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he internal combustion engine in the
motor car is a very conservative beast.
The basic workings of this source of 20th
century mobility has not changed since its
very early development. True, there has been
mechanical refinements to improve perform-
ance but the electrical ignition system re-
mains the same as it ever was. There are still
only very few cars with electronic ignition.
What will prove to be an interesting area of
research in the US is in ‘plasma conduction’
for fuel ignition. In, what appears to be a long
period of development, the team has devel-
oped a system whereby high frequency elec-
tromagnetic fields surround the vapour/air
mixture to keep the fuel burning longer and

hence reduce harmful emissions by 90%!
This Jonger burning time also leads to
better fuel efficiency aswell.

I seem to recall Nikola Tesla, that gen-
ius of an inventor, having similar interests
many years ago. I suspect a consciousness
to preserving our enviromentand our health
was not paramount in his mind at the time.

Whatever the benefits it may bring to
the enviroment and the car industry it still
does not change the fact that this is another
example of steady developmental design,
to a tried and tested product, not an exam-
ple of an inspirational, radical new
approach to the concept of powered trans-
portation.

All reasonable care Is taken in the preparation of the magazine contents, but the publishers cannot be held legally responsible for errors
in the contents of this magazine or for any loss however arising from such errors, including foss resuiting from the negligence of our
staff, Reliance placed upon the contents of this magazine is at readers own risk.
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EN CHANNEL

here’s a newish term being bandied about excitedly

among the computer networking fraternity - asyn-

chronous transfer mode (ATM). It’s not actually a

new term in its own right - it’s been used for a while
by telephone operators as the basis for future generations of
public telephone network services. These networks will use
broadband transmission throughout the medium - from a
caller’s *phone to the recipient’s ’phone - and as such will
ensure that signals as diverse as television pictures and data
as well as voice can be communicated between users.

But computer engineers are nothing if not smart and they
can see a use for it within the office, as well as outside it.
Computers need to communicate with each other in a small
environment as much as they do within the larger world
environment and local area networks (LANs) have done this
job relatively well to date. Where a synchronous transfer
mode will aid in-office data communications however, is in
the speed of signal transmission and hence the amount of data
which can be shifted between computers.

Current local area networks work by shifting packets of
data around a wired network between computers. Occasion-
ally these packets get delayed if the network is busy, so
presentation of the complete data transmission between
users is delayed.

With simple on-screen textual data or application-move-
ment over a network, a delay of a few seconds or so isn’t a
problem, but computer use is changing rapidly. The days of
simple textual networking are numbered and users are going
to need to be able to shift large quantities of data more rapidly
and with a much smaller time delay. Multimedia applica-
tions and presentations, in particular, demand high-speed
and instant communications.

Current local area networks typically use data packets
which can vary in the amount of data they contain. This
means that packets may move at different speeds between
users, depending on packet size. In effect, it’s possible for
packets to arrive at their recipient in a different order to that
in which they were sent. Packet header information is used
to number the packets as they are transmitted and to reorder
the packets if needs be when they are received. Connections
between users are never permanent, so each packet header
also has to contain information about where it comes from
and where it’s going. All information is put into the packet
header by the sander and decoded by the receipient. This
encoding, decoding and re-ordering, of course, takes time.

Asynchronous transfer mode networks, on the other hand,
have fixed sized packets (actually called cells). Only the first
few cells contain information about who has sent them and
where they’re going to, to set up the communication link.
Thereafter the link is maintained by intelligent routing
systems within the network itself. To all intents and purposes
the connection is thereafter a direct one between the users.
Following initial connection, contents of cells are devoted
purely to shifting data between sender and recipient. In
effect, asynchronous transfer mode works on the premise that

cells are switched through to users in a virtual connection,
whereas most existing local area networks route each and
every of their packets through a network. Switching naturally
gives a faster throughput of data.

Networks built using asynchronous transfer mode princi-
ples are expected to be able to shift gigabytes of information
between computers each second. Compare this with the
(only!) megabytes per second date rates of existing local area
networks and you see the reason why the excitement.

One report recently has predicted that asynchronous
transfer mode networks will grow to a market of some $1.17
billion by 1997. Already networks are appearing, although
it’s still early days and they tend to be very expensive.
Integrated circuits capable cf doing the job are in short supply
and larger chip companies haven’t yet reached silicon stage
with proposed devices. Once they do prices will fall and some
standardisation of networks can be expected.

Higher and Higher
The high-definition television (HDTV) debate took a
new twist recently with an alliance being formed in the US
of an between rival system producers. While the alliance is
new and probably still quite shaky it does represent a
significant advance on previous dogfights to promote what
each system maker naturally thinks is the best system. Now
the idea is to compromise and present the final system as
being the best of the bunch. Once the final high-definition
television system is found manufacturers can then get on with
the business of building the receivers and selling them.
This is bound to have repercussions in Europe’s quest to
do the same. Currently we are in the midst of our own
dogfight to produce a system which should be every bit as
innovative as theirs. Whatever, we’ve been arguing as long
as the Yanks have (six years or so) and it’s about time we got
to our own conclusion. Now that an American high-definition
television system is close to being defined (digital, as it
happens) maybe we could get our act together, too. However,
as history will probably record it, maybe not.

Hot Air

There’s some evidence that the new cellular telephone
standard causes interference, picked up by séveral types of
electrical and electronic appliances such as hearing aids,
automobile airbags and anti-lock braking systems. While no-
one says the problem is severe, most do acknowledge there
is nevertheless, a problem. No solace, perhaps, for the user
who receives a call on his car mobile cellular ’phone and
finds himself without brakes, or pinned to the seat by his on-
board airbag.

Keith Brindley
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SOFTWARE FOR PENPAD

enfriend, the first business
P software package developed
for the Amstrad PenPad has been
announced by C-Star Software,
just 3 weeks after supplies of the
PenPad went into distribution.

Penfriend is a flexible data
capture application, which allows
multi-page forms to be designed
and created on a PC, before being
transferred to the PenPad.
Penfriend makes full use of the
hand-writing recognition technol-
ogy incorporated in the PenPad.
Aimed at the business commu-
nity, or any organisation involved
in information collection, data
collected uses Penfriend on
Amstrad’s PDA can be uploaded
back to a PC and then imported
into databases or spreadsheets.

ITC ISSUES
DISCUSSION
DOCUMENT

ON DIGITAL
TV POLICY

he ITC has issued a discus-

sion document for public com-
ment on how they should go about
implementing earth based digital
television services.

The document summarises the
technical background relating to
digital television broadcasting,
whether delivered by satellite or
terrestrially, and provides options
for the introduction of digital TV
terrestrially. The major benefit of
digital terrestrial television is seen
to be its ability to provide a sub-
stantial improvement in spectrum
efficiency in the long term, pro-
viding existing PAL transmissions
are stopped. A variety of ways an
orderly transition to an all-digital
futare in broadcasting is consid-
ered. These include a simulcast
model. whereby digital capacity

A form template created on a
PC can be ported onto a PCMCIA
card for use in a PenPad wherever
data capture is required. Forms
can contain a number of different

might be set aside for existing
broadcasters to deliver a version
of their services in digital form,
andanew services model. whereby
all new digital capacity would be
made availabie for the provision
of new services. The discussion
document favours a third option,
a combination of simulcast and
new services, coupled with a na-

data types, including text, nu-
meric, date, time, multi-choice,
touch buttons and even electronic
ink for capturing signatures or
diagrams if necessary.

SRAM GaRp
MF32M1-Leparo,

tional policy decision to discon-
tinue existing PAL transmissions
with a notice period of at least 10
years

The ITC believes it is impor-
tant for there to be an informed
policy debate now, in advance of
digital broadcasting systems ar-
riving in the market place. The
discussion document is intended

NEWS

to stimulate this debate. Com-
ments are to be made to the ITC
by the end of September.The ITC
has issued a discussion document
for public comment on how they
should go about implementing
earth based digital television serv-
ices.

LOW COST FLOPPY DISKS

ew from MAPLIN Electron-
Nicsisthecomprehensivemnge
of high quality floppy disks from
Maxell. Covering 5% and 3" in.
sizes, available as double-sided,
double-density high-density for-
mats. Also available, the 3in.
‘CF2’ type floppy disk, as used in

the Armstrad PCW and CFM
range of computers. Supplied sin-
gly or in boxes of ten.

Also new from MAPLIN, a
range of low cost. quality floppy
disks in 5Y4n and 3':in. size
available as double-sided, double-
density and also high density for-

mats. Supplied in quantities of 10
complete with envelopes and la-
bels

Typical prices:

Yain.

3 'Yain.
5 Ydn.
5 'Yin.

See Computer section in the
new MAPLIN catalogue for full
details.

DSDD £4.45 (incl VAT) code: BZ89W
DSHD £7.00 (incl VAT) code: BZ90X
DSDD £2.95 (incl VAT) code: CK09K
DSHD £5.00 (incl VAT) code: BZ88V
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100MHz,10 TRACE, 4 CHANNEL OSCILLOSCOPE

he new CS 6030 10 trace, 4

channel 100MHz oscillo-
scope, offers peak performance at
low cost, provides 100 step pro-
gramming and PAL/NTSC Tx line
counter.

All four channels have
100MHz bandwidth and separate
vertical position controls. The
instrument provides comprehen-
sive cursor measurement control,
with on screen read out and a
delayed timebase which allows
independent setting of A and B
sweep triggering.

The ’scope provides a maxi-
mum vertical sensitivity of ImV
per division with sweep speeds of
20ns to 0.55 per division on the A
sweep and 20ns to 50ms per divi-
sion on sweep B. Both A and B
sweeps can be magnified inde-
pendently. -

The delayed timebase func-
tion includes trigger after delay
and modes and a trigger count
function, allowing the user to se-
lect delay times as a count (up to

999) with respect to the main
sweep which is video waveforms.

The field signal can be trig-
gered on the main sweep to give a
stable display of any expanded

portion of the line signal.

Other features include: Indi-
vidual A and B intensity controls
and A and B trace separation.

The CG 6030 is supplied with

probesandcosts £1699.00+VAT.
For further information please
contact

Tony Starling

Trio-Kenwood UK Ltd

SMART CARDS FOR PAY TV

chlumberger Technologies has

announced SmartCrypt, a new
encryption system which frees
cable and satellite TV broadcast-
ers from traditional subscription-
based methods of charging for
services. SmartCrypt’s dual smart
card interface provides a secure
technology. Using the smartcard,

viewers are free to access pro-
grammes on a ‘pay per view’ ba-
sis for the first time.

The new control mechanism
makes it possible for the service
providers to sell programmes in
highly targeted forms, as viewing
rights to, say, the latest Holly-
wood film release, a sports com-

petition, or an opera season. It is
now possible to buy electronic
‘tickets’ to these events in just the
same way as you would anewspa-
per over the counter. Alterna-
tively, access rights can be sold as
units of viewing time which are
cancelled as they are used. The
product now makes it possible for
the programme makers to publish
programme material from a very
wide selection of independent
producers.

This fast-growing market, still
in its infancy in Europe is pre-
dicted to triple its size from the
current 50 million consumers, to
150 million, by the year 2005.

The SmartCrypt system in-

New from Maplin Electronics
is a 15-piece Students Tool
Kit, ideal for electronics courses
atschools, colleagues and all elec-
tronics hobbyists. The kit includes
a 25W soldering iron with two
interchangeable bits (flat &
pointed), a detachable hook and
small fold-up stand, desoldering
tool, a supply of solder and a pot
of flux.

Forworking on PCBsand deli-
cate equipment, a ‘helping hands’
a ‘scraper and a wire wrap tool

cludes a programme encryption
encoder, a set-top decoder, and an
administration system. The de-
coder has two smart card readers,
one card functions as a detach-
able security processor and the
second card is used for a wide
variety of payment options. The
card holds electronic tokens for
the consumer to use to watch pro-
grammes, or view for a unit of
time. This information is
transfered to the primary smart
card when inserted into the de-
coder.

The system uses on-screendis-
play, and is based on state-of-the-
art scrambling technology.

15 PIECE TOOL KIT

are included. To help in assembly
and repair of most work and
projects, two crosspoint and two
standard screwdrivers are in-
cluded, a pair of pliers and wire
cutters, and for delicate work, a
pair of tweezers

All tools are housed in a tough
carrying case with preformed
sockets to hold tools in place dur-
ing transit.

Students Tool Kit. £14.95 (to
incl VAT).
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IN-CIRCUIT-EMULATORS BECOME

AFFORDABLE

he benefits of using in-cir-

cuit-emulators for develop-
ing applications for eight bit
micros have long been appreci-
ated only by large organisations
not deterred by price tags in the
order of thousands of pounds.
Raisonance (France’s largest
manufacturer of microprocessor
development tools) has now re-
solved this situation with the
launch of the TINY-ICE, a low
cost in-circuit-emulator for the
Intel 8031 & 80C3 1 microproces-
sors. Priced at £299, this emula-
tor will enable the electronics en-
thusiast with a PC to develop
applications for these popuiar
eight bit microprocessors. The
TINY-ICE comesasa plug incard
for PC compatibles and runs at

12MHz. It is supplied with a
300mm probe for40 pin DIL pack-
ages. An EPROM on the card
contains monitor software allow-
ing applications to be developed
using up to 32K of code space

and 64K of external data

memory. Software developed

on the PC in either Assembler
or a high level language such as
‘C’ can be downloaded to the
target system and control of the
programme execution can be car-
ried out using the emulator. Win-
dows on the PC speed up the
debugging process by simultane-
ously showing the source code
together with the changing con-
tents of the internal registers and
RAM of the microprocessor. Sin-
gle step and continuous emula-

NEW RF WIDE-BAND
AMPLIFIER

EC Electronics’® new family

of wide-band RF amplifiers
achieve extremely high perform-
ance from a six pin SOT23 type
package with outline dimensions
ofonly I.1mm x 2.8mm x 2.8mm.
The uPC27XX devices, which
have frequency responses rang-
ing from 1GHz to 3GHz, are based
on NEC’s new MMIC monolithic
microwave integrated circuit)
technology.

There are eight products in the
family and NEC has used the new
20GHz DNP3 process technology
to achieve the ultra small size.
The amplifiers are intended for
low cost gain and buffer stages in

cellularand PCN telephones, GPS
(global positioning system) re-
ceivers, DBS tuners and RF test
and measurement equipment.

The amplifier family can be
divided into three groups; me-
dium output power, low noise and
low power consumption.

The low power versions oper-
ate from a 3.4 volt supply and
dissipate 15.3 milliwatts. Their
frequency responses are 1.8GHz
and 1.2GHz respectively.

The uPC2711/12/13 are the low
noise amplifiers running off a sin-
gle +5 volt supply with a noise
figure ranging from 3dB to 12dB
at f = 1GHz. The medium output

tion are both
supported and up to
800 break points can be set
in the code space when using
continuous emulation. All the
hardware resources of the user’s
target board remainavailable with
the exception of one of the inter-
rupt signals which is reserved for

low power, credit card sized
PC compatible board, UK
produced by DSP Design is ex-
tending application frontiers into
areas inconceivable using lap-top
technology. It works similarly to
a desk-top PC but in, miniature.
This makes it particularly useful
for lightweight mobile applica-
tions, where space is limited, or
areas where a long term embed-
ded life are essential.
This computer is said to be the
smallest size and the highest inte-
grated PC in the world. It is also

powerdevices, uPC2708/9/10also
run offa single +5 volt supply and
have a saturated power output
ranging from +10dBm to
+13.5dBm. Frequency responses
of all six amplifiers range from

the monitor. Raisonance devel-
opment tools are distributed in
the UK by Logicom Communica-
tions Ltd on 081 756 1284.

CREDIT CARD PC

far easier and faster to program
than microcontrollers.

The GCAT-3000 Processor
Card is the heart of the product
range. It is expandable or can
operate as a stand alone board. A
GCAT-2000 Peripheral Card and
GCAT-1000 Prototype Card are
exactly the same size as the
GCAT-3000 and are designed to
stack as a 2 or 3 board sandwich.
The €2000° provides extra /O
functions and the GCAT-1000 is
a blank card to allow users to
prototype their own circuits.

1.5GHz to 3GHz.

Contact:

Maicolm Spencer

NEC Electronics (UK) Ltd
Tel:0908-691133

Fax: 0908-670290
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NEW PETROL FUELCARD

A new computerised credit
card pay system is set to
change the face of garage fore-
courts.

The Integrated Payment Ter-

minal (IPT) is made by Triscan,
the largest manufacturer of fuel
management systems. It offers
customers the choice of paying by
credit or debit card for petrol in-

NEW LCD DRIVER

MICROCONTROLLER

stead of have to wait long cues at
the kiosk.

Having successfully passedthe
trials, 30 terminals have now been
installed at Sainsbury and Tesco

sites all over the country.
The service also provides a
receipt for payment.

EC Electronics has started

sampling LCD driver versions
of its new 78K0 low cost 8-bit
microcontroller product range.
The company claims that the new
uPD7806X versions offer the in-
dustry’s highest performance 8-
bit microcontrollers with on-chip
display capability and will allow
many traditional 4-bit applica-
tions to be upgraded in perform-
ance.

NEC Electronics’ recently in-
troduced 78K0product range com-
bines 16-bit performance with the
price, size and power dissipation
advantages normally associated
with 4-bit microcontrollers. A
major strength of the devices lies
in the number of on-chip periph-
eral options available. This in-
cludes A to Dand D to A convert-
ers, I’C serial interface, UARTSs
and extensive input/output capa-
bilities.

The new versions include an
on-chip LCD driver

capable of control-
ling LCD displays or-
ganised in 4 x 40 seg-
ments (160 total)
Traditionally, design-
ers of products such as
telephones, car dash-
boards, electricity me-
tersand intruder alarms
have used 4-bit
microcontrollers with
on-chip LCD drivers;
for 8-bit micro designs,
an additional LCD
driver circuit has been
required. The new -
products allow designers to take
advantage of 8 bit performance
and a lower chip count, saving
size and cost.

The 78K0 microcontrollers are
based on 0.8 micron CMOS tech-
nology and operate with supplies
ranging from 2.0 volts to 6.0 volts
with a power dissipation of
2.4mW (typical) at 8MHz, mak-
ing them suitable for battery pow-

[
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ered products. The devices can be
used with the 10MHz main clock
or the 32kHz subsystem clock,
the latter reducing current con-
sumption to 35 microamps.

The three products in the 78K0
LCD driver range are the
pPD78062, which has 16Kbytes
on-chip ROM, pPD78063 which
has 24Kbytes and the pPD78064
with 32Kbytes. An EPROM ver-

m.!rmr/mm ‘

sion (LWPD78P064) allows the de-
signer to repeatedly erase code
for use in development, and an
OTP version is available for
prototyping and production start
up.

The products operate over the
-40° to +85° temperature range
and are available in 100 pin QFP
packages.

EXPANDED LITHIUM CELL RANGE

s aft Nife has expanded
its LS High Energy
lithium range with two
new high capacity, vented
cells. The L514250 and
the LS14500 (AA) offer
up to 20% more energy
density at moderate and
low rates than other
lithium systems.

Based on Lithium
Thionyl Chloride
electrochemistry, the cells
have an operating voltage
of 3.5V (ImA at 20°C).
Nominal capacities ex-
ceed 2Ah for the L514500
and 0.9Ah for the
LS14250.

Thecellsare fitted with
a safety vent and a glass-
to-metal seal, and resist
leakage occurring even in
harsh operating conditions.

The LS cells have an operat-
ing and Storage temperature range

of -55°C to +85°(and a typical
shelf life of 10 years or more.
The LS range is available ei-

ther as single cells or as custom-
ised battery packs, complete with
diodes and fuses to protect against

shortcircuits, overloads,
over-discharge, and re-
charging.

These high energy
density, light weight
cells make them ideal
power sources for appli-
cations such as memory
back-up in office and in-
dustrial equipment, me-
ters and measuring
equipment. They can
alsobe used inelectronic
devices requiring long
storage and/or operating
life and low to moderate
drain capabilities
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NEWS
...Stateside...

Problems
and
advantages
of RAIDs

1though interest in redundant
arrays of independent disks
(RAID) continues to remain high,
the complexities of disk arrays
continue to trouble engineers
charged with implementing them.
RAID’s benefits continue to

A spark of
genius

new ignition system based
A on plasma conduction cuts
car emissions by 90% while in-
creasing mileage.

The result of 15 years of re-
search and development at Com-
bustion Electromagnetics Inc., the
approach views fuel combustion
as an electromagnetic component
that must be included in a com-
plete model of ignition electron-
ics. The redesigned ignition sys-
tem uses anovel spark-plug design
that enhances the plasma inter-
face between spark and fuel mix-
ture, but otherwise employs stand-
ard car electrical components and
can be retrofitted to any car.

In present arrangements, the
electric spark is just there to light
the mixture and the subsequent
dynamics ofthe combustion proc-

Molecular
beam epitaxy
techniques

A team, led by the Texas In-
struments Central Research
Laboratory and Hughes Research
Laboratories, has been formed to
study molecular-beam epitaxy
techniques in the construction of
resonant-tunnelling devices for

attract designers of multi-user
systems — fault tolerance, faster
accessing and transfer times and
higher capacity. However, even
RAID users who love the technol-
ogy note that the process of get-
ting a system up and running is
not to be undertaken lightly.

Integrating RAID subsystems
is a complex task. Anyone using
RAID is likely to be tying the
array to a fairly complex network
and all the parts must work to-
gether well, if the peak perform-
ance of the host, the network and
the array are all to be realised.
Since arrays appear to the system
as extremely large disks, users
may have to do some analysis to
figure out how to get optimal per-
formance.

There now are more RAID
suppliers than the market will be
able to sustain as it matures. Some
early players in the RAID market
are already on their third-genera-
tion products and they acknowl-

edge that earlier generations did
not provide optimal solutions.

Today, the most commonly
used levels are RAID 1,3 and §.
Level 1, mirroring, simply uses
duplicate disks to promote fault
tolerance. Level 3 uses a single
parity drive, storing only data on
the other drives, The approach
offers high bandwidth for the fast
transfer rates needed for large
files. RAID level 5 spreads parity
data across all drives in the array
- a technique suited for applica-
tions with high I/O demands be-
cause it permits more accesses
per second than the other levels.

“I’ve been studying RAID
since the Berkeley paper came
out and, no matter what, 1 keep
running into compromises,” said
Peter Dougherty, senior staff en-
gineer for peripheral planning at
Unisys Corp.’s Peripheral Prod-
ucts Division.

RAID systems are very time-
consuming to develop, partly be-

cause so many thingscan go wrong
that the debugging process can
seem endless. That drives their
cost up well beyond the price for
individual disks with the same
capacity. Although RAID offers
varying levels of fault tolerance
and improved performance, many
users still view cost as a major
sticking point.

The type of high-performance
drive that should be used, how-
ever, depends on what type of
accessing will typically be done
with the array.

“In sequential applications, a
drive that spins at 5,400 rpm is 6
per cent faster than one that spins
at 7,200 rpm. For random seeks,
7,200-rpm drives are 8% faster
than 5,400 rpm. In RAID 3 prod-
ucts, sequential transfers are a
key parameter. In RAID 5, ran-
dom access is very important,”
said systems engineer Jim
McGrath, of the disk-drive maker
Quantum Corp.

Capacitive
i discharge
ower circuit laniti
— gnition
Converter T~ il Coil
b et 1
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T Spark
Plug
{ Controller ] ——J
Plasma conduction ignition cuts emmissions

ess depends on a relatively rich
fuel-air mixture to develop power.

In contrast, the new system
uses high-frequency electromag-
netic ficlds to continuously feed
energy to the burning fuel mix-
ture, resulting in a more control-
led burn. The more precise con-
trol translates into higher fuel
efficiency and fewer unwanted
by-products, suchas hydrocarbons
and oxides of nitrogen.

photonics applications.

The partners will be develop-
ing intelligent-material-process-
ing techniques, including the use
of expert systems, case-based rea-
soning and other computer-as-
sisted methods. Objectives in-
clude the creation of sensors to
enable real-time control of the
MBE growth process, improve-
ment of models to predict device
performance, and fabrication and
testing of new high performance
devices.

The two-year project is funded
at $10 million, with part of that
coming from the Advanced Re-
search Projects Agency (Arpa)and
more than half coming from the
industrial partners.

The programme represents the
first example of President
Clinton’s technology reinvest-
ment commitment, commented
Hughes.

Developing
cooled

subassemblies

US company, Superconduc-
tor Technologies Inc., has
received a $1.2 million contract
from the US Naval Research Labo-
ratory to develop cooled
subassemblies for high-perform-
ance workstations.
The contract will focus on hard-

ware development, evaluation of
cryogenic packaging and cooling
of silicon ICs, interconnects for
multichip modules made from
high-temperature superconduct-
ing (HTS) films, as well as appro-
priate computer architectures.
HTS science and CMOS tech-
nology should complement each
other extremely well. Apparently,
the performance of CMOS ICs
improves when cooled. Since the
HTS films haveto becryogenically
cooledto liquid-nitrogentempera-
tures, there is no cost penalty for
refrigerating the CMOS circuitry
to reap additional increases in
performance without any re-engi-
neering.
Cryogeniccoolersarestill large
enough that the technology would
be impractical for anything
smaller than a desktop system,
but some companies are actively
exploring more compact and effi-
cient cryo pumps that can be manu-
factured in commercial volume.
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NO OTHER PRODUCT
TESTS ANALOG ICS

CALL 0226 350145

JDtgo DIATO
Ma.son. Way- SPio couple
Platts Common Ind. Park : N e
Bamnsley ST4 9TG pecia 0

Fax: 0226 350483 [N Y

o)L WP

TRANSFORMERS from

= YNJEE

UK Distributor for
Standard Toroidal Transformers

107 types availabie from stock
*Sizes from 15VA to 625VA
+Dual 120v primaries allowing 110/120v

or 220/240v operation
T
STEEL DISHED o,
WASHER — —
OUTER

INSULATION —7 "

THE DEFINITIVE ‘OFF-AIR’

Ml FREQUENCY STANDARD
¢ £195 v

carriage extra

p——

Lo
# Provides 10MHz. SMHz & 1MHz Output frequencies
# Use it for calibrating equipment that relles on quartz crystals TCXOs VCXOs. oven 10MHz. 5MHz. 1TMH;

crystals Short term stability -
# Phase locks to DROITWICH (rubidium controlied and traceabe to NPL) better than 2x10 “ 9 {1 sec)
# For ADDED VALUE aiso phase focks to ALLOUIS cesium controlied and traceable Typical - 410 *$(1 sec)
10 OP - French eq to NPL) Long tem - lends lo
# British designed and British manufactured 200 = 12 (1000sec

—=

TEKTRONIX 2215 60MHZ 2 TRACE DEL T/B £450  TSEG 12" & 9" DISPLAYS DIGITEXT/SIGNALEX  £154 10
TEKTRONIX 465 100MHZ 2 TRACE DEL T/B £400  VALVE TESTERS AVO MK 1,23, VCM163 FROME4Q
TEKTRONIX 453A 50MHZ 2 TRACE DEL T/8 £243  CASELLA TEMP RECORDER 7 DAY £89
SCOPEX (HARRIS) 458 SINGLE TRACE 6 MHZ £95  FEEDBACK FG600 FUNC GEN SIN/SQ/TRI £125
TELEQUIPMENT S61 SINGLE TRACE 5MHz SCOPE  £95  TIME 20035 VOLTAGE CALIBRATOR £1%
PHILIPS PMB436 FM STEREO GENERATOR £1% 100V 1:10 MULTIPLIER FOR ABOVE %5
MARCONI TF233) M/F OSC/LEVEL METER £95  MARCONI TF2331 DISTN FACTOR METER £175
HP. 405A VECTOR V/METER 1GH: €595 MARCONI TF2300 FMiAM MODULATION METER  £195
PHILIPS PM3226 15MHz DUAL TRACE £135  NASCOM/GEMINI CARDS, VARIOUS POA

LEADER LB0S22 20MHz DUAL TRCE £225
TELEQUIPMENT D61A 10MHz DUAL TRACE £149
SE LABS SM11118MHz DUAL TRACE £129
TEK 4658 100MHZ DUAL TRACE DEL T/8 £475
HP 1740A 100MHZ DUAL TRACE DEL T/B £450

MARCONI 3658 MORSE KEY BRAND NEW £75
McKENZIE 7 DAY TEMP/HUMIDITY RCRDR £9%
19" RACK CASE 20U x 31° DEEP £99
FEEDBACK 550603 1MHz SINE/SQ 0SC £125
KAYE DEE, PNEUMO UV EXP UNIT 390x260mm £175

TEKTRONIX 520 521A PAL V/SCOPES From €475 FARNELL E350 0-350v 100mA, 2 x 6.3V £4910 £69
TELEQUIPMENT D67A 25MHZ, 2T, DEL T/8 215 FARNELL FG1 FUNC GEN .2-22MHZ £19
HP 1700A 35MHZ DUAL TRACE £249  COMMUNICATIONS RECEIVERS, VARIOUS POA
BECKMAN 3020 20MHZ DUAL TRACE £243  LCR MARCONI TF1313025% £%
HITACHI VC 6015 10MHZ DIGITAL STORAGE £345 LCR MARCONI TF868A BRIDGE 9
H.P. 1340A X-¥ DISPLAYS €149 LCRCOMPONENT COMPARATOR AVO CZ457/S

TEK 545/585 SERIES PLUG-INS From £10
WANDEL/GOLTERMANN SPM-2 LEVEL METER £169
WANDEL/GOL TERMANN SPM-3 LEVEL METER £189
WANDEL/GOLTERMANN PS-3 SIGNAL GEN £169
MARCONI TF2304 AM/FM MOD METER PRTBLE  £249
MARCONI TF2330 WAVE ANALYSER 20Hz-50kHz  £149
H.P. 53154 1GHz F/CTR, OPTS 1, 283 £750  TOPAZ 91007-11 7 5KVA 120/240-120/240 1SOL

£9%
WAYNE KERR B321 LOW IND. BRIDGE £9
LEVELL TM6B MICRO V-METER 450MHZ £9%
LEVELL TM3B MICRO V-METER IMHZ i85
OERTLING V20 SINGLE PAN BALANCES 200GM £95
ANALYTICAL BALANCES WITH WEIGHTS 250GM
VACUUM PUMPS 1.5 & 28 CUMMR

NEOPRENE
sﬁr?g:g‘m WASHERS
INSULATION > g
PRIMARY
WINDING

TYPE SERIES | SEC RMS TYPE SERIES | SEC RMS
NO. | VOLTS | CURRENT NO. | VOUTS | CURRENT
15VA %1? g:g (1) g 225VA 53812 1?12 ?‘33
1 ) 63013 | 15415 50
£10.68) o012 | 12212 | 0g3 £21.04 63014 18498 | 625
03013 | 15415 0.50 63015 | 22422 511
03014 | 18418 042 63016 | 25425 450
03015 | 22+22 | 034 63017 | 30430 | 375
03016 | 25+25 0.30 63018 | 35435 | 321
| 03017 | 025 63026 | 4040 | 281
30VA 13010 | 6+6 250 63025 | 45445 2.50
13011 | 949 1.66 63033 | 50450 2.25
£12.21 o2 12212 | 125 63028 | 110 204
13013 | 15415 1.00 63029 | 220 1.02
13014 | 18+18 0.83 . 63030 | 240 0.93
1305 2.2 | 068 300VA | 73013 | 15415 | 10,00
13016 25425 060 73014 (18418 | 833
12017 | 30:30 050 £22.94 7015 | 2422 | 682
50VA 2010 6+6 416 73016 | 25425 6.00
23011 3.9 27 73017 | 30430 5.00
£13.84 2012 12s12 208 73018 | 35435 | 428
2013 15415 166 73026 | 40+40 375
23014 18418 1.38 73025 | 45445 ok«
2015 2242 1.13 73033 | 50450 300
23006 25425 1.00 73028 | 110 272
207 0.0 | 08 73029 | 220 1.36
23028 110 0.45 73030 | 240 1.25
202 02 500VA | 83016 | 25+25 | 10.00
203 | 2 0.20 83017 (3030 | 83
VA 3010 66 566 £29.57  a018 | 35.35 @ 714
30N 5.8 o 83026 | 40440 | 625
£1543 o2 122 3m 83025 | 45445 | 555
0013 1515 266 83033 | 50450 5.00
0014 18-18 222 83042 | 55455 454
3015 2.2 181 83028 | 110 454
3016 25425 1.60 83029 | 220 227
3017 | 30.30 133 | 83030 | 240 208
33028 110 0r2 625VA | 93017 | 30430 | 1041
0028 20 0.36 93018 | 35435 | 892
| 33030 | 240 0.8 £32.64 006 4040 | 781
120VA 4010 66 10.00 93025 | 45445 6.94
43011 3.9 666 93033 | 50450 6.25
£16.45 4012 12-12 500 93042 | 55455 | 568
43013 15415 4.00 93028 | 110 5.68
43014 | 18418 kX< 93029 | 220 284
43015  22.22 27 93030 | 240 260
43016 25,5 240
43017 200 13.8V DC POWER SUPPLY
43018 | 35.35 L7k TRANSFORMERS
43027 | 20420 300
433353 12;8 3.33 8C267 500VA 18+18v £32.64
4.
| 4030 | 260 05 97845 675vA 161V £38.06
160VA 5%11 959 889
12 | 12412 6.66
£19.21 5013 [ 15845 53 .,
53014 | 18418 | 444 (VA
5015 | 2242 | 363
53016 | 25425 320 Prices include VAT and carriage
53017 | 30+30 | 266
3 40440 i i
RIS 2 Quantny prices
53029 | 220 0.72 available on request
53030 | 240 0.

