management/Union_continuum.
Blame is placed” on ‘poor
ergonomics’ and ‘bad
management’ by the unions and
on ‘mass hysteria’ or
‘malingering’ by management.
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There are many weird and
wonderful theories that can be
placed along this continuum
although, there are three main
factors that tend to occur
regularly, These are; poor
ergonomics and posture, ‘stress’
(or other psychological factors
such as dislike of the job) and
social activities involving hand/
arms etc (e.g. sports such as
squash). Until scientific evidence
suggests otherwise, it is the
authors belief that all of the above
factors should be considered in

any one case in order to establish
the cause.The prevention and cure
of RSI are also contested.
Prevention is seen by some to
simply mean a change of work
systems job rotation and screen
breaks, and by others to mean
ergonomic assessment and the
purchase of new equipment.
What, clearly, is missing is an
assessment of the whole situation
before implementation of new
technology is even considered.

RSI has past that stage in many
cases and what is now needed is

achange of attitude and increasing
awareness so that all the parties
involved can help their own
situations. Journalists must use
what equipment they have to the
best of their ability by learning
the importance of posture and
sensible practice. Management
must perform assessment of
workstations (ergonomic and
environmental), provide
equipment where needed and
most importantly of all make
available information to it’s
employees.

Both common law and
the impending EC legislation will
probably have the most effect on
both RSI and the companies
involved although with a lead
time of four years the legislation’s
impact is limited. The cost of the
‘common law’ approach will
undoubtedly be very high with
possible settlements of five times
each persons salary, not to
mention the time involved and
wasted human resources.

NEW 1.9GHz

POWER IC

Mitsubishi Electric UK is
announcing the launch of
its 1.9GHz power amplifier IC
designed specifically for 1.9GHz
cordless telephones presently
used in Japan and soon to be
adapted for the European DECT
system.

MGF7121 GaAs power
amplifier ICs are compact surface

mounting devices. They measure
8.4 x 13.2 x 1.7mm and yet are

capable of delivering a minimum
power output of 22dBm.

The 1.9GHz ICs operate
on a low supply voltage of just
4.6V. Operating frequency range
is from 1.85 to 1.95GHz. Input
power is -15dBm and typical
efficiency is 30% for the Japanese
digital cordless.

Typical efficiency will be
50% for the European DECT
system as Class B or C operation
is possible. Minimum power gain
is quoted at 37dB with minimum
control voltage rated at -4V.

CUT IN INTEREST RATES A START, BUT NOT ENOUGH

SAYS IEE PRESIDENT

€ 6" he Government’s cut in

interest rates might
provide a welcome boost in
confidence for the business
community, but it is not enough
to solve the problems faced by
Britain’s manufacturing
industry”.

This was the warning
given by Brian Manley, President
of the Institution of Electrical
Engineers (IEE). Mr Manley was
addressing senior industrialists
at the Annual Meeting of ERA
Technology held at the Butchers
Hall in the City of London.
“Unless the situation is resolved
long-term” he said “high and
fluctuating interest rates, the

failing courage of the high street
banks and the short-term approach
of the City of London will
continue to be the major causes of

Britain’s decline as a
manufacturing nation”.
Mr Manley criticised UK

banks for their failure to support
new industries.

“To be lending money
like drunken sailors one minute
and to be withdrawing support
from viable businesses the next -
not because the company has
failed, but because the Bank has
lost courage - is no recipe for the
successful development of
enterprise.”

He also cited high real

interest rates as being the
dominant factor in discouraging
manufacturing industry from
investing in enterprise - as a result
British companies are forced to
achieve high short term results
‘far beyond those that would be
smiled upon in Japan’.”There is
no way that the British company
can compete effectively” he said.
“Opportunities for innovation that
are grasped with enthusiasm
overseas are passed over in
Britain as offering insufficient
return, or posing too high a
financial risk”.

Research and development, Mr
Manley continued, is
progressively viewed as an

‘unaffordable luxury’ engineering
innovation is not seen as a priority
and as a result the country is
losing its ability to respond to
international competition.

Although welcoming
yesterday’s cut in interest rates
Brian Manley urged the
government to establish a system
of taxation which rewards long
term investment and
differentiates between capital
growth and dividend distribution.
He also stressed the need for new
policies which would exploit the
stability provided by the ERM
and would lower interest rates to
international levels as quickly as
possible.

NEW WAY TO DECODE SIGNALS

mpsys Ltd. - a small spin-off

company of Paisley College,
Scotland - has announced a new
method of decoding narrow band
FM signals. This patented
technique removes the spikes (or
spurs) from the radio signal just
as the link is breaking down and
also  provides inaudible
squelching. These two effects

greatly reduce listener fatigue
especially over sustained periods.
Other advantages include a 25%
increase in usable range for any
FM PMR and/or a reduction of
50% transmitted power for the
same reception range.

A further improvement is
that co-channel interference is
reduced and two FM channels on

the same centre frequency can
now be decoded without mutual
destruction.

The circuitry is currently
under evaluation by a number of
multinationals. One evaluation
engineer was heard to remark
that “By the year 2000, every FM
radio will be using this technique
The new decoder uses an

Amplitude Locked Loop in
combination with a Phase Locked
Loop to achieve this
breakthrough.

For further information
contact Ampsys Ltd Tel: 041 848
3444
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FRACTALS MAY OVERTURN EXISTING IMAGE

r['he latest Gartner Group
Tesearch report now gives

Iterated Systems’ Fractal
Transform image compression
technology a 50% probability of
setting the de facto standard. This
is an increase from their previous
assessment late last year of a
20% probability. The
ramifications could be severe for
existing standards including
JPEG, MPEG and H.261.

The report, from this
respected strategic consultancy,
stated “For the imaging and stored
multimedia markets, we are

COMPRESSION STANDARDS

increasing our probability to 0.5
that fractals will rule.” It
continued “Webase this primarily
on the significant improvements
of fractals compared to anything
else, including discrete cosine
transform-based algorithms and
the recognition of Microsoft for
this technology.”

The report concluded that
Companies requiring very high
compression ratios for high
resolution images should
investigate Iterated Systems’
products today.”

Bill Caffery, Vice

President of  Advanced
Technologies at Gartner Group
said “Multimedia is
unquestionably an arena where
the unrivalled superiority of
fractal decompression is a boon
to end users or consumers, and
therefore to developers and
publishers.”

Alan McKeon, Managing
Director of Iterated Systems’ UK
subsidiary, commented “This is
further acknowledgement of the
momentum which is establishing
the Fractal Transform as the de
facto standard for high

performance, low cost still image
compression.”

Iterated Systems, Inc. a
privately held company
headquartered in Atlanta,
provides fractal compression
products that enable computers
to handle pictures in a resolution
independent manner at ultra.high
compressionratios. The company
is committed to fundamental
mathematical research to
establish and advance the Fractal
Image Format. Iterated Systems
Ltd is the Reading-based UK
subsidiary.

BT WIDENS CASHLESS CALLING OPTIONS-PAYMENT

T and Visa International
today announced that more
than 280 million Visa cards could
soon be used to pay for calls from
BT telephones in the UK. In
addition, cardholders will be able
to use their Visa cards to phone
the UK from abroad using the UK
Direct service.
Under the arrangement,
BT and Visa will extend the
VisaPhone service -which is
currently available in the United
States - to the UK by early 1993.
‘This means that the UK, which

FOR CALLS BY VISA CARDS

currently has 28 million Visacard
holders, will be the first European
country to enrol in the service.
“The service will appeal
particularly to visitors to the UK,
who will not need a BT telephone
account as the cost of the calls
will be billed to their Visa card in
their local currency.
The new facility will complement
BT’s own Chargecard, and will
use the same calling method.
Users will dial 144 in the UK or,
when abroad, special freephone
numbers from over 60 countries.

For security, callers will
have to provide their card number
plus a telecode - a four-digit
personal identification number
(PIN). This number will be used
for making telephone calls only
and will be different from the
PIN used for cash dispensers.
Tony Vardy, BT’s Director of
Service Development, said:
“Cashless calling is becoming
vital to our customers in the UK
andtotravellersall overthe world.

“AtBT we strive to ensure
that everyone who needs to use

our network, and that includes
every visitor to this country, is
given the best service and the
most convenient method of
payment.

“With VisaPhone, which
complements our existing
Chargecard services - plus our
facilities for using commercial
credit cards and pre-paid
Phonecards at selected Payphones
- BT will offer customers the
most flexible range of telephone
card services in Europe.”

WORLD'S FIRST 1.3" DISK DRIVE MODULE

ewlett-Packard has
Hintroduced the HP
Kittyhawk Personal Storage
Module - the world’s first 1.3in
disk drive, capable of storing 21.4
Mbytes of informationinadevice
the size of a small matchbox. It
combines the miniaturisation,
durability and removability of
solid-state technology with the
cost and power advantages of
disk-drive technology.

Though the HP Kittyhawk
PSM uses much of the same
technology as larger disk drives
in desktop and portable
computers, it is less than 0.4
inches high, measures 2 inches
by 1.44 inches and weighs less
than one ounce.

Aimed at highly mobile
applications, the HP Kittyhawk
PSM was designed to be rugged
using techniques learned at HP’s
calculator division. As a result,
the PSM can withstand an

explained Anna
Tunnicliff, 11P
Product Manager.
“They needed high
resilience and
dependability - to
provide solid

computing devices
for their customers.

To achieve this,
thedriveincorporates
a special, HP-
designed integrated
circuit based on the
same technology used
in cars to sense

operating shock of 100g (non-
operating of 225g) to survive a
system drop of approximately
three feet. In comparison, today’s
1.8-inch and 2.5-inch disk drives
can handle operating shocks
between 10-20g.

Our customers demanded a
no-compromise storage design,”

collisions and trigger
airbags. As a result, the HP
Kittyhawk PSM can sense and
brace for a shock before it occurs,
keeping data safe.

The dimensions of today’s 2.5-
in and 1.8-in drives, as well as
their sensitivity to shock, limits
them as storage solutions for the
next generation of mobile

computers,” continued Tunnicliff.

She pointed out that solid-
state technology is approximately
five times as expensive as the
rotating disk technology used in
the HP Kittyhawk PSM. 20
Mbytes of solid-state memory
currently costs about $1,000, or
$50 per Mbyte, compared to about
$12 per Mbyte for the HP
Kittyhawk PSM. HP storage
devices are already being designed
into mobile computing devices,
digital imaging peripherals and
consumer electronics.

Designed for long life, the
storage device features a mean-
time-between-failures (MTBF) of
300,000 hours. It offers an 18
millisecond average seek time
and supports active, idle, standby
and sleep modes.

Further information can be
obtained from the Customer
Information Centre
Tel:0344369222
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Take the Sensible Route!

BoordMoker is a powerful soffware tool which
provides a convenient and fast method of designing
printed circuit boards. Engineers worldwide have
discovered that it provides an unparalleled price
performance advantage over other PC-based and
dedicated design systems by integrating sophisticated
graphical editors and CAM outputs at an affordable
price.

In the new version V2.23, full

; " consideration has been given to
oIIowmg designers to continue using their existing
schemattic capture packages as a front end fo
BoardMaker. Even powerful facilities such as Top Down
Modification, Component renumber and Back
Annotation have been accomodated 1o provide
overall design integrity within the links between your
schematic package and BoardMaker.

Equally, powerful features are included to ensure that
users who do not have schematic capture soffware
can take full advantage BoardMaker.

V2.23 of BoardMaker is still a remarkable
£295.00 and includes 3 months free
software updates.

NEW AUTOROUTER

BoardRouter is a new integrated gridless autoroute
module which overcomes the limitations normally
associated with autorouting. YOU specify the track
width, via size and design rules for individual nets,
BoardRouter then routes the board based on these
settings in the same way you might route it youself
manually.

This ability allows you to autoroute mixed technology
designs (SMD, analogue, digital, power switching
etc)in ONE PASS while respecting ALL design rules.

No worrying about
whether tracks will fit
between pins. If the tracks widths and clearances
allow, BoardRouter will automatically place 1, 2 or
even 3 tracks between pins.

You can freely pre-route
any tracks manually using
BoardMaker prior to autorouting. Whilst autorouting
you can pan and zoom to inspect the routes placed,
inferrupt it, manually modify the layout and resume
autorouting.

Full analogue dlgltal and SM support - ground
and power planes - 45 degree, arced and any
angle tracks with full net-based Design Rule

Net list input from OrCAD, Schema, etc
Top down modification

Forward and back annotation
Component renumber

Simultaneously routes up to eight layers
Fully re-entrant gridless autorouting
Powerful component placement tools
Extensive Design Rule Checking

Full complement of CAM outputs

Full support and update service
Reports generator

PostScript output

SMD support

Effortless manual routing

BoardMaker and -
BoardRouter are priced
at £295.00 each. As a
special introductory offer, they can be
bought together for only £495.00
which puts sophisticated PCB CAD
software within the reach of all
engineers. This price includes 3
months free software updates and full
telephone technical support.

Don‘t just take our word for it. Call us
today for a FREE Evaluation Pack and
judge it for yourself.

~ > | Tsien (UK) Limited
Y. Cambridge Research Laboratories
{ 181A Huntingdon Road
—~d® | Cambridge CB3 0DJ
Tel 0223 277777
tsien raxos2s277747

=
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NEWS

...Stateside...

Preventing
electrical
surges

n optical fibre manufacturer

found that outside lightning
storms and other weather
conditions, combined withalarge
number of DC motors inside the
plant, continually affected the
frequency of plant power by
creating harmonic distortions.
Upsets in process equipment used
in continuous production steps
required the production to stop,
or could cause irregularities in
the final product.

By installing a motor-
generator set from Precise Power
Corp. of Bradenton, Florida, most
of these problems have cleared
up, according to a plant engineer
at Alcoa-FujikuraLtd. of Duncan,
South Carolina.

Power conditioning or
uninterruptible supply can be
accomplished in a variety of ways.

Generator stator

Output
contactor ang
distribution
panel

Generator excitation pole

Motor exciter pole

or to get a backup
generator online.
Instead of a
conventional
generator field coil,
the device has an
excitation coil that
‘writes’ magnetic
field poles into alayer
of high-coercivity
magnetic material on
the inner surface of a
rotating annulus core.
As rotor speed
changes (due topower
fluctuations), the
number of written
poles varies such that
a constant frequency
. isinducedinthe stator
windings.
The advantage of
the pole-writing
motor over an

Traditionally, suppliers have
provided a motor-generator set,
in which incoming power
energized an electric motor, which
in turn could be used to run the
generator. Interposing a flywheel
or other device enabled the
motor generator set to overcome
momentary outages. Later
systems employed inverters
powered by lead-acid batteries to
get through the outage.

These setups have a
number of limitations. The
flywheel-based motor generator
set provides power for only about

0.3sbefore frequency drops below
59.5Hz, unless substantial
oversizing of the equipment is
specified. The battery-based
systems require constant
monitoring and frequent
maintenance, and if heavily used,
must have the batteries changed
out.

The Precise Power system
motor generator set emphasises
constant frequency for a
minimum of 15 seconds at full-
rated load, and 45 seconds at no
load. Thisis often long enough to
ride through momentary outages,

induction-motor
driver are that it provides the
efficiency and constant-speed
characteristics of a synchronous
motor, and that it has the high-
starting torque of ahigh resistance
squirrel-cage motor. Squirrel-
cage windings embedded in the
annular rotor cause the motor to
start like an induction motor.
When it reaches about 80% of
operating speed, the stationary
excitation coil is energized at line
frequency. This means that a
high-inertia rotor can be used (it
weighs nearly 1 ton), to provide
high ride-through capability.

Improved

electroluminescent lamp

lectroluminescent lamps
contain a powdered
phosphor - usually zinc sulphide
- between two electrodes. When
alternating current passes
between the electrodes, the
phosphor emits light.
Although these lamps are
used primarily for backlighting,
the range of applications has been

limited because the phosphors
degrade rapidly when exposed to
moisture and high humidity.
Conventional EL lamps use a
desiccant layer and a thick co-
polymer outer cover, which is
sealed at the edges to protect the
phosphor. While this packaging
increases lamp life, it does not
completely eliminate phosphor

degradation because the polymers
are permeable. The relatively
thick package and edge seals also
limit applications.

Durel Corp. of Tempe,
Arizona, has recently made
advances in EL technology that
increase lamp life, improve
reliability, and reduce the bulk
and cost of the lamp system.
Instead of the multilayer
approach, each individual
phosphor granule is encapsulated
in glassto protect it from moisture.

Encapsulated phosphors allow
engineers to make lamps much
thinner and more flexible. These
can be cut into intricate shapes
since the edges do not need to be
sealed. The Durel lamps are also
less expensive than conventional
EL lamps because the outer
plastic film, some components,
and manufcturing steps required
to produce the lamps are
eliminated.

World record
critical
current
density
Asuperconducting
polycrystalline film
prepared at General Electric
Company, Schenectady, exhibits

world-record critical current
density (CCD) for thick films,

and maintains high CCD in a
magnetic field. At4.2K and zero
magnetic field, the CCD of the
3.2m film of thallium-barium-
calcium-copper oxide (TBCCO)
exceeded 500,000 A/cm?. At
82K, CCD was 100,000 A/cm®.
The previous high was 60,000 A/
cm? at 77K and zero magnetic
field.

While the CCD of
previous superconductors falls
rapidly in the presence of
magnetic fields due to weak-link

coupling of grains in the
polycrystalline structure, the
TBCCO film retained CCD in
elevated magnetic fields,
indicating strong grain linkage.
This is especially critical for
power applications such as motor
windings, generators, and
magnetic resonance imagers
which operate in the presence of
magnetic fields.

In the film-making
process, a heated polycrystalline
yttria-stabilized zirconia substrate

is spray-coated with an aqueous
solution of barium, calcium, and
copper nitrates, and oxidized to
produce a Ba-Ca-CuO film. This
is reacted with thallium-oxide
vapour to erect a superconducting
film of the composition
TiBa,Ca,Cu,O, in the
predominant phase. This
proprietary process lends itself to
scale-up in thicknesses and
coating surfaces of extended
lengths. Todate the longestlength
of oxide produced is only 100m.
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Hézddous
Waste Disposal
Suggestions

he letter in Read/Write from

A Ward caught my attention
in the June issue as [ have had the
problem of disposal of hazadous
waste myself in the past.

Having bought a pack of
unmarked regulator ICs from a
Tandy store and started to search
for data, I found a similar toxic
substances warning on the data
sheet for the TO3 style five
terminal regulators. Fortunately,
at the time a relative was
employed by a fire exstinguisher
company, who happened to have
a toxic waste container on sight,
and permission was obained to
dispose of the devices in this
way.

It is an intersting point, that
there are a number of electronic
components which contain toxic
substances, and the labelling is
not all it could be, good examples
of this being Ni-Cd rechargeable
cells, which contain "large
quantities of easily disposable
cadmium, also fluorescent
lighting tubes whichrarely if ever
carry any cautionary markings
about the Mercury vapour and
rare earth elements they contain.,
not to mention smoke detectors
which contain a small quantity of
radioactive material.

Inrecent years civic ammenity
sites (refuse container sites) have
become better equipped with in
addition to household and garden
refuse compactors and scrap metal
skips as standard have been
augmented by the provision of
waste clothing containers for
charities and waste glass and
paper containers for recycling.
Unfortunately the nearest toxic
waste disposal is the provision of
waste engine oil containers. I
suppose that if you had no other
choice, then throwing such
devices in this container, whilst
probably illegal, would at least
prevent them from corroding, and
there is always the possiblity that
the people who process waste oil
would be better equiped to deal
with the hazadous materials than
any other sectors of the salvage
industry.
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There are companies which
specialise in scrapping computer
junk, who are mainly interested
in the gold used on the boards.
Inevitably they will handle

quantities of components
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whether they realise this fact is
another matter.
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Most scrap merchants will
have information on companies
which specialise in computer
scrap as due to the difficulties
involved in recovering the
valuable metals.

Perhaps the local fire officer
could help as it is his job to know
of any premises in his area.

*I’vé hadto \

~ ate another three levels of eq’ixai .
. cemplenty L ; ‘

: scratcﬁesthe si‘]rfa of the

Ifndwxdual count
1etter used

éﬁaiysé%: of ‘them are E)f some
_complexity yet these are only one -

level of the total analysis; there

The few words "above baely

but it can be seen that it is 313
-to classify a given text merel
tiae basisofa couple of
 Englishjustcannotbe reduced
to a simple matherﬁani:al
equaﬁon . |

An excellent starting point for
enquiries of this nature is the
Environment Department in the
FAX directory. Friends Of The
Earth might also tell you.

I hope this research is useful.

1 Field,
Letchworth,Herts
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Fig.1 A remote station showing touch points

his is an intercom with some interesting differ-
ences from most common intercom designs. It
was designed as a simple two way intercom for
use around the home or between outhouses and
the home. As with most intercoms only one person can
speak at a time but this intercom has two way control i.e.
either person can control it. Other features include touch

Interco
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Fig.2b Amplifier section of Intercom
HOW IT WORKS

The intercom consists of two distinct parts, the control logic and
the amplifier section each has its own PCB. The circuit diagram is
shown in Figure 2.

The amplifier section consists of two parts, a common-base
pre-amplifer followed by a single IC power amplifier. The speakers
ineachofthe remote stations actas amicrophone aswell as a loud
speaker. The function of the speaker is determined by the position
of the relay RLY1, which is under the control of the control logic.

The input signal from the relay is fed into a common base
preamplifier, which consists of Q1 and associated components.
The amplifierincreases the input signal to a level which can drive
the power amp, a gain of approximately 100. This amplifier con-
figurationis suitable due tothe low inputimpedance ofthe speaker
{8 ohms). The amplified signal is fed into RV1 which allows the
volume to be controlled. The resultant signal from RV1 drives the
input of the power amplifier IC1. The output from IC1 drives the
appropriate speaker via the relay.

The potentially long cables which are used to connect the
control unit to each of the remote stations can pick-up a lot of
electrical noise {50Hz mains and RF). C7 and C11 decouple this
noise fromthe signal.

D2 and D3 couple the ‘Buzzer’ tone from the control circuit
into each speaker line, when the amplifier is on, these have no
effect.

The control logic turns the amplifier on/off, controls the
direction of speech (by switching a relay) and produces the buzzer
tone to each station.

The touch pads on the remate stations are arranged so that
whena pad istouchedthe user ‘shorts’ a signal pad to ground with
afingertip (the middle pad is ground, the two other pads are signal
pads—seeFigure 1). Each of the four signal lines are pulled highvia
a high value resistor (R8-R11), when a pad is touched the ling is
pulled low (due to the skins relatively low resistance — 100k or so)
IC2buffersthe signalto give a good logic level. C13to C16 decouple
any noise to prevent false triggering, R24 to R27 protect IC2 from
damage due to ESD (Electrostatic Discharge).

When a Call/On pad is touched, timer IC6b is triggered
enabling the oscillator formed by IC5d, this oscillator drives
QR3which producesthe Buzzertone. Ifthe call/on pad is held timer
IC6a will be activated, after a short time determined by R15 and
C17. This timer will turn QR3 on and therefore enable the amplifier
and disable timer IC8b, therefore stopping the buzzer. The ampli-
fier will be shut off after timer 1C6a times out {determined by €20
and R18) or if both talk and call/on pads are touched simultane-
ously. This causes the OFF line (reset signaf to IC6a) to go low
therefore resetting the timer. This signal has small delays built-in
to stop accidental triggering.

The logic formed by IC3a, IC3b and IC4¢ control the direction
of the relay via Q2. This logic ensures the direction of speech is
always correctno matter which stationis controlling the intercom.

control and automatic turn off. The remote stations have
been designed to be suitable for use in harsh environments.

Most simple intercom systems are of the Master/
Slave type i.e. one unit, the master turns the units on/off
and controls the direction of speech. The slave can only
call the master, alerting someone to turn the intercom on.
This setup is often very inconvenient, especially for the
person at the master end who has to answer the intercom
when some one calls.

This design overcomes the above problem by effec-
tively making both units physically and functionally iden-
tical. Either unit can call the other unit, turn the intercom
on/off or control the direction of speech. All controls
(except volume) are via three touch pads mounted on each
unit, see Figure 1; these touch pads make controlling the
intercom very simple. The intercom has a built in timer
which turns the intercom off after a predetermined time (5
minutes on prototype). This is a very useful feature if you
have children who have a habit of forgetting to turn things
off.

The intercom itself consists of three separate units,
two identical remote stations and a central control unit
which contains all the electronics and the batteries to
supply it. The remote stations only contain a speaker and
three touch pads. As a result, it is very robust as well as
reliable. By using mylar speakers the remote stations can
be used almost anywhere including damp environments
like sheds, greenhouses, even the bathroom. The intercom
is battery powered, this avoids the problems of having to
site the control box near a mains outlet. Current consump-
tion is very low in standby (a few micro-amps) and less
than 100mA when in operation (the prototype has been
operating for over a year on the same batteries).

Operation Of Intercom

The operation of the intercom is done via touch pads on the
remote stations. The touch pads are arranged so that the
operator touches two pads simultaneously, see Figure 1
(to turn the intercom off all three pads are touched).
Operation is as follows: A brief touch on the call/on and
common pads causes the intercom to put out a tone to each
of the remote stations. This tone can be used to attract the
attention of the person at the other end, if required. If no
one turns the intercom on then the tone will terminate after
30 seconds.
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A sustained touch on the call/on and common pads
turns the intercom on, after a two second tone has been put
out. This short tone stops someone turning on the intercom
and listening in on your conversation without your knowl-
edge.

The direction of speech is controlled by touching the
talk and common pad; touch to talk release to listen.

The intercom is turned off by touching all three pads
simultaneously. The intercom will automatically turn off
after a predetermined time (approximately 5 minutes), if
not turned off manually.

Both units are controlled in the same way, either
remote station can control the intercom, no matter who
called or answered.

Construction And Installation

The intercom consists of two PCBs, one for the control
logic and one for the amplifier. Construction of each is
straight forward, the component overlay is shown in Fig-
ure 3. Note the polarities of the polarized components,
especially the capacitors on the amplifier board. All the
ICs can be mounted in sockets if desired except for ICI,
where it is better to solder it directly to the board as the
tracks act as a heatsink. The interconnections between
boards is shown on the component overlay and the connec-
tions to the remote stations is shown in Figure 4.

Figure 4 shows the suggested dimensions for the
remote stations. To obtain neat results when drilling the
array of holes for the speakers, cover the front panel with
masking tape then draw six concentric circles Smm apart
(starting with a 5mm radius). The circles should now be
divided into eight equal segments and 1.2mm holes drilled
at the interceptions of the straight lines and the circles.
When the boxes have been drilled the lettering should be
added (dry lettering covered with a coat of lacquer to
protect it). When completed the speaker can be glued in
place and the wiring to it and the touch pads added. The
remote stations can now be connected to the control box,
standard 4-core telephone cable is suitable. Youmay wish
to add suitable connectors to the control box (eg DIN
sockets/plugs) rather than hard wiring it to the remote
stations. A suggested layout for the control box is shown
in Figure 5. Try to keep the wires going to RV1 short (use
screened cable if the wires are longer than 1") and’if
possible solder the ground wire to the metal can on RV,
as well as to the tag. Be careful of ground loops if you
deviate from the suggested connections. For example do
not connect the ground returns from the remote stations
(common wires) together, at any point.
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Testing Operation

When complete, place both remote units near each other
and turn the volume control down. Note: if you are testing
the circuit before you have mounted the speakers in their
boxes the sensitivity will be adversely affected. The first
check should be to check the current drawn with the
intercom in standby. With the intercom off (standby) the
current consumption should be a few micro-amps (if you
are able to measure it), if the current consumption is more,
first check the intercom is of f— turn the volume up, nothing
should be heard from either remote station (touch all three
pads on a remote station to turn off). If all is OK briefly
touch the call/on — common pads on one of the remote
stations. A buzzing tone should be heard from both sta-
tions, this should stop after 30 seconds or so. Now do the
same again but hold your finger on the pads, the buzzing
tone should stop after 2 seconds (if it is replaced by a loud
screeching sound you have the volume set too high). If the
volume is slowly turned up a screeching sound should be
heard (feedback), if the remote stations are moved apart,
considerably, this should stop. If the talk/common pad is
touched a few times the direction of speech should change
—youshould hear the relay click on/off. If all three pads are
now touched simultaneously the intercom should turn off,
Do the same checks for both remote stations, if all is OK
move one station to another room and get someone to talk
to you. (The intercom is very sensitive, you do not have to

Drilt an array of 1.2mm holes (see text)
|

BOLT SOLDER TAGS TO TOUCH PAD LEGS
1T0 ENABLE CONNECTIONS TO BE MADE

) SPK A
HOLES FOR COMMON A

TOUCH PADS CALL ON A
> / I lrmuc A

T |
' 1;_}‘—;?)_. P TO CONTROL BOX

STICK THE AMPLIFIER TO THE LID USING
DOUBLE SIDED STICKY FOAM PADS
¥

SOLDER A LINK FROM THE GND
TO THE POT METAL BODY

O BATTERY HOLDERS \* .

E

NOTE: THE CONTROL BOARD SHOULD BE |
CUT TO LENGTH SO THAT IT FITS IN THE SLOTS

Fig.5 Layout of the control box

be standing next to a remote station or shout at it to be
heard).

When in operation there should be no problems,
however a few precautions should be noted. If any of the
remote stations are to be used in very damp environments
(e.g. the bathroom) you may need to move the touch pads
further apart to stop condensation activ ating the intercom.
When routing the cables for the intercom try and avoid
routing them beside long runs of mains cables. Also try and
avoid positioning any of the boxes, or cables next to
electrical equipment that generate a lot of electrical noise

=T for example televisions.
[- NOTE: CONNECTIONS ARE THE
SAME FOR BOTH STATIONS
SPEAKER 1- (STATION A SHOWN HERE)
DIMENSIONS IN MM 21 BUYLINES
-— = The mylar speakers and relay can be obtained from
. . ; Rapid Electronics (Tel: 0206 751166)
Fig.4 Dimensions and connection details
CAPACITORS 1C6 4538
PARTS LIST £1,22 470 axial 16V D1,2.36.7 IN4Q01
C2 220 axial 16V D45 1N4148
C3,4,5,6,11,23,24 100n poly or ceramic Q1BC109C
RESISTORS C7,13,14,15,16,21 10n ceramic Q2 BS170
R14R7 C8,10,12,18 22/16V tant (03 BC558
R2,7 1k2 C9 100 axial/16V Q4TIP127
R3 330R C17 330n poly
R4,12,20,21 10k C19 10,16V radial MISCELLANEQUS
R5,22 100k C20 220/16V radial RLY1 12V DPDT relay {ormron G12V or similar)
R6 12k 2x 8R Mylar speakers (66mm dia)
R8.,9,10,11 8M2 SEMICONDUCTORS 6 x triangular touch pads
R13 220k IC1 LM380 2x 6V battery holders {4AA type)
R14,15,18,19 2M2 1C2 40106 2x'PP9 type battery connectors if required
R16,17,24,25,26,27 1M 1C3 4001 8 x AA alkaline batteries
R23 150R 0.6W 1C4 4070 2 x box for remote stations 114x76x38mm
RV1 10k 1C5 4093 1 x box for control station 150x30x54mm approx
== 0
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A view of the future by James Archer

e have seen how digital techniques effectively
allow a television picture to be broken into indi-
vidual picture elements, pixels, and the informa-
tion sent along the microwave links or cables to
the transmitters is a sort of complex morse coded message
which effectively says ‘picture element number x has bright-
nesslevely andcolourz’. Atthe farend of the link the message
can be decoded, and a completely new picture can be recon-
structed, a pixel at a time, by rebuilding each pixel according
to the brightness and colour levels specified in the coded
message. The received picture should therefore be a perfect
recreation of the original.

Surely the next step should be to leave the picture in
digital form, to transmit the digital bit stream over the air , and
to receive it in your home, where a perfect picture could be
recreated in the digital receiver? There would be no need for
analogue to digital conversion before transmission or for
digital to analogue conversion right until the display stages of
the receiver, so any unavoidable degradations could be keptto
a minimum.

Now all this is very fine in theory, but the actual amounts
of information required to convey a moving television picture
are absolutely huge, and itis this high bit rate requirement, and
the corresponding wide bandwidth requirement, that proves
to be the problem.

DIGITAL BITS

Fig.1 Simplistic representation of how a sine wave might
carry two bits per cycle of PCM

1 CYCLE

As we saw in the first part of this series, CCIR Rec.601,
the world standard for digital television studios, says that to
tumn a standard studio signal into digital form, each of the three
component signals Y, BY, and R-Y must be sampled at the
following rates:

Y (luminance) at 13.5MHz

BY (colour difference) at 6.75MHz

R-Y (colour difference) at 6.75MHz
Thus we must take a total of 13.5 + 6.75 + 6.75
27 Million samples per second. ;
Sinceeight bits per sample are required to provide the necessary
256 grey levels, we thus need:

8 x 27 Million bits per second
= 216Mbit/sec.

Using simple pulse-code modulation we can carry no more

than about two bits per cycle of the radio frequency carrier, so
we would need a bandwidth of around 108MHz (i.e.216/2) to
convey our digital signal, whereas our initial baseband signal
took up only 5.5MHz.

So there is the main problem: you never get anything for
nothing in engineering, and digital signals have to pay a price
for their ruggedness - bandwidth. In practical terms a DBS
satellite could transmit one digital signal with a bandwidth of
100MHz rather than four analogue ones each with a band-
width of 27MHz, which is not much of a bargain when you are
a broadcaster. There are very real costs associated with this
bandwidth, of course - with individual satellite transponder
leasing costs of several million pounds per year, you would
have to be a very altruistic broadcaster to decide that you will
use and pay for four transponders rather than one, Jjust to give
your customers a potential improvement in technical quality!

One beauty of digital electronics is that it is possible for
the engineers in the research laboratories to make reasonably
accurate assumptions as to what will be possible one year, two
years, and even five years ahead, and this is important, since
it means that we can now see the way ahead in the digital
transmission field.

