»
s

‘SECURIVA AMED)H@ @@M@@I@ ,“ RAE)I@-- INTERNET N
4 ¥ %‘“

g

Ay 1995.2230

//:/// lj // //7/”// ////// L

Britain’s Best Selllng Elpcfronlcs Magazine

can - dramahcc‘lly
rad:o scanne s

f//,

nt com;;uter

"'Pmpgobkm

I.me Tester propqt .

'o

Recreate y
D 'se ches vitn
the Voice Vandal!

-

NEW SERIES -
delves into the
theory behind |
MS Stereo F,
Sound




Top Quality products
at low, low prices!

You will find the whole spectrum
of electronics in a Maplin Store,
from Calculators to Capacitors,

PCBs to Projects, Beference Books ‘

to Resistors, Semiconductors to s , €.§ﬁ§\'§:
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Belfast 357-359 Lisburn Road. Birmingham Sutton New Road, Erdington. Bradford 28 Valley Road, Hamm Strasse. Brighton 65 London Road. Bristol 302 Gloucester Road.

Cardiff 29-31 City Road. Chatham 2 Luton Road. Coventry 12 Bishop Street. Dudley Unit 7, Pedmore Road. Edinburgh 126 Dalry Rocd. Glasgow 264-266 Great Western Road. Iford
302-304 Green Lane. Leeds Carpet World Building, 3 Regent Street. Leicester Office World Building, Burton Street. Liverpool Edge Lane, Fairfield. London 146-148 Burnt Ock Broadway,
Edgware; 107-113 Stanstead Road, Forest Hil; 120-122 King Street, Hammersmith, Manchester 8 Oxford Road; 169 Cheetham Hill Road, Cheetham Hill. Middlesbrough Unit 1,

The Forbes Building, Linthorpe Road. Milton Keymes Unit 2, Office World Building, Snowdon Drive, Winterhill, NewcasHe-upon-Tyne Unit 4, Allison Court {The Mefro Centre), Gateshead.
Northampton 139 St. James Road. Notfingham 86-88 Lower Parliament Street. Portsmouth 98-100 Kingston Road. Preston Unit 1, Corporation Street. Reading 129-131 Oxford Road.
Sheffield 413 Longsett Road, Hillsborough. Slough 216-218 Farnham Road. Southampton 46-48 Bevois Valley Road. Southend-on-Sea 282-284 London Road, Westcliff-on-Sea.
Stockport 259-261 Wellington Road South. Stoke-on-Trent 39-45 London Road. Plus many NEW stores opening soon. Tel: (01702) 552911 for defails of your nearest siore.
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PRNECTS FOR YOU TO BUILD!

FEATUH ES ESSENTIAL READING!

SUPERSCAN
Make the most out of your HFVHF/UHF
radio scanner, by using it in conjunction with
this high gain, wideband active aerial, which
operates over the frequency range of 7 to
1,500MHz. This is designed to dramatically
boost the reception coverage and signal
strength over a standard whip-type aerial,
as supplied with most scanner receivers.
This project makes use of surface-mount
technology to achieve a compact size.

WIRELESS ALARM UPGRADE

This upgrade project for the ever-popular
wireless alarm has been designed in
response to requests for additional features.
Contained within a new, bigger and brightly-
coloured, polycarbonate external bell box,

is battery back-up, a strobe lamp, 17-minute
time-out timer, and tamper-protection
circuitry. Thus making removal of the

unit from the wall or cutting of its wires

a pointless endeavour, as the alarm wil

go off regardless — burglars, beware!

RS232 SERIAL LINE TESTER

Impress your colleagues, by becoming

an expert at troubleshooting equipment
using RS232 data cabling. This convenient,
battery powered, hand-held tester enables
quick and easy testing and pin-pointing

of problems with serial VDU terminals,
printers, and a multitude of communications
devices that are to be found in offices and
“homes. This project is simple to construct,
and provides an introduction to the use

of versatile PIC'microcontrollers.

VOICE VANDAL

An entertaining project, that will transform
any audio input, be it speech or music, into
an altered form across a widely adjustable
range. This is achigved by using a broadly
controlfable digital signal processing circuit,
incorporating a switchable echo facility of
variable depth. Recreate your favourite
wacky robotised voices of characters from
TV series and movies, such as Red Dwarf,
Star Trek, Star Wars, Metal Mickey, and

Dr Who, to name just a few. This unit wil
be found ideal for amateur dramatic
produgctions, child entertainment,

or general amusement.
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HISTORY OF ELECTRONICS

lan Poole continues his in-depth look at

the significant developments in electronics
technology, and how the early discoveries
have shaped the evolution of todays
sophisticated devices and technigues. This
month, the series covers the introduction of
the transistor, and how it rapidly superseded
the thermionic valve, ultimately leading to
the creation of the integrated circuit and
other solid-state devices.

RIAA - CD VERSUS VINYL - 1 6

in the second part of this informative
series, Mike Meechan examines in depthy
the design considerations undertaken in
the production.of RIAA Phono preamps,
record player cartridges, and the principles
involved in vinyl recording and reproduction
processes, including equalisation and the
types of feedback required.

> IN THIS ISSUE...

MS STEREQ

This new series by John Woodgate delves
into the theory behind Mid-Side, or Mono-
Stereo sound-recording and playback
techniques:Details the use and matching
of Cardioidand Hypercardioid microphones
for Surround-sound recording, and methods
of altering the stereo baseling'width, other
than moving.the speakers further apart!
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ABOUT THIS ISSUE ...

Hello and welcome to this month’s issue of
Electronics! For those of you that do not already
know, or who have forgotten, here follows a timely
reminder. Commencing at 1.00 a.m. on April 16th
(approximately one week after this issue reaches
the newsagents), is PhONEday, when all UK
national telephone dialling codes will be changing,
to make phone numbers that bit harder than they
already are to remember, courtesy of the nice
people at BT. To be fair to them, these changes
are necessary, to cater for the projected future
expansion of the population, and hence greater
numbers of telephones added to the network,
an essential part of the burgeoning information
superhighway. To summarise the changes, a1
is added after the O at the beginning of the code,
for example, 0702 becomes 01702, and inner
and outer London become 0171 and 0181,
respectively. The cities of Bristol, Leeds, Leicester,
Nottingham and Sheffield, have all been allocated
new codes, whilst premium rate (0891, 0898,
etc.), low-cost (0345), free (0800), and mobile
phone codes, remain unchanged. The intemational
dialling code changes from 010 to 00, to bring us
into line with the rest of Europe. Still confused? In
that case, BT are operating a free service to answer
any questions about PhONEday, Tel: 0800 01 01
01. One wonders as to the total cost to the nation
of these changes, in terms of alterations required
"to office stationery and documentation headings,
business cards, signwritten goods vehicles, wrongly-
dialled numbers due to people still trying to use the
old numbers, and so on, but | do not suppose that
ET would be prepared to give an honest answer to
that one!
In this issue, we present you with a veritable
variety of four superb projects, namely; the RS232

Serial Line Tester for fast troubleshootingftesting
of the hordes of equipment that use RS232 data
cabling; the ‘Superscan’ active aerial, a surface-
mount technology unit, designed to further boost
the reception of scanners and other types of radio
receivers. Then, there Is the volce Vandal, which
utilises a form of digital signal processing, to add
echo to audio inputs, or change the audio signal
beyond all recognition, making for some very
amusing sound effects! Also, there is the Wireless
Aiarm Siren Upgrade, produced as a result of
readers’ requests for further refinements and
features to enhance this popular security
system — we aim to please!

In addition, there is another enthralling part
in the series, History of Electronics, by lan Poole,
covering the development and evolution of the
bipolar transistor, and the second instalment of
Mike Meechan's RIAA - Design Considerations
series, detailing the types of record player
cartridges, their characteristics and applications,
equalisation techniques, and RIAA preamp
feedback methods. A new, two-part series by John
Woodgate, MS Stereo, examines the concept of
Mid-Side, or Mono-Stereo (no, this is not an error!)
sound recording and reproduction techniques. All
this, plus our regular features. So, until next month,
from everyone here at Electronics, try not to rattle
your diodes when getting to grips with the changes
to the old dog and bone, and enjoy this issue!

Exclusive Subscribers’ Club Special

Supar. Datune
_an:rsnl Moo Battery Chorger

On offer this month, to subscribers only, is a selection of four
specially selected items: A Freezer Alert, a Deluxe Ni-Cd Charger,
a Car Air foniser, and a 76-piece Toolkit. There is a total saving
of £13.00 on these items, based on their normal price. If you
are a subscriber, full details of how to order these items are
included on the special offer leaflet in this issue - if the leaflet
is missing, contact Customer Senvices, Tel: (01702) 552911.
If you are not a subscriber and would like to take advantage of
future special offers and other benefits of subscnbing, tum to
page 43 of this issue to find out more or Tel: (01702) 554161.
Note: if ordering by Mail Order, nommal handling charges apply,
but if you purchase from one of our retail outlets, you will not

have to pay the camiage charges.
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Project Ratings

Projects presented in this issue are rated on a 1 to 5 for ease or difficulty of
construction to help you decide whether it Is within your construction capabilities
before you undertake the project. The ratings are as follows:

@ Simple to build and understand and suitable for absolute beginners.
L Basic of tools required {.g., soidering iron, side cutters, pliers, wire

strippers and screwdriver). Test gear nof required and no setting-up
needed.

Easy to build, but not suitabie for absolute beginners. Some test gear
{e.9., multimeter} may be required, and may also need setting-up or
testing.

Average. Some skill in construction or more extensive setting-up

L required.

Advanced. Falry high level of skill in construction, speciafised test gear

%) or sefting-up may be required

Complex. High leve! of skill in construction, specialised test gear may be
*|  required. Construction may invoive complex wiring. Recommended for

skilled constructors only.
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Kits, components and products stocked by Maplin can be easily obtained in a
number of ways:

Visit your locat Maplin store, where you will find a wide range of electronic
products.

If you do not know where your nearest store is, Tel: (01702) 552911, To avoid
disappointment when intending to purchase products from a Maplin store,
customers are advised to check availability before travelling any distance.
Write your order on the form printed In this issue and send it to Maplin
Electronics, P.O. Box 3, Rayleigh, Essex, SS6 8LR. Payment can be made
using Cheque, Postal Order, or Credit Card.

Telephone your order, call the Mapiin Eiectronics Credit Card Hotline on (01702)
554161,

It you have a personal computer equipped with a MODEM, dial up Maplin's
24-hour on-ling database and ordering service, CashTel. Cashel supports 300-,
1200- and 2400-baud MODEMs using CCITT tones. The format is 8 data bits, 1
stop bit, no parity, full duplex with Xorn/Xoff handshaking. All existing customers
with a Mapfin customer number can access the system by simply dialling
(01702) 552941. if you do not have a customer number Tel: (01702) 552911
and we will happily issue you with one. Payment can be made by credit card.
If you have a tone dial (DTMF} telephone or a pocket tone dialler, you can
access our computer system and place orders directly onto the Maplin
computer 24 hours a day by smply dialling {01702) 556751. You will need a

Mapiin customer number and a personal identification number (PIN) to access
the system. If you do not have a customer number or a PIN number Tel:
(01702) 552911 and we will happily issue you with one.

Qverseas customers can place orders through Maplin Export, P.O Box 3,
Rayteigh, Essex, S86 8LR. England; Tel: +44 1702 554155 Ext 326 or 351;
Fax: +44 1702 553935.

Full details of all of the methods of ordering from Maplin can be found in the
current Maplin Catalogue.

Subscriptions
Full details of how to subscribe may be found on the Subscription Coupon
in this issue. UK Subscription Rate: £21.96/12 months, £10.98/6 months.

Prices

Prices of products and services available from Maplin, shown in this issue,
include VAT at 17:5% (except items marked NV which are rated at 0%) and
are valid between 7th April and 31st August 1995 errors and omissions
excluded. Prices shown do not include mail order postage and handling
charges, which are levied at the current rates indicated on the

Order Coupon in this issue.

Technical Enquiries

If you have a technical enquiry relating to Maplin projects, components

and products featured in Electronics, the Customer Technical Services
Department may be able to help. You can obtain help in several ways; over the
phone, Tel: {01702} 556001 between 9.00am and 5.30pm Monday to Friday,
except public holidays; by sending a facsimile, Fax: {01702) 553935 or by
wiiting to: Customer Technical Services, Maplin Electronics plc., P.0. Box 3,
Rayleigh, Essex, S86 8LR. Don't forget to include a stamped seff-addressed
envelope i you want a written reply! Customer Technlcal Services are unable
to answer enquiries relating to third-party products or components which are
not stocked by Maplin.
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Get You Working’ Service
If you get completely stuck with your project and you are unable to get it
working, take advantage of the Maplin ‘Get You Working' Service. This service
is available for all Mapin kits and projects with the exception of: ‘Data Files’;
projects not built on Maplin ready etched PCBs; projects built with the majority
of components not supplied by Maplin; Circuit Maker ideas; Mini Circuts or other
similar "building block’ and ‘applicatien’ circuits. To take advantage of the service,
retum the complete kit to: Retums Department, Maplin Electronics plc., P.O. Box 3,
Rayleigh, Essex, $36 8LR. Enclose a cheque or Postal Order based on the price
of the kit as shown in the table below (minimum £17), ¥ the fault is due to any error
on our part, the project will be repaired free of charge. If the fault is due to any error
on your part, you will be charged the standard servicing cost plus parts.