CONSTANT VOLTAGE TRANSF'S 150VA-2KVA POA  KINGSHILL NS1540 15V 40A PSU's CASED, ASNEW  £135

(] HALCYON ELECTRONICS

423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383. FAX 081-542 0340

Write, phone or fax for free Data Pack

Jaytee Electronic Services

143 Reculver Road, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254 Fax: 0227 365104
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LEDs 3mm or 5mm red or green 6p each. yellow
11p each. High intensity red, green or yellow,
Smm 30p each

C:!ge ties 1p each, £5.95 per 1000, £49.50 per

000
Steping motor 4 phase 1 2V1.5 step
hms. £8.95
SAA1027 stepping motor driver chip £3.95
£M Transmitter kit good quatity sound. . £8.60
High quality photo resist copper clad spoxy
glass boards

Dimensions single sided double sided
th nches £0 £1.07
8 inches £2.40
6x12 inches £5.37 -
12x12 inches £10.88 -

Rechargeabie Batteries

AA (MP7) 500mAH .£0.99
AA 700mAH £1.95
€ 2AH with soider tags £3.60
D 4AH with soider lags . £4.95

AA 500mAH with solder tags £1.56
C (MP11) 1.8AM £2.20
D {HP2) 1.2AH. £2.60
PPJ 8.4V 110mAH £4.95
Sub C with solder tags ... £2.50
1/3 AA with tags {Philips CTV) €1.95

Standard charger. charges 4 AA cells in 5 hours
or 4Cs or Ds 10 12-14 hours + 1xPP3(1.2.3
4 cells may be charged at a ume) £6.95
Migh power charger, as above but charges the
s and Ds in 5 hours. AAs, Cs and Ds must be
charged in 28 o« 4s. £10.95

Specist offers - please chechk for availability
F cells 32dia x 87mm £3.95
£ cell with solder tags. 1 2V £4.30
42mmx 18mmdia 12V £1.45
Stick of 4 171mm x 16mm dia . with red & black

leads 4.8V £5.95
4 cell battery 94mm x 25mm dra
(1/2C cetis). £3.50
Computer grade capacHors with screw terminals,
380001 20V £2.50: 8700041 10V £1.95;
68000uf 15V £2.95; 10000uf 16V £1.50
7 segment common anode led display.

12mm £0.45
LM2931AY 5 0 low drop out 5V
regulator TO220 package £0.85
7812 and 7912 12V 1A regulators £20.00 per 1
LM 337k TO3 case variable regulator £1.60
100+ £1.10
BS250 P channel mosfe1 45p, BC559 transistor
per 100 £3.95
T4LS06 hex inverior £10.00 per 100
Usad 8748 Microcontrolier £3.50
51952 UHF Limiting amplitier LC 18 surlace
mounting package with data sheet £1.95
AM27S02............. ..£1.25 each. 90p 100+
CD4007UB 10p 100+ 6p 1000+
TV Mains switch. 4A double pole with momentry
contacts for remote control, pack of 10 £3.95
box of 60 £19.95
DC-DC convertor, Reliability model, V12P5. 1 ri'
1n 5V 200mA out. 300V input 1o output, Isolation
with dats. £4.95 each or pack of 10 - £39.50
Mour counter used 7 digit 240V ac 50Hz  £1.45
Resistor pack 2500 resistors 1/8-2W 50 difterent
values £8.95

Resistor jumbo pack 25000, 1/4 and 1/2W
resistors our choice of values and size, wilt be
mainly in boxes or rolls of 1000, 2000 and 5000
of one type £25.00

Qwerty keyboard, 58 key good quality swulcrées.

5.00

new
Qwerty keyboard with senal output. no data
(used £6.!
Polyester capacitors box type, 22 Smm lead pitch
1t 250V dc 20p each. 15p 100+, 10p 1000 +
2.2uf 250V dc 30p each. 20p 100 +. 15p 1000+
3.3uf 100V dc 30p each, 20p 100 + 15p 1000 +
1uf SOV bipolar electrolylic anial leads. 15p each,

7.5p 1000 +

0.22uf 250v polyester axial leads, 18p each.
100 + 7.8p each

Philips 123 series solid aluminium axial leads,

33,0 10V & 2.2t 40V 80p sach. 25p 1 00+
Multilayer AVX cerami capaciors, all Smm pitch,

100V 100pf. 150p!1. 220pf. 10.000pf (10n)

10p each, 5p 100+ . 3.5p 1000+
Waelwyn W23 9W 120 ohm 36p each. 20p 100+
880 ohm 2W metal film resistor, 4p 100 +

2p 1000+

Solid carbon resistors, very fow inductance. ideal
for RF circuits, 27ohm 2W, 68ohm 2W 25p each.
15p aach 100+ . we have a range of 0.25W.
0.5w. 1w and 2w solid carbon resistors - please
send SAE for list

Intelegent 4 digitalphanumeric (5x7 dot 0.145")
red LED display. 12 pin 0.6 inch wide package.
Siemens type DLR1414 £2.50 each. £2.00 30+
data sheets £1.00

AMD 272563 Eproms £2.00 each. £1.26 100+

DIP switch 3PCO 12 pin {ERG SDC-3.023) 60p
each. 40p 100+

Disk Drive Boxes for 5.25 disk drive with

room for a power supply light grey plastic

67x268x247mm £7.95 or £49.50 for 10

Hand Held Ultrasonic remote control  £3.95

Computer grade 5800uf 60v capacitors with

screw terminals ...... s .£4.95

CV 2486 gas relay 30mm x 10mm dia with 3

wire terminais will also work as a neon light

20p each £7.50 per 100

A23 12v car alarm remote control and

Iigmer battery 75p each £50.00 100+

40 uf 370vac motor start capacitor

{dielectrol tyre containing no PCBs) £5.95

each £49.50 for 10.

All products advertised are new and
unused unless otherwise siated

Wide range of CMOS TTL 74HC 74F Linear
Transistors kits, rechargeable batteries,
capatitors, tools etc. always in stock

Please add 95p towards P&P
VAT included in all prices
JPG ELECTRONICS
276-278 Chatsworth Road
Chesterfield S40 2BH

Access Visa Orders
0246) 211202
Callers

elcome

VOLT HCHIME

STUDIO MONITOR

Designed specifically for studio use, this design also gives
excellent results when used for conventional HIFi reproduction.
The HSM kit is remarkable value - you would have to spend
many times its cost to achieve comparable results from a ready-
made speaker. The HSM will produce high undistorted sound

pressure levels & h
unclipped output of

as massive power handling capabillty (full

200 watts). Split circuitry crossover is used

to enable biwiring to be employed without any modifications.

DIY Spesker catalogue £2.00
post free (export £3.50)

* .. all in all, highly recommended”
Paul White, Home & Studio
Recording magazine.

The kit includes bass and treble
units, flat pack cabinets
(accurately machined from
smooth MDF for easy assembly),
acoustilux, assembled
crossovers, reflex ports, binding
posts, grille fabric etc...

Dimensions.
508 x 267 x 343mm
Response: .
30 HZ - 20 KHZ
Sensitivity:
90db/tw/im
AMP

Dept. ETI, Wellington Close,
Parkgate Trading Estate
Knutsford, Cheshire

WA16 8DX

Tel: (0565) 650605

Fax: (0565) 650080

B Telephone credit card (W
Axcoss | orders welcome | —

Open Tuesday to Salurday, 4 demonstration rooms available.

12/13.5/15/17/18Vdc 800mA for Ans Machine
800MA 3/4.5/6/7.5/9/12V dc REGULATED
1A 3/4.5/6/7.5/9/12V dc REGULATED

650MA 12V REGULATED

BT21 3 INPUT SCART CONTROL BOX

1 WAY AERIAL AMPLIFIER

1 WAY PLUG IN VAR. GAIN AMPLIFIER

1 WAY HIGH GAIN AMPLIFIER

2 WAY MAST HEAD AMPLIFIER

9 PIECES AUDIO/VIDEO SCART LEAD KIT
SINGLE FLUSH MOUNTT AERIAL OUTPUT
SINGLE FLUSH MOUNT AERIAL OUTPUT
METAL CO-AX PLUG

SPEAKERS & TWEETERS

3" HORN TWEETER 35V

3.5° SUPER HORN TWEETER 35V

2.5 ROUND CONE TWEETER 20W
400W HIGH POWER HORN DRIVER
WIDE DISPERSION HORN FOR ABOVE
5.25" FULL RANGE SPEAKER 60W

6" WIDE RANGE SPEAKER 10W

8' CABINET GRILL

12" CABINET GRILL

15" CABINET GRILL

DISCO AND Hi-Fi

MIXER MRT 60 WITH 10BAND EQ
MIXER PDM909 WITH 8 DIGI SAMP

(NEW)

VOICE PROCESSOR/SOUND EFFECTS
MINI STROBE

VARIABLE SPEED STROBE UNIT

SELF CONTAINED ¢ LIGHT SEQUENCER
DYNAMIC MIC 500 OHM

MIC DESK STAND
JAW CLIP MIC HOLDER
FULL GRIP MIC HOLDER

1200MA 1.5/3/4.5/6/7.5/9/12VvDC REGULATED

100MA 13.8V PLUG IN POWER SUPPLY/CHARGER
SWITCHED COAXIAL Y SPLITTER FOR GAMES

TV TO GAMES LEAD (TV PLUG-PHONO LEAD)

2x6" WIDE DISPERSION HORN TWEETER 35V

COMPACT ADD ON DIG). SAMP. PROCESSOR

STANDARD UNI-DIRECTIONAL MIC 500 OHM

6.35mm TO 6.35mm RIGHT ANGLE LEAD 3.m
6.35 TO 6.35mm COILED RIGHT ANGLE LEAD 6m

AUDIO

£24.95 CD LASER LENS AUTOCLEANER (WET&DRY SYS) £9.95
£1495 STEREO HEAD PHONES + 6.35mm ADAPTOR £1.29
£15.95 STEREO EAR PHONES + CASE £3.60
£17.95 STEREO H/PHONES + 6.35mm MONO ADAPTOR
£8.95
gags V) pay
oiios EAR PHONES PADS (3 PAIRS) £0.80
£34.95 HEAD PHONE PADS (3 PAIRS) £0.90
£0.85 STANDARD EARPIECE £0.65
£10.95 FM AERIAL SPADE TERMINALS £0.99
£10.95 FM AERIAL CO AX CONNECTION £175
£12.95 CASSETTE HEAD CLEANER (DRY) £0.65
£19.95 CASSETTE HEAD CLEANER + SOLUTION £0.95
£9.95 AC POWER LEAD (FIG 8) 2m £0.85
if(‘)'gg TELEPHONE PICK UP COIL £0.95
coias TELEPHONE PICK UP COIL LARGE £1.49
COMMUNICATION
£12.95 2-WAY TRANBCEIVERS
£8.95 WITH CALL BUTTON TRANSMIT/REC. KEY £29.95
£6.95 HANDHELD BROADBAND RADIO REC
£3.25 COVERS CB, FM RADIO, TV, AIR. £17.95
£24.95 12BAND HANDHELD RECEIVER £24.95
g‘:'gg 4 BAND RADIO WITH PLL SYNTH. TUNING
% MW, FM, SW & LW £3495
8% TOOLS & ACCESSORIES
£6.95 12 RANGE ANALOG MULTIMETER £7.95
19 RANGE ANALOG MULTIMETER £18.95
19 RANGE ANALOG MULTIMETER + CONTINUITY £21.95
£148.95 SERVISOL SWITCH CLEANER £1.85
£229.95 SERVISOL CIRCUIT FREEZER £2.25
- 400m| CAN SPRAY ADHESIVE £3.95
Ao 05 15W LIGHT WEIGHT SOLDER IRON £6.95
29,05 SOLDER IRON STAND £2.95
£3495 MINI VICE £1.95
£39.95 SCREWDRIVER SET 4 FLAT 2 CROSS £295
£2295 PRECISION SCREWDRIVER SET 3 FLAT 3 CROSS ~ £5.95
£6.95 5" SIDE CUTTERS £3.45
£3.95 RATCHET CRIMPING FLIERS £18.95
£1.49 TWIN 13A SOCKET SWITCHED £4.99
g‘:g 4 GANG 13A SOCKET UNFUSED £4.59
£3.29

OFFTRON FOR THE CHEAPEST PRICES IN TOWN

POWER SUPPLIES & TV ACCESSORIES

IN CAR & TRAVELLER

SOUNDLAB 2 x 7SW AMPLIFIER £49.95
SOUNDLAB 2x100W AMPLIFIER £89.95
SOUNDLAB 2x200W AMPLIFIER £108.95
100w DOOR/SHELF SPEAKERS £24.95
60W DOOR SPEAKERS £16.95
LOW PROFILE 2 PIN DIN SPEAKER LEADS 0.3m £0.89
3A 2 PIN IN LINE LINE POWER LEAD 1.8m £0.98
AIR PURIFIER/IONIZER £12.95

SUPER TRANSFORMER CONVERTS 220V TO 110V

(35W) £17.95
SUPER CONVERTER CONVERTS 220V TO 110V

(1650W) £18.95
TRA3 MARK 7?7 FOR UK TRAVELLER AROUND THE
WORLD £5.49
BUZZ-OFF MOSQUITO KILLERS 8011 £5.49
BUZZ-OFF MOSQUITO KILLERS B022 110/220V  £6.49
BUZZ-OFF REFILL TABLETS 20 TABLETS BOR001  £2.59

OFFTRONLTD

UNIT B3A ALLADDIN WORK
SPACE

426 LONG DRIVE,
GREENFORD MIDDX. UB6 8UH

MAIL ORDER TERMS

POSTAL ORDER/CHEQUE WITH ORDER
P&P £1.50 ON ORDERS BELOW £15.00
£2.50 P&P ON ALL OTHER ORDERS.
ALL PRICES INCLUSIVE OF V.A.T.

ALSO 24 HOUR ANSWERPHONE
SERVICE.

TELEPHONE 081 575 8812 FAX 081 575 8791
OFFICIAL ORDERS FROM TRADE,
SCHOOLS AND COLLEGES WELCOME.
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Simple Flashing

Beacon for Radio

. Control Models

A Craig Talbot provides an add-on project
for the Radio controlled switch.

any boats and land vehicles these
days have a flashing warning beacon
of some kind, an obvious example
being the blue flashing. light on a
police vehicle or boat. However, a wide variety of
vehicles use warning beacons and what I needed

TRIGGER 2 y 7 DISCHARGE
AR
OUTPUT 3 )6 THRESHOLD
RESET 4 5 CONTROL VOLTAGE
o INT VREF.

Fig.1 Internal structure of 555 timer chip

o 1

was a bright flashing light on top of the forks of a

model fork lift truck (a visual warning system in common use

on full size fork lifts). In this particular case the flasher could

run whenever the truck was switched on, but a controlled

version adds versatility to the circuit and the one presented

here can be controlled by using an R/C Switch. If you built the
Radio  Control

Switch as presented
in a previous issue

OUTPUT

RESET RA

of ETI, thenthisadd-
on is for you.

3

17 Service vehicles
usually have a yel-
low warning flasher
and the fork lift was
no exception. Self-
flashing LEDs are

RB

555

c not normally yellow

% — and Ultra Bright

10n
TO

100n o
types were unsuit-

able for this appli-

Y

cation, In the inter-

ests of low

Fig.2 555 Astable configuration componentcount, IC
solutions  were
sought.

The first IC I considered was the 3909 LED flasher. As the
circuit would have to drive a bright light with a wide field of
vision, the high brightness LEDs were tried. Ultra bright
LED’s would give the level of light but not the viewing angle
required. The 3909 was also designed to produce very short
on times for the light but I needed the on to off period about

the same. | would require a lamp for this task.

I next looked at 4000 series CMOS oscillators. To drive
the current that a lamp would require, the output current
capability would need to be enhanced with another device.
The other point is that the IC would be a 14 pin device, when
an 8 pin would be preferable. The next IC for consideration
was the 555. This IC will deliver a couple of hundred
milliamps and drive a lamp as required, requires few support
components, has an input suitable for control and is very
cheap. For all these reasons and the fact that it is one of the
best building blocks in the business, the 555 was chosen.
This IC is ideal for the voltage range required and, because
timing is not critical, the stability it offers is a bonus. The
timing stability is due to the way it operates as a free running
oscillator.

The range of drive voltage must be from 5 to 12V for this
application, while the maximum working voltage of this IC
in other applications is 15V. The CMOS version is an 18V
Maximum device but delivers a low output current, so the
standard 555 is the best choice for the job.

The circuit described is built on a small PCB but may also
be built on something like Vero board, if you prefer. | make
no apologies for the simple nature of this project as it is ideal
for its intended purpose. There are no medals for designing
complicated circuits to perform simple tasks.

Construction

No particular order for mounting the components will be
given as the layout is very simple. The only things to note are,
the fitting of the IC, notch at the left, and the polarity of two
of the capacitors, C1 and C3. Both are clear from the layout

12
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HOW IT WORKS

Telling the readers of a magazine like ET! how a 555 works may be
like teaching a dog to bark. Nevertheless, there are always new readers,
so here is a quick description of what it's il about.

The 555 consists of a couple of voltage comparators, a bistable
latch, an output stage and a discharge transistor.(see Figure 1) The
other vital ingredient in this IC is a chain of three reference resistors al
of the same value. As all three resistors are the same, the two reference
voltages they produce are one third and two thirds of the supply volts.

As you can see from the 555 internal structure (Figure 1)

The remaining components are all that the 555 needs to do the job.
The only ones not yet covered are the capacitors G2, which is used as
a noise decoupling component on pin 5 and C3, for supply noise
decoupling.

With pin 4 at positive the beacon will puise. When the RC Switch
PCB is used to drive this point it will stop the lamp pulsing when switched
on. (I could have inverted this action, but it would have given little
advantage except to ensure that the switch On position did in fact switch

the comparators can detect the two voltages and their outputs
and can then trigger the bistable, which in turn will switch the
output stage. If a capacitor C is charged via RA and RB, as
shown by the 555 astable (free running) circuit, Figure 2, when
two thirds voltage is reached, the top comparator wil trigger the
bistable to set. This action will switch on the discharge transis-
tor, causing it to discharge C via RB to the one third level, when
the bottom comparator will detect this, switch off the discharge
transistor and reset the bistable: As the discharge transistor is
now switched off, C can charge once again. As long as pins 2
{trigger pin) and 6 are joined it will retrigger, starting the action
over again. In other words, it will free run. The other way to stop
it is to hold pin 4 (Reset) at a low voltage (it should normally be
held high by tying it to the positive rail, either directly or through
aresistor). As the charge path is via RA and RB and discharge
is only via RB, an uneven mark to space ratio is bound to
happen. If RB is made very large in comparison to RA, the mark
space can be controlled close to unity, but not absolutely.

The Charge Time (output high) is t1 = 0.7(RA + RB)C

The Discharge {output low) is t2 = 0.7(RB)C

The actual figure is not 0.7 but 0.693, although 0.7 is near
enough for real components as they are not perfect, especially
electrolytic capacitors with their +/- 20% tolerance.

The output stage will source or sink a current of 200mA, so
the load may be driven to positive or to negative. Selection of

DRIVE BATTERY «
-0

R2 8
1k
7 3
A RS NOTE:
10k ™ Ic1 BULB 1 =
' 2 D1 1N4148
[ J 200mA
INPUT 2 MAX
D1

1 5
+ |
c1 c2 e

100725V 1000 22w16V
COMMON DRIVE BATTERY -
n— . ‘ . -0

Fig.3 The circuit

the values of RA, RB and C will enabie the 555 to oscillate at
the frequency that is most suitable for the application.

Figure 3 shows the circuit of the beacon. As you can see it is the
normal 555 astable with hardly a change. The reset (pin 4) is tied to the
positive via R1 and we only have to pull pin 4 down to near OV to stop
it operating, The small PowerFET in the RC switch will do that. The diode
D1 is there in case you wish to pulse an inductive load, such as a buzzer.
D1 will remove the back EMF produced by such a load.

the beacon on rather than off. Tuming the switch round on the
transmitter would do the same thing.

incidentally, with pin 5 of the 555 you can do such things as
frequency modulate the output. The 555 and its possible uses have
been covered in depth by several books ands its well worth a bit of
reading, if you have not done so already.

in figure 4, as is the bar end of the diode, D1.

Red and black wires would be a good idea for the positive
and negative to the drive battery but the colour of the lamp
wiring is not important. The lamp will have to be selected to
suit the voltage that you are using to drive it but the main
point is to keep its current rating below 200mA. The lamp
should be connected with a couple of wires to the points
marked, appropriately, Lamp.

Finally, wire from the point marked In, which we will
later connect to the RC Switch PCB at the point marked Out
and a wire from Common on the Beacon to connect to
Common on the RC Switch (that’s after we have initially
tested it).

Now the board construction is complete, it would be a
good point to look for solder bridges and poor solder joints.
Make sure that the wires are clipped off cleanly, giving no
possibility of short circuits. The only place that the tracks are
close is where the OV track goes between pins 3 and 4.

Having done this, we are ready to test.

Testing

When you connect the Red and Black wires momentarily
to the Drive Battery you should see a flashing lamp. OK, so
it works, now to connect it to a R/C switch PCB so that you
can control it. Figure 5 shows the equally simple inter-board
wiring. Disconnect the Battery while you wire the Common
on the RC Switch PCB to Common on the Beacon PCB and

the Input on the Beacon PCB to Output on the Switch PCB.
When wiring has been completed, the red and black wires
can again be connected to the + and - of the drive battery. Now
you can control it with your Radio Control.

Bear in mind that the circuit will draw a small current
even when the lamp is not flashing, so make sure that.
wherever you use it, you have a switch to disconnect when out
of use. If you are using it in conjunction with a Low Power
Speed Controller, then the switch in the positive drive battery
lead of that board will do the job.

Heatshrink tubing would be an excellent encapsulation
for this little PCB, or a potting box of suitable proportions.
If the lamp is in a lampholder, a couple of 1/2W resistor leads
would be strong enough to hold the PCB when connected
between the lampholder and the lamp connections on the
PCB, that is assuming you have the available space.

In Conclusion

The first conclusion is that this project is in no way
exclusive to Radio Control. It gives you a very compact PCB
for any 555 astable application, if you think about it, there
must be many uses. It is in fact a ‘board for all reasons’
(apologies to the Bard).

You may wonder why I did not drive the whole Beacon
PCB directly as a load on the R/C Switch. The reason is to
retain the 200mA capability of the 555 without overrunning
the 300mA capability of the Switch, due to the not inconsid-
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erable current that is drawn by this IC during switching and
the lamp current. There is also the fact that C3 has to be
charged when power is applied.
For my application, I obtained a yellow cap lampholder.
Lampholders are available with caps in most of the colours
that you may require. I only used the cap, as the
lampholder was a bit on the large side.

This beacon is more or less the same as the original DRIVE BATTERY 4 <
: 10 ) DRIVE BATTERY - _@
in general appearance but does not operate in quite the BULE
same way. The original beacon had a lamp and reflector,
turned by a small geared motor, giving a lighthouse
‘beam of light’ action. At about 1/16 Scale, this would

MMON

Fig.5 Interconnectiondiagram

not have been possible, but the one described looks very

acceptable. This is the general idea with model electron- f!()E‘gsl}(')IF;SS LIST SEMICONDUCTORS
EE 9 & 2 ics - better to have a go at something that gives a rough R1 10k 1/8 Watt 5% IC1 555 IC
Rl e 3 simulation than not to bother. R2 1k 1/8 Watt 5%
‘g ‘g This circuit could also be used to produce a hom R3 1M 1/8 Watt 5% MISCELLANEOUS
24 sound by replacing the lamp with a high impedance LAMP  less than 200mA -to suit
Fig.4 Component speaker of 120R or more and changing the value of C1. CAPACITORS PCB  (See BUYLINES)
overlay The problem is that speakers of that impedance are not g; }BIZSV 1"(')'8 radial E_Iect WIRE  Red, Black plus any other
readily available. It could, of course, be made up of say 3 22:; gV M?Ncreargirgllcel ol colour

a 40R speaker and a fixed resistor to make up the 120R

but 2/3 of the power would be dissipated in the fixed resistor.
At 6V this would give a very low volume and, as only part of
ic e RO To Wiy sncien NIl s 2oy All of the components are widely available by mail order
inefficient. Running a small, moden, 6V or 12V buzzer from The PCB is available from:- ACTion, 140 Home Court Ave,
this PCB will give an efficient pulsed tone. Biggleswade, Beds. SG18 8PB

If you require just a horn sound, a buzzer can be switched Price £1.80 plus £0-50 postage & handling.

by an RC switch.

BUYLINES

JUST LOOK AT WHAT'S AVAILABLE FROM BONEX ...............
Balance Mixers CMOS Devices Drilis Kis and Modules Test Loads
Baéerlu Computer Accessories  Bits and Burrs, LE.D.s, 3mm and 5mm  Test Probes
Button Cells, NI-cads, Adaptors % to 25W, Expo , Light Dep Resl!stors Tools
Battery Holders, Data Switch Boxes, Pin Chucks, Loudspeakers Crimping, Cutters,
Battery Eliminators, Gender Changers, Power Supplys, Microphone Inserts Flles, Insertion,
Nl-cagchargera RS232 - Patch Boxs, Null ~ Sews and Slitting Discs, Multimeters Reamers,
Modems, Plug in Testers, Fans Neon indicators Screwdrivers,

Wlastlc Die-cast, Surge Protectors, Feet, Rubber Nuts and Bolts Strip Board, Trimtools,
Hand-Held Enclosures, Surge Protector Plugs, Ferrsnﬂes Opto Switchs Torold Cores
Bridge Rectifiers Connectors Optolsolators Thyristors
Bulbs Audio Adaptor/Plugs, FM Ceramics, Mechanlcal P.C.B.s Transtormers, Mains
Cablea Banana Connectors, IF's, Ceramic Resonators, Copper Clad , Etch Resist  Transistors
Audlo, BBC, Camcorder,  Binding Posts BNCs , Crystal, Helicals, NTSC / Transfers, Photo Reslst,  Audio Power,
Cassette/Calculator, Mains, Centronics, D, PAL, Pilot Tone, Quadrature  Pins, Proto-type, Darlingtons, F.ET.s
Computer, IBM PC/AT, D High Densi Detector, Satellite TV, Video, Pollshlng Mops GaAsFETs,
Serlal, Monitor Extension, ower , DI IC Fuses Potentiometers Low Power RF,
Parallel, Patch/Video Lesds, DINe IDCs , Edge , F, Grommets Tontrol Pots, 18mm, 24mm, Microwsve,
Scart Cables, Serial Printer, Jack2.5mm,3.5mm,6.3mm, Howes Kits Pre-sets Horizontal/Vertical MOBFETO.
Video/Audio Dubbing Kit,  Mains , Mlcrophonea , Heatsinks Tritnmer Pots, Power RF,
Cablo Tlos Molox N-Typo. Phono, : Power Supplies Small Signal,

eramic Discs art ermin rs
Ceramic Feedthroughs, Strips, TV, XLR, Carbon Flim, Metal Oxide, TIL
Chip, Electrolytics, Crooodll. Clips 5 Bource 8 Wirewound, Video Moduiators
Monolithics, Mylars, D%!%‘ insulating Tape Screening Cans Voltage Regulators
Polycarbonastes, or Pumps integratedCircults Semi's Mount Kits Wire
Polystyrenes, Polyesters, D %.—— Solder Enamelled Copper,
Tantalum Beads, Pl%fgic IN400O0 / IN5400, Eproms, Soldering irons Tin Plated,
Capacltors Variable Toko Varicaps Linears, Switches Sliver Piated,

m Dielectric Trimmers,  Signal Diodes, Memory, DT h Microswitches,  Zero Insert Force
Ceramic Trimmers, Zener, BZYs and BZXs, T, Push, Rotary,Slide, Toggles, Sockets

— 12 Elder way CATALOGUE AVAILABLE
Langley Business Park SPECIAL OFFER
Slough SBL-1 BALANCE MIXERS £3.75
BONEX |Berkshire SL36EP. Telephone :0753 549502 Fax : 0753 543812
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Low cost data acquisition for IBM PCs & compatibles...

A unique range of low cost data acquisition products for IBM PCs and compatibles. Installed in
seconds they simply plug directly into either the serial or parallel port. They are completely self
contained, require no external power supply and take up no expansion slots.

Each device comes with an easy fo use software package (PicoScope, PicoLog or both). C, Pascal,
and Basic drivers are supplied for those who want to develop theirown software, as isamanual giving
full details of the hardware and software. All software supplied on 3.5 disk.

a386/33MHzmachine ended or differential inputs
0-5V Input range Resolution programmable

BNC input connector allows between 8 and 16 bits + sign
use of standard scope probes +2.5Vinputrange

30V overload protection 5V reference output
Parallelport connection \ Connects to serial port

Includes PicoScope software Includes Picolog software
Single Channel 8 bit ADC £49 8 Channel 16 bit + sign ADC £99

ADC-11 15K samples per second PiCOSCOpe Virtual instrument' software
0-2.5V Input range packageforthe ADC-10, ADC-

Aol i s

Digital output A B 11and ADC-12.
D25 input connector EERRERE:
KY/ 30V overload protection HBTIRT Y S

¥
v

Storage oscilloscope with

Parallel port connection AN trigger and timebase. Traces
N, .

Includes both PicoScope and Y7 A 1| can be printed and saved.

PicolLog software = Slarrmnr™ " | Muttiplemeters onscreen. Real
ope, voltmeter, ; i

11 Channel 10 bit ADC SE b

ADC-12 Upto18kHz sampling rate PicolLog Colectsamplestrom1permsto
0-5V Input range - — one per day. Scale samples
BNC input connector allows 3- s =1 linearly, by equation or by table

use of standard scope probes
30Voverload protection

Parallel port connection o . S| be displayed, printed or
Includes both PicoScope and XN exported.

look-up. Graphical (against
I timeor XY) andtext reports can

PicolLog software : :Adv;ncei! dat; Picologis also available for the

Single Channel 12 bit ADC £8 5 logging software ADC-10: callfor details.
Typical application ADC-10 | ADC-11 | ADC-12 ADC-16 PICOBENEFITS
855@099 : : : . @30 day no quibble

oltmeter :
T ® ® 5 money back policy
Audio sampling & e @ Full 1 yearguarantee
Chartrecorder emulation @ o @ 1year's free software
Temperature measurement| @ _ ® © ® upgrades

~ Pressure measurement o ® e | o :

Chromatography \— @ Freetechnical support
Automotive monitoring [ ® @ Free usernewsletter
Medical research © @] o @ Samedaydispatch
Education o ® O ]

E Pico Technology Ltd. Broadway House, 149 -151 St Neots Road, Hardwick, Cambridge. CB3 7QJ.