Since our major transmission problem is that we cur-
rently need to transmit too many bits, it will come as no great
surprise that the solution we are seeking lies in the adoption
of techniques called BIT RATE REDUCTION.

Bit Rate Reduction

The last few years have seen great strides in the develop-
ment of bit-rate reduction techniques for television pictures,
these usually being based on the well-known fact that most
TV pictures carry a great deal of redundant information, since
the picture occuring at any instant is generally very similar to
the one that came 1/50th of a second before it. Initially the bit
rate reduction work was carried out with the aim of finding
practical ways of transmitting digital signals between studio
centres along links provided by PTTs (post & telegraph
authorities, the national & international carriers), but it now
looks as though the work will eventually lead to methods of
transmitting signals directly to the home. Most of the trans-
mission circuits around the world comply with standards laid
down by the CCITT, an organ of the International Telecom-
munications Union (ITU), which is the international body
responsible for regulating the world’s telecommunications
systems. CCITT standard digital transmission circuits offer
nominal capacities of 140Mbit/s, 68Mbit/s, 45Mbit/s, or
30Mbit/s, so if full studio quality 216Mbit/s digital television
are to be sent along these circuits, some form of digital bitrate
reduction is a must. In addition to the technical difficulties
there are often severe cost disadvantages to using these digital
circuits, and the cost of using a 140Mbit/s circuit to carry a
single digital video picture signal compares unfavourably
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with the cost of sending an analogue video signal. In reality,
then, these digital circuits can only be used economically if
several digital picture signals can be squeezed down one
140Mbit/s circuit; this requires significant amounts of bit rate
reduction.

Many different techniques have been examined in the
search for the optimum method of bit rate reduction, the aim
being to produce pictures that show only the smallest possible
loss of quality from the original, whilst using the lowest
possible bit rate. The two main techniques currently in vogue
for bit rate reduction are DPCM and DCT. Differential Pulse
Code Modulation is a technique in which oniy the difference
between a predicted sample value and its actual value is
transmitted. The value of the predicted sample can be ob-
tained by intrafield sampling, i.e. looking at the adjacent
samples in the same field, or by interfield sampling, where the
prediction is based on adjacent sample values from adjacent
fields. DPCM has been used for some time now to carry out
the relatively simple reduction from 216Mbit/s to the 140Mbit/
s required for digital contribution circuits, and intrafield
predictions have been shown to give excellent picture quality,
making the processed pictures indistinguishable from the
originals.

Discrete Cosine Transformation

A second technique, Discrete Cosine Transform coding,
takes the data from a complete block of picture elements and
uses mathematical processes known as orthogonal trans-
forms, which are similar to the better known Discrete Fourier
Transforms, to convert this data into an equivalent form from
which any redundant information can be removed before
transmission.

With both of these techniques some additional degree of
bit rate reduction can be achieved by removing the main
horizontal and vertical blanking periods before the main
coding is begun. Another useful technique, variable length
coding, can be used to supplement both DPCM and DCT.
Whereas in normal coding methods a fixed number of bits is
allocated to each sample, this method gives the mostcommonly
occurring sample values the shortest code words, the longer
words being allocated to less frequent sampled values.

Unfortunately there is no one technique that gives the
best results on all pictures; different types of picture respond
best to different bit rate reduction methods, and it always
seems possible to find some exceptional picture material
which can be used to ‘crack’ even the most sophisticated bit
rate reduction system. In spite of this,tests in 1989 and 1990
by a working party of CCIR and CCITT members showed that
it is possible to obtain very good picture quality on nearly all
types of material at the lowest bit rates currently used by
broadcasters, 34Mbit/s in Europe and about 45Mbit/s for the
USA. The work in the various research laboratories around
the world has now crystallised in a general agreement that the
way forward is to use a complex technique called
motion-compensated hybrid Discrete Cosine Transformation
(DCT) of the original TV picture signal information. This is
not to say, that other techniques could not also be used, and we
shall also take a quick look at the exciting possibility of using
fractal mathematics and vector quantisation processing as
alternative bit rate reduction techniques.

The last few years have seen significant strides in the
development of rugged and practical methods for redundancy
reduction coding of television pictures, and as mentioned

earlier, most research projects in this field have converged on
the technique known as motion-compensated hybrid discrete
cosine transform (DCT) coding. Successive televisionimages
nearly always contain a high degree of correlation, and by
cutting out the redundant or repeated information from orie
image to the next, only essential data need be sent. Because
some parts of pictures contain less redundancy than others, the
result is a variable data rate which must be smoothed by a
buffer store. As the buffer store is limited in size, pictures
which have little redundancy for the coder to exploit could be
subjected to some distortion, and while typical pictures will
easily be accommodated, the chosen processing system must
ensure that any unwanted effects on critical programme
material are kept to a minimum, and any such effects must be
insignificant if the quality of the broadcast service is to be
maintained. This variable demand for data capacity in the
buffer circuitry is normally considered to be something of a
disadvantage, but any surplus capacity could be put to good
use for carrying additional data such as teletext or over-air
addressing for conditional access purposes.

When an analogue signal is sampled at regular time
intervals, using the quantising process described in the first
part of this series, the result is a signal made up of a series of
these analogue samples, sometimes known as a discrete-time
signal, and more generally called a digital signal. For digital
signals we usually understand that both the time and the
amplitude of the signal are quantised.

Any such signal can be examined in at least two ways, in
the time domain, which has been the traditional approach, or
in the frequency domain, depending upon the kind of analysis
to which we need to subject the signal. As an example, filter
design can be carried out in either the time or the frequency
domain. The introduction of modern high speed computers in
the form of digital signal processing chips has given engineers
the capability of mapping signals into the frequency domain
reasonably easily, and the mathematical processes used to
carry this out are known as Discrete Fourier Transforms
(DFT). A fast Fourier Transform (FFT) is merely a computer
algorithm (program) which enables the DFT to be calculated
hundreds of times faster than using standard techniques, and
FFFs now enable fairly modest computers to carry out the
calculations in real time. A particular type of DFT found to be
especially suited to image processing is the Discrete Cosine
Transform.

The essence of the Discrete Cosine Transform technique
when it used for bit rate reduction of video images is that the
differences between two successive video frames are calcu-
lated; since it would involve too much datato do this forevery
individual picture element, or pixel, blocks of eight by eight
pixels are generally used. The DCT mathematically trans-
forms each 8x8 block of pixels into blocks of 8x8 numerical
coefficients, and the statistical properties of these coefficients
are different from those of the parts of the television image
from which they were derived. Many of the coefficients turn
out to be effectively zero, since no change has occurred
between frames, and these coefficients do not therefore need
to be transmitted. The system is active in nature, adaptively
choosing the most suitable processing mode for the picture
with which it is dealing. Sometimes it will decide to process
the coefficients representing the actual blocks of pixels with
which it is dealing at a particular instant, whereas at other
times it will take into account and process the information
which it has stored from the equivalent blocks of pixels from
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previous television fields.

The current state of the art allows perfect decoding of
even the most critical picture material with a bit-rate of about
30Mbit/s, a big reduction from the original 216Mbit/s, and by
accepting that it would be practicable in the domestic TV
market to accept some reduction in vertical chrominance
resolution, and by using improved motion compensation
techniques, engineers are confident that high quality pictures
can be transmitted and received at a bit rate of as little as
12Mbit/s. This was demonstrated at the IBC exhibition in
Brighton in September 1990.

Alternative digital compression methods.

Vector Quantisation (VQ).
Unlike the DCT based systems, Vector Quantisation does not
rely on coding differences between successive frames of the
picture, and its exponents claim that it is therefore much better
at dealing with the fast moving parts of pictures,
which can give rise to problems, known as motion
artefacts, on other systems. The intraframe com-
pression technique used by the VQ system is said
torequire only low-cost read-only memory (ROM)
rather than the higher cost dynamic random-access
memory (DRAM) used by other systems. To make
use of the VQ technique a wide range of different
pictures, representative of those to be transmitted,
is processed, and the result is a large number of
‘image vectors’, which represent blocks of pixels,
rather like those produced by the DCT process.
These vectors are then compared with a set of vect

has been stored in a standard vector codebook, looking for the
stored vector which gives the closest match to the original.
Compression of the data before transmission is then achieved
by transmitting only the address of the particular vector, rather
than the actual image data.

The receiver then takes the decoded addresses, and uses
a carefully selected set of the corresponding image vectors to
rebuild the original images, with only a limited amount of
degradation.

Scientific Atlanta has demonstrated NTSC quality pic-
tures, compressed using VQ techniques, at a bit rate of only
3.9Mbit/s, and there is still some considerable doubt as to
whether the VQ system could be extended to deal with HDTV
pictures. For VQ to work satisfactorily, very large code books
are needed, and the complexities of searching these for the
wanted vectors have only recently made it realistic to use such
techniques.

1 CODER (COMPRESSOR) =
PERFORM TREE SEARCH Photo courtesy of lterated Systems Ltd
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PIgTUHE DIVIDE PICTURE BLOCK ADDRESSES Fl‘actal Transform Image
WPUT INTO BLOCKS MEMORY WITH OUTPUT Compression
OF 288 BITS CODEBOOK OF = p
SARNBLICKS [Tt e Microsoft, best known for its work in the
- °d|.| e !_“ _j. :'_ ___E 4 __;: personal computer field,has recently
ia%x 197, i& :é - * A j} announced that it intends to licence its
L R S . .
] | ! ADDRESS OF Fractal Coding Image Compression
BLOCK 3 . ‘ OFABBE.HDECSKS D technology, claiming that it offers the highest
BLOCK 2 usable image compression on the market. In
parallel with this, a company called Iterated
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clever computer generated displays that seem to take ages to
build up, and become more and more complex as they do so.
The mathematician Mandelbrot brought his ideas to the
attention of the public in the late 1970s, showing patterns that
appear equally complex no matter how much they are magni-
fied, and it was shown that this type of pattern could be created
from relatively simple computer programmes - I remember
generating such images on a BBC microcomputer, and the
patterns kept on growing for hour after hour as the iterative
programme continued on its way; although the pattern grew
larger and appeared more complex, a keen examination of the
pattern would show that it was made up of a relatively small
number of similar elements, no matter how big it became.
Althoughmuch interest was generated when it was shown that
many naturally occurring but complex features, such as vein
patterns and the edges of tree leaves could be shown to follow
fractal formations, it is only in very recent times that TV
researchers have taken an in-depth look at this area, to see
whether there are any techniques used in fractal mathematics
that could be applied to television images.

The two features that seem likely to appeal to TV image
processing researchers are that fractal images can effectively
be magnified or zoomed into ‘ad infinitum’ without losing
their basic structure, and that since such images can be
produced from fairly simple computer programmes, they may
have only a small essential information content, which could
make them suitable for use in compressed form. The genera-
tion of fractal images from computer programmes essentially
starts from a chosen place on the screen, ‘the origin’, and then
merely tells the screen dot to move and turn in a regular series
of movements, and then to repeat the process. After thousands
of repeated passes through this instruction set, a pattern builds
up on the screen, and it is fascinating to see how just a few
bytes of information can build up a complex pattern.

In a similar way to that used for image processing using
the Discrete Cosine Transform,it is now possible to math-
ematically process images using a ‘fractal transform’, an
invention claimed by Dr Barnsley, who now heads Iterated
Systems Inc., which has actually registered the ‘fractal
transform’ name. The fractal transform can take an image and
decide which fractal elements can be used to make up that
image. It is then possible to generate computer algorithms
which can create each fractal element, and by running these
algorithms the image can be re-created. As in the DCT
analysis of an image, the fractal analysis first divides the
image into small blocks, groups of pixels. Having done this,
the fractal process begins to search for similarities in the
image; what is being sought are similar blocks elsewhere
which make up the image - they may not be exactly the same
as the block with which they are being compared, but they will
have the same basic information, perhaps moved in position
and twisted angularly from the original. The process is an
iterative one, so once some similar blocks have been found
another set will be sought for that are similar to the second set,
and so on.

Fractal images can currently be compressed by as much
as 77:1, and the mathematical processes are still being refined.
The compression process, whereby fractals are generated
from moving images, is currently very computerintensive, re-
quiring much time and fast computer hardware, but the de-
compression algorithms are very much simpler. This should
make it possible to regenerate the compressed pictures with
simple equipment, and aplug-in PC card is currentlyavailable.

Although this new technique promises much in the
television field, once again I have to caution- against
over-optimism in the short term. A typical computer VGA
image currently now takes a few seconds to decompress, and
video frames, which can be compressed to take up only a few
kilobytes, take around a second. There is therefore quite along
way to go before this technique can be used for real time
moving TV pictures at 50 fields per second. Nevertheless, it
is possible to see where these techniques could lead, and to
predict that advances in computer processing power will have
an enormous impact on the application of fractals to TV image
processing.

Fractal techniques need not be used by themselves, and
the image compression that they can provide could readily be
combined with techniques such as differential coding and
motion compensation, which have been developed for use
with other systems. [t does seem that for any particular quality
of image, fractal transforms will continue to be able to give
greater compression ratios than DCT, the problem being that
in order to increase the compression available from DCT it is
necessary to split the image into bigger and bigger blocks of
pixels, which means that the resolution of the image must
inevitably become coarser and coarser. The fractal com-
pressed image theoretically still keeps the same resolution, no
matter how great the compression used, since you are effec-
tively reconstructing the picture from a mathematical series of
instructions. At the limit, it seems likely that an image which
has been subjected to too much fractal compression would
start to lose some detail. Fractal techniques, as newcomers to
the television field, could have much to offer, and I shall be
keeping a close watch on their development over the next year
or two.

Transmitting the bit-rate reduced pictures
Now that we are able to see a possible way forward for the
generation of bit-rate reduced digital television pictures, ways
in which we could possibly transmit these pictures have to be
found. In an ideal world the TV broadcasters would simply be
allocated a portion of unused radio frequency spectrum for
these new services, but in real life the lack of spectrum
availability means that this is most unlikely to happen. A most
useful aim would be to transmit this digital information, that
is, extra TV programme channels, in the existing UHF band,
sharing it with the existing analogue broadcast programmes.
As can be imagined, this is by no means simple.

Digital Television — Developments in
transmission

Although we have so far intimated that there is no real
possibility of transmitting television pictures digitally for
years to come, because of the high bit rates and wide band-
widths required, IBA UK research laboratories revealed in
September 1990 that new techniques that they have developed
might bring digital TV forward by several years.

Using the acronym SPECTRE
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A project is currently being undertaken in order to try to see
whether it might be possible to further develop the already
extensive use which is made of the UHF spectrum for carrying
television signals. The present situation is that the 44.8MHz
wide channels that make up the current UHF TV broadcast
band in the UK are actually used and reused by something like
3400 different television transmitters, most, of course, being
low power relay stations.

The idea of SPECTRE is to investigate the feasibility of
additionally squeezing a large number of low-power digital
signals into this same chunk of bandwidth, without affecting
the existing analogue signals.

What makes such an idea possible is that although the
present UHF band was well planned back in the early 1960s,
making various assumptions about receiver technology and
transmitter performance capabilities, we can now see, with
our more up to date knowledge of digital signal performance,
that there is in fact some spare capacity, some redundancy in
this band that we could now perhaps make use of.

The first problem to be solved is how to transmit the
digital signals without causing interference to the existing
analogue PAL pictures.

This can be done, provided that the level of the digital
signals is kept extremely low, compared with that of the
analogue signals. It is possible to provide digital TV pictures
over the same coverage area as the analogue signals even with
the digital signals at very low power, because the carrier to
noise ratios required for the satisfactory reception of digital
signals are very much less than those for the existing analogue
signals.
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Fig.4 Comparison of Signal to noise ratios required for
analogue and digital transmissions

Typical C/N figures for a grade four picture, almost
perfect, are about 40dB for our existing analogue PAL serv-
ice, but only 15dB suffices for a digital service. With modern
receiver front ends and the improved noise figures that have

noisy and interference-prone environment. As well as this,
there may well be problems with multipath interference,
where signals are reflected from nearby buildings or hills and
arrive at the receiving aerial at various different times.

Whereas this would cause ‘ghostimages’ on an analogue
signal, a receiver that it is trying to pick up a digital transmis-
sion will effectively have to sort out the direct pulses from the
reflected ‘ghost’ pulses that arrive at different times, a very
difficult task under normal circumstances - how can areceiver
distinguish between a ‘wanted’ pulse and a reflected one?
Readers who have tried to receive teletext over difficult signal
paths or without a proper aerial will know that the receiver
often displays completely wrong characters when the digital
signals are received with errors. For digital broadcasting, the
choice of modulation method is therefore critical.
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Fig.5 Comparison of transmitter powers required to
provide similar coverage from analogue and digital
transmissions.

Engineers from National Transcommunications Ltd.,
who have been at the forefront of this work, believe that the
best idea could be to use a technique called Orthogonal
Frequency Division Multiplexing modulation, using a large
number of overlapping digitally modulated carriers, some
form of QPSK (Quadrature Phase Shift Keying) coding then
being used. QPSK is a well-tried modulation method in which
the phase of the radio frequency carrieris altered between four
different states; very low error rates can be achieved, and the
decoding circuitry is simple. The rule of thumb for QPSK
modulationsays that the bandwidth required is approximately
equal to the bit rate, so that a 34Mbit/s signal can comfortably
be carried on a 34MHz wide satellite transponder.
Orthogonal
Frequency
Division
Multiplexing

become realistic over the past couple of
years, it should be possible to

obtain matching coverage areas

from digital transmitters radiating
signals with 30dB less power, that is
one-thousandth of the power of the
equivalent analogue transmitters.
This low power digital operation is

of great benefit in reducing

potential interference to the existing
analogue PAL signals.

As T never tire of reminding
people, however, we never get
something for nothing in engineering,
and one disadvantage of the low power
operation is that the digital signal will
have to operate in a very hostile,
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We are familiar with the idea of FDM, frequency divi-
sion multiplexing, where several different signals are modu-
lated onto a group of adjacent carrier frequencies which are
then sent along a common channel. OFDM takes this a stage
further, and the diagram illustrates what happens.

we can define a spectral template for the digital signal, and get
our receiver to look only at the information within that
template, ignoring the interference that would be caused by
the powerful sound and vision carriers.

UHF TV channels in the UK are spaced 8Mhz apart, so
that the frequency spectrum of transmissions

AMPLITUDE

A

Fig.7: OFDM Waveforms

FREQUENCY

from a single transmitting station will, to a first
approximation, look like four equally spaced
pairs of sound and vision carriers. Whilst it is
true that there will also be energy in the form of
subcarriers present at the colour subcarrier fre-
quency and at the frequency of the NICAM
digital sound carrier, the effects of these are
reduced by the dispersal effect of their modulat-
ing signals, so that they have much less peak
power than the sound and vision carriers. The
regular spacing of TV channels therefore makes
it possible to fit in extra low-level digital sig-
nals, between the existing signals, as the dia-
gram shows.

Theory suggests that we could actually
provide eight new digital channels for each

The OFDM technique breaks the digital data stream into
sections and uses these multiple signals to modulate a large
number of simple carriers, and it is the total of all these
modulated carriers that makes up the OFDM signal. The
individual carriers are derived from the Discrete Fourier
Transform of the original signal.

The essential feature of the OFDM technique is that the
frequency spectrum of each modulated carrier is deliberately
allowed to overlap its neighbour, and careful selection of the
carrier frequencies, of the phasing of each of the signals, and
of the digital coding system that is used, allows the individual
carriers to be separated out again by the application of the Fast
Fourier Transform as the signal is demodulated. The same
circuitry that can distinguish between the individual carriers
is able to take account of out of phase reflected signals, such
as those that are produced by multipath interference.

The spectrum that is produced by the tightly packed
overlapping spectra of each of the individual carriers gives an
effect like that shown on the bottom of the diagram, from
which we can see that the system makes very efficient use of
the available radiofrequency bandwidth.

Inpractice there is some intersymbol interference caused
by the inevitable multipath interference, but the problem is
reduced or eliminated by leaving a guard band interval between
each symbol; provided that this is long enough to exceed the
delay suffered by any of the reflected signals all the orthogonal
carriers can be demodulated without difficulty.

The OFDM spectrum, gives excellent results in the
presence of multipath interference, and it also turns out to be
ideal for use in a hostile interference environment.

The main interference from existing analogue TV trans-
missions will take the form of two high power carriers at the
sound and vision frequencies. OFDM can cope well with this
because the large number of carriers used means that it is
possible to decide not to transmit any information on some of
them, if we wish. For our purposes this means that we can cut
out those carriers that fall in the portions of the spectrum near
to the analogue vision and sound carriers. Effectively, then,

transmitting station, but in practice transmitters
are not sited on an ideal frequency lattice, and there are
various other problems that restrict the frequencies that can be
used.
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Fig.8 Spectral template to cut out vision and sound carriers
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‘Taboo’ channels affecting an analogue TV network

A television transmitter network generally consists of a
large number of different transmitting stations situated
all around the country, and since the amount of
radiofrequency spectrum that is allocated to television
broadcastingisinvariablyrestricted, several transmitters
in different locations will have to share the same chan-
nels. [fthe transmitters are far enough apartthen channel
sharing should generally be possible withoutinterference,
but in many practical situations transmitters using the
same channels will not be as far apart as would be ideal,
andthere s alwaysthe possibility of so-calied ‘co-channel
interference’. Unfortunately, because domestic receiv-
ers are generally built down to a price, rather than to the
highest possible technical standards, it is found that
there are other channels which could cause interference
if they were to be used within a certain distance of
another transmitter.

Adjacent channel interference

let us assume that the channel to which the receiver is
currentlytunedin ordertoviewthe programmeis channel
n'.

Any nearby transmitter radiating signals on the adjacent
channels, i.e.n +1and n - 1 would cause interference in
the form of patterning or buzz on sound, simply because
the selectivity of the ordinary receiveris notgood enough
for it to separate two adjacent signals.

Local Oscillator Interference

All modern receivers are of the superheterodyne type
which use a local oscillator to beat with the incoming
signals in order to produce a standard
intermediate-frequency signal that can be readily am-
plified and demodulated. This local oscillator (LO) can be
considered as a small transmitter, and in UK television
receivers the LO is usually 39.5MHz above the incoming
frequency to which the receiver is tuned, channel n. The
LO therefore generally radiates potentially interfering
signals on channel n + 5 when the receiver is tuned to
channel n, since 39.5MHz is close to 40MHz, which
represents five 8MHz-wide TV channels. The affected
channel obviously depends upon the intermediate fre-

quency used, and is different in different countries.
This means that if a nearby receiver were to be
tunedto channeln +5itwould sufferinterference fromits
neighbouring set tuned to channel n, and in order to
preventthis from happening we must treat channeln +5
as a ‘taboo’ channel. Similar problems apply in reverse if
the n - 5 channels are used, so these too must be re-
garded as ‘taboo’.
Intermodulation products
Certain combinations of input signals can rrbttogetherto
produce spurious signals which generally appear as
patterning on the wanted picture. If there are several
carrier frequencies, say ‘a’ and ‘b’, then various combi-
nations of these, such as (2a-b) can cause problems.
Sometimes a similar phenomenon known as
cross-modulation can occur, where the modulation from
one carrier is effectively transferred to the other, giving
the annoying effect of two pictures superimposed, or of
the sync pulses of one picture showingup onthe other. The
planners of the television spectrumusage therefore have
to ensure that transmitters using frequencies which are
likely to generate these spurious signals are kept well
separated.
Intermediate-Frequency Beat Interference
When two television signals from two different transmit-
ters are separated by the intermediate frequency of the
receiver the two signals can combine in such a way that
they produce a beat signal atthe difference between the
two frequencies, and this signal can be picked up by the
receiver's intermediate frequency amplifier. Such an
arrangement of channels must therefore be considered
as taboo, providing frequency planners with yet another
restriction.
Image interference
Since the front-end selectivity of the average domestic
television receiver is poor, signals at twice the interme-
diate frequency of the receiver from the wanted channel
can passthroughthe receiver. This applies to both sound
and vision signals, and in UK practice means that signals
on n + 9 must also be considered taboo.
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tests of SCEPTRE took place in the west of England during
the spring of this year, but there is a lot more work to do before
a usable system is developed.

At the International Broadcasting Convention in Hol-
land at the beginning of July 1992, details were given of the
arrangements for field trials of the SPECTRE system that are
being carried out using the Stockland Hill and Beacon Hill
transmitters in Devon.

The transmitters are about 30 miles apart, and at each site

thus freeing all the bandwidth to be used for dozens of
different digital HDTV transmissions. This is the basis of
some of the rather way out reports and predictions that have
appeared in the press, suggesting that digital television will
bring all this and more - it may well do so, but the likelihood
is that some of the predictions will not be fulfilled for many
years to come.

One key question as to whether such ideas can be turned
into reality will centre around the ability of receiver manufac-

a log periodic aerial has been erected half way up
the existing mast; the aerials are directed at each
other, making possible a range of different experi-
ments. Normally one transmitter will broadcast a
digital television signal using the OFDM modula-
tion system, and the other will radiate an interfering
signal.

The arrangement shown in the diagram indi-
cates that Stockland Hill is configured as the pro-
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Fig.11 Block diagram of Plessey FFT processor

vider of the wanted digital signal, and Beacon Hill
as the source of potential interference. The Stockland Hill
transmission is a compressed digital video signal modulated
using OFDM, whilst the interfering OFDM signal from Beacon
Hill is modulated by a pseudo-random data sequence. A
mobile field strength measuring vehicle can drive around the
service areas, checking on received picture quality and
measuring both field strengths and error rates. The OFDM
transmissions will take place at the same time as the two
stations are transmitting their normal four PAL UHF trans-
missions. The Stockland Hill transmitter is well sited for tests
of the effects of SECAM transmissions from France, and of
co-channel interference from the main Rowridge UHF TV
transmitter on the Isle of Wight.

The equipment has been arranged so that it is possible to
transmit signals from both Stockland Hill and Beacon Hill on
different ‘taboo’ channels, and with both OFDM transmitters
working on the same frequency it is will be possible to
investigate the use of single frequency working, a technique
that could have enormous implications for future television
networks. If a method could be devised of operating dozens of
television transmitters throughout the country on the same
frequency channel, without mutual interference, as has al-
ready been tried for digital radio broadcasts, then the use of the
existing frequency spectrum could be multiplied many times.

All sorts of claims have been made in the technical press
about SPECTRE being able to carry as many as forty simul-
cast channels, but those engineers closest to this work dismiss
such talk as nonsense, and taking into account all the various
factors that we have discussed above, a more realistic out-
come might be to be able to provide four analogue and four
digital TV signals from each transmitting station, thus dou-
bling the number of possible terrestrial TV programmes.

Whilst this would be some considerable achievement, I
must stress that it will not happen overnight. Much work still
has to be done before we can know whether a digital TV
service to the home would be feasible and economic, but the
rewards would be so great that it certainly seems worth
continuing with the research. As the same techniques are
developed further it should one day prove possible to use the
digital bit streams to carry HDTV signals, or, eventually, to
carry tens of extra channels within the same spectrum. Re-
search engineers are already looking forward even further,
towards a time when it may be possible to clear the terrestrial
spectrum of the existing old-fashioned PAL transmissions,

turers to provide low-cost digital receivers which can process
Fourier transforms. Initial discussions suggest that it will be
the late 1990s before such receivers could be available at
realistic prices. Although it is not yet possible to buy off the
shelf large scale integrated circuits to carry out these proc-
esses for television images, new digital signal processor chips
are starting to appear in the manufacturers catalogues at
reasonable prices, and one can easily extrapolate from the
performance of today’s chips to a time just a few years hence
when high quality TV pictures could be processed. An exam-
ple of such technologies is the PDSP16510 stand-alone FFT
processor chip that is currently being made by GEC Plessey
Semiconductors in the UK. The PDSP16510 performs
forwardor inverse Fast Fourier Transforms on data sets con-
taining up to 1024 points. The input data and the numerical
coefficients are each represented by 16 bits. The 1024 point
complex transform can currently be completed in 96us, which
means that it can be configured to carry out continuous
transforms in real time. Now although the processing powers
of the current chip are still nowhere near good enough for our
projected TV use, even though it is possible to improve
system performance by connecting chips in parallel, it does
not take much imagination to see that future developments of
this sort of digital signal processing device could lead to full
function TV image processors becoming available in the not
too distant future.
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Using the PCB
given away on
our front cover,
Andrew
Armstrong
consfructs a car
battery charger
that monitors its

.

:

.

i

i
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e
Charger

ow that Summer is here, it is a good time to
consider the problem of flat batteries in motor
cars — before it catches you out next winter. This
battery charger project was inspired by a problem
my neighbour had. The battery on her car was so flat that

the courtesy light only glowed dimly, and when she tried
to start the engine, the solenoid made a loud clatter, which
was whatalerted them to the problem. What was happening
was that the battery, though at only about 9V, had enough
power to pull in the solenoid, but as soon as the solenoid
made contact the starter-motor pulled the battery voltage
down almost to zero, causing the solenoid to drop out
again. Apparently a fault in the car’s security alarm had
quietly (for a wonder) flattened the battery overnight.
An attempt to charge the battery using an ordinary
battery charger resulted in a blown fuse as the car battery
attempted to draw an excessive current. I solved the
problem at the time using the gross technological overkill
of a 12V 15A short-circuit proof power supply which I
built to run my amateur radio equipment. It occurred to me
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that a thyristor-controlled car battery charger might be a
more appropriate solution.

Control method

There are two obvious approaches to controlling
charging current by means of a thyristor: one is to phase
control the rectified unsmoothed output from the trans-
former; the other is to use a burst-fire technique to regulate
the average current. The burst-fire technique can result in
higher peak currents, and, unless it is very cleverly con-
trolled, can produce a net DC in the secondary winding of
the transformer. It does however typically generate less
radiated interference. Despite the question of interference,
the decision was made to use phase control which seemed
likely to work better in every other respect.

Since the charger was to be electronically controlled
anyway, it should limit voltage as well as current, so that
itcould be safely left connected to a battery without the risk
of overcharging it. This might be valuable if the family car
is to be left in the garage unused for several weeks, but

needs to be started without trouble at the end of that time.
It also seemed sensible to use LEDs to indicate the charg-
ing status rather than to use an ammeter (which seems to
get broken very easily in a garage environment).

The block diagram shown in Figure. 1 illustrates the

Construction

This unit is intended to be constructed on the free PCB
supplied with this magazine. Assembly of the PCB should
present no problems, and none of the components are
especially static-sensitive. Depending on how the PCB is
to be mounted, any or none of the thyristor and the two
indicator LEDs may be mounted on the board. On the
prototype unit, the thyristor was board-mounted, while the
LEDs were connected with wires and mounted on the front
panel, as shown in the case plan, Figure 2. Wherever the

RECTIFIER (BOLTED
MAINS LEAD TO BACK PANEL)

EARTH WIRING / T0220 TYRISTOR
N\

RIGHT-ANGLE
BRACKETS

INTERNAL WIRING

et i \

MAINS TRANSFORMER
LEDS (ONE OVER
] THE OTHER)
Fig.2 Plan of case

TERMINALS

board is mounted, the thyristor must be on a heatsink or a
suitable piece of metal which will act as a heatsink. The
prototype unit was built into a clamshell-type plastic case,
with aluminium front and rear panels, so the rear panel
forms a suitable heatsink in this unit. The PCB is mounted
onto the rear panel, using small steel right-angled brackets,
and M3 bolts. The triac is also mounted on the rear panel
using an insulating kit, so that the panel is not connected to
any part of the electrical circuit. The right angled brackets
should be bolted onto the back panel before the triac is
bolted on, in order to minimise stress on the soldered
joints.

It is also necessary to mount the bridge rectifier on a
heatsink, because when 4A is

Fig.1 Block diagram

flowing it will dissipate ap-

CURRENT
SENSE

proximately 6W. It is recom-
mended thatheatsink compound

VOLTAGE = BATTERY is used to assist heat transfer

RARS } m PHASE b —{ SENSE = onPERe | from the body of the bridge rec-
CONTROLLER | POWER tifier to the metal.

I\ The mains transformer was

bolted to the plastic base of the

general principles by which current and voltage measure-
ments are used to control the charging current. Current is
sensed across a low value resistor, while the terminal
voltage of the charger is also measured. The average
charging current is not allowed to exceed a pre-set level
(normally this would be set to 4A) no matter how low the
battery voltage, but the charging current will decline
towards zero as the battery approaches the preset charging
voltage, which would normally be set to 14V.

Power to run the phase control and firing circuit is
drawn from the battery. One effect of this is that, if the
battery is connected the wrong way round, the thyristor
will not be fired and no current will flow.

case, using M4 bolts. Ithad tobe
positioned very carefully, to maintain a safe spacing from
the switch terminals while allowing room for the bridge
rectifier behind it. The switch was mounted at such alevel
that its terminals were below the level of the transformer
terminals. Mains wiring enters at a retaining grommet on
the rear panel and goes straight to the switch. The switch
is then connected to the transformer with short wires.

In line with what is currently believed to be safe
practice, the metal panels at front and rear of the case were
connected to mains earth: the front one via the metal switch
bezel, and the rear one via one of the mounting bolts,
retaining the PCB. To prevent strain on the earth-wiring, it
was star-connected to a tag secured to one of the unused

L)iro4ud

ETI AUGUST 1992

297




upper mounting holes of the transformer.

Because the current is limited in this design of charger,
and because it is protected against reverse battery connec-
tion, an easily replaceable output fuse is unnecessary.
Nevertheless, it is probably advisable to fit an output fuse
internal to the unit to protect against catastrophic failures;
for example, the thyristor failing short-circuit. A 6A 1.25-
inch fuse was used in the prototype, though this had not
been fitted at the time it was photographed. (The prototype
was made in accordance with the most advanced modern
manufacturing control theory: Just In Time.)