Kit Retall Price Standard Servicing Cost
up to £24.99 £17.00

£25.00 to £39.99 £24.00

£40.00 to £59.99 £30.00

£60.00 to £79.99 £40.00

£80.00 to £99.99 £50.00

£100.00 o £149.99 £60.00

Over £150.00 £60.00 minimum

Readers Letters

We very much regret that the editorial team are unable to answer technical
queries of any kind, however, we are very pleased to receive your comments
about Electronics and suggestions for projects, features, series, etc. Due to

the sheer volume of letters received, we are unfortunately unable to reply to every
letter, however, every letter is read - your time and opinion is greatly appreciated.
Letters of particular interest and significance may be published at the Editors
discretion. Any comespondence not intended for publication must be clearly
marked as such.

Wirite to: The Editor, Electronics — The Maplin Magazine, P.Q. Box 3, Rayleigh,
Essex, 536 8LR, or send an e-mail to AYV@maplin.demon.co.uk
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A BRIEF HISTORY OF

ELECTRONICS

PART 4:

The Transistor is
Discovered

by lan Poole

cance of the demonstration which took

place on 23 December 1947 at Bell
Laboratories. Three men, Shockley, Bardeen
and Brattain were demonstrating the ‘point
contact’ transistor to top executives of the com-
pany including Harvey Fletcher, Director of
Physical Research and Ralph Brown, the
Director of Research.

This all happened only seven days after an
experiment which worked first time to give
the initial working ‘point contact’ transistor. It
was a tremendous Christmas present for the
group who had spent many months investi-
gating and researching semiconductor devices.
It was also the dawn of a totally new age for
electronics, although none of them had any
idea of the way in which this new invention
would revolutionise electronics and the way
we live today.

N 0BoDY could have realised the signifi-

Beginnings

The first foundations for the discovery of the
transistor were laid many years before. Even in
the nineteenth century it had been observed
that a class of materials had some unusual elec-
trical properties. These semiconductors had a
negative coefficient of resistivity, they were able
to rectify electrical currents and they exhibited
a photoelectric effect. Like the Edison Effect for
valves, these properties were not used and the
mechanisms behind them were not under-
stood for many years.

Similar to the thermionic valve, the first uses
for semiconductors arose out of the need for
better radio detectors. Fleming's diode valve
and a little later, de Forest’s triode or Audion
were all expensive to buy and run. Simple
crystal detectors made from a crystal of galena
(lead sulphide) with a thin wire touching them
found favour with raclio enthusiasts. First used
around 1906, these ‘cat’s whiskers’ were
cheap and easy to make, but they were notori-
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ously unreliable. The position of the whisker on
the crystal had to be changed quite frequently,
but despite this they remained popular until
the 1920s.

In spite of its problems the cat’s whisker was
the first semiconductor diode to be used. It was
very crude but nevertheless it worked.
Essentially the ‘point contact’ of the wire on the
crystal gave a very basic p-n junction.

Although there was comparatively little inter-
est in semiconductors at this time some other
developments did occur. Copper oxide and
selenium rectifiers started to be used, particu-
larly in applications like battery chargers. The
photoelectric effect was also exploited in
photographic exposure meters. However, their
use was relatively limited.

Theoretical Foundations

Although some development of semiconduc-
tor devices occurred in the 1920s and 1930s
most of the theoretical research into the sub-

molecular physics was directed towards
thermionic technology. This was because even
small advances in this field would produce
large rewards and a handsome return on
investment.

Even so some academic research did
progress in the area of solid-state physics. The
first major breakthrough occurred in 1926
when Schrodinger analysed the behaviour. of
electrons and devised an equation that
described it.

Avyear later Heisenburg developed a theory
known as his Uncertainty Principle. Another
researcher, A. H. Wilson who was investigat-
ing the quantum mechanics behind semicon-
ductors studied the process of conduction
developing a theory which formed a crucial
link for much of the later work on semicon-
ductors.

All of this work meant that by the early
1930s much of the modern view of material
quantum mechanics had been developed. The
way was now open for more practical devel-
opments of semiconductors.

Diode Developments

By the 1930s, radio was firmly established and
new possibilities were being investigated.
Higher frequencies were being used, and it
was found that valves with their relatively high
inter-electrode capacitances gave only limited
performance.

A further impetus to semiconductor research
was given by the outbreak of war. One of the
greatest advantages which Britain held over
Germany was the use of Radar. Operating on
relatively high frequencies the need for high
performance high-frequency components
became even more acute. With much smaller
dimensions, semiconductor diodes were able
to operate at much higher frequencies,
although they were severely limited by the fact
that they had not been developed to the same
degree as valves,

Experts in all fields associated with the devel-
opment of semiconductors from the UK and
USA were quickly assembled. Work started on
producing ‘point contact’ diodles.

Before the war, a chemist at Bell
Laboratories named Russel Ohl had been
working on the development of these diodes.
He had succeeded in producing a consider-

Cat’s Whisker. ©Copyright Science Museum.




able improvement in performance by improv-
ing the quality of the silicon crystals being used.
This work also lead to him being able to intro-
duce trace elements into the crystals to pro-
duce p and n type silicon.

Soon he managed to produce both types of
silicon in the same substrate. With this work as
a base, Ohl managed to develop a p-n junc-
tion and he found that this worked very well
as a rectifier. As the work progressed semi-
conductor diode technology made many
strides forwards. Teams on both sides of the
conflict made developments which gave
devices with a far superior performance to any-
thing that was available before the war.

Further Research

As hostilities started to draw to a close, Bell
Laboratories realised that there were major
possibilities for semiconductor technology. In
the spring of 1945 a major meeting was called
to discuss the future research into them. Later
that year authorisation was granted for research
to proceed to seek ‘new knowledge that could
be used in the development of completely
new and improved components’.

As a result a solid-state physics group was set
up under William Shockley and Stanley
Morgan. Shockley also headed up the semi-
conductor sub-group which was to include
Brattain and Bardeen to make up the trio who
invented the transistor.

Transistor Trio

William Shockley was born in London in 1910
of American parents. He only remained in
England for three years after which his parents
returned with him to the USA, settling near San
Francisco. Here he gained his first degree from
the California Institute of Technology after
which he moved to the Massachussetts
Institute of Technology to gain his Ph.D. in
1936.

Wartime Radar - GCI Radar Receiver. ©Copyright Science Museum.

Figure 1. Shockley’s idea for
a Semiconductor Triode.
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After leaving University Shockley joined Bell
Laboratories, initially working on electron dif-
fraction. In 1955 he moved on from Bell
Laboratories to set up his own company called
Shockley Semiconductors in his home town of
Palo Alto. This company aftracted many other
semiconductor experts. With the influx of
expertise several other companies started up
in the area. One backed by the Fairchild
Camera and Instrument Company was started
in 1957 by a number of Shockley’s old
employees. This all had a snowball effect and
before long this small area had the highest con-
centration of semiconductor experts in the
USA. Silicon Valley was born.

Like Shockley, Walter Brattain was not born
in the USA. He spent his first few years in
China, moving to Washington State when his
parents returned home. He took his first
degree at Whitman College in Washington
State, moving to the University of Minnesota
to gain his Ph.D.

4

After leaving university Brattain applied to
Bell Laboratories but they turned his applica-
tion down. Instead he went to work for the
National Bureau of Standards. Brattain soon
applied again to Bell, and at the second
attempt he was successful. After joining Bell, he
initially worked on copper oxide and semi-
conductor rectifiers, giving him a good ground-
ing in semiconductor technology. Brattain
remained at Bell until his retirement in 1967.
During his retirement he held the post of
Visiting Professor at Whitman College urtil his
death in 1987.

John Bardeen was the only one of the trio
to be born in the USA. He was born in
Wisconsin in May 1908. Taking his first degree
at the University of Wisconsin, he moved on
to Princeton for his Ph.D. After taking up a fel-
lowship at Harvard and a teaching post at
Minnesota University he joined the solid state
physics group at Bell Laboratories in the
Autumn of 1945.

in 1956 he received a Nobel Prize along
with Shockley and Brattain for his work on the
transistor, but by this time he was involved in
research into superconductors. It was in this
area that he felt he made his greatest achieve-
ments, and in 1972 he was awarded a second
Nobel prize for this work.

In addition to his Nobel Prizes he received
a number of other awards, including a gold
medal from the Soviet Academy for Science.
Bardeen died at the age of 82 at the beginning
of February 1991.

Preparations

The semiconductor group started work on one
of Shockley’s ideas. He had deduced that it
might be possible to develop a form of semi-
conductor triode. He envisaged a structure of
fayers of p and n type silicon. The main cur-
rent would be carried in one of the layers and
the conductance of this layer would be con-
trolled by an external field. This would vary the
number of charge carriers (holes or electrons)
available to carry the current. Essentially this
idea was the field effect transistor which is in
widespread use today.

To create the structure to try out this idea,
Shockley used some thin films of silicon which
had been made by deposition. This in itself was
a new process which had only just been devel-
oped by another Bell employee named Teal.

Using the new structure, Shackley expected
that there would be a significant change in

Electronics - The Mapiin Magazine May 1995



Figure 2. The first Transistor.
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conduction as the controlling field was altered.
To his great disappointment the effect was not
observed. Calculations and theories were
checked and rechecked by other members of
the group and no reason was found for its
failure.

It was not until March 1946 that the prob-
lem was solved. Bardeen reasoned that the
semiconductor surface trapped electrons
which screened the main channel from the
effects of the external field. Later Shockley said
that this discovery was one of the most signifi-
cant developments in the whole of the semi-
conductor programme.

Change of Direction

Supposedly beaten by the trapped electrons
the group changed direction. They turned their
attention to investigations around reversed
biased p-n junctions in an attempt to develop
a new kind of lightning arrestor. Research
revolved around three layer structures with
one forward and one reverse biased junction;
work progressed on this through most of 1947.

It was towards the end of that year that
events started to look up for the group. In
November a new recruit to the team came up
with a crucial idea. Returning to their earlier
work on field effect devices he suggested that
if an electrolyte was placed between the con-
trol plate and the conduction channel then
the screening effect of the trapped electrons
might be overcome. A new experiment was set
up and it was successful, if only to a limited
degree. With a measure of success behind
them the team found a new degree of moti-
vation. In the days that followed a host of ideas
for possible amplifying devices were discussed.

The Road to Success

In early December, Bardeen and Brattain
started to experiment with two closely spaced
‘point contact’ junctions. They found that
when they forward biased one and reverse
biased the other, a small amount of gain was
noticed.

Soon the team started some further experi-
ments based around this idea, but initially they
were not able to exploit the transistor effect
properly. In one experiment an electrolyte was
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even placed around the sample, but with each
new test they came a step closer to discover-
ing the full transistor effect.

Finally they decided that it was necessary to
place two diode junctions about 0-05mm
apart. This was achieved remarkably easily. A
layer of gold was deposited onto a small wedge
of perspex. Then a razor blade was used to cut
a very thin slit in the gold right at the point of
the wedge. Then the wedge was placed onto
a layer of germanium under the force pro-

7
- ‘ n type
] p type
n type
% 7777 7

N

Figure 3. Shockley’s idea for a Junction
Transistor.

|

|

duced by a small spring. The collector and
emitter were formed by the two gold contacts
and the germanium layer was the base contact.

The idea was tried on 16 December 1947
and to their surprise it worked first time. The
first ‘point contact’ transistor had been made.

Exactly a week later Shockley, Bardeen and
Brattain found themselves demonstrating the
new idea to senior management at Bell. This
heralded the beginning of the transistor age.
However, many more developments were
needed before these devices could become an
everyday reality.

The Transistor Develops

The first ‘point contact’ transistors were very
unreliable and not suitable for manufacture. A
more reliable and manufacturable idea was
needed. Realising this problem Shockley him-
self came up with the idea for replacing the
point contact with a p-n junction. This was
not a just a passing thought because all the
theory behind the operation of the new style
device had been fully defined by calculations.
Probably what is more surprising is that he
came up with the idea only a matter of weeks
after his team had invented the first ‘point con-
tact’ device.

Even though Shockley was able to prove the
feasibility of the junction transistor, it took
somewhat longer for him to be able to make
one in the laboratory. It was not until April
1949 that the first one was produced. He did
this by dropping some molten p-type germa-
nium onto some hot n-type. The resultant blob
then had to be sawn down the middle to make
the two p-n junctions. Using this very crude
demonstration he was able to show that the
device had both current and power gain.

Materials Development

During the 1950s very large changes occurred
in the development of transistors. Much of this
was brought about by the improvement in
techniques for manufacturing and refining the
raw materials.

In 1950 Teal managed to use the Czockralski
process for manufacturing crystals of germa-
nium. Later in 1952 Pfann demonstrated the
process of zone refining. In this process an

The 1956 Nobel Prize winners, which include Walter Houser Brattain (far left), John Bardeen
(fourth from right) and William Shockley (second from right). ©Copyright Hulton Deutsch.
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Figure 1. Block diagram of the active aerial system.
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Above: Figure 2. Circuit diagram of the active aerial.
Right: Figure 3. Circuit diagram of the active aerial PSU. o

radio receiver or scanner, will
Aonly perform within operating

restrictions of its aerial system.
Nearly all scanners are supplied with
a small telescopic aerial. Although this
is adequate for local reception, for
long distance (DX) or weaker signals,
an outside aerial mounted as high
as possible is required.

With the increasing frequency range
of modern VHF/UHF scanners, a very
broadband aerial is needed. The cable.
or feeder connecting it to the scanner
must have good low loss signal

characteristics if the advantages of an
outdoor aerial are to be fully realised.
All cable will have some losses which
increase with feeder length and
frequency. To compensate for this
the aerial must have signal gain. The
passive method of achieving this would
be, increase the number of elements,
reduce bandwidth and make the aerial
directional. All the things you do not
want in a scanner aerial system.