TEL: 0954-211716 FAX: 0954-211880

Upto24kHz samplingratefrom & ADC-16 Software selectable single

Phane or FAX for sales, ordering informalion, data sheets, technical support. All prices exclusive of VAT.
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READ/WRITE

Output
Transformers

have found a source of output

transformers suitable for the

Hybrid Valve Amp (Sept. 1992).

They are from The Vintage Wire-
less Company Ltd in Bristol.

John Condy

Manchester

Readers might like to know of
the items available from this com-
pany, supplied by Mr Condy.

Push Pull audio output trans-
SJormers to suit EL34s

35W output £35
S0W output £27
100W output  £39

EL34 (Mullard) £19
" (Siemens) £7-50
" (Imported) £4-00

All are exclusive of VAT and
postage and packing.

The Vintage Valve Company
Ltd can be contacted at

Tudor House

Cossham St

Mangotsfield

Bristol

BS17 3EN

Tel: 0272 565472

The company has a wide vari-
ety of catalogues on audio,radio
and valves. They also claim to be
the worlds largest stockists of
service sheets, manuals and his-
torical information on valve and
early transistor audio radio and
TV. They also have large stocks
of vintage components.

Ifyou have any old valves, the
Vintage wireless company is al-
ways interested in possible pur-
chases. Please get intouch with
them for valves urgently required.

Calling all
Music Chips

lease could you orany of your

' readers tell me if Digisound
Ltd, (formally of Brookmans
Green in Blackpool), suppliers of
the Curtis range of specialist chips

l for the music industry, are still

|

Valve
Alternatives
l read with interest the recent
commentsconcerning the 45W
Hybrid Valve Amp. Having in-
vested more than [ care to admit
on this project, I have none-the-
less successfully completed one
for myselfand another for a friend
to whom money is no object, and
the experiments on the way have
taught me a few useful things.
Messrs Bentley and Corsi in
June *93 Read/Write have already
mentioned the benefits of match-
ing the MPSA92 transistors and
providing adjustment of the bias
current via R3. Anyone foolish
enough to have used MPSA 42
transistors and then gone off to
get a cup of tea and consider the
problem will have found the iso-
lating transformer having suffered
an internal meltdown (unless they
use a suitable fuse). The EL34
valves are fine, although I ini-
tially used Sovtek K5881s (as
used by Eric Clapton no less)
since they were cheaper and are
said to sound richer than EL34s.
Using a 240V supply, [ am not
certain how the voltages stated in
the project are obtained as even
under no load conditions the maxi-
mum calculated and measured
high tension voltage is only 336V
(not 350V) and the transistor sup-
ply -56V. If you live in a foreign
country (as I do) where the supply
voltage varies from 200V to 220V
and a wide variety of valve step
up transformers of every value
except the one desired can be
obtained, so some improvisation
is required. It would seem to me

trading.

If not, does anybody know of
another supplier of Curtis chips,
in particular the CEM3340 or |
CEM3345 voltage controlled os-
cillatorICs. I would be most grate-
ful for any help.

John Scott Paterson, |
Newcastle upon Tyne |

that with a 240V supply the high
voltage transformer would require
a 250V tap and the transistor sup-
ply 22-0-22V taps. Having used a
variety of different high tension
voltages, the amp seems perfectly
happy with anything from 300V
to 380V, providing the bias cur-
rentis correctly adjusted (although
I assume there is some sacrifice in
power output at the lower end of
the scale).

Lower voltages may make it
easier to obtain a suitable capaci-
tor, although there seems to be
plenty of 400V (450V surge) caps
around with values up to about
2800y for less than £20. Calcula-
tions suggest a bias current of
around 280 to 290pA through R3
andasimilarcurrent flows through
PR1 (half from each collector).
Using these figures it is possible
to adjust the resistances to reach
the required negative grid volt-
age, depending onthe transformer
output. Although I have been us-
ing the designated -30V, a check
of the valve characteristics for the
K5881 suggests-37V may be more
appropriate.

As Mr Bentley stated, the amp
is very sensitive to any input DC
offset voltage from pre-amps and
I had to critically adjust my FET
pre-amp to

ETI

Letters

pleased with the sound and al-
though it has been the source of a
great deal of initial frustration,
the article inspired me to build a
valve amp for a projected cost of
lessthan £90 or so (plus the burned
out transformer). The amp has
worked reliably for 4 months and
is used for up to 8 hours a day.

Like all home-built projects
youcan tweak and modify as much
as you like depending on your
budget. You are less likely to be
so daring with a commercially
made version. Music always
sounds better when playedthrough
equipment you have constructed
yourself (well, mostly) and puts
the fun back into Hi-Fi at reason-
able cost. While it would be nice
not have these problems with set-
ting up, I believe the basic princi-
ples in the amp are sound and the
project not only interested myself
but a large number of others.

Perhaps some of your distin-
guished readers might be able to
suggest some more crude but sim-
ple enhancements or alternative
designs. The original PCB is not
complicated and could be rede-
signed to accommodate adjust-
able bias. If anyone else wants to
use K5881 tubes the following
data may be useful:

eliminate the
problem (yep,

% Plate volts
you guessed it -

Screen volts

hold  your |Nes orid volt 37V
tongue in the | pjage cyrrent
corectposition | goreen current

while doing
this). The other
alternative is to

Filament current 0.9A

Load for rated output 5600 ohms
Power output push-pull config., class A-B. 55W

450v  (500V Max.)
400V (450V Max.)

116mA no signal
5.6mA no signal

use DC block-
ing capacitors on the inputs.
Anyway. for all that I am quite

EQ PC/Mac
Maths
Conversion

- Problem

n the August issue of ETI, our
Read/Write column contained
a mathematical analysis for the

B Lawford, Hong Kong

Graphic equaliser featured in the
June issue. For some reason, the
square rootand multiplication sign
were converted to other signs. We
show the correct equations here:

f=12rVLC
where C is the external capacitor
Q is calculated using:

Q=2=rfL/R
=2nL/R x 12 VLC
=VL/RVC
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDOSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPL RS
HIGH POWER, TWO CHANNEL 19 INCH RACK

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)
MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: Yindependent power supplies with two toroidat transformers & Twin L.E.D. Vu meters ¥
Level controls # Huminated ondofl switch & XLR connectors # Standard 775mV inputs # Open and short circuit
prool # Latest Mos-Fets for stress tree power delivery into virtually any load % High slew rate % Very low
distortion # Aluminium cases % MXFE00 & MXFS00 fan cooled with D.C. loudspeaker and thermal protection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19 xH3%2" (2U)xD11"
MXF400 W19 " xH5%" (3U)xD12"
MXF600 W19 xH5Ya" (3UXD13"
MXF300 W19 XxH5Ya" (3U)xD14%"
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.1S

OMP XO3 STEREO 3-WAY ACTIVE CROSS-OVER

Advanced 3-Way Sierec Active Cross-Over, housed in a 19" x 1U case. Each channel has three fevel controls:
bass, mid & top. The removable front fascia allows access to the programmable DiL switches lo adjust the
tross-ovor frequency: Bass-Mid 250/500/800Hz, Mid-Top 1.8/3/5KHz, all at 24d8 per octave. Bass invert swilches
n each bass ch I N | 775mV inp! put. Fully patible with OMP rack amplitier and modules.

[VER -
ED FOR CATALO!

GUE +

STAMPI

ey Ay e
SERVICE « LARGE (Ad] S.A €, BOp

OMP MOS- POW R MODUL!

hheu modules now enjoy & rep for quality, and pe: ot a realistic price. Four
fnodels are available to suit the needs of the prolessional and hobby market i.s. Industry, Leisure, instrumental snd Hi-Fi
pic. When comparing prices, NOTE that all models include toroidal power supply, integral heat sink. glass fibre P.C.B. and
Hrive circuils 10 power & compatible Yu meter. All models are open and short circuit proot.

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 watis
R.M.S. into 4 chms, frequency response 1Hz - 100KHz
.3dB, Damping Factor >300, Slew Rate 45ViuS,
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

R AMPLIFI " SUPPLIED READY BUILT AND TESTED.

1d- wid:

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

PRICE £64.35 + £4.00 P&P

OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
.3dB, Damping Factor >300, Siew Rate 60VIuS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 watts
R.M.S. into 4 chms, trequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V/uS,
T.H.D. typical 0.001%, Input Sensitivity 500mV, S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection, 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 + £5.00 P&P

OMP/MF 1000 Mos-Fet Output power 1000 watts
R.M.S. into 2 ohms, 725 watts R.M.S. Into 4 ohms,
frequency response 1Hz - 100KHz -3dB, Damping
Factor >300, Slew Rate 75V/uS, T.H.D. typical
0.002%, Input Sensitivity 500mV, S.N.R. -110 dB, Fan
Cooled, D.C. Loudspeaker Protection, 2 Second
Anti-Thump Delay. Size 422 x 300 x 125mm.

PRICE £259.00 + £12.00 P&P

Price €117.44 & £5.00 P&P

TEREO DISCO MIXER with 2 x 7 band

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100KHz.
PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SENS
775mV, BAND WIDTH SOKHz. ORDER STANDARD OR PEC.

& R graphic equalisers with bar graph
ED Vu melers. MANY OUTSTANDING
EATURES:: inciuding Echo with repeat &
d control, DJ Mic with talk-over
itch, 8 Channels with individual faders
lus cross fade, Cue Headphone Monitor. 8

nd Effects. Useful combination of the
Hollowing inputs:- 3 turntables (mag), 3
imics, 8 Line for CD, Tape, Video etc.

Price £144.99 £5.00 P&P SIZE; 4825240 x120mm

& ¢ 15 LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(60p STAMPED) FOR COMPLETE LIST.

McKenzie and Fane Loudspeakers are also available.
RUM p A

T

N

hLL EMINENCE UNITS 8 OHMS IMPEDANCE

in the Piezo revolution! The low dynamic mass {no voice coil) ot a Piezo tweeter produces an improved
ansient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required
se units can be added to existing speaker systems of up to 100 watts {more it two are put in series. FREE
XPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
TYPE ‘A (KSN1036A) 3" round with protective wire mesh. ldeal for
bookshelt and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
TYPE ‘B' (KSN1005A) 3% super horn for general purpose speakers,

S disco and P.A. systems etc. Price £5.99 + 50p P&P.

iy TYPE ‘C’ (KSN1016A) 2°x5" wide dispersion horn for quality Hi-Fi sys-
5 tems and quality discos etc. Price £6.99 + 50p P&P.

\{A‘ TYPE ‘D' (KSN1025A) 2°x6” wide dispersion horn. Upper trequency

- | tained extending down to mid-range (2KHz). Suitable for high

resp v

quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.

TYPE ‘E' (KSN1038A) 3% horn tweeter with attractive silver finish trim.
Suitable for Hi-Fi monitor systems etc. Price £5.99 + 50p P&P.

LEVEL CONTROL Combines, on a recessed mounting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 + 50p P&P.

TYPEO -

" 100 WATT R.M.S. MEB-100 GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO.
ES. FREQ. 72Hz, FREQ. RESP. TO 4KHz, SENS 97dB. PRICE £32.71 + £2.00 P&P
40" 100 WATT R.M.S. ME10-100 GUITAR, VOCAL, KEYBOARD, DISCO, EXCELLENT MID.
ES. FREQ. 71Hz, FREQ. RESP. TO 7KHz, SENS97dB. PRICE £33.74 + £2.50 P&P
40" 200 WATT R.M.S, ME10-200 GUITAR, KEYB'D. DISCO, VOCAL, EXCELLENT HIGH POWER MID.
ES. FREQ. 65Hz, FREQ. RESP. TO 3.5KHz, SENS 93dB. PRICE £43.47 + £2.50 P&P
42" 100 WATT R.M_S. ME12-100LE GEN. PURPOSE, LEAD GUITAR, DISCO, STAGE MONITOR.
ES.FREQ. 49Hz, FREQ. RESP. TO 6KHz, SENS 100dB. PRICE £35.64 + £3.50 P&P
2" 100 WATT R.M.S. ME12-100LT (TWIN CONE) WIDE RESPONSE, P.A.,, VOCAL, STAGE
ONITOR. RES. FREQ 42Hz, FREQ. RESP. TO 10KHz, SENS 98dB. PRICE £36.67 + £3.50 P&P
2" 200 WATT R.M.S. ME12-200 GEN. PURPOSE, GUITAR, DISCO, VOCAL, EXCELLENT MiD.
ES. FREQ. 58Hz, FREQ. RESP. TO 6KHz, SENS 98dB. PRICE £46.71 + £3.50 P&P
2" 300 WATT R.M.S ME12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARD, DISCO ETC.
ES. FREQ. 47Hz, FREQ. RESP. TO 5KHz, SENS 103dB. PRICE£70.19 + £3.50 P&P
ly5" 200 WATT R.M.S. ME15-200 GEN. PURPOSE BASS, INCLUDING BASS GUITAR.
ES. FREQ. 46Mz, FREQ. RESP. TO 5KHz, SENS 99dB. PRICE £50.72 + £4.00 P&P
45" 300 WATT R.M.S. ME15-300 HIGH POWER BASS, INCLUDING BASS GUITAR.
ES. FREQ. 39Hz, FREQ. RESP. TO 3KHz, SENS 103d8B. PRICE £73.34 + £4.00 P&P

R

ARB ER UDIO A
LL EARBENDER UNITS B OHMS (Except EB8.50 & EB10-50 which are dual impedance tapped @ 4 & B ohm)

ibl FLIGHT CASED LOUDSPEAKERS

L d

WA new range of quality d to take of the latest
mpeaker tec y and e gns. Both models utilize studio quality
12" cast aluminium loudspeakers with factory fitted grilles wide dispersion
boonstant directivity horns. extruded aluminium corner protection and steel
Iball corners, complimented with heavy duty black covering. The enclosures
preliﬂed as standard with top hats for optional louds peaker stands

POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET
FREQUENCY RESPONSE FULL RANGE 45Hz - 20KHz

ibI FC 12-100WATTS (100dB) PRICE £159.00 PER PAIR
ibl FC 12-200WATTS (100dB) PRICE £€175.00 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

OPTIONAL STANDS PRICE PER PAIR £49.00
Delivery £6.00 per pair

AR STEREO BOOSTER AM

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125} Stereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

* Slereo, bridgable mono # Choice of
high & low level inputs * L & R level
controls ®* Remote on-oft * Speaker &

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

POBTAL CHARGES PZA OROER £1.00 MINIMUM. OFFICIAL I

OROERS FROM BCHOOLS, COLLEGES, GOVT. BOOIES, PLCe ETC.
PRICES INCLUSIVE OF V.AT, SALES COUNTER. VISBA ANO i visA |
ACCESS ACCEPTEO BY POST, PHONE OR FAX.

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND
8" 5Owatt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, Hi-Fl, IN-CAR.

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

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 99dB. PRICE £13.65 + £2.50 P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.
RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. b
12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ. RESP. TO 3 KHz, SENS 93dB. PRICE £42.12 + £3.50 P&P
ULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5" 6OWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.
S. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB.

€ 2" 6OWATT EB6-60TC (TWIN CONE) HI-Fi, MULTI-ARRAY DISCOETC.
| ES.FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

5 BOWATT EBB-80TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC.
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89d8B.

PRICE £30.39 + £3.50 P&P

PRICE £9.99 + £1.50 P&P

PRICE £10.99 + 1.50 P&P

PRICE £12.99 + £1.50 P&P

140" 60WATT EB10-60TC (TWIN CONE) HI-Fi, MULTI ARRAY DISCOETC.

RES. FREQ. 35Hz, FREQ. RESP. TO 12KHz, SENS 98d8B. PRICE £16.49 + £2.00 P&P

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
OW TRANSMITTER B80-108MMz, VARICAP CONTROLLED PROFESSIONAL
ERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12V @ 0.5AMP.

PRICE £14.85 + £1.00 PAP
M MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
RY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY.
PR 8 80 + £1.00

PHOTO: IW FM TRANSMITTER

B.K.ELECTRONICS

UNITS 168 5 COMET WAY, SOUTHENO-ON-SEA,
ESSEX.SS2 6TR.
Tel:0702-527572 Fax.:0702-420
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In the first of a
series, Robert
Penfold uses our
cover PCB to
construct this useful
piece of test gear.

apacitors are used in vast
quantities in electronic
projects, and resistors are
probably the only compo-
nents that are used in greater num-
bers. It is an unfortunate fact that
despite their popularity, few con-
structors are equipped to test these
components properly. This is al-
most certainly due to the relatively
high cost of ready-made capacitance meters,
plusthe lack ofany capacitance ranges on most multimeters.

Basic Checks

Itis actually possible to make one ortwo simple but useful
tests on capacitors using a multimeter. A check for a short
circuited component (a common fault) can be made using the

test meter set to a resistance range. If all is well, an

infinite resistance through the component should
Cover PCB

be indicated. With higher value components there
will be an initial low reading while a high charge
current flows, but the reading will soon return to
infinity, or a very high reading anyway. The

S ST "[:I)/.l,, ;0 .
i fl///,:,,‘y

nF

Capacitance Meter

I¢0

more logical
positive-to-positive and negative-
to-negative method of connection is used.

Ranges

In order to test low a medium value capacitors properly it
is necessary to use some form of capacitance meter. An
analogue capacitance meter still represents the simplest and
most cost effective method, and the unit featured here is a
simple unit of this type. It has four measuring ranges, as
follows:-

Project
RANGE
RESISTORS
FLOCK MONOSTABLE VOLTMETER
OSCILLATOR
e LY T l l
CAPACITOR
UNDER TEST

Fig.1 Block Diagram for the capacitance meter

Range 1 Otoln
Range 2 O0tol0n
Range 3 0to100n
Range 4 Otolp

It can therefore be used to measure capacitors in
the problem range of a few picofarads to one
microfarad. The linearity and general accuracy of
the unit is very good. The main limitation on
accuracy is probably the accuracy with which the
panel meter can be read.

Operating Principle
This capacitance meter uses the simple arrange-
ment shown in the block diagram of Figure 1. The

rough value ofthe component can be gauged by the time taken
for the reading to rise towards infinity. With low and middle
value capacitors the initial charge current is too low to
produce this effect to a noticeable degree.

Note that when testing polarised capacitors using an
analogue multimeter the positive test prod connects to the
negative lead of the capacitor, and the negative test prod
connects to the positive lead. For digital multimeters the

clock oscillator triggers the monostable at regular
intervals, and the approximate clock frequency is 50Hz. A
monostable produces an output pulse having a duration that is
controlled by a C-R timing network, and which is independent
of the trigger pulse duration. The timing components in this
case are areference resistor, and the capacitor under test. Four
switched reference resistors provide the unit with its four
measuring ranges.

Suppose thata 1ntest component produced the monostable
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output waveform shown in Figure 2(a). The mark-space ratio
is one to nine. This means that the output is high for 10% of
the time, and that the average output voltage is therefore is
equalto 10% of the supply voltage. A 2ntest capacitor would
give output pulses twice as long, producing the output wave-
form of Figure 2(b). This givesamarkspace ratio of 1 to4,and
an average output voltage that is equal to 20% of the supply
voltage. A 3n component gives the output waveform of
Figure 2(c), a markspace ratio of three to seven, and an
average output voltage that is equal to 30% of the supply
voltage.

This arrangement therefore gives a capacitance to voltage
conversion, with a linear relationship between test capaci-
tance and the average output voltage. The voltmeter at the
output of the monostable can therefore be calibrated in terms
of test capacitance, will have linear scaling.

Circuit operation

Figure 3 shows the full circuit diagram for the capacitance
meter. The clock oscillator is a simple C-R oscillator circuit
based on IC1, which is a CMOS 4047BE used as a straight-
forward freerunning astable. The original design used a
crystal controlled clock generator, but a simple C-R oscilla-
tor was found to give perfectly adequate stability for this
application.
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Fig.2 Example monostablie output waveforms
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The monostable is a very simple type based on a couple of
CMOS two input NOR gates (1C2a and IC2b). Although this
is very simple form of monostable, it is well suited to this
application. It is a non-retriggerable type, which means that
it does not require very short trigger pulsesin orderto function
properly. The output from IC1 is a very accurate squarewave
signal incidentally. This type of monostable also has an
extremely low level of self-capacitance. This is an important
factor, since a significant level of built-in capacitance would
seriously affect accuracy on the lowest range. The
selfcapacitance of this monostable is far too low to give a
noticeable offset, even on the In range.

R2 to R4 are the four switched timing resistors which
provide the unit with its four measuring ranges. In order to
obtain good accuracy on all four ranges these resistors must
be close tolerance types having a tolerance of 1% or better.
Note that the other two gates in IC2 are unused, but their
inputs are tied to one or other of the supply lines. This
prevents spurious operation of these gates, and avoids possi-
ble damage to IC2 due to stray static charges.

The voltmeter section is a simple analogue type based on
moving coil panel meter MEL. R7 and RV 1 provide the series
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Fig.3 Capacitance meter circuit diagram

resistance. RV is adjusted to give the correct full scale
capacitance values. With a pulsed input signal a moving coil
meter will effectively provide its own smoothing, and re-
spond to the average current flow, but only if the input
frequency is more than about 20Hz. Smoothing capacitor C3
would therefore seem to be superfluous, since the pulse
frequency is about 50Hz in this case. However, a frequency
of S0Hz is quite low, and could cause problems with pointer-
jitter due to mechanical resonances in the meter movement.
C3 should ensure that the meter provides completely jitter-
free results.

It is essential that the circuit is powered from a well

ETI SEPTEMBER 1993

19



stabilised supply. Any variations in the supply voltage will
produce proportionate changes in the meter readings. IC3 is
a monolithic voltage regulator which produces a well stabi-
lised 5 volt supply from the 9 volt battery supply.

When SW2 is set to the battery test (‘BT’) position it
connects the voltmeter circuit across the regulated supply
lines via series resistor R6. The meter then has an approxi-
mate full scale sensitivity of 10 volts, and should read about
half full scale. It is not absolute readings that are of
importance though. SW2 should be set to the ‘BT’ posmon
with a new battery installed, and the reading obtained should
be noted (or marked on the scale of the meter). When at some
future time a noticeably lower reading is obtained, the battery
should be replaced. The current consumption of the circuit is
only abouf four milliamps, and a PP3 battery is therefore
adequate as the power source.

Construction

Figure 4 shows the component overlay for the printed
circuit board. 1C1 and IC2 are CMOS integrated circuits, and
the normal anti-static handling precautions should therefore
be taken when dealing with these components. This means
using a 14 pin dil holder for each device, but the integrated
circuits should not be plugged into place until the board has
been completed and wired to the rest of the unit. Until then
they should be left in their anti-static packaging. Handle both
devices no more than is

Fig.5 Details of the wiring to the three controls

really necessary, and

A A keep them well away
T T from any obvious
dﬂ[ ]Eb[ sources of static elec-

i h = tricity. The 4047BE
used for IC1 is not fully
s2 s3 static protected, and it

would therefore be un-
wise to take liberties
when dealing with this

PROJECT

device.

In other respects the board is very simple and straightfor-
ward to construct. However, the components must be
modern miniature types if they are to fit properly into the
available spaces. C2 is a printed
circuit mounting type having 7.5
millimetre (0.3 inch) lead spac-
ing. Fit single-sided solder pins to
the board at the points where con-
nections to off-board components
will be made. The pins should be
tinned with a copious amount of
solder.

A medium size metal instru-
ment case is ideal for this project,
but a case of this type could easily
cost more than the total for all the
other components! A low cost
plastic box having dimensions of
around 150 e 100 o 50mm makes
a good low-cost alternative. The
exact layout used is not too impor-
tant, but try to avoid long leads from the circuit board to range
switch SW1,

Assuming the meter is an ordinary 60 - 46mm type, a
38mm (1.5 inch) diameter mounting hole will be required.
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Fig.4 Component overlay

This is easnly made in a plastic case using a fretsaw, coping
saw, or a miniature round file. The same methods are viable
if the case has a metal front panel, but making the cutout is
then likely to be a much slower process. Unless you are very
skilful at this type of thing, it is advisable to cut just inside
the line marking the perimeter of the cutout. The hole can
then be enlarged to precisely the right size using a large half-
round file. Four smaller (3.3 millimetre diameter) holes are
needed for the meter’s integral mounting screws. The posi-
tions of these can be located using the meter itself as a sort
of template, once the main cutout has been completed. The
accuracy of the circuit is more than adequate to justify the use
of a larger meter, but these tend to be relatively expensive,
and would necessitate the use of a much larger case.

The test capacitors can be connected to the unit via a
couple of short crocodile clip leads connected direct to the

HCF 40478
98822Y

IE

circuit board. Alternatively, the test components can be
connected via a pair of one millimetre sockets mounted on the
front panel. Some capacitors will connect direct to these
sockets without any difficulty, but components having short

20
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leads must be connected via a pair of crocodile clip leads.
Either way, the wiring from test components to the circuit
board must be as short as practical, in order to keep stray
capacitance down to an acceptable level. The unit can be
used to check polarised capacitors such as tantalum and
electrolytic types, but they must be connected with the
polarity shown in Figures 3 and 4. It is advisable to use red
and black test leads and sockets to indicate the correct
polarity for test components.

The printed circuit board is mounted on the base panel of
the case using 6BA or metric M3 screws. The hard wiring is
then added. Figure.5 shows the wiring to the three controls.

altered to suit this application. Modem meters almost
invariably have clip-on fronts which are easily unclipped.
Removing a couple of small screws then enables the scale
plate to be slid free from the rest of the meter. Relabelling
is far from essential though, since readings on the 0 to 100
scale are easily converted into corresponding capacitance
values. It just requires some mental arithmetic to adjust the
decimal point when taking readings on ranges 1, 2, and 4.
However, it is very useful to mark the scale plate with the
correct"battery check’ reading. Be very careful indeed when
working on the meter though, since moving coil meters are
very delicate, and are easily damaged.

L)arodd

This diagram should be used in conjunction with Figure 4
(e.g. point “A” in Figure 4 connects to point “A” in Figure 5).

SW1 is a standard 3 way 4 pole rotary switch, but in this case

b i utili PARTS LIST
1 le of th tch is utilized.
B e RESISTORS (Al 0.25%) SEMICONDUCTORS
. . R1 100k 5% IC1  4047BE
Calibration "3 R2  10M 1% IC2  4001BE
In order to accurately calibrate the unit it is necessary to R} 1M 1% IC3 -uA78LOS5 (8V 100mA positive regulator)
have a close tolerance capacitor having a value equal to the R4 100k 1%
full scale value of one of the ranges. For example,a 10n 1% RS 10k 1% MISCELLANEOUS !
polystyrene capacitor could be used to calibrate the unit on R6 82 5% B1 9 volt (PP3 size)
R7 SW1 4 way 3 pole rotary {only one pole used)

range 2. Initially RV1 should be set for maximum resistance

(adjusted fully clockwise). With SW1 set to the appropriate QL B R e e gwg gl:[S):II: :ﬂg::z :ggg:z

range, SW2 set for normal operation, and the calibration CAPACITORS ME1  100pA moving coil panel meter

capacitor connected to the unit, RV1 should be carefully C1,4 100n disc ceramic PCB,medium size plastic box, red 1mm socket, black
adjusted for precisely full scale deflection on MEI. The C2  100n polyester 1mm

capacitance meter is then ready for use, and should give good C3 47410V radial elect socket, battery connector, two 14 pin dil holders, solder

accuracy on all four ranges.
If desired, the lettering of the meter’s scale plate can be

pins, wire, solder, efc.

(arroroaBLE DATA ACQUISITION)
405 Aehals /0o JEE

o {channel8-bitAtoD @ 6 channei 8-bitAtoD
® Plugs into printer port ~ ® Plugs into printer port
¢ Upto 25KHz sampling @ Upto 4 KHz samplingich

c==_1®| o 0to5Voltinputrange @ OtoS Volt input range
(E:D "J ¢ Software driversinC @ Software driversin C

_ and BASIC and BASIC
Prcos include Pl a5 @ Voltmeter andScope @ DataLogger software
Disk anless 3 25° specified. software + source ( requires egaivga)

-

( ' C.P.Technology

Hesing Technology @

Cromwell Chambers, 8 St. Johns Street, Tel: (0480) 433156

Huntingdon, Cambs. PE18 6DD Fax: (0480) 413357
TEST EQUIPMENT SYSTEM CONSULTANCY
Supply Replacement Parts
Maintenance Supply of Service &
Commissioning Operators Manuals

Components

Distributors for:

WAUGH INSTRUMENTS, RAMTEST LTD, KRENZ ELECTRONICS, PANTHER

k Red Lion Yard, Market Place,Blandford, Dorset DT11 7EB. )

i o e

= Ml
= i

STEVENAGE

Professional Sub-Contract Manufacturing & Suppliers to the
Electronics Industry

Do you have a requirement for any of the following services:
PCB Assembly {Conventional Product Design/Consultation
and Surface Mount) Full Procurement Service

Wave & Hand Soldering PCB Test & “Burn in” Facilities
Complete Equipment Enclosure Design & Manufacture
Manufacture PCB Artwork Manufacture
Device Programmin? from hand Circuits Drawn Professionally
written shts or PC 3/2" disc Kit Procurement & Supply

Cable Harness Assembly /loom Component Sales

Manufacture Refurbishment a speciality

Card Cage and Module Wiring Top Quality Work at Reasonable Rates
Full Inspection

Phone Tracey on (0438) 310066 or Fax details of your requirements to us

on (0438)315829
EQT LTD, BTC, Bessemer Drive, STEVENAGE, HERTS, SG12DX

OMNI ELECTRONICS

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

The supplier to use if you're looking for —

% A WIDE RANGE OF COMPONENTS AIMED
AT THE HOBBYIST %
 COMPETITIVE VAT INCLUSIVE PRICES *
 MAIL ORDER - generally by
RETURN OF POST %

% FRIENDLY SERVICE %

E Open: Monday-Thursday 9.15-6.00 ——
Friday 915-5.00 Saturday 9.30-5.00 e
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Generator

Signal

A project by Raymond Haigh

Ithough TRF, direct conversion and even simple

superhet radios can be set up without recourse to a

signal generator, test equipment of this kind is

essential for the correct alignment of more com-

plex receivers. And whether the receiver is simple or com-

plex, a signal generator will be found extremely useful for

checking coverage, locating specific bands and as an aid to
dial calibration.

Searching the radio frequency spectrum for transmissions

to identify receiver coverage is a time consuming process and

a signal generator is an invaluable means of determining

+0

- L i
ihas=s
o, b e i i

Fig.1 The basic Butler circuit
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PROJECT

ranges, or pinpointing amateur bands. Unless the signal
generator is up to laboratory standard, final calibration of a
receiver dial is best carried out with a crystal marker.
However, anyone who has attempted this process will know
that it is not easy to identify weak crystal harmonics, espe-
cially when the situation is confused by spurious responses
from the receiver itself. Under these conditions, an instru-
ment which can inject stronger, modulated signals, at funda-
mental frequencies, is an enormous help in resolving the
confusion.

The signal generator which forms the subject of this
article does not call for any special or critical components and
many constructors will be able to assemble it from parts
already in their spares box. It generates signals over seven,
overlapping ranges, from 120kHz to 40MHz. An additional

range provides a 100kHz marker
signal and the instrument can also be used to
check the coverage of tuning coils.