Testing And Adjustment

When the unit has been built and inspected for obvi-
ous errors, connect it to a car battery via a 100R resistor to
check that nothing is seriously wrong; if something is
drawing too much current in the unit, the resistor will get
hot or even burn out. This is a fail-safe. If it burns out, look
for solder-blobs on the back of the PCB causing short
circuits, and check that the IC is inserted the correct way
round.

When all is well, set both the preset potentiometers
fully anticlockwise, then connect up the unit with an
ammeter instead of the resistor and plug it into the mains
and switch on. Gradually increase the voltage pot RV2
until the charging current stops increasing. If the current is
noticeably less than 4A, increase the voltage setting fur-
ther and adjust the current set potentiometer RV1 until 4A
is flowing. Then connect a voltmeter to the battery, and
adjust RV2 so that the current is approximately 0.5A when

1 2 3 4 A
| ———
CIRCUIT STOPS
WORKING

Fig.3 Charging characteristics BELOW 4V

the battery voltage is 13.8V. It may be necessary to wait a
while until the battery charges to this voltage in order to
complete the adjustment of the unit.

The LED indicators show the status of the battery
charging process. LED 2 illuminates when the current
limit is coming into effect. The current limit is progressive
rather than abrupt, giving rise to the curved current/voltage
characteristic shown in Figure 3. When this LED glows
brightly, it is a reasonable deduction that the battery is
deeply discharged.

LED 1 brightens in proportion to the phase angle for
which the triac is triggered. When the current limit , LED2,
is on, LED1 will be at its brightest. As the battery charges
up past the point at which current limiting occurs, LED1
will decrease in brightness. When the charging current has
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Fig.4 Circuit diagram of Smart Charger

28

ETI AUGUST 1992




reduced to a very low level indicating that the battery is
properly charged, LED1 will be quite dim. It will remains
bright enough to see, however, because a significant phase
angle of triggering is required before any current at all
flows. If triggering occurs after the point on the output sine
wave at which the transformer voltage falls below the
battery voltage, no current can flow.

The current limit of this charger can be connected to
even the flattest battery with no risk of damage, while the
voltage limit makes it similarly safe to leave connected for
weeks if necessary. The only drawback, if such it is, is that
if the battery voltage is below about 4V, the circuit may not
work, in which case no charging current will flow. On the
other hand, car batteries will very very rarely become this
flat, and a battery which is this flat may well be pastsalvage | Fig.6 Component Overlay
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HOW IT WORKS

The rectified by unsmoothed output from the mains transformerisfedto ~ frequency response is limited by C5 in order to keep noise out of the
the input of IC1c, whichis a Norton op-amp. A Norton op-ampis current  system. The resulting error voltage is compared with the rampin IC1b to
rather than voltage operated. The output voltage of the opamp is equal  generate pulses which trigger the thyristor via Q3 and Q1. Because the
to the gain multiplied by the difference in currents between the two  batteryvoltage as measured atthe terminals of the charger will fluctuate
inputs. As long as positive input current is flowing, the inputs remain at ~ substantially as a result of the charging current, the battery voltage
one diode-drop above the negative supply voltage. IC1c therefore forms  measurement is averaged by C4.

a comparator, arranged so that when the input voltage to R1 is high The trigger pulses have a peak superimposed on what would be a
enough to make approximately 12A flow in R1, the output of IClc  squarewave, because the battery voltage (which supplies the electron-
switches from high to low. This occurs when the input voltage to R11is  ics) rises during the charging pulse. Note that the peak on the top of the
approximately 1.2V (remembering the one diode-drop voltage onthe op-  trigger waveform ceases before the end ofthe high part of the waveform

amp input). This is illustrated in the waveform diagram, Figure 5. —becausethe charging currentceasestoflowwhenthe mains sinewave
IC1d forms a ramp generator which is reset by the pulses from is close to its zero crossing.
IC1c. This part of the circuit generates a linear ramp by using the op-amp The average current is measured by the circuit including Q2.

to maintain a constant charging current to C2. The op-amp output Again, the measurement is averaged by an RC time constant, because
voltage rises atsuch a rate thatthe input currentto pin 11isthe sameas  the charging current is pulsating, and it is the average current which
the constant current fed into pin 12. The reset pulse is of such a high mustbe contralled. Asthe currentlimitcutsin, currentisfed via LED2into
current that the output voltage falls very rapidly, but the capacitor does  the battery voltage comparison chain, reducing the error voltage pro-
notchargeupinthe reverse direction, because itis clampedbythe diode - portionallytothe amount of avercurrent. This reduces thefiring angle, so
characteristic of the op-amp. regulating the current. The gain of the current limiting control loop has
The battery voltage is potted down by R21, R22 and RV2, and  been limited to avoid the possibility of oscillation. The resistance of the
compared with a reference voltage on a zener diode. IC1a forms an  voltage measurement chain was deliberately chosen to be low enough
error-amplifier with a DC gain set by the ratio of R17 to R18. The that LED2 would light visibly when current limit was in operation.
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lthough recently, signal sources have become pro-
gressively less noisy it’s still an unfortunate fact of
life that the problem still raises it’s head. In
particular radio suffers from noise, exacerbated
when listening in stereo. Records also suffer from low level
noise, and despite Dolby systems so do tapes. As a hi-fi nut of
the first order I find this particularly exasperating and I long
felt the need for a simple in-line noise eliminator that could be
used when required and bypassed when not.

Most of the noise reduction systems rely on encoding the
material first and producing noise reduction on decoding. The
two major noise limiters work on this principle. Dolby using
treble boost and cut whilst the DBX system uses a compander.
Of the two systems the DBX is more complex but is able to do
more in the way of noise reduction.

To explain the compander principle one has to consider
the dynamic range of an audio signal. The dynamic range is
essentially the difference between the loudest and softest
notes in a performance. Live music is capable of a dynamic
range exceeding 10,000:1, or 80dB. It follows that in order to
completely cope with a musical performance any recording
medium has to capable of a similar range.

The best records can just manage 1000:1 range whilst a
good studio quality reel to reel recorder can manage a little
better. The only widely available medium that can pack the
range is the CD with better than 90dB signal/noise ratio. It’s
noise that ultimately limits the available range.

If the softest passages are likely to be lost in the noise
level some method must be found to prevent this. The result
is that mostrecorded music s dynamlcally limited, usually the
peaks are compressed.

As there are no standards laid down for limiting it’s a
pretty futileexcercise trying torestore the original range of the
program electronically. Heres where a compander comes in.
The word is an amalgam of compresssor expander. If the
compression is carried out in a certain manner and the expan-

A Hi-fi noise reducing system by Jeff Macaulay

NOISELESS SIGNAL

NOISY SIGNAL

| PEAK DETECTED
SIGNAL (HEAVY LINE)

Fig.1 The noiseless, noisy and peak detected signal

sion in exact reverse the dynamic range of the signal can be
halved. We now only require 40dB dynamic range to encode
the signal, a feat that can be accomplished by a cheap cassette
recorder! On playback the noise level is expanded downward
to become inaudible whilst the full range of the signal is
presented intact.

In the early eighties I had the opportunity to use such a
system. It gave CD quality from speciaily recorded records
with a background of complete silence. However back here i in
the real world no ammount of fidlling with signals dynamws
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Fig.2 Basic Push Pull peak detector

will help matters with an already noisy signal. However there
are ways to alleviate noise problems and these should be
investigated before using noise reduction.

Noise comes from two major sources. One is the electri-
cal environment of the equipment and the second due to
components within the equipment itself. A major source of
noise in an FM system is due to low signal levels. This can
usually be traced to an insuficient aerial or one incorrectly
positioned. However an aerial can only be pointed in one
direction at a time and is usually fixed.

With vinyl records there is usually noise produced from
tracing the groove as well as the natural noise level generated
by the resistive part of the cartridge impedance. Unfortunately
no two records seem to be recorded at the same level and so
some are noisy from the first playing.

The noise problems of tape recorders, especially cassetie
players are to well known to require further elucidation. This

On loud passages when the filter bandwidth is widened
the signal effectively masks the noise. However most have
subjective problems due to the audible opening and closing of
the filter’s bandwidth.

The other alternative is to use a noise gate. Here the
signal is muted until it exceeds a certain amplitude. The gate
allows high level signals through whilst supressing low lev-
els. As you can imagine such on-off action is not very hi-fi and
so it’s rarely encountered in practise.

Figure 1 shows the difference between a clean and noisy
signal. As you will notice the noise ‘rides’ on the back of the
wanted signal and is usually of much lower amplitude. If you
were to draw a line through the centre of the trace you would
have a good approximation to a noiseless signal. My first
attempts to produce such a circuit were fruitless and it took
many months before a solution was forthcoming. Figure 1b
shows it.

What I’ve shown here is a peak detector circuit. Whilst
the signal is positive going the sucessive positive peaks are
held by the circuit which traces the average waveform. On
negative going excursions a negative peak detector provides
a complementary output. Sticking both together provides a
good copy of the original. In fact the noise can be considered
as a form of uncertainty which the circuit reduces. Having
worked out how it might be done another few months went by
before I could shout Eureka! This occured when I realised that
a complementary pair of transistors and a capacitor could
provide the results I was looking for.

Figure 2 shows the circuit in it’s simplest form. On
positive going signals Q1 charges up C1 to the positive peak
level. The transistor acts as an emitter follower. When the
signal goes negative Q2 conducts charging C1 to the negative

: INPUT OUTPUT
INPUT ————— St NOISE GATE Sprbdd .
PRECISION
FULL WAVE
RECTIFIER
Fig.3 Block diagram

brings us back to the original problem, designing a device to
reduce the noise to acceptable levels without destroying the
quality of the recording. At this stage I ought to issue a
disclaimer. As far as I am aware there has yet to be a noise
reduction system that doesn’t affect the quality of the input
signal. To remove noise also implies that some signal will also
be adversely affected.

Nevertheless a very worthwhile subjective improvement
can be had by fairly simple means. There are two main ways
of reducing pre-existing noise. The first is to use filtering of
the high frequency content of the signal. This works because
subjectively mid to high frequency noise is the most noticiable.
The filtering is most efficient, if you like your music sounding
as if it were recorded through a thick pillowcase! A better
refinement of the system is to make the filtering signal
dependent. Here high frequencies are detected and used to
alter the filter’s turnover frequency.

A well designed system of this kind works well enough.
Luckily softly played instruments generate few hamonics so
the full advantage of filtering can be obfained where noise
problems are most prominent.

peak value. By adjusting the bias voltage between Q1 and
Q2’s bases the operating level can be adjusted between letting
100% of the signal through to just the peaks.

With a pot to adjust the bias the amount of signal can be
adjusted to allow the noise to be partially or completely
eliminated. Push pull act ion of the output stage also means
even harmonic distortion is eliminated. Some distortion re-
mains however due to the switching action of the circuit. This
can be ameliorated by proper selection of Cl1 to produce a
ramping action between samples.

Although the circuit worked well as described it soon
became obvious that dynamic control would be better. Es-
sentially I needed a circuit that would automaticaily adjust the
bias with signal level.

The Circuit

The circuit is best explained by reference to the block
diagram. Here the input signal is first buffered and applied to
the noise gate. Simultaneously the input signal is precisely full
wave rectified by a pair of op-amps used in a appropiate
circuit. At the input of the buffer the input signal applied to the
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rectifier can be attenuated by RVL. This allows the amount of
‘active’ noise reduction to be easily controlled.

The buffer always receives the full input signal since it’s
input is derived from the hot side of RV1,

The input buffer drives the two transistor noise gate. The
amount of static noise reduction setby RV2. In operationRV1
is turned so that it’s slider is at earth potential and the static
noise reduction set by RV2. Then RV2 is advanced until the
best sound is achieved. An instant comparison with the input
is available via SW1.

Finally the signal is buffered out to the rest of your
equipment. Having discussed the generalities lets look more
closely at the actual circuit. The buffer and rectifying devices
are good old TLO72’s. These are ideal for the purpose having
the virtues of high input impedance,low noise and high slew
rate. Q1 and Q2 don’t have to be anything fancy either. T used
BC327 and BC337’s here.

Input signals are fed into IC1a’s non inverting input via
the DC blocking capacitor C1. RV1 provides input bias for
IClaviait’s connection to the voltage divider comprising R1
and R2. Because these two resistors have the same value the
voltage at their junction is half the supply voltage. C2 has a
large enough value to bypass any audio at the junction to
ground whilst the required DC level remains unaffected by
it’s presence.

The output of IC1a is directly coupled to the base of Q1.
Q1 in conjunction with Q2 form the noise gate proper. Biasing
is set by R3/4/5 and RV 1. The latter component sets the static
noise threshold. Bias current is provided by Q3 and R8 biased
by the potential divider comprising R9 and R10.

C3 provides the sample and hold facility whilst the
output from the noise gate is fed directly into the non inverting
input of IC1b. This op-amp is configured as a simple unity
gain outputbuffer. The unprocessed signal can also be selected
for comparison purposes by SW1.

Returning to IC1a the feedback connection is rather
unusual and makes use of the high open loop gain and slew
rate of the TLO72.

R3 and R4 have the same value so, because of the current
sunk by Q3 an identical voltage appears across each. Normal
op-amp action is to maintain both inputs at the same potential.
The result is that the output rises until the junction of R3 and
R4 “sits” at the same potential as the non inverting input. In
operation the full wave rectifier modulates the curent flow
through the bias circuit. As aresult the voltage drop across R3
will also vary.

Suppose current flow through Q3 increases. The collector
voltage will drop and this will be sensed by the inverting input.
In response the op-amp’s output will go positive. In the
process the audio signal at the junction of R3 and R4 will be
maintained the same as the input. Similarly the DC signals on
the bases of Q1 and Q2 will cancel out across C3. This allows
the circuit to operate in real time without needing turn on or
turn off time constants. Another advantage of using Q3 is that
the rest of the circuit ‘sees’ a high impedance looking into the
collector. The result is thatthe AC signals at the base of Q1 and
Q2 will remain identical.

The full wave rectifier circuit also needs some discussion.
Although there is nothing particularly new about it it is not
often seen in audio circuitry. The non inverting inputs of both
parts of IC2 are held at half supply volts by the junction of R1/
2. Both amplifiers are used as inverters. The particular con-
figuration used is the virtual earth amp. The reason is that the
aforementioned habit of an op-amp to keep both it’s inputs at
the same level. Because the non inverting input is sitting at OV
the inverting try to do likewise. The high open loop gain of the
device drives the output up and down in such a way as to
ensure that this happens regardless of the input signal. Hence
the name virtual earth there is very little, ideally no measur-
able signal at the inverting input.
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Fig. 5 Component overlay of DNL circuit

This configuration is ideal for mixer stages. Several
inputs can be mixed by feeding them to the inverting input via
input resistors. There is no interaction between them at the
input end. The output is the sum of the inputs.

With this in mind the action of the full wave rectifier is
more readily understood. Input signals are simultaneously
applied to the inputs of IC2a and IC2b via the input resistors
R11 and R15. IC2a is a precision half wave rectifier circuit.
D1 is in series with the feedback resistor R12. When the input
signal is positive going the op-amp output will swing nega-
tive. The high open loop gain will compensate for the forward
voltage drop across D1 and the output will consist of negative
going half cycles.

When the input signal is positive going D1 becomes
reverse biased by the op-amp and effectively disconnects any
output from across R12. D2 prevents the op-amp’s output
from going any more than about 0.6V positive. The high slew
rate of the opamp ensures rapid and precise rectification
across R12.

A4 adds the negative going output across R12 to the
input signal fed through R15. The sum output produced by the
voltage across the feedback resistor R16.

If the parallel combination of R13 and R14 has half the
resistance of R15 then the whole circuit acts as a precision full
wave rectifier with a positive going output signal. The output
of the rectifier is half the supply voltage under quiescent
conditions and this is used to complete the biasing loop via
R10 and R9.

Finally the power supply. This is very conventional. The
mains voltage is stepped down by T1, rectified by D4-7. The
raw DC is then smoothed by C6 before being fed to the
regulator chip, IC3. This provides a stable 12V supply for the
circuit.

Construction

Most of the circuit is mounted upon the PCB, see layout
diagram. Very little comment is required about this. Just
ensure that the overlay is followed and that all the polarised
components are correctly orientated. The input output pads
need to be fitted with Veropins to ensure easy connection
between the various sections of the circuit.

Having soldered up the board check your work thoughly
to ensure that there are no dry joints or unwanted solder blobs.
When you are satisfied that all is well put the board on one

side. Attention can now be turned to the mechanical construc-
tion of the project.

The drilling detail is shown in the Figure. Drill out the
holes for the pots ,switches etc. At this stage the case can be
finished as required. The prototype was sprayed matt black.
Legends were then applied with rub down lettering. These
were then fixed with a clear spray vamnish.

Mount the panel components and the power transformer.
The board can now also be mounted on short spacers. Once all
the parts are in place the final stanza can commence. Start with
the power supply. Thread the mains lead through the appopriate
hole. Remember to fit a grommet into the hole first!

Work your way through the wiring systematically. Re-
membering to use screened leads where indicated. Once you
have finished the time has come to test it out.

Connect up a suitable noisy source, a distant FM station
is ideal and of course your amp to the output. Wind RV1 fully
counterclockwise. Similarly wind RV2 clockwise. The signal
will sound the same as before. Now adjust RV1 ina clockwise
direction. If you have constructed the circuit properly you will
find that you are able to remove the noise but at the expense
of some signal loss. Set RV2 so that the noise is just removed.
Now adjust RV1.

You should soon find a point where the music seems to
restore itself as if by magic. By adjusting these two controls
you can set your own compromises between signal loss and
noise reduction.

PARTSLIST & 2Znpolv
C5,6 100n ceramic

RESISTORS C7 1000p/16V

R1,2 100k SEMICONDUCTORS

R34 12k IC1,2 TLO72

R5,6,7 100R IC34 TLO72

BC337

Q2 BC327

R10 56k D1,2,3,4,5,6,7 1N4001

R11,15 12k IC5 LM317T

R12,13,14,16 270k MISCELLANEQUS

RV1 100k dual log Case

RV2 2k2 dual log 12V AC 1A sec transformer

CAPACITORS 2 Dual phono socket

C1,48 10u/25V Knobs

C2 100u/25V 2 DPDT switch

R8 2k7 a1
R9 18k
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ASTRONOMY

by Douglas Clarkson
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Fig.1 The figure illustrates the percentage reduction
in the total mass of the sun as a function of time
(millions of years).

n the structures of the ancient world, of Egypt, Babylon

and the Mayas, the sun was central to human outlook

both material and spiritual. Just as information is being

discovered about the remotest corers of the known
universe and the life and times of distant stars is being
unravelled in the time of its youth, so also new insight is being
gained into the processes at work in our local star. These new
insights have an obvious relevance for the continued existence
of life as we know it on earth and also for

Historical Perspective

It is a common observation that any observation of Science is
placed within a framework of contemporary thinking. As
additional mechanisms become understood, then new theories
can be formulated. This is exactly what has taken place with
the understanding of the mechanism whereby the sun radiates
its vast amount of energy.

Early ideas suggested the sun achieved its energy by
means of gravitational contraction. Where a mass m falls into
the sun from ‘infinity’ to its external diameter d, an amount
of energy E is given up equal to:

Gm M

d
where G is the gravitational constant 6.7 x 10" Nm?kg2. In the
example of a 1 kg mass falling into the sun this would release
an energy of nearly 10" Joules or the energy output of a 1000
Megawatt power station for nearly 2 minutes.

If the sun had formed from the attraction of a cloud of
particles, debris and dust, then the initial release of kinetic
energy would have been able to heat up the component atoms
to temperatures of millions of degrees.

If the sun was contracting, it would release large
amounts of energy. Noted 19th century scientists such as Lord

understanding how processes throughout the universe
take place.

At a time when Nature is increasingly being
watched for even the most minute of changes, it is
important to understand the mechanisms which lead
towards the apparent constancy of the sun. The
current awareness of the Greenhouse effect, for
example, needs to be clearly distinguished from any
effects which derive primarily from variations of the
energy output of the sun.

There is considerable yet ‘unfashionable’
evidence which suggests that as well as the sun
having an 11 year sunspot cycle, it also has a 76 year
cycle in which it changes its size very slightly. This
results in an associated detectable output change in
solar radiation. It is naturally important to fully
understand this latter phenomenon if it exists and

RELATIVE
DISTRIB.

Fig.2 Typical distribution of energies of protons about a
mean temperature value. Only protons on the very extreme
right can take part in fusion reactions.

AVERAGE TEMPERATURE

HIGH ENERGY TAIL

[
-

TEMPERATURE

account for it in global warming theory. The
historically developed theories of the sun’s evolution and
function have largely been derived from terrestrial observation.
New observing satellites, however, have been able to identify
startling new mechanisms at work within the sun’s structures.
Also, some of the great puzzles in Cosmology such as ‘Dark
Matter’ are thought to involve in some way the function of the
sun. This consideration arises out of the fact that scientists now
think that only some 10% of the physical matter of the universe
can actually be detected. In what form the missing mass of the
universe exists is still unknown though it may modify the
functioning of the sun at its core.

Kelvinusing the laws of physics then known estimated that the
age of the sun was between 20 million and 200 million years
old. Moreover if the sun continued to cool gracefully then in
this simple model the sun could contract at a rate of 50 metres
per year. This posed a point of great difficulty to Evolutionists
who from geological evidence were advocating ages of the
earthin several hundreds of millions of years. As the orthodoxy
of long term evolution became established, the lack of
understanding of the sun’s vast energy output became one of
the irritating problems of science which refused to go away.

In trying to assess the colossal power output of the sun
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it is perhaps relevant to consider that each square centimetre
of the sun radiates approximately 6kW and that the sun has
a diameter of 1,392,000km (864,950 miles).

1t was not until the scientific horizons were lifted to discover
radioactivity, that other possible mechanisms to explain the
solar power source emerged. Theories were advanced that
even a relatively small amount of Radium in the sun could
release large amounts of radiative energy. Also, it was
realised that the earth will be releasing heat from radioactive
decay of elements within its structure and this too allowed the
age of the earth to be extended considerably. Longer time
scales for the evolution of life within the solar system became
more respectable.

It also becomes apparent that in the life cycles of stars and the
evolution of life on planets such as the earth, the timescale of
solar ‘constancy’ needs to be sufficiently long to give time for
life to evolve and develop from very humble beginnings. On
the face of it therefore, the processes of stars such as our sun
appear to be in the main extremely predictable and constant.

The revolutionary theories of Einstein were the
building blocks on which all modern theories of the
mechanisms of the sun were founded. Whilst the equivalence
of mass and energy was firmly accepted by the scientific
community, it was not until Arthur Eddington published his
acclaimed “The Internal Constitution of the Stars’ in 1926
that the subject of Astrophysics was born and a new set of
theories were applied to the mystery of how the sun can
sustain such vast levels of energy loss.

In simple terms, Einstein has shown that there was an
equivalence between mass and energy and that mass could be
transformed into energy via the equation:

E=mc?

The total energy output of the sun is estimated to be
3.86x10% W and this corresponds to the rate of loss of mass
4 million tonnes (ltonne = 1000kg) per second. Figure 1
shows the future estimated percentage change in the mass of
the sun with time assuming this will be constant over time in
the future.

The ability of the sun to sustain its energy output in
this calculation shows that in the next 5 billion years if the sun
continues to radiate at the same rate then its mass will only
have decreased by about 0.03%. In the next 15 billion years
which is considered the present age of the universe since the
‘Big Bang’, it will only apparently decrease by about 0.1 %.

The mechanisms of energy production rely upon
streams of ‘cycling’ elements within the sun’s core. These
mechanisms have a more finite life so the relative change of
the mass of the sun compared to its total mass does not give
an accurate assessment of the lifetime of the sun.

In the formulation of a theory of a star, Eddington
explained how stars were basically influenced by two opposing
forces gravitational attraction and radiation pressure. Stars
can be considered in Eddington’s analysis to exist have
masses expressed in the form 10" grammes where n = 1,2 3
and upwards. The release of energy following the gravitational
collapse of material into the star results in an increase in its
temperature. The larger the star the higher will be the
temperature of its core. Stars however, have to be sufficiently
large to raise their temperature to levels at which nuclear
process can be triggered. This defines the lower value of n.

Where photons ‘bounce off” hot star particles, they
exert a radiation pressure on the particles, so the energy

radiated from the star will tend to push the material of the star
outwards. There is a point at which the radiation pressure can
be sufficiently great to literally blow the star apart. The lower
limit of the mass of the star and the higher limit of the mass
of the star according to Eddington defined the limits within
which stars could function. The lower value of n was identified
as 32 and the higher 35. Our own sun fits nicely into the
picture with its value of n of 33.

Thus larger stars should be hotter since they have
released more gravitational energy initially from the material
which gravitated inwards to form them. Smaller stars should
be cooler and release less energy.

The concept of radiation pressure is not one which is
frequently referenced. It arises by the change in momentum
of photons of light as they, for example, are absorbed by a
surface. If radiation of intensity I (Joules/m?) is incident upon
area A, the force experienced by an absorbing surface is given
by:

F= ¢
where c is the speed of light. At the surface of the sun where

1,392,000km
Fig.3 Diagram of internal structure of the sun. Most
of the sun’s mass is located in the core. Radiation
eventually escapes from the radiation zone and
passes upwards through the convection zone.

the intensity is 6.35kW/cm?, the force on a 1m? area absorbing
surface is some 0.2 Newtons. This is approximately equivalent
to the force on amass of 20 grammes in the earth’s gravitational
field.

It was during the late 30’s that progress was made in
putting forward mechanisms for the production of the sun’s
vast energy output. While initially it was the CNO cycle
(Carbon, Nitrogen, Oxygen) which was ‘discovered’, this
mechanism is more important in hotter stars than in our sun.
The important mechanism for us is the Hydrogen to Helium
chain one which on earth has been demonstrated in all too
graphically in the form of the Hydrogen bomb.

1t is said the sun’s core has a ‘temperature’ of around
15 million degrees Celcius. This is in fact a description of the
most likely kinetic energy of a hydrogen nucleus. In fact the
distribution of energies looks like the curve in Figure 2,
where there is a ‘majority’ temperature but also a so called
‘high speed tail’ where a small number of nuclei are travelling
at much higher temperatures.

The ‘temperature’ of such a proton can be expressed
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in terms of a value of kinetic energy using the formula
3kT
(2l
wherekis Boltzman’s constantand T is the absolute temperature
of the proton.
Table 1 describes the values of energy in so called keV
(electron volts x 1000).

It is only the very few atoms in the ‘tail’ of the curve
which will have sufficient energy to take part in proton-proton
reactions.

Table 1. Values of proton kinetic energy (keV) as a function of proton
‘temperature’. Only protons in the very high energy tail of the distribution have
the necessary energy to take part in fusion reactions.

Thefirst confirmation of the processes of transmutation
of elements was achieved in 1932 at the Cavendish Laboratory
at Cambridge under the direction of Cockcroft and Walton.
Lithium atoms were bombarded by high energy protons and
the resulting pair of alpha particles (Helium nuclei) which
were released could be easily detected. The composition of
the sun was assumed to be unsuitable for sustaining fusion
reactions involving hydrogen.

In the proton-proton interaction, the process of energy
release is thought to take place in three distinct phases.
Initially two hydrogen nuclei fuse to form a Deuterium
nucleus consisting of a proton and a neutron. The Deuterium
nucleus then interacts with another high energy proton to
create a He’ nucleus. When two of these He? nuclei fuse
together, high energy protons are released.

At the estimated mean temperature of the core of the
sun of 15 million degrees only one proton in 100 million is
travelling fast enough to initiate this reaction.

While the proton-proton cycle is largely responsible
for generating the energy of the sun, the transition of 4
discrete hydrogen nuclei into a single Helium nucleus has
consequences for the size of the sun. The super energetic
nuclei in the-sun’s core behave very much like particles of a
perfect gas. As more and more individual particles are
removed, the size of the sun will decrease slowly. As the core
shrinks in size, gravitational energy released will increase its
temperature and the proton-proton fusion process will have
more high energy protons available. The increased level of
radiation will tend, however, to expand the sun’s outer layer
as additional energy is radiated outwards from the core.

It is thought the warming of the sun’s core over the
past 4.5 billion years has increased its brightness by about
40%. This amounts to a percentage change on

When it settles down, the sun will become a hot Helium
burning star.

It is estimated that large stars experience more rapid
transitions from one phase to another. Many stars in our
galaxy which were created at approximately the same time as
our own have long ago undergone their various phases of
youth, maturity and old age. Can this indicate that life as we
know it is more favoured in planetary systems supported by
suns of the size of our own?

One byproduct of the phase of Helium buming when
it does take place is Carbon 12 akey element in all forms of
life on planet Earth. When much more massive stars cycle
through phases of higher and higher core temperatures,
additional ‘burning’ mechanisms become possible. Carbon
and Helium can fuse together to form Oxygen. Carbon can
interact with carbon to create a range of products including
neon, magnesium and sodium. At higher temperatures still
‘oxygen burning’ takes place creating elements such as
silicon and sulphur. The final end point element in this cycle
is the creation of Iron 56. Qur sun is not likely to enter into
this dynamic phase of element production, it simply is not
massive enough.

Figure 3 shows the internal structure of the sun as
estimated from current models and theories. The core is
considered to extend to 25% of its total diameter and while
occupying some 2% of the sun’s total volume (proportional to
the cube of its radius), well over half of the sun’s mass is
concentrated in its core.

Energetic gamma ray photons released by nuclear
fusion reactions pass outwards into the radiation zone where
countless interactions take place with energetic nuclei. The
level of interaction is so high that it is estimated that it takes
on average 10 million years for a photon to make its way
through the extensive layers of the radiation zone. This is all
to do with concepts of mean free path between collisions and
the associated ‘random walk’ of photons.

By the time photons reach the upper edge of the
radiation zone, they have sufficiently lowered their energy to
interact with the material in the convection zone to be able to
pass on their energy in the form of kinetic energy and transfer
heat to the outer structures. The sun’s energy is now streamin g
outwards, partly escaping through the convection zone and
out into space and partly into establishing convection currents
where waves of heated gas rise up to the surface, cool and fall
back.

average 0f0.00000001 % per year which probably
cannot be detected. In a further 6 billion years,
the mass of hydrogen in the core could well be
depleted and the fuel essentially will have run
out.

When the process of hydrogen burning
slackens, the radiation pressure will fall allowin g
the star to contract and in so doing release

gravitational energy. Hydrogen will then be able
to ‘burn’ in the outer layers of the sun and it will
as a consequence expand out these layefs of 3 MILLION K
hydrogen rich material.
During this phase, the core of the sun

will increase in temperature and a point will be
reached at which Helium ‘burning’ can take
place. Sufficient energy will be released to blow
off most of the outer layers of the expanded sun.

15 MILLION K
12 MILLION K1
9 MILLION K-

|
|
6 MILLOIN KT l
|
|
|

Fig.4 Diagram of temperature profile within the various regions
of the sun.
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DISTANCE FROM SUN'S CORE

Milions  keV
degrees value
500 65
100.0 129
1500 194
2000 259
250.0 323
3000 388
3500 453
4000 518
450.0 582
5000 647
5500 712
6000 776
650.0 84.1
7000 906
7500 97.0
800.0 1035
850.0 110.0
900.0 1164
950.0 1229
1000.0 129.4
Table 1
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Figure 4 shows the variation of temperature within the
sun ranging from the core where the process of hydrogen
burning takes place to the visible surface of the photosphere.

The bright disc of the sun is called the photosphere.
Careful (and safe) photography of its surface reveals it to be
a patchwork of granules which change patterns as new
volumes of heated material rise up from below and spread out
over its surface. Sunspots are in fact areas which are slightly
cooler than the areas around them.

The Neutrino Safari

The models of the solar nuclear processes predict the release
of large numbers of particles called neutrinos meaning in the
singular ‘little neutral one’. After having first been postulated
by Wolfgang Pauli in 1931, Enrico Fermi ‘adopted’ the
concept into the official world of nuclear physics in 1932. The
neutrino has an extremely low cross section of interaction it
very rarely interacts with matter and so for many years
remained undetectable. The scenario of physics has on
numerous occasions been the process of detecting the
undetectable. In 1956, Reines and Cowan detected neutrinos
generated by a nuclear reactor where the flux of particles was
estimated to be some 30 times higher than that received at the
earth from the sun. It was not until 1964, however, than an
attempt was made to determine the levels of solar neutrinos.
Figure 5 shows the giant tank of perchloroethylene constructed
in the Homestake gold mine in South Dakota.

Aneutrino which interacts with the isotope of Chlorine
C137, causes a neutron to change to a proton, forming an atom
of Ar 37. This in turn decays with a half life of 34 days
releasing in the process a characteristic gamma ray which can
readily be detected. Typically as the entire contents of the
tank are processed each month to release the key Ar 37 atoms,
only 12 counts are detected.

This poses a problem for the theorists who predict
that levels should be at least three times higher. Where have
all the solar neutrinos gone? Can this one experiment indicate
that the detailed solar models are wrong? Some recent
developments in Cosmology may throw new light on the
problem.

The Search for Dark Matter

One of the more startling thoughts to strike cosmologists in
recent years is that if the gravitational behaviour of the
galaxies is observed, then at least 90% of the mass which
makes up the matter in galaxies which takes partin gravitational
attraction is ‘missing’. Thus even accounting for stars, black
holes, planets, dust clouds, comets and gas clouds in a typical
galaxy there is considerably more matter which cannot be
detected this is the so called dark matter.

Astrophysicists have considered how such dark matter
could relate to the function of the sun. One theory is that the
sun has through time attracted a considerable amount of dark
matter to its core and this acts to cool the core slightly and
hence reduce the rate of production of neutrinos. This is still
an open chapter as preliminary experiments are only now
being set up to try and detect dark matter particle interactions
with the ‘visible’ particles of our physical world.

One of the current ‘in’ terms is WIMP meaning
Weakly Interacting Massive Particle. This term can be applied
to particles which may make up such dark matter.