The active method is to use a
wideband masthead signal amplifier
The DC voltage used to power this

amplifier is fed up through the centre
core of the coaxial cable, which is
introduced by using a PSU interface
at the receiver end.

The aerial described in this article
has a weatherproof housing for
outdoor use, which is constructed
from readily available materials.

Circuit Description

In addition to the block diagram
detailed in Figure 1, the circuit
diagram is shown in Figures 2 and 3.

Specification
DC Power supply:
Supply current:
Frequency Range:
Gain:

Impedance:

+9V to +14V

50Q

22mA (at +12V)
7MHz to 1500MHz
19dB (Maximum)

Length: 1-24 metres
Weight: 0-55Kg
Connectors: BNC/TNC

Gain Controller:

Coaxial Cable: RG58U

-10dB Attenuator

Photo 1. The assembled PCBs.
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This should assist in following the
circuit description, or with fault-finding
in the completed unit.

The four passive aerial elements are
cut to differing lengths resulting in a
wider frequency coverage. All the PCB
components used in this project are
of the surface mount device (SMD)
type. This is to ensure that any stray
capacitive, or inductive effects are
minimised, thus maximising the
performance of the circuits. A 1k
resistor, R1, is used to discharge any
static build up on the aerial elements.
The RF signals picked up by the aerial
elements are AC coupled via a 47pF
capacitor C1, into the wideband RF
signal amplifier The small value of the
component helps prevent overloading
by strong MW/SW radio stations.

The amplifier, IC1, is based around
the MAR-B a Monalithic Microwave
Integrated Circuit (MMIC). This
device is used as a 502 input/output
amplifier with low noise and high
gain characteristics and an upper
frequency response in excess of
2,000MHz (2GH2), see Photo 2.

The input is on pin 1 and its output
is on pin 3, with pins 2 and 4 used
as ground returns. The output signal is
AC coupled via a 220pF capacitor, C2,
to the centre conductor of the coaxial
cable. The positive voltage required to

Hex Threaded
Spacer

Solder
i Al

(=—PCB

o] o] o] o]
o] o] o] o]
D0000000000000C
o] o] o] o]
o] o] o] o]
2000000000000 0
o] o] o] o]
o] o] o] o]
P0000000000000G
o] o] (o] o]
o] (o] (o] o]

Figure 5. Mounting the
two hexagonal threaded
spacers.

\\/

h RF INPUT

White |,
Dot

N
P e e
GROUND I GROUND
MAR—6 || RF ouTPUT
o AND BIAS

Figure 6. Pin out of the
MAR-6.

power the circuit is also on the centre
conductor and must be split off from
the received RF signals. This is
achieved by using a small Bu8H RF
choke CH2. To frequencies above
10MHz this component offers a high
impedance and in canjunction with

C4 the RF signals are removed from
the DC supply feed to IC1. Additional
supply decoupling is provided by C2
and R2, with the 220Q resistor
limiting the current to IC1. The
external output load and DC power
feed for IC1 is provided by another
BuBH choke, CH1, which sets the
lower frequency limit of the amplifier
to approximately 10MHz, again shown
in Photo 2.

The active aerial circuit receives its
power from the PSU interface which
also includes a switched -10dB RF
attenuator The legend and track for
the Active Aerial PCB are shown in
Figure 4. The external power supply

Electronics - The Maplin Magazine May 1995



S588MHz

Photo 2. Preamplifier frequency response,
as shown on a spectrum analyser.

Photo 3. Insertion loss and -10dB attenuation of PSU, as
shown on a spectrum analyser.

586MHz

required by the system is applied to
SK3. with the positive voltage on its
centre pin. This supply must be within
the range of 8V to 14V and have the
correct polarity, otherwise damage
will occur to the semiconductors and
polarised components. To prevent this,
a diode D1 has to have the positive
supply voltage applied to its anode
before the DE power can pass to the
rest of the circuit. The red LED power
‘ACTIVE' indicator LD1 has its anode
connected to RS, which limits the
current drain to only a few mA.
Resistor R4, C2 and C3 provide

the main RF decoupling for the +V
supply rail. This is combined with the
incoming received RF signals on the
centre pin of SK1 via RF choke CH1.
The RF signals are AC coupled via C1
into the switched —-10dB attenuator
circuit. With 81 in its bypass

mode the RF signals appear at the
output socket SK2 with very little
attenuation, see Photo 3. The
combined component values of R1,
R2 and R3 are calculated to provide
a —10dB attenuation whilst retaining
a 50 impedance match. As can be
seen from the lower trace in Photo 3,
when switched in, the attenuation is
constant over the entire frequency
range.

Aerial PCB
Construction

At first sight, the fact that this is
a surface mount project may seem
daunting, but do not be put off. There
is an easy method of soldering these
tiny components using only ‘ordinary’
equipment.

Before you start, it may be useful
to check that you have the following
items laid out on your work area:

1. A low wattage soldering iron (15W
or less) with a fine bit (0.5mm is
recommended).

2. A pair of tweezers or snipe-nose
pliers.
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3. A sheet of clean white paper (A4

is ideal) upon which to place each

surface mount component, prior

to positioning.

4. PCB cleaner and a small brush.

Observe the usual antistatic
precautions before handling the
MAR-6E IC; ensure that you touch an
‘earthed’ conductor (domestic water
pipes, for example) to remove any
static charge which you may have
accumulated.

Construction of the Active Aerial
PCB is suggested first. Identify the
two hex threaded spacers; Figure 5
shows the mounting of these two
hex threaded spacers onto the Active
Aerial PCB. A high temperature is
required to overcome the metal of
the spacer and the ground plane of
the circuit board, so the soldering iron
has to be applied for some time, before
everything becomes hot enough for
the solder to flow evenly round the

pads of the positions marked. There
must be exactly 120mm between

the centres of the two threaded
spacers (and 114-25mm between the
edges). It is important that these are
mounted squarely, so the two screws
for each spacer go through the tube
and mounted correctly. These form the
main mechanical mounting pillars for
the project in the tube. It is advisable
to use a high power soldering iron to
solder onto the PCB the two threaded
hex spacers, which support the PCB
inside the finished tube. Make sure
that the metal of each spacer is
clean, or the solder will not flow onto
it, also make sure that the solder
does not flow into the ends where the
threaded portion of the spacer, or it
will block the threads. This must be
carried out before mounting any of
the SMDs, as the heat could damage
or shift the components if they were
already mounted onto the board.

- —

(o)

Photo 4.

Mounting the MAR-6 IC.




Photo 5a. Wetting one of the component pads with solder.

Photo 5b. Holding components in position with tweezers and reflowing the solder
to wet the component.

o o
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The pinout of the MAR-6 is shown
in Figure 6. A white dot on the body of
the device indicates the RF input lead,
on some devices this is shown as a
triangle. Another method identifying
the RF input lead, is the end of the RF
input lead is cut off at an acute angle.
The soldering of the MAR-B IC onto
the PCB is shown in Photo 4.

A sequence of photographs show
how to typically mount SMDs, by first
wetting one of the components pads
with solder as shown in Photo 5a,
holding components in position with
tweezers, and re-flowing the solder to
wet the component as shown in Photo
5b, and then making the opposite joint
of the component as shown in Photo
5c. The completed aerial PCB is shown
in Photo Ba.

Fit the coax tail to the PCB as
shown in Figure 7. With an offcut from
diode 01, this can be bent into a loop
to make the OV or screen connection
for the coax aerial, as shown in Figure
7. Pre-make the coaxial downlead
cable with a 50Q BNC line socket and
a 500mm run of standard 50Q coax.
The idea of fitting a line socket at the
base of the aerial is so that if the
aerial needs to be changed of the
position of the aerial needs to be
altered, it can be done with the
minimum of effort. It is possible to
solder the whole downlead onto the
PCB, but this would mean a long lead
trailing the aerial, which would get in
the way.

Cut and prepare the coax and solder
the inner connection of the coax to
the surface mount pad (the signal out
from the preamp), this holds the cable
in position, now fit the wire offcut
from diode D1, this is bent round the
cable to form a loop and put through
the two associated holes, again shown
on the diagram. The PCB is a double-
sided maximum earthplane board.
Unlike the surface mount which
requires precision fine tipped soldering
iron at low temperature, now use a
bigger tip at higher temperatures to
overcome the heatsink effect of the
copper clad board. Once the soldered
loop of wire is bent over the coax, the
stripped braid underneath the loop is

Photo Ba. Close-up of the assembled aerial PCB.
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Photo 7. Close-up of the assembled aerial PSU PCB. ‘

rolled back over the top of the tinned
copper wire loop, and again solder the
braid to the loop, being careful that
the insulation does not melt through
producing a short circuit on the
connection. The coaxial cable is fixed
in three places to the PCB by three
cable ties to stop it moving around
and fatiguing the solder joint, shown
in Figure 7. These simply loop through
the circuit board so the ratchet head
is on the same side of the circuit
board as the two hex spacers, the

straps of the cable ties are tied over ‘
the top of the coax, see Photo Bb.

Make sure that the cable ties have

been tightened or mechanical stability |
of the coax on the circuit board will be |
lost. Trim off the excess on the cable l
ties, as shown in Figure 7.

The aerial elements are made up
from black hook-up wires of varying ‘
lengths soldered onto the active aerial
PCB, the remainder of each length is
taken up with black lacing cord, this
assembly is also shown in Figure 7. |

Note that although the overlength
is shown as S300mm, it is advisable
to allow at least 10mm extra on the
lacing cords for the knot. There is
a cutting chart showing each aerial
length (before it becomes lacing cord).
The actual spreaders holding the
wires apart are part of the main
circuit board, these snap off. It is
advisable to start off with the longest
length of wire element A. This is
soldered to the PCB and then
threaded through the three
spreaders. Then fit wire element ‘D',
as this will fix the position of the next
off board spacer. The wire is 150mm
long and is tied to the lacing cord
which is then threaded through the
remaining wire spreaders. Due to
the wastage of the knot between the
wire and the lacing cord, over-estimate
the length of lacing cord by about
10mm. Once the lacing cord has been
threaded through the spacer, the free
end of the lacing cord is knotted onto
the wire element ‘D’ {(150mm], this
is shown as an exploded diagram in
Figure 7, which shows the knot and
the transition where the aerial wire
becomes lacing cord. Make sure that
the knot is butted up against the
PCB. You can reinforce the knot by
sealing it with a suitable glue, such
as a rapid drying epoxy resin, just to
make sure that it does not slip and
come apart. This is important as once
the aerial has been completed, it will
not be possible to reach the inside of
the aerial tube (without destroying the
heatshrink covering and the end cap).
Square up the wire spreaders. Next
fit the wire element ‘C’, this time it
is @ 300mm run of wire, before it
transitions into lacing cord. Just as
before tie off with lacing cord 600mm
to make up the total length of
900mm, this time it passes through
the first aerial spreader, the knot
occurs at the second aerial spreader.
Final aerial element ‘B’ 600mm,
with 300mm lacing cord makes up the
800mm run, again remember to allow
extra lacing cord for the knot.

Make sure that the wires, spreaders
and lacing cords are neatly arranged.
It is advisable to spray the board
with conformal coating just to keep
any moisture that might build up in
the tube from condensation, humid

atmosphere, or dead insects.
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Figure 7. Fitting the aerial elements and coaxial cable.
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Figure 8. PSU PCB legend and track.

Aerial PSU PCB
Construction

Again the majority of the components
on the PSU PCB are SMD, apart
from switch S1, LED LD1 and D1 a
standard 1N4001 diode which is the
protection diode on the power supply
input. Figure 8 shows the VHF/UHF

Aerial PSU Box
Preparation

A suitable box for the PSU is the small
diecast box type DCM5002 (LH70M).
Refer to Figure 12 for the drilling
details. The holes are drilled into the
main body of the box, the holes for the
countersunk screws should be finished

off so that they lie flat once fitted, and
do not lie proud of the surface.

Final PSU Assembly

The PSU final assembly drawing is
shown in Figure 13.

Before mounting the PCB fit the
label, this is shown in Figure 14, and

St LD1 Flat
PSU
Interface N
PCB l

|

Surface Mount Component Side

A K

C ]

vvw .

All dimensions in mm.

Figure 9. Mounting S1 and LD1
on to the PSU PCB.

active aerial PSU PCB legend and
track; the mounting details are shown
in Figure 8. The assembled aerial PSU
PCB is shown in Photo 7.

Aerial Housing
Preparation

The main body of the aerial is made
out of white plastic pipe obtainable
from DIY centres (e.g., Texas and

B & Q) and any local bathroom
suppliers that stock waste pipes, the
aluminium tube (KP80B) is supplied
with the kit. The inside dimension of
the aluminium tube (35mm) and
outside dimension (38mm) are shown
in Figure 10. The outside dimension

of the plastic pipe is 35mm or slightly
less. The plastic pipe must be cut to
a length of 1:24m, with four slots cut
in the top of the tube. The aluminium
tube is slid over the white plastic pipe,
and when in position, the holes in the
tube are used as a drilling rig, refer to
Figure 11. Four of the holes are drilled
at 2mm for the self-tapping screws,
and the other four holes 3mm to allow
for the BBA bolts to pass through
into the circuit board’s hex spacers.
At the other end of the plastic tube
crosscut with a hacksaw four slots
7mm deep, these perform the function
of locking off the ends of the wires of
the aerial elements and lacing cord.

14
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48 42 48 |
‘ o
'n’)
fiiceen s o n R =t
o Section view in 19
- Direction ‘B’'—‘B’ 38
Ref Size No.
A $2.3%" 4
B 835" 4
Section view in
Direction ‘A’—‘A’
NB: Remove ALL sharp edges Figure 10. Aluminium tube details.
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Design Considerations in RIAA
Phono Preamplifiers

EVERTHELESS, any worthwhile replay sys-

tem should strive to equal these inherent

technical imitations. Therein lies the fun,
and challenge, for the audio design engineer.