Design Considerations

The heart of any signal generator is, of course, the
oscillator. The circuit adopted here is a FET version of the
cathode-coupled oscillator first described by the late Frederick
Butler in 1944. Butler listed a number of advantages for his
original valve circuit, the most significant being the absence
of feedback windings or feedback tappings on the tuning
inductor. This greatly simplifies coil construction and range
switching. The FET version oscillates reliably, even with
coils of modest Q and with comparatively high tuning
capacitor values. The circuit is reduced to its essentials in
Figure 1

The series (drain) mode has been adopted as this avoids
the need for a radio frequency choke in the drain circuit of Q1.
It does, however, call for the tuned circuit to be isolated from
the negative supply rail and the moving vanes of Cl are
insulated from the case and earthed to radio frequencies by
C3. (In the shunt-fed version, the tuned circuit is connected
to the gate of Q2 in place of R2 and the drain of Q1 is loaded
by the radio frequency choke).

The feedback capacitor, C2, should be of the lowest
possible value in order to minimise coupling to the tuned
circuit, and the 10p component specified is probably the best
compromise for the frequency range covered by the genera-
tor.

Referring now to the detailed circuit diagram, Figure 2,
tuning inductor, L1, is a continuous winding with six tapping
points. S1(b) acts as the range switch by progressively
shorting out sections of the coil in order to reduce its
inductance and increase the frequency of oscillation. The
remaining wafers of SW1 control refinements and additional
functions and, if all that is required is a very basic signal
generator, the switching circuit can be reduced to a one pole,
seven way switch (six ways if the rotating switch contact can
be turned until it aligns with its own wiping contact). Shorting
out the coil windings causes absorption effects which deaden
oscillation at around 4MHz and 20MHz. The two notches are
extremely sharp and do not materially detract from the useful-
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HOW IT WORKS

L1 and C1 form the tuned circuit and Q1
and Q2 are the active devices in the source-
coupled oscillator stage. Q1 functions as a
grounded gate amplifier and Q2 as a high-
impedance, unity gain source follower. Load-
ing on the tuned circuit is fight. Signals
developed across the shared source resis-
tor, R1, are coupled, via DC blocking capaci-
tor, C5, to the gate of the FET source-
follower buffer amplifier stage, Q3.

Generator output is developed across
R6, the source load resistor for Q3 and one
section of a twin-gang potentiometer, R6
and R7. This arrangement of variable resis-
tors controls the output level while at the
same fime presenting a reasonably constant
impedance o the circuit under test. Capaci-
tors C6 and C7 act as DC blockers.

Although the oscillator is reasonably
immune from drift caused by temperature
and supply voltage fluctuations, operating
frequency does shift shightly as battery po-
tential falls. Zener diode, ZD1, stabilises the
working voitage of Q1 and Q2 and reduces
this drift to negligible proportions.

The radio frequency signal is modulated
by the series-fed Hartley oscillator stage
formed by T1, C11 and Q4. T1 is a small,
push-pull, transistor radio output transformer.
Its centre-tapped primary winding and C11
form a tuned circuit resonant at about 1kHz.
The audio oscillations produced by this stage
are imposed on the radio frequency by con-
necting the secondary of T1 in series with the
power supply to Q1 and Q2. This is the
classic or Heising method of amplitude modu-
lating a carrier wave. Modulation is switched
on and off by SW2(a) which connects Q4 to
the power supply.

ness of the instrument, but constructors
who wish to eliminate this phenomenon
can fit SW1(d). This wafer is wired to
short out both ends of offending sections
of'the coil and prevent the absorption of
energy at these two spot frequencies.

A 100kHz signal and its harmonics
are useful for calibrating receiver dials.
SWIi(c) connects an additional 390p
capacitor, C4, into circuit, thereby ena-
bling C1 to tune the inductor down to
this frequency.

There is often a need to check the
coverage of tuning coils before they are
wired into circuit. SW1(a) switches out
the generator’s internal inductor so that
coils can be connected to the oscillator
circuit via the terminals provided.
Checking the frequency of oscillation at
the extreme settings of C1 against a
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EXTERNAL 1

Fig.2 RF Signal Generator circuit dlagram

receiver tuning dial will give a good idea of the coverage (and  ment are given in Figure 4. Vero pins inserted at the lead-out

inductance) of the coil.

Construction

points aid wiring up and, if metal stand-offs are used to
mount the board, they will connect the metal case to battery
negative. Note that C4 is mounted on the wafer of SW1(c),

Details of the printed circuit board and component place-  and C6 and C7 on potentiometers R6/R7. Provision is not
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Flg.3 Coil winding data

made for these components on the printed circuit board.

The tuning inductor, L1, is detailed in Figure 3. The
former is'a 150mm length of 2 1mm outside diameter over-
flow pipe of the type retailed at most DY stores. Solder tags
anchor the start, finish and tapping points of the winding, and
the_three, pile-wound sections are held in cardboard bobbins.
The guidance regarding dimensions, numbers of turns and
wire gauge should be closely followed or the specified
frequency coverage may not be achieved.

Begin by drilling the former and fixing solder tags at
points A, B, C, D, and E (tags F, G, and H have to be fitted
after the wound bobbins have been slid into place). Tweezers
will be found helpful for inserting the bolts at the centre of
the former.

Tightly wind the specified number of turns onto the
former, keeping them neat and even. Scrape the enamel from
the wire and make good connections to the solder tags. Avoid
the prolonged heating of the tag or the plastic former will
soften. It is easy to lose track of the number of turns when
winding the longer, single-layer sections and a check can be
made by slowly drawing a tooth-pick or sharpened match-
stick down the winding and counting the clicks. A thin coat
of clear cellulose will hold the turns in position.

The bobbins for the larger windings are formed from thin
card. Wind a 4mm wide strip of card around a spare length
of former and glue it with balsa cement or Bostic All Purpose
Clear Adhesive. Slide the card discs which form the bobbin
cheeks up to the strip and apply more adhesive. When the
glue has hardened, make a pinhole at the bottom of one of the
cheeks, thread the start of the winding through, then wind on
the specified number of turns. A narrow strip of insulating
tape will secure the final turns and protect the winding.

Slide the wound bobbins onto the former and space them
as shown in Figure 3. If they are a loose fit, tighten them by
winding tape around the former. The entire coil assembly
must be rigid or a knock could jolt the instrument out of
calibration.

Fit solder tags F, G, and H, and connect up the pile
windings. Note that all turns must be wound in the same
direction and the finish of one pile winding must be con-
nected to the start of the next.

The prototype was assembled inside a standard 203mm oo
153mm c63mm aluminium box. A metal enclosure is essen-
tial. It does not do much to limit the escape of RF energy, but
it does prevent the calibration of the instrument being
affected by external metal objects. A case smaller than the
one specified is not recommended as the dial will become too
small and clearance between case sides and coil will be
excessively reduced. The 9V battery pack of six AA cells is
secured to the back cover with an aluminium strap. Great
care must be taken when handling the variable capacitor, Cl,
and the front fixing bolts must be short or they will foul the
vanes and damage the component. The capacitor must not be
connected directly to the metal case. Fix it to a sheet of
paxoline or Perspex with countersunk screws, insulate the
screw heads, and bolt the paxoline to the case front.

Figure 5. gives full details of the range switch wiring. An
ingenious, split moving contact arrangement on one side of
the Maka-switch wafers enables two, 9-way switches to be
accommodated on each wafer. Wiring up the unit, and
positioning it in the manner shown will ensure that the range
pointer moves in a logical way, beneath the bands on the dial
and that coil connections are short and direct.

The coil is mounted behind the case front, on 25mm
stand-offs, with the start of the winding (tag A) close to the
range switch, S1. The printed circuit board is mounted on the
floor of the case, beneath the tuning capacitor, on 6mm stand-
offs.

Wiring between the off-board components should be
carried out in reasonably heavy, single-strand hook-up wire,
and all leads must be kept as short and direct as possible. Any
subsequent movement of the tuned circuit wiring will have
a noticeable effect on calibration.

Black spray paint was used to decorate the case. The dial
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and front panel were drawn on cartridge paper, annotated
with rubdown lettering and protected by 1.5mm Perspex
(acrylic) sheet. The dial pointer was formed by wiping red
paint into a line scribed on a strip of Perspex, the strip being
fixed to the control knob.

Testing And Calibration

It is a good idea to test the unit before the various
components are mounted in the case. Make temporary con-
nections between the PCB and the coil and tuning capacitor,
wire up S2, R6 and R7, and connect up a fresh 9V battery.
Current consumption with modulation off should be approxi-
mately 5.5mA and this should rise to about 6mA with the
modulation stage switched into circuit. A portable radio
placed near to the generator should be almost swamped by
signals. A

Peak-to-peak output voltage is approximately 1V up to
20MHz. Beyond 20MHz, output gradually falls until it is
about 0.5V at 40MHz.

The quickest and easiest way of calibrating the unit is to
connect it to a frequency counter, setting C1 to give the
required round-figure read-outs and marking up the dial. If a
frequency counter is not available, an all-band radio with a
digital frequency read-out could be used. Receivers with
analogue dials are not likely to be accurate enough for this

purpose.
In the absence of digital read-out equipment, the instru-

TO MOVING
VANES OF C1
AND S1(b)

TO FIXED VANES
OF C1 AND S1(a)
AND S1(c)

TO 'MAX' END
OF R6

TO ‘EARTHY' END
OF R6 AND R7

l TO 9V« VIA S2(b)
(UNIT ON/OFF)

TO 9V+ VIA S2(a)
S2(b)
(MODULATION ON/OFF)

Fig.4 Component Overlay

ment can be calibrated to a high degree of accuracy using an
all-band radio in combination with a crystal marker. The
signal generator is sct to zero beat with signals injected into
the receiver from the marker, moving from marker harmonic
to marker harmonic around the dial. The correct setting of the
generator tuning control is very clear — whistles are heard
on either side and the point of silence in between represents
the optimum matching of the two signals. A simple regenera-
tive receiver is better than an inexpensive superhet for this
purpose, as the latter is likely to have spurious responses
which can cause confusion. However, with care, both types
of receiver can be used in combination with a crystal marker
to calibrate the unit.

The author used a crystal marker which produced signals
at4, 2, and 1MHz, and 100, 50, 25, and 10kHz, in combina-
tion with a simple regenerative receiver, to calibrate the
generator. The calibration was subsequently checked by a
digital frequency counter and found to be accurate. If this
method is adopted, make sure that the correct crystal har-
monic has been selected by cross-checking the harmonics
produced by the generator itself, e.g. check that when the
generator is set to, say, SMHz, harmonics are produced at 16,
24 and 32MHz, and that there is no output at 4MHz.

When calibrating the lowest frequency range and the
100kHz marker point, listen for second harmonics of genera-
tor fundamentals on the long-wave band, e.g. the 100kHz
marker will produce a signal at 200kHz, 2kHz above the
BBC’s Radio 4 transmission from Droitwitch.

Keep generator output low during the calibration process
(direct connection to the receiver is not likely to be necessary)
and check from time to time that the battery voltage has not
fallen so much that the action of the zener stabiliser is
impaired. Switching on the modulation will help with the
initial identification of the generator signal, but the final,
precise tuning to zero beat is best carried out with modulation
off.

The author’s dial is reproduced in Figure 6. There are no
coil cores or trimmers and, if the specified tuning capacitor
is used and the coil wound as described, it should form a
useful guide to the coverage and calibration points to be
expected with other units.

Frequency coverage with the specified tuning capacitor is
as follows:-

(1) Full coil winding

(2) Taps G - H shorted

(3) Taps F - H shorted

(4) Taps E - H shorted

(5) Taps D - H shorted

(6) Taps C - H shorted

(7) Taps B - H shorted

120kHz - 190kHz.
180kHz - 350kHz.
300kHz - 750kHz.
650kHz - 2.1MHz.
1.7MHz - 6. 4MHz.
3.2MHz - 12 MHz.
9.5SMHz - 40 MHz.

Using The Generator

Coupling between the instrument and the equipment
under test should be as light as possible and, in almost all
cases, a length of wire laid near to the receiver aerial socket
or test point will transfer enough signal. The metal-box
screening arrangement does not completely prevent the
escape of RF energy (laboratory instruments incorporate
heavier and more elaborate screening systems) and the
simple output control does not reduce the signal to zero. It
will, however, reduce the output to a lower level. Radio
manufacturers and set designers usually give detailed align-
ment guidance for their radio receivers and this should be
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followed. Using the generator to locate amateur bands on a
new receiver is quite straight forward, but make sure that the
receiver is not inadvertently set to a harmonic of the genera-
tor fundamental, e.g. 7MHz instead of the required 3.5MHz.
This can be checked by ensuring that the receiver does not
respond more strongly when the signal generator is tuned up
to the second harmonic. The coverage of tuning coils can be
assessed by connecting them to the generator, injecting the
resulting signal into a radio receiver and swinging C1.

Further Refinements

The simple signal generator performs well, as designed
and most amateurs will find it meets their needs. Construc-
tors who wish to build a more refined instrument could fit a
slow motion drive to C1 and, possibly, use a larger case
which would provide space for a bigger dial. If expense is no
object, the dial could be replaced by a digital frequency
display module.

The oscillator circuit will function into the VHF region.
Constructors wishing to extend the range of the instrument
could fitan air-spaced AM/FM tuning gang and use one of the
FM sections to tune suitable coils. As it stands, the third
harmonics of 25-40MHz fundamentals extend strongly into
the VHF region. Increasing coverage on fundamentals to
VHF would produce harmonics into the UHF range. Indeed,
this is the practice of some manufacturers who rely on the
third harmonic of a 150MHz fundamental to extend the
coverage of their equipment to 450MHz. These possibilities
were not explored by the author and some experimentation
with coil, capacitor and switching arrangements would be
required to extend the range of the unit in this way.

PARTS LIST.

RESISTORS (All 0.5W, 5% tolerance).

R1 470

R2,4 180k

R3,5 1k

R6,7 1k x 1k twin-gang potentiometer,
R8  3k9

R9 120k

R10 100

CAPACITORS

C1 10-365p air-spaced variable. Jackson type 01
Cc2 10p ceramic, 5% tolerance.
C38 100n ceramic

C4 390p polystyrene, 1% tolerance.
C5,6,7,11 10n ceramic

C9 101425V axial lead elect

C10 22n metallised polyester.

INDUCTORS AND TRANSFORMERS

L1 See text and miscellaneous

i Transistor radio push-pull output transformer.
Type LT700 or similar: see text.

SEMICONDUCTORS
Q1,2,3. 2N3819
Q4 BC108
ZD1 5V zener diode.

MISCELLANEQUS
Switches.
S1(a-d) Maka-switch shaft assembly and
2No, 2-pole, 9-way, wafers.
S2(a-b) 2-pole, 3-way, switch.
Materials for coil (L1):
21mm outside diameter plastic overflow pipe, solder tags, thin card,
adhesive, and 24 and 36SWG enamelled copper wire.
Vero pins, terminals, aluminium box or chassis for case 203mm x
153mm x 63mm,
1x large, 1 x medium and 2 x small knobs; hook-up wire, battery and
holder, nuts and bolts and stand-offs.

BUYLINES

The components are all readily available from a variety of
sources and none is particularly critical.

A Jacksen type 01 gang, 10-365p air-spaced variable capaci-
tor was used for C1, but most constructors will have a salvaged
airspaced component in their spares box which can be used
successfully in this circuit. Ensure that it is clean and dry, that the
vanes are not shorting, and remove any built-in trimmers, It is quite
in order to use one gang of a twin-gang unit and to switch the
second gang into circuit in place of C4. Air-spaced capacitors
salvaged from domestic receivers are fikely to have a maximum
capacitance within the range 360 to 500p. Provided the minimum
capacitance is not too high, this wilt ensure continuous coverage.
Constructors who are a little apprehensive about the calibration of
the instrument may wish to fit the specified Jackson capacitor. The
diaf on the prototype, reproduced in Figure 6, will then be a useful
Quide to the calibration of their generator.

The range switch fitted, detailed in Figure 5, is a Maka-switch
assembly with two, 2-pole, 9-way wafers, available from Maplin.

Modulation transformer, T1, is a transistor radio push-pull
output transformer and a salvaged unit was fitted in the prototype
instrument. If this component has to be purchased, the LT700
transformer retailed by Maplin and others should prove suitable. A
push-pull interstage transformer can be used instead, but the
modulation depth will be greatly increased.
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Fig. 6 Front panel reproduced here at 75% reduction

Oscilloscopes

CO 1305, DC to 5MHz Single
channel £169.00

CS 4025, 20MHz Dual trace full
featured £330.00

CS 5170, 100MHz Dual, Cursor
readout £1159.00

CS 6040 150MHz, 4 Chan. Full
Featured £2049.00

Multimeters

183, 3.5 digit LCD; DC V, ACV, DC A, AC A,
Res. Cont. Hold, Basic acc. 0.5% £39.50

Frequency Counters

SC - 40, Battery portable 5Hz to 400 MHz
with count, frequency, period, R.P.M. Plus

185, 3.5 digit as 183 plus Bar graph, Temp. View,; Min/Max Ave/Diff. Hold £89.00

Frequ. Max/Min, Edit Basic Acc.

0.3% £74.50 SC - 130, As SC-40 except 5Hz to

1.3GHz £109.00
18%:As 185 bulvESEEE i | sc-230, As SC-130 plus Bench Unit with
285, As 185 plus 4.5 digit True, RMs £109.50 | Backlit display and RS232 £149.00

Counters, Generators Oscilloscopes, Power Supplies, Multimeters, Clamp Meters, L.C.R. Meters

Programmers/Emulators, Multi-Instrument, Video and Audio Test, Probes and Accessories.

For further information SA E SAJE Electronics
please contact: 117 Lovell Road, Cambridge, CB4 2QW
ELECTRONICS Tel: (0223) 425440 Fax: (0223) 424711
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Voltage Controlled Timebase Oscillator

We developed the following circuit module for use with
an oscilloscope display. It was designed to produce sawtooth
timebase waveform locked to a varying input frequency so
that the *scope showed a fixed number of cycles of the input
waveform over a wide range of frequencies.

The circuit consists of three elements: a phase-locked
loop, a programmable current mirror and a unijunction
oscillator. The UJT oscillator (Q5, C2, RS) produces a ramp
waveform of constant amplitude, the steepness of the ramp
and hence the oscillator frequency being controlled by the
charging current passing through Q3 and Q4 into C2. Q3,Ql

and Q2 are a classic current mirror, the current in this case
being determined by the condition of MOSFET Q1. The
MOSFET ‘sees’ the control voltage generated by the phase-
locked loop chip IC1: it can be seen thus that the UJT
oscillator frequency is dependent upon the PLL’s control
voltage output. The PLL derives its phase input from the
input waveform (the one to be viewed) after this has been
cleaned and squared by a Schmitt trigger. The comparison
input to the PLL is simply a sampled and squared version of
the UJT sawtooth output. Thus the sawtooth is automatically
locked in frequency to the input waveform.

In addition to the timebase waveform, provision is made
for a blanking pulse to suppress the flyback of the *scope
trace. (This is necessary because we are supplying our own
timebase for the x-axis spot movement.) The precise arrange-
ment of this must depend on the particular *scope used.

The circuit shown was used in the 10-500Hz range but
there is no reason why other frequency ranges cannot be used:
the values of the PLL low pass filter components (R1, C1,
R3) would have to be changed, and C2 replaced with a
different value.

The number of cycles of the input waveform displayed
may be controlled by the use of a frequency divider at the
point shown on the diagram. For example, a simple bistable
dividing by two would cause two cycles to be displayed.
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Fog Lamp Warning

is unit is designed to produce an audible waming
signal if the Fog Lamp switch is left on after bad weather,
when the vehicle lights are next switched on.

When the lighting circuit is operated. power is applied to
the unit. C1 takes around 1 second to charge; if the Fog Lamps
switch is on, IC1b will generate a low to high transition once
C1 has charged. The Q output of IC2a swings high, taking pin
of IC1b high again via diode OR-gate D2.D4,thereby causing
IC1bs output to swing low. The 0 output a 1 so enables a
pulsed tone astable built around IC1c and IC1d.

If the Fog Lamp switch is now opened, a second low to
high transition occurs: clocking the Flip-Flop and disabling
IC1b together with the astable. The Fog lamps can now be
switched on again without enabling the warning signal.

D6 protects the unit from back-EMF on the supply, while
D1 and C4 keep the supply stable. D3 prevents pin 6 of IC1b
rising above the supply voltage to IC1 (due to DI). R2 acts
both as a pull down resistor and current sink to maintain the
correct voltage drop across D3. C5 and R6 provide a brief
reset pulse to IC2a on switch-on. RS is a pull down resistor
to prevent false triggering.

With lights on, fog lamps off, supply current is around
16uA. With Fog lamps on, this rises to around 1.2mA due to
R\

David Geary, Romford, Essex

Faster Analogue To Digital Converter

This circuit came about whilst experimenting with R-2R
ladders and CMOS counters combined as ADC’s.

The circuit is shown in the figure and consists of 2 x 4 bit
binary up/down counters, an 8 bit R-2R DAC, a comparator
and some clock steering logic. Conventional ADC’s of this
nature have a binary counter starting from zero and counting
up until the output of a DAC is greater than the analogue
input voltage to be digitised. This works fine, but can be slow
when converting signals at the higher end of the conversion
range. This circuit is considerably quicker whilst still main-
taining the same building blocks. It works as follows:

When the start of conversion pulse goes high, the output
of the D-type flip-flop is SET, the MS bits of the counter are
set to zero and the LS bits are set to ‘1°. The clock is gated
through gate A to gates B and D.

When SOC goes low, the counters will start to count.
Initially, the input voltage to be converted will be greater than
DAC out so the output of the comparator will be high. This
gates the clock through gate B, but stops the clock going
through gate D. Thus, the MS bits of the counter will count
up and the LS bits will not change.

When DAC out becomes greater than Vin the compartor
output will change state to a ‘0’ causing gate D to allow clock
pulses through. (The comparator output has no effect on the
flip-flop at this stage). The clock pulses are now gated
through to the LS bits of the counter which now count down.
When DAC out becomes less than Vin the comparator output
will change state to a ‘1°. This will clock through a ‘0’ from
the D input of the flip-flop to Q which will gate clock pulses
from getting through gate A. The conversion is now com-
plete.

The link between B and DOWN on the 40193 is to provide
for the eventuality when Vin level drops below the level that
could be achieved when the LS bits were at zero. This allows

AC PIEZO SOUNDER

D1-D6  1N4148

40938
40138
IC2 PIN7,6,4,8,9,10,11 TO GROUND
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Car Fog Lamp Warning

for some degree of change in the value of Vin during
conversion.

The conversion time between this circuit and a conven-
tional circuit is about 3.5 times faster.

Mike Watson, Basingstoke, Hants.
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either direction of the arm.
PL1 T i

57 s = legit The circuit consists of two
E3 +4.8K blocks. The first block is a
C1 PINg id sync clock which produces a
NOTE: gFING short pulse every 20ms. It is

IC1,IC2  NESSS .
¥ 6 based around IC1, a 555 timer,
4 82k s 10K configured in astable mode.
2[R ole__ 1 Nt nt PL2 R1, R2and C2 define the pulse
terl v by sk SERVO CONTROL OUT width and period. In this case
s - . the pulse width is 0.5ms and
o B “?fz % b o the period equal to 20ms. This
L 1J 7 sync pulse is used to trigger
:;;n T a2 ca 1c2 PNy cs the second block, a variable

T - T 10n J T ecn width pulse generator.

. ‘ . — Again this block is based
SYNC CLOCK (20mS) VARIABLE WIDTH PULSE GENERATOR e ona555timer, IC2, configured
Servo Meter as a monostable. The width of
the pulse is determined by the

Servo Tester

The small servo motors used in Radio control cars are very
useful devices but can be a bit difficult to test. This circuit
was designed to do just that.

The motors are controlled by a Pulse Width Modulated
signal, with the position of the arm proportional to the width
of the control signal pulse. In most systems this control si gnal
is based on a repetition rate of 20ms and pulse width varying
over the range to 2ms, corresponding to the limits of travel in

values of C5, R3 and RVI.
With RVI at minimum, the pulse width is Ims and at
maximum the pulse width is 2ms. The whole circuit is
designed to operate off the same supply voltage as the servo
motor (in most cases this is 4.8V) and the output will drive
several servo motors at the same time.

The prototype test unit was mounted in a small plastic box
with connectors compatible with those of my radio control
servo system to facilitate ‘in-car’ testing.

Neil Johnson, Northiam, East Sussex.
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Getting to grips with
MIDI signals. Tom
Scarff investigates
what goes where and
when.

Microprocessor

nalyser

nyone who has ever tried to connect various pieces
of MIDI controlled equipment together will under-
stand the difficulty of not knowing what MIDI data
is being transmitted down a MIDI cable. While
there are a number of software MIDI analysers available
which will provide this information, they require the use of a
computer. However a portable analyser would be most useful
when connecting up unfamiliar equipment in an external
environment, so I designed and built a battery powered, stand-
alone, microprocessor controlled unit, which checks over 40
MIDI events and includes an error display if an overrun or
framing error occurs in the received MIDI data.

MIDI, as most people know by now, is the acronym for
Musical Instrument Digital Interface and is at present the
universal standard for connecting and controlling electronic
musical instruments.

MIDI data is transmitted or received as asynchronous
serial data at arate of 31.25K BAUD, with a format of | start
bit, 8 data bits and 1 stop bit. The MIDI Out connection
operates using a SmA current loop.

Digital Circuit

The circuit is designed around the Motorola 6803 micro-
processor, which contains 128 bytes of RAM, for the pro-
gramme variables, a Serial Communications Interface, for
interfacing to the MIDI in and thru connectors, eight parallel
input/output lines, initialised as outputs to drive the LED
displays via three 4 to 16 line decoders, and a three function
programmable timer.

An internal clock generator with a divide-by-four output
is also present. The processor allows the combination of two
eight bit accumulators to provide operation of sixteen bit

arithmetic. The 6803 CPU is backward compatible with 6800
software.

The operating mode of the 6803 is selected at power-on,
or reset by the voltage levels present on the Port 2 pins, P20,
P21 and P22. Mode 2 is selected, which makes use of the
internal RAM and the multiplexed Data/Address bus.
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Fig.2 Flowchart for MIDI Analyser




The lower address byte has to be latched before
feeding into the address bus. An output signal, the
Address Strobe (AS), is provided to enable the latches
in IC5 at the correct instant in time.

The EPROM is chip-enabled when address A15
goes high and fed to the active low input via NAND
gate IC7D wired as an inverter and is capable of being
read when the E pulse and the read/write lines of the
microprocessor are both high and fed to the active low
read enable line of the EPROM via nand gate IC7c.
The EPROM is address decoded to a hex base address
of 8000h to FFFFh, allowing direct access to the
interrupt vectors. The internal RAM is address de-
coded to hex address range 0080h to 00FFh.

The 4MHz crystal is divided by 4 internally by the
microprocessor, 4o provide an E pulse of IMHz and a
clock cycle time of 1ps. The timing pulse E is further
divided by 4 by the dual D-Type flip-flops, IC3a,b and
fed to the serial external clock input on port 2 pin 2
(P22), where it is further divided to provide the correct
MIDI baud rate. A 2MHz crystal could be used to
generate the baud rate internally but then the clock
cycle time would be increased to 2us, which would not
allow enough time between MIDI bytes for the various
procedures to be calculated.

The MIDI IN connector is fed to IC8 optocoupler
type CNY17, whose output is fed to the serial input
P23 of IC4 and via inverting nand gate IC7A and
transistor Q1 to the MIDI thru output. The remaining
nand gate IC7b can have its inputs connected to
ground or left floating.

Display

The display section consists of three 4-to-16 binary
decoders which drive the 48 LED displays. The LEDs
are arranged in a common anode mode, as the decod-
ers have active low outputs to sink the required LED
current, which is fed through the three limiting resis-
tors R6,R7 and R8.

Power Supply

Power is provided by four 1.5V batteries and this
6V is fed to the CPU board, where it is reduced to 5.3V
approximately via D4, which prevents damage to the
circuit if the batteries are connected incorrectly.

Software

MIDIMESSAGES
Channel Messages:
Message Status Byte Data Bytes
Note-On Event 1001bbbb Okkkkkkk Ovvvvvvy
Note-Off Event 1000bbbb Okkkkkkk Ovvvvvvy
Polyphonic Key Pressure 1010bbbb Okkkkkkk Offfffff
Control Change 1011bbbb Occeccce OCCCCCCC
Program Change 1100bbbb Onannnnn
Channel  Pressure 1101bbbb Oppppppp
Pitch Bend 1110bbbb Oiiiitii Ohhhhhhh
Channel Mode Messages
Message Status Data Bytes
Local Control Off 104 1bbbb 01111010 00000000
Locali Control On 1011bbbb 01111010 01111111
All Notes Off 1011bbbb 01111011 00000000
Omni Mode Off 101 1bbbb 01111100 00000000
Omni Mode On 1011bbbb 01111101 00000000
Mono mode On 1011bbbb 01111110 Ozzzzzzz
Poly Mode On 1011bbbb 01111111 00000000
System Messages
Message Status Data Bytes
Begin System Exclusive 11110000 Ommmmmmm Oxxxxxxx Oxxxxxxx etc.
MIDI Time Code 11110001 Otttdddd
Song Position Pointer 11110010 0jjijiij Okkkkkkk
Song  Select 11110011 Osssssss
Tune Request 11110110
End System Exclusive 11110111
Timing Clock 11111000
Start 11111010
Continue 11111011
Stop 11111100
Active  Sensing 11111110
System Reset 1111111
MIDIVARIABLE TABLE
Variable Value Range
Channel bbbb 0000 to 1111
Key Number kkkkkkk 0000000 to 1111111
Velocity of Note On/Off VVVVVVY 0000000 to 1111111
Force On Key FIFEFFF 0000000 to 1111111
Address of Control (0-121) ccceecce 0000000 to 1111111
Value of Control Output aoooac 0000000 to 1111111
Number of newly selected program annnnn 0000000 to 1111111
Pressure  Value ppppppp 000000 to 1111111
Pitch bend LSB Piiiiii 0000000 to 1111111
Pitch bend MSB hhhhhhh 0000000 to 1111111
Number of Channels 0000000 to 1111111
Number of Song sssssss 0000000 to 1111111
Song Position Pointer LSB 11iii 0000000 to 1111111
Song Position Pointer MSB kkkkkkk 0000000 to 1111111
Manufacturers Identification Number  nmmmmm 0000000 to 1111111
Body of System Exclusive Message XXXXXXX 0000000 to 1111111
MID! Timecode quarter frame tet 000 to 111
dddd 0000 to 1111

For the MIDI Message tables, bbbb is a four bit binary nibble

representing the MIDI channel from 0000 (Channet 0) to 1111 (Channel

15). The seven bit variables, i.e. kkkkkkkk, the MIDI key number range

from 0000000 to 11111

11 from 0 to

127.

Jli%alil

The operation of the software can be seen from the flow-
chart of Figure 2. First the reset vector is loaded from
addresses at FFFEh, FFFFh. Next, the serial and parallel
ports are initialised. Then the Power on LED is switched on
via the parallel port outputs, showing that the hardware and
software initialisation are operating correctly.

The software now polls the Receive Data Register Full
(RDRF) pin in the Transmit/Receive Control and Status
Register of the serial port and when this pin is set, the data
in the Receive Register is examined, first for any overrun or
framing errors, then for MIDI status.

If an error occurs, the software switches on the error
display LED and returns to the start of the programme.

If the received byte is a status byte, i.e. the most signifi-
cant bit (MSB) is set, otherwise the programme returns to the
start. The software then tests for a MIDI system message by

checking the top four MSBs and switching on the appropriate
display LED.

Whenever the correct MIDI information has been deter-
mined and the appropriate LED displayed then the pro-
gramme returns to the start to receive the next byte of
information.

If the data was not a system message then it is a channel
message, which is now decoded by the software and the
appropriate channel number and channel message LEDs are
displayed in a multiplexed mode until the next MIDI status
byte is received, when the programme returns to the start.

Mechanical Details

The details for the front panel LED cut-outs are shown in
Figure 5 and, when mounting the LEDs into the PCB, enough
height should be left for clearance of the decoder ICs mounted
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in sockets. Also, the LED display PCB should be mounted so
as to leave the LEDs flush on to the front panel.

The label for the front panel can be created by photocopy-
ing Figure 6 onto a Xerox transparency and then gluing it in
place.