As ever, theorists are never slow to come up with

possible solutions to the low number of solar neutrinos
observed. One theory considers that it could be possible for
neutrinos to ‘flip’ from one type to another in the time of their
flight to the earth. It is likely that more sophisticated neutrino
detectors which are planned or in the process of being completed
during the 1990’s will resolve the solar neutrino mystery.

Solar Cycles
Much attention is given to the 11 year sun spot activity of the
sun. The number of sunspots visible has been observed to
increase and decrease in a predictable way. The sun reached a
peak of such activity early in 1990 and is therefore at present
declining in its activity.
Significant interest is now being
shown in making accurate
measurements of the SIZE of the
sun following indications that the
sun experiences phases whereits
apparent size increases and
decreases. Following
contradictory observations by
separate groups, Ron Gilliland
took data from a broad range of
sources and concluded that the
sun could be shrinking at an
overall rate of 0.2 of an arc per
century. Superimposed on this
long term reduction was a 76
year cycle with the sun passing
through a minimum point in
1911. Between then and 1987
the sun was expanding and
therefore cooling slightly so
opposing the greenhouse effect. As the sun begins to shrink in
size it will tend to increase in temperature and add to the
greenhouse effect contributing an estimated 0.3% of energy
output and increasing the average temperature over the globe
by 0.25° Celcius. There is not sufficient data, however, to
determine if the overall reduction in diameter since 1700 is
part of a cycle with a much longer period.

This is why groups of solar scientists have started to
undertake some basic research into measuring the size of the
sun.

Solar Resonances

More detailed observations of small sections of the sun’s
surface reveal that they oscillate vertically in timescales of 5
minutes with displacements of about 50km. From observations
of Doppler shifts in the radiation emitted from specific locations,
it has been determined that such disturbances involve the
entire sun’s surface. Present theories indicate that the sun is
behaving like a spherical ‘gong’ in as much as its surface is
vibrating as a result of complex modes of surface acoustic
resonance.

Just as the surface of a drum can resonate in specific
resonant patterns, so the solar surface can resonate with a
multiplicity of resonances which involve the entire solar
surface.

Figure 6 shows what is considered to take place with
a shock wave of vibrational energy which passes from the
surface of the sun towards its core. The direction of propagation
of the waves are bent into circular paths due to the changing

Fig.5
lllustration of
the neutrino
detector in the
Hoimstake gold
mine of South
Dakota.
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Fig.6 Section through sun showing contours of
resonant modes of vibration within the sun which
result in patterns of surface oscillation

densities of material in the sun. Modes of vibration which are
encouraged are those which ‘complete the circuit’ of a
vibrational path through the sun’s structure. The frequencies
of these waves is quite slow about 0.03Hz.

While the Solar Heloiosphere Observatory is planned
to be launched in 1995 and will include an experiment to
record movements of the solar surface, an earth based research
group GONG Global Oscillation Network Group is already
collecting sets of data.

While a specific satellite can maintain a constant
contact with the area it is observing, the ground based GONG
programme requires at least six sites to preserve continuity of
measurement on a rotating earth.

In many ways the real complexity of such a project
lies largely in the extensive data processing required. Vast
amounts of data require to be captured, catalogued and

processed to work out the various modes of resonance which
are active upon the sun’s surface.

One of the interesting concepts which such work
throws up is about the nature and extent of the radiating
surface of the sun. If the sun’s surface can be imagined to be
‘smooth’ in a nonresonating system or in a state of resonant
agitation , it could give rise to variations in its effective
radiating surface area an important aspect for its radiative
cooling mechanisms.

Understanding of the sun’s cycles of ‘size’ variation
could involve appreciating how its surface resonant energy is
distributed within the sun’s structure. There must, for example,
be a significant amount of energy ‘locked up’ in this mode of
resonance.

Conclusion

While it is good to be aware of details of the remotest corners
of the known universe, some surprises have recently come to
light ‘in our own backyard’ as aspects of the sun become
better understood. During 1990’s much additional scientific
information will become available from new research
programmes and enhance significantly our appreciation of
the sun’s inner workings.

Further Reading:

Blinded by the Light: John Gribben, Black Swan Publications
1991.

The Particle Explosion, Frank Close, Michael Marten and
Christine Sutton, Oxford University Press, 1987.

Sun and Earth, Herbert Friedman, Scientific American/W H.
Freeman, new York, 1986.
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A quick and economical way

turn an ordinary keyboard
in to a synthesiser. Stephen

Lenham tells us how it
can be done.

ow faithfully can electronics simulate a piano?
That was the question which inspired this project.
I needed an instrument with all the character of
the real thing, but without the size or the price

tag.

With the availability of inexpensive MIDI synthe-
sizer modules, it seemed foolish to ‘reinvent the wheel’,
even if such sound quality could be achieved by an anateur
design. So attention was turned to creating some

electronics that would generate the MIDI codes (0 pummmmmm—m—n"

drive such a module.

ETTI’s ‘How to MIDI a Piano’ article provided
asuitable circuit, but the double—sided PCB, micro-
processor, and the need to program an EPROM
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were daunting. The E5101C, recently introduced by Maplin
Electronics, came to the rescue. All the functions required
to scan a keyboard of virtually any size, including full
polyphony and velocity sensing (whereby the volume of
each note depends upon how hard the key was played)
have been integrated onto this IC.

Costing about £25, it is possibly one of the most
expensive 16—pin ICs many people will have come across,
but the fact that only a few extra ICs for address decoding
and a handful of passive components are required to forn
a conplete keyboard scanner and MIDI code generator

makes this small component very attractive.

Here, a circuit including the E510, a six—octave key-
board, and a Yamaha EMTIO sound expander module are
brought together within a specially made wooden box to
create an instrument which, to answer my original ques-
tion, sounds very much like a real piano.

Building The Circuit

Construction is made simple by the use of a single sided
fibreglass PCB. Referring to the component overlay in
Figure 2, insert and solder the components, starting with
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Fig.1c Keyboard Matrix

HOW IT WORKS

The E510, IC1 in this circuit, performs all the active operations
necessary to read the keyboard. It is a high-speed, high-per-
formance IC. fabricated in HCMQS, and this,is must be borne in
mind when designingits supportcircuitry, aswill be seen later. The
system clockis derived from a 4MHz crystal, the internal oscillator
of IC1 also dividing this frequency to produce the 31.25kHz (kbaud)
MIDI data rate.

Essentially, the E510 cycles through a seven-bit address range
(A0-AGB), each location corresponding to an individual key on a
keyboard. Seven-bits allow 27 or 128, keys to be scanned - ten
octaves! Obviously this is unfeasible practically, and more im-
portantlymany MiDIinstruments are physically unable to respond
to pitch codes outside a certain range. So in this design a more
sensible six-octave range has been chosen, located approximetely
inthe middle of the potential ten. Thatway, only extremely low and
extremely high notes are lost.

Each key contact consists of an SPDT switch, with a normally
closed and a normally open contact. Each of these is pulled-up to
+5V with a resistor. The ‘colon’ terminal of the switch is connected
to OV, and will therefore pull one of the contacts low depending
upon whether the key is depressed or not. By measuring the time
between the normally closed contact opening and the normally
open contact closing, which is what happens when a key is
pressed, the E510 is able to deduce how hard the key was played
and hence provide velocity information.

[t would be mechanically complex to provide each key with a
separate switch, so a multiplexed arrangement is used. The keys
are organised in a 9 x 8 matrix, whereby each group of eight
consecutive keys shares a normally closed and normally open
contact, or busbar. (Please refertothe circuit diagram (Figure 1for
clarification.) Each key has a separate ‘common’ pin. With a little
thought it can be seen that when we are reading from one set of
busbars we are uninterested inwhatis happening on all the others
and so every first‘common’in each group can be connected to all
the others, as can every second, everythird, etc. leaving only eight

common lines. Hence the 9 x 8 matrix; nine sets of busbars, and
eight ‘common’ lines.

The process of scanning therefore involves selecting one set of
busbars and connecting them to the NC and NO inputs of the E510.
Each common line is then taken low in, turn, and the state of the
busbars read. When all eight keys have beenread, the next busbar
is selected, and so on. This can be done by decoding the lower
three address lines to give the ‘common’ signals, and the upper
four to control two 16-way selectors with only 9 inputs used on
each.

The circuit realisation uses a 74145 4-to—10 line decoder to take
the ‘common’ lines low. The open—collector outputs ensure no
interaction between groups of keys. A standard TTL device was
chosen because each output has to pull nine busbars low simul-
taneously — and quickly. HCMOS has the speed but not the drive
capability, while the 74LS145 has an output saturation voltage of
2.3V; dangerously close to the HCMOS upper logic threshold.
Two pairs of 74HC4051 eight-way analogue switches form the 16
way selectors, with IC7a allowing the most significant address line
to choose between the two IC's by manipulating the INHIBIT
inputs. The 4067 sixteen—way switch, would have been ideal here,
butis unavailable in HCMOS, the only CMOS family fast enough to
keep up with the E510.

It is also interesting to note here that during prototyping the
function of IC7a was performed by a simple transistor inverter,
whose inability to perform fast enough manifested itself when
several keys on the keyboard triggered more than one note each
from the synthesizer. Traps for the unwary, as mentioned before!
The outputs of the selectors go straight to the appropriate E510
input. R3 and R4 simulate an unpressed key when an unused
selector input is addressed, to avoid spurious responses.

The MIDI output comes direct from ICI, R1 and R2 limiting the
maximum output current.

The 5V supply for the circuit is derived from the 12V supply to the
synthesizer module by a standard 7805 regulator, and liberal use is
made of small decoupling capacitors.

L)arodd
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PROJECT

PL1

Fig.2 Component Overlay

the 17 wire links and continuing with resistors, capacitors,
IC sockets and the crystal. Uniting the PCB plugs and
sockets makes correct orientation easier — pin 1 is marked
on the socket housing. Getting this right will simplify
connections later on. A small piece of aluminium bracket,
about one inch long, is ample heatsinking for the 7305, and
this should be bolted on before soldering the regulator to
the PCB. Heatsink compound is not necessary.

Do not insert the ICs at this stage. Thoroughly check
for shorts, solder bridges and dry joints, then apply 8-15V
DC.to PL4 (see wiring diagram for connection details) and
check with a DVM that 5V appears at pin 16 of each IC
socket (pin 14 of IC7). With this test completed, the ICs
may be inserted, checking the polarity of each since some
are ‘upside down’.

The Keyboard

To be compatible with the scanning electronics, akeyboard
must consist of approximately 72 keys with acommon pair
of busbars for every set of eight consecutive keys and
every first, second, etc. key in each group commoned, as
detailed above.

How much work will be necessary to achieve this
depends upon the available mechanism. For instance, J &
N Bull Electrical supply surplus three—octave mechanisms
complete with SPST contacts and keys already configured
in a matrix arrangement. The prototype used two of these
mechanisms; unfortunately the need to modify the con-
tacts to SPDT and the difficulty in linking the two halves
make this approach far from ideal. Therefore I will assume
a bare mechanism, bereft of contacts, and start from
scratch.

Figure 4 shows the suggested approach. A long strip
of Veroboard (or similar) is mounted securely along the
bottom of the keyboard. (In practice, several lengths of
board will be necessary to span the entire length.) For each
key alength of gold—lad phosphor—bronze contact wire is
soldered to the board, bent over parallel with the board, and
passed through the hole in the key plunger such that the
wire flexes in sympathy with the motion of the key.

A busbar assembly consists of two support blocks as
shown in the diagram and two lengths of 2.5mm diameter
brass rod. The bars should be sufficiently long to allow
contact with all eight contact wires but not so long as to
cause shorting between adjacent assemblies. Push the rods
through the holes in the support blocks, with one block at
each end. The assembly is then glued to the board in
accordance with the following necessary rules:

1 The key wires must be in contact with the NC
busbar whenever their key is unpressed.

2 Each key wire must leave the NC busbar shortly
after the relevant key is depressed, and make contact with
the NO busbar slightly before the key reaches full travel.
This ensures adequate contact pressure at all times.

3 Contact between the wires and the NO busbar must
be maintained while the key remains depressed.

It therefore follows that since the busbar spacing is
3.5mm, the busbar assemblies should be attached at a point
where the range of travel of the wires is greater than 4mm.
Itis essential that all nine busbar assemblies are consistent
intheir geometry and positioning if the keyboard is to have
a constant velocity response along its length.
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Epoxy resin is recommended for attaching the busbar
assemblies to the board. While you are at it, make up alittle
extra resin and use it to secure the busbar rods in the
support blocks. When this is set, any ‘rogue’ key wires that
donot obey the above rules can be tweaked into conformity.

Wiring up the Keyboard

Connection between every first key in each block, etc, can
be made on the Veroboard, as can the arrangement of
pullup resistors between each busbar and the +5V supply.
5 volts is available at pin 1 of PL2 and PL3 for conven-
ience. Figure. 4 c) shows the connections at keyboard
level, while Figure. 5 gives all the necessary interconnec-
tions between the keyboard and the scanner PCB plus
external inputs and outputs. With all this in place, you are
in a position to see if the whole system works! But first let
us consider how to house it.

Building the Box

Although the task may appear daunting, with just a little
perseverance and care it is possible to produce an attractive
wooden casing for a very modest price.

Figure 6 shows the timber used in the prototype. All
dimensions are final and exact, so when cutting it is wise
to be initially generous. The material is pine throughout,
with just the large base and top panels in plywood. With
luck, a good match between the surface of the plywood and
the solid pine can be obtained, especially when both have
been stained.

L
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Fig.3 Keyboard assembly

Begin by cutting parts A, B and F (2 off). Part A has
cutouts for the metal rear panels, the design of which is
detailed in Figure 7. Also cut four pieces of scrap wood to
form the corner supports, as per Figure 5. These pieces also
support the top and bottom panels, so gauge their height
accordingly. No’s assemble these parts into a rectangular
framework, glueing and screwing the lengths to the sup-
port blocks. Bear in mind that this exercise determines the
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cuTouT REAR PANEL
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L = 14 THICK PINE i_l

18 THICK PINE |

c |:] x&_ﬂ before tightening the screws. With the base/keyboard

- T8 T | -;;"“ assembly in position, insert parts G on each side of the
400 ' 210 : keyboard and glue in place.This concludes the carpentry.
Stain and varnish is a matter of individual taste; beeswax
polish produces a nice finish after they have been applied.
The rear panels can now be screwed into place. Two
metalbrackets are required for the synthesizer module, and
D 433 they are screwed to part C, just below the cutout. Two of
the case screws from the bottom of the module are removed
before sliding the module into position through the cutout.
J These screws are then replaced, but passed through holes
-+ inthe bracket before re—entering the case, thus securing the
1070 9 THICK PLYWOOD moduile to the brackets.

( Final Wiring

255 Figure 9 shows the internal wiring . The scanner PCB can

| be mounted on the base of the box with sticky pads; there’s
1 plenty of room! When wiring between the body of the box

|
1070 9 THICK PLYWOOD % and the base, be sure to use a sufficient lengthto allow easy
removal of the base if necessary. The only screened cable

; 13
as T 20 required is for the audio connections. n mounting thy
F\ _ Ces1—0O equired is for the audio c ons. When mounting the

=

T

o2 F [1as a5 T 12V power adaptor, it was necessary to drill four small

10 THICK PINE 2 OFF holes in the plastic case for screws — this seemed to have

'L* 465 = cK ALL DIMENSIONS IN MM. Rpidgimentateffe,
a1 ) Now is the time to cross your fingers and try out the
Fig.5 Cutting list whole system together. Connect the audio outputs, which

- are at line level, to a suitable amplifier. The mains on — off
squareness of the entire instrument! switch applies power to the scanner electronics, but the

While this is setting, cut the other parts — again,
making each slightly larger than necessary. Do not bevel
the top edge of part C yet as this is best done with it in
position. To do this, trim the length of part C so that it fits
snugly into the framework but without bending. Prepare
support blocks as before (refer to Figure 8), and glue into
place. Now the top of part C can be planed level with the
other edges.

With the framework complete, the top and base sec-
tions can be trimmed accurately to fit in place. Each
requires six L—shaped brackets to add support along its
length, and these can be fabricated from offcuts of alu-
minium sheet. The top (part E) can be glued and screwed
onto the supporting blocks, but the base (part D) must only
be screwed since all access to the interior is gained from its
removal.

Removing the base, fit keyboard support blocks to it
as in Figure 8. Their exact thickness, position and number
will be determined by the particular mechanism in use. The
keyboard must be rigidly mounted, and these blocks raise
the mechanism to allow clearance for the key plungers
when the keys are pressed.

When all necessary connections have been made to
the keyboard, attach it securely to the blocks. A certain
amount of trial and error will be necessary to get it in the
correct place once the box is assembled, so do a trial run

PROJECT
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synthesizer has an additional power button which must be
on.

Play a key — you should hear the result. If not, double
check everything. If troubleshooting is necessary, the
following test points are suggested:

— follow the power feed in by checking mains input,
12V unregulated supply and the 5V regulator output.

— monitor pin 9 of the E510 (MIDI output) with a

logic probe. Pressing a key should result in a burst of
activity, and releasing it a second burst. If this is present,
then it is most unlikely that the scanner PCB is at fault.

— check for activity on the address lines, pins 1 -7,
of the E510. Inactivity on all implies absence of clock
signal, or a faulty or damaged E510. Inactivity on one or
two suggests a board short, or a faulty decoder IC.

With luck, all this will be unnecessary. The most
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likely faults are merely the connection of busbars in the
wrong order, resulting in notes out of sequence, or with the
NC and NO bars transposed, which will cause the particu-
lar block of eight keys to trigger a note quictly when
released.

Finally, remember if using an alternative synthesizer
module, that the E510 transmits only on MIDI channel 1.
Most instruments, including the EMT-10, default to this
on power—up.

May I take this opportunity to wish you hours of
enjoyment from your instrument, and acknowledge the

creative input of Jo and Simon Brand, and the staff of
Riverside Organ Studios.

The EMT-10

Ichose the Yamaha EMT-10 as the synthesizer element of
the prototype, mainly because of its realistic performance
of a piano and reasonable second—hand price. It belongs to
a family of MIDI equipment known as sound expanders,
intended by the manufacturer to enhance the versatility of
larger synthesizers and electronic pianos but which can
just as well be used in their own right.

The EMT-10 offers 8-note polyphony and full veloc-
ity sensing over 12 basic voices; two pianos, two electric
pianos, harpsichord, guitar, brass, strings, choir and three
basses. The voices are not synthesized, they are sampled,
and to CD quality. Nine variations on each voice are
available, plus several other versatile features such as bass
split, transpose, eic

All this comes in a small black box measuring about
220 x 220 x 40mm, requiring just a 12V DC supply and a
MIDI input.

Having said all that, the keyboard scanner will drive
any piece of equipment accepting MIDI standard codes. If
another device appeals, try it!

BUYLINES

The only components that may cause any difficulty are the E510
scanner [C and possibly the 74HC4501 analogue switches. These
are both available from Maplin Electronics, PO Box 3, Rayleigh,
Essex 556 BLR. Hopefully the remaining parts should cause no
difficulty.
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PARTS LIST

8 way latch housing
10 way latch housing
Terminals for above housings

Paxolin block

2.5mm diameter brass rod

A RANGE OF SMALL PLASTIC BOXES,
CASES AND POTTING BOXES AVAILABLE
IN ANY QUANTITY.

SEND FOR FREE CATALOGUE

SLM (MODEL) ENGINEERS
CHILTERN ROAD, PRESTBURY,
CHELTENHAM, GLOS GL52 5JQ

FAX: 0242 226288

MARCONI TF2356/2357 Level Osc/Meler 20MHz
MARCONI SANDERS Sig Sources, Various models. Coveung
400MHz - BSGHZ ... .. . - Irom £300
RACAL 9009 Mod Melel ﬂlMHz 1 SGHZ £300
Irom £500
£1000

Ihe pair €950

RACAL Instrumenlalion Recorders Slore 4D and Store 70
KETHLEY 224 Programmable Currenl Source
FERROGRAPH RTS2 Recorder Test Sel .
FAEELL ahan Syrthasded Sy Son |0-32MHz 800
FARNELL TT$520 Transmitter Tes| Sel consisling of RF/AF Counler,
RF Mod Mater; RF Power Meler; AF Voltmeler; AF Dislorlion Meler: AF

RESISTORS: (all 0.25W, 5%) 6-0in IC socket 6 off Veroboard
R1,2 200R {2 off) 16-pin IC socket (6 off) Cold-plated phosphor—bronze contact wire
R34 1M0 (2 off) 14-pin IE sockket T Epoxy resin
Heatsink bracket for Interconnecting wire
CAPACITORS: Wire, solder, et Small nuts, holts, screws etc
C1,2 22p min. ceramic {2 off} Aluminium offcuts for brackets
C3-8 100n monolithic ceramic (6 off) KEYBOARD ASSEMBLY AND BOX Spray paint and lacquer
RESISTORS Letraset transfers
SEMICONDUCTORS: %7 0.25W,5% {18 off)
IC1 1510 WOODWORK
IC2 74145 MISCELLANEOUS Wood glue
IC3-6 74HC4051 5 pin 1800 DIN plug (2 off) Wood screws (assorted) Stain and varnish
iC7 74HC00 5 pin 1800 DIN socket 14mm pine: 1070 x 143
REG1 7005 0.25 inch jack socket {3 off} 465x 143 {2 off)
Double pole mains rocker switch 10mm pine:  1070x 9¢
MISCELLANEOUS Panel mounting mains input plug 140 x 40 (2 off)
XTAL1 4MHz crystal Panel mounting fuseholder + 1A fuse 18mm pine: 1070 x 45
PL1 8 way PCB plug Phono plugs (2 off) 9mm plywood: 1070 x 433
PL2,3 10 way PCB plug (2 off) 6-octave keyboard mechanism 1070 x 255
PL4 5way PCB plug Aluminium sheet Offcuts for support blocks
WEHMNE THE WIDEST GHOICE OF USED PHILLIPS PM2525 Mulli Function DMM 4 5-5 5 digit wilh
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Do It Yourself

Television Antenna

A cheap way to produce a TV aerial by Stephen Waddington

couple who live in a densely populated area of
South London recenlly sought my opinion on
television reception. Living in a second floor flat
and unable to use a roof mounted antenna, they
had resorted to the use of a five element indoor device
which proved totally ineffective; reception was poor and
ghosting continually occurred. This state of affairs prompted
investigation.

The art of antenna design is steeped in mystery; an
area avoided by all but the suitably adept academic. I offer
this design as a neat solution realised after hours spent
surrounded by textbooks, lengths of coaxial cable and
strips of aluminium foil. The design described is two
dimensional and requires mounting in a horizontal posi-
tion facing the nearest television broadcast mast. Materials
are inexpensive and the design allows opportunity for
experimentation. The original prototype now sits on my
living room wall attached to the rear of a Lowry print.
Although results are not as superior as those for a high gain
Yagi antenna, the design discussed ‘provides adequate
results and picture quality comparable with that of an
outdoor antenna.

Before launching into the practical, a brief excursion
must be made into the depths of theory, only then can any
basic explanation of how the antenna works be realised.

That said the theory pre-
sented is minimal and is
provided solely as justi-
fication to the design.
Literally hundreds of an-
tenna blueprints exist — I
do not propose to add
these and have selected
an old design, employ-
ingitinanew and slightly
innovative fashion. For
those interested in pur-
suing the subject further,
numerous books deal
with antenna theory and
practical design in
greater depth than is
possible here.

Fig.1a Circular Antenna
Design

Fig.1b Half wave folded
dipole design

Wave Formation

Radio and television waves form a small part of the
electromagnetic spectrum and as such consist of two field
components, one magnetic and the other electric. In gen-
eral terms an electromagnetic wave is a form of radiation
that transmits energy through space. Further examples
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include light, heat, infra red and x-rays. The formation of
an electromagnetic wave must be traced to its source. Any
changing magnetic field has associated with it a changing
electric field; perpendicular to each other, the two fields lie
at right angles to the motion of the wave.

Any conducting body exposed to an electromagnetic
wave will have an electro—motive force (EMF induced
across it as a result of the varying magnetic field. Con-
versely, any conductor carrying alternating current will
radiate electromagnetic waves. Anything from a coat—
hanger to metal bookshelf might be used —rather boringly
I decided to maintain convention. That said, a fellow
colleague is convinced that a bedstead fixed in his loft
maintains perfect radio reception.

The actual power received from a television or radio

every manufacturer neglects. The impedance of the typical
portable television antenna, such as that in Figure la,
differs slightly from its companion in Figure 1b being
150Q. Even so, the introduction of a matching trans-
former, doubles the efficiency of the antenna. Considera-
tion of basic physics and electrical properties results in the
modified design of a far superior nature, that of Figure 1b.

Mathematics

All electromagnetic waves are propagated through space
at the velocity of light denoted by the symbol c. Though
quoted for a vacuum, the value 2.99x10* ms™, may be
considered the same for air. The wavelength of an electro-
magnetic wave travelling in free space is the distance
between two points in the direction of propagation, where
both the electric and magnetic fields

repeat their values of intensity.
- Wavelength, conventionally denoted

- S

l by the greek symbol lambda, fre-

Al

quency fand the velocity of light ¢ are
related to each other by the formula:

40

c=fA

Consider for example Radio 3

ALL DIMENSIONS IN MILLIMETRES

Fig.2 Half wave folded dipole design

g which occupies amongst other fre-
quencies, 1251kHz on the Medium
(CONNECTION PONTS Wave. The wave?length of the electro-
\ /. 4 magnetic wave is calculated as:
: !
& W : :
}“‘\\\ t .Eqnl A= %zﬁ% =239m
ol ]
10 15 10 20

A direct relationship results and
by mathematical observation we soon
__ | realise that the higher the frequency

signal is very small. Equally; modern television receivers
are so sensitive that fractions of a millivolt will suffice.
Calculation dictates that we must induce a signal in the
order of a hundredth of a microwatt. Miracles are not
expected.

The Basic Design

Initial investigation centred around existing television
antennas. A design often used on portable television sets is
that illustrated in Figure la. Predominantly circular in
form, it is an obscure version of the half wave folded
dipole. The more usual form is thatillustrated in Figure 1b.
Here, two conductors each of half a wave length are joined,
with the lower conductor split at the centre to allow
connection to a radio or television system. A resonant
device, the antenna is designed so that the two main
conductors match the frequency of the signal to be re-
ceived. Although the design is spot tuned to a single
channel, a tolerance of + 10% allows for reception of
neighbouring frequencies. Rather unusually for a televi-
sion antenna, its impedance is 300Q, a huge mismatch
from the 75Q impedance of a television antenna input. *

Following experimentation I realised that the circular
device could be improved to provide far superior results.
Immediately the losses caused by the impedance mis-
matches could be eradicated, simply by introducing a
matching transformer — a simple device which almost

the shorter the wavelength. Thus fre-
quencies in the television broadcast band around 650MHz
have shorter wave lengths than those of the Medium Wave
radio band around 1000kHz (1MHz).

Domestic UHF television broadcasts are allocated a
space within the electromagnetic spectrum referred to as
Band Vland V. Carrier frequencies range between 450 and
850 MHz dependant on physical location within the United
Kingdom. In this respect it would be necessary to quote
several pages of data for every UHF Television broadcast
station. Fortunately such information is easily obtained
from either television broadcasters or any one of the
numerous radio authorities or that exist within the United
Kingdom. Relevant addresses are provided at the end of
the article. Perhaps more convenient is the Maplin Cata-
logue which details broadcast frequencies throughout the
country within the antenna section.

In general a domestic television antenna is required to
receive eight different wavelengths to provide sound and
vision for four channels. For example the transmitter for
the original design is situated in Croydon and uses the
following:

Station Vision Frequency Sound Frequency

(MHz) (MHz)

BBCI 511.25 517.25

BBC2 567.25 573.25

Imv 481.25 493.25

Channel 4 543.25 549.25
TABLE 1: Domestic Television Frequency
allocation.(Crystal Palace Transmitter)

1)arodd
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Examination of Table 1 provides the precise limits of
reception. In this instance the antenna is required to oper-
ate between 487.25 and 573.25MHz. The average fre-
quency is selected and so the design is tailored to 530.25
MHz. Employing equation (1), the associated wavelength
and therefore half wavelength is determined.

A= S=2==2 0 564m

For a Half Wave % =0.287m

The length of the antenna is thus realised. Readers must of
course use data relevant to their area. Although not that
different to the figures presented here, the final result may
prove far from acceptable.

75 L CO-AXIAL LEAD
3004L TWIN LEAD

ANTENNA

~L 300/75 0L —

TELEVISION

R TRANSFORMER

Fig.3 Schematic diagram of antenna system
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The width of the conductors is not so critical, though
a sense of proportion must be maintained and the width
should be small compared with a half wave length. Equally
a large cross sectional conduction area is important and a
compromise must be attained. Figure 2 shows a plan of the
antenna with actual measurements quoted in millimetres.
Although ‘the half wavelength 71, is specific to each
antenna,other measurements are not subject to regional
variation and should be adhered too.

Impedance Matching

As explained earlier, a matching transformer is employed
to overcome the impedance mismatch. A schematic dia-
gram is shown in Figure 3. The antenna is connected by a
twin 300€2 cable, to the 300X side of the matching trans-
former. The output from the transformer is then connected
by a 758 coaxial cable to the antenna input of a television
receiver.

Skin Effect

Domestic television antennas are often constructed from
metal tubing as opposed to solid rods or aluminium foil as
proposed in this instance. Such design seems inappropri-
ate, since basic physics tells that solid conductors are the
most efficient. The reasoning is easily explained; it is only
direct current that flows uniformly through the entire cross
section of a conductor. Athigh frequencies, current flow is
restricted to a narrow skin around the edge of a conductor.
The higher the frequency of the current; the thinner the skin
becomes and so rather appropriately the phenomenon is
referred to as the ‘skin effect’. Figure 4 provides illustra-
tion. The current loss introduced by the use of tubing as
opposed to solid conductors is minimal; additionally cost
and physical weight are reduced.

The use of aluminium foil is not as ridiculous as might
of first appeared. For UHF purposes, conduction will take
place solely within a few micrometers of the surface.
Whilst aluminium sheet would form a more permanent
device, foil is fine for experimental and prototype pur-
poses.

Construction

Construction is simple but as with all projects of this
nature, the Blue Peter Code of Practise should be adhered
to; ‘cut with care!” The antenna is mounted on a board —
thick card, hardboard or plywood will suffice. The ideal
method of construction is then to trace the antenna design
onto a piece of foil and then cut and secure to the board. A
light adhesive such as PrittStick will provide adequate
cohesion. Attempts to cut and paste each element sepa-
rately should be avoided. Complication would arise when
attempting to join the pieces together — the glue would act
as an insulator preventing electrical contact, rendering the
antenna useless.

Connection to the matching transformer is made by
the use of two 6mm mushroom-head bolts fixed through
the edges of the antenna in the positions illustrated in
Figure 2. Provision for the bolts is made by drilling two
holes through the antenna and supporting board. Spade
terminals on the 300R end of the transfonner slot neatly
underneath each of the bolts, which once secured between
two washers, provide good electrical connection as illus-
trated in Figure 5. Should you opt to use a transformer
which does not have a fixed cable link, a suitable len gth of
twin 300R cable should be employed. Crimped spade
connectors secured to each end would ensure a good
electrical connection though the constructer may equally
opt to secure the bare wires around each terminal.

WIRE CARRYING
RADIO FREQUENCY
CURRENT

WIRE CARRYING
LOW FREQUENCY
OR DIRECT CURRENT

P AREA OF
% -| CURRENT FLOW

Fig.4 Skin effect

A co-axial lead is required to link the transformer to
the antenna input of a television set. Two metres of coaxial
cable should be sufficient — coaxial plugs should then be
secured to each end allowing for connection between the
matching transformer and a television set. Once completed
the antenna may be plugged into a television set. The
device is vertically polarized and is directional; to obtain
the best results it should be mounted vertically and pointed
in the direction of the broadcasting transmitter. Using the
two channels at the extremities of the original calculations,
orientate the antenna to give the best sound and picture
quality. No formal proceedure can be provided for set up;
a trial and error method is suggested.

Further Work
The half wave folded dipole design is easily adapted
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for VHF reception and provides excellent results for stereo
FM. The sole change required is to the antenna’s length —
this must be changed to suit the frequencies concerned.
Feel free to experiment; the beauty of this type of construc-
tion is that it is cheap and lends itself to trial and modifica-

_— CRIMP CONNECTOR

PARTS LIST

1 Piece 350 x 250 mm hardboard or plywood

1 Roll of aluminum foil

1 2m 75R coaxial cable

2 co-axial plug connectors

tion. 1 75R/300R Impedance matching transformer

2 6mm Mushroom bolts

6 6mm washers | 200 mm length of 300R twin cable (see text)
4 Spade connectors (see text)

Lyarodd

6mm MUSHROOM-HEAD BOLT

__WASHER
__-CRIMP CONNECTOR

SUPPORT BOARD

Fig.5 Connection to Aluminium foil

W —
_ BOLT HEAD BUYLINES
All material and components should be eaily obtained; the matching
transformer is available from either Maplin Electronics or Tandy.
Approximate Cost £3.50
ANTENNA
Addresses

Information on frequency and channel allocation in specific areas may
be obtained from:

BBC Engineering Information
White City, 201 Wood Lane, London. W127TS

The Radio Authority
Engineering Information, Waterloo Bridge House, London.

Independent Television Commission
Engineering Information, Crawley Court, Winchester, Hants.

The Radiocommunication Agency
Waterloo Bridge House, London. SE18UA

OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

A COMPREHENSIVE RANGE WITH

SERVICE SECOND TO NONE

OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE
VOUCHERS TO USE AGAINST FUTURE

S PURCHASES. TO RECEIVE A COPY, PLEASE
SEND YOUR REMITTANCE WITH YOUR NAME,
ADDRESS AND TELEPHONE NUMBER
REQUESTING A COPY OF THE 1990/91 OMNI
CATALOGUE.