Once this has been done, various design
considerations can then be explored, and
the virtues and vices inherent to each of the
different topologies of RIAA preamp design
laid bare. We can then culminate the series
with a dissertation on the merits and short-
comings of the featured circuit, i.e. the
Audiophile preamp.

There is something distinctly quaint and
old-fashioned about some aspects of the
record making process - perhaps this has
gone some way towards hastening its
demise, firstly in the hearts, and then in the
collections of the music-buying public. If we
contrast this with the high-tech CD player,
with its laser, digital/optical storage and
retrieval systems, error detection and cor-
rection systems, and the stacks of digital
electronics, then the reliance for fidelity on
the mechanically tortuous chiselling out of a
record groove on a lacquer blank seems
decidedly Heath-Robinsonish by comparison.
Despite some unattractive aspects inherent

We mentioned in last month's opening gambit that there were some
fundamental shortcomings in the technology of vinyl recording. Some of these
preclude its use as a format intended for extended play applications. it might
be considered justifiable, therefore, to look at the way in which information
(music) is transferred first onto the blank vinyl disc. In this way, the absolute
aspects of performance of (and the technical limitation inherent in), the process
of disc reproduction will become more apparent to the reader. (These aspects
are a function of the physics involved in the transfer and subsequent retrieval
of information from a vinyl disc.) As such, semiconductor deficiencies, and other
constraints centred on the essentially mechanical aspects of the system,
mean that we are unable to exceed certain shortcomings of performance.

in the disc manufacturing
defied many of these unpromising
proved to be both phenomenally sucCESSiE
and to have stood the test of time qu
effectively indeed (atthough some of the less
appealing elements of the format seem also,
against all odds, to have survived). However,
the system HAS evolved and grown up con-
siderably since Edison, back in 1877, first
reproduced sound from an aluminium foil
using a cylindrical phonograph. Ten years
after this, Emil Berliner invented ‘flat disc
recording’, setting a trend that has persisted
to the present day. As a testimony to the
many excellent aspects of its performance,
it is agreed that until the advent of CD, the
modemn LP record had become universally
accepted as a genuine world standard, with
a widely distributed technology base. From
a qualitative point of view, it would be a
worthless exercise to pretend that the
reproduction of sound from a viny! pressing
is anywhere near approaching perfect, but
if the limitations are understood and appre-
ciated, and an open-ended philosophy to
the technology adopted, it will be seen that
it is indeed capable of improvement.
(Regrettably, the manufacturers of aba-
cuses, slide rules and horse-drawn carriages
might all have maintained the same thing, in

by Mike Meechan

The cartridge itself, the process used to
place information on to the viny! disc, and
the mechanical retrieval of this information,
all present many individual difficulties to the
designer.

Of all electromagnetic transducers that
convert one form of energy into another —
loudspeakers, microphones, etc. —the phono
cartridge presents what is possibly the great-
est challenge for design, since it must per-
form more than one function simuttaneousty.
Firstly, it must convert the groove modula-
tions of the record into an electrical signal,
but it must also support the tone-arm.

Principles of Vinyl
Reproductien and Recording

The transducer used to convert groove
modulation is known as a phono pick-up,
phono cartridge, or needle whilst the car-
tridge supports the stylus. In the past, var-
ious materials have found their way into the



stylus assembly — cactus needles, whaie
bones, all kinds of metals, gemstones, plas-
tics and wood, to name but a few. The
method by which the cartridge converts
energy determines the classification under
which it falls. Piezoelectric types encompass
the inexpensive, ‘Low-Fi’ crystal and ceramic
types, while moving magnet (MM), moving
coit (MO, and induced magnet (moving iron)
fall into the category of electrodynamic type
cartridges. The latter three use the principle
that a magnetic field, intersecting a wound
coil, will generate an electric current. Moving
magnet types have a magnet attached to
the stylus tube or cantilever, and the coils are
stationary. Moving coil types juxtapose this
arrangement, not surprisingly, with the mag-
net fixed and the coils moving, while the
moving iron type uses a magnet and coil,
which are fixed, and a slug of soft magnetic
iron that moves instead of the magnet,
being magnetised by it.

Because of the interaction of magnet and
coil in these types of cartridges, each pre-
sents a distinctly non-linear source imped-
ance to any amplifier input. Faraday’s law of
induction shows that induced voltage is pro-
portional to the relative velocity of both the
magnet and coil parts of the assembly.

Since the signal voltage generated at any
instant in time is proportional to rate of
change of flux with respect to time, the

e\

Driver

Spring

Tonearm

i

Driver

Spring

Load of
known mass

Figure 2. Method of measuring dynamic mass
of a tonearm.

‘springiness’ of the cantilever’s suspension.
‘Springiness’ is given the symbol k, the
spring constant, and is represented numeri-
cally. K is defined as the force needed to
compress or extend the spring by a certain
amount, so stiffer springs have a higher k
value. Since the spring constants are almost

unusably low numbers, the reciprocal of the
spring constant (1/K) is quoted by car-
tridge manufacturers and is called compli-
ance. It follows that a lower compliance
figure equates to a stiffer suspension sys-
tem. Compliance of the cantilever or stylus
is the ability of the assembly to react to
groove modulation, and it is measured (sta-
tically or dynamically) in cm/dyn or um/mN.
The dynamic compliance allows us to calcu-
late the resonant frequency of the tone-
army/cartridge assembly, and to measure the
effective mass of the tonearm. Compliance
is calculated as follows;

o 1
i 4UP°M

Where c is the compliance in cm/dyne
f is the frequency in Hertz
M is the tonearm mass in grams

When the system resonates, the imped-
ance of the cartridge is no longer related lin-
earty to the driving force on the styius, and
the non-linearity results in distortion of the
waveform. To overcome this, one measure
is to shift the resonant frequency to a point
in the spectrum that is below the lower aud-
ible limit. Since the cartridge resonant fre-
quency is a function both of mass, and of
the compliance of the cantilever and sus-

Damping
material
Nylon
Cross Stylus \
bar Stylus
Figure 1. Stylus mounting with damping control.

design of the cartridge must ensure that a
linear relationship exists between the posi-
tion of the stylus cantilever assembly and
the magnetic flux. Rate of change of stylus
position with respect to time will thus be
proportional to the signal voltage, atthough
this means that the groove excursions (the
waveform imprinted in the vinyl) are not
directly proportional to the signal vottage.
Rather;, the groove shape is proportional to
the integral of the signal waveform.

As the signal voltage is proportional to the
velocity of the stylus, the signal SLOPE is
proportional to the ACCELERATION of the
stylus. For high signal slopes to be repro-
duced with any degree of fidelity, the car-
tridge cantilever assembly and associated
suspension, and the magnet/coil system,
form a resonant mass-spring system. In
electrical terms, this is analogous to a com-
plex series resonant circuit.

Cartridge Basics

The amount of force required to move the
stylus depends both on this ‘springiness’,
and on mass. Using the damped mass-
spring model of a magnetic cartridge, we
are able to predict that the resonant fre-
quency will depend upon the mass of the
stylus cantilever assembly, and on the

Mo 1008 ClantrAanine - Tha AManlin AMana»ina

Terminal
pins

Square
pole piece

B) Cantilever deflected to the right

Cartridge body

New
damping
mechanism

Figure 3. Cross sectional view of moving coll cartridge and stylus.

Stylus guard

Cantilever

armature
coil

A) Cantilever in the neutral position

C) Cantilever deflected to the left
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pension system, the cartridge resonant fre- |
guency can be decreased, by upping either |
the mass or the value of the compliance.

Low mass is desirable so that the stylus is l
able to respond quickly to the changesinthe |
record groove, so compliance is attered until '
a suitable resonant frequency, typically |
below 10Hz, is achieved. The most desirable

range is between 8 and 12Hz, since reson- |
ance below 8Hz will produce instability of |
the tonearm, resulting in poor tracking of |
slightly warped records. f

Resonant frequency can also be aftered |
by lowering the Q of the system. Mechanical |
and electrical losses introduced into the sys- |
tem expedite this. Conventionally, friction i
introduced into the cantilever suspension |
assembly - using rubber mounting biocks -
achieves the desired mechanical damping,
while the absorption of energy (into the load
resistance of the cartridge preamplifier) low-
ers the electrical Q of the system. See Figure
1. We can look at the various types of
cartridges that prevail in the audiophile '
marketplace.

Tonearm (or cartridge vertical) resonant l
frequency is found by playing a special test |
record, with signals at specific frequencies, |
and recording the frequency at which the |
cartridge output is highest. Dynamic mass
of the tonearm is calculated by suspending
the complete arm/cartridge assembly from |
a spring (connected just above the stylus |
pivot), and connecting this spring to a loud- |
speaker-type driving force. The spring is then
excited vertically at various frequencies, and
the resonant frequency of the assembly |
noted. Next, the tonearm is freed from the
spring, and precisely valued weights '
attached in its place. Dynamic mass of the l
tonearm equates to the mass of attached
weights at which the resonant frequency is |
the same. Once both mass and frequency |
are known, compliance can be readily calcu-
lated. it would be correct to say that the |
reproduction of sound from a vinyl disc owes l
as much to complex mechanics as it does
to electronics. See Figure 2. i

Moving Coil Cartridges

Moving coil cartridges have existed since the
very early days of electronic sound record- |
ing and reproduction. The design uses one ,
heavy magnet, and the cantilever assembly,
which cannot be replaced by the user. The f
inherent low impedance of the system }
means that it is insensitive both to input

A)

magnet.

Mu—metal
shield

Isolated
para—toroidal
coils

Laminated coil cure
with utilised pole pieces

Vector—aligned
dual magnets

0.12mm square shank nude—mounted
linear contact natural diamond stylus

Figure 4. The moving magnet cartridge.

Basic principle of operation of moving

0.3mm diometer
beryllium cantilever

B) Cartridge and stylus construction

Individual compliance
set screen

Radial damping ring
at cantilever fulcrum

load impedance, (typically about 5 to 100€),
and to capacitive loading, so that long cables
can be driven without detriment to the fre- |
quency response. This is gained at the

expense of low output - typically some 20 to

30dB below that of the moving magnet |
type, when referenced to an established
sensitivity of 1mV/cm/sec. This means very
careful ampilification if noise performance
isn't to be unduly impaired. (More of this
when we move on to our noise discussion.)

Furthermore, tracking forces are much
heavier, but on the plus side, sound quality
from the moving coll cartridge can be very
good, with distortion figures typically lower
than the moving magnet type. The very low
impedance and inductance of the coils (very
much less than the 0-3 to 1H of the MM
type), combined with a very rigid and strong
cantilever (it has to support a heavy mag-
net assembly) means that there is a very
fast response to transients in any musical

..'Q 74 B
Xop s
154/
tyms
bar

Cross
armature

Figure 5. Variable reluctance cartridge.

A) Simplified diagram of coils and cross armature

B) Magnetic circuit
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passage, and a flatter and more extended
frequency response. Better channel separ-
ation (some 30 to 40dB compared to the 20
to 30dB of the fixed coil type) is achieved
because the stylus assembly and the coil
system are in much closer proximity.
Unfortunately, poor construction of the coil
assembly, with numbers of unsupported
tums, can cause vibrations in the assembly,
and random output at HF. Also, lead-in and
lead-out wires, if they are improperly
secured, can vibrate in the magnetic field
and cause colouration of the output signal.
Despite problems as these, which are
indigenous to some examples, the moving
coil, because of the extended frequency
response and excellent transient character-
istics, has traditionally been favoured over
other types by the true audiophile fratemnity.
See Figure 3.

Moving Magnet Cartridges

The moving magnet type of cartridge origi-
nated in Europe in the late fifties, and has
since become the most popular example of
the phono cartridge. It has low dynamic tip
mass, high compliance and, because of the
large number of tums in the coil assembly,
reasonably high output. The basic principle
of the moving magnet cartridge has been
refined over the years, until now, modern-
day cartridges in the vanguard of this type
can produce outputs well above the audible
frequency ceiling (typically 50kHz in some
examples). Output level diminishes (or dis-
appears) at higher frequencies because of
the rising inductive component of the car-
tridge impedance, which has a typical resis-
tive component of 200Qto 1k. The short-lived
quadraphonic era of the seventies (5Q, QS,
CD4, UD4) prompted much of this develop-

Figure 6. Simple, budget,

two transistor moving
magnet input stage.
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i

ov

May 1995  Electronics — The Maplin Magazine

ment, since some of the systems (CD4
springs to mind) used a 30kHz carrier wave-
form onto which the narrower band audio
signals of the other two channels of the sys-
tem were modulated. The unique electro-
magnetic characteristics of the moving
magnet cartridge mean that any input stage
intended for use with it must have well-
defined impedance at all frequencies
(despite the worst excesses of the car-
tridge), if performance is not to be compro-
mised. See Figure 4.

Variable Reluctance
(Induced Magnet)

These have performance characteristics
almost identical to those of the moving mag-
net cartridge. A small ammature, in the shape
of a cross, swings between four pole pins
and coils. A stylus bar, (which has the sty-
lus at one end) is secured to the armature
at the other. Forty-five degrees of motion to
one side cause reverse volttage induction,
which allows push-pull operation of the coils,
and thus reduces harmonic distortion
caused by non-inearities in the magnetic
field. The coils also provide ‘hum bucking’
(rejection of mains frequency fields).
Crosstalk components are also ‘bucked’ out,
so channel separation is good, regardless of
frequency. See Figure 5.