MIDI Standard Messages

MIDI serial data flows at the rate of 31.25 kilobits per
second and is organised into 10-bit words. The first bit is
called the Start bit (which is always 0), the next eight are the
desired information and the last is the Stop bit (which is
always 1). The start and stop bits delineate the desired data
and provide the required synchronisation, but do not carry
MIDI information themselves. A complete word is transmit-
ted in 320 microseconds.

The eight-bit MIDI data is contained between the start
and stop bits. There are two main types of bytes, Status and
Data. The lead bit of the status byte is always 1 and that of
a data byte is always 0. This enables the microprocessor to
distinguish between the two types of bytes and so make a
corresponding decision.

So, a MIDI message consists of a status byte followed by
0, 1 or 2 data bytes. The MIDI message can be either a
channel or system message. The channel message can be
addressed to one of sixteen channels, whereas a system
message is addressed to all channels. The channel message
can operate either on channel voices or on channel modes.
The system messages provide real-time, common or exclu-
sive control of the MIDI equipment.
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R6.78 560R C%ab  74LS74 of the components are available from many sources.
R9 ! %2 af p 7TX300 The 6803 microprocessor is available from Farnell, order code
R10.12.43 220R D123  INA148 HD6803P. For a copy of the MIDI Analyser routine, send in an
vy D % : 1N40O1 SAE 1o ETI at the normal address.
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Anniversary
AutoMate Mixer

Mike Meechan continues his look at audio pathways during Mixdown,
Overdubbing and Subgrouping.

ith some consoles, it is possible for the channel

input to come from a third source (Mic and Line

being the other two). This source is labelled

Sub or something similar and is sourced from
the bus output associated with that channel-strip. In other
words, pressing the Sub button on, for example, Input/
Output module 3 would access bus 3. If there was a collage
of three sounds mixed onto this bus via the group routing
matrix, Channel 3 fader could control the level for all three
simultaneously. This is a very powerful facility to have.
Every input channel has an associated output jack. In effect,
a 24 input desk is also a 24 (track) output desk and could be
connected to and used with a 24 track machine. It is obviously
not economical of tape tracks to allocate one sound to an
individual track. This is where the Bus or Sub routing comes
in, since it enables 16, 24, 32 or 48 track recording with a
much smaller bus/routing system. Tracks on which only one
sound will be recorded are sourced from the channel output
Jacks. Where a collage - group - of mixed signals is required,
the sounds are sent via the group routing matrix onto the
relevant bus.

The bus amp sums the signals, this group is accessed via
the Sub button associated with that particular bus and they
can then be inputted to a channel as a mic or line might be.
This sub-group signal could then be further mixed with
another group or sub-group or sent directly to bus and from
there onto a tape track. It is obvious that with this particular
track sourcing/routing system, a much smaller routing ma-
trix/bus is required for a given number of multitrack tape
tracks when compared to a split architecture of similar track
capability. Figure 5 showsa sub-group routing configuration.

Mixdown

Mixdown is when the multitrack master tape is mixed
down to stereo. The split console normally employs some sort
of switch in the input channel architecture which allows the
‘normalled’, dedicated tape returns from the multitrack to be
inputted to the console on a channel by channel basis. Track
I is normalled through to Channel 1, 2 to Channel 2,'etel.
This arrangement avoids the need to carry out a lot of messy
repatching of the multitrack outputs.

By this time, all of the musicians will have left the studio
and the best must be made of the sounds captured on
multitrack. Now is when individual sounds from the various
tracks can be tailored in accordance with the producer’s/
artists’ wishes. Consequently, all of the facilities available
on the channel strip will now be put to good use. Many
different permutations of EQ, FX, level, stereo position, etc.,
can be experimented with since the original sound is now
captured safely in the multitrack tape domain and cannot be

harmed. This procedure is repeated over and over again,
instrument by instrument and track by track until an accept-
able mix of the session has been captured in stereo. Mixdown
sessions often last all day and all of the night, to paraphrase
The Kinks, with the engineer trying to recapture the mix
which was ‘almost’ right eight hours ago. The monitor
sections are now no longer in active use and can be employed
as extra inputs for line level sources such as synthesisers or
FX returns.

The in-line console handles Mixdown in much the same
way, with all of the channel facilities flipped across into the
tape return path. Again, the monitor sections can be used as
extra inputs. This is where the in-line architecture can again
score highly. A 24-input desk has 24 channel inputs and 24
monitor inputs. even if it’s only an eight bus system. This
equates to 48 inputs at Mixdown (plus, of course, the FX
returns). A 24 input, 8 bus split console, on the other hand,
will have only 24 channel inputs and 8 monitor inputs,
equating only to 32 inputs at Mixdown. The advantages of the
in-line console in this aspect are there for all to see. A further
advantage inherent to the in-line architecture is in the
provision of facilities to direct audio from the output of the
channel (large) fader via the small fader to the multitrack
routing matrix. The bus outputs can be used as extra FX
sends and connected to FX units. Obviously with this ar-
rangement, and subject to certain other constraints, the
engineer has access to a possible 8 or 16 or 32 extra FX sends.
Conversely, the monitor inputs on a split desk have access
only to perhaps 2 or 4 Aux Mix busses for the purposes of FX
sends and the limitations are obvious.

Some of the more up-market desks arrange for the EQ to
be split into two sections - parametric (2 or more bands only)
and shelving. To be entirely flexible, the parametric sections
must be able to sweep from low bass frequencies up to high
treble and so will be able to cover those frequencies more
usually associated with the shelving equaliser, i.e. extreme
LF and extreme HF. Conversely, it is useful if the centre
frequency of the shelving equaliser is able to be swept up -
in the case of an LF section - and down - in the case of an HF
section - to the centre frequencies. In this way, they extend
into the range of frequencies more usually covered by the
parametric. Whichever signal - monitor or input - requires
the more flexible of the two equalisers (usually that coming
off the tape) will have the parametric inserted in its path
while the other, the shelving equaliser, will be used during
Mixdown with the signal inserted into the desk on the spare,
line input (e.g. a synthesiser). This facility isn’t available on
all in-line desks, but in those where it is available, the
amount of added flexibility is easy to see. Figure 5 shows how
Mixdown is achieved in both types of desks.

LYIfOdd
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Fig.7 Principle of sub-grouping using console routing system.

Track Bounce, Sub-Grouping and Free
Grouping

All of the above are facilities/configurations incorporated
into the console to maximise the flexibility of it and other
outboard equipment such as the multitrack, while using as
little electronics as possible.

Track Bouncing

Track bouncing is a long established and often used way
of fitting the most amount of information on to the least
amount of tape. Before large multitrack machines were
available, it involved machine to machine overdubbing. At
present, it frequently involves track to track bouncing on the
same machine, although on a ‘heavy’ session - a television
show recording of a band/vocalist, say - two or more multitrack
machines may be linkedand synched together foroverdubbing.
For the uninitiated, the process involves the storing of
original, first generation sounds on discrete tracks of the
multitrack, tracks 2, 3 and 4, say. These tracks are then

replayed via the appropriate monitor sections, the three
tracks are mixed together and then recorded onto another
track (1). It is a technique often used with the smaller
multitracks (4 or 8 track, for example) and by amateur
musicians, who very quickly exhaust the tracks available for
recording. Nonetheless, it does find uses in bigger, profes-
sional console/multitrack set-ups. The drawback is that there
is a very definite limit to the amount of bounces which can be
achieved before the generation losses caused by each succes-
sive bounce means an objectionable loss of quality. (In
theory, digital multitracks should enable completely lossless
track bouncing and therefore the availability of an indefinite
number of track bounces). Despite the shortcomings inherent
in track bouncing with analogue machines, it is a very
powerful facility to have and has proven its versatility over
the years in many commercially successful mixes - the
Sergeant Pepper album is a prime example of a bounced four
track recording.
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Subgrouping and Free grouping
These use many of the same philosophies and
elements as the track bounce pathway switching (an
example of the versatile and economical deployment
of the console electronics). Free grouping involves a
system like that shown in Figure 8. The group select
switches are shown represented by rotary types, but
this is in the interests of simplicity and different
types may well be used in their place. The group
selection matrix can place signals onto any one of the

"w sus 4 sus » suBs

SIMILAR CHANNELS

group mix busses or itself be sourced from a particu-

lar bus. In this way, and in the example shown, three

signals are mixed onto the bus, via the relevant group

selectors, where the fourth group then accesses then

I A

and places them onto another bus. In this way, the
Group 4 fader acts as a grand master for the other

Fig.8 Simplified schematic of the sub-group routing theory

three. Sub-grouping achieves a similar effect in a
slightly different way. This system fihds uses where, for
example, all of the backing vocalists must occupy only one
stereo pair of tracks. The levels of the individual vocalists are
set using their relative group faders, while the level of the
collective backing vocalist mix is controlled with the final
‘grand master’ group fader.

To sum up, the console designer is trying to eliminate
wherever possible repatching and replugging in normal use
of the desk. Certain unusual circumstances might dictate that
pluggery is necessary, but if it has to be done for the simplest
of arrangments, or oft-repeated configurations, then either
the designer has come up with a bad product, or one which

situation for which it was never intended. Comprehensive
Jackfields placed within easy reach of the engineer make life
a lot more bearable when sources have to be swapped.
Unfortunately, these are expensive and normally found only
on the more upmarket desks, the type where routing capabili-
ties have been well-thought-out and a patch bay is a nicety,
rather than with cheaper desks, where it may well be
considered a necessity.
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74LS SERIES
74LS00 .10
74LS01 .10
uLS2 0.10
HLS® 0.10
4LS04 .10
74LS0S 0.10
741506 03
uLSO? (%]
4LS 08 .10
74LS09 012
74LS10 0.10
74LS11 .10
HLS12 0.10
74L813 .18
741514 [¥-]
74L815 c.12
74LS20 [RF]
74L821 0.12
usn 012
ULSH 033
4LS26 0.12
uLs?? 0.12
ULS2® 0.12
74LS30 0.12
740832 0.13
74LS33 0.13
4LSY7 0.14
74LS38 013
4LS40 0.13
74L8Q 0.3
4LS#4 1.62
741547 0.50
741848 0.46
4LS49 0.6
74LS5) o1
LS4 011
741858 013
4LST3 0.20
LSTIA 0.26
ULST4 0.16
TALST4A 0.18
74LS 7S o
LS 76 on
74LST6A 024
TALST? 0.42
74LSE3 (%]
741885 oM
74LS 86 on
74LS 90 024
741591 0.50
74L892 029
LS9 0.4
74LS9S 038
741596 0.46
7415107 0.28
74LS109 0.2s
LS12 0.28
74L5113 0.28
4LS114 0.28
74L8122 0.33
74L1D3 0.33
7418128 028
7418126 o2
ULS132 028
MLS1Y 02s
7415136 021
7415137 0.6
7415138 024
7415139 026
74LS 148 0.58
74LS147 0.8
74LS148 0.70
74LS151 0.28
7415153 028
4LS134 0.70
4LS158 025
4LS136 0.25
4LS157 0.20
7415158 025§
LS 160 0.32
7415161 0.32
uLS162 0.32
ULS163 032
TALS164 0.30
7418165 0.48
7418166 0.53
7418168 0.58
ULS16 0.53
74LS170 0.66
4LS1T3 036
ULS174 0.24
ULS1TS 024
7418181 1.48
HLSIR 158
HLSI8 1.58
7415190 028
4LS19} 0.24
74LS192 0.29
7418193 0.39
TALS194 0.39
74LS198 024
74L519 0.24
4LS197 0.24
7418221 0.36
7418240 0.32
7415241 0.32
4LS242 032
74L5243 032
LS 244 032
74L8245 03
74LS247 0.32
7405248 0.38
74L8249 0.68
7415251 0.24
7415253 oM
7415256 0.50
7418257 0.24
7415258 0.24
7415259 0.48
7415260 0.28
7415266 0.14

EXPRESS

S

74L5271 032] a5 02| LmIsz 0s0] 22UuF2sv 0.14] TNCSORPLUG 089| BD138 0.9 | 2n2907 0.19 | 74HC243 0.46
74L5279 0as| 4512 030] LM3I39 om| 33UF25V 016] TNCCHISSOC 065] BD1¥ 022 | 2N2907A 0.19 | 74HC244 ()
7415280 086 4514 072| LM348 o3| 47UF28SV 0.18] PL2%9 PLUG oss| spiew 0.3 | 2N2926 0.14 | 74HC24S 0.49
TaLs283 o49| as1s 07| LF3ISI 035] 6sUP2sV 020] REDUCER(PL259)016| BF180 030 | 2n3083 026 | 74HCIS1 (¥ ]
7418290 024f asis 03] LFIS 038} 10UF 25V 023| PL259SOCKET 0.55| BFI& 0.30 | 2N3084 085 | 74HC253 028
74LS293 024 a8 06| LFIS6 09| 15UF16V 028] COAXPLUG 0.18| BF18S 030 | 2N30§ 036 | 74HC257 028
74LS295 oss| 4520 025 LM3se 026 22UF16V 028] COAXLINESOC 038] BF1%4 018 | 2N3442 134 | MHC29 ()
740829 0@ 4521 o&| LMIs0 110] 3UF16V 050] SCARTPLUG  065| BF19S 018 | 2n3102 0.09 | 74HC266 025
7415299 118] a6 03| Lmis 260} 4TUF16V 0| ECCHTSPLUG 049| BF196 019 | 2N3703 0.09 | 1HC273 oM
74L83 158 as27 o3| Lmiss 046] 6SUF 6V 07| ECLNESOCKET1.70} BF197 019 | 2N3704 009 | 7anc200 0.36
ULSID 1.78] 4528 039| LMI9 027] 100UF OV 140} 1EC2MLEAD 18] BFi% 019 | aN370S 0.09 | 74HC2% 05
T4LS 347 090] 4529 0.43] ZNa1aZ 095} 100UF 16¥ 1.70| ECRA2MLEAD 2.40| BF1%S 019 | 2N3706 0.09 | 74HC3S4 0.42
1418348 118] 4532 on| zNaeE 1.9 174" MONO PLUG 018 | BF257 032 | 2837173 1.78 | 7aHC3%6 o.M
7415352 oms| as34 220 ZNan 145 CERAMIC 1/4"STEREO PLUG0.29 | BF258 035 | 2n3sss 118 | 74HC365 0
74L5393 oss| 4536 099 ZNa2eP 120 CAPACITORS 2$MONOPLUG 0.12]| BF259 032 | 2N39® 0.09 ] 74HC3I66 032
74L8163 138] as38 0.36| zNa2sE 49| 18pF 00s| 3SMONOPLUG 0.12] BF337 035 | 2N3904 0.09 | 74HCI67 028
7413364 138) 4541 030| ZNa26E 29| 22pF 0.0s| 3SSTEREOPLUGO20| BFR40 038 | 2N3905 0.09 | T4HCIe8 0.as
74LS365 024 4543 045] ZINQTE 9.40] 33PF 0.08 BFR80 038 | 2N3%06 0.09 | TAHC3IT oM
T4LS 366 028] 4338 03] ZN42SE 7901 4.7PF 0.08 TOGGLE BFR8I 0.38 | 2N4062 016 ] T4HCIM oM
74LS367 026] 4336 033] ZNOSE 625 6apF 0.08 SWITCHES BFX29 o 74HC3%0 0.
7415368 028} 4560 1.17| ZNMSE 920| 10PF 0.05] SPDT3A 250V 057 BFX84 030 FETS T4HC393 032
L8373 ¢ 032] 4566 1.95] SLass 27| 15pF 00s| SPDTC/O3A250v 062 | BFX8S 0.30 | BP244B 034 § T4HCAD 036
TALSIM 032] 45T 0.4 steso 235) 22°F oos| DPDT3A 250V 0.67 BFX87 043 | BF256B 036 | 74HCS33 0.42
74L8375 0| 4584 023} NESH 1.4} 33PF 0.0s| DPPTC/O3A2%0VO0.79| BFXES 043 § 2N3819 039 | 74HCS34 042
uLS3ITT 032] 4585 032 NES# 2.15| a7PF 0.05 BFYS0 028 | 2N3820 0.58 | 74HCS63 0.46
74LS3IT8 o] 4m¢ 0.69| NESSS 0.19] sePF 0.05 MINATURE BFYS1 025| 2N5457 0.49 | T4HCS64 0.46
74LSI 0.86) 40106 c30| 7558 c41] e8PF 0.08 PUSH TO MAKE BFYS2 027 2INS458 049 | 74HCST3 0.4
7408385 an| 40109 0.49] NESS6 0.3M] g2PF 0.08 SWITCHES BFYS3 0.46 | 2NS48S 042 | 74HCST4 04
7415386 0.46| 40163 oas| NES6S 149 100PF 00| grep o1o| BFYSS 046 74HC640 0.60
7413390 02s| 40174 0.33| NES66 1.30| 120PF 0.07] BLACK o19| BSX2 0.26 DIODES T4HC43 0.1
741539 024 40175 0.35| NES67 035] 150PF 0.07| GREEN o1e| BSX® 0.55 | 1N4001 (10 PACK)0.24 | T4HCE46 1.10
7418395 032] 01 059] NES70 238| 180pF 007| sLuE o19] BSY9SA 048 | 1naoo2 oPACK)0.28 | T4HCEsS 110
T4LS39% 1.68 NESTI 198 220pF 007| veLLow o1e| BUS 139 | 1N4003 loPACK) 0.26 | T4HCESE 043
74L539% 122] VOLTAGEREGS | LM7i0 os0| 270PF 0.07] wamE 19| BU06 140 | 1n400s 10PACK)027 | T4HCA0R oM
LI o&f 78L08 on| Mm 0.80| 330PF 0.07 - BU208 1.65 | 1N4006 (10 PACK) 0.28 | 74HCA4017 032
74LS445 150§ 78L12 on| M7 4.80] 390PF 0.07 ROTARY MI2955 0.75 | 1N4007)10 PACK)0.29 | 74HC4020 038
7415490 oso| 78018 onf 41 017} a70PF 0.07 SWITCHES MIE340 035 | 1Nsa01 (sPACK) 030 | T4HCAa040 039
TILOS o] LM747 0.38} S60PF 007| | poLE12WAY 075 MJES20 044 | 1N3402 (SPACK) 031 T4HC4A049 026
D CONNECTORS | 79L12 o] Lm74s 030| es0PF 0.07 % 09 MJES21 060 | INs404 (SPACK) 033 | 74HCe050 0.26
SOLDER BUCKET | 79L1S oz7| TBASIO 067{ 820PF 0.0 g';gi: L 7: MIEDOSS 085 | 1ns406 (s PACK) 034 | 74HC40S0 0.40
9PINSOCKET  027] 7808 027| TBAS20 038] INF I e w“y el MPSAOS 027 | 1nsacs (sPACK) 037 | 74HC4073 0.16
9PINPLUG 026 7812 021] ML924 a65| INSF 0.07 b 75| mPSA0S 021 | oadr(sPACK) 0.5 | 74HC4O™ 0.16
ISPINSOCKET 0.M] 7815 027| ML926 a25| an2F 0.07 DIL SWITCHES MPSA12 021 | 0ASO(SPACK) 040§ 74HC4S11 0.40
15 PIN PLUG 03| 7908 037| ML927 425] 3INIF 0.07 1L MPSASE 0.17] OA91(SPACK) 0.50 T4HC4S514 .80
2SPIN SOCKET 0.42| 7912 037] TDAl024 180} aNTF oor| 4 WAYSPIN 0491 mpsuos 056 | ino1a(sPACK) 020 | 74HC4538 0.40
2SPINPLUG  C.40| 7915 037] SAAl027 30| ensF oor| SWAYI2PN 06| mpsuos 056 | 1NA148 (10 PACK) 022 | T4HC4343 0.66
78805 048 1034B 320] 10NF ogr| SWAYISPIN - 0P| TP29A 0.30 74HCT266 0.26
4000 SERIES 78512 048 | LM1453 0.30] 100NF 0.07 TIP29B 0.30 74HC SERIES
4000 0.16] LM3ITT 043| ULN20G3 039 TRANSISTOR TIP29C 031 | 7aucoo 014 CRYSTALS
4001 0.6 LM323K 249] ULN2004 042 POLYESTER/MICA AC125 0.30] TP30 031 | 7aHC® 014 | 1MHZ 110
4002 0.06] LM338K 4.95| TDA2004 175] CAPACITORS 15V ACi26 029] TIP30A 031 | 74HCH 014 | 18432MHZ L7
4006 031 TDA2030 118] Np P e 0291 TIPI0B 030 | 74HCO4 014 | 2MHZ 1.66
4007 0.16 IC SOCKETS ULN2064 1.20] an2 s i 028 | TP3OC 030 | 74HCO8 0.14 | 2097MHZ 0.76
4008 03| 8PN 0.06] ULN206S 120 N7 olosil CACHES 0M| TPIIA 030 | 7aHCI10 014 | 24S76MHZ 0.9
4010 on{ 14PN 00| ULN2068 10| 10N cosl AGE 035} TPIB 030 § 74HCI1 014 | 3276MIZ 0.7
4011 015] 16PIN 0.14| XR2208 420| 29N 0.08 AC188 036| TPIIC 031 | 7aHC1e 018 | 3STIMHZ 0.%
4012 o1s| 18PN 0.14| UA2240 2.601 47N oos| Adier 190| TIP32A 030 | 74HC20 014 | AMHZ 0.7
4013 0.16| 20PN 05| ULN28m 064] j00N 0.08 161 0.7 TIP32B 030 | 74HC27 014 | 4194MHZ 0.7
4014 029| 24PN 0.as| LM2917N8 260| 220n oos| ADI& 0851 TIPIIC 03 | 7aHC30 o4 | 43MHZ iLm
4015 o30f 28PN 020| CA3046 035] 470N Hl (e 078 TIPIIA 066 | 7HC32 0.14 | 491SMHZ 0.6
4016 0.17] 40PN 0.24| CA3080E 0| es0N o 046 | TP3IC o7 | 7aHCa2 026 ] §008MHZ 0.76
4017 04 CA3130E (X :‘é:g.’m g-:: TIPMA 06| 7eacm 026 :ﬁ;m :.-;:
4018 0.28 RESISTORS CA40E 0.55 3] TIP3MC 074 | 7aHC™] 0.19 :
4019 018 ALL14WATTMF1%1q CA3240E 1.20 c:gi‘éls:;::f ;:w BC108 011 | TEISA 1.05 b 74HCTS 019 | 6144MHZ 0.76
4020 030] FORE0.15(1 VALUE). | MC¥H® 060 ,oor olo8 BC1088 013 | TPISC 115 | 74HCT6 019 | MHZ 0.76
4021 030] INDIVIDUAL RESIS{ MCI0 o] s 0 BC108C 0.141 TPIGA 115 | 74HCSS 02s | 10MHZ 0.7
4022 032} TORS£0.03 EA LM3900 (T Mo o BC109 0.13| TIP36C 128 | 74HCs6 019 | 1105MHZ 0.7
4023 0.16] SKELETON PRESETY{ LM39%0S 145] oopE b [t 0141 TP41A 035 | 7aHC107 019 | 12MHZ 076
4024 021] £0.10 ANY VALUE. LM3911 2208 |oopp o) BC140 04| TIP42A 035 | nHCID 032 | 16MHZ 0.7
4025 015| STANDARD POTS 14] LMo 2685\ <opr bt Brrei o 026 TIPI120 037 | 7aHC128 oz | 18MHZ 0.76
4026 040} SHAFT, LOG OR LBy LM3915 268N Saopr o BCl42 030| TIPI21 0.3 { 74HC126 02 | 39935MHZ 0.76
4027 018) £03sEACH. RCASSS 036] 2o0pp 0/06] BC143 0B} TIPIR 036 | 7aHC1:2 025
4028 028| SWITCHED POTS £oaf NESN 01 JoopF pyed [ 0331 TIPL4l 120 | 74HC19 026 MEMORIES
4029 027] EACH. NESSHM o.80| Siopr 5 BC148 03| TIP142 1.05 | 74HC138 0as | 3114 125
4000 0.17 ICL7106 s.80| ooop 0 BC149 ol TIPI47 110 | 74HC139 025 | 416410 116
4031 070 LEDS ICM7558 045] orE oio¥ BC157 o1l TIP295S 062 74HCI151 028 | 416412 1.08
401 0.55| 3mm RED 0.08] ICM7536 120} ‘coone 0.0 BCis8 0.11] TIp30ss 0.& | 74HC153 025 | 416415 0.8
4034 13 3noq orEEN o10] ICLs038 4| ooer o BC1S9 011 | zTX107 0.17 | 74HCI14 038 | 412568 1.60
4035 03] IvmyvELLOW 012 LM13600 110 oopF 0,08 BC160 027} zTXx108 017 | 74HCIS? 028 | 4128610 1.46
4040 028| smMRED oos{ FLECTROLYTICS| g o BC168C c.16| zrXxi09 0.17 | 74HC158 026 | 4146410 a2
4041 030 SMMGREEN 007 AXIAL INSF 0i6h B‘é\ﬁ_’:‘i o :T ZTX300 016 | 7aHCI160 0.32 ] 4146412 0
4042 021] swvm YELLOW 0.07} 4TUFi6V 0| aF ol> : c:n g AR 020 | 7anci61 02s
4043 027| sMM FLASH RED 0.48| 100UF16V 0.09| 3N3F 0.0 Be1m e ZTX341 0.24 | 74HCI& 025 | WIRE ANDCABLE
4044 030| SMM FLASH GRNO.S1| 220UF 16V 0.10] NTF 0| sc1m el ZTX500 015 | uHC183 025 ] SPEAKER WIRE TP A
4046 030} MM FLASHRED 0.99] 470UF 16V 019) ongF 00| scrm e ih ZTX501 024 | 74HCI64 025 | METREANY LENOTH.
4047 oM| IMMmCLPS 0.04| 1.000UF 16V 08| \onF 009 ZTXse 024 | 74HC165 040 | STEREO SCREENED
4048 030| sMMCLPS  004| 2200UF16V 045 By 0071 ZTXS04 024 | 74HCIT 032 | CABLE 16P A METRE
4049 019] smm LIPS 0a8| 4700UF16V 075 TRIMMER ‘“C:"g gz’, INR219A 027 7auC174 025 | ANYLENGTH.
4050 019] COMMON CATHODES { 1O0UF 25V 0.05 CAPACITORS :a uL e N222A 0.15 | 74HC17S 02s| 4 CORE SCREENED
4081 024 3" 7SEGRED 070| 22UF3SV 0051 . opF sadll BormL o0 2N2)69 024 | 74HCI92 047 | ANY LENGTH 28P A
4052 oMl s7seGrED 05| 4TUF2SV 0.06| 32opr b Bt v bl 024 | HC193 040 | METRE.
4053 0| S 7SEGRED 05| 100UF25V 0.09| s aspr o po 2N2904 0.24 | 74HC194 036 | STANDARD TV COAX
4054 0551 COMMONANODES | 230UF2sV on g BC212L 071 IN2904A 024 | 74HC198 032 | CABLE 20P A METRE
4055 029] 3-7SEGRED  0.70] 470UF2sV on BRDCE e 0071 2N2905 020 | 74HC240 035 | ANYLENGTH
4060 03| s7sscrep 05| 1000UF2SV 035 e 007) 2N290SA 020 | 7anc2a 0.36
1063 028| S6-7SEGRED 085| 2200UF25V 082 RECTIFIERS P 007 | 2N2906A 020 | 7amc242 036
4066 0.18 4 Woos SOV 1 SA 018 BCaML 0.07
10BAR DILRED 139| 470025V 138
4067 19| ORPI2 @DR) 065 W02200V15A 019 BCBT® 0.08
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VHF/UHF TV Receiver, converts RGB or
composite monitor into colour TV, Brand new
and cased.
Our Price: £19.00
Our Ref :ET19P1

100W DOOR/SHELF SPEAKERS

THIS MONTHS
BIG OFFERS

Hi-fi quality 3-way co-axial flush mounting speaker system.
Unique design gunmetal and blackgrille. 100W max. power
handling per speaker. Frequency repsonce ~=6Q-200000Hz
Speaker size =6.5"woofer, 2°mid, 1"tweeter

Impedance = 4 Ohm

INDUCTIVE AMPS £5.00

Mounting Depth -=39mm
OourSpecial Price: £23.99
Our Ref : ET24p1

The Mitsumi CD ROM DRIVE will
realise the true potential of your
computer. Once installed through
Microsoft Windows 3.1 over 500Mbyte
of data can be stored on a single disk,
but it is a read only medium. A vast
library of CD ROM disks are available
from a huge numbers of suppliers and
titles include whole encyclopedias. This

Made for amplifying a telephone handset for the
hardofhearing. Howeverifyou holdone against
a piece of wire carrying a telephone conversa-
tion youcan hear both sidesofthe conversation!
It can also be used for tracing live wires in a wall
or detecting cables carrying mains etc:

Fully cased complete with battery and fixing
strap.

3 BUTTON LOGITECH MOUSE

Originally made for the Acom Archimedies but could be
casily adapted for other machines. Pin details are supplied.
NO SOFTWARE.

Our Price: £4.99
Our Ref : ET5P2

unit can also reproduce HiFi quality
music CDs and delivers high resolution
digital pictures. The Mitsumi drive is
Kodak CD compatible enabling you to
transfer 35mm film onto a CD, a process
undertaken in the chemist or with a

Aprox 2.5" diameter 1" thick.
Oour Price:£5.00
Our Ref :ET5P1

S VOLT 4.4 AMP PSU

Acompact switch mode PSU with on/off switch,

CORDLESS PHONES ( King
£30.00 for 3

blevoltage input 110/240. NEW. O/P via fly leads.

GOOD STOCKS AVAILABLE
Oour Price £4.99
our Ref ET5P3

Kodak CD lab. View your holiday photosH
on your computer monitor using the
ROM DRIVE.

OUR PRICE: £169.00
OUR REF : ET169P1

These are BT Curlews. They are not new and
have been stored in sunlight so the plastic cases
are discoloured. They also have the hanset
aerial missing. This is a standard telescopic
aerial - a piece of wire will do!
These are NON RETURNABLE!!

our Price: £30.00 for 3

Our Ref :ET30P1

AENON STROBE (ALARM BEACON)
12V stobe, clear lens, ideal for alarm box idicator or in
multiples as a display array. Great for special effects and
other leisure applications. Could be used as a vehicle
tamper indicator.

Our Price:

Oour Ref

£5.00
:ET5P4

We also stock the following titles
at £29.00 each:

Wing commander REF:ET29P1,
Guinness Disk of Records
REF:ET29P2

World Atlas REF:ET29P3

JVC 3.5" drive supplied with well explained
modification details to enable use with a BBC
computer. Price includes drive and data.

Our Price: £9.00
Our Ref :ET9P1

and Sherlock Holmes REF: ET29P4

AA NICADS AND CHARGER PCB|

THIS AUTUMNS FASTEST
GROWING MEDIA!

CD ROM DRIVE

150x80mm board includes § x AA, fast and tricklecharge
facility change over relay, connector strip

MANY MORE SPECIAL OFFERS
IN OUR REGULAR NEWSLETTERS

NO CONECTION DETAILS
Oour Price :£2.99
Our Ref : ET3P1

ﬁ HAVE HUNDREDS AND HUNDREDS :
MORE STOCK LINES - TOO MANY TO

Enables video/audio signal to be received on
any TV in the house. Use VCR remote with any
TV (even non-remote)to control VCR functions
dowstairs etc. Transmits via 2 wire system.
Retails at £60.00.

Oour Price: £29.00

PIR MOVEMENT DETECTOR

Once again we have aquired stocks of this popular line and
are able to offer you a very high quality and professional
detector at only **£15.00**. Range: 20 Mirs with a 90 arc
Day and Night mode. Diamensions: 15¢m x 9cm x 11em
New and boxed complete with installation guide.

Our Price: £15.00

Our Ref :ET15P1

Oour Ref : ET29p1
Refurbished monitor suitable for many home
computers standard RGB input.