Open: Monday-Thursday 9.15-6.00

Frlday 915-5.00 Saturday 9.30-5.00

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

gy

”zf\ CRICKLEWOOD

Tel: 081 452 0161

“CRICKLEW OOD ELECTRONICS LTD, 40 CRICKLEWOOD BROADW AY, LONDON NW 2 3ET

Fax: 081 208 1441

BOOKS  |BOXES & CASES| CABLE & WIRE | CAPACITORS | CONNECTORS KITS

SEND NOW FOR THE [\ SRICKLEWOOD  coMPONENT CATALOGUE

ONE OF THE BEST RANGES AVAILABLE

[
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Mike Meechan looks at four
ways of squeezing the best
performance pet;foun.d from
e mic amp.

et another month has passed and we are again
ready, poised to boldly go, split some more
infinitives and make further inroads into the
workings of the largest mixing console yet of-
fered for publication within the electronics periodicals. In
the past few months, we have progressed as far as the
microphone/line input amplification stage, which, in the
global scheme of things and after so much text, seems
somewhat distant from the Master module. Readers in-
trigued by this apparently less than prodigious pace are

referred to the outline strategy listed in part 4. To very, very
briefly recap, I said that to publish further overlays or
constructional details at this point in the proceedings
would be tantamount to some irresponsibility on my part,
It would be akin to me — in my alter ego guise of used car/
timeshare salesman — trying to sell you a used car on the
basis of a visual inspection by you of a shiny wheel from
the notional and unseen vehicle! It is much better policy to
wait until more information about the console is in your
possession before tempting you with the sweetmeats of
overlays and PCB layouts. In this way, all of the features
and shortcomings of the mixer can be laid bare and opento
scrutiny over this period and, we hope, all prospective
customers will then be satisfied before contemplating
spending any largish sums of the old green stuff, We at ETI
have no wish for three or four completed modules to be

PHANTOM POWER
+4ev +17V AUDIO
cg
ap7
OPTIONAL 20dB MIC PA|
ey Lia
i 1k
. *SWia c17
470n
*R2
|3 Py b
(20d8 PAD) cat
‘ "SWib fo%'u LOCKWISE — Toon
M - ova L dga)
L R NEXT
a——— TAGE
c HIGH PASS
- FILTER
0Ve
R32
100k 5 R42 i7va
18 100k S == C24
470n ova 470n
VA ovA
R17 <R18 R20 <R21 <R22 <R23 <R24 <R25 COR28 <R27
3k S1k5 SBBOH <390R $200R S110R <62A S3BR <20R <11 <10k
2 20 25 30 35 40 45 50 55 60 65
MiC 8 )XLRT TO MIC LIVE
11 and R12 omitted
L) 2 on this version REMOTE SWITOH::NGE 5313 i
TO -+
ovA co REMOTE —
MIC/LINE START
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XLR2 £
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.
Fig.1 Mic/Line amp/Channel trim {(low noise version ¢/w optional multitrack ‘B check’ amp/relay)
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confined to an under—stairs cupboard because of impropri-
eties on our part as regards costing analysis or incomplete
guide prices — in simple terms, the damn thing was too dear
to take to completion!

Enough of the hype! In this and following issues we
move into a very important area of the console, that of the
Level Architecture. T had hoped to delve into the mysteries
of equalisation section — EQ — where creative or corrective
tonal spectrum changes can be made to the input signal.
Regrettably, text limits mean that this will be held over
until Part 6. On a positive note, this means that we can
explore more thoroughly and from first principles both
passive and active filter sections, the relationship which
these have to high quality audio in general, and to mixing
consoles specifically, the various ways of implementing
the EQ functions with active electronics, and the AutoMate

ite Mixer

way of doing the business.

Staying on the Right Side of the Law

Staying with the more immediate concern of this month’s
text, we must first complete some unfinished business in
the shape of the Mic/Line input stage and gain control.
Referring to the modified input stage schematic of
Figure 1 —that published last month was the general form
— and using already published information and circuit
diagrams, we should remember that differential amplifi-
ers, unlike most others encountered, operate at high gain
when the value of gain setting resistor between the two
transistors is lowest. For a good control law, we therefore
require an anti-log pot, as linear, or worse still, log law,
would cramp all of the gain variation into a very small part
of the control movement. This type of gain control is used
on many mixer input stages and provides good op-
erational and variable control of gain. However, [ was
unable to track down (no pun intended) any readily
available supplies of antilog pots and so opted for a
precision switched gain control cascaded to an op-
amp stage with gain on this second stage fully variable
between zero and plus 30dB. The switched gain
control uses a 12—way, adjustable—stop PCB—mount-

HOW IT WORKS

Low Noise Mic/Line/Channel Trim section
Microphone inputs {which ideally should be balanced) are inputted to
the console via XLRI, a 3-pin style socket. SW1a and b are part of the RV1
‘channel trim’ pot and are opened and closed by pushing or pulling the
pot shaft. This switch introduces 20dB of attenuation via resistors R1, R2
and R3. R5 and R6 balance the 48V phantom supply across the two legs.
The supply is switched on or off via the panel-mounted SW2 with C1 and
C2 {and optional electrolytic bypasses C16 and C17) providing the
necessary DC blocking of the input whilst ZD1 to 4 provide transient
over-voltage protection of the inputamplifier should the mic be plugged
inwith the phantom supply on. C25 compensates the input stage current
regulator while C7 and C8 provide compensation for the overall ampli-
fier, these latter two chosen in relation to the value of Rbias needed.
Rbias, R9 programmes the input stage for a given impedance and so
optimises noise performance for the given input source resistance of
200R. This feature of the input amplifier means that the 2015 can provide
close-to-optimum performance from source impedances up to 4k, noise
being within 1dB of the theoretical limit between 500R and 2.5k. The bias
resistor value has been chosen to optimise performance with a balanced
transducer - noise worsens with unbalanced inputs because of the
uncorrelated nature of the noise currrents of the 2015 and the bias
resistor value may be altered to compensate for this.

There are two trim controls to be adjusted with respect to this IC.
The ‘null’ control is an offset trim used to null out control feedthrough.
Since the output offset at low gains is determined by the matching of the
feedback resistors and at high gain by the matching of the input
transistors, a click or thump may be audible when gain settings are
rapidly changed. This is due to a shift in output offset and is eliminated
by adjusting the null control forequal offsets at high and low gainsettings.
The otheris aCMRR trim and is adjusted for minimum output with a high
level common mode input. As the untrimmed performance of the 2015
in both of these aspects is excellent, these trims may be omitted if so
desired. Gain is adjusted with the rotary switch of SW4, this placing one
of the gain setting resistors, RI7 to R26 into circuit. The attached table
shows the dB gain error for each of the settings. Capacitor C17 blocks any
offset DC from the next stage sothat there are no audible splats when the

Mic/Line switch position is changed. Its value is chosen to give a pole at
around 3.5Hz, low enough in value that succesive RC networks of similar
value do not cause excessive, cumulative phase shift and colouration of
in-band audio. IC3a and b are the ‘Channel Trim’ shared gain stages
which allow a further 30dB of gain for Line signals and 20dB for
microphones. SW3d includes resistor R35 in part of the gain-determin-
ing network when ‘Mic’ is selected. This reduces gain by about 10dB
since only 15 or 20dB of further gain will be required after initial
amplification by the mic pre-amp. Links 5 and 6 select this function.
‘Line’ gain can be altered by omitting or changing resistor values in this
area. This “trim” stage is arranged to “lose” around 4dB of gain so that
the 0dBu operating level is maintained after the High Pass Filter section
{which gives around 4dB of gain). Headroom is not compromised by this
action. Resistor R33 which grounds the non-inverting input is another
‘splat eliminating’ component.

Line Inputs enter via XLR2, another 3 pin socket or JK1, a switched
stereo 1/4" jack socket. The socket switching contacts can be arranged
via Lk1to 4to appear in parallel with or normalled through the Line Input
XLR. Thisis of most use for tape returns in a multitrack situation. It is also
the reason behind theinclusion of PL1, the optional ‘B Check’ differential
amplifier and relay RLA1. | propose not to explain these components
further atthis point. From the input sockets, line inputs travel to 1C2a and
b Superbal differential input amplifier. Another optional 20dB pad can be
fitted at the input to this amplifier if connection to high level, transient
sources is envisaged. The optional patd provides the necessary attenu-
ation. Gain in the trim section should then be adjusted accordingly. The
Superbal operation was described in some detail last month and refer-
ence is made to this. The output of this section is DC decoupled and tied
to ground via high-value R32 before appearing on the other contact of
SW3c. Switching clicks are thus minimised. It should be noted that signal
switching through SW3a and SW3b is disabled by fitting Links 5 to 10in
position ‘a’. This then frees the switch contacts — which were redundant
in this application anyway - to control ‘Mic Live’ and ‘Remote Start’
functions in the ‘Mic’ and ‘Line’ positions respectively. In all configura-
tions except the budget one, this function is available and all links are
fitted in position ‘a’.
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ing rotary switch adjusted for ten stops. Coupled with
close—tolerance gain setting resistors, this facilitates pre-
cision adjustment of gain from 65 to 25dB in 5dB steps.
With the cascaded op—amp stage, this affords us more than
80dB of microphone gain should we so require it.

Padding out the Mic Input

The IC employed in the flagship mic amp design of the
console ~ Precision Monolithic’s SSM 2015 mic pre—amp
— in common with similar transistor differential amp/op—
amp microphone amplifier configurations, suffers from an
increase in distortion at low gain settings. To counteract

this, there is an optional 20dB pad — attenuator — which can
be fitted to the input and switched in or out as required from
pot—operated push on—push off switch. Many modemn—day
designs of mic—input stage place great emphasis, at least in
the advertising blurb, that they are “fransformerless inputs,
using a padless approach and special circuitry to allow
single operational control of between 0 and 70dB of gain”.
Commendable and clever though this approach might be —
and 1 was unable to deduce how this is done — it doesn’t
explain how, on the occasions — rare as these might be —
that a very-high level, peaking to +10dBu source is to be
close mic’d, the input channel amplifiers remain able to
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HOW IT WORKS

Mid—Price and Budget Low Noise Mic Pre-amp

Super-matched transistors Q1 and Q2 in [C6 {or their discrete counter-
parts, 01 and Q2 in the budget low noise version) are operated open—
Joop atthe input stage to create a fully floating, differential input. Rd4 and
R49 set the collector current of the input stage, with values optimised to
give the amplifier a low noise figure as per the main text. Resistors R45
and R52 provide the necessary bias for the two transistors. The gain
determining elements of SW4 and R17 to R27 work as in the low-noise
mic amp, providing a resistive degeneration which gives the amplifier
stable gain overawide range. R45 and R52 and 45 associated capacitors

€33 and C45 also provide HF roll-off and protection from RF.

In operation, the input transistors convert a differential input
voltage to a differential output current at their collectors. Thisis fed toa
standard differential operational amplifier to obtain a single ended
outputvoltage. Using a differential ratherthan single—ended output from
the transistor stage means that CMRR is improved by an order of
magnitude and good overall rejection can be achieved using just 1%
tolerance resistors. Gainis set by the ratio of the selected gain determin-
ing resistor to the sum of R50 and R51. The line input operates exactly as
in the Low Noise version.
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operate with normal headroom considerations. This is a
very practical example of the type of conflicting perform-
ance compromises which we must suffer throughout the
console design. Sticking with a normal mic pre—ampatlow
gains means increased distortion; introducin gapadreduces
common mode rejection and using an alternative means of
first-stage amplification ie the Superbal means that the
OSI—optimum source impedance —condition isn’tmet and
residual noise increases as a result. Under most high-level
operating conditions, the first-mentioned is probably the
least objectionable of the three since only CMRR is slightly
affected by the introduction of a pad, although extra
resistance does make for an increase in noise. This should

not be too much of a worry because high level signals —
which were the cause of the introduction of the pad in the
first place — will tend to mask low level noise which is,
naturally, of greatest nuisance with low level signals ie a
high signal noise ratio is maintained. Personal preference
is therefore for the first option but it is really up to the
individual constructor as to the method or methods which
are employed. If not required, the pad can be switched out
and is no detriment to normal, good, low—level and low—
noise performance, In any event, it is an option which can
be omitted from the design at the individual’s discretion.
As an aside, it is interesting to note that some mixing
console designers use a straight op—amp micamplification
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technique at all levels of mic input signal, thus seriously
compromising overall console noise performance.

Line Input Stage Design

The Mic/Line pushbutton switches the input to the Superbal
unbalancing and buffering stage — the mic amp stage is
bypassed when Line is selected and the line input is subject
toless amplification. Gain foraLine level inputis restricted.
About 0 to 30dB seemed an appropriate range if domestic
line levels are to be readily accomodated. These values are
easily altered and I shall discuss how later in this part of the
article. Again, its the case of the greatest good. If high level
transient line inputs are likely to be encountered — which
is slightly improbable since the connecting circuitry will
be powered from supply rails similar in magnitude to those

HOW IT WORKS

Budget Mic/Line Input stage.

Again, as inthe previous example, many components within the network
are similar to those of the low noise option and where this is so, | shall
not repeat the circuit description. The SSM 2015 and associated gain
setting switch are omitted in this version and the mic applied, via its own
1k impedance network, and through SW3a and SW3b and associated
links in the ‘b’ position, to the Superbal, This imparts 20dB of gain to the
signal which is then passed directly to IC3, 4. This section now

acts as the main amplifier for the mic and so conditions on SW3d are
reversed—linksin ‘b’ position—withthe switchintroducing another 30dB
of gain into the network when ‘Mic’ is selected, total gain range for the
mic within this stage being 0 to 60dB. With this particular version of the
budget amp, there is again the option of a gain pot-operated 20dB Mic
Pad. The line input is as for the low-noise version.

within the mixer and headroom should not be a problem —
an input attenuator can be fitted. The gain range of the
“Trim” should be adjusted accordingly.

The manner adopted to provide this supplementary,
second—stage gain is worthy of note in that it uses no
attenuators in series with the input signal path. Many
commercial designs use a variable 30 or 40dB pad —
attenuator —coupled to a fixed gain amplifier. For 15 dB of
gain, for example, the input would be attenuated to—30 and
then amplified by 45dB, with all of the dire aural conse-
quences which this brings. In the circuit offered here, input
headroom, signal-to-noise and distortion are optimised
for any given input signal magnitude within the range of
the amplifier and there is no unnecessary attenuation of
signal.

Love, Peace and Swinging Inputs and
Outputs

Whenever gain is made up, it is important that any noise is
due, in the main, to the gain stage (which, hopefully, has
been optimised to reduce noise as much as possible). In this
way, all subsequent noise contributions, which, inany case
should be small, will thus be masked. At no place in the
gain swing should it be necessary to attenuate unwanted
gain. This is of particular importance where the gain
control is at its minimum setting, since any attenuation,
(and hence headroom lost) early in the signal paths effec-
tively lost from that point onwards in the console audio
pathway and can never be recreated. This is the concern of
so—called ‘level architecture’. It is in just this respect that
the circuitry of the Channel Input Trim control scores
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highly. It is of the type commonly known as ‘swinging
input’, a quaint-sounding name for something which has
absolutely nothing to do with the sixties or hippy chicks etc
etc. For those familiar with the network layout of the
Baxandall-type tone control, some similarities should be
readily apparent. Technically, the Baxandall achieves
symmetrical boost and cut using a source impedance
versus feedback impedance ratiometric approach. A de-
velopment of this which achieves a similar effect is a
circuitknown as the ‘swinging, output’ control. It will help
in our explanation of the swinging input if we first discuss
the swinging output since the former is an enhanced—
performance derivative of the latter!

Referto Figure 5. The diagrams show typical swinging
input and output controls. In the first, the gain control is
enclosed. within the feedback leg of a non-inverting am-
plifier, this configuration meaning that a buffer amp or low
impedance source — needed for an inverting configuration
- is obviated here. Unfortunately, the output impedance of

this network varies with the setting of the gain control,
necessitating a high subsequent load impedance or output
buffer amplifier. Serious drawbacks arise and manifest
themselves as problems with phase margin and conse-
quent instability, loss of headroom and departure from and
serious modification of a workable and useable gain con-
trol law.

Unity gain results when attenuation in the cutput leg
is equivalent to that in the feedback leg since the feedback
ratio exactly nulls the effect of the output attenuation. The
maximum gain condition results when the feedback leg is
shortened with respect to ground and the output attenuator
is lengthened. This means that loop gain of the amplifier is
at a maximum while an almost completely unattenuated
signal is available at the network output terminal. At
minimum, the feedback resistor is shortened (reducing
loop gain) while the attenuator leg is lengthened, reducing
outputsignal amplitude. A small resistor connected between
the pot wiper and ground controls the gain range. Using

MIC/LINE PRE-EQ POST-EQ
INPUT AMP NORMALLED NORMALLED
INSERT INSERT

Fig.7 Level architecture in mixing desks

POST-FADER MIX
BUFFER AMP BUS
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complex impedances such as capacitors and inductors
achieves frequency—conscious boost and cut and we shall
explore this avenue of development in greater depth in the
EQ section.

We can improve on this simple and elegant circuit by
making it into a swinging input. With this configuration —
shown also in Figure 5, the output attenuation network is
transferred to the input while the feedback network remains
as it was in the swinging output type. At the minimum gain
setting, the input signal is subjected to maximum attenu-
ation while the amplifier —with its long feedback leg —
delivers only a small amount of gain. At maximum boost,
these conditions are, of course reversed, with minimum
input attenuation and a short feedback component providing
high gain.

Further improvements are made in the way that the
circuit performs with respect to noise. At unity gain, when
input attenuation and amplification are exactly nulled, the
loop has around 20dB of gain. At first sight this may seem
to be somewhat noisier than the corresponding Baxandall
type. However, all of the network resistance values can be
made lower by an order of magnitude and so Johnson or
thermal noise is significantly reduced with respect to the
Baxandall layout. Moreover, any noise injected into the
system (at unity gain) appears in equal quantities at both
the inverting and non—inverting inputs ie common-mode
noise at a differential input. Ideally, common mode signals
should not appear at the output. One notable drawback is
that at unity gain, there is at first attenuation of the signal

100 4
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Fig.9 Graph of effective noise voltage Vs noise figure
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and then reamplification to the original level. This is
slightly detrimental to ultimate noise performance and it is
in this respect that this-next circuit scores very highly.

A further evolution of the swinging input type —
which can achieve quite excellent performance at very
high gains — is shown at the bottom of Figure 5. With this
configuration, noise criteria are always met since the first
gain block always provides more than ample amplifica-
tion, thus allowing its noise to swamp the second stage.
Most importantly, this feature holds true at the minimum
gain setting. This is immaterial in respect of noise —but not
headroom — since any front—end noise added will be at the
same level as the console noise floor which has been
determined already. Resistor values around the amplifier
are the primary determinant of the noise performance of
the amplifier, so this performance should be able to be all

but ignored at any reasonable settings of the gain control.
Headroom is preserved because at no setting of the gain
control is any attenuation introduced and, as an added
bonus, the distribution of gain between the two stages
means that the gain control law is as ideal as we could wish
for. From the graphs of gain versus pot rotation shown in
Figure 6, we can see that around the centre of the control
—where most adjustments will probably be made — we have
a very happy state of affairs in that dB change in gain is
almost linear with respect to control rotation. This dB
change becomes rather more cramped at extreme settings
of the control, but it is a more than acceptable compromise.
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Fig.8 Graph of noise level limits for mic amplifiers

It is this type which features here.

Although the SSM 2015 does everything that we
could wish for, and at a very reasonable price, I thought
that for some applications, the cost of the IC, relatively
inexpensive though it is, might be off—putting to prospec-
tive constructors and so set about devising another from
first principles. From a designer’s point of view, it is
sometimes quite satisfying — though only sometimes — to
forsake the all-singin’, all-dancin’ IC method of curing a
problem in a circuit and go back to basics to design from
scratch using only the manufacturers’ data sheets and
application notes for inspiration and guidance. It also
avoids any accusations of plagiarism of established com-
mercial designs although all commercial mic amps do, in
the main, seem to be a variation on atheme. We’ve already
mentioned instrumentation amplifiers and the methods of
implementation. The mic amp can therefore be considered
as a special type of one of these. Even before we consider
source impedance and optimising of the input device for
low noise, the use of a multi op-amp style instrumentation
amplifier means very closely matched resistances for good
CMRR, an attribute which s, of course, of great—importance
in any front end stage.

The high precision and ultimately costly resistors
required mean that we can therefore abandon this type.
What we can do is to make use of a transistor/op—amp
hybrid which, with accurately—matched transistors, can
offer CMRR’s in the region of 100dB — dependent upon
transistor matching — with only 1% tolerance resistors and
a trim control. This type, however, is not without its
drawbacks, notably in the way that gain linearity and
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Equation 8;

accuracy arenot as good as with the multiple op—amp type.
T'used the SSM2220, a super—matched PNP transistor pair
manufactured by our friends at Precision Monolithics Inc.
and cheaper by about £5.00 than the similar NPN-type
LM394. A'further and even cheaper version uses discrete
low noise transistors adequately suited to the purpose of
low level, low—noise amplification. We have already dis-
cussed in Part 1 an amplifier noise mode] and looked at the
contributing sources of noise in amplifier design. These
were ¢_and i . These are just one of a number of inter—
related factors which must be considered in any low-noise,
low—distortion, front—end design. For a thorough under-
standing of the approach to be taken as we follow the
yellow-brick-road discrete avenue of design, some de-
tailed explanation of the terms which will appear at regular
intervals throughout the text should first be given.

Noise Figure

In any low level amplifier, noise is the single most impor-
tant design parameter and performance-limiting factor,
and since resistors — both biasing and load — are an integral
part of amplifier design and application, these will contrib-
ute noise because of thermal activity. When the input
signal is amplified, so, unfortunately, is the noise and if the
ratio of signal power to noise power is the same at the
output of the amplifier as at the input, it is said to be
‘noiseless’. This is, of course, a practical impossibility and
real amplifiers degrade this ratio by adding noise of their
own. The degree of this noise impairment is known as the
noise figure of the amplifier and is expressed as a ratio in
the form;

NF=Sig xN_
Sigir XNy,

and noise figure in dB = 10 log (NF of the power ratio)

In our application, we can consider an amplifier with
anoise figure of less than 3dB to be good and of less than
1dB NF to be excellent. Put simply, the noise figure is the
amount by which the EI_ is higher than the thermal noise
ofa200R resistor (or other specified value). El is thenoise
measured at the amplifier output plus the amplifier gain
when the input is terminated with a resistor of the nominal
value of microphone impedance ie 200R. Although noise
figure is easy to calculate and to manipulate within calcu-
lations, it is not an all-encompassing panacea and sight
should not be lost of the fact that ultimately, it is the signal—
to—noise ratio which is important. Choosing a high source
resistance — where this is both possible and applicable —
yields a very good noise figure, since e swampse , butsignal
to noise is poor because of the inherent high level of noise.
Quite simply, this means not fiddling with the value of the
source resistance in an effort to make the noise figure
better because it does so at the expense of making the
amplifier noisier!

It is also important when comparing performance
specification figures to compare like with like. This is not
as elementary as it might first appear. Many commercial
manufacturers of all types of consumer equipment — not
just audio — are guilty of what might be termed
‘specmanship’. Power amplifiers quoted as having “40
watts total peak music ouput power” (which equates to a
useable 7W per channel RMS) are more common in the
commercial marketplace than is healthy for good customer
relations. The same hype is applied to the mic amp. If the
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Fig.11 Graph of contours of constant narrow band
noise figure for BC560C

noise specification of microphone amplifiers is to be
meaningful, gain, terminating resistance, bandwidth, the
noise measuring instrument, reference level and weighting
networks — if any — must all be documented. The type of
measuring instrument used is very important because of
the way in which an RMS meter will yield a figure around
77 to 10dB better (quieter) when compared to an identical
measurement taken using a peak measuring piece of appa-
ratus such as a PPM. Quoting lower source resistances,
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higher reference levels or the use of weighting networks
are all techniques used to cloud the spec somewhat and
produce better figures. All measurements in this series are
taken with a PPM referred to PPM4 (0dBu) and with 200R
terminating resistance.

Your Terminated, Sucker?

Some mention should be made of the choice of 2k input
impedance of the typical console mic. input. Normal
textbook convention for maximum power transfer is for
the source impedance to look into an equal value load
impedance. Why not then arrange for the mic to look into
a corresponding 200R load impedance? It is because it is
the output voltage capability of the source which is of most
interest to us here since an equal impedance termination
would dissipate most of the hard won power and 6dB of
signal level. From the point of view of noise, the source
impedance now seen by the amplifier is half that of the mic
alone (two equal Z’s in parallel) so the Johnson noise is
3dB less. Although noise performance is not unduly im-
paired, it is better not to lose an immediate 6dB of signal
level.

Furthermore, from the point of view of frequency
response, the microphone, being predominantly inductive
in character, has an impedance which rises with increasing
frequency. Terminating with an equal value resistor would
therefore mean that the complex impedance so created
would constitute a first order low pass filter, rolling off
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\} ~—-—— lc=25uA, R SOURCE =5k

8.0 1 \\ —.——.~ 1c=500UA, R SOURCE =1k
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2.0

0 . : ' 4
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FREQUENCY (Hz)
Fig.12 Graph of noise figure Vs frequency at diffent Ic

for BC560C

much of the useful HF response. Having a source imped-
ance around five times that of the capsule allows the
microphone to behave as an unloaded voltage generator.

Noise

Now that the concept of noise figure and measuring
techniques are understood, we can look at E . In addition
to low distortion, the E _ (which sets the lower limit on
useful input signal level and maximum input signal level
before overload) is probably the single most important
parameter within the sphere of noise and its reduction. E ,
or self—noise of —129.6dBu (with a 200R source) in a mic
input is equivalent to an SPL of 26dB on a typical micro-
phone. Room noise — typically around the 33dB mark —is
likely, in many applications, to limit small signal capabil-
ity. A typical pre—amp maximum signal handling capability
of —20dBu before undesired increase in distortion and with
an input sensitivityof 0.3mV for full output provides a total

input signal range of 105dB. Input sensitivity or gain
controls therefore set the best combination for the room or
background noise and expected peak signal amplitudes.

This is where noise voltage and noise current enter the
scene in earnest. Noise voltages and noise currents alter in
magnitude and in ratio to one another, lower collector
current giving rise to lower noise current — not inconceiv-
ably, since the current noise is due to minor random
discontinuities in the device currents. The ratio between
the two — noise impedance — can therefore be altered.

Given identical measuring conditions, resistors of
different values will produce the same NOISE POWER, it
is only the noise current and noise voltage ratios which
change. This optimum value is the already documented
optimum source impedance, the resistance value at which
the device is optimally quiet for audio purposes. It is
fortuitous that this OSI is also the value which coincides
with that required for optimum device transfer character-
istics ie there is good frequency versus phase linearity
response and so the device will be stable at high frequency,
high feedback-~low gain configurations.

We can bring the OSI down to that of conventional
dynamic microphones by reducing the ratio of the ampli-
fier inherent voltage and current noise using transformers
— oh—oh — or by paralleling identical input devices. This
technique maintains the same noise voltage but alters the
noise current and so proportionally changes the noise
impedance. This is because the base spreading resistance
of the transistor — which, as far as noise is concerned, adds
itself to the source resistance of the mic — is reduced by a
factor dependent upon the number of devices placed in
parallel. Noise is reduced by the square root of this factor.
Shot noise (or Schottky noise) contribution can be reduced
by maintaining a high collector current (which reduces
dynamic emitter resistance). Voltage noise is inversely
proportional to the square root of stage current whereas
current noise increases proportionally to the square root of
stage current. Fortunately, high current noise is of less
importance when dealing with low impedance sources
such as microphones. Optimisation of impedances is not
necessary since the outputs of the front—end pair can be
assumed to be feedback—derived zero impedance. With
transistors as the front end amplifiers, care must be taken
that the base—emitter junctions are not allowed to demodu-
late RF and inject it into succeeding stages. Judicious
filtering of the input is thus required.

With bipolar transistors, the theoretical value for
emitter—base voltage noise is a function only of absolute
temperature and collector current thus:

e=KT /_2
qlc

This formula indicates that a reduction in voltage
noise, ¢ , can be made low in value by increasing collector
current. This is indeed bourne out in practise as Ic is
increased until alevel is reached where parasitic transistor
noise limits any further reduction. This noise floor is
usually created by and model led as an equivalent resistor
(r,, ) — the so—called ‘base—spreading resistance’ — in
series with the base of the transistor. This is, in fact, the real
part of h,_ . Low parasitic transistor noise is therefore an
important factor in ultra—low noise applications such as a
mic pre—amp where Ic is pushed to the limit. In theory, a
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Iow noise design can therefore be done on paper with the
minimum of bench—testing. In practise, I found this not to
be the case!

A further transistor noise component is base current
noise and for finite source impedance, current noise must
be considered as a quadrature addition to voltage noise.
See Equation 2 in Fig 10. With a super—matched pair, base
current noise is a well-defined function of collector cur-
rent and can be expressed as in Equation 5. To find the
collector current which yields the minimum overall
equivalent input noise with a given Rs, the total noise
formula can be differentiated with respect to Ic and set to
zero for finding a minimum. Equation 1 and 2 are added
together to give Equation 6. This is differentiated as in 7
and yields 8. For very low Rs — as in the case of a
microphone — the r,, *of the transistor must be added to Rs
in the calculation.

_ Referring to the graph of collector current, I against
e andi Graph 1 and using the adjacent equation 1, we can
see e drops and i_rises with increasing collector current
means that we have a very simple method of optimising
transistor noise for a given operating source impedance.
Equation 2 shows that a noiseless source has an irreducible
source of Johnson noise from the value of its source
resistance. The amplifier adds its own noise as in Equation
3, consequently the amplifier’s noise voltage is added to
the input signal while its noise current generates a noise
voltage across the source impedance. Since, as far as audio
frequencies are concemned, the noise is uncorrelated, the
square of the values are added. It is the low noise designer’s
jobto pick Ic from the graph of e andi versusI sothatthe
€, + (i Rs) term is minimised for a given source resistance
in the area of the frequency of interest. From this graph, we
can see that the sum of voltage terms with a 1k resistance
is minimised for a collector current around 0.1mA. In the
interests of lower noise figure, it might be provident to use
a slightly lower Ic since current noise is reducing at a
greater rate than voltage noise is increasing. However,
with a low source resistance — 200R microphone — low e
is slightly more important so in practise we in fact run the
transistor at a higher collector current than at first seems
optimum. Again, it’s acase of compromising and conflicting
operating conditions. Plugging the values into Equation 3
yields a noise figure of 0.8dB, which is pretty respectable.
Graphs 2 and 3 of narrowband noise figure versus collector
current and noise figure versus frequency bear out this
value.

Referring to the circuit diagram, we can assume that
both bases are grounded (by R45 and R52 ) so the emitters
will be at 0.6V. This leaves Vcc — 0.6V to be dropped
across the emitter resistors ie 16.4V. Since IEQIC, we
control Ic with this emitter resistor. Collector resistor
values are chosen such that the Vce max voltage isn’t
exceeded and also that the transistor operates as near OV as
possible so that full output swing is available. Although
sometimes forgotten about, high common—mode signals
are fully amplified by the transistors and then nulled by the
following stage so that the maximum Vce rating of the
transistor can be exceeded or operating headroom seri-
ously eroded. The degenerating resistive element con-
trols gain.

I have also shown, in Figure 4, the budget mic/line
amplifier. This uses the much ridiculed straight op—amp

amplification technique, so that the OSI condition isn’t
met and the noise performance of the stage worsens by
around 10dB. The first type is similar in many respects to
the low noise version although the mic amp IC is omitted.
Gain in the second stage —after the Superbal — is altered by
SW3d, the switch scuttling some of the gain when ‘Line’
is the source connected. This is the opposite to the situation
in the low noise amp where gain was reduced when Mic
was selected (since most of the gain was being made up by
the SSM 2015). First stage mic amplification is provided
by the Superbal which is switched to ‘Mic’ via SW3a and
3b. It should also be noted that there is now no provision
for a front panel operated ‘pad’ in this second option of the
budget pre—amp but the dual gang pot which replaces the
pot/switch combination of the previous designs acts as a
continuously variable attenuator. The choice of which
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SSM2015 fiéures by calculation, others by measurement

Fig.13 Typical performance characteristics of SSM2220
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MIC Amplifer type Equivalent input Noise at20dB gain Distortion | CMRAR CMRR CMRR Frequency
Noise *see note (a1KHZ)Max gain @100Hz @1KHz @10KHz response
miin gain a
88M2015 -129dB (rms) -88dBA 0.007% 99dB@ max gain 97dB@ max gain 96dB @ max 20Hz-20kHz
integrated mic amp -126dB4 0.01% 73dB @ min gain__| 71dB @ min gain 70d8 @ min -0.3+0dB
SS5M 2220 -128.5dBU({rms) -87dB4 0.008% 91dB @ max gain | B0dB @ max gain 79dB @ max 20Hz-20KHz
Discrete super-match -124.5dB4 L 0.015% 70dB @ min gain 63dB @ min gain 62dB @ min -0.3/40dB
MPSAB5 Discrete -128dBU(rms) B5.5d84 | 0.08% 79dB @ max gain | B3dB @ max gain 79dB @ max 20Hz-20KHz
Low noise transistor -12.4DB4 0.05% 5508 @ min gain__ | 70dB @ min gain | 55dB @ min -0.3/40dB
Straight -115dBU{rms} 0.04% 72dB @ max gain | 72dB @ max gain 71dB @ max 20Hz-20KHz
Operational amplifier -111dB4 -84dB4 0.08% 70dB @ min gain 53dB @ min gain 45dB @ min -0.3/40dB
Note 1EIN r d with 20KHz bandwidth, 2002 termination, unweighted, max gain
Noise measurements {peak) done using PPM to CCIR/468-2 (dB4) = 0dBu (0.775Vrms referred to PPM4)
Noise measurements {rms) done using HEWLETT PACKARD 3561A oynamic signat analyzer
CMRR measured with +10dBu common mode tune at the input
Fig.14 Typical performance characteristics

option to fit is left entirely to the individual. The reader
might be intrigued by P11, the section marked “Optional B
Check Amplifier” and relay RLAI All of these are to do
with the multitrack and automation options and will be
discussed at a later stage in the series.