Other Types

The other types of cartridge in existence
(but which we won't discuss in detail) are
the semiconductor cartridge and the piezo-
electric (crystal or ceramic) type. The latter
type belongs to the group known as con-
stant amplitude (or pressure sensitive) car-
tridges, since they give an output that is
proportional to the force applied to the styl-
us, and so produce an output voltage that
is independent of frequency (no equalisation
is therefore required).

A high quality phono preamplifier presents
many diverse and demanding challenges to
the audio engineer., A phono preamplifier’'s
primary task is to provide gain (typically
around 30 to 40dB at 1kHz) together with
accurate amplitude and phase equalisation
to the signal from a moving magnet car-
tridge. Moving coil type cartridges typically
have output vottages some 20dB lower than
their Moving Magnet (MM) counterparts.
Many of the higher quality (more expensive)
preamplifiers have switchable inputs. A mov-
ing coil cartridge will be amplified up, using
erther transformer techniques, or low noise
active devices such as super-matched tran-
sistor pairs, before being applied to the mov-
ing magnet input stage for equalisation and
further amplification. Moving magnet car-
tridges are, of course, applied directly to the
MM input stage. Any amplifier in the chain
must, of necessity, be a very low noise, low
distortion type. It must also possess good
overload characteristics, and the equalisa-
tion network must be accurate so that the
EQ curve can track exactly the rigidly
defined, internationally recognised RIAA
standard.

Choices and Options

Various approaches to the design have been
tried in the past - discrete transistor, IC, a
hybrid of both, series and shunt feedback,
etc. Each type has its merits (and disad-
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Turnover frequency

Frequency characteristics of equaliser required to compensate
for the constant—amplitude characteristics of the cutting head

vantages, too). Traditionally, transistor or
discrete designs have been preferred by the
‘golden-eared’ fratemnity of listeners. Many
first class designs centred on this approach
to the problem have been tested and
proven, both within journals such as this,
and in commercial products, too.

Good transistor designs can offer superia-
tive noise and distortion characteristics, but
can sometimes prove expensive, since the
cost of several discrete, low noise, high per-
formance audio-specific transistors quickly
accumulates. Also, the transistors can also
prove difficult to source, and component
count and complexity is much higher than
with similar integrated preampilifiers. There
is also the problem of matching (to any great
degree of accuracy) active components
inherent in the design. Bipolar devices also
exhibit a change in input resistance at high
frequencies, Zn dropping off in value as
audio HF is approached. What is required is
a constant resistive load (up to the audible
frequency ceiling and above) for the car-
tridge, and unfortunately, the inherent loss
of gain at HF of the bipolar transistor, despite
some emitter current flowing, means roll-
off in a critical part of the audio spectrum.

A common band aid used in bipolar tran-
sistor stages is in the application of a large
dosage of negative feedback. Decreased
gain at HF also means decreased overall
open loop gain, which, in turn, reduces the
amount of NFB available. The feedback loop
is susceptible both to the cartridge imped-
ances, and to the reactances of the cables
used for interconnection. Variations about a
particular critical value, even when small in
magnitude, can cause frequency response
aberrations, ‘muddiness’ in the perceived

20

sound, and even instability in extreme
cases.

What happens with these simple types
(common in commercial preamplifiers of
some years ago) is that the input impedance
is modulated by the absolute value of signal
input voltage. Since the amplifier input is
affected by input impedance if the source
impedance is high, distortion increases as
source impedance increases. Worst of all,
it might only occur with particular car-
tridge/cable combinations. Such problem
phenomena come under the heading of ‘car-
tridge impedance interaction’, and they

plague ALL types of design, to a greater or
lesser extent. See Figure 6.

Despite having said that many consumers
of high quality audio equipment prefer dis-
crete transistor designs to the integrated
circuit approach, commercial constraints
(tight profit margins) mean that it is difficult
to realise a good discrete design at reason-
able cost. We mentioned that individual test-
ing and matching of transistors is a
time-consuming process. This means that it
is a costly process. Many manufacturers
compromise by ironing out minor spreads in
active device characteristics by using extra,

A) Stereo groove with information
on left channel only

C) Stereo groove with vertical
information

Figure 8b. Types of groove modulation.

B) Stereo groove with information
on right channel only

D) Mono groove with lateral
information
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passive components and circuit mecha-

Despite the feather-ruffling that it may

these must, of course, be commensurate,

nisms to emulate the effects of truly cause in some quarters, op amps offer, in with the overall projected cost of the unit.
matched components. One such ploy | many ways, the ideal solution to the prob- Up-to-date analogue devices offer superb
includes the use of emitter ballasting resis- lem. Unlike a professional audio mixing desk, noise/distortion specifications, quite uniike
tors. The resistors would be superfluous to say, where commercial cost considerations the 741 genre of op amp upon which many
the design were the devices in question preclude the use of state-of-the-art devices modem-day judgements of sonic nastiness
properly matched - unfortunately, introduc- in every circuit across the console, the are still made. Slew rates, noise and distor-
ing them into the circuit brings problems of designer of a one-off phono preamp can tion figures for the so-called ‘audio-specific’
its own. See Figure 7. | specify the finest devices. Individual cost of op amps of the present day are better by an
order of magnitude than the devices of ten
or fifteen years ago. We mentioned the dif-
g T T ficutty and expense of matching discrete
8 l | I devices -integrated circuit fabrication tech-
< +20 3180uS | nigues ensure that transistors within the
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Critical elements of the design, as previ-
ously noted, are good noise performance,
and a frequency response which adheres
strictly to the RIAA equalisation curve. As
we shall see, there are some aspects of
each that are inextricably linked, but initially,
we'll look at both as two separate entities.

Equalisation

In an effort to overcome the limitations
found in the disc-cutting/reproduction
process, a special amplitude/frequency
response characteristic was created. Signals
are placed onto the disc using a constant
velocity characteristic. This means that the
frequency of the signal is inversely propor-
tional to the amplitude, i.e. low frequencies
have large amplitudes and high frequencies,
small ones. This is a system that uses the
storage space available on the disc surface
very inefficiently, since information recorded
at LF would quickly fill the grooves. That is,
if we could place information at these fre-
quencies onto the disc in the first place. Left
and right stereo channel information is cut |
onto opposite walls of the groove. it follows,
therefore, that in-phase, mono, LF signals
would cause a huge stylus movement from
an impractically thick disc. To overcome this,
channels are recorded in anti-phase to one
another. Also, there is a maximum allowable
groove separation of 0-01cm. This, in tum,
limits the size of the maximum permissible
recording cutter excursion, which, in prac-
tical terms, means a consequent reduction
in replay stylus with decreasing frequency.
See Figures 8a and 8b.

Figure 12. Typical serles feedback-driven RIAA equalisation.

RGE
ouT

R2,100k C1

B)

High frequencies present their own prob-
lems, since, with a flat recording character-
istic, these will cause minute movements of
the stylus. The output voltage would be hov-
ering about, or just above the surface noise
of the disc, so system signal-to-noise would
be appallingly bad.

Equalisation - pre-emphasis and de-
emphasis — simultaneously cure both the HF
and the earlier LF problem. Early equalisation
on the record side caused only substantial
attenuation of the lower frequencies. This
was initially adopted to lessen the irritating
audible hiss due to the emery powder load-
ing of the early shellacs. Present day curves
encompass both the LF and the HF ends of
the frequency spectrum, both cutting LF
and boosting HF, so that higher amplitude
midrange and high frequencies are cut into
the disc. Playback juxtaposes this situation, |

with LF boost and HF cut. This offers
another distinct advantage in that signal-to-
noise ratio is improved further, since much
of the system noise is present at HF, and so
is attenuated on playback.

There are, in fact, two forms of equalisa-
tion in common usage. One is the ubiqui-
tous RIAA, Recording Industry Association
of America (or NAB) curve and the other is
the German DIN (Deutsche Industrie Norm)
standard, although both are confused so
often as to be almost synonymous. The DIN
standard (used in European countries), is
sometimes known, somewhat erroneously,
as the ‘new RIAA standard. It is identical in
all respects to the RIAA curve but for the
introduction of a fourth, low-frequency
breakpoint. This has a time constant of
7960us (20-2Hz) and was introduced on the
playback side to improve signal-to-noise ratio
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and stability of the system at extreme low
frequencies. Such a single-pole fitter, when
coupled to the response created by the
3180us time constant, gives a 6dB/octave
roll-off to frequencies below 20Hz or so. This
decision was made because of the problems
encountered when using the existing RIAA
curve, namely, that the large amplification
given to frequencies down to and below the
lowest audible frequency of the spectrum.
This boost meant that mechanical distur-
bances (such as platter rumble or tonearm
resonances) were amplified to the point
where - because of the in-band harmonics
which the subsonic resonances caused —
‘muddying’ of audible frequencies resulted,
or bass cones of loudspeakers were endan-
gered. The latter problem arises because
loudspeakers can only dissipate power deliv-
ered at subsonic frequencies as heat. Other
problems in this area of the audio spectrum
can be caused by bad pressings, which in
tum generate subsonic ‘warp’ frequencies.
See Figure 9.

Figure 10 shows a gain versus frequency
piot of the RIAA curve (record and play-
back), and Table 2 shows, in tabulated form,
the gain at specific key frequencies. In Figure
10 the three main frequencies of interest
(50Hz, 500Hz and 2122Hz) are shown. It is
also traditional to show them as time con-
stants, since it is more accurate - the fre-
quencies are rounded whereas the time
constants are absolute values.

50-5Hz and 2122Hz are the two main
break frequencies (poles), with the fre-
quency response rolling off at 6dB/octave
above the 2122Hz frequency. The gain
should, ideally, asymptote to zero. This may
or may not be the case, depending upon
which type of feedback is employed. We
shall discuss this point further at a later
stage. 500Hz is the zero and the third point
of interest. Figure 11 shows the DIN curve,
with the extra time constant at 20-2Hz high-
lighted on the playback curve.

Types of Feedback

There are two types of feedback used —
series and shunt. It was mentioned that
major prerequisite features of the overall
design were low noise, low distortion, and
accurate adherence to the RIAA curve.
Unfortunately, both series and shunt feed-

Frequency Recording characteristic
(Hz) (relative amplitude) dB
20-0 -19:3
25-0 -19-0
345 -185
400 -17-8
500 -16:9
63:0 -15-8
80-0 -145
100-0 -13-1
1250 -11-6
160-0 -98
200-0 82
2500 67
3150 =52
400-0 —3-8
500-0 26
630-0 -1-6
800-0 -0-8
1,000-0 0-0
1,250:0 o7
1,600-0 1-6
2,000-0 26
2,500:0 37
2,450-0 5:0
4,000-0 66
5,000-0 82
6,300:0 10-0
8,000-0 11-9
10,0000 13-7
12,500-0 156
16,000-0 LT
20,000-0 196
Table 2. Preferred frequencies and calculated
recording characteristics, in accordance with
RIAA standard.

back cause problems in one or other of
these areas and neither can satisfy both
requirements simultaneously - it is difficutt
to get really low noise performance with a
series arrangement, and difficult also to get
accurate amplitude response with shunt-
applied feedback. We'll look at each type in
tum to discover why this is so.

Series Feedback

Refer to Figure 12 that shows a typical
series feedback arrangement. it is known
sometimes as the ‘non-inverting’ type, for
obvious reasons. The network based around
R1, 2 and C1, 2 is representative of those
found in commercial designs, but other
topologies give equivalent results and can be
used to replace it. R3 is typically kept below
1k in value, so that it is not contributing fur-
ther noise along with that already caused by
the finite impedance of the cartridge itself,
which is typically approximately S00€2 to 2k.

Rs is a shunting resistor and provides
damping for moving-magnet type cartridges,
and Cs provides a shunting capacitance that
should be equal to the combined total of
cartridge capacitance (as specified by the
cartridge manufacturer) and connecting
cable capacitance. This shunt capacitance is
more critical in value than many users/engi-
neers give credit, since it resonates with the
inductance of the cartridge (typically about
0-2 to 1H), at or near the audible frequency
ceiling, and so determines the upper fre-
quency response of the transducer, and the
flatness of this response. Recormmended
load capacitances for various cartridges are
specified by the manufacturer. Figure 13
shows the effect of wrong values of capaci-
tance fitted to the circuit input.

The non-inverting configuration of the
amplifier means that gain can never fall
below unity. This means an error in the
amplitude response, since the RIAA curve
dictates that gain should roll-off smoothly to
zero at a rate of 6dB/octave above the
2122Hz pole. A third pole (at the unity gain
frequency) is now introduced.

Gain at frequencies where there should be
none can cause distortion in any following
stages, since frequencies that should have
been attenuated can now freely be ampli-
fied. Preampilifiers intended for use solely
with moving magnets suffer less in this
respect, since the combination of the induc-
tance of the cartridge/shunt resistance of
the amplifier rolls off the response very
quickly above 20kHz or so.

It can be a problem, however, with mov-
ing call cartridges. These types possess very
low inductance (in comparison with moving
magnet types) and so are able to produce

Continued on page 45.
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Design by Tony Bricknell

EI Text by Tony Bricknell
and Mike Holmes

PROJECT

RATING

KIT
AVAILABLE
LUOSK)
PRICE

£1.49

The ‘Fox’ Wireless
Home Alarm system
has proved very popular
with many home owners,

mainly because it is so easy to install.
The Intruder detectors, for which there are
four zones, communicate with the main
control panel by radio, so your decor is
not spoiled by yards of unsightly cable.

It also means that the locations of the
various components can be changed,

at any time without a great deal of work.
Each zone can have an unlimited number

of detectors to extend the coverage.