Our Price: £79.00
our Ref ET79P1

AC LECTRON AC PS

19V AC 14W very easily adaptable simply add a small
bridge rectifier, 3 pin plug in

our Price: £2.99 each

Our Ref :(ET3p2

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE N THE UK

LIST IN ONE ADVERT CHOOSE FROM...
AERIAL AMPLIFIERS

AEROSOLS FUSES
ALARMS GLUEGUN AND GLUE
AMPLIFIED SPEAKERS HEADPHONES

ANALOUGUE MULTIMETERS HEATSHRINK SLEEVING
APPLIANCE LEADS

BATTERIES AND HOLDERS IONISERS

BATTERY CHARGERS LED's

BOOKS LASERS AND LASER PSU'‘s
BOXES AND CASES LOGIC PROBES
CAMCORDER BITS LOUD AND MARINE SPKRS
CAPACITORS MICROPHONES

CAR AMPS, RADIOS & SPKRS PIR LIGHTS AND DETECTO]
CB SPEAKERS AND PSU'‘s

COMPUTER BITS POWER AMPLIFIERS
CONNECTORS RADIOS
DESOLDER PUMP SERVICE AIDS
DIGITAL MULTIMETERS SOLDERING EQUIPMENT
DISCO LIGHTING STEAM ENGINES
DISPLAYS TRANSEIVERS
DUBBING KIT TRANSFORMERS
@Lls WIRELESS MICROPHONES
IN SUSSEX?

FANS

HI F1 SPEAKERS

POWER SUPPLIES

CALL IN AND SEE US!!

FROM GOVERNMENT, SCHOOLS, UNIVERSITIE
& LOCAL AUTHORITIES WELCOME. ALL GOOD:

SUPPLIED SUBJECT TO OUR CONDITIONS OF SALE
ANDUNLESS OTHERWISE STATEDGUARANTEEI]
FOR 30 DAYS.

RIGHTS RESER VED TO CHANGE PRICES & SPECI
FICATIONS WITHOUT PRIOR NOTICE. ORDERS
SUBJECT TO STOCK. QUOTATIONS WILLINGLY

BULL ELECTRICAL

250 PORTLAND ROAD HOVE SUSSEX
BN3 5QT

MAIL ORDER TERMS: CASH PO OR CHEQUE
WITH ORDER PLUS £3.00 POST PLUS VAT.

PLEASE ALLOW 7 - 10 DAYS FOR DELIVERY

GIVEN FOR QUANTITIBS HIGHER THAN THOS%
STATED.

TELEPHONE ORDERS WELCO
TEL: 0273 203500 VisA
FAX: 0273 323077 !

TURN YOUR SURPLUS STOCK INTQ
CASH IMMEDIATE SETTLEMENT. WH
WILL ALSO QUOTE FOR

COMPLETE FACTORY CLEARANCE.

MUCH MUCH MORE IN OUR 1993
CATALOGUE. PLEASESEND41P, A4 SIZED)
SAE FOR YOUR FREE COPY.




urplus always | l

| wanted for cash! } = |
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LOW COST PC SPECIALISTS - ALL EXPANDABLE - ALL PC C
286 AT - PC286 386 AT - PC386

_ x —

« 640k RAM expandable *2

sarial & 1 paralle!

f with standard SIMMS  ports > %ymselgt’s‘AM expanded * g:ﬁ’si" & 1 parallel
[, = « 12 Mhz Landmark speed ® MS-DOS 4.01 ‘
; « 20 Mhz with 32k cache. * MS-DOS 4.01

: ztgsé(ftg&M ERT o ;:Ct?jry: l;‘n;-m oy et » Co-processor socket | Expandable to 6tk « Co-processor socket

* Standar e . ;
¢ 4.7 Mhz speed keyboard : : :i ki ::7;- ::OPPV . EQ;‘;;‘:&,“ ey * 40 meg hard disk « Enhanced 102 keyboard
* 360k 5-1/4" tloppy « 12" green screen - TREEE OPPY |, ciock & calendar with ¢ 1.2meg 5-1/4" floppy o Kwik Disk Accelerator
« 2 serial & 1 parallel ports included « EGA driver on board battery back up * VGA card installed Software - FREE
« MS-DOS 4.01 « In good used condition BRAND NEW AND BOXED! BRAND NEW AND BOXED!

Optional FITTED extras: 640K RAM £39. 12° CGA colour
monitor with card £39. 2nd 5-1/4* 360K floppy £29.95. 20 Only E 2 49 00 only 4 00
mbyte MFM hard drive £99. s . {F) £ 2 5 . (3]
The Philips 9CMO73 is suggested for the PC286 and the m
Only £9 9 0 0
L] (3]

CM8873 for the PC386. Either may use the SVGA MTS-9600
FLOPPY DISK DRIVES

14" Forefront Model MTS-9600 SVGA
multisync with resolution of 1024 x768.0.28
pitch. “Text® switch for word processing etc.
Overscan switch included. ideal for the PC-

e "

POWER SUPPLlES &;; 38 PC-286 with SVGA card added Al
Power One SPL200-5200P 200 waft (250 w peak).Somi open . B o e atn BEC, Amiga, Alar including
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a po;ak), -12v 1.5a, > {he monochrome hig'h resolu'nion mode), Ar-
to present prime product at industry beating low prices! Al units +24v 4a (6a p‘;?k)' All outputs /f:gly regulat?d w':l' o'\t/)er;{loONage chimedes etc. In good used condition (possible minor screen
{unless stated) are removed from often brand new equipment Protection on the +5v output. input selectable for 110/240 |, gy g0 day guarantee. 15° x 14° x 12% Only.............£159(E)
and are fully tested, aligned and shipped 1o you with a g0 day Vvac Dims13* x 5° x2.5°. Fully guaranteed RFE. £85.00 (B) 14" Philips Model CM8873 V. multisync
guarantee and operate from standard vona?es and are of stand- Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v with 640 x 480 resolution. CGA, EGA or

if a suitable card is installed. We can fit this at a cost of £49.00
for the PC286 and £39.00 for the PC386.

5v4"

Massive purchases of standard 514* and 312" drives enables us

ard size. All are IBM-PC compatible (if 312 supported). (2A). 5v @ 20A. 1 12v @ 1.5A. Switch mode. New.  £59.95(B) VGA, digitalanalog, switch selectable.
3.5" Panasonic JU363/4 720K or equivalent £29.95(B) Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @ Sound with volume control. There is also a
3.5" Mitsubishi MF355C-L. 1.4 Meg. Laptops only® £29.95(B) 2a. -12v @ 0.1a. 6-1/4° x 4° x 1-3/4° New £22.95(8B) special "Text® switch for word processing,
3.5" Mitsubishi MF355C-D. 1.4 Meg. Non laptop  £29.95(B) Greendale 19ABOE 60 watts switch mode.+5v @ 6ati2v @ : spreadsheets and the like. Compatible with
5.25" EXTRA SPECIAL BRAND NEW Mitsubishi MF501B 1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C) N ¥ |BM PC's, Amiga, Atar (excluding the
360K. Absolutely standard fits most computers £22.95(B) Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v monochrome high resolution mode), BBC,

* Data cable included in price. @ 15a,-5v @ 1a,412v @ 6a.27x 12.5x6.5cms.New. £49.95(C) Archimedes etc. Good used condition (possible minor screen

g:uga:tt 822/301 S|S r‘edfu(;bis;\erg &hteslgd g g;ggg}g Boshert 13090, Switch mode. Ideal for drives & system. +5v@ ?a. bums) 90 day guarantee. 15" x 14° x 12°. only ....cooevvon. £139(E)

hugart 851 double sided refurbished & testo : +12v @ 2.5, -12v @ 0.5a, -5v @ 0.5a. £29.95(B) ¥d i

Mitsubishi M2894-63 double sided switchable Facnell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C) P i?,',’,‘,g;?;g":{,’;‘gg{, ",’5;2{31'?.,}?@';‘;“%4:’5,‘3#%?,

TILISLD BAGIE | o) HosG S e i S Y SR i 5 g

" hi efintion colour monitors. Nice
with built in power supply! Ideal as exterior drives! £499.00(F) BBC Model B APM Board tight 0.28° lgdot pnrc‘:r: for superb clarity alnd
End of line purchase scoop! Brand new NEC D2246 8° 85 £100 CASH FOR THE modem styling. Operates from any 15.625 khz
megabyte of hard disk storagel Full CPU control and industry MOST NOVEL sync RGB video sourcs, with RGB analog and
standard SMD interface. Uttra hispeed transfer and access time composite sync such as Atari Commodore
leaves the good old ST506 interface standing. in mint condition DEMONSTRATABLE Amiga, Acom Archimedes & BBC. Measures
and comes complete with manual. OnlY.... £299(E APPLICATION! only 13.5% x 12° x 11°. Also works as quality TV witn our HGB

THE AMAZING TELEBOX! BBC Model B type computer on a board. A major purchase Talobox. Good used condition, 90 day guarantee. Only. £125 ()

: KME as above for PC EGA Standard.......c.c.ceore.. - £145 (E)

?;?nv;sml;s, 1210: T’;‘:’a‘:‘? é:%%?g:elis;g :: ‘; \f/z)rz;o:n(()jf ‘g':gpeh?c(; Brand new Centronic 14° monitor for IBN:;PC and compatibles
ALITY COLOUR TVIl ¢ qiem on large networked systems the architecture ofthe BBC 21 lower than ever pricel Completely CGA equivalent Hi-res
Eoatdinas som Similaritias fo the regular BBC model B that Mitsubishi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz

TV SOUND anyh bha ; les to the reg! o ; at pandwidth. A super monitor in attractive style moulded case.Full
we are sure that witha bt o experimentation an ingenuity many go day guarantee, Only ...........- €129 (E)

& VIDEO useful applications will be found for this board!! It is supplied . b . i
TUNER! complete with a connector panel which brings all the 1/0to D' :f;,:nycgﬁe;jpﬂn ?Slyog?gzuwh :hgg
The TELEBOX consists of an attractive fully cased mains and BNC type connectors - all you have 1o do is provide +5 and gay guarantee. In an attractive two tone
powered unit, containing all electronics ready to plug into a host 12v DC. The APM consists of a single PCB with most Major (iphed grey plastic case measuring 15°L x
of video monitors made by manufacturers such as ic's socketed. The ic's are too numerous fo list but include a 43-w x 12°H. The front cosmetic bezel has
MICROVITEC, ATARI, SANYO, SONY, COMMODORE, 6502, RAM and an SAAS050 teletext chip. Three 27128 pgen removed for contractualpgg
PHILIPS, TATUNG, AMSTRAD and many more. The composite EPROMS contain the custom operating system on which we reasons. Only.......... (E)
video output will also plug directly into most video recorders, haveno data, On application of DC power the system boots and %0', 22" and 26" AV SPECIALS

allowing reception of TV channels not normally receivable on Provides diagnostic nformation on the video output. On board Superbly made UK manufacture. PIL all solid state colour
most television receivers (TELEBOX MB). Push button controls DIP switches and jumpers select the ECONET address and monnors.oomplele with composite video & sound inputs, Attrac-
on the front panel allow reception of 8 fully tuneable 'off air’ UHF enable the four extra EPROM sockets for user software. Appx. tive teak style case. Perfect for Sphoo!s,Shops.Dsoo, Clubs.
colour television or video channets. TELEBOX MB covers vir- dims: main board 13" x 10°. VO board 14° x 3". Supplied tested In EXEELLENT little use.clj condition with MLQO day guarantee.
tually all television frequencies VHF and UHF including the With circut diagram, data and competition entry form. 20"....£135 22"....£1 55 26"....£185 ®

HYPERBAND as used by most cable TV operators. Composite CALL FOR PRICING ON NTSC VERSIONS!
and RGB video outputs are located on the rear panel for direct Olﬂy 9'95 or 2 for £53 (B) Sup erb Qua"t 6 foot 40u
connection to most makes of monitor. For complete compatibility SPECIAL INTEREST

- even for monitors without sound - an integral 4 watt audio - " H
amplifier and low level Hi Fi audio output are provided as Iﬁ;’ngdﬁﬂvs‘éi%'(‘)%thsMUbgg dag:i?:é?ew 19 RCK Cabnets
Massive Reductions

standard.
- A DEC LS/02 CPU board
Yelebox ST  for composite video input monitors £32.95 Rbode & Schwarz SBUF TV test aRarar V||1ua||y ek Ultra Smart! ‘
b4 “
Less Than Half Price! |

Converts your colour monitor into a
. QU

i
(4

Telebox STL as ST but with Integral speaker £36.50 y :
Telebox MB as ST with Muttiband tuner VHF-UHF-Cable. CEI?:;:?'\();)T&ZG ﬁ?mpéﬁmwg:esne ;:)%xodulalor
& hyperband For overseas PAL versions state  Thuriby LA 1678 logic analyser

;
§
3

33
g\n
£t
&b
33
33
33

5.5 or 6mhz sound specification. £69.95 1.5kw 115v 60hz power source Top quality 19° rack cabinets made in UK
Telebox RGB for analogue RGB monitors (15khz) £69.95 Anton Pillar 400 Hz 3 phase frequency converter 75Kw POA by Optima Enclosures Ltd. Units feature
Shipping code on all Teleboxes is (B) Newton Derby 400 Hz 70 Kw converter POA designer, smoked acrylic lockable front

RGB Telebox also suitable for IBM muttisync monitors with RGB  Nikon PL-2 Projection lens meter/scope door, tull heightlockable hatf louvered back
analog and composite sync. Overseas versions VHF & UHF call.  Sekonic SD 150H 18 channe! Hybrid recorder door and removable side panels. Fully ad-
SECAM /NTSC not available. HP 7580A A1 8 pen high speed drum plotter justable internal fixing struts, ready.

: Kenwood DA-3501 CD tester, laser pickup simulator £ 350 punched for any configuration of equipment mounting plus ready
No Break Uninterruptable PSU’s P (D iy 2P g D

mounted integral 12 way 13 amp socket switched mains distribu-
Brand new and boxed 230 volts uninterruptable power supplies BRAN D NEW PRlNTERS < g H

tion strip make these racks some of the most versatile we have
from Densel. Model MUK 0565-AUAF is 0.5 kva and MUD Microfine 183. NLQ 17x17 dot matrix. Full width. £139 (D) ever sold. Racks may be stacked side by side and therefore
1085-AHBH is 1 kva. Both have sealed lead acid batteries. MUK Hyundal HDP-920. NLQ 24x18 dot matrix full width. £149 (D) require only two side panels or stand singly. Overall dimensions;
are intemal, MUD has them in a matching case. Times from Qume LetterPro 20 daisy. Qume QS-3interface. £39.95 (D) are 77-1/2°H x 32-1/2°D x 22°'W. Order as:
interrupt are 5 and 15 minutes respectively. Complete with full Centronics 152-2 9 x 7 dot matrix. Full width. £149 (D) Rack 1 Complete with removable side panels....... £275.00 (G)

operation manuals.. MUK......£249 (F) MUD.....£525 (G) Centronics 159-4 9 x 7 dot matrix.Serial. 9-1/2° widthg 99 (D) Rack2 Less Side Panels .........wwuccusenuisenee ...£145.00 (G)

1992 Winter Issae of Disp[ay News now available - send large SAE - PACKED with bargainsi

@ o5 MAIL ORDER & OFFICES LONDON SHOP DISTEL © The Original ALL ENQUIRIES
: ™% ! ! Open Mon-Fri 9.00-5.30 Open Mon-Sat 9-5.30 Free dial-up database!
H DI Sl Dept ET,32 Biggin Way Thursday till 9.00pm  §1000's of items+info on line 081 .679.441 4
ok, S Upper Norwood, 2‘553)"‘3;‘1933:;3 “)-g“e' V21, V22 & V22 bis
London SE19 3XF. London, SE25.. 081-679-1888 Fax- 081-679-1927

Al prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum ordes £10, PO orders from Government,Universities, Schools & Local Authorities
welcome-minimum account order £30. Carriage charges (A)=£2.00. (A1)=£3.75. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£1 4.00 (F)=£18.00 (G)=Call . Scotiand surcharge: call
All goods supplied subject to our standard Conditlons of Sale and uniess otherwise stated guaranteed for 90 days. All guarantees on a retum to base basis.Rights reserved &

change prices & specifications without prior notice. Orders subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always wanted for cash

AN



Metronome

Will Chester keeps
tempo with his
electronic timekeeper

eeping time in music has long been a requirement

of students keen to learn their chosen instrument.

There are, of course, several ways of achieving

the same end. You can tap your foot on the floor;
count evenly in your head (or aloud!): enlist the eager help of
a friend to beat a drum or biscuit tin lid; or you can use a
metronome.

The traditional, age old, pre-electronic metronome is
quite elegant in appearance and exudes a certain character
reflecting the craftsman-like care with which it was built.
The familiar pyramid case is made from pearwood or
mahogany. A pendulum swings from side to side,
producing a consistent rhythmic tick at each change of
direction. The tick automatically denotes each beat
within each bar of music, thereby freeing the musician
to concentrate on his playing technique.

The electronic cousin presented here offers the degree of
beat accuracy available from simple electronics. The pendu-
lum is replaced by 4 light display that uses nine light emitting
diodes. A loudspeaker gives audible indication of the beats.
An additional feature is provided by counter circuitry which
enables one beat within each bar to be accented. On the
environmental front, the mahogany case is replaced with one
of grey ABS. A good or bad thing dependent on your point of
view!

; Circuit building blocks used in this design may indeed
prove useful for many other applications.

as a consistent
tick. The swing mayevenallow
the next beat to be anticipated, which must
surely aid. not hinder the musicians’ performance. Provi-
sion of the means to suppress audible ticks might also prove
useful in some instances, the LED display then maintains
indication for silent running.

The final design uses nine LEDs. This means that the fifth
LED is exactly in the middle (top dead centre) and thus

- AVEC

a) CLOCK 'n’

By

I
(
| IC4JENABLED | OUTPUT Y
R
|
b) OUTRUT i
[
I
' 1
. ]
: RESET
I
¢) RESET,PIN1S i
(EXPANDED)
1
, I
) RESET MONO
TRIGERRED

Fig. 1 Timing diagrams for reset

denotes half-beat time. Full beat indica- o
tions are shown by the first and ninth y G
LEDs. ‘

Why not have green lights for these
' latter two positions to highlight their )
importance?

The common red LED is used for
LEDs 2 to 4 and 6 to 8 inclusive. A red
or green LED may suffice for LEDS.
Essential for any metronome is the abil- X
ity to vary the beat rate, or tempo. This
is provided by adjustment of a single
potentiometer labelled Tempo.

The Circuit

The circuit diagram is shown in Fig-
ure 2. The beating heart of this metro-
nome is based upon IC1, 2 4510 CMOS N
programmable up/down BCD counter.

Design Considerations

The initial design requirement concerned the problem of
how to emulate the swinging pendulum idea. Retaining this
may seem pointless to some of you, but closer consideration
will yield an important benefit. The visual ‘swing’ actually
helps to convey the sensation of passing time just as readily

The logic level on ICI, pin 10 deter-
mines the count direction. Logic 1 (+Vce volts) makes IC1
count from binary 0000 to 1001 on successive clock pulses at
pin 15. Logic 0 at pin 10 ensures a count down from 1001 to
0000. :

In the metronome we need to count upward (to the right)
then change direction and start a count down, back to the left

ETI SEPTEMBER 1993
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Fig. 2 Circuit diagram

HOW IT WORKS

Astable IC3¢ continuously clocks binary up/down counter IC1. IC2 decodes the
BCD output from IC1 and tums on LED1 at power- up. Successive clock pulses
cause the nine LEDs to be [it separately in tum.

Initial logic 1 output of bistable IC3a, IC3b allows IC1 to count up, (LED1 to
LED9). When led 9 is ON, Q9 collector goes low (V) and resets the bistable. Pin
10 of IC1 is taken to fogic 0, allowing a count-down (LEDS to LED1) to begin on the
next clock pulse. Transistor Q9 also triggers clock-mono [C3d, IC4a by logic 0
through diode D1. Transistor Q10 tums On for time defined by C5eR15. The rising
edge appears at [C5 clock input, pin 14 and steps the counter from output 0to"'.
While Q10 collector is high, it enables tick-astable IC4b causing the audio tone to
be heard from LS1.

IC1 begins counting down at the next positive pulse from IC3c. When minimum
count (LED1 On) is reached a fast logic 0 pulse from IC1 pin 7 sets the direction

bistable output back to logic 1. At the same time the clock-mono is re-triggered at
IC3d, pin 12 giving another audio beat and clocking IC5 again so that output ‘2" now
goes high.

When LEDS is Iit, at the next count-up, another beat is heard and IC5 output ‘3
goes high. This potential (assuming SW2 is set to ‘) modulates tick-astable IC4b
causing the audio beat- tone to change frequency. When Q10 collector retums to
0V reset-mono IC4c, IC4d is fired and 1C5 is reset. At the next beat pulse (from clock-
mono}, IC5 starts it's count from ‘0 again.

Diodes D2 and D5 are for protection purposes, so that the respective NAND gate
inputs do not go below -0.6V when the capacitors discharge.

Transistor Q11 is biased into cut-off and negative going pulses from IC4b are
coupled through C8 to operate Q11 for the period of the tone burst.

Components R1, ZD1 provide supply regulation for the counter and timer
circuitry. The tone burst, or tick is muted by opening switch SW1b.




end of the display. The direction change is needed at mini-
mum count (LEDI lit) and at maximum count (LED 9 lit).
Fortunately pin 7, IC] provides a briefbut useful single pulse
output whenever the count is at 0000. This pulse is taken to
a bistable formed by IC3a, IC3b.

The other bistable input is taken from LED9. The bistable
is triggered whenever one of its inputs sees a momentary
logic 0. This conveniently toggles the bistable between it’s
two output states, at the extremities of the count. It therefore
serves well to program the up, down, up, down action of IC].

Integrated circuit IC2 is a 4028 CMOS BCD-to-decimal
decoder. Only one of it’s ten outputs (Q0 to Q9) will go high
for each distinct binary-coded-decimal code presented at
input lines A, B, C and D. Note that when output Q8 is high,
the next clock pulse at ICI, pin 15 will cause Q7 to go high.
This means unused output Q9 never sees the light of day
since the direction bistable has already been toggled to
initiate count down,

Tempo control RV is in the feedback loop of a Schmitt
trigger-action NAND gateastable multivibrator which,

Since we want counter ICS to reset after the selected
count, call this ‘n’, a further monostable built around IC4s,
IC4dis Decessary. Reference to Figure 1 timing diagram will
make this point clearer. Figure 1(a) shows the clock-mono,
output; the rising edge corresponds to the selected ‘n’ count
clock pulse. Figure 1(b) is the ‘n’ output of IC5 going high,
nanoseconds after the ‘n’th clock transition. This selected
output enables NAND gate IC4d whose monostable action is
fired only when clock pulse “n’ falls back to OV, Transistor
Q12 inverts the pulse and a resultant +Vce reset appears at
ICS, pin 15, shown at Figure 1(c).

This always occurs at the start of a negative clock period
to be sure that counting is resumed on the very next rising
clock edge.

Note that time constant R21-C9 sets the reset-mono
pulse width - which must be much smaller than any negative
clock period (10 to 20ps is used). Ifthe selected “n’ line were
directly coupled to ICS pin 15, the accented beat would not
be heard.

in it’s simplest form, needs only two discrete compo-
nents for correct operation. The output of this astable
provides regular clock pulses to ICI, pin 15 clock
input. The tick itself is produced by another Schmitt
NAND astable, IC4b. This is gatedOn momentarily by
monostable IC3d, IC4a whenever LED] orLED9is on.
Transistor Q10 also feeds positive monostable pulses
to the clock input (pin 14) of ICS, 2 4017 CMOS decade
counter. At power-on counter ICS is reset by a short
capacitive pulse through C10.

IC5 counts successive rising edges from the
monostable output at transistor Q10’s collector.

Switch SW2 is used to select the required beat that
is to be subtly accented. At the third beat, ICS output
3 goes high; at the fourth bear output 4 goes high - and
so on. In this way all outputs of ICS could go to a
selector switch, but this would then become impracti-
cally large. Five selectable outputs are chosen to give
a useful range.

Resistor R20 applies the selected counter output
voltage to the ‘tick’ astable IC4b. When the selected
output is low, i.e. at 0V, R20 has no effect. Reverse
biased diode D4 ensures this and the tick tone from
loudspeaker LS1 will be at the fundamental frequency
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Fig. 3 Front panel tempiate showing LED arrangement
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defined by R19 and C7. When the selected output
assumes logic 1 (+Vcc), this potential is impressed upon the
astable time constant. The result is perceived as a slight fall
in the tone of the tick. The tick duration corresponds to the
active high level from QlOcollector. A following logic 0 seen
at IC4b pin 5 disables the tick astable and LSI1 is silenced.

Changing the value of resistor R19 will alter the tick
astable frequency. For best results the relationship between
R19 and R20 should be such that R20 is equal to, or greater
than (2-cR19). Values of R20 lower than this may cause
nadequate operation of the astable,

The clock-mono, IC3d, IC4a standardises the tick period.
As the tempo is increased the pulse width at Q9 collector
narrows. Conversely, as tempo is made slower, the pulse
width available at Q9 collector becomes wider. Without the
clock-mono, this would give short or long tick durations
#ccording to temp rate, The clock-mono also lengthens the
‘ery narrow pulse from IC1 pin 7, so that a beat can be heard
# minimum count,

Output transistor Q11 is normally cut-off and is only
biased on for falling edge pulses from IC4b. When tick-tone
isdisabled, emitter of Q11 willbe approximately 9V whereas
IC4b, pin 4 will be at 6.2V. Capacitor C6 is thus needed to
isolate the DC offset to prevent a large DC current flowing
through the loudspeaker. Diode D3 limits the base-emitter
reverse biason Q11t00.6V, during the discharge cycle of C6.
Zener diode ZD] provides simple voltage regulation to
ensure consistent beat accuracy throughout the life of the
battery.

Construction

Using the design given, construction of the PCB is
straight forward. It may be wise to use sockets for the ICs,
especially if you are unfamiliar with handling static sensitive
CMOS chips. Begin assembly by soldering links LK1, LK2
and LK3 using single core wire. Solder in place all resistors
and diodes ensuring correct polarisation. Use the component
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Fig. 4 Component overiay

overlay Figure 4 as a guide. Next, fit and solder capacitors
C9,C10,C8,C2 and C3. Now fit polyester layer caps, E53(Ci
and C4, taking care not to damage the leads. Electrolytics C1
and C6 should be checked for correct polarity before solder-
ing. Fix transistors Q1 to Q9. Flatten the leads on the solder
side first before soldering and cropping off excess. Do the
same for Q10, Q11 and Q12; the flat on each body points
away from IC1. The ICs can be fitted now or after fixing the
connecting wires. The prototype does not use terminal pins
but they can be used if preferred. A length of 10-way ribbon
cable (about 7 inches) provided a neat solution for the PCB
to LED display wiring. A 6-way length to switch SW2 was
also used. The wires from P6 and P9 are best kept as short as
possible and twisted together. The four wires to SW1 are best
soldered before mounting the switch in the case. Wire the
battery clip to P1 (black) and S1a (red) then solder two wires
to P4, PS.

Case

The prototype case has internal dimensions 144 co 84 ¢ 50
deep (mm). The PCB needs only to be fixed at two diagonally
opposite corners. Plastic spacers 6mm long and M2.5 or M3
countersunk head screws give good fixing. Two further
spacers can be glued on the underside of the remaining
corners to provide support. Fix the PCB towards one end of
the case, allowing the battery to sit at the other (lower) end
in normal use. Drill a 6.5mm hole in the centre of the case top
(see photo) to take SW1 which may then be fitted. Make
holes in the case lid for the LEDs and controls. The template,
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shown actual size in Figure 3, defines the LED centres used
onthe prototype. It also indicates the centre for LS1. A matrix
of drilled holes in the lid allows sound to propagate from the
loudspeaker. Drill two holes, each 9mm diameter for RV1
and switch SW2 then bolt these directly to the lid. The
loudspeaker can be fixed by various means: glue, twin-stick
tape and metal brackets are three examples. The nine Smm
LEDs are clipped into holders. On the lid underside, the LED
anode leads are bent over at right-angles then soldered
together. This is the common- anode connection to P3. The
nine remaining ribbon wires go to their respective LED
cathode leads. Crop these to a length of 5 to 10mm. Solder the
P4, PS wires to RV1. Finally solder P15 wire to a pole of SW2
and P10 to P14 wires to consecutive switch tags.

Testing and Setting Up

Before connecting the battery, do a quick check to ensure
there are no short circuits between +Vcc (P2) and OV (P1)
supply rails. Use a muitimeter set on a low ohms range. Some
muitimeters will feed 2V or so to the +ve probe on a
particular low ohms range. This may be sufficient to check
that each LED, 1 to 9 inclusive is correctly polarised. Placing
+ve probe on LED anode and -ve probe on cathode will light
the LED under test.

Set the tempo control to approximately middle position
and turn switch SW2 to select *3°. Now connect the battery
and switch SW1 so that sound is muted. The display should
immediately spring into action. LED1 will be lit first,
followed by LED2, then 3, 4 and so on. Uponreaching LED9,
the direction will reverse and head back toward LED1. No
two LED’s should be lit simultaneously. Now adjust the
tempo and check that the rate of ‘swing’ can be slowed and
then quickened.

While the light dances from side to side, flick switch SW 1
to ‘sound on’. An audible beep should now occur coincident
with LED 1 Onand LED9 On. If this is not the case, recheck
your values of R19 and R20 and correct polarisation of D4.
If no beep is coincident with LED9 On, check for correct
polarisation of diode D1.

Within a short time of throwing mute off, it will be clear
that one beat is of differing tone to the other two. This is the
accented beat. Try selecting beats ‘2°, ‘4’ then ‘6’ and count
to see that the correct beat is accented. If no accented beat is
present for any setting, check that Q12 collector-emitter
Junction is not short circuit and that diode D4 is correctly
sited. An accent on every tenth beat only suggests that the
reset-mono is not functioning. Check that DS anode goes to
0V before suspecting I1C4.

Absolutely no beat is symptomatic of the lock-mono not
working. In this instance, check D2 polarisation and CS, R15
values before changing IC3 or IC4.

In Use

Before putting the metronome to good use, it is advisable
to calibrate the tempo adjustment, RV1.

Only a few rates need marking on the front panel around
the tempo control knob. The markings serve to give a
reasonably good initial setting. Real accuracy can only be
obtained by counting beats (ticks) in a fixed time period, one
minute being the norm (giving beats per minute).

To find the 60 beats per minute mark, rotate RV1 until
exactly 30 beats are heard in any 30 second time period. Then
smply fix a 60 number or other marking adjacent to the

pointer position.

Faster tempo rates, for example 100 beats per minute and
higher might be more easily found by counting beats ina 15
second period. In this case, exactly 25 will be heard at the 100

beats per minute setting.

Four or five calibration points, found and marked in the
fashion just described may be perfectly adequate.
During normal use, intermediate tempo settings can be

estimated.

Some notes may be useful regarding a particular hard-
ware adjustment. The clock-mono output pulse width is

L)Af0dd

determined by C5 and R15. This positive pulse enables audio
tick output. Resistor R15 value may be increased to extend
the tone duration. However, bear in mind a limitation. At the
fastest tempo, the tone duration should be less than the time
for the display to travel from LEDI to LEDS. Otherwise the

correct beat registration is lost.

{one pole not needed)
LED2,3,4,56,78 Red 5mm
LED1,9 Green 5mm

Printed Circuit Board
9v. battery (e.g. PP3)
Battery clip

Case

Connecting wire

Vero-pins (optional)
3 16-pin IC sockets (optional)
2 14-pin IC sockets (optional)

PARTS LIST

RESISTORS - 0.6W (or 1/4W)

Metal film +/- 5% or better.