For ultimate performance, the first—described circuit
is the one to use. The subject of attenuation of the input is
asensitive one. The danger of overload from high level mic
input transients is a very real one and not to be dismissed
lightly.

Line level transients are less probable and as such, the
line input pad should prove unnecessary in just aboutevery
situation. As with the mic input attenuator, if its inclusion
is deemed expedient, then so be it. Enough information has
thus far been presented for the constructor to make an
informed and correct choice.

Ithas been said by more than one professional designer
of mixing desks that the gain structure of the unit is one of
the most important elements of the overall design because
of the way in which noise, headroom and crosstalk are all
related and in fact, inextricably linked to the relative signal
levels at various points throughout the audio pathway. It is
a reasoning with which I can heartily concur.

System Level Architecture

In order to maximise headroom, some designers have
found it expedient to create what is known as ‘non—unity
level architecture’ within the console. This means simply
that all signal levels within the console are operated at &
level other than OdBu. Popular ‘depressed’ levels include
—4dBu, —-6dBu and -10dBv. The —10dByv is a bit of a non—
standard one — as the units might suggest — being the
operating level found in some consoles manufactured in
Japan. A unity level architecture is employed throughout

the AutoMate with all levels being at anominal 0dBu. This
is for no better reason, I guess, than that coming from a
corporate broadcast engineering background, I wasused to
all access and insert points in the audio pathway in a studio
environment being both in—phase and at 0dBu. Being
familiar with this operating philosophy, I adopted it as the
norm. However, it is interesting to explore the reasons why
non—unity levels can be attractive and useful to the engi-
neer. In doing so, perhaps some intrepid constructors out
there will then wish to alter the level architecture of the
console when they come to build it. This is not as difficult
or as ominous as it may at first appear, since it entails
merely changing some resistor values in and around sev-
eral key gain blocks within the console.

Anyway, taking the —4dBulevel as a first example. As
per Figure 5, everything operates at 4dB below 0.775V
RMS, with 4dB of gain made up in the output stage using
transformer step—up techniques. Again, the introduction
of a transformer into a critical part of the audio pathway is
somewhat deleterious to good performance — we have
already discussed and documented at an earlier date the
many shortcomings of this component. The —-6dBu is a
better choice because gain in the output stage can then be
made up using an electronically—balanced amplifier stage.
These facts still do not explain why a depressed operating
level should be desirable at all. Again, it all has to do with
the preservation of operating headroom. The erosion of
headroom is most problematic in the input channel strip
and specifically before the main gain—controlling element
of the strip, the channel fader. Transient input signals and
equalisation quickly gobble the margin between normal
operating and overload (clipped) conditions. Lowering the
operating level throughout the channel (channel-depressed
architecture) is anothered favoured configuration because
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of the way in which headroom is extended where it is
needed most (in the uncontrolled part of the input strip).
Normal (0dBu) operating levels are then restored either in
the post—fader buffer or in the mix—-amps. Again, this
outward improvement in headroom performance is not
without cost. Residual mix bus noise is brought closer to
the actual wanted signal by the same amount that the
channel is depressed, but the high levels of signal on the
bus — which was the reason for the depressed architecture
in the first place —should swamp this. Another slight minus
point from an operating point of view is the fact that all
channel insert points now have a non—standard —10dBu
operating level and other sends and returns, aux mixes,
PFL and solo mix busses will also have to have subsequent
gain adjustments made. There is, I’'m afraid, no complete
and ideal solution.

Nextmonth, we look at the op—amp as it relates to our
application and then move on to discuss equalistion.
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Audio Dual Matched PNP Transistor), (5/89 Rev B — Dual
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PARTS LIST - LOW MISCELLANEOUS C5, 6, 25, 26,29, 30,31, 32,43, RZI 1R {all resistors 1/4W, 1% tolerance unless
NOISE MIC/LINE XR1,2 PCB-mounting 3 pin 4% 100n disc ceramic R28 = otherwise stated)
chassis socket 7,8 - R30 {optional, see text) R1,3,7,8,17-13 -

PREAMP JK1 14" PCB-mounting 9, 12 100n polyester R31,32,42 100k R4 100R

RESISTORS (all resistors 1/4W, 1% tolerance stereo switched socket C13-15, 21, 23 p polystyrene R3 ™ R5,6 6k8

unless otherwise stated) w2 PCB-mount DPOT C17,18, 24, 37 #70n polyester Ry X R8, 10, 15, 16, 38, 40

A1, 3. 3% 1k (R1, 3 optional, see latching switch C19, 20 Bud polyester (optional, R36 1k 10k (R38, 40 optional,
text) SW3 4 pole PCB-mounting see text) R31,39 30k (optional, see text) see text)

A2 220R {optional, see text) latching switch cz 100p polystyrene R38,40 10k (optional, see text) R11,12,36 1k

A4 100R SWa 12 way PCB-mounting (optional, see text) RH AoT R13,14 Ak

b, & BkB rotary switch £33, 35, M 470p polystyrene R43 75 R34 1k8

R7-10,15,16, 27,35 10k PL1 2way Minicon plug 034, 38-40 10u 63V radial R4, 48 %1 R3% 2008

Ri1, 12 _ Veropins, PCB, IC sackets to sult etc electrolytic Ra5, 52 & R37,39 30k (optional, see text)

R13, 14 20k ca, a2 4p7 polystyrens Ras, 49 56 R4 AOT

R17 3 PARTS LIST —(SSM 2220 c3% 100n 63V radial R47 optional link A& 75

R18 1K5 SUPER MATCHED electrolytic R50, 51 4k ' VRI 10k LIN pot ¢/w optional

R19 680R SEMICONDUCTORS VRI 10k LIN pot c/w optional push on switch

R20 390R TRANSISTOR VERSION) IC1,4,5 TLO71 (IC5 optional, see push on switch {SW1) CAPACITORS

R21 200R RESISTORS (all resistars 1/4W, 1% tolerance text) CAPACITORS 1,23 47u 83V electrolytic

R22 110R unless otherwise stated) IC2 NES5532A C1,2,3,10,11 47u B3V electrolytic C4-8 -

R23 62R R1,3, 3% 1k {R1, 3 optional, see IC6 SSM2220 c4 = 9,12 100n polyester

R24 36R text) MISCELLANEQUS C5, 6,25, 26, 29,30, 31, 32, 43, C13-15,21,23 33p polystyrene

R25 20R RZ 220R (optional, see text) XLA 1,2 PCB-mounting 3 pin % 100n disc ceramic C16-18 -

R26 11R Ré¢ 100R chassis socket 7.8 - C19,20 68 polyester (optional,

R28 9%k1 RS, 6,19 6k8 JK1 1/4" PCB-mounting 9,12 100n polyester see text)

R 31,32, 42 100k R9-10,15,16,27,35 10k stereo switched socket 0131521, 23 33p polystyrene c2 100p polystyrene

R30 (optional pad resistors, R11, 12 - Sw2 PCB-mount DPDT C17,18,24,37 470n polyester {optional, see text)
seetext) R13, 14 20k latching switch C19,20 6u8 polyester {optional, C25-32 100n disc ceramic

33 ™ R17 51k W3 4 pole PCB-mounting see text) SEMICONDUCTORS

R34 % R18 15k latching switch cz 100p polystyrene IC1 -

R37, 39 30k (optional, see text) R20 3k Sw4 12way rotary switch {optional, see text) IC2 NE5532A

R38, 40 10k (optional, see text) R21 1k5 PL1 2-way Minicon plug (33,35, 44 470p polystyrene 1C4,5 TLO71{IC5 optional, see

R AOT R22 910R Veropins, PCB, IC sockets to suit etc C34,38-40 10u 63V radial text)

R43 7K5 - R23 470R electrolytic MISCELLANEOUS

PRI 100k vertical muttitum ~~ R24 240R PARTS LIST - BUDGET .4 4p7 polystyrene XIR1,2 PCB-mounting 3 pin
preset (cermet) R25 110R DISCRETE MIC/LINE SEMICONDUCTORS chassis socket

PR2 1k vertical multitum preset R26 4R IC1,4,5 TLO71{IC5 optional, see JK1 1/4' PCB-mounting
{cermet) R28 - PREAMP text) stereo switched socket

VR1 10k LIN pot c/w optional  R30 {optional, see text) RESISTORS IC2 NE5532A SW1,2 PCB-mount DPDT
push on switch R31, 32, 42, 51 100k (all resistors 1/4W, 1% tolerance unless otherwise Q1,2 MPSA 55 latching switch

CAPACITORS R33 ™ stated) MISCELLANEOUS SW3 4 pole PCB-mounting

C1,2,310 1 47u 63V electrolytic R34 2% R1,3,36 1k (R1, 3 optional, see XLR1,2 PCB-mounting 3 pin latching switch

C4 21p polystyrene R36 Tk text) chassis sacket Swi 12 way rotary switch

C5, 6, 25-32 100n disc ceramic R37, 39 30k {optional, see text) R2 220R {optional, see text) JK1 1/4 PCB-mounting PL1 2-way Minicon plug

c7 47p polystyrene R38,40 10k {optional, see text) R4 100R stereo switched socket Veropins, PCB, IC sockets to suit etc

C8 4p7 polystyrene R41 AOT R5, 6,19 6k8 SW2 PCB-mount DPDT

C9, 12 100n polyester R43 k5 R9-10, 15, 16, 27, 3510k latching switch

C13-15, 21, 3 33p polystyrene R44, 48 8k2 R11,12 - W3 4 pole PCB-mounting

C16, 163, 17, 470n polyester Rd5, 46,49, 52 4k7 R13,14 2k latching switch

18, 24 (C16, 16a optional) Ra7 optional link R17 5tk Swa 12way rotary switch

£33 220p polystyrene R50 91k R18 15 PL1 2-way Minicon plug

SEMICONDUCTORS PR1 10k vertical muttiturn R20 k3 Veropins, PCB, IC sockets to suit etc

Cl SSM 2015 preset (cermet) R21 1k5

2 NE5532A VR 10k LIN pot c/w optional R22 910 PARTS LIST - (SSM 2220

3 NE5534A push on switch (SW1) [i74] 4708 SUPER MATCHED

C4,5 TLO71 {IC5 optional, CAPACITORS R24 200R
see text) €1,2,3,10,11 47u 63V electrolytic R% 1108 TRANSISTOR VERSION)

D14 6V2, 400mW zeners C4 - R26 4R RESISTORS

“




AMAZING ADAPTER BUG

Built into a standard 13A adapter,
plugs into any 13A socket 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 not working and
are not returnable. Price is £35.00 ref M35P1.

WALKIE TALKIES 1
RANGE

Pair of small pocket sized walkie
talkies complete with cases efc.
They will operate (subject to build-
ings etc) up to 1 mile apart. 2 PP3
Ov batteries required. £30.00 ref
M30P1

MILE

AMSTRAD 6128 COMPUT-

ERS

Custemer returned units com- .
plete with a circuit diagram and S
built in 3" disc drive. These

units are generally not working

PC CASES

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

ICES -

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 astandard tv or monitor, Complete with modem,
infrared remote controlled keyboard and console. £20.00 ref
M20P2

and are not returnable, Price is £29.00 ref M29P1.

CAR STEREO AND SPEAK-
ERS

Complete systemn comprising
of stereo cassette player, ste-
reo FM radio plus AM band,
Pair of good quality speakers
all for just £19.00 ref M19P 1

CORDLESS MICROPHONE

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

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 plastic
case. £22.00 ref M22P 1.

VIDEO SENDER
Transmits video pictures from

SPECTRUM +2 COMPUTERS
Refurbished popular computer

with buill in cassette deck and -
128K of memory £32.00 each .7
ref M32P1 PSU £1500 ref
M15P4

Woe 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.
Can also be used to transmit
from cam corder to video re-
corder, no mare trailing wires!
£15.00 {ex psu) ret M15P4
£20.00 (inc psu) ref M20P1.

12V SOLAR PANEL

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

BUILT BUG

SPECTRUM +3 COM-
PUTERS

Refurbished popular
computer with built in
disc drive and 128k of
memory £45.00 each ref
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
you need is a 9v battery and an
ordinary FM radiol £14.00 ref
M14P1,

C64 TAPE STREAMER
Originally made for the Commo-
dore 64 Computer but may be
adaptable for other machines. Unit
is supplied with its own operating
system, and two tapes. Approx 20
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,

ULTRASONIC ALARM SYSTEM

EPROMS

Clean erased eproms at bargain
prices! 27C64 pack of 10 for £7
ref M7P1,27C256 pack of 10 for
£9 ref MOP1,27C512pack of 10
for £10 ref M10P1.

Complete alarm systemthat comprises a de-

tector that simply plugs into a 13A socket in =
the area you wish to protect and a receiver |
which plugs into a 13A socket where you |
wish the alarm to sound. You could put one i |
in the garage and one indoors or perhaps
prolect your neigbours house ete. Fully ad-
justable sensitivity. £25.00 for complete sys-

WINDUP SOLAR POWERED
RADIO

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

tem ref M25P3,

PC POWER SUPPLIES

Brand new units made by Az-
tec either 110v or 240v input
giving 5v at 15A, 12v at 5A, -5v
at .3A and -12 at .5A. Fully
cased wilh on/off switch and
built 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.

TALKING TELEPHONE COIN BOXES

Phene bill too high? fit one of these and save. Fully program-
mable for different call rates,
chargebands, time of day etc. ac-

BUGGING TAPE RECORDER

Contains voice activated switch so only ac-
tual conversations are recorded! takes a ¥
standard audio cassette and uses AA batter- |
ies. £20.00 ref M20P3 - ’

cepts 10p, 50p and £1.00 coins.
Phone box actually speaks 1o you
with built in voice synthersiser
Wall or desk mounting. Twotypes
available 1 with built in lock at
£29.00 ret M29P2 the other with

TALKING ALARM CLOCK
Wakes you up by teliing 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 full instructions, BT approved.

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

EMERGENCY LIGHTING SYSTEM
Complele 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
fails the two powerful lamps are
switched on and remain on until i
power is restored. Maintenance

free. £19.00 complete with bat-

lery. ref M19P2

STEAM ENGINES

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

BROADBAND RADIO RECEIVER
Covers VHF 54-176 mhz (CB, air FM,
TV, PB, WB etc etc) hand held unit with
squelch control and carrying strap.
£15.00 ref M15P8 Superb value.

£30.00 ref M30P1.

Other models stocked.
including traction engine at
£59.

12 BAND WORLD COMMUNICA-
TIONS RECEIVER

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

Exceptional value at £19,

ref M19P4

L}

RN o

SINCLAIR C5 MOTORS

12v 29A (full load) complete with 4 to 1 reduction gearbox
giving 800 rpm output. Motor measures 8" x 4" with toothed
pulley output. £40 ref M40P1. We also stock 13" wheels with
tyres at £6 each ref M6P 1, 16" at £6.00 ref M6P2 and an elec-
tronic speed controller kit at £17 ref M17P1.

NOTE: SOME OF OUR PRODUCTS MAY NOT BE LICENSABLE FOR UK




GRAB YOURSELF A
SUMMER BARGAIN!

Take out a subscription to ETI and not only
will we give you this 6 in 1 Precision

1. Screwdriver Set
worth £5.99 —
absolutely FREE!
We'll also deliver
your copy to your
door at no extra
cost to you*

&
E
%
i

So subscribe
now and
enjoy ETI
right through
t0 1993.

Subscription Rates

UK £23.40
Europe £29.50
Sterling Overseas £31.00
US $ Overseas $56

Credit Card Orders
(0442) 6& 5’ (Ext 210 office hours)

This offer is open to current subscribers who wish to renew or

extend their subscription.
e S p—
YES | want to subscribe to ETI with the ......cceeveeceevcrees issue
i and receive a 6 in 1 Precision Screwdriver Set. | enclose my i
] cheque/M.O. for £ .....ccoveeeeeeen, made payable to ASP or please |
: debit my Access/Visa I [ l | | | I | i I ] | I | | |—| :
| Signature ....c.cccccveencmecrrevrerrerreeneeeens EXPiry...ccceeeevecvvriecnninenecns |
I |
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l f
| Address ......... ... e e e e I
1 I
l ane ey I
] W L-eFea Post Code .......cccerreerrmrsnessessanss |

| Please allow 28 days for delivery of Precision Screwdriver Set.
Please return coupon to:

| Subscription Department, Argus Specialist Publications, Argus
House, Boundary Way, Hemel Hempstead, Herts. HP2 7ST.

I Note: You may receive further information about offers and services
which may be of particular interest to you.
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ARGUS BOOKS PUBLISHING
FOR THE SPECIALIST

THE FULL
RANGE OF
ARGUS BOOKS

are available from
all good book
and hobby

shops or con-
tact Argus

Books direct

for an Autumn
1991 catalogue.

CATALOGUE OFFER, Argus Books
Argus House, Boundary Way,
Hemel Hempstead, Herts.

OR PHONE 0442 66551 EXT. 204

3

Great news for |

fishkeepers!

AR o

I — i e
e

AQUARIUM

is the NEW
monthly fish-
keeping
magazine

\ offering the

i best in the

i world of

g aquatics for
beginners and
4 experts alike.

......

There are expert
tips, step by step guides and

dazzling pictorial displays of aguarium fish in 100
pages bursting with glorious colour
detail, And it's only £1.75.

Why not order a copy
from your newsagent?

You’ll be glad you did!
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Please supply photocopies of the following articles
from ETI (complete in block capitals):

Month .......... Year ............ Page (if known) ............

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

Total remittance £ ....... Date .oveeeereeieeeenn. e

.............................................. Postcode .......i....
Send the completed form and your remittance to:
ETI Photocopy Service
Argus House
Boundary Way
Hemel Hempstead
Herts HP2 7ST

Please supply photocopies of the following back-
numbers of ETI.

Note: Backnumbers are held for 12 months only
(complete in block capitals)

Month ............ Year ............ Moth ............ Year

| enclose a cheque/postal order made out to ASP
Ltd. to the value of £2.20 per issue ordered.

Total remittance £ ....... Date ..oooovvveeeeeeeeeeeeenen.

............................................... Postcode ............
Send the completed form and your remittance to:
ET! Backnumbers Department
Argus Subscription Services
Queensway House
2 Queensway
Redhill
Surrey RH1 1QS
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FREE POWER! Can be yours if you use our solar cells — sturdily made modules
with new system bubble magnifers to concentrate the light and so eliminate the
need for actual sunshine — they work just as well in bright light. Voltage output is

BARGAINS - 10 New Ones This Month

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.

.45 —you join in series to get desired voltage — and on parallel
for more amps.

Module A gives 100mA Price £1 Order Ref. BD631
Module B gives 400mA Price £2 Order Ref. 2P199
Module D gives 700mA Price £3 Order Ref. 3P42

Module E gives 1A Price £3.50 Order Ref. 3.5P4

LIMITED SUPPLY ITEMS
are only described in our newsletter.
Over 50 appear in our current issue.
If you order something this month you
will recieve this and the next three
issues posted to you free of charge.

MINI MONO AMP on PCB. Size 4: x 2" with front panel
holding volume control and with spare hole for switch or tone
control. Output is 4 watt into 4 ohm speaker using 12V or 1
watt into 8 ohm using 9V. Brand new and perfect, only £1
each, Order Ref. 495,

5RPM MAINS DRIVEN This is a shaded pole motor, £5,

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. 797B.

BUILD YOUR OWN NIGHT LIGHT, battery charger or any other gadget that you
want to enclose in a plastic case and be able to plug into a 13A socket. We have
two cases, one 3'kx 2% x 1%" deep, £1 each Order Ref. 845. The other one is 2%
x 2% x 1%" deep, 2 for £1, Order Ref. 565.

SAFETY LEADS curly coil so that they contract but don't hang down. Could
easily save a child from being scalded. 2 core, 5A, extends to 3m, £1, Order Ref.
846, 3 core, 13A extends to 1m, £1 each, Order Ref. 847, 3 core, 13A, extends to
3m, £2 each, Order Ref. 2P290.

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.

100W MAINS TRANSFORMER normal primary 20-0-20 at 2.5A, €4, Order Ref.
4P24.40V at 2.5A, £4, Order Ref. 4P59. 50V ar 2A, £4, Order Ref. 4P60.
PHILIPS 8" 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. 8P48.

INSULATION TESTER WITH MULTI METER internally

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, 9V
500mA, £2, Order Ref. 2P134, 24V 200mA, £2, Order Ref. 2P4, 12V 2A, £6,
Order Ref. 6P23.

AMSTRAD POWER UNIT13.5V at 1.9A encased and with leads and output
plug, normal mains input £6, Order Ref. 6P23.

AMSTRAD 3.5 FLOPPY DRIVE brand new and cased, £35, Order Ref.
35P4.

ATARI 65XE at 65K this is quite powerful, so suitable for home or business,
unused and in perfect order but less PSU, only £19.50, Order Ref, 19.5P/5B.
80W MAINS TRANSFORMER two available, good quality, both with normal
primaries and upright mounting, one is 20V 4A, Order Ref. 3P106 the other
409V 2A, Order Ref. 3P107, only £3 each.

12V SOLENOID has good ' pull or could push if modified, size approx 1'%"
long x 1" square, €1, Order Ref. 232.

WATER VALVE 230V operated with hose connections, ideal for auto plant
spray or would contol air or gas into tanks etc., £1 each, Order Ref. 370.
HANG-UP PHONE won't clutter up your desk or workbench, current model
has push button dialling, tast number recali, internal alarm etc. Ex B.T. in
good condition and fully working ready to plug in, £5, Order Ref. 5P123.
ELECTRONIC BUMP & GO SPACESHIP sound and impact controlled
responds to claps and shouts and reverses or diverts should it hit anything!

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.

BRUSHLESS DC 12V FAN tiny, only 60mm square, good air
mover but causes no interference, €8, Order Ref. 8P26.

THIS MONTH’S SLIP
A £60 unit for less than £10 —
switch mode power supply with
outputs +12V at VA, +5V at 16A
and -12V at '2A. Enclosed in
plated steel case, brand new,
offered at a special price of £9.50
until July 31st, Order Ref. 9.5P1.

Kit with really detailed instructions, will make ideal present
for budding young electrician. Should be able to assemble
but you may have to help with the soldering of the
components on the PCB. Complete kit £8.95 Order Ref.
9P9.

500V BRIDGE MEGGER developed for GPO technicians
the Ohmeter 18B is the modern equivalent of the bridge
megger. 9V 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

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, Order 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.

SOLAR CELLS with terminals for joining in series for higher volts or parallel for
extra current: 100m A. £1, Order Ref. 361, 400mA. £2, Order Ref 2P 199, 700mA.
£3, Order Ref. 3P42, 1A, £3.50, order Ref. 3.5P/4.

AIR SPACED TRIMMER CAPS 2-20 pf ideal for precision tuning UHF circuits, 4
for £1, Order ref. 818B.

FIELD TELEPHONES just right for building sites, rallies, horse shows, etc., just
join two by twin wire and you have two way calling and talking and you can join
into regular telephone lines if you want to. Ex British Telecom in very good
condition, powared by batteries (not included) complete with shoulder slung
carrying case, £9.50, Order Ref. 9.5P/2.

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.

ULTRA SONIC TRANSDUCERS 2 metal cased units, one transmits, one
receives. Built to operate around 40kz. Price £1.50 the pair, Order Ref. 1.5P/4
10W ISOLATION TRANSFORMER if you want to isolate some small piece of
equipment from earth this may be what you are looking for. You can use it either
with a tapped input or a tapped output. It's upright mounting and well insulated.

good condition with data & tested. Yours for a fraction of
original cost, £45, Order ref. 45P2,

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 a discontinued high
quality music centre, gives real hi-fi, and only £4 per pair, Order Ref. 4P57.
CLEAR THAT SMOKE according to a 'Which’ report, many ionisers available
from chemists and similar have such a poor output that they are next to
useless. Our ioniser kit, however, uses mains transormers and is so powerful
you can feel the ion output on the back of your hand and it will clear smoke in
seconds. Complete, cased kit, price £16, Order Ref. 16P5.

ULTRASONIC TRANSMITTER RECEIVER with Piezo alarm, built into
preformed case is triggered by movement disturbing reflected signal,
intended for burglar alarm, car alarm etc. has many extras, time delay, auto
reset, secret ‘off' device, etc. A £40 instrument, yours for £10, Order Ref.
10P76.

STEREO HEADPHONES extra lightweight with plug, €2 each, Order Ref.
2P261.

BT TELEPHONE LEAD 3m long and with B.T. flat plug ideal to make
extension for phone, fax etc. 2 for £1, Order Ref. 552.

WATER PUMP very powerful with twin outlets, an ideal shower controller,
mains operated, £10, Order Ref. 10P74.

STUDIO 100 by Amstrad, the ultimate disco control panel, has four
separately controlled and metered channels, twin cassettes, AM/FM radio,
stereo audio amplifier, phono & CD inputs, etc., etc., regular price over £400,
we have a few still in maker's packing, brand new and guaranteed, yours for
only £99, Order Ref. 99P1.

Price €1, order Ref. 821.

3V SOLAR PANEL price £3, Order Ref. 3P99B

BT POWER SUPPLY UNIT ouput 9.5v AC at 600mA, in black
plastic case with 13A plugs to go straight into socket and
approximately 3 metres of twin output lead. Price £1.50,
Order Ref. 1.5P7

FERRITE AERIAL ROD 8" long x 3/8 diameter, made by
Mullard. Complete with 2 coil formers. 2 for £1, order Ref. 8328
3 GANG.0005 MFD TUNING CONDENSER with slow motion
drive. Beautifully make by Jackson Brothers and current list

JUST ARRIVED
3 core 15A flex. Price is 10m for
£2.50, Order Ref. 2.5P/3. You
can have this in multiples of 10m
up to 100m. Also available: 3 core
20A flex, 10m for £3, Order Ref.
3P109 and 2 core 20A flex, 15m
for £3, Order Ref. 3P110.

0.1MA FULL VERSION PANEL METER 2%." square,
scaled 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'%" 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.

PCB DRILLS 12 assorted sizes between .75 and 1.5mm,
£1 the lot, Order Ref. 128.

price is probably around £20. Yours for £5, Order Ref. 5P189

DIGITAL FREQUENCY METER.

This is a hand-held instrument with an LCD display
allowing 8 digits of frequency to be read, has
internal nicad batteries, and a power supply which
will recharge the batteries. Ideal for field and
service work as well as general and industrial
applications. Has high and low BNC inputs and a
plug-in antenna which enables remote tests. It
covers a very wide range of frequencies: switch
position 'A’ covers 10Hz to 20MHz and switch
position ‘B’ covers 20MHz to 1200MHz.. Price £99,
but it compares very favourably with instruments
selling at over £500 by our competitors. Order Ref.
99P2.

Prices include V.A.T. Send cheque/postal order or ring
and quote credit card number. Add £3 post and packing.
Orders over £25 post free.

M & B ELECTRICAL SUPPLIES LTD
12 Boundary Road, Hove, Sussex BN3 4EH

Telephone (0273) 430380
Fax (0273) 410142
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SCHEMATIC DRAWING &3
FOR WINDOWS

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 full 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, &>

ISIS - Intelligent Schematics

ISIS SUPERSKETCH (from £69)

A superb entry level schematic drawing package offering
all the editing features of ISIS DESIGNER but without
the netlisting, bill of materials and electrical rules check
features.

Extended device library available for an additional £30.

ISIS DESIGNER (£275)

Provides all you need to create and edit schematics prior
to further processing with ARES or other EDA software.
Through the provision of user definable menu options
and a special script language, ISIS acts as a ‘framework’
from which you can control all your CAD software.

ISIS DESIGNER+ (£475)

This top of the range schematics package adds
hierarchical design, automatic annotation/packaging,
ASCIl data import and Design Global Annotation to
make it one of the most advanced schematics packages
available for DOS.

GDCEDCEP
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Features

a Runs under Windows 3.0 or 3.1.

= 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
your own parts directly on the drawing.
Full set of 2D drawing primitives + symbol
library for logos etc.
Output to Windows printer devices including
POSTSCRIPT and colour printers.
Loads ISIS SUPERSKETCH and DESIGNER
files directly.

ARES - Advanced Routing

PCB Il (£69)

Our Graphical User Interface makes this PCB drafting
package exceptionally easy to learn and use. Advanced
features include Auto Track Necking, Gerber viewing,
curved tracks, and DXF export.

ARES (£275)
This package offers multi-layer, netlist based PCB
design together with Power Plane Generation, EMS
memory support and back-annotation to ISIS
DESIGNER+.

ARES AUTOROUTE (£475)

Adds a multi-strategy auto-router to ARES to provide
the ultimate in design automation. Special strategy
management features allow all design rules to be
defined in ISIS so there is very little setting up to do.

Also available as ARES 386 - a 32 bit version offering
up to 400% faster operation, virtually unlimited design
capacity and 1024x768 graphics support.

Call us today on 0274 542868 or

fax 0274 481078 for a demo pack.
Comblnation, multl-copy and educatlonal
discounts avallable. Prices exe P&P and VAT.

14 Marriner's Drive, Bradford, BD9 4JT.
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ET

ELECTRONICS

TODAY INTERNATIONAL

SERVICE
August

the year, the next two are the month.

Such orders will not be processed until payment is received.

E9208-1 dynamic Noise Limiter .........cccceeuveevnennnn.....
E9208-2 Touch Controlled Intercome (2 boards).......
E9208-3 MIDI Keyboard.........ccccceeveieiirnrnrnrernrennnnnn.
E9208-FC Battery charger ........cccccvcveinenrnrnrecnnennnen..

PCBs for the remaining projects are available from the companies lists in Buylines
Use the form or a photocopy for your order. Please fill our all parts of the form. Make sure you use the board reference
numbers, This not only identifies the board but also tells you when the project was published. The first two numbers are

Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice if required.

F
H
K
F

E8806-6 Bicycle Dynamo Backup .........ccccooceerieniicincne D
E8807-1 Bar Code Lock (2 bds) ............. N
E8807-2 Analogue Computer Power Board ..L
E8807-3 Bell BOY ..ot F
E8807-4 Logic Probe .........ccccocecvinniiniencicccceece C
J

F

H

C

D

E8807-5 Updated FM Stereo Decoder
E8807-6 Breath Rate Display Board ...........cccccoocvvvnennne,
E8808-1 Breath Rate Main Board ..........ccccccooineinncnn.
E8808-2 Breath Rate Switch Board .
E8808-3 Telephone Recorder.........c.ccoovevenenincnnne. .
E8808-4 Analogue Computer Main Board (2 bds) ....... M

E8809-1 Spectrum EPROM Emulator .................. M
E8809-2 Frequency Meter (2 bds) .... ..P
E8809-3 Travellers” aerial AMP ..occocovvieineeieienieienene E

R8810-1 Gerrada Marweh Bikebell ........ccococovercineene. E
E8810-2 Peak Programme Meter (2 bds)
E8810-4 TV to RGB Converter ...........
E8810-5 Electron RGB Buffer ..
E8811-1 Ni-Cd Charger.............
E8811-2 Chronoscope (3 bds) ...
E8811-3 Digital Transistor Tester .
E8812-1 Doppler Speed Gun (2 bds)
E8812-2 Small Fry Mini Amp ......
E8812-3 Thermostat .........ccccovevereeennrercrereneerenrnneeeennes E
E8812-4 Burglar buster Free PCB .......ccococooviiiovnnienns D
E8812-5 Burglar Buster Power/relay Board
E8812-6 Burglar Buster Alarm Board..........
E8812-7 Burglar Buster Bleeper Board ......
E8901-1 EPROM Programmer mother board
E8901-2 Variat-Ion updated Main Board.......
EB901-3  Variat-lon Emitter Board ..........
E8901-4 In-car Power Supply ..........
E8901-5 Granny’s Hearing Booster .
E8902-1 Compressor/Limiter/Gate ..........c.ccovevcenrerennne L
ER902-2  Ultrasonic HOM .....c..ooceroerueinrinicinieeseerene D
E8902-3  Stepper Motor Driver Board .. L
E8902-4 Quest-Ion (2 bds) ........ e ot K
E8903-1 Intelligent Plotter Solenoid Board ... .H
E8903-2 MIDI Programmer .................... .L
F
G
E
0

E8903-3 Balanced Disc Input Stage .
E8903-4 Digitally Tuned Radio ......ccocueeiecnnins

EB904-1 Camera Trigger .....ococvrvecereniecieieienias .
E8904-3 Intelligent Plotter Main Board .........................

E8904-4
E8904-5
E8905-1
E8905-2
E8905-3
E8906-1
E8906-2
E8906-3
E8906-4
E8906-5
E8906-6
E8906-7
E8907-1
E8907-2
E8907-3
E8907-4
E8907-5
E8908-1
E8908-2
E8908-3
E8908-4
E8909-1
E8909-2
E8909-3
E8909-4
E8909-5
E8910-1
E8910-2
E8911-1
E8911-2
E8911-3
E8911-4
E8912-1
E8912-2
Eg8912-3
Eg8912-4
E8912-5
E9001-1
E9001-2
E9001-3
ES001-4
ES002-1
E9002-2

Kinetotie Tie Board ........c.coccccveiinniiinennenn.
Kinetotie Control Board ..
Guitar TUner ........ooeeeieeveenrienienns

Camera Trigger Ultrasonics (2 boards) ...
Bench Power Supply (2 boards) .......