HILE the Wireless Alarm has
a companion alarm ‘bell’ box,
there have been many requests

from customers for a bigger bell box, with
battery back-up and tamper protection.

The Assembled External Bell Box, Stock
Code XP03D, has a long history going back
to the very early Maplin Burglar Alarm Kit.
Although compatible with the range of
MSS2500/3000/3500 alarm systems (see
Maplin Catalogue), the later style bell box
is unfortunately not able to directly oper-
ate with the Fox FSS7500, because the
Wireless Alarm does not provide the pair
of 12V supply wires required.
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FEATURES

® Upgrade for Fox Wireless Alarm
FSS7500 (XS57M)

¢ Allows Fox Wireless Alarm to
use Maplin Bell-Box (XP0O3D)

4 Simple wiring modifications
4 Highly-visible strobe light
¢ Back-up battery
powered loud siren

The brightly coloured, polycarbonate bell
box now has its own intermal back-up bat-
tery, siren, strobe lamp and tamper switch,
which makes it impossible to remove the
cover, or the complete unit from the wall,
without setting off the alarm. Similarty, cut-
ting the connecting cable will also set it off,
so it would make a really valuable addition
to the Wireless Alarm. The latest version
of the bell box also includes an integral 17
minute time-out timer.

The upgrade provides for just this modi-
fication by simply enabling the Wireless
Alarm to present a DC supply potential to
the Bell Box, which will use it to maintain

its own battery charge and also monitors
the line to detect any tampering with the
wiring or the supply.

Wiring Configuration

The bell box requires a constant +12V sup-
ply to trickle charge its own back-up bat-
tery, a OV or earth retum wire and a control
line which is switched to OV by the alarm
to sound the siren. While the Wireless
Alarm provides the switched OV line to
sound the siren, there is, however, no pro-
vision for a permanent + 12V supply (such
a supply needs both +12V and OV wires).
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A constant +12V supply line can be
taken from the Wireless Alarm’s ‘SIREN+'
output, which is constantly held at +12V
potential (this connection is normally used
to provide the positive supply for the con-
ventional bell box siren). That's half the
problem solved. Now, where can you
obtain a constant OV supply?

The Wireless Alarm can have an optional
sealed lead-acid back-up battery, which
requires a current limited + 12V supply and
(of course) a OV retum. All that is necess-
ary is to split the OV return for the
optional sealed lead-acid battery, and
that’s where the adaptor kit comes in.
Please note that for best results the
optional back-up battery should be used in
the Wireless Alarm Control Panel main unit,
otherwise, should you experience a mains
power cut, the bell box will sound because
the 12V supply has been interrupted.
However, this battery is not essential.

Wiring Modifications for
the Wireless Alarm

Install and test the Wireless Alarm as per
its supplied instructions. The back-up bat-
tery connects to the alarm’s main circuit
board via ‘Lucar’ style /4in. connectors, a

Wire to external Bellbox

Figure 1. How to fit a Y/4in. ‘Lucar’
style push-on connector to a wire,
with detail of ‘piggyback’ adaptor.

i Insulating Boot (FE66W)

Push—On Blade (HF11M)

Lucar Piggyback
Connector (ARS0E)

familiar type commonly used for motor
vehicle electrical connections. These con-
nectors are easily fitted to a wire, see
Figure 1. Strip the wire to expose approxi-
mately 10mm of conductor, slide the insu-
lating sleeve over the wire, and then cimp
the connector onto the conductors with
strong pliers. The narrow tongues at the
rear of the connector are intended to be

Battery connections In clear detail.

inside the case.

Mav 1995 Electronics — The Maplin Maqazine

wrapped and crimped around the actual
insulation prior to sliding the insulating boot
over the completed connector. Crimped
and soldered connections are best, but sol-
dering is not essential, provided that the
wire is tightly held.

Using a length of 4-core Burglar Alarm
Cable (XR89W), make the additional con-
nections to the Wireless Alarm as shown in

Connecting to the sirenless PCB.

Figure 2. The Lucar ‘piggyback’ adaptor
should be added, details are also shown in
Figure 1. If the optional battery is fitted, it
is pushed over the battery’'s (-) terminal,
making two '/sin. blades available. The
black wire from the alarm main board con-
nects to one of the blades of the ‘piggy-
back’ adaptor, restoring the original battery
connection. The blue wire of the Burglar
alarm cable, with its ‘Lucar’ push-on con-
nector, is pushed over the other blade of
the adaptor. If you do not have the optional
sealed lead acid battery, lay the connector
assembly in the base of the case. To ensure
that the wires do not come into contact,
wrap them in insulation tape.

The red and black wires of the burglar
alarm cable connect to the extemal siren
screw terminals on the alarm main board
as follows: red to ‘SIREN+’, black to
‘SIREN-'". The yellow wire is not used and
should be cut off completely, close to the
end of the outer sleeve.
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Figure 2. Modifications
to Control Panel back-up
battery wiring and bell
box connections.

Burglar Alarm cable

4—core "‘LJ u‘~~Moins cable

to Bell Box

Now run the cable up to the intended
position of the extermal bell box. The cable
should be secured to the walls, with
suitable cable clips (e.g., for 3-5mm cable,
Maplin Stock Code BH19V (box of 20)).

Mounting the Bell Box

Select a suitable position on an outside
wall, e.g., under the eaves, and drill four
holes for the bell box fixings. Using a small

diameter, long masonry drill bit, drill a hole
through from the outside wall, angled such
that the hole on the inside of the building
is higher than the hole on the outside. This
will help to stop ingress of rain. It is through
this hole that the cable will pass.

Now for the tricky bit — feed the cable
from the inside of the building, to the out-
side. If you have cavity walls you will soon
discover how excruciatingly difficult this is!
One solution is to use a straightened wire
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‘ coat hanger (or thick solid core cable) and
pass it through the hole, tape the burglar
alarm cable to the end of the coat hanger,
and then pull the wire and cable through.
Pass the cable through the back of the
extemnal bell box, and fix it to the wall.

Wiring Up the Bell Box

There are, currently, two types of Maplin
bell box in existence. Connect the wires to
the bell box, referring to Figure 2, depend-
ing on which version you are using.

The intemal layout of the old type bell
box is shown on the right in Figure 2.
Connections to the old style (inset) com-
prise the black wire of the burglar alarm
cable going to the ‘SW-' screw terminal
| (which it shares with the Strobe Light
’ black wire), and the blue wire to the
| 'RETURN’ screw terminal. The red wire
‘ connects to the (+) terminal which it
| shares with the strobe light red wire.

Again, the yellow wire is unused and
' should be cut back to the outer sleeve.

The intemal layout of the new type bell
box is shown on the left in Figure 2. Wiring
| tothe new style bell box is exactly the same,
even though there are only four screw ter-
minals (the siren is integral to the PCB mod-

Continued on page 46.
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SUPER SCAN - Continued from page 15.
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Figure 16. Final Aerial assembly.
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Photo 9. Fitting the heat-shrinkable tubing.

Photo 10. Fitting the heat-shrinkable end-cap.

Y

is available with the kit or separately
(KPB1C). Note the label has to be
separated into three parts, fit the
upper portion to the PSU box, and
one or both of the labels should be
attached to the white portion of the
aerial. Before applying the label to
the box fit the four M3 x 20mm
countersunk bolts, they are all
mounted in the same way with the
shakeproof washer, M3 nut, M3
spacer and M3 nut. Ensure that the
PCB fits into the box correctly, before
applying the label. Next fit the label to
the box, use a sharp knife or scalpel
to clear the holes ready for the
components to be located through.
The three sockets can now be
mounted onto the body of the box

in their correct locations, with their
relevant washers and lock nuts. The
PCB is offered up to the box, the
three tags on socket SK3 are eased
through the correct hole on the PCB,
and the pins on socket SK2 through
the relevant holes on the PCB refer
to Figure 15. The LED and switch are
eased through the body of the box at
the same time.

When all is satisfactory, fit the
remaining M3 washers and tighten up
the M3 nuts. The three tags on SK3
are bent over the top of the PCB and
soldered in position onto the pads;
the connections on socket SK2 are
likewise soldered. Once this operation
has been carried out it will not be easy
to demount the PCB. Photo B shows
the PSU PCB located in the diecast
box.

Testing Procedure for
the Super Scan Aerial

The initial DC testing procedure can be
undertaken using the minimum amount
of test equipment. You will need a
multimeter and a power supply capable
of providing +12V DC at up to 300mA.
All the following readings are taken from
the prototype using a digital multimeter
- some of the readings you ohtain may
vary slightly depending upon the type
of meter used!

When testing the aerial, it has to
be pre-tested outside the tube hefore
the final assembly, but the first part
to be tested is the PSU interface.

The PSU interface can only be fully
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tested when it is completed and in its
box, to test for any short circuits on
the PCB or sockets. Assuming that
the unit is built up in its diecast box
and bolted in position without the
back on, you should be able to take
the following resistance measurement
before applying powen

Using a multimeter on the chms
range and applying the test probes
on the power socket, either way round
to the inner and outer should reveal
a very high resistance of several
megohms indicated. If using a digital
multimeter, there will not be enough
voltage to fire up the LED on the PCB.
Some analogue meters will have mare
current available and will make the LED
illuminate.

Next, connect the power (+12V DC)
and observe the current, only the LED
should be drawing current at this
stage. When powered up with the
current meter in series with the power
input, LED LD1 should illuminate and a
current reading of approximately
4-5mA should be indicated. That being
the only current drawn, as the Active
Aerial is not connected to the aerial
input at this stage.

The next test is to make sure that
the DC is getting through to only the
aerial TNC socket, and that the BNC
socket does not have any voltage on
it. The voltage reading on the centre
pin of the TNC aerial socket should
be approximately 11-3V DC, which
is 0-7V down on the 12V due to the
drop across the protection diode.
Check the centre pin of the BNC
socket to confirm that there is not
any DC voltage on it. The -10dB
attenuator cannot be tested at this
stage as it is in the signal path, but it
is possible to check the DC resistance
conditions by measuring the inner to
outer of the BNC socket, with the
attenuator in the OdB setting it
should read open circuit, and when
switching in the —10dB, you should get
a reading of approximately 63Q. That
will confirm whether the SMD resistors
are in the right configuration.

That completes the tests on the
PSU interface. Finally fit and fix the
baseplate in position with the four
countersunk screws provided, and
stick on the four small rubber feet.

We now carry out similar tests on

|

the actual active aerial on the BNC
line socket, on the end of the fly lead
coming out the base of the aerial.
With the multimeter on resistance
range, the probes either way round
on the inner and outer of the BNC
connector from the aerial, the reading
should be approximately 1k2Q. Now
with the aerial connected to the PSU
interface and with the meter reading
current the aerial should draw 22mA,
this indicates that the MARB is
working DC wise. The only way of
testing it further is to either connect
it to a spectrum analyser or failing
that, to a scanner receiver, hopefully
with the sort of range the active aerial
will work over, i.e. 7MHz to 1-5GHz.
Tune to something that you would
normally pick up on the whip aerial
on the scanner, and when you change
over to the Super Scan it should be
of a relatively similar strength, or
strongen

That completes the testing
procedure, now follow the final
assembly details in the next section.

Aerial

Within Figure 16 are a number of
relevant drawings for this section,
these will assist in the construction
of this next phase of the aerial.

Fit four No. 4 self-tapping screws
through the 2mm holes in the
aluminium tube into the plastic pipe,
this holds the two parts togethenr

The position of the PCB inside the
tube is critical and needs to be lined
up with the 3mm holes. A cutaway
drawing in Figure 16 shows the
position of the PCB and the BBA bolts
and shakeproof washers. Positioning
the PCB is relatively straightforward,
it is best to drop the PCB from the
top of the aerial (the end furthermost
from the aluminium tube), this way the
spacers and aerial elements lie inside
the tube, and will not fall back down,
the wires will then be accessible at
the end of the tube, Start pulling the
PCB down the tube and rotate into
position by gently twisting the coax
until the PCB roughly aligns with
the holes. Put a BBA bolt and its
shakeproof washer through the GBA
hole in the pipe. Once one of the EBA
bolts is in position, do not overtighten,
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500 CO-AX Cable
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Figure 17. Typical aerial installation.
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leave it loose, this will help in the
registration of the other three GBA
bolts. When tightening up the GBA
bolts it is best to gently tighten up
on one side and then the other, so
the board has an equal amount of
pressure on both sides of the board.
Once the PCB has been fitted with the
B6BA bolts, take the aerial elements,
then looking down through the top end
of the tube, make sure that the runs
of wire down to the PCB are not
twisted over each other, they should
be running in parallel. Start pulling the
aerial elements/wires and slowly bring
up the tension and lock them off into
the slots. It will be found that after
tensioning the wires, the wires
stretch and it is best to release each
element in turn and retension them,
but do not over tension them as it is
possible to snap the lacing cord. Once
these are locked off, trim them from
the outside of the pipe as shown in
Figure 16; tack the ends down with
tape, all this does is to hold the wires
flat, so that when the heat shrink
material is fitted, which is the final
method of locking them off, the wires
lie in a perfect position underneath the
heat shrink.

Before fitting the heat shrink
material, make sure that the 6BA
bolts and the No. 4 self-tappers
are all fully tightened. When using a
screwdriver it is possible to leave a
sharp edge on the head of the bolt or
screw, if heat shrink is then applied
over these, as it shrinks on it will
puncture and tear the heat shrink —
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Photo 11. Finished aerial.

so after tightening the bolts make
absolutely sure that the heads are
smooth; if not use a piece of emery
paper or file to smooth off any rough
edges on the ends of the aluminium
or on the heads of the bolts.