R1 330R BUYLINES ! '

R 1k A complete kit, including all rplscellane-

R3,45,6,7.89,10.11.20 3% ous items {except battery, Veropins and IC

R12,17.23 : 47k spckets) and PCB, case, control knob§,

R1321 22k nbbpn cable, transfers and templates is

R14.19 10k available for £21.25 +£1.5_0 postage and

R15.16.22 100k packing (£22.75 fotal, VAT inclusive) within

RIS 39 the UK. Altematively, the PCB is available

RV M Linear for £4.40 +40p postage and packing (VAT
inclusive)

CAPACITORS Please send payment, cheque or postal

Ci 47W16V Electrolytc order to Electrotek Developments, 13

C23,8,10 150 polyester or ceramic Camarvon Grove, Cariton, Notts. NG4 1RP

C4 1ppoly. layer 5% 100V

C5 100n polyester 10%

Cé 10p/16V Electrolytic

c7 150n poly. layer 5% 250V

C9 1n ceramic or mylar film

SEMICONDUCTORS

201 BZY88C6V2 6V2 Zener

D1,2,34,5 1N4148

01,2,3,45,6,7,89 BC547

Q 10,11,12 BC557

IC1 4510

IC2 4028

IC3,4 4093

IC5 4017

MISCELLANEOUS

w1 Two-pole changeover switch, (centre-off)

Sw2 Two-pole 6-way rotary switch

LS1 Miniature loudspeaker, 84R impedance

0.5 metres of 10 way Ribbon cable (optional)

ETI SEPTEMBER 1993



Digital Television News

DTV down to 3Mbit/s -
Digital Compression
Squeezes Even Harder

TC Research Open Day lifts the veil on the latest
progress in Digital TV, and gives a glance at some of
the others ‘goodies’ now in the research labs.
Readers learned earlier this year (ETI April '93)
that the ITC had demonstrated live over-air transmissions of
widescreen enhanced digital television programmes at a
data rate of about 10Mbit/s from its transmitter sites in
Devon, representing amore than twenty-fold reduction in the
data rate coming from the digital studio. At a series of ‘open
days’, designed to show how ITC engineering research
works, and the achievements it has made during its first
couple of years of operation, this work was taken even further
and transmissions were made from Crystal Palace, the main
London Transmitter. Demonstrations were also given of
digital pictures coded at the incredibly low date rate of just
3.5 Mbit/s, the sort of data rates that could be recorded on
simple domestic ‘VCRs.
Jim Slater reports on the various exciting develop-
ments that were to be seen at the exhibition.

this to place specific research contracts with other organisa-
tions. The open day atthe ITC’s London HQ was the first time
that the results of this policy were shown publicly, and the
numerous demonstrations and stands manned by different
contractors were a good indication that the system, very
different from anything that has gone before, seems to be
working well. The title of the technology exhibition was
‘Working with Industry to Research the Future’.

Digital Transmission

For those of us who are keenly watching the fast moving
developments in the field of digital television transmission,
the demonstrations of the ITC sponsored work being carried
out by National Transcommunications Ltd. were fascinating.
Without affecting the existing four television services on
UHF Channels 23, 26, 30 & 33 from the Crystal Palace
transmitter in any way, the researchers managed to squeeze
into Channel 28 a completely separate widescreen 625-line
digital programme channel. The first demonstrations that
were shown used a data rate of about 10 Mbit/s, and the
picture quality on the large widescreen displays was superb;
the 39" Sony monitor provided up-converted pseudo 1250
line pictures, and the 36 inch Nokia widescreen receiver
showed clearly just how well the current gen-

D1 DIGITAL VIDEO
RECORDER

1TV BBCY CH4 BBC2

216 Mbit's

DIGITAL IMAGE
COMPRESSOR

MODULATOR

Figusre 1 Arrangements for digital transmissions from Crystal Palace

eration of 625-line domestic receivers can
perform. Readers will know from our earlier
articles that the key to being able to squeeze
extra digital programmes into the existing
f UHF spectrum without causing interference
to the existing programmes is to keep the

L digital transmissions at very low power, and

| for these tests a maximum effective radiated
power of fifty watts was used, although the
directivity characteristics of the transmitting
aerial were such that only about 5 watts ERP
was used in the direction of the ITC HQ
receiving site. Compare that with the 1 Mega-
watt ERP of the existing Crystal Palace trans-

Changes in Broadcasting Research

Although the effects of the Broadcasting Act 1990 have
given rise to acres of press coverage, one of the act’s most
significant proposals has been virtually ignored. Prior to its
breakup and ‘privatisation’, the IBA had been one of the
world’s foremost broadcast engineering research establish-
ments, and there were real fears that the private company,
National Transcommunications Ltd would not wish to spend
anything like as much time or money on the ‘blue skies’
research that IBA had traditionally carried out. After much
well-targetted lobbying by those who understood the impor-
tance of engineering research to the future of this country’s
electronics industry, an interesting arrangement was finally
arrived at. The ITC, whereby the Commission may ‘promote
the carrying out by other persons of research and develop-
ment work relating to television broadcasting’. Effectively,
then, the ITC may not actually carry out its own research
work, and so the ITC takes money from the Channel Three
licence holders, currently some £2 million per year, and uses

missions, and you really do begin to appreci-
ate something of the magic that digital television will be able
to provide. The ITC/NTL designed SPECTRE coding and
OFDM modulation system that was used in previous trials
once again demonstrated its inbuilt ruggedness and inherent
error protection; no €rrors at all were seen on the displayed
pictures, even though the signals were being received over a
transmission path that included one of the busiest parts of
central London, and the digital stereo sound transmissions
were completely free of the irritating clicks that can some-
times disturb such signals when there is a lot of traffic about.

Three into one will go!

There has been much talk in recent months of digital
transmissions from future Astra satellites using bit rates of
5Mbit/s or less, which would give the satellite operators the
opportunity to provide perhaps 80 different programme
channels on just 16 radio frequency transmission channels.
but, having seen some of the results on satellite tests from
America, I have had my doubts about whether the quality of
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the resulting pictures would be acceptable to the viewer. It
was therefore especially interesting to see the second ITC
demonstration, in which they showed three different pro-
gramme channels coded simultaneously into the 10Mbit/s
digital data stream. The demonstration actually used pictures
from three PAL videotape recorders, each providing a differ-
ent programme, and to illustrate the possibilities the ITC had
chosen to use the three different regional ‘opt-out’ news
programmes from Meridian, the ITV company that serves the
south of England. Each of the programmes was digitally
compressed down to only 3.5 Mbit/s, and the data from all
three was then coded and multiplexed together into a single
10 Mbit/s data stream, The three decoded pictures were then
shown on separate 26 inch monitors, allowing critical view-
ing of the picture material,

In general, the quality of the 3.5Mbit/s pictures was very
good, with virtually no noise, but as with all digitally
compressed pictures, the quality varied with the picture
material being shown. Still pictures, or those containing little
movement, seemed virtually perfect, whereas fast-moving
areas of the picture could sometimes be seen to made up from
coarse blocks of colour, a side effect of the discrete cosine
transform coding used as part of the bit-rate reduction
system. Some pictures containing a lot of detail also looked
slightly “artificial’, rather like a photograph that has been
through a ‘solarisation’ process, although it was difficult to
describe exactly what was wrong. The major difficulty for we
so-called ‘experts’, however, is that we are used to classify-
ing picture quality under the most critical viewing condi-
tions, effectively using a magnifying glass to look for faults,
and I have no doubt that the vast majority of viewers would
consider the 3.5 Mbit/s pictures to be very acceptable; they
are certainly of very much better quality than those provided
by many VHS machines, and the continuing popularity of
video rental shops shows that the programme content is much
more important than the picture quality as far as the typical
viewer is concerned.

A side issue of this demonstration that nobody at the ITC
wanted to talk about was the possibility of being able to
receive lots of different ITV regional programmes. Low bit
rate digital transmissions could allow viewers a much wider
choice of programmes, meaning that they would no longer
have to be restricted to the programmes from their own
patticular regional ITV contractor. Such a revolution could
ruin the carefully planned marketing strategies of the re-
gional ITV companies, and those of the advertisers upon
which the companies so heavily depend, so the pros and cons
of offering viewers more choice will have to be carefully
considered before transmissions begin. The ITC’s Controller
of Engineering admitted that digital terrestrial transmissions
will not come until some years after satellites start to transmit
the signals, but he stressed the importance of the existing
terrestrial broadcasters keeping up with their satellite com-
petitors, and said that since the future of TV was obviously
going to be digital, viewers would have to be given the
greatest possible choice. Digital TV bitstreams could be used
to carry HDTYV pictures, or to carry extremely rugged, less-
detailed pictures which could be received on portable receiv-
ers virtually anywhere.

No detailed information about the bit-rate reduction
algorithrns being used was available, but it is known that
NTL are currently working with Scientific Atlanta on Jow bit
rate digital transmission equipment for use in the USA, so we

can presume that the quality of the pictures shown was very
similar to what our American friends will be receiving. The
NTL equipment was developed prior to the MPEG-2 low bit-
rate digital video standard being finalised, but now that many
of the world’s broadcasters and video equipment makers
have agreed on MPEG-2, we can expect the NTL engineers
to be carefully considering how to make the best use of the
chips that should start to become available in quantity during
1994. Although it would seem sensible for digital terrestrial
broadcasters to use exactly the same MPEG-2 chips as the
satellite broadcasters, at the moment the European digital
terrestrial television researchers are demanding more; they
would like to use a multi-level hierarchical digital system
that would allow a single bitstream to camry various qualities
of picture, so that the same bitstream could provide stable,
reasonably detailed pictures to a portable receiver and more
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Figure 2. Equipment layout for ITC 3.5 Mbit/s digital demonstrations

detailed, perhaps even HDTV pictures, on more exotic
receivers connected to good quality aerial systems. The idea
may be laudable, but those who were involved in the MAC
fiasco will know the dangers of including too many techno-
logical bells and whistles, just because research engineers
are clever enough to include everybody’s ‘wish list’ in their
specification. In the end, it is the provision of a cost-effective
system that counts, and it certainly looks as though satellite
receiving systems based on MPEG-2 chips will be on the
market in time for the start of digital transmissions from
Astra in ]995; surely it would make sense for the terrestrial
broadcasters to ensure that the same receiving equipment can
be used for their digital signals, too?

PALplus - Improving on what we have
already got!

After the excellent digital transmission demonstrations,
it might have been thought that other demonstrations of ITC
research projects would have come as something of an
anticlimax, but in fact there were several different areas
which proved of great interest. Researchers from UK Inde-
pendent Television and from the BBC have been working as
part of the European PALplus project since 1991, PAL plus
is designed to allow broadcasters to transmit high quality
widescreen 16:9 aspect ratio pictures over their existing
networks to those viewers who will be buying widescreen
receivers, whilst providing existing viewers with a reason-
able degree of compatibility. Such a development could be
€xtremely important commercially, since at the present time
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the standard UHF PAL transmissions are available to virtu-
ally the whole population, and if widescreen capabilities and
picture enhancement can be incorporated into these trans-
missions, then the danger of the existing terrestrial systems
becoming ‘old-fashioned’ or ‘second-rate’ when compared
with satellite systems can be counteracted. The ITC demon-
stration showed a complete, working, PALplus encoder/
decoder chain, and the pictures shown on a standard
widescreen receiver were excellent, even when using a
compromise 14:9 aspect ratio picture, which may be used at
the start of PALplus transmissions in order to make the

il pictures received on standard 4:3 aspect ratio receivers more

o “_ : : acceptable to viewers. The PALplus research group includes

g ‘. * - : Philips, Thomson, Grundig, and Nokia, and the firm inten-
Ra="" tion is to have the system operational during 1995.

Microwave TV Transmissions
One of the potential ways of transmitting dozens of
television channels directly to homes is to use microwaves;
the high frequency band between 40.5-42.5GHz has been
reserved by the Radiocommunications Agency for so-called
MVDS - Microwave Video Distribution Services, and there
is sufficient bandwidth to carry perhaps 30 or more channels.
Some systems of this type are already in use in the USA and
in Ireland, although on lower microwave frequencies, and
MVDS is sometimes called ‘wireless cable’ because it
provides the multichannel capability of cable systems with-
out having to dig up the streets. If such a system is to be used
in the UK a frequency plan will be required, to ensure that
systems in adjacent areas use different frequencies, so as not
to cause mutual interference. Little is known of the way in
which signals at 40GHz behave in dif-
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ferent atmospheric conditions, and so
the ITC has commissioned the Radio
Communications Research Unit of the
Rutherford Appleton Laboratory to carry
out a series of propagation studies. An
inland link is to be installed in Oxford-
shire, and a coastal link near Colches-
ter, and data from these experiments
will enable planning engineers to deter-
mine the optimum distance apart that
transmitters must be if frequency re-use
is to be maximised. Some of the micro-
wave equipment which has been devel-
oped for these tests was on show at the
exhibition, including acomplete 40GHz
transmit-receive chain working at 1kW
ERP.

With some 4000 UHF TV transmit-
ters now on the air in the UK, the
problems of UHF frequency planning
are as complex as ever, and the exhibi-
tion included a PC-based demonstra-
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—é' y i3 Various other enhancements which could be added to
-.:,"1' A \ PAL transmissions were also demonstrated, together with
= L some impressive pictures showing how effective the inclu-
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T - sion of ‘ghost-cancelling’ signals can be. A reference signal
= 7’: \ consisting of short bursts of various different frequencies,
&= 2 A known as a ‘chirp’ signal, is included in the vertical blarking
‘-;' o s -] interval of each picture, and the receiver, by comparing the
R el | received signal and its reflections with what it knows the

3 Wl original ‘chirp’ looked like, can introduce variable video
& s A delays which can cancel out multiple ghosts. Japanese chips
have been available for some time which claim to do the same
thing, but whilst they worked well on simple ‘ghosts’, the
results were never good enough on the far more frequently
occurring complex ghost signals to make it worthwhile for
receiver manufacturers to include them. This new system
works well, and broadcasters throughout Europe are cur-
rently negotiating to see if they can agree on a standard way
of incorporating the signals into the TV waveform. Although
ghosting may seem a trivial problem to most of us, there are
in fact hundreds of thousands of people in the UK whose
pictures are degraded by multiple reflections, and the re-
cently built Canary Wharf tower has ruined reception for
more than 100,000 people in the Lea Valley.
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tion of how the coverage area of a UHF
transmitting station can be predicted, and how the path
profile between transmit and receive sites can be calculated
from a computerised terrain data base. It was fascinating for
this PC user to see how the wellknown AUTOROUTE map
programme had been used to provide displays of the limit of

service contours for each of the UK main transmitting °

stations, and to enable the planners to calculate the numbers
of people living within these contours. The system is also
used to show the areas covered by each of the UK cable
franchises, which are awarded by the ITC.

Television for the blind!

Incredible as it may at first seem, millions of visually
impaired people watch television regularly, and the ITC
showed off some of the results of research work which it has
sponsored as part of the AUDETEL (Audio Description of
Television) consortium, where methods have been found of
providing blind viewers with more information about what is
happening on screen. Demonstrations were given, via infra-
red coupled headphones, of an audio commentary which is
transmitted during the natural gaps that occur in a television
programme between episodes of dialogue. Test transmis-
sions have already be carried out, and a pilot service will be
introduced within the next year. This project has been
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©® Terrestrial widescreen via existing networks
@ Suitable for all PAL countries

@ 16:9 widescreen - compatible

@ Not new - PAL with add-ons

@ Helper signals give format control

@ Helper signals give improved pictures

Once widescreen receivers move out of the showrooms into significant
numbers of homes, conventional terrestrial broadcasters are faced with
a problem - their pictures are only 4:3 aspect ratio, and leave black lines
at each side of the widescreen picture display. This would rapidly make
terrestrial broadcasting seem old-fashioned or second rate, which
cannot be allowed to happen when your services are paid for, whether
directly by the viewer, or indirectly via advertising. Realising that the
PAL television system that is used throughout most of Europe still has

PALplus - Widescreen higher quality
with existing transmissions

the 150 and 300mV levels of the standard video signal has been tested,
and seems likely to prove suitable for carrying the ‘helper signalis
without causing distress to the viewer with a conventional receiver.A
top-end wide screen PALplus receiver can make use of these invisible
helper signals to instruct its display circuitry to reconstruct the original
576 line wide-screen display, this time in a progressively scanned, i.e.
non-interfaced format. Tests in laboratories and at exhibitions have
shown that the system works well, and a programme of longer term field
tests has already started, and will continue during the months ahead, to
find out whether there are any hidden snags or needs for modifications.
All this can be achieved without changes to the transmitters and
transmission network, apart from the insertion of PALplus coders at the
studio outputs, but the big question remains: Will viewers with conven-
tional receivers accept black bands on many of their pictures without
complaining? Although French and German viewers have become used
to letterbox transmissions of films, their

432 LINES

n unssl

HELPER | _

7 SIGNAL

72 LINES PALplus SOURCE

_—

576 LINES

16:9 PALplus DISPLAY

432 LINES

L3 4:3 CONVENTIONAL DISPLAY 'LETTERBOX'

reactions to having many other programmes
in this format are not clear, and in the UK
there is considerable evidence that view-
ers would not be happy. In order to over-
come this problem the PALplus team are
looking at possible intermediate letterbox
formats, not quite so wide as 16:9, and
therefore without such big black bands at
the top and bottom of the picture. Such a
format, perhaps 14:9, could be used in the
transition phase, until sufficient viewers
have bought wide-screen receivers, when
the final move to 16:9 could be made
without upsetting too many people.

The PALplus timescale is tight; the
system parameters have been agreed, trade
demonstrations were given in Amsterdam
in July, and after substantial field trials,
some of which have already started, as
insomniacs amongst you may know, the

enormous potential, a group of majormanufacturers and broadcasters
has decided to develop a system called PALplus, which gives existing
transmission networks the capability to transmit widescreen higher
quality pictures, without affecting existing receivers.

The technique which PALplus uses to provide widescreen pictures
assumes that viewers with existing receivers will be happy with a
‘letterbox’ style of presentation, which gives a black band at the top and
bottom of the picture. In the standard PAL system only 576 of the 625
transmitted lines actually carry picture information. The PALplus
system actually downconverts these 576 active lines to form a new
picture with only 432 lines. This results, for the conventional viewer, in

aimis to have PAL plus receivers.on sale in
the shops by 1995.

Within three to four years existing transmitters throughout Europe
could be providing these enhanced pictures, which should encourage
the sale of widescreen receivers and provide yet another marketing
opportunity for the retail trade.

You will see from the
listof PALplus partnersthat
this project is being taken
very seriously indeed.

Some of the tech-
niques being proposed for

PALplus project partners
British Broadcasting Comoration
UK Independent Television
Independent Television Commission

a picture of about three-quarters the original height , with an aspectratio  use in PALplus could ARD(Germany)
of 16:9. The information on the 144 lines which were effectively  equally well be applied to ORF(Austria)
discarded is not actually thrown away, but during the downconversion ~ SECAM signals, and SRG (Switzerland)
process it is used to generate so-called ‘helper signals. The helper  Thompson are looking at a Philips
information is then inserted into the blank bands at the top and bottom  system called ‘Colour-plus’ Thomson
of the cropped picture, in a ‘blacker than black’ part of the video signal, ~ which could encompass Grundig
80 that it is invisible to the viewer with a conventional receiver. The area  both PAL and SECAM sys- Nokia
between the black level and half the sync pulse level, typically between  tems. L

partially funded by the European Commission. The telephony.

AUDETEL speech has to be extensively coded and com-
pressed in order to be able to squeeze it into the small amount
of channel space available, and the ITC subcontracted SPEKA
Ltd, a spin-off company from the University of Surrey, to
develop the speech coding algorithms. On the SPEKA stand
it was interesting to listen to the high quality of speech that
can now be obtained at data rates as low as 2.4kbit/s, which
compares well with the standard 64kbit/s used for digital

One of the companies being used as a contractor by the
ITC to design and develop AUDETEL receivers, Portset
Systems Ltd, had its own exhibition stand on which it was
showing a whole range of novel equipment designed to help
blind and disabled people. Clever electronics and smart
thinking have been combined by this company to provide
such things as ‘Talking Teletext’ receivers, a ‘Talking
Statement’ machine for use by Bank of Scotland customers

AL TVLIDIA
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who are blind, and other gadgets such as a ‘LITEFINDER’
which helps blind people to detect when lights are on or off,
whether they are interested in daylight, room li ghts, or LED
indicators on electrical equipment. Of use to a far wider
range of people will be their “Talking Timeswitch® which
gives you the ability to set two different sockets to switch on
and off at various times, literally talking you through the
process of programming the unit. Anyone who has spent ages
fiddling with the tiny bits of plastic that need to be carefully
positioned on standard time switches will appreciate this
unit - it actually tells you what time it is due to switch on and
off, and you certainly don’t need to be disabled to find this
useful!

Picture Quality and colour fidelity

Traditionally, the ITC has been responsible for not only
the quality of the programmes we see, (and who would want
to admit to that!), but also for technical quality. Demonstra-
tions of the ITC work on colorimetry in television were given,
showing a commercially available measuring system con-
trolled by a PC, which can be used for measurements on
camera equipment and on displays and lighting. It is very
important that different makes and types of camera can all
produce matching colours when they are used in programme
making, and it was impressive to see how this equipment
could be used to ensure that different cameras are as closely
colour-matched as possible.

Picture quality assessments have been carried out subjec-
tively for many decades using the five-point grading scale,

which ranges from ‘excellent’ to *bad’, with picture impair-
ments being classified between ‘imperceptible’ and ‘unus-
able’, but the coming of digital picture processing has led to
new problems. The quality of a digitally processed picture
may well vary according to the scene content; for example,
still parts of the picture may be sharp and clear, whereas fast
moving parts may appear distorted. The ITC has realised that
methods will need to be developed which give realistic
assessments of many different types of picture, and on the
MOSAIC (Methods for Optimisation and Subjective Assess-
ment in Image Communications) stand it gave excellent
demonstrations of the various problems that can occur. ITC
research, in conjunction with several other partners, includ-
ing the University of Essex, has put forward a proposal for
European research funding which will allow these important
areas to be studied in detail.

New Technology - Waiting for next year

Anyone who wasn’t familiar with what is happening in
broadcasting research would have been surprised to see the
wide ranging nature of the research projects with which the
ITC is currently involved. It certainly seems that the concerns
of those who were originally worried about the future of this
type of research have been taken care of, and that ‘privatisa-
tion’ has not led to the disaster that some predicted. It just
seemed a pity that attendance at this exhibition was by
invitation only - in future years the ITC might be brave
enough to show its New Technology Exhibitionto a far wider
audience.

READER OFFER

Rifler
Files

10 assorted *English made Rifler Files
double - ended with curved pointed
and shaped ends, enabling filing of
those hard - to reach places

Telephone orders 0442 66551 (24 HRS)

*assorted not always as shown on photograph.

Please supply
| enclose my cheque /P.O.for £................. payable to ASP or please debit my Address.......

Access /Visa

R R e

Please allow 28 days for dellvery U.K. only. Overseas upon request.
Coupon to: ASP Reader Offers, Argus House, Boundary Way, Hemel Hempstead, Herts.

HP2 7ST.

Please note the above Information may be used for marketing purposes.
O o Vo VIR

\

Post Code: ...........coovveienn
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EASY-PC, SCHEMATIC and PCB CAD

Over 17,000 Installations
in 70 Countries World-wide!

- PC/XT/AT/
286/ 386/ 486 with
Hercules, CGA, EGA
or VGA display and
many DOS emulations.

o Design:- Single sided,
Double sided and
Muilti-layer (8) boards.

¢ Provides full Surface
Mount support.

¢ Standard output
includes Dot Matrix /
Laser / Ink-jet Printer,
Pen Plotter, Photo-
plotter and N.C. Drill. .

e Tech Support - free.

» Superbly easy to use.

¢ Runs on:

BRITISH

DESIGN

AWARD
1989

Electronic Designs Right First Time?

=3 12
H
o Y L)

6
« vee

e
& 1800
LTS
? fee - %108 v
ok 3

Te
1een

]

(<1
188n

Options:-500 piece Surface Mount Sy;bol Library £48,
1000 piece Symbol Library £38, Gerber Import facility £98.

Ask for our fully functional Integrated Demo

Integrated Electronics CA
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1 Schematic Capture
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Analogue |
& Digital
Simulation

30
NREREY.

For Less than £400/$775!

Affordable Electronics CAD

EASY-PC: Low cost, entry level PCB and $195.00 £98.00
_ Schematic CAD. e o
| EASY-PC Professional. Schematic $376.00 £196.00
Capture and PCB CAD. Links directly
_ to ANALYSER Il and PULSAR.
PULSAR: Low cost Digital Circuit $196.00 £98.00
Simulator ~ 1500 gate capacity. E
PULSAR Professional: Digital Circuit $375.00 £196.00
Simulator ~ 50,000 gate capacity.
ANALYSER lll: Low cost Linear $195.00 £988.00
Analogue Circuit Simulator
F ~ 130 node capability o3
ANALYSER lil Professional: Linear $375.00 £196.00
Analogue Circuit Simulator
~ 750 node capability -
Z-MATCH Ili: Smith Chart program for RF $375.00 £19856.00
Engineers - direct import from
_ ANALYSER Il e red
r‘We operate a no penalty upgrade policy. You can USS prices Sterking £
upgrade al any ime to the professional version of a inchkide Post prices
program just for the difference in price. and Pecking axdudaTPGP
and VA

| S —

For full information, Write, Phone or Fax:-
Number One Systems Ltd.

Telephone: 0480 461778 (7 lines) Fax: 0480 494042

o TECHNICAL SUPPORT FREE FOR LIFE!

I ¢+ PROGRAMS NOT COPY PROTECTED.

o SPECIAL PRICES FOR EDUCATION.

REF: ETl, HARDING WAY, ST.IVES, HUNTINGDON, CAMBS, ENGLAND, PE17 4WR.

International: +44 -480-461778, Fax:+44-480-494042 ACCESS, AMEX, MASTERCARD, VISA Welcome.
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EASY TO FIND!

SANDOWN EXHIBITION
CENTRE, ESHER SURREY

@ Free car parking @ Easy access
@ Within easy reach of London
@ Well sign posted for motorists

By car; Sandown is just 15 minutes from the
M25 (junction 10) and national motorway
network, 35 minutes from central London and 30
minutes from Heathrow or Gatwick.

By rail; British Rail's Esher station from
Waterloo is in the immediate vicinity. Trains
journey time just 21 minutes — run at least every
halt hour, more frequently at peak times.

Bus services run regularly from central London
and neighbouring towns towns of Guitdford and
Kingston-upon-Thames.

e money when yo

1 n tO Sav L
Use this coupo I c " B
Advance _of tickets (o] 4 —— e
gwos ST e e Mpetition ent, 3
If w P ry
¢s5 £4.50 Naﬁ‘(’;:‘;vkag S your skill, why not rm
e Citizens et o £35 ‘ | Complete "c:iod worker Show COmpetlt?: ter an exhibit in the
senior GUiZ! €1.50 » ¥ S coupon t, .
€2 hibitons exhib 0 receiv ;
rs) calist EX! ' it) and s @ details
Children (516 Y62 . made payable 10 ArGUS 5 ] Shownin adv:::eti'Ak' qus Speciafist Ex:ig::igmry form (one per
e enclosed for & ickets coy ns at the adgr
i | T e LA
NAME. . | ADDREss
ADDRESS: [
_.POST CODE. " R o ISR R | TS T
- b " S " - Eatee o POS
jalist Exhibition Closing g, T CODE..
¢ coupon and return 1o Argus Specla’s % pars HP2 75T FIAL G oL SRty OO Y 0w ot

Hemel Hempstead

way, der. Special f

d.
Argus House, Boi ‘of tickets you May o
Otter cioses of

Come one, come all -
to the National
Woodworker Show!

You'll be amazed at the artistry —
the craftsmanship — the labour of
love represented by the wide range
of exhibits on show at Sandown
this year. There will be
competitions, demonstrations,
displays by colieges, trade stands —
and much, much more.
Sandown Exhibition Centre is
easy to get to — and car y
parking is freel Come X

early — stay latel .

September.

Admission prices
Adults: £5

Senior citizens: £3.50
Children: 516 years £2.
Opening times

10am-6pm daily except Sun. 26th, 10am-5pm

Further information from Argus Specialist Exhibitions,
Argus House, Boundary Way, Hemel Hempstead,

Herts HP2 75T Tel: 0442 66551

r-———___--
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HILTON
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Woodworker
Show 1993

This year meet fellow
Craftsmen & Stay Hilton

“Craftmanship is evident at Hilton National”

NATIONAL WOODWORKER SHOW
23-26 September 1993

® 4 Star hotel with indoor swimming pool and steam bath
e gilton National Cobham only 10 minutes from Sandown
ark
¢ Coach transfers to and from the Show
* A Special Evening with Master Craftsman Stuart King.

A COMPLETE PACKAGE

Once again Argus and Hilton have joined forces to offer
accommodation at the Hilton National at Last Year’s Prices.
£34.50 each guest each night including full English breakfast aad
VAT. Agam a special coach is available to take you to the S:: w
each morning (leave 10am - return 6pm, except Sunday Spm). Add
£5 for coach transfers each day.

A NOTABLE CRAFTSMAN

On Fnday 23rd at 7.30pm, Stuart King will give a lecture snd shide
presentation of his work. This will cover traditional Bn'*~ crans
and some with an international flavour. Stuart is one of the mest
highly respected Country Craftsmen, being an excelien:
woodworker, miniturist, fretsawyer and cabinet maker

COST
The Stuart King Evening is £12 each person. including 2 sspper
buffet in the Brooklands Suite.

TO BOOK

Please call Heidi Ross at Hilton Central Reservations 0803 238877
and quote Woodworker Show. A £10 depasit is reaaired 1o reserve
your room and full prepayment is required for stendance of e
Stuart King Evening

R e e s oo

HILTON DISCOUNT
VOUCHER

|
|
| COBHAM
: Argus Woodworker Show Dining Discount Voucher

This voucher entitles the holder to a 20% discount aF Gommer in Torvgom Restawrant.

B e o et R

“Just give the voucher to the Manager when yom g

|

|
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|

|
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SURVEILLANCE

PROF
MODULE | £iNiSHED

A SMALL SAMPLE OF OUR RANGE | K

ROOM TRANSMITTER RT1 An extremely 2.9 13.75
sensitive miniature transmitter with long battery Ifte.
Dimensions: 20 x 20mm

MAINS TRANSMITTER MT4 Canbe connected | 31.50
inside any equipment that is mains powered
Dimensions 35 x 20mm

TELEPHONE TRANSMITTER TTS Small enough | 17.50
to conceal within a telephone. Will transmit both sides of
a conversation (series connection)

Dimensions: 10 x 20mm

TELEPHONE SOCKET TRANSMITTER TSTS
Replace your telephone socket with this one within
wiwch a transmitter has been concealed.

ROOM AND TELEPHONE TRANSMITTER RTT
Operates as a room transmiter, then switches to
telaphone transmitter mode during telephone calis.
Dimensions: 30 x 25mm

AUTOMATIC TELEPHONE RECORDER
SWITCH TRS2 Record telephone conversations with
this imerface unit and your own tape recorder.
Dwmensions: 36 x 50mm

AUTOMATIC TELEPHONE RECORDER ATR1
Ad-u the tape recorder included 1o record telephone
calis automatically.

TELEPHONE TAP ALERT TTA1 Visual waming
ot any nvasoomaa dsgrr;‘vaq on your telephone line.
X m

RFDETECTOR RFD1 Hahry senstive hand-heid
detsctor between 10 hz and 600Mhz. Sitent
opesgtion. Dimensions: 70 x 50m:

CAMERA DETECTOR CD8 Detects hidden video
camwras (even miniature CCD models).
Dirwnsions: 63 x 38mm

RECORDING BRIEFCASE RBC1 Conpletely
dscrest recordings at a value for money price

S'IOTGUN MICROPHONE AMPLUIFIER SMA
for survedlance. The ampifier will pick up sounds
m abong distance.