PC edge connector ..........c..o.oo....
MIDI converter CPU ........cccoeceicnmniniviiniieean,
MIDI converter keyboard .........c.coioerererecnnnn.
MIDI! converter control ...
AF signal generator ...........ccooccevvvvivnvineinerenn,
Mini BIEEPET ... evvvereeceereriieiieiecsre e C
Caravan heater controller
MIDI Patch Bay ...........
Priority Quiz Switch
Camera Trigger Infra-reds (2 boards)
Aerial Amplifier main board.............
Aerial Amplifier power supply .......c.c..coooennae E
Intercom master statiou ........ Soomeonootoodibeaaioaad L
Intercome slave station .... .
INtercom power MiXeT .....cccoeirieerierirrrisninens

Digital joystick to mouse conversion .............. H
Twin Loop Metal Locator ................ H
Trembler movement detector . .D
Field power supply (spec 3)........ ..C
Micro monitors active filter ...... F
Chronoscope auto-reset ...... =C
MUIEMELET .ovivcicecececiiiecere e ceeaeeane H
MIDI Mapper .......ccccoecemeneneericsierereseesnenna M

Smoke Alarm main board ..
Smoke Alarm power supply ...
Frequency Meter (3 board) .
Serial Logic Scope ..........
Mains Failure Alarm .
Surveilance PCB.........cccccoueenee
Slide/tape Synch .........occccinnenee.
Pedal Power .................

Digital Noise GEnerator .........c.coceevuvurverreurennas K
20 metre Receiver ........cocoovvvivicicuiieicieeene J
Wavemaker FG ........
Motorcycle Intercom
Low Voltage Alarm ..
EPROM Emulator .......
Superscope Mother Board ..........cccccoeeeviinnnen. M
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E9002-3
ES002-4
E9003-1
E9003-2
E9003-3
ES003-4
ES003-5
E9003-7
E9003-8
E9003-9
E9004-1
E9004-2
E9004-3
E9004-4
E9005-1
E9005-2
E9006-1
E9006-2
E9006-3
E9006-4
E9006-5
E9007-1
E9007-2
E9007-3
E9007-4
E9007-5
ES008-1
E9008-2
E9008-3
E9009-1
E9009-2
ES009-3
ES010-1
E9010-2
E9010-3
E9011-1
E9011-2
E9011-3
ES011-4

E9011-5

E9012-1
E9101-1
ES101-2
E9101-3
E9101-4
E9101-5
E9101-6
E9102-1
E9102-2
E9103-1
E9103-2
E9103-3
E9103-4
E9104-1
E9104-2
E9104-3
E9104-4
E9104-5
E9105-1
E9105-2
E9105-3
E9106-1
E9106-2
E9107-1
E9107-2
E9107-3
E9107-4
E9108-1
E9108-2
E9108-3
E9108-3
E9109-1
E9109-2
E9109-3
E9109-4
E9109-5
E9110-1
E9110-2

Superscope CRT Driver Board .......c..ccccccevnee K
Superscope Timebase Board ........................... K
Superscope Y1 input board .........ccocoveiiriiinnse. J

Superscope Y2 input board ...
Superscope switch generator.
Business power amp board ...
Business power supply board
Water hole ......cccoovevninnns
Super Siren ...
NVAIRSED AT RS S S S e ——
Bass Amplifer DC Protection...
Bass Amplifier Graphic Equaliser ...................
Bass amplifier MICTO .....ooovvrvieeiiiiiieiie
Quad Power Supply .
Business Display ........
Phone Lock and Logger .
Dark Room Timer..............
Telephone Extension Bell ..
Telephone External Bell .........cocoooiiiiiiains
I EClcORE X G N N s S N o0 S
Bug Spotter
Guitar Practice Amp ..o
Digital Frequency Meter .......cc.ccoveeeieiiinnnnee M
Footstep Alarm............
Transistor Tester ..
Decision Maker ....
AC Millivoltmeter ......
Temperature Controller .
FM Generaltor .................
Slide Projector Controller .
Ultimate Diode Tester ...
The ERertainer ..........cocoeeiiiieveviniminneninias
Component TESLET .......coeiriiriviiiiin i :
Active Contact Pickup ...
R4X Longwave Receiver ..........ccooeiannan
The Autocue (2 boards, 1 double sided) ....
Infra-lock transmitter (2 boards) ...........
Infra-lock receiver .........cccoiiiiicinnns
Four-track cassette recorder
(record/playback one channel) .. ........c....coo.e
Four-track cassette recroder

(Bias/erase oscillator board ................cccoeeen
Infra Switch ..o
Remote Control — Main Board ...
Remote Control - Display Board ............... A
Remote Control Timeswitch — Transmit bd......
SBC Micro Controller Board ........ccccoovnei.
SBC Practice Interface Board ..
5in 1 Remote Sensing Switch ......occcaieinienins
Remote Control Timeswitch — receiver bd ......
anti theft Alarm (2 bds)
Ariennes Lights ..o
64K EPROM Emulator ................ oo
SSB Radio Receiver .........
Active Loudspeaker board
Testmeter VOIts ..o
Active Direct Injection Box .
EPROM Eraser ............ i
Digital Tachometer............ccoovmeiviiniieniinnennne
Radio Calibrator .........ccccoeevcnceiieneninreneieenns
Modulator Laser (2 boards) ..
Thyristor TESter ....oovveervrceeieecicnines
Frequency plotter ........cococivniniinnne
Laser Receiver........cccovniivnivrvicnnenens
Temperature Controller — Power Supply ..
Temperature Controller — Main Board .....
Temperature Controller — Probe PCB ............
The Foot Tapper — Volume Control (2 sided) ..
The Consort Loadspaker.........ccoceeiecninniinins
Pulsed Width Train Controller ...........ooocveenine
Model Speed Controller — Main Board ............
Model Speed Controller — Power Supply ..
Model Speed Controller — Power Supply ..
Geiger COUNMET ...t
Hemisync Waveform Generator Board .
Hemisync Pulse Generator Board ......
Hemisync Power Supply Board ......
Nighfighter Main Processor Board .
Freeze Alarm ....c..ocecieeceeiincicvicnciiiiieecee
Document SAVET ........ccccviiiiiiineeierieeniseins

gl

b T R

S mMmEOZ T

ROmATT

E9110-3
E9110-4
E9110-5
ES110-6
E9110-7
E9110-8
E9111-1
E9111-2
E9111-3
E9111-4
E9111-5
ES111-6
E9111-7
E9111-8
E9112-1

E9112-2

E9112-3
E9112-4
E9112-5
E9112-6

E9112-7
E9201-1
E9201-2
E9201-3
E9201-4
E9201-5
E9201-6
E9203-1
E9203-2
E9203-3
E9204-1
E9205-1
E9205-2

Proto-type Designer ..........coovvoeeciceioinicnnninnn. J
Nightfighter — Sound to Light (2 sided) ..
Nightfighter — Ramp Generator Board ...
Nightfighter — Cyclic Crossfade (2 sided) .
Nightfighter — Strobe Board (2 sided) .... .
Nightfighter — 8 Channel Triac Board .............

Digital Code LocK ......oooevvireniimrimiciiieiicniinens
Switched Mode Power Supply
Nightfighter Mode Selection (2 sided) ............. J
Nightfighter — Display Board (2 sided) .......... M

Nightfighter — Bass Beat Trigger (2 sided) ...... L
Nightfighter — Sequence Select (2 sided)
Nightfighter — Master Controller PSU ...

Nightfighter — Output Switch (2 sided) ..........
Nightfighter Sensor Switch Master Control

(2 SIAEA) vt L
Nightfighter Sensor Switch Channel Control

(2 51ded) cveeerercencc e L
Nightfighter Sensor Switch Sound Trigger .....H
Nighifighter Connector Board......................... F
Nightfighter Sensor Switch PSU ..................... K
Nightfighter 8-Channel Input Interface

(DSl cl) P Y. e P
Power On and Overload Regulator . ..P
Laboratory Power Supply ............ ..F
Test Card Generator Board .........ccccooceieinan. M
LED Star (2 sided) ......oooovrveniencnciiiiiiieneiecnnns L
Enlarger Timer Main PCB (2 sided) N
Enlarger Timer Selector Board (2 sided) ......... K
Enlarger Timer Switch PCB ...l E

MIDI Switcher — Main Board ..
MIDI Switcher — Power Suply ............
Sine Wave Generator (surface mount) ...
Auto Car Lights .....c.ccooevniiiiennne.

Bat Detector ..... .
Pond Controller ........oocveveveeiiiiniiininiisicinsn

E9206-FC Stereo amplifier ..........cccooviiiiineninvenicrencnins

E9206-2
E9206-3
E9206-4
E9207-1
E9207-2
E9207-3
E9207-4
E9207-5
E9207-6

Xenon flash trigger Main Board ..
Xenon flash trigger Flash Board ......................
Scanner for audio generator...........ccoceveererunnen
Improved Rear Bike Lamp ...
Mini Baby Bug Monitor ..............
Ultrasonic Audio Senmder (2 bds) ..
Camera Add-on unit (4 bds) ..............
AutoMate 5V/48V Mkaer power supply .
AutoMate Precision 17V power supply ............ J

E9207-FC Surround Sound Decoder .........c.ccooovneecnncann. F

ORDERS

(0442

TELEPHONE

may be made on

66551)

ACCESS or VISA

HXECCHOROVOZIrR=TOTHOO

£37.90
£40.70

TO: ETI PCB SERVICE, READERS’S SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEAMPSTEAD HP2 7ST

Please supply:

Quantity Ref. no. Price Code Price Total Price
£0.75
Total enclosed £
Please send my PCBs to: BLOCK CAPITALS PLEASE)
Name .....ccceeeveenennenn ceseecenceannenns SN, - S ceenrnee veseeaees
Address...... e T e O e et L R R S T T O T F AT
.................................... POSLCOAe iviisiaissnsinsnashsisnasesananans

[
!
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l Post and packing
I
l
l
|
I
I
|
|
I
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The Earth needs all the friends it can get.
And it needs them now.

For thousands upon
thousands of years our
planet has sustained a
rich diversity of life.
Now, one single
species - humankind -
is putting the Earth at
risk.

People the world over
are suffering the
effects of pollution,
deforestation and
radiation. Species are
disappearing at a
terrifying rate. The
warming of the
atmosphere threatens
us all with devastating
changes in climate and
food production..

But it needn’t be like this - we know enough to reverse the damage, and to
manage the Earth’s wealth more fairly and sustainably. But the political will to
bring about such a transformation is still lacking.

And that’s exactly where Friends of the Earth comes in.
IT°S TIME YOU JOINED US

I el k. Exiers B the Eanbabiers e e . D e T e =

, I'd like to join Friends of the Earth. Please send me your quarterly FULL NAME __

magazine. | enclose:
|

£16 | |individual  £250 | | life

I'd like to donate £50 | | £35 [ | £15 | |other[g |

I enclose a chequé/PO for total of D
——_ POSTCODE ____

payable to Friends of the Earth or debit my Access/Visa No:
| I ]

e e
Card Expiry date: | |
Signature I | Date] I

1 Send to: Friends of the Earth Membership Department, FREEPOST, i = =
56-58 Alma’Sweet, Luton, Beds LU1 2YZ.

SIDYRES B SSs i SIS — — =

I
I
|
I
I
I
I
I
|

:_ 081 200 0200 to join/donate anytime Friends of the Earth rai KAFR




BINDERS

Keep your copies in first class condition

Keep your collection of
ELECTRONICS TODAY
INTERNATIONAL
in mint condition with
these specially
commissioned binders.
The price is just £6.95
which includes postage
and packing™.
How to order
Send cheque/PO. to
AS.P. BINDERS OFFERS,
Argus House, Boundary Way,
Hemel Hempstead HP2 7ST

*UK ONLY — OVERSEAS PLEASE ADD £1.50

TELEPHONE ORDERS (24 HRS) 0442 66551

s ETV Binders at £6.95 each inc.p&p !

Please SUPPIY .o
Overseas please add £1.50 p&p [

}

|

i L
: Total £ ........ (please make cheques/postal orders payable to AS.P) :
| NAME . :
| ADDRESS i
I R e i
i I
I I
I - ain :
! ordebit my (T T T T T T T T T T T T T T TIEXpiry wovore |
| 1
L ACCESS/VISA  Signature 3o Gt _}

PUT YOUR
AGENT ON
THE TRAIL

You need the facts, just the
facts man. You need a
steady source to feed you
information. Don't settle for
a second-rate squealer. You
need ETI and you need it
good. Put your newsagent
on the trail — clip the
coupon and hand it to your
neighbourhood shop.

oA MTERATORAL every month.

Note this magazine is available to your whoiesaler through:
SM Distribution, 6 Leigham Court Road, Streatham, London |

MName

Dear Mr Newsagent
Please order me a copy of ETI § » '

and reserve/deliver me a copy

TODAY INTERMATIONAL

1
|
l
l
| SW16 2PG. Tel: 01677 8111,
l
|
1
I

HALCYON

ELECTRONICS

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

DATA PRECISION 6000 WITH 611 PLUG-IN, RHODE & SCHWARZ PZN PHASE METER £125
AND 681 DISK DRIVE UNIT. £3995  RAS SR UHF SIG GEN 290-1020MHz £175
HAMEG 605 60MHZ DUAL TRACE, COMPTESTER  £305  WIRELESS WORLD CIRCARDS SER 1-25 cased £49
HAMEG 203-5 20MHZ 2 TRACE, COMP TESTER. £260  SAGE 2-WAY CO-AX SWITCHES SAN21I20NCONNS  £95

TEK 465 100MHZ 2TRACE, DUAL T/B £450 D) 2026 SONAR SCANNER, SURFACE UNIT £895
PHILIPS PM3217 50MHZ 2 TRACE, DUAL T/8 £395  B&X 1013 BFO & 2305 LEVEL RECORDER £135
HP. 1340A X-Y DISPLAYS £145  UPA CAVIDERM CD6 P.TH. TESTER £750
TEK SLAN 100KHZ SPECT ANAL WITH 5110 GOULD BRUSH 260 6-PEN CHART RECORDER £9%
M/F, 2x 5A18N, SBION T/B £750  CANNON ZOOM LENS C-MOUNT V6x17 17-102mm  £95
PHILIPS PM3400 SAMPLING SCOPE £195  SONY HVG2010P COLOUR GAMERA £95
CROTECH 3030 1 TRACE 15MHZ, COMP TEST £99  MILITARY RADIOS, RING FOR DETAILS

LEADER LBO-9C ALIGNMENT SCOPE £249  MARCONI MARINE KESTREL 3 POA
OTHER DUAL TRAGE SCOPES FROM £110  LOGIC ANALYSERS, VARIQUS From £45 to £95
TEK, 5458, 585, 5354, 541A etc From£49 AV CZ457/5 LGR COMPONENT COMPARATOR £75
TEK 545/585 SERIES PLUG-INS From£10  ANALYTICAL BALANCES WITH WEIGHTS £69
TEKTRONIX 7403N, DF1, 7001 LOGIC ANAL £495  LIGHT BOXES 230V 10x12° ares 9

Visit our bargain corner in shop.
Many valuable items at knock-down prices.

CONSTANT VOLTAGE TRANSFS 150VA-2KV POA  DECADE R/GN/ BOXES From £16
|BM POLAROID PALETTE, CGA £195  KAYE DEE PNEUMO UV EXP UNIT 390x260mm £175
COMMUNICATIONS RECEIVERS, VARIOUS POA  VACUUM PUMPS TYP 100MBAR (28L/MIN) £65
VALRADIO FCB230/200 50Hz TO 60Hz 200W £95  CALIBRATION STANDARDS G/V/L/R POA
WANDAL/GOLTERMAN SPM-2 SEL LEVEL METER  £169  COSSOR CRMS33A VHF NAV/COM RF SIG GEN } 750
GUAGE BLOCKS {SLIP GUAGES) VARIOUS From£5 COSSOR CRMS1! ILS/VOR ALDID SIG GEN

WAYNE KERR RA200+ ADSI DISP STORE £995  TOPAZ 91007-11 7.5KVA 120/240-120/240 150L £249
RUSH RT2 EN CU W/STRIPPER 28-45AWG £195  KINGSHILL NS1540 15V 40A PSU CASED 2%
RUSH DCF4+VAR SPEED CONT 9-20AWG £95  MARCONI TF2303 AM/FM MOD METER 520MHz 245
BBC-B & MASTER COMPUTERS From£99  ROBIN 4112 PHASE EARTH LOOP TESTER £75
MARCONI TF2300 FM/AM MODULATION METER £195  ROBIN 5402 DIGITAL RCCB (ELCB) TESTER £75
TEKTRONIX 834 PROG DATACOMMS TESTER £395  MARCONI TF2330 WAVE ANALYSER £150

VARIABLE OUTPUT PSUS HV & LV
TEKTRONIX 520 521A PAL V/SCOPES

From£35  HP 6168, 618C, 626A, 628A SIG GENS £35ea
From £475  SIGNAL GENERATORS AF TO 21GHz From £15

LIST AVAILABLE, BUT 1000's OF UNLISTED BARGAINS FOR CALLERS
QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICE EXC. OF P&P AND VAT

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR

SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383

HI-FI NEWS
McDONALD

This superb transmission line kit by
Richard McDonald utilises a Volt
BM.220.2/8 Bass Mid Unit and a
25 DT 51 Metal Dome Tweeter.

These two units are intergrated
with a high quality bi-wired passive
crossover incorporating air cored
inductors and polypropylene
capacitors.

The kit is available in three forms.

The basic kit which contains just the
drive units and kit crossovers.

The plus kit as above but includes
acoustilux, wacoustic panels, gold
plated binding posts, grill studs,
grill fabric, internal wiring and a
set of spikes.

The total kit as above but includes
flat pack cabinets accurately
machined from 18mm M.D.F.

Dimensions 1024 x 274 x 375mm

Basic Kit £270.00
Plus Kit £329.00
Total Kit £459.00

Wilmslow

¥ Audio A

DIY Speaker catalogue £2.00
post free (export £3.50)

Carriage

£8.00
Carriage £10.00
Carriage £20.00

Wellington Close,
Parkgate Trading Estate
Knutsford, Cheshire
WA16 8DX

Tel: (0565) 650605

Fax: (0565) 650080

@ Telsphone credit card
orders welcome

Open Tuesday to Saturday, 4 demonstration rooms available.




- Cirlcit
TESTING

TM SERIES MULTIMETERS
D-MM Good Value!

==
The TM series of low cost meters, §”Eg
with 3% digit LCDs, full overload T
q m =
protection, strong ABS case and =
packed with features. Supplied with =
test leads, battery and manual.
TM 5315 DC current (10A) continuity and diode test 56-05315  £19.99
TM 5365  Capacitance and frequency (200kHz) ranges 56-05365 £36.50
TM 5375  Frequency range (20MHz) and HFE test 56-05375 £36.95
™ 115 AC & DC current (10A), HFE and continuity test ~ 56-00115  £32.50
™ 135 Capacitance and temp. ranges (inc. probe) 56-00135 £45.95
™ 175 Frequency (15MHz), capacitance ranges with
HFE, diode, continuity and LED test, 56-00175 £53.60
TM8020 3%/, digit display, frequency (4MHz), capacitance
{40pF), AC+DC current to 20A 56-08020 £54.76
TM8030 3%/, digit display, frequency (4MHz), temperature
(inc. probe), AC+DC current to 204 56-18030 £59.96
7705 Capacitance meter, 1pF to 20,000uF 56-07705 £39.82

BLACK STAR

Top quality, UK made,
frequency counters and
generators.

Jupiter 2010 2MHz function generator plus 20MHz

freg. counter o 56-12010  £233.00
Orion PAL TV pattern generator 56-01600  £269.00
1410 Video Monitor Tester 56-01410 £521.00
Meteor 100 100MHz counter 56-00100  £128.08
Meteor 600 600MHz counter 56-00600 £158.63
Meteor 1000 1000MHz counter 56-01000  £209.15
Apolio 100 100MHz counter/timer 56-10100  £381.88
Nova 2400 2.4GHz counter 56-02000 £351.33
Jupiter 500 500kHz function generator 56-00500  £129.25
Jupiter 2000 2MHz function generator 56-02001  £175.05

HAMEG
"SCOPES

All Hameg scopes
are supplied with
two x 10 probes,
mains lead,
manual and
2 year
warranty.

HM203-7 Dual channel, 20MHz 56-52037 £397.15
HM205-3 Digital storage, 20MHz sampling 56-52053 £716.75
HME04 Dual channel, 60MHz 56-56040  £716.75
HM1005 Triple channel, 100MHz 56-01005  £930.60

Full details of all the above are included in our comprehensive
catalogue, £1.70 (plus 30p P&P)

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

Summer '92
Electronic

Constructors
Catalogue

Many new
products including:

B Audio Amplifier Modules
Range of 14 high power audio modules, encapsulated
to an integral heatsink in Bi-polar, MOSFET and Class
A formats with power outputs from 15 to 180 watts.

B Books
18 new titles from the top electronics publishers.

H Burglar Alarm
Volumetric alarm triggered by change in air pressure
eg an opening door, easy to install - no wiring
required.

B Spectrum Analyser Adaptor
Converts a conventional scope into a low cost,
250MHz spectrum analyser.

B Low Profile Mains Transformers
Encapsulated, top quality PCB mounting mains
transformers.

B Airband Scanning Receiver
100 programmable channels, covering civil and
military frequencies.

Bl Stereo Valve Amplifier
Top quality stereo hi-fi amp from Velleman - at a very
competitive price!

B Extended Ranges
of connectors, equipment cases, filters, crystals, fuses,
fans, kits, ATUs, semiconductors, loudspeakers,
sounders and toroidal transformers.

With 24 product sections, 192 pages,
3000+ lines and £££s of discount vouchers,
be sure to get your copy now!

Available from most newsagents or
directly from Cirkit.

CIRKIT DISTRIBUTION

Park Lane - Broxbourne - Hertfordshire - EN10 7NQ
Telephone (0992) 444111 - Fax (0992) 464457

71
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COMPUTER SCOOPS

Pc AT 386 20-DX FULLY LOADED FOR £449q9!

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 .

.
» .
. .
. .

The MP386 quality made by Mitsubishi to last a lifetime! Brand now with
all manuals and software plus Super PC-Quick Disk Acoalernjm for
llghtnlnn disk access.

Installed VGA card
Enhanced 102 key k/board
Complete with MS-DOS 3.3
2 serial 1 paraliel ports

8 free slots- 6 off 16 bit!

et

£499,,

A COMPLETE IBM PC COMPAT
SYSTEM FOR ONLY £99!!

Just plug In and go -
complete with 12° mono monitor, B4 key keyboard, 360k 5-1/4" floppy disk drive,
128K RAM, 2 serial and 1 paralie! port plus DOS with manual. Many otherfeatures
Include 7 siot baciplane, all melal case, 150 watt PSU and US made mother-
board. in very good ussd condition with 80 day guarantee. At the unique price of:

fully expandable - the PC-09! System supplied

FLOPPY DISK DRIVES
4" from £22.95 - 314" from £21.95!

Masstw puruhms of standard 514" and 312" drives enables us

to presant prime product al industry beating low prices! All units
(unless siated) are removed from often brand new equipment
and are fully tested,aligned and shipped o you with a 50 day
guarantee and operate from standand voit, and are of sanc-
ard size. All are IBM-PC compatible (if 3

3.5" Panasonic JU364 720K* 221 258)
3.5" Mitsubishi MF353C-L. 1.4 Meg. Laptops only* £29.85(8)
3.5" Mitsublishl MF353C-D. 1.4 Meg. Non laptop® £29.85(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.

art 800/801 SS refurbished & tested £175.0(E)

Shugart 851 double sided refurblshed & tesled £275.00(E)
Mitsublshl M2894-63 double sided switchable

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

Dual 8" drives with 2 mbyle capadity housed In a smant case
with bulit In power supplyl Ideal as exterlor drives| £499.00(F)
End ot Ane purchase scoop! Brand new NEC D2246 8" 85
megabyte of hard disk storage! Full CPU control and industry
standard SMD interiace. Uiira hi speed transier and access Ims
leaves the good old ST506 interface standing. In minl condiion
and comes compiete with manual. Oniy. £299(E)

THE AMAZ’NGTELEBOX
onverts your colour monitor Into &
. QUAUTY COLOUR TVI!
V SOUNLD

& VIDEO
TUNER!

The TELEBO)C consists of an attracive tully cased mains
powered unit, contalning all electronics ready to plug into a host
of video monltors made by manufacturers such as
MICROVITEC, ATARI, SANYO, SONY, COMMODORE,
PHILIPS, TATUNG, AMSTRAD and mary more. The composite
video output will also plug directly infas mos! Wdeo recorders,
allowing reception of TV channels not normally mceivable on
most lelevision receivers (TELEBOX MB). Pus® button controls
on the front panel aliow reception of 8 fully lureaiee "off ali’ UHF
colour televislon or video channets. TELEBOX MB covers vir-
tually all television frequencies VHF and UHF induding the
HYPERBAND as used by mast cable TV cpersfors. Composite
and RGB video outpuis are located on the rear panel for dinect
connecion io most makes of monitor. F"'mroe'_s compatibility
- aven for monitors without sound - an infegral 4 wafl audio
amplifier and low level H F audc output am provided as
standard.

Telebox ST for composite video input monitors £3295
Telebox STL as ST but with imegral speakar £36.50
Telebox MB &s ST with Multiband wumer VHF-UHF-Cable.

Optional ATTED extras: 256K RAM £15; 640K RAM £39.
12" CGA colour manitor with card £89. 2nd 5-1/4" 720K Nloppy
(or 360K if preterrad) £29.95. 20 mbyte hard drive £115.

£99,

Power One SPL200-5200P 200 watt (250 w peak).Seml open
frame giving +5v 35a, -5v 1.5a, +12v 4a (Ba peak), -12v 1.5a,
+24v 4= (6a peak). All outputs fully regulated with over vallage
protection an the +5v output. AC Inpul seleciable for 110/240
vac. Dims13" x 5" x 2.6". Fully guaranieed RFE. £85.00 (B)

Power One SPL130. 130 watls. Selectable for 12v (4A) or24 v
(24). Sv @ 20A. £ 12v @ 1.5A. Swilch mode. New.  E58.85(B)
Astec AC-8151 40 watts. Switch mode. +6v @ 2.5a. +12v @
Za -12v @ 0.1a. 6-1/4" x 4" x 1-3/4" Naw £10.85(8)
Greendsle 19ABOE 60 watts swilch mode.+5v @ 6at12v @
1a,+15v @ 1a. RFE and fully lested.11 x 20 x5.6cms. £24.85(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v
@ 15a,-5v @ 1ai12v @ 6a.27 x 12.5 x 6.5cms.New.
£49.95(C)

Boshert 13090.Switch mode. ldeallordrlmasysum +5v@sa,
+12v @ 2.5, -12v @ 0.5a, -5v @ 0.5a.
Fermnell GB/40A. Switch mode. 5v @ 40a.Encased EQEIIJ(CJ

BBC Model B APM Board

£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 thal with a bit of experimentation and ingenuity many
usetul applications will be found for this boardll It Is supplied
complete with a connector panel which brings all the VO 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
Ie’s socketed. The Ic's are too numerous to list but include a
6502, RAM and an SAAS5050 teletext chip. Three 27128
EPROMS contaln the custom operaling system on which we
have no data, On application of DC power the system boots and
provides dlagnostic information on the video outpul. On board
DIP switches and jumpers sesiect the ECONET address and
enable the four exira EPROM sockets lor user software, Appx.
dims: main board 13" x 10". VO board 14" x 3°. Supplied tested

with clrcult diagram, data and competition ant i'
only £29.950r 2 10r £53

SPECIAL INTEREST

Trio 0-18 vdc bench PSU. 30 amps. New
ites M3041 600 LPM band printer

DEC LS/02 CPU board

Rhode & Schwarz SBUF TV test transmitler

25-1000mhz. Complete with SBTF2 Modulator

£ 470
£2950
£ 150

& hyperband For overseas PAL versions stale  Saicomp 1056 1a ugﬁ:’“;r’!';]‘yg::‘ plaiey 5 Koy
5.5 or 6mhz sound specfication £69.95 4 w1 115v 60hz power source
Telebox RGB for analogue RGE monitors (15khz) £60.95 Tekironix R140

Shipping code on af Teleboxes is (B)
RGB Telebox also suitable for IEM mufsyc monitors with RGB
analog and composita

syre. Overssas varsions VHF & UHF call
SECAM / NTSC not avalable.

No Break Unmterruptable PSU’s

Hral B 2 T able p D 5
from Densel. Model Mu( 0565-AUAF Is 0.5 kva and MUD
1085-AHBH s 1 kva. Both have sealed lead acid batierles. MUK
are Infemal, MUD has them In = malching case. Times from
Interrupt are 5 and 15 minutes respectively. Complete with full
operation manuals........... MUK___£248 (F) MUD.....E525 (G)

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOwl

3 3
§ i opesiTes
feee 8 3§

L=

MAIL ORDER & OFFICES

Qpan Mon-Fri 8.00-5.30

Dept ET, 32 Biggin Way,
Upper Nerwood,
London SE19 3XF

SC TV test signal standard.
Sony KTX 1000 Videotex system - brand new
ADDS VDU terminals - brand new
Sakonlc SD 150H 18 channel Hybrid recarder
Trend 1-8-1 Data transmission lest sel
Kenwood DA-3501 CD tester, laser pickup simulator

BRAND NEW PRINTERS

Microline 183. NLQ 17x17 dot matrix. Full width.  £139 (D)
Hyundal HDP-820, NLQ 24x18 dot matrix full width. £149 (D)
Qume LetterPro 20 dalsy. Qume QS-3 interface.  £29.95 (D)
Cenfronice 152-2 9 x 7 dot matrix. Full width. £149 (D)
Centronics 159-4 9 x 7 dot matrix.Serlal. 8-1/2° widthe 89 (D)

LONDON SHOP
Opearn Mon-Sat9-5.30

hursday till 9.00pm
215 Whitehorse Lane,

South Norwood,
SE25.

DISTEL @ The

000's of

081-679-

London,
Al pmu for UK Mainland, UKa.ld.mmrI ekt 17.5% VAT fo TOTAL order amount. Minimum order £10, PO orders from Government, Universities,Schools & Local Mmlus

order £30. C:

-ELECTRONICS -

change prices & specifications

Al gooﬁl n.ppﬁod subject to our etandard Conditions of Sale and urdess otherwise stated

) 90 day guaraniee.

Free dlal-up databassel
items+info On Line
Va1, vez & Va2 bis

(A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G}=Call . Scottand surcharge: call,
guaranteed for 90 days. All guarartess on a retum to base basis. Rights mearved to
without prior notice. Orders subject to stock. Quotations willingly given for higher quartities than those stated. Bulk surplus alwaye required for cash

Surpius alweys
wantad for cash!

MONITOHS

MONOCHROME MONITORS
THIS MONTH’S SPECIALI

There has never been a deal llke this onel
Brand spanking new & boxed monitors
trom NEC, normally seliing at about £1401
These are over-engineered for ultra
reliabllity. 9" green screen composite
input with etched non-glare screen plus
switchable highAow Impedance Input and
oulput for dalsy-chalning. 3 front controls and 6 at rear. Standard
BNC sockets, Beautiful high contrast screen and attractive case
with canying ledge. Perfect as a maln or backup monitor and for

quartlty usersl 039 95 each (D) or 5 for £185(q)
IGHER @
COLOUR MONITORS

HI-DEFINITION COLOUR MONITORS

JUST ARRIVED! winsme

-VGA -

14" Phillps Model CM8873 VGA multisync all the way up to
31Khz with 640 x 480 resolution. This one has everything! Two
swilches enable you to select CGA, EGA or VGA and digi-
tal/analog. Unusual for a professional moniior, sound Is also
provided, with a volume control. There Is also a special "Text"
switch for word processing, spreadsheets and 1he like. Com-
patible with virtually all computers including IBM PC’s, Amiga,
Atarl, BBC, Archimedes elc. Good used condition with 90 day
guarantee. 16" x 14" x 12" Only...............ccce. £159(E)
Brand new 12" mutilinput high def!nilion
colour monitors by KME. Nice tight 0,28" dol
pitch tor superb clarity and modem two tone
plastic styling. Operates from any 15.625 khz
sync RGB video source, with either individual
H & V syncs such as CGA IBM PC's or RGB
analog with composite sync such as Alar,
Commodone Amiga, Acom Archimedes & BBC. Measures only
13.6" x 127 x 11°, Also functions as quality TV with our RGB
Telebox. Excellent used condition with 90 day guarantee. In nice
two tone belge and brown case. Only ... -E148 (E)
Brand new Centronic 14" manilor for BM PC arld eumpaﬂblu
at a lower than ever pricel Ct i lent. Hi-res

Mitsubishi 0.42 dot pitch giving 669 x so? pixels, Big 28 Mhz
bandwidtih. A super monitorin attractive style moulded case, IEUE}H
Ei129

NEC CGA IBM-PC compatible, High 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 fromt cosmetic bezel has been
removed for contractual reasons.

Only.... £79

20", 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour
monltors, complete with composite video & sound Inputs. Attrac-
tive teak style case. Perfect tor Schools,Shops,Disco, Clubs.
In EXCELLENT litle used condition with full 90 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 Lid. 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
punched for any configuralion of equipment mounting plus ready
mounted integral 12 way 13 amp socket switched mains distribu-
tion strip make these racks some of the mos! versatile we have
ever sold. Racks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dimenslons
are 77-1/2°H x 32-1/2"D x 22"W. Order as:

Aeck i Compieie with removable side panels......
Reck2 Lessside pansls

£275.00 (G)
£145.00 (G}

0 3 inch AC. 112" thick £ 8.50
82mm AC 230 v. 18mm thick E1295(B
AC ETHI slimline.Oni rr 1" thick. £ 9.85
AC 230 v 8 watts, Only 3/4" thick E£12.95(A
AC 110/240v 112" thick. £10.95(B
AC round. 312 thick. Rotron 110v E10.
As above but 230 volts £24.9
B0 mm DC 1" thick.No.812 for 6/12v.814 24v. E15.95(A
80 mm DC 5 v. Papst 81050 4w. 38Bmm. AFE.  E19.9!
82mm DC 12v. 1B mm thick. E14.95(A
4inch DC 12v. 12w 112" thick £1zsoﬂ
4inch DC 24vBw, 17 thick. E14.50(B

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502

Orlglnal

1888




Touch Intercom (Control)
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ELECTRONICS

TODAY INTERNATIONAL

0442 66551
Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 60p per word (+VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£15.00 per single column centimetre (+VAT) per
Electromart £24.00 per Insertion (+VAT)

Ring for information on series bookings/discounts.