Fit the very wide standard lay-flat
white heat shrink sleeving which
comes precut in 1m lengths, this is
just right to cover the set of screws
on the base, and the ends of the
aerial elements at the other end of
the tube. When the heat shrink is
positioned on the pole, there should
be a 5mm gap at the top. Do not
overheat the heat shrink material,
it only needs to mould itself over the
aerial, as shown in Photo 9, excessive
heat will weaken it and cause it to
split. If a proper heat-gun is not
available then either a heat-gun of the
paint stripping variety (the heat from
which is very strong) or an efficient
hair-dryer at its maximum setting
(this will be slower as the heat output
is less).

After shrinking the white heat shrink
onto the outside of the tube. It now
remains to fit the black heat shrink
end-cap, when heat is applied an
adhesive will run out, this will be
hot, so be careful not to touch it.

The end-cap being of thicker heat
shrink material, it takes a considerable
amount of heat for it to shrink on,
Photo 10 shows the process. The

glue helps to provide a good waterproof
seal at the end.

Finally to finish off the aerial, the
sticky label supplied with the kit (which
is printed in two parts) has to be cut
up with a pair of scissors. The main
part is the front panel of the control
box, which contains all the various
legends, the second part is merely
the logo, which is stuck onto the aerial
near the base, the spare can either be
stuck onto the aerial or to the control
box. Photo 11 shows the finished
aerial.

Aerial Installation

The aerial installation is
straightforward and follows normal
practice for small aerials. First select
a location on the side of the house or
bungalow, preferably away from power
and telephone lines etc. that might
interfere with reception. With safety
in mind when climbing ladders, make
sure that the base of the ladder will
not slide about. Next locate the wall
mounting bracket on the side of the
building. A suitable wall mounting
bracket is the mast bracket No.3 type
(XQ53H), or if it is to be located on a
chimney, use the chimney lashing kit
No.7 (XQ57M). A length of 38mm
(1-5in.) aluminium tubing is required
as a mast, and an aerial clamp (AS42V)
for attaching the Active Aerial to the
mast which is illustrated in Figure 17.
Photo 12 shows such a typical aerial
installation being conducted on a flat
roof. Drill and fit with wall bolts, or

if a lashing kit is used, fit round the
brickwork. When fitting the mast,
lower to its lowest position and fit
the aerial clamp plus the active aerial.
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Tightening up the clamps, holds the
aerial to the mast, a good tip is to
lightly grease the threads and the
nuts on both clamps, this will make

it easier to undo in the future. Next
connect the prepared coax to the 50Q
BNC line socket and gently push the
coax and connections into the body

of the active aerial (see cut-away
drawing), some form of packing may be
used at this point. Now feed the coax
down the centre of the mast, when
this has been done, push the mast
into position and tighten up the
clamps. Then run the coax down the
wall to the required location (fixed in
position by clips) drill a hole into the
window frame of the reguired room

or use the existing hole used for TV

or satellite coax.

The coax is connected to the TNC
socket on the PSU box, and a coax
connection with BNC plugs on each
end runs to the scanner receiver
Finally connect the regulated PSU with
centre positive on the 2:5mm plug to
the active aerial PSU, see Figure 18.

Using the Super Scan

There are generally two main
categories of scanning receivers,
portables and desktop models. Both
these types include scanners that are
FM/AM only, and others which cover
modes such as SSB and CW. The
earlier type of scanning receiver did
not have full coverage of the VHFAUHF
spectrum, the gaps in the frequency
coverage dependent on the type of
scanner.

The modern scanning receiver now
invariably covers virtually OKHz to
2GHz (jokingly referred to as DC
to light), and most of the modes,

NFM, WFM, AM, USB, LSB and CW
Whatever type of scanner receiver,
the VHF/UHF Active aerial will enhance
the operation, especially if all that was
previously used was the extended whip
or rubber duck aerial as provided with

the scanner

Photo 12. Aerial
outside on mast.

| These days, there are also a number
of amateur radio transceivers that
include extended receiver coverage,
such as the aircraft and marine
bands. It is important to remember
to disable the transmit facility on these
particular rigs, when using the active
aerial, outside of these bands they
should not be able to legally transmit.
The hobby of radio is very large and
includes many areas, the average
enthusiast might be a radio amateur
who is also interested in aircraft,
or an SWL who is interested in a
particular area on VHF/UHF.
A selection of current typical
| scanners and scanner books are
shown in Photo 13. There are a
number of books dedicated to the
scanner enthusiast, some of which
are not always appreciated by the
| authorities. Responsible scanning
must be the order of the day, as hefty
fines and confiscation of equipment
can be the result of insensitive
listening and divulging classified
| information to third parties.
| Remember that it was not that long
ago that the divulging of telegraphic
information was punishable by
| imprisonment for a year, with or
without hard labour.

Further Reading

|  The VHF/UHF Scanning Frequency

| Guide (WT70M), by Bill Laver.
Scanners — A VHF/UHF Listeners
Guide (WP47B), by Peter Rouse.

| Air Band Radio Handbook 5th Edition

| (WT83E), by David J. Smith.

| Scanning Secrets, by Mark Francis
and Bill Laver.
The UK Scanning Directory.
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SUPER SCAN PARTS LISTS

VHF/UHF ACTIVE AERIAL

RESISTORS (All Resistors Surface Mount)

R1 1k 1 (DJ12N}

R2 220Q 1 (DJO8J)

CAPACITORS

C1 47pF SMD Ceramic 1 (DHBIW])

c2 1uF/18V SMD Tantalum 1 (DK22Y)

Cc3 220pF SMD Ceramic 1 (DH31Y)

Cc4 100nF SMD Ceramic 1 (DJO0A)

SEMICONDUCTORS

IC1 MAR-6 1 (DK24B}

WOUND COMPONENTS

CH12 6:8H SMD 2 (DK23A)

MISCELLANEQCUS
Tie-Wrap 100 3 (BF91Y)
BBA Tapped Spacer /g 1 Pkt (UG20W)
7/0-2 Wire 10m Black 1 Pack (BLOOA)
Lacing Cord 1 Reel (BLB5V)
BBA x "fin. Boit 1 Pkt (BFOBG)
BBA Shake 1 Pkt (BF26D0)
No.4 X '/4in. Self-Tapping 1 Pkt (FEBBY)
Aluminium Tube 1 (KP80B}
White Heat Shrink CHTE7 1m (BAOGBG)
End-cap 40/14 1 (MK02C)
PCB 1 (GJOSF)
Instruction Leaflet 1 Xv32K)
Constructors’ Guide 1 XH739L

VHF/UHF ACTIVE AERIAL PSU

RESISTORS (All Resistors Surface Mount)

R1,3 100Q 2 (DJO7H)

R2 68Q 1 (DJOBG)

R4 220Q 1 (DuoBJ}

R5 2k2 1 (DJ13P}

CAPACITORS

C1 220pF SMD Ceramic 1 (DH91Y)

ce.3 100nF SMD Ceramic 2 (DJODA)

SEMICONDUCTORS

D1 1N4001 1 (QL73Q)

LD1 2mA Smm Red LED 1 (UK48C)

WOUND COMPONENTS

CH1 6:8H SMD 1 (DK23A)

MISCELLANEQUS

S1 PCB Switch Vertical DPDT 1 (UX31X)
Active Aerial Label i (KP81C}
PSU PCB 1 (GJOBG)

OPTIONAL (Not in Kit}
50 Cable As Req. (XS51F)

SK1 TNC 50Q Socket 1 (FEB1C)

SK2 BNC 50 Round Socket 1 (HH18U}

SK8 2:5mm Panel Mounting

Power Socket 1 (UK10L)

Box DCM5002 1 (LH70M}
Stick-on Feet Small 1Pkt  (FE32K)
TNC Plug 1 (FEBOB)
BNC 50¢Q Plug 1 (HH17T)
BNC Line Socket 1 tywQ1B}
M3 x 20mm Pozi-screw 1Pkt (JC71N})
M3 Isoshake 1 Pkt  (BF44X}
M3 Steel Nut 2 Pkt  (JDB1R}
M3 Steel Washer 1Pkt (JD76H)
M3 x '/ain. Spacer 1Pkt  (FG33L)

The Maplin '‘Get-You-Working' Service is available
for this project, see Constructors’ Guide or
current Maplin Catalogue for details.
The above items (excluding Optional) are available
as a kit, which offers a saving over buying
the parts separately.
Order As LT27E (VHF/UHF Active Aerial) Price £29.99

The following new items (which are included in the kit}
are also available separately, but are not shown
in the 1995 Maplin Catalogue
Active Aerial PCB Order As GJOSF Price £6.99
Active Aerial PSU PCB Order As GJOG6G Price £4.99
Aluminium Tube Order As KP80B Price £5.99
Active Aerial Label Order As KP81C Price £2.29
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Designed by Robin Downs and Dennis Butcher
Text by Robin Downs and Maurice Hunt

RS232 Serial Line Tester
in optional carry case.

FEATURES

* Easy to build/use % Multiple function
* \Versatile, pocket-sized unit % 8-bit PIC
microcontroller-based % Four different
Baud rates * Low current consumption

APPLICATIONS

Xk Terminals *k Printers k Modems
%k Multiplexers %k RS232 Cabling

32

RIT
AVAILABLE
(LT83E)
PRICE

£32.99
Al

PROJECT
RATING

The RS232 Serial Line Tester
project presented here is an
extremely handy, pocket-sized
device for rapidly testing serial
terminals, printers and other
communications equipment
using R5232 data cabling.

It also provides a painless
introduction to the world of PIC
microcontroller-based projects,
with no programming required!
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Specification

Supply current (typical):  14mA

Battery life (estimated):

Test facilities:

DC power supply voltage: Single 9V PP3 cell

>30 hours (using recommended GP alkaline cell,

80- and 132-column test modes
Choice of test patterns ;
Choice of Baud rates (1200, 2400, 4800, 9600) | as l/(Baud rate), i.e., at 9,600 baud, the
Choice of data formats (7-bit Odd/Even/Mark/Space, 8-bit None) 1
Visible confirmation of software flow control (X-On/X-Off)

The assembled PCB.

data lines, one for each bit and a number of
control lines to requlate the data flow.

Signal Levels

All signals are either driven high (+3V
to +12V) or low (-3V to ~12V) to signify
a logic O or a 1, respectively. it should be

Order Code 2B852G) noted that the idle state of the data lines Is
Visual indicators: Two minlature LEDs provide power on/battery state alogic 1, and the RS232 buffers invert on
and data fiow indication 1 transmit and receive such that the data

lines, when idle, are nedative.
i Each bit has the same period, defined

bit period is about 104us.

Serial Data Transmission

\ in order to send a data word, the sender
initially sends a ‘Start Bit’ (Logic O) to

i Indicate that the recelver should expect

‘ a number of data bits to be sent, followed

| by the 7 or 8 data bits and terminated

‘ (optionally) by a ‘Parity Bit' and a ‘Stop Bit’

HiS tester is an invaluable aid to
Tdiagnoslng problems with serial R5232
equipment. For example, where a

multi-user computer system has a large
number of terminals and printers distributed
around one or more sites, they are often
connected via simple asynchronous RS2352
data cabling for a cost-effective and flexible
installation. However, when a device falls to
operate correctly, usually at the furthermost
point of the system (!), a way of testing the
equipment quickly and independently of
the host system can save a great deal of
time in isolating the fault. Described here

is a low-cost, portable, and easy to use
instrument, capable of providing several
useful test functions to enable rapid trouble-
shooting,

For terminals, the following test features
are available, as shown in Table 1.

When used In ‘Terminal’ mode, the unit
displays a short messade and prompts
for the user to select a test. This start up
message can be used to try various speed
and parity options if the configuration is
unknown, for both printers and terminals.
The small amount of data sent will not
denerally cause a printer set at the
wrong speed to print reams of rubbish.

On a VDU, the test number (1 to 4)
is entered, followed by <CR> to start
the test.

PCs used to emulate serial terminals
via Kermit, M5 Windows™ Terminal,
Procomm™ or any similar package may
also be tested in the same way.

In ‘Printer’ mode, tests are selected by
front panel switches allowing two types of
test print (sliding/straight) and two widths
(80/132 Column) to be selected.
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RS232 Communication -
Overview

A brief description of asynchronous
RS232 communications principles may
be useful at this point as background

to the use of the unit; Figure 1 shows

a representation of the levels and timing
for a ‘typical’ data byte.

Data Format

R5232 is a serial data protocol, i.e., each
data WORD Is sent one bit at a time, unlike
a parallel printer port where there are eight

PCB mounted in box with lid removed.




Test Function

1&2 Display character set (straight/diagonal pattern)
5 Fill screen with selected character (to set screen focus, etc.)
4 Hex dump of received data (to test control/ffunction keys)

Table 1. Terminal display options.

Data bits Parity Stop

bit  bit
23456*‘_'.‘“.9

TTL Levels

Start
Idie bit
- ____state 0
ov
+3 to +12V
ov
-3 to =12V

Example of sending ASCIl chr 73 V' (26+23+20) with spare parity
and 7 data bits at 9600 baud.

Figure 1. Examples of serial data timing and signal levels.

RS232 Levels

(Logic 1). The parity bit was originally
designed as a check bit to indicate that the
data word contained an odd or even
number of logic ones, hence odd or even
parity, however, it is often unused (Space
parity) or set permanently to logic one
(Mark parity). In these cases only the parity
bit is checked for correctness, the data
cannot be verified. In any case, with parity
enabled, only single or odd numbers of bits
in error can be detected — there is no error
correction Information.