SIGNALLING TRANSMITTER SIGT Sends a
eontinual audio pulse. Can be integrated into alarm,
Facking or warning systems. Dimensions: 20 x 50mm

TELEPHONE AMPLIFIER TAS Connected directly
0 the telephomne, this unit will amplity both sides ot a
Sslsghone call. Dimensions: 25 x 52mm

PROFESSIONAL SOUND TO LIGHT UNIT

SK72 Custom buitt for disco or home use. Audio signal
@wed into bass, mid and treble bands, with intern
macraphone and spo(hgh( option.

Osnensions 210 x 45mm

MICRO METAL DETECTOR MMD Detect the

presence of ferrous and various non-ferrous metals.
Useful for all those DIY jobs. Dimensions: 40 x 25mm

Please add £2.00 P & P to all orders and 17.5% VAT on all UK. orders.
For full catalogue please send two 1st class stamps or 2 IRC'S

172 Caledonian Road
Dept ET
CANAL

London N1 0SG
BRIDGE AUDIO
071-837 4423 E
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PCB

Service
ELECTRONICS| September

TODAY INTERNATIONAL

Price Priec I§ | E9309-1 RF Signal Generator F
VAT) | E9309-2 MIDI Analyser CPU Board e K
£1.80 ¢ E9309-3 MIDI Analyser Display Board.........cccocececneieicncncrescscsanens J
" E9309-4 Metronome » .G
E9309-FC 4 Range Capacitance Meter .. . E

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

Use the form or aphotocopy for your order. Please fill out all parts of the form. Make sure you use the board reference numbers. Thisnot only identifies the board
but also tells you when the project was published. The first two numbers are the year, the next two are the month.

Terms are strictly payment with order. We cannot accept official orders but wecan supply aproforma invoice if required.

Such orders will not be processed until paymentis received.

NQ<CHV”O‘OZZF‘R"EOHHUO

E9204-1 AutoCarLights ..., F E9209-1 Intercom forlightaircraft ... H

E9205-1 .BatDetector ........cccccecinninimmnmsieessteenssisisssessasesens E E9209-2 Alamprotector ............... G

E9205-2 PondController ............ccocoiiiinnminiccninsiieiienans F  E9209-3 Temperaturecontroller ..o M

E9206-FC Stereoamplifier...........cccooeeeee ...G E9209-FC 45W Hybrid pOWer amp ........ccccouiiiiinimmiiscns F

E9206-2 Xenon flash trigger Main Board ... J  E9210-1 Universal /O Interface for PC (2 Sided) ..N

E9206-3 Xenon flashtrigger Flash Board ... F E2910-2 Rapid Fuse Checker ... 12

£9206-4 Scanner foraudio gENETatOr ............ocociiviiinniiiiinnnnin D E9210-3 Heartbeat/AudioListener ..., E

E9207-1 Improved Rear BikeLamp ..o D E9210°FC WizardsHat ........c..digomm. 4tveel oo e 208 E

E9207-2 Mini Baby Bug MONItor .......c..cococreiiiiiiinniiiens C  E9211-1 Electronic Die .....ccooiiiinmiiniiiiicisciiniissaias E

E9207-3 Ultrasonic Audio Sender(2boards) ... E9211-FC! CanAlarm ........) .. .ol i fon e sosmliiss. v shsess 1111 4008 F

E9207-4 Camera Add-on unit(4 boards) ......... E9212-1 Digital Circuit Tester ................. .F

E9207-5 AutoMate SV/48V Mixer powersupply ........c..ccoceens E9212-2 Communications Link by RS232... .L

E9207-6 AutoMate Precision 17V powersupply ... . E9212-FC MainsSINVerter ...........cccoumiiimmimniseicicieeniseisasnanss E

E9207-FC Surround Sound Decoder ..........c.cccueune = E9301-2 Fading FEStooNery ........ccoouviiiiiiouciniiissieniiisnsssniense G

E9208-1 DynamicNoise Limiter ................... € E9301-FC InfraRed ReCEIVET ........cccocvimmimiinniinniinicncicinissinins F

E9208-2 Touch Controlled Intercom (2 boards) ...........c..ccccccuuee E9302-1 EPROM Programmer (2 Sided) . .N

| E9208-3 MIDIKeyboard ...t K  E9302-2 SoundtoMIDIBoard.........ccccccccece (813

. E9208-FC Battery Charger ...........cccoiiuimiceiiniioniiinsnsinsnaes F E9302-3 PuddleTec.......cccocoviumimmrancnccanens .E
R i_ ﬁ E9302-4 DiscoAmigaLight Selector .H
g —— o ——— = = = E9302-FC InfraRed Transmitter ...... ..ot E
ETI PCB Service, Reader’s Services, Argus House, W} ggggg‘; :‘g’fd?am”ym‘a’gef E
Boundary Way, Hemel Hempstead HP2 7ST | E93033 DiscoAmiga(motordriverboard) ... H

l E9303-4 Direct Conversion Reciever(2Sided) .. N
Please Supply: E9303-FC LED StODOSCOPE .-...-vvvovececvieeesiiaenens .F-
Quantity | Ref No. Price Code | Price Total Price I Eg;g:; ;"l‘]’ﬁr‘:"::r;;’;:p“ﬁ“ : - g
£ £ l E9304-3 TheKeepsafe Alarm ... 4

| E9304-4 ProvingUnit ....oorcrrcce °E

£ £ l E9304-5  InfraGuide Receiver Module ile

E9304-6 Infra Guide Transmitter ............ ...F

£ £ l E9304-FC (AutoMate) Peak Program Meter ..............ooiiinniae I3

l E9305-1 PentacodeMainBoard ...........c.commiminiciiiciniiiininans F

Post & Packing | £ 0.75 E9305-2 Pentacode Relay Board .. A E

l E9305-4 VibrationDetector .... 2 1)

Total Enclosed £ I E9305-FC TheFuzztone ............. B

Please send my PCBs to: I E9306-1 Graphic EQUaliSer ... F
E9306-2  SUPErSPOOKET ...oovuimiriinioiiinieictiiiiiiisiiis st sses D

..................................................................................................... l E9306-3 Middle & Side Stereo Coding ... .H
................................................................................................. 1 E9306-FC TheChaperon .............ooovvvvnivssvsssscssnnes b

E9307-1 Car Battery Tester (Double Sided - Surface Mount) .....E

.................................................................... I E9307-2 MindTrainer ... e BRE
E9307-FC Microwave Monitor ............. F

............................................................ POSLCOAE ....ouercucsresessrssssesssnes | BB Sitaton Mssitor 4 Bkl e
I  E93082 Alternative 12V Supply ....... M

CHEQUES SHOULD BE MADE PAYABLE TO ASP. | gggggj gmsléghann]egur:m ------------- l‘:-

our Channel Lumitec ................
- e g S — - - e . J E9308-FC Twi-HEhtZone ........cccooiiiiiiiiiiimniiiiiiinsinies F
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FOILS

hore
[k

for Remote
Control

Microwave Monitor July '93
In the Parts List, IC1 should be CA3130 not
CA3103.

PCB Foils

The June Foil page showed the incorrect
sides for the lower (solder side) of the Graphic
Equalizer board and the Middle and Side
Stereo coding board. The August issue also
showed an incorrect side to the Alternative
12V PSU. Anyone using these as a template
for making their own PCBs must use the
‘mirror reflection’ of these images.

RF Signal Generator

Metronome

62
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 James Gale
0442 66551

Send your requirements to:
ETI Classified Department, ASP, Ari| us House,
Boundary Way, Hemet Hempstead, HP2 7ST
Lineage: 60p per word (+ VAT) {(minimum 15 words)
Semi display: {(minimum 2.5cms)
£8.00 + VAT per single column centimetre ] Per
Electromart £24.00 (- VAT) insertion
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).

VARIABLE VOLTAGE

TRANSFORMERS

0V AC 50/60
OUTPUTO 260V

Price P&P
£29.00 £4.65
(f39 54 inc VAT)
£6.2
(£5‘I 29 m(éVAT)

0 5KVA 2 5 amp max
1KVA 5 amp max

2KVA 10 amp max £54.00
(£72 62 m(éVAT)

3KVA 15 amp max £n. 7.80
z&f93 .18 inc VAT)

5KVA 25 amp max

(Plus Carnage)
Buy direct kom the importers Keenest prices in the country
COMPREHENSIVE RANGE OF
TRANSFORMERS-LY-ISOLATION & AUTO

{110-240V Auto transter ether cased with Amerscan socket and | &

mMamns iead o open frame type Availabie lor immeduate deirvery

WIDE RANGE OF XENON FLASHTUBES
Write 'Phone your enquiries
ULTRA VIOLET BLACK LIGHT
FLOURESCENT TUBES
Af140 wat1 £92.00 (callers only) {£14 10nc VAT)
2 20 wan £7.44+ €1 25 p&p (€10 21 inc VAT)
12in 8 war £4.80 + 75p p&p (£6 52 1nc VAT)
9in 6 wan £3 96 + 50p p&p (€5 24 inc VAT)
6un 4 wan £3.96 + 50p pp (€5 24 1nc VAT
230V AC BALLAST KIT
For either 6n 9inor 12intubes  £605 (140 B8 4

obp {£8 75 incty
400 WATT UV LAMP
Only £34.00 + £250p&p  £42 83 inc VAT

160 WATT SELF BALLASTED BLACK
UGHT MERCURY BULB
Available with BC or ES fitting. price inc VAT

& p&p and VAT £26.55

12v D.C. BILGE PUMPS

500 GPH 15tt head 3 amp £19 98

1750 G PH 1511 head 3 amp £34 55

Also now available 24VDC 1750 GPN 15t head

5 amp £35 55 All designed 10 be us:

submerged PRICES INCLUDE P&P & VAT
EPROM ERASURE XIT

Build you own EPROM ERASURE for 8 haction of the

prce of @ made-up unit kn of pans less case includes

12in 8 want 2537 Angst Tube Baltast unit pair of bi-pin

feads. neon indicator. on/off switch, satety micioswitch and

crcunt €14 00 + £2 00 p&p (€18 BO inc VAT)

SUPER HY-LIGHT STROBE KIT
Designed for Disco, Theatrical use etc.
Approx 16 joules Adjustable speed £560 00+ £3 00 p&p
(€62 28 inc VAT)
Case and retlector £24.00+ €300 p&p  (£31 73inc VAT)
SAE tor further detads including Hy-light and 1n
dustral Strobe Kits

"BOFFINS SPECIAL" -
UNIQUE OFFER

Surplus Precision Medical Umit, imernally «n excel-
lent condition Designed primanly 1o eject a precise
contollable amount of fluid from 8 medwcal synnge
{latter not supplied) Contains the following remov -
able components Dual Micro Processoc Boards and
EPROMS Escap Precision 12V OC Motor with
300t Gear Box and optical encoder coupled 10 8
precision theeaded drive mechanism Mains supply
with 8 x 15V Ni-Cad AA cefs back-up LCO
Digital read-out t7mm high with legends Audible
warning
These are soid for the dismantling of the exceptional
quahty components Regret no Cicuits svasiable
Ridicutousty low pnceegs.m + £4.00 php
{£23.50 inc| VAT)
12V 0.C. GEAREO MOTOR
12V DC Reversible precrsion-built Motor Output
speeds no load approx 12V.26 rpm, 9V-20 pm. 6V-12
pm. Wil work at lower voltages and stil retaswn a
reasonabie torque  Ideal lor roboncs eic Sae L
Omm W 29 mm H 39mm Shah 3mm dus x 10mm
fong Pnce £€8.00 +50p p&p (£1000 inc. VAT)
TORIN CENTRIFUGAL BLOWER
230V AC. 2.800 RPM 09 amp 130mm dameter m-
pellor outlet 83 x 37mm, overall size 195 2 160 x
150mm long Prce £17.50+ €250 pdp (€23 50 inc

VAT)

SOUO STATE RELAY
7amp « 240V AC when mounted on suitable Heat-
sink Can be drven from T T L or Computer output be-
leoen 3-10v m?ms x 17mm x 15mm r;zh

xing cennes 0-3) Prce £3.00 +
(£4 00 inc VAT) J e
GEAREO MOTORS

71 RPM 20ib inch torque reversable 115V AC m-
put including capacitor and transtormer for 240V AC
operaton Price inc VAT & p&p £23.50.

SOUD STATE EHT UNIT

Input  230/240v AC. Output approx 15KV
Producing 10mm spark Butht-in 10 sec timer
Easily modied for 20 sec 30 sec to continuous
Oesigned for bover ignition Oozens of uses in the
wid of phvscs and etectronics. eg supplying neon

eic Pnce less case £8.50+ €240
D&p (ﬂZ 8‘ nc VAT) NMS

SAVE POUNDS!H!

Buld your own forged bank note detector Can
detect counterfeits amongst a quantity of notes
Comptete ksl of parts less case 240V ac
nciuding 5 uV black Light lube. starter and
hotoer apaw bl pin tube hoiders Total pece
ncluding pép & VAT only £1399

WASHING MACHINE WATER PUMP
Brand new 240V AC fan coated Can be used for & vaniety of
purposes Intet 1 'n outlet 11n dia Prue aniudes plp &
VAT £11 20 each or 2 tor £208Q inctusive

MICROSWITCH
Pye 15 amp changeover lever microswich, type S171

Brand new price 5 for £7 05 inc VAT & pdp

SERVICE TRADING CO ?

57 BRIDGMAN ROAD. CHISWICK, LONDON W45BB  pumses
L e FAX 081 995 0549 081-995 1560 y e 3
Woncssbreay ACCOUNT CUSTOMERS MIN ORDER £10 Bocking gawel)

SYSTEM 200 DEVICE PROGRAMMER
SYSTEM: Programs 24, 26, 32 pin EPROMS, EE-
PROMS, FLASH and Emulators as
standard, quickly, reliably and at low cost.

Expandable to cover virtually any pro-
grammable part including serial E2, PALS,
GALS, EPLD’s and microcontrollers

from all manufacturers.

DESIGN: Not a plug in card but connects to the PC
serial or paraliel port; it comes complete
with powerful yet easy to control software,

cable and manual

SUPPORT: UK design, manufacture and support.
Same day dispatch, 12 month warranty.

10 day money back guarantee.

ASK FOR FREE
INFORMATION
PACK

mqp

MQP ELECTRONICS Ltd.

Unit 2, Park Road Centre,
Malmesbury, Wiltshire, SN16 0BX UK
TEL. 0666 825146 FAX. 0666 825141

GERMANY 089/4602071
NORWAY 071-17890
ITALY 02 92 10 3554

FRANCE (1) 69.41.28.01

VISA

Also from VEROSPEED UK

EN

COOKE INTERNATIONAL

SUPPLIER OF QUALITY USED TEST INSTRUMENTS

ANAL YSERS. BRIDGES. CALIBRATORS. VOLTMETERS.,

VVALVE SOUNDS! 6 valve 15 watt

CATALOGNE .00 + 350 PRl amplifier, 3 Gaines, base, treble,

GENFRATORS. OSCILLOSCOPES. POWER METERS. ETC
ALWAYS AVAILABLE
()RI(-I\’\I \FR\ ICF MANUALS FOR SALE
COPY SERVICE A\LSO AVAILABLE
EXPORT. TRADE AND U. k E\QLIRIES WELCOVIE
SEND LARGF S.AE. FOR LISTS OF EQUIPMENT AND MANUALS
ALL PRICES EXCLUDE VAT AND CARRIAGE
DISC Ol NT FOR BULK ORDERS SHIPPWG ARRANGED

OPEN \40\ D»\Y TO FRIDAY 9AM SPM
COOKE INTERNATIONAL
ELECTRONIC TEST & MEASURING INSTRUMENTS
Unit Four, Fordingbridge Site, Main Road, Barnham, Bognor Regis,
West Sussex, PO22 0EB Tel (+ 44) 0243 545111/2 Fax + 44) 0243 542457

gmlﬂ‘mvxmwo Jeen eoeadtm;;v‘w d t f d

TSty 1 " 0 o

Ca“:zmlp‘en:n%mzngotwwwvonm - unboxe . rans Ofmef an

Sagong 00 4 rase 1275 sap 50 ms 2% accessorie supplies. X-
14 ng MOIor Grver . .

P Teamas o Jood iy 10800 & professional projector: heavy!

3%’,2. J °“““"°"";\°“""’"“"°‘”’°‘mﬁm £19.00 + carriage. M.W. Jarvis,

e 2% BEY 6 Peggy's Mill Road, Edinburgh

6312 tres €537 EH4 6JY.

12x12 mchas 1066

Special Otters.

Compater race Cap2Cr0rs #3n strew e Aas 38000y’ 20v

K‘mo 10 €195 68000u* 13v £2 95 101 161 €1 50
W1 common anode led 2spay _—
wmmeo e 000 Out Sy “egdtarer T0220 08
BS250 P chanmet m‘w‘\) 559 hamewter £3 95 per
T2 GNE > x mwenor 00 uweg 5748 W £330

4
3-8
<

SCh €A 00, -
mowu-o'loﬂ’*&bm»'wtm%

0C-0C ﬁc"‘ %00l VI2P5 12vn Sy 200ma aut 300
ot :u a2 mtt%esrorne:-mof'isw

Howt cone g 19 240y ac oMz 35
Rewsta pacu 2500 rewms VEZWSOMer e (ﬁﬁ

QAWERTY heytonnd 58 keygo00 Quil fy Seiches nik €800

ONERTY Leyoard woh seng oUrgul "0 02tA WO £500

Vie rnce of CMOS TTL T4 T Lmee- Tranmigs <is

AONRGRRE iRea CRoe hers f0d% e C BwEm ¥ gty Pieass sg
s PAP « 3! Suh:

JPG ELECTRONICS
276:278 Cnaiswrin Rosd Chesleriid S40 28K
Aocess Vsa Oraws 02161 211282 weeee

ELECTRONIC PLANS. laser
tesigns solarand wind generators
©wjh voltage tleslas survellance
devices  pyrotechnics and com-
puter graphics tablet 150 projects
For catalogue SAE to Plancentre
Pabhcanons Urit 7 Old Whart
industnal Estale Dymock Road
Ledbury Herefordshire. HR8 2HS
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Designed to control
4 outputs
indepenently
switching on and
presct times over 8
7-day cycle,

via 20 way keyboard. ldeal for central heating
control including ditferent swithing time for
weekends. Battery back-up circuil Includes box.
18 time settings.

CT6000K, . .o v vesovncszsssneeracees £65.95

T6000K 5
XK114: Relay kit for CT6000, includes PCB,
connectors and one relay. Will accept up to 4
relays. 3A/240V ¢/ocontacts ........... £1050
701 312 Additional relays .. ............. £1.60

XK128 SUPER-SENSITIVE FM
MICROBUG

only 48x26x16mm,
including built-in microphone. Frequency 88-
93MHz ling r ption on a derd
domestic FM radio. Range approximately 300m,
depending on terrain. Powered by 8V PP3 (TmA).
fts small size and highly sensitive elactrat
microphone makes it ideal for surveillance, baby
alarm, etc.

DISCO LIGHTING KITS

XK141: SEQUENCER. four channel chaser with
32 different sequence pattarns. .. _...... £2995

XK 130: STROBOSCOPE designed to produce
a high intensity light puise, Built in Audio
THQOON «evueurroavarssrarroronanneas £21.85
XK153:Extra - Highpower strobe... as above but
more powertull. .......... P e+ MR £25.85
DL3000K - 3-channel sound to light kit featuras
zero voltage switching, automatic level control
and built-in microphone 1kW per channel £24.85

DON'T CHASE AROUND FOR ANOTHER
SEQUENCER
The DLBOOOK is an 8-way sequencer kit with built
in opto-isolated sound to light input which comes
complete with a pre-programmed EPROM
containing EIGHTY - YES 80! different sequences
including standard flashing and chase routines.
The kit includes full instructions and all
components {even the PCB connectors) and
requires only a box and a control knob to
complete, Other features include manual
q speed adj t, zero voltage
switching, LED mimic lsmps and sound 1o light
LED and a 300W output per channel.
And the best thing about it is the price:

ONLY £49.95

for CATALOGUE

ORDERS: RING 081-579-9794 - 24 HRS.

LED display of time and day, easily programmed

8 WAY SEQUENCER KIT

COMPUTERS

COMPUTERS
LOW COST SYSTEMS
286's FROM £449
386's FROM £489
486's FROM £545

All low cost systems include: Mono VGA Monitor,
1MB RAM, 42 MB Hard Drive Mini Tower or
Desklop Case,3.5 Inch 1.44MB Floppy Disk Drive,
2 Serial,1 Parallel, 1 Gamas, 1 ‘Z’ d

=]

}

FOR SALE

PC TECHNICAL SHAREWARE 1111 ON OFFER THIS MONTH it

Would you like to see the best range of low cost techmcal and
scientifiec public domain & shacrware for IBM PC in the UK? Red Super Led Smm 15 C'Em'
HUGE RANGE includes:- PACKET, FAX. RX/TX control. IR Receiver 20  Earphone 5p
PCB dain, Cioit asd ANTENNA s 030 logg O.grrated 83p Neon Bulb
CAD ELECTRONIC & MECH engineering, SCIE! 7 0.1 Poly 50 250AC 15p
MATHS & STATS, MEDICAL, PROGRAMMING, 33uF 16v RAD 10p BD332 PNP Darl  40p
SOURCE CODE, DATA, EDUCATIONAL, WINDOWS, 47uF 35% RAD 10p BC639 100V 1A 30p
BUSINESS and lots more 47uF 16v RAD 10p LM337 VREG  45p
Write, phooe o fax today for your free 124 page printed 22uF Non Pot Wp LM7924 VREG 45D
s geohve | DEREen”ah
> prom g
B ";M !Dalh.: S°""". 5""’7 Contact Cleaner  £1.25 Contact
B Covbowerh Swsex TG 1UL APl Rl Ly =)
- p -10pf Trim 40
Tel 8992 63233, Fex 8992 41473 IN4001 s Tt Switch £1.00
47uF 350: OC 6p 4Way THLSW  £2.95
TAHOTS 30p 5Walt 300 OHM  10p
Crystal 45Mhz 4o 200uf 300V DC  €5p

SELL YOUR
PRODUCTS

STRIP OF ASSORTED COMPONENTS 1M
LENGTH £1.

WIDE RANGE OF ELECTRONIC
COMPONENT?OARLWAVS IN STOCK RING

DETAILS
FM TRANSMITTERS ALSO IN STOCK -

HERE
TEL. JAMES
ON 0442 66551

ELEY ELECTRONICLTD
100-104 BEATRICE ROAD, LEIVESTER,
LES OFF
TEL: 0533 515944

PAY BY:- VISA/ACCESS
OPEN 10-6 MON-SAT

KeyBoard, Three Year Warranty (first year parts
& Iabour,then labour only).

SECURITY EQUIPMENT

TK ELECTRONICS HOME SECURITY
CALL US NOW FOR YOUR FREE ESTIMATE

. HIGH.TEC \

! EEPROM CARDS
NOW AVAILABLE

PRIVATE MOBILE RADIOS AND ACCESSORIES |
VERSATILE REMOTE CONTROL KIT

|
|
J
COMMUNICATIONS "
|

This kit includes all components

(+ transformers) to make a sensitive [R receiver
with 18 logic output (0.15V) which with suitable
interface circuitry (relays, triacs, etc - details
supplied) can be used 10 switch up to 18 items
of equipment on or off remotely. The outputs may
be latched (to the last received code) or

momentary (on during transmission) by
specitying the decoder IC and a 15V stabilised
supply is available 10 power external circuits.
Supply: 240V AC or 15-24V DC at 10mA. Size
(excluding transformer) 9 x 4 x 2cms. Ths
companion transmitter is the MK18 which
operates from a 9V PP3 battery and gives a ranae
of up to 60ft. Two keyboards are available MK9
(4-way) and MK10 (16-way), depending on the
number of out-puts to be used.
MK12 IR Receiver {incl, transtormer)
MK18 Transmitter .. . " wne

MK9 4-Way Keyboard ..£8.
MK10 16—Wa¥ K:yboud ..£12.75
601 133 Box for Transmitter . ............ £3.10

These kits contain ail necessary components and full
instructions & are designed 10 repiace & standard wall switch
and control up to 300w of lighting.

See XK132 300W touch dimmer - IR remote control

XK136 300w fouch dimmer just touch to switch on/ott & dim
XK135 IR transmitter for XK132.

TDE/K Extension kit for s
XK132/XK136 to enabie L4
way switching ....... £4.95

ELECTRONICS
13 BOSTON RD.
LONDON W7 3SJ
TEL. 081 579 9794
FAX: 081 840 6519

ORDERING INFORMATION:

P&P:- UK £1.25 Europe & Eire £3.60. Elsewhere £10.00
(unless otherwise notified)

Barclaycard/Access No. with order.

SEND £2.00 FOR
CATALOGUE OR
CALL AT SHOP
Mon-Sat 9.30-6.00

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

THE AFFORDABLE COMMUNITY
BROADCAST MIXING DESK
ELEGANT IN STYLE

SOUND AND QUALITY

THE NO SQUARE
BOX LOOK

MANUFACTURERS
OF MIXERS AND
AUDIO EQUIPMENT

SINCE 1951

TRIED AND
PROVEN
PRODUCTS
EVERY PART OF THIS
FULLY MODULAR MIXER
AVAILABLE SEPARATELY
IN KIT FORM OR TESTED VISIT OUR

SUB UNITS FOR DESIGNER
CONSTRUCTORS CLIENT DESKS

WORKING STUDIO
AND TEST DRIVE THIS DESK
PHONE: 0268 793258

ARTRIDGE
LECTRONICS

A.C. PARTRIDGE LTD.
PHONE: 0268 793381 FAX: 0268 565759

% Uncluttered Operationsi Arsa
% Presenter Designed Layout
# Full remote Control FacHities
% The Low Protile User Frisndly

WORKS: UNIT D,
318 HIGH ROAD
BENFLEET, ESSEX SS7 SHB

ELECTROMART

L.F. HANNEY

Your Electric Component

PROGRESSIVE RADIO Spwal;‘“sfg;g::: -
Tel: 0518;:,;%3023?0?;e;:;s 0154 77 Lower Bristol
47 Whitechapel Road, Bath, Avon.
Tel: 051 236 5489 Tel: 0225 424811
Liverpool 2
THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30 FAX YOUR ADVERT

ON 0442 66998

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398 ETI 9/83

O Telecomms
Tech C&G 271

O Radio Amateur
Licence C&G

D Micro-

processor

O Introductionto
Television

Name : e

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN
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WANTED

WANTED

RE-USABLE AND ALL TYPES
OF ELECTRIC SCRAP

P.C.B's, PLUGS AND
SOCKETS, EDGE
CONNECTIONS, TEST
EQUIPMENT, VALVES, ETC.
PAID ON CLEARANCE.

AR.S.

2 NORMANS LANE, RABLEY
HEATH, WELWYN,
HERTS AL6 9TQ
TEL: 0438 812193 FAX: 0438
812387 MOBILE: 0860 214302

TURN YOUR SURPLUS
TRANSISTORS, ICS ETC INTO CASH
immediate settlement.

We also welcome the opportunity
to quote for complete factory
clearance.

Contact:
COLES-HARDING & CO.
Sandall Road, Wisbech,
Cambs PE13 2PS

BUYERS OF SURPLUS INVENTORY
ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax: 0945 475216

NEW VHF MICROTRANSMITTER
KIT tuneable 70-115MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95 assembled and
ready to use £9.95 inclusive P&P.
3 Watt FM transmitter kit £15.95
Credit - card orders telephone
021 486 3092 Cheques/PQO's to:
Quantek Electronics, (DEPT
ETI) 3 Houldey Rd, Birmingham,
B31 3HL. Send 2 x 1st Class
stamps for details of these and
other kits.

ET

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

FOR ALL
DETAILS OF
ADVERTISING
RATES IN ETI
TELEPHONE
JAMES GALE
ON 0442 66551
OR FAX YOUR
ADVERT ON
0442 66998

TOP
QUALITY
BINDERS

TO TREASURE YOUR COLLECTION OF

ETI

12 copies of your magazine kept in pristine
condition in these classic, sturdy binders

| Please supply binder/s at only £6.95 each, including |

| postage & packing (UK only, Overseas please add £1.50). |
| | enclose my cheque M/Oforf .............. made payable to
I ASP or please debit my Access/Visa Expiry |
IO T TV I ) D O e :
| U T e R R SRR S LN o 1
l PLEASE FILL IN THE FOLLOWING IN BLOCK CAPITALS:
|
| LT S o o L R ST PN S, l
B R e < <« i eie s on o ve o T EREE R - « e 5 SRR s |
........................ Post Coder . to%. . ... 0. s, - o e I
Send this coupon and payment to: ASP ET| Binders Offers, Argus House, l
l Boundary Way, Hemel Hempstead, Herts HP2 7ST.
I Or why not order by phone? Call us on (0442) 66551 l
You may receive further information which may be of interest to you.

‘ Please allow 28 days for delivery

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

pre-paid.
T EIATIE Bt gt i et R PR ST it e N S TRORIR I M. w1y L0 BEORR P
T T A U R (S R o e ) TR iy SRRRRM N o 45 s S 94 -
......................................................................................................... DAL, TelXINOWY. .. .. 2. o e et et st U
Tl T R 5 S . et i« o5 o WERRRR AR e L e s Dz i S SR, i b .
PLEASE DEBIT MY ACCESS/BARCLAYCARDNo. ~ | [ [ T T [ [ [ [ T[] | Expiry Date...........ccovvrressnee
| FORSALE 1 COMPONENTS OTHERS STATE

-

_
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est equipment has always been popular with constructors

and next month we feature a simple but very effective
continuity tester for construction. To help you on your way, we
give the PCB away for this on our front cover.

A moving message display from an LED matrix can provide
an effective way to convey messages to people at a distance. The
Electronic Picture will also provide entertainment in the form of
illuminating pictures, the informational content being only
limited by your creativity.

Giving the impression that there is somebody always in
residence in a house even, when it is empty, is a good deterrant
to would-be burglers. The ‘Home Monitor’ will switch your
house-lights on and off at predetermined times.

It’s a long time since we have presented a basic transistor
amplifier design and so we rectify that in the next issue.

Finally, we feature a review of a selection of currently
available PCB design software systems.

The October edition of ETI will be on sale 3rd September.

The above articles are in preparation but circumstances may prevent publication

0 ur August issue featured:

Window Monitor
Transformerless Power Supplies
Brake Lights for Radio Control

Measuring Light Spectra
Lumitec
AutoMate Mixer
Twi-light Zone
Alternative 12 Volt Supply

Back issues can be obtained from Argus Subscription Services.
Address in column to left.
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Electromail offers you
over 38,000 products - you could
read all about them, FREE.

.-

fectromail is Europe’s biggest electronic, electrical and mechanical components and
equipment catalogue, with information on over 38,000 top quality products and tools.

In fact, there’s so much information that it comes in 3 parts. Normally it would cost £6.50,

but when you spend £50.00 on your next order, we'll provide a full refund!

The Electromail catalogue gives you access to the full RS Components range of
carefully selected products, together with full specifications. With over 2,000 full colour
pages, it is the industry’s premier reference work - no professional engineer would be
without it

Send for your copy now - it can be yours FREE. Either ‘phone or fax us direct quoting
your Access/Visa number and this code: A8/3.

Or complete the coupon. The offer closes on 31st October 1993

THE INDUSTRY'S TOP REFERENCE GUIDE

Electromail, PO Box 33, Corby, Northants, NN17 9EL
Tel: 0536 204555 Fax: 0536 405555

" ELECTROIMAIEE CATALOGUE OFFER

Electromail, PO Box 33, Corby, Northants, NN17 9EL Tel: 0536 204555

Please send me the complete Electromaii catalogue for which | enclose payment. 1 uncerstand my payment
will be refunded in full should my next purchase be over £50.00. This offer closes 31/10/83. Prease allow
28 days for delivery. Otfer applies in UK only. Use this coupon to quality for the offer - photostat copwes

are acceptadle

Name
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Company
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Post Code
Tel Fax
| enclose a cheque/P.O" for £6.50
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RsMecoLL in Scotland ONLY, and Mapiin stores nationwide.
The Maplin Electronics 1994 Catal

A

Available from all branches of WH SMITH, selected branches of