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

insertion

Metal detector boards with data, has
tuner, mode, discrimitate, headphone
jack, on/otf/volume and push button
fociitles . ... i £7.95 ea

Dictaphone cassette, mech/record er

playback heads, BV solenoid, motor, hall

effectswitch ................. £2.00 sa*
TV/Printer stabds ........ o £2.95 ea

Bico-Vero Easiwire

construction kit ..........00.. £4.95 en*
Cabinet Speakers fro Ni-cam TV-Video

I £14.95 pair

PCB with Lithium Battery, 2732, 34 IC's +
Transisto Fuse, Crystal,

RO OB vy am reais £4.95 ea’
TTL/CMOS short circuit snooper . . .£4.95°
Dot matrix LCD 10«2 lines ...... £3.75 ea"
Dot matrix LCD 16=1 lines

withDots ...........ccconnvnnnn £4.95*
40 character = 1 line dot matrix display

withdata.......c.oviiinineei £1495en
2 digit 16 segment VF display

W AE L e, 295 ea"

4 digit intelligent dot matrix display £8.00"
17 segment VF display with driver

boardanddata............... £2.99 ea'
8 digit liquid crystal display ..... £1.75 ea"
4 digit LCD with

F211 driver chip . ...oooven... £3.50 sa"
Digital clock display .............. £2.50°
11 key membrane keypad ....... £1.50 ea®

Keyboard 382mm=180mm/100 keys

on board + LCD + 7T4HCOS/

BOC49 easily removable .......... £4.85
18" 3U sub rack enclosures £8.95
12V stepped motor board with slotted

opto+2 mercury tilt switches . . .£3.95 ea*
1000 mixed '/4 watt 1% resistors £4.95 ea
250 slectrolyic axial+radial caps £4.95 ea

200 off mixed polyester caps ....... £7.95
100 Mixed trimmer caps popular
values .,....,. — L) P X
Cable box UHF modulator/video preamp/
transformers/R's + C's/leads . ..... £6.85
1000 off mixed Multilayer Ceramic

(7T S P R S I £7.95
25 off Mixed crystal oscillators .. ... £6.95*
Audio Cassette Cleaning +

De-magnetizing Kit............. £1,50"
Car Burglar alarm vibration auto entry/

BRI OBN 4o s i g s £5.95 ea"
Single zone alarm pane| auto entry/

exit delay housed in domestic light

sockel ,.....o0iuian S SR £9.95 ea

CATALOGUE £1.00 + 25p P&P
LEDg 3mm or Smm red o preen B 2ach yullow 11g sach
High intersity md, gten or yalow Sem ... 30p aach
Cable ligw 1p esich £5.55 nar 1000 £45 50 per 10,000
Stepamng matar 4 phase 12v 7.5 slep 5 shme
CAA'I;?? whopping mator dover chin.,
M Transmidter ke qood quality scund
High qualey phala resst copper g

Dimerssions snpe sied

Awdinchas B0

4x8 inchan 240

12 inches 5.7 =

12x12 inchey =Ll 5 -
sal Offars

BrO00ul 10v £1.08, 6800t 15y £2.55, 100000 16¢
7 sl common anode o dispiay 1w, ..
TATS0 low dop oot Sv reggsol THI220 packags
550 Iransisie £3.95 per 100
TALSOS hex imvertor 3000 per 100, used 8748 Microcantrler £3.50
TV Wi gwtch 44 daubis pole with momniy coniacts for ramate
corred psek of 10 £3 65 box of 80 £13.35
DC-DC samartor Asfabiliy modet VI2PS 124 in Sy 200ms oyl 300y
Inpd bo putpuil liokation wih dlala £4.595 aach or pack of 10 £38 501
Hout counter used T gl 240v a0 50Hz .o £1.45
Resistor pack 2500 rasisioes - 2W 50 differant vaives. &K
COWERTY kaybeard 56 kimypood qustiy Ewitchaes hety £5.00
CIWERTY kayboard with serist oulput o s (usadi.., ... £5.00
Wido renge of CMOS TTL 744G T4F Linsar Trangisions kis
rechargabie battanes capsatoes ook olt abwiys in stock, Plegss add
25p townrds PAP vat includled

SRS ELECTRONICS,

Accusshisa Crders (0248) 211202 cadors wekamp

P.C. P.5.U. 50 watt 115-230V input+5V
4A+12V 2.5A output with built-in fan,
IEC inlettonoff ,,.......... ... £9.95

STC P.S.U. 240V input 5V BA output
(converta to 12V 3A details

avallable) .... ..... .. ... £5.95 sa
240V input 5V 10A output (converts to
12V 5A no details)............. £595 en

600 line output transformers ... .£1.25 ea

240V In 0-28V B2VA out transformer £2.75

Transformer+PCB gives 2«7.5V 32VA with
skt for 5 or 12V regulator, will power

floppy drive .................. £3.75ea
Ultrasonic transducar (transmit+

RGEINEY G S £1.50 pair
3 1o 16V Plezoslectric sounders...... 50p"

8V DC electromechanical sounder . . .50p"
24V DC electromechanical sounder  50p°
2A 250V keyswitch 3 position key

removeable in two positions ... ..
DIL switches PCB A4/6 way . ... .35p
SV SPCO SIL. reed rela:
5V 2PCO DIL miniature relay 60p
12V 2PCO or 4PCO continental relay 80p
12V 10A PCB MT (to make cortact)

L)L s 95p
3 to 12V electro magnetic accoustic

transducer withdata , ........... Ve
2.4576/8,8320/21.10 MHz

3lb Mixed com)

nents pack .
25 oft mixed relays ......... A
40 off mixed toggle switches........ £9.
50 off mixed switches, toggle, rocker,
micro, slide .......... R £9.
miniature axfal chokes, 0.1, 0.18, 0.12, 0.33,
0.39,0.15, 1, 3.30H 10p ea 100 for £7.50
50 Mixed terminal blocks........... £2.85
\ ... £4.95°
Crystal Oscillators 10/24/48 MHz £1.00 ea*
.'15 idef;f;lug Lea::}sbm?’x
off Phono plugs (red/blk)gre: *
QUANTITY DISCO n\mum.éq y RING
WE ALSO BUY ALL FORMS OF ELECTRONIC
COMPOMNENTS, P.5.L1’S, DISK DRIVES ETC; LISTS
TO BELOW ADDRESS

Dept ETI, COMPELEC,
14 Constable Road, St Ives,
Huntingdon, Cambs PE17 6EQ
Tel/Fax: 0480 300819

PRINTED
CIRCUNT BOARDS

Protolyps oeards mada from toar own
e disc with HPGL file for

s
quiol foor multiphe runs. Accept
dansity n(p'lgn. ing uM;'ilum £2.00 par

and PCH's to Artwiork

packagas sand y.
b for ;

depa
Artwork praferably bdﬂ‘
or 1-1, Kits and boards from
aw catsogue out Sepl 181,

Boards, 1180
(rear of Quesielt Morol Co)
Please mantion the
whan making

== MAIL ELECTRONICS ==

UNIT 6 FORBES COURT ¥

| BILLINGTON ROAD ¥
¥ BURNLEY,LANCS BBIISUB [y
e Telephone / Fax: 0282 26670 [

% Ve No. 565 10026 i
] WANTED — WANTED [
X WeBUY ALL TYPES OF ELECTRICAU .
¥ ELECTRONIC PRODUCTS FOR “CASH" ¥
¥  ICs,DIODES, TRANSISTORS, CAPS, (X
il CABLE, COMPUTER SCRAP ¥
[l “FACTORY CLEARANCE” [
| LET US QUOTE 7
]  CALLIFAXANDY NOW! g
K ON 0282 26670 N
(X SENDYOURLISTSTO:  MAIL ELECTRONICS  [X]
|X] 0R FOR FREE UNIT 6, FORBES COURT m
X CATALOGUE Nwmﬂg.ﬁ fsiuglm X

X % Catalogues o companies only [X
(0 ] e o 5] ] e e e e 1 O

TEKTRONICX 465 100MHz
portable scope calibrated manuals
and probes. Very good £295.
(0344) 27869.

9 FIVE ACRES, HARLOW, ESSEX CM18 6UX. TEL/FAX: 0279 419302

TOROIDAL & LAMINATED
TRANSFORMER
MANUFACTURERS

Very competitive production run + mail order service
Phone: C. llesley for immediate quote Tel: 0279 419302

3" high
plot. Film work
sarvica. We can

and a8

W o

-
*KSend for our FREE price list PL20.
All wa ask for Is a large SAE
(34p stamp) or $2 bill (air) overseas,
{Eumgs — 3 international ragr Coupons)
STEM DESIGNS (Total Kits):
Focal, KEF Constructor, Seas, ete.
VE UNITS:

DR
FOCAL, KEF, Audax, Coles, Peerless,
Seas, Slare, Elac Melal Dome,
Scanspeak, atc.
Also Grou&’ﬂmco Units.
CROSSOVER NETWORKS:
Active & Passive Companents,

Accessories, Polypropylane Caps.
AUDIO AMATEUR PUBLICATI g
BACK ISSUES:

Speaker Builder, Audio Amateur & Glass
Audio & lots of books.
Full details from
FALCON ELECTRONICS
(Dept ETI) Tabor House, Mulbarton,
Norfolk NR14 BJT (0508) 78272

(Progrietens: Falcon Acoustics Ltd)

SOLID STATE RELAYS
Switch 240 V a.c. mains from low voltage
circuits. .

Ouitput swiiches 24-240 V i, at 44 in free

Rir up to 104 mounted on heatsink.

Input contral is 3-32 V d.c. opto isolated. TTL

Znonuwi:qlwncmulzgrmwnzuﬁn

alectrical operation. No mo rlnldn

trouble free long life Ex38x14
USA professional Also

.C. and higher power evailable.
Price £7.34 sa. inc VAT and postage chaque
of p.o., allow 10 days delivary.

- for details
m&w;n.cmnc.m
GEMINI

W Gardan City,

n-mnnk:m 70 720 5836
Fax 070 727 0817 Contact Erie Jonss

KITS AND
COMPONENTS

MOSFET AMP KIT.

(MAPLIN CAT NO LP56L)
150 Watts in1o 4 ohm
£18.45 (+ 75p p&p per order)

PRINTECH

158 Wrenthorpe Lane, Wrenthorpe,
Wakefiold, W. Yorkshire WF2 OPF.
Tel 0824 3889500 afier 6pm.
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TRANSFORMERS

Riew 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

Jaytee Electronic Services

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

KITS SPECIAL OFFERS

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz_ 500
metre range sensitive electret
microphone, high quality PCB .
SPECIAL OFFER complete kit
ONLY £5.95 assembled and ready
to use £9.95 post free. Access/
Visa orders telephone 021-411
1821. Cheques/POs to: Quantek
Electronics Ltd, Kits Dept (ETI). 3
Houldey HRoad, West Heath
Birmingham B31 3HL. For details
on this and other kits. Shop now
open — callers welcome

SCOPES

SPECIAL OFFER TO ETI READERS!

only £17.99 (inc P&P)
A must tor all students and hobbyists leaming
how common electric components work

THE VIDEO

ELECTRONICS FOR THE HOBBYIST
{An excellent 80 minute video using compuler-
graphic simulalions)

Send cheques/PO payable to:

ON-LINE VIDEQ MARKETING (DEPT EV.3)
The Cottage, Tredown Farm, Bradstone,
Miiton Abbot, Tavistock, Devon PL19 0QT.

Other ltles available SAE lor lisl Aliow 14 days for delivery

MENDASCOPE LTD

REPAIR & RECALIBRATE
OSCILLOSCOPES

ALL MAKES AND MODELS
NATIONWIDE COLLECTION
& DELIVERY
FREE ESTIMATES

Liangollen, Clwyd, N. Wales LL.20 7PB
PHONE: 069 172 597

COURSES _

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

ETI/892

Name

O Telecomms

Tech C&G 271
0 Radio Amateur

Licence C&G
o Micro-

processor
O Introduction to

Television

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

STUDY ELECTRONICS on the
BBC Micro. An interactive
approach to learning. Three
program titles now available.
‘Introduction to Electronics
Principles’, ‘Electronics Math-
ematics’ and 'Digital Techniques'.
Programs include theory,
examples, self test questions,
formulae, charts and circuit
diagrams. User inputs and
calculated outputs. £29.95 each
+ £2.00pp. Cheque or Postal
Order to E.P.T. educational
software. Pump House, Lockram
Lane, Witham, Essex CM8 2BJ.
Please state BBC B/Master
series and disc size.

Are you looking for true quality.
Micro. FM. Transmitter Kit. The superb all
new model Varicap tuned, a,plifier slage, Omni
Directional Mic, Roller Tined. Fibre Glass PGB,
true 1 mile range 8V DC £5.85 inc pp.

Mini-Micro Kit. As above only /2 size 25x15M/M
1172 V DC. Watch battery, /2 mife range Roller
Tined PCB £6.85 inc pp. Immediate next day
despatch Irom stock.

PRECISION TIME, 65, Roseland Road,
Waunariwydd, Swansea SAS 4ST.

WANTED

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO CASH
immediate settiement.

We also welcome the opportunity
to quote for complete factory -
clearance.

Contact:
COLES-HARDING & CO.
103 South Brink
Wisbech, Cambs. PE14 0RJ

BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax: 0945 475216

MISCELLANEOUS

9 WATT Infrared laser diodes,
driver circuit plan included
£69.00. Laser pens, 1mw (red)
£149.00. Laser diode modules
(red) 2mw £99.00, 5mw £159.00.
A. McKeeve, 6 Grange Farm,
Kirkcaldy, Fife, KY2 5UH.

FREE AUDIO
AMP

FREE AUDIOAMP - Complete
+V/C leads - £1 PPN KIA 1
Regent Road, llkley. Stereoamps
cased + controls — sockets +
re19u|ated powersupply — 60W/
£10.

TO ADVERTISE IN
ETI TELEPHONE
LUCY ON 0442 66551

ETI AUGUST 1992

79



ELECTROMART

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

LIVERPOOL
ALL PARTS

TV & Video spares emporium
Phone for best price on spares
Ferg Video Heads from £10.95, Panasenic Heads
from £10.95
Video Copy Kits £5.99. Amstrad Satellite Spares
All your TV & Video needs here in Liverpool
ALL PARTS, 101 Rocky Lane, Tuebrook,
Liverpool 6 4BB. Tel: 051-2604825

Mon-Fri 10arm-5.30pm, Sat 9am-5.30pm

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

TO
ADVERTISE
IN ET1
TELEPHONE
LUCY ON
0442 66551

READER OFFER

21pce Combination Driver Set

This 21 piece combination driver set consists of 5 plain blade
screwdrivers, 6 crosshead types and 10 hexagon sockets. An
invaluable serviceman's toolset.

TELEPHONE ORDERS 0442 66551 (24 HRS)

E.T.l. Reader Offer, Argus House, Boundary Way, Hemel
Hempstead, Herts. HP2 7ST.

Please supply ................. ROET/25 @ £5.99
| enclose my cheque/P.O.for£............. made payable to |
| ASP or please debit my Access/Visa

Y ) O 1 I Y I |

I ....................... Post Code

' Coupon to: E.T.l. Reader Offers, Argus House, Boundary Way, Hemel Hempstead,
l Herts. HP2 7ST. Please allow 28 days for delivery U.K. only - overseas upon
request. Please note the above information may be used for marketing purposes.

el e L ——

_ ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT

E 1 ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 55p per word + VAT minimum 15 words.
Semi-display £14.00 per single column cm plus VAT. No reimbursement for cancellations. All ads must be

pre-paid.
Name
Address
......................................................................................................... Daytime Tel. NO: ......cccooevevvveieeeiesiiesin
Sl AT e e T e A —— Date

PLEASE DEBIT MY ACCESS/BARCLAYCARDNo. | | [ [ [ [ [ [ [ [ ]
| JFOR SALE [ COMPONENTS []PLANS [1OTHERS STATE
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LEDs 3mm or Sevs vac or gomee B0 sach. vellow
11p each, High smasssy "2 grsen or yellow,
Bm A

ssch
Cabis ties Tp sac® 5 55 ser 1000, £48.50 por
10,000

Btay rrnmorlm"" 75 nep

ohms. ..£8.856
SAA1027 steppeng motor Swer chip £3.95
FM Transemitter Lt gooo ousity sound .. £8.80

High quality photo resist copper clad apoxy
glass Sosrda

Dimensions single sided double sided
4 inches E1.

8 inches £2.40 68
6x12 inches £5.37 -
12x12 inches fal-2 ] =

e Satteries
Ms{HP‘-’]SOCmA“ T
AA TOOmAH
€ ZAH with solder tags.

D 4AH w-lh m o
1/2AA with soider (ags
un (HP16) 180mAH
AA BOOMAH with solder tags .
C (HP11) 1.84H
D (HP2) 1 2AKH
PPIBAV 110maH
Bub C with soider taus
1/3 AA with 1ags [Phulips cTV 1.
Standerd chomof charges 4 AA cells in 5 hours
otdCsor Dsin 12-14 hours + 1xPP3 (1,2, 3or
4 calls may be charged atatime}. ... £5.895
High powear charger, as above but charges the
5 and DsInE hours: Ads, Csand Du must be
charged in 25.or 4%... v £10.
Special offers —plmc chll:lt for uuillbil
Fonlis 32dia x 8Tmm.__....... £3.
F cell with solder tags, 1.2V
AZmm x 18mm dia 1.2V
Btick of 4 'IT'lmrn x ‘Iﬁmm dia., with red & black
leads 4.8V . £6.

£3.50
n&u %v m:ﬂm with serew terminals,
uf 20V £2.50; 87000 10V £1. 88
GMI 16V £2.85; 10000u1 16V £1.50
COmMmon ‘anode led dﬁlpllr

I.an\'l' 5 Cl low dmpoul B

220 £0.85
81 oad F12 123 1A reguisicrs. £20.00 por 100
LM 337k TO3 case variable regulator.,_........E1.60
100+ £1.10
BS2560 P channel mosfet 45p, BCEES transistor
per 100 £3.95
TALSOE hex inverton. . ...l £10.00 per 100
sed 8748 Microcontroller .. £3

ui
BLBSZ LUHF Limiting amplnlm LC 18 surface o

7UB..
TV Mains :w:l:h 4a doubla pala with momentsy
contacts lor remote control, pack of 10 £3.98
box of 60 £18.95
DC-DC convertor, Reliabdity modei, V12P5_ 12V
in 5V 200mA out. 300V input 1o cutput, Isolation
with data, £4.95 sach or pack of 10 - £38. 50

Hour counter used 7 digit 240V ac 50Hz.  £1 45
Resistor pack 2500 resistors 1,/8-2W 50 differsn
VRIBE. o1 . {895

Resistor jumba pack 25000, 1/4 and 1/2W
resistors our choice of values and size, will be
mainly in boxes or rolls of 1000, 2000 andéggow

l ).

Ivuhrcapa:nun box type, 22 5mm lead m:h

1pf 250V do 20p sach, 1%&4- 19[9

2.2p 260V dc 30p each. 100+ 5p|000+
3.3uf 100V do 30p sach, 15p 100+, 10p 1000 +

1uf BOV bi Lalelemrolwr_ axial lnads, 15p each,

1
0. ml 250v no]mlm a:ull Iﬂﬂs 'Ii-paﬁ:h
7.5p sach
ﬁ!lllu 123 series solid alumumum axial leads,
231 10V & 2.2/ 40V ADp sach. 26p 100 +
Musitilayer AVX carami capacitors. all mm pitch;
100V 100pf. 160p!, 220pf 10WD;|I {100}
10p each, Bp 100+, 3:5p 1000
‘Walwyn W23 9W 120 ohm 35p each, 20p 100+
880 ohm 2W metal him ressstor, 4p 100 +
2p 1000+
Salid carbon resistoes, very low inductance, ideal
for RF circuits. 27ohm ZW, 68ahm 2W 26p each,
16p esch 100+ we have s range of 0.25W,
0.5w, 1w and 2w sahd carbon resistors - please
sand SAE for Insl
I 4 digi manc (5x7 dorD 1457)
ed LED dnsua-\r 12 pin 0.6 inch wide pankag
Siemens type DLR1414 £2.50 each, £2.00 30+,
data shests £1.00
AMD 27256-3 Eproms £2.00 sach, £1.26 100+
DIP switch 3FCO 12 pin (ERG SDC-3-023) 80p
sach, 40p 100+

MODEMS
V22/V22bis 1BM PC imemal lull lengih card
modem, 8T can besattocom 1 or 2,
1 200-’24&) haud with software and manual, not
yes compatabie, made by Plessay.. ... £55.00
VJ!Q&OG baud snd 4800 baud GEC Plessey
lelecom external maodem, model 3632, Hayes
compatable and BT approved, with auto call,
sulo answer, usng V25 V25bis and Hayes AT
protocols and V54 remate + local diagnostics. It
does not work on siower speeds, V22,1200 baud
et and ne=ds 1 snternal dip switch 10 be
switched on 1o select Hayes commands. It comes
witha ‘I(l)w page comprehensive Ad size
manual An togsthefbmiun! machine
for only £199 + VAT =£233.83

All products advertised are new and
unused unless otherwise stated.

Wide range of CMOS TTL ?4HC 74F Linear
5 kits. rec
capacinoes. 1ools etc. alwaysin s1ock

Please add 95p towards P&P
VAT included in all prices
JPG ELECTRONICS
276-278 Chats rth Rand
0Z2BH

1 Ol

APPROVED 418MHz UHF RADIO SWITCHING

A high quality ready to use radio control system consisting of a small UHF key fob
transmitter with digital encoder and a UHF receiver housed in a custom made case
with digital decoder and open collectar transistor output. The codes of each trans-
mitter and receiver are factory set, (can be changed by user). Available as a single
or dual channel system. The transmitters are DT! approved 1o MPT 1340. Applica:
tions include: Vehicle Security, Door Access Systems, Remote Contiolled Light-
ing, Garage Door Opener, Security Devices, etc.

TRANSMITTER RECEIVER

SINGLE CH DUAL CH Size {Case) B0 x 65 x 26mm
Size—Key Fob 50x35x 13mm 55x35x1imm | Size PCB 47 x 55 x 18mm
Voltage/Bant 1 2\" Alkaling 8 Bution Cells | Code Selection Solder Trace
Circuit & Saw Stabalised Voltage .16V dc
Enconding 12 Bn Trinary 8 Bit Trinnary Qutputs Open Collactor
Combinations 531 441 6,56 Cutput Drive E00mA,
Code Sslection Solder Trace Sensitivity B&dBm (1ypical)
Single Channel TX & RX £39.99 Individusl ..TX £24.99, RX £19.89

Dual Channel TX & RX £46.99 dividua). ... TX £27.99, RX £22.99

All Prices Include VAT — Please add £1.50 P&P per order.

_ Credit Card Orders: Tel. 021 4111821 or Fax 021 4112355
m Cheques/P0’s to: ]
e QUANTEK ELECTRONICS LTD.,

3 Houldey Road, West Heath, Birmingham, B31 3HL

MEGAPROM Program #764/12HZ56/5120010/000 (1 Meg/2 Meg 2832 pin) Hmas, Cmos, Nmas type Egrams, Attractively cased and
nupplied with power unit, Powerful opersting softwars inchudes full scroon Editor, extensive file handling (intal Hax, Binary, ASCT Hek,
Bytavblock of complets ram programverificationjediting, Fast algarithm 1K % 8 b por 1.9 sec, Fune on 1BM ar compats vin AS222 pon
Iwarks on leptops) .. E128.85
MODEL 1 Supports Eprunl Types {2716-27512). 51ill available. - £98,05

1 Programs Mi types 8751, B752 NMOS, HMOS, CMOS. Same software specification as MEGAPROM wilh
Encryption array and Logk bits programmable. Attractively cased with power supply. Runs on IBM PC and Compats via RS232 port
£99.95

SIM8751 Simulates Microprocessors B051/62 on IBM PC. Full contro) registers and memory. Label generated disassembly, proaram
trace, go with break many mare featurss. Supplied on 5.25 or 3.5 Disc 9.95

AUTO TRACKS V6 PCB Deslgnar Praduice professional printed circuit boards quickly and easily on your IBM PL/XT/AT or Armstrad
1640, Single/Double sided. Auto Routing. rats nest or point to puml entry. Too many features ta list here. SAE for further details
................... £59.95

MICRO ENGINE [Mvaloprnerit board for MCS8031/51. Cantains PLCC 8031, 24 pin Eprom socket, 6 mag ¥tnl, ntldress latch IC and 18
pin IDC header autput Ports 1 & 3. Ideal for stand slons eontral apglications. Size 7em x 4.5cm apprx. Full scréwn Editor. sssembler for
1BM PC/XT/AT |dawnloads cods Lo printer port or diski.. i

EPROM/MROM EMULATOR Works on ANY computer with Centronics printer part. Emulates all ROMs from 1K {2758) to 32K (27256}
aver 50 types supportsd. Any file sent to printer port appears as ROM on targel machine. Fast download. Ideal for MICRO ENGINE
£89.95

D.V.M. Module Brand new full spec 3 1/2 Digit Voltmater Module. Large 56 LED Display, FSR +/-200mv. Size 8cm x 5.5cm......£12.95

i

ALL PRICES INCLUSIVE. BAE for further details
JOHN MORRISON (MICROS) Dept ETI.
4 REIN GARDENS, TINGLEY, WEST YORKSHIRE,
WF3 1JR. Telephone: 0532 537 507

JUST LOOK AT WHAT'S AVAILABLE FROM BONEX ...............
Balance Mixers CMOS Devices Drills Kits and Modules Test Leads
eries Computer Aocmorleg Bits and Burrs, L.E.D.B.. 3mm and Smm ;m Probes
Button Cells, Ni-cads, Adaptors Expo, Light Dep Resisiors
Battery Holders, DafftSwrtch Boxea, Pin Chucks, Loudspeakers Crimping, Cutters,
Battery Eliminators, Gender Changers, Power Supplys, Microphone Inseris Flies, Ineertion,
Nmaﬁ’ Chargers, RS232 - Patch Boxs, Null  Saws and Slitting Discs, Multimeters Reamers,
Boxes Modems, Plug In Testers, Fans Neon Indicators Screwdrivers,
ABS Plastic, Die-cast, Surge Protectors, Feet, Rubber Nuts and Bolis Strip Board, Trimtoola
Hand-Held Enciosures, Surge Protactor Plugs, Ferrites Swiichs Torold Cores
Bridge Rectifiers Connectors ers Oploisolators Thyrislors
Bulbs Audio Adaptor/Plugs, FM Ceramics, Mechanical P.C.B.s Transformers, Malns
Cables Banana Connectors, |F's, Ceramic Resonators, per Clad , Etch Resist Transistors
Audio, BBC, Camcorder,  Binding Posts BNCs, Crystal, Helicals, NTSC/ Transfers, Photo Resist, Audlo Power,
Cassette/Calculator, Mains, Centronics, D, PAL, Pilot Tone, Quadrature  Pins, Proto-type, Darlingtons, F.ET.s
Computer, IBM PC/AT, D High Density, Detector, Satellite TV, Video,  Polishing GaAsFETs,
Serlal, Monitor Extension, DC Power , DILIC, Polentl Low Power RF,
Parallel, Patch/Video Leads, DINs , I[DCe , Edge , F mm, 24mm, Microwave,
Scart Cables, Serial Printer, Jack25mm,3.5mm,6.3mm, Pru-noto Horizontal/Vertical ETe,
Video/Audio Dubbing Kit,  Malns , Microphones , Trimmer Pots, Power RF,
Cable Ties Molex , N-Type, Phono, Power Supplies Small Signal,
Capacltors PL289 , RF Adaplore, VMOS,
CEramllc Fﬁhcs - gtc'?rt A wC' [I?l.m’"a] "im. - #:u
Ceramlc Feedthroughs, pe, TV, n Metal e,
Chip, Electrolytics, Crocodlle Clips Wirewound, Video Modulators
Monolithics, Mylars, % Screening Cans Voltage Regulators
Polycarbonates, r Pumps Semi's Mount Kits g[_ra_
Polystyrenes, Polyesters,  Diodes Solder namelled Copper,
Tantalum Beads, Plastic IN4000 / IN5400 Soldering lrons Tin Plated,
Capacitors Variable Tokoe Varicaps Sliver Plated,
Flim lU]eIaEirIc Trimmers,  Signal Diodes, lcroswitches,  Zero Insart Force
Ceramic Trimmers, Zener, BZYs and BZXs, Push, Rotary,Slide, Toggles, Sockets
————— | 12 Elder way
3 SPECIAL OFFER
Langley Business Park SBL-1 BALANCE MIXERS £3.75
Slough
BONEX |Berkshire SL3 6EP. Telephone : 0753 549502 Fax : 0753 543812
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Keen as we are to keep hi-fi enthusiasts happy, we
present a DC coupled valve/transistor 45watt power
amplifier and as if this different design wasn’t enough, we
throw in the PCB on the front cover aswell.

If you’re a pilot or work in or travel within noisy
environments, you might be interested in our intercom for
light aircraft.

How do you open or close the window at night without
getting outof bed? Answer - by building our remote control
window opener. Q

We also have another general purpose temperature
controller and a house or car alarm control unit.

There’s more on Digital TV, a look into the atom an a
review on a multi-lingual interpreter.

All this and more in our next issue of ETL. Make sure
you buy it on August 7th.

Last Month

Our July issue featured:

Improved LED bike lamp

Surround sound decoder

Camera Add-on unit

Mini baby monitor

Ultra-sonic audio sender

New concepts in optical connectivity
Low noise systems

Back issues can be obtained from Argus Subscription Services.
Address in column to left.
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TOTAL PROGRAMMING SOLUTIONS FROM CITADEL

PC82 UNIVERSAL PROGRAMMER £395.00 |

| M25 BULK FAST ERASER £199-00 |

® Universal programmer —the complete designers kit.

® Over 1,500 devices —call for list on FREE disk.

@® EPROM, EEPROM, Flash, BPROM, GAL, PAL, MPU etc.

@ Serial EEPROM, EPLD, MACH, MAX, MAPL, CMOS
EPAL.

@ Device testing — 74XX, 40XX, 45XX, DRAM, SRAM.

@ PAL vector test.

@ Clear menu driven software

® Text mode only, suits any video card.

@ 40 pin Zero insertion force socke:.

® Device testing — 74XX, 40X X, 45XX, DRAM, SRAM.

® Small half card to install in PC mey oe leftin place.

® Secure round cable and locking D connectors.

® Proven reliability — over 100,00 units sold.

@ Programmer pod size — 286G« 148

£2:38mm o ==

| ADAPTERS FOR THE PC82 From £85.00 |
® Extend programming faci' tv o7 sosc al devices.
@ Allows alternative socksi Tv o PLCC,

@ Multi-gang adapters fcr “zs1 orozrsmming of EPROMS, GAL, PAL and
popular CPU types.

| FEATURES ALL PROGRAMMERS

- 236, Whether it be an Amstrad or
‘eatures are software driven and
opied onto your hard disk using the
of the programmer, programme
ing manufacture, type number, and

(]

DOS copy command A
voltages etc are menu driven
selection of a suitable speec
programme, auto program™ =T
FREE SOFTWARE UPDATES zs ~2w dsvices become available.

m m
{72l
\
<
g
s
@
=
o

" FILE CONVERSION FACILITIES |

@® HEX to BIN File conversions for intel, Motorola
znd Tektronics.

@ 2 way/4 way Bin file splizier “or 16/32 bit data.

® DumpfiletoConsole. mcdi®y and re-programme,

For further information and your FREE PC82
Simulation and device disk.

PHONE SAMANTHA
NOW ON:

. 0819511848
& 0819511849

@ Same advanced UV source as the M1 but 4 lamps.

@ Very large capacity 64 x32 pin chips or one double Eurocard.
® All other features as M1.

® Low profile steel case finished in powder coat.

@ Size 365x240x65mm high.

| M1 FAST ERASER £99-00

@ Advanced UV source.

@ Typical erase time three minutes.

@ LED display of set time and countdown.

® End of time indicated by beep and display.

@ Large capacity 13x28 pin devices.

@ Sturdy construction, plated steel & aluminium
® Small footprint only 65x225x100mm high.

| PC86 HANDY POCKET DEVICE TESTER £99-00

@ Tests and identifies virtually all TTL & CMOS.

® Test many DRAM and SRAM memory chips.

@ LCD display of type number and results.

@ Battery operated (PP3)and completely self-contained.
@ Zero insertion force test socket.

@ Dimensions 90x140x30mm.

| PC84-1to -8 ROM PROGRAMMERS From £139-00

@ Low cost EPROM programmer —devices up to IMb CMOS and NMOS.
@ One to eight gang versions.
@ To program 2716 to 271000.
® 32 pin Zero insertion force sockets.

ORDER INFORMATION

Please include £7 for carriage by overnight courier (£20 for exports) and
VAT on all UK orders. ACCESS, VISA or CWO. Official orders welcome
from Government bodies and local authorities.

2 [ ]

CITADEL PRODUCTS LTD
DISK DEPT ETI

50 HIGH STREET
MIDDLESEX HA8 7EP
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hundreds of brand new products

On sale from Se
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products at super low prices!

from all branches of WHSMI

ptember 4th, only

Maplin shops nationwide. Hundreds of new

Available
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