The stop bit is a gap of one bit period
to allow a gap between characters for
the receiver to resynchronise with the
transmitter. In this way, slight speed
differences can be accommodated between
the sending and receiving units. At very low
speeds, i.e., under 300 baud, mechanical
teletypes required longer stop periods of
1:5 or 2 bits between characters.

When the receiver detects the start bit,
it counts halfway Into the first data bit (to
minimise errors) and then latches each data

Pin Label DTE DCE Description

L Frame GND - = Protective Earth

2 TXD ouT iN Transmit Data

) RXD IN ouT Recelve Data

4 RTS ouT IN Ready to send

) s I ouT Clear to send

6 DSR IN ouT Data Set Ready

e Signal GND ~ - Signal Earth

8 D N ouT Carrler Detect
20 DTR ouT IN Data Terminal Ready

Table 2. R5232 pinout description.

Figure 2. R5232 Serial Line
Tester block diagram.

+5V Regulator &

Low battery
indication

!

RS232 Serial
data Out/In RS232—-TTL Level
- Conversion

& Buffering

Serial code generation
~=— (Baud rate, Parity,
Test type & Mode)

=— PIC16C84

bit In turn Into a shift register until all 7 or 8
data bits and parity are received. The parity
bit is optionally checked and the data
presented In parallel form to the receiving
device.

Flow Control
Since devices are not always ready to
receive data (printers, for example, cannot
print as fast as computers can send data),
a method of ‘Flow Control’ is required to
stop the transmitting unit before the
receiver runs out of buffer space.
HARDWARE flow control uses extra signal
lines to signify if the receiver Is ready or not.
A High level generally indicates ‘Ready’,
while a low indicates 'Not Ready’.
SOFTWARE flow control uses ‘Stop’ and
‘Start’ characters embedded in the transmit
data to indicate if the device is ready to
receive. Software flow control is generally
harder to verify the correct operation of, due
to the data being on the ‘normal’ data lines.

Classes of Devices

RS232 devices are split into two categories,
Data Terminal Equipment (DTE) and Data
Communication Equipment (DCE). All
printers, terminals and systems are deemed
to be DTE, while modems and similar
devices are DCE. DTE and DCE have
different pin connections to allow DTE

and DCE to be connected with a simple
‘straight-through’ cable, as this is how

most equipment used to be connected

to mainframe systems.

Where a DTE to DTE (or DCE to DCE)
connection exists, crossovers are inserted
between Transmit and receive data and
other like pairs. This is often called a ‘Null
Modem’ cable, i.e., the cable required to
replace the pair of modems that would
normally have been used with a mainframe
to remote site or PC-to-PC set up. Pin
connections and data direction are shown
in Table 2. Note that for a modem, Transmit
data is an INPUT, the naming of signals
for DCE equipment is relative to the link
between the DCE, I.e., the telephone line
for modems.

Note that the terms ‘Straight-through’
and ‘Cross-over’ only have a sensible
meaning where the pin connections are
similar at both ends! When connecting to
a 9-way serial port on a PC (for example),
pins 2 and 3 are reversed compared to a
25-way connector, so a crossover cable to
another DTE has pin 2 wired to pin 2, and
pin 3 to pin 3. Thanks are due to IBM for
that little piece of inspired standardisation!
(Figures 8a to 8d show the connections
for different configurations).

Circuit Description
As can be seen from the block diagram
of Figure 2 and the circuit diagram shown
in Figure 3, this project is based around
a single Microchip PIC 16C84 chip
microcontroller, effectively a complete
(although small) computer system in itself
with EEPROM, RAM, CPU and /O all in a
single 18-pin DIL chip. A MAX232-C RS5232
buffer provides the required voltages for the
serial interface and incorporates transmit
and receive data buffers as well.

RQG1 provides a regulated 5V supply from
the 9V battery and the Zener diode, ZD1,
and an LED, LD1, provide an indication of
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+oV Figure 3. RS232 Serial Line Tester circuit diagram.
——
—RQ__s1 ON/OFF
2 —| PO £
5 i' IN jout
+ 2
c
KS:G 10uF
5
& ob ov
e D1
30 , \ 5%
=27 5
| 11 : g Y
o @iz } NY . ; g 'r'
100 14 | D1 7 \ _ch Lo 10uF R3
90 4 \ S2b] 1N4001 100nF = 10uF 10k
oISy 1N4ODOZ1 / o l ’
—e MCLR v
R4
Qss 10k[] 4 |14‘ 16 2 -
L o VDU/PRINTER | —e-RB2 8 ] _=—RA2 DTR 12 13 76P20 -
18 -w— RA1 RXD 9 8
- BAUD RATE SELECT | —eRB1 7 SR | e,
BAUD RATE SELECT | —e-RBO/INT 6 17 —=RAQ TXD_10 17 __op3 [D type
o 80/132 COLUMN | —=RB3 9 c1 P—ne 02 _[OF7 PRIIASISH
11 ~————— TEST PATTERN SELECT | —=RB4 10| 16C84-10 113 0 1| MAx232
0 © 02 | P R X—OFF RAZ 2 16 i
- — +
- PARITY SELECT RBS 11 15 -r?sr
9 55 | 4 2K == ] Ry 11
—° =% PARITY SELECT | —=-RB6 12 Pt
8o b7 | - LR
56 06 | 5| c7 thes
4 H 100pF "™ 100pF " 1uF g
13 |
3o Z‘E_s_ssu IR
ais T 2 = 15 =
ov ov W | a8y
healthy battery condition, the LED dimming, Construction |  using offcuts from component leads, install

and ultimately extinguishing, when the
battery runs low.

The microcontroller has its own on-chip
oscillator and uses an external 10MHz
ceramic resonator to provide a stable
clock source.

The rotary switches allow selection of
a wide range of test modes and types,
making the unit both versatile and simple
to operate dependent on the position of
the switches, various /O lines on the PIC
will either be held at Vop by an intemal
(on-chip) pull-up resistor, or taken low
(to Vss). These |/O lines are shown In Figure
4 as RBO to RB6, and their different states
are shown in Table 3.

Construction of this project is very easy!
There is no hard wiring to switches, etc., so
provided that a reasonable amount of Lare
Is taken, a very professional piece of test
equipment should be produced, first time
around.

PCB Assembly

There is no ‘preferred’ order for assembling
the PCB components, but the following
order is suggested, and referring to the
PCB legend and track, shown in Figure 5,
will assist assembly.

Firstly, solder the resistors and diodes
in position, followed by the IC sockets, and

the wire links.

Fit and solder the ceramic capacitors,
ceramic resonator XT1, and the electrolytic
capaditors, ensuring their correct polarity.
Solder voltage regulator RG1 In position
with correct orientation, else none of
the circult will work, and keep Its leads
reasonably short (about Smm or less), but
without unduly stressing the component.

Solder LD1 and LD2 in position; note that
the flat on the package and the shorter
lead denotes the cathode and is marked 'K’
on the PCB legend; the LEDs should be
mounted with 13-35mm *0-3mm between
the base of the component and the top
side of the PCB. An easy way to measure

e

- ra2 {1 18] rat -
- RA3{ 2 E RAO -
-s—» RA4/RTCC | 3 OSC1/CLKIN =

— MCLR | 4 E| 0SC2/CLKOUT —»

ves[o] PIC16C84 2 voo
—- -
PDIP,SOIC

-+ RBO/INT |6 El RB7 -
- RB1| 7 EI RB6 -
- RB2 | 8 RBS -
- RB3 | 9 RB4 -
Figure 4. PIC microcontroller pinout diagram.

Various connection devices.
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SK1

so RS232 SERIAL LINE TESTER g5

":"‘ [E7] DI o
,¢D1
OO K Ricr 56 s3 54
e ~
S1 RG1

Figure 5. PCB legend and track.

this is to cut a piece of thin card 135 X
13-5mm and use this as a gauge, held
between the LED leads whilst they are
soldered into position. Insert and sotder the
toggle switches In position, ensuring that
they are seated firmly on the PCB.

With each of the rotary switches, carefully
cut the spindles of the two wafer switches
to leave 6mm protruding from the body of
the switch. An easy way to cut these is to
hold the end of the spindle (never the body
of the switch) In a vice, cut through the
spindle with a junior hacksaw, and using
a small file, chamfer the edges.

Next, cut off the ends (‘eyes’) of each
terminal with a stout pair of wire cutters,
as close to the ‘eye’ as possible, and if
necessary, straighten the remaining ‘pins’
carefully with a pair of pliers. Insert the
switch with the moulded locating spigot
aligned as indicated on the PCB legend, and
solder it in place, ensuring that all the pins
are soldered, Including the unused ones.

Fit and solder the two PCB pins in the B+
and B- positions, and then solder the PP3
battery clip to the pins, with the red lead
to the B+ pin. Finally, insert the two ICs into
their sockets; note that the notch in each
DIL socket marks the pin 1 end of the IC,
and that the ICs are inserted ‘top-to-tail’ in
the board.

Box Drilling and Cutting

A front panel label for the box is supplied

in the Kit, and is also available separately
(Stock Code KP86T), prior to applying the
label, the box must be drilled to accept the
switches and LEDs, as described:

Carefully drill the box in accordance with
the driling template of Figure 6, measuring
the hole centres accurately, and double-
check prior to drilling. Alternately, a
photocopy of the template can be used,
ensuring that the copy remains the same

36

size as the original (some photocopiers
slightly alter the dimensionsl), then
temporarily stick the copied template in

the correct position on the box lid using Pritt
Stick™ or similar adhesive, prior to drilling
directly through the marked hole positions.
The front panel iabel may well hide any
holes drilled in the wrong place, but
obviously it is preferable to get it right

first time!

Having drilled the hole centres, use a
small rat's-tail file to carefully elongate the
four holes for the toggle switches, keeping
to the guidelines shown by the drilling
diagram.

Next, mark and cut out the top end of
the box (l.e., the end opposite the battery
compartment) for the 25-way D-type
connector. This opening Is not critical, so
if you cut it out slightly larger than shown,
don't worry, it should still be OK.

Clean up any rough edges, wipe the
box clean, and ensure it is dry. If using the
label template comprising of Figure 7, or a
photocopy of it (beware, however, of slight
distortion or a change In the size of the
image that may occur with photocopies),
cover the label with clear plastic film
(Fablon) to protect it, this being available
at any popular stationery or DIY store. The
label should be cut out leaving a smalt
overlap, then carefully stuck onto the box,
the excess that extends beyond the raised
edges on the box face can be removed,
using a scalpel, and the label smoothed
down with a soft cloth. Alternatively, the
label could be cut out around its perimeter
leaving no overlap, prior to sticking it to
the box, but this leaves no margin for error,
and a neater result will probably be achieved
using the first method. With the label firmly
in place, punch through the label In the
positions where the box is drilled using
a pointed instrument, and enlarge them
to accept the switches, etc.

| Final Assembly

After a final check for any dry joints, solder
‘whiskers’ or ‘bridges’, etc., the completed
PCB is secured in the box by the mounting
collars of the two wafer switches and by
two self-tapping screws In the ‘bottorn’
corners, as described below.

Remove the nuts and star washers
from both wafer switches, along with each
tagged locking ring, re-inserting these with
the ‘tag’ In the hole marked with a figure 4;
this glves each switch a 4-way operation.

Without losing the locking rings, push
the spindles of the switches through the
relevant holes in the casing and gently
manipulate the board until the locating
spigots lock into place. Holding the box
and PCB together, refit each star washer
and securing nut. When both nuts are
finger tight, apply a final quarter-turn with a
spanner, being careful not to damage the
front panel label

Fit the two self-tapping screws through
the fixing holes In the PCB, and drive them
home until thelr heads are seated against
the PCB. Do not over-tighten them; they
are not needed to hold the PCB in place,
but are provided to prevent the PCB from
being pushed back if undue pressure is
applied to the top of the toggle switches.

Thread the PP3 battery connector into
the battery compartment and fit the bottom
of the box, securing it with the screws
provided. Fit the knobs to the wafer switch
spindles, with the grub screws tightened
agdainst the flats of the spindles, and finally,
install a PP3 battery — an alkaline type is
recommended.

If the optional carrying case is purchased,
two foam padding inserts will be needed
to line the top and bottom of the case, and
hold the contents in place. These can be
made from foam padding obtained from
craft outlets or upholsterers, etc., cut to
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Figure 6. Box drilling diagram.

Baud Rate Select | RBO { RB1 Baud Rate
LOW - 1,200
HIGH - 2,400
LOW 4,800
HIGH | LOW 9,600
VDU/Printer Test | RB2 Test Mode
LOW - VDU
HIGH - Printer
80/132 Column RB3 Columns
LOW - 80
HIGH - 132
Printer Test Mode | RB4 Mode
LOW - Stralght Pattern
HIGH = Sliding Pattern
Parity Options RBS | RB6 Parity
HIGH | HIGH 8-bit/Mone and
7-blt Space
HIGH | LOW 7-bit Mark
LOW | HIGH 7-bit Odd
LOW | LOW 7-bit Even

Table 3. Test modes.

7 BIT 7BIT

MARK  ODD

8 BIT/NONE
(7 BIT SPACE)

BAUD RATE PARITY SELECT

SLIDING
PATTERN

PRINTER STRAIGHT

80
COLUMN PATTERN

RS-232 SERIAL LINE TESTER

Figure 7. Box label detail.

7 BIT
EVEN

Two examples
of screen
displays.

Terminal - SANYO.TRM

cttgs  Phone  Transters  Uely

4

Terminal - SANYQ.TRM
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size (320 x 210 X 40mm approximately),
and then glued into each half of the case.
Further cut outs can be made In the lower
insert, to locate each of the accessories,
along with the tester unit.

Testing

Mo test equipment is required to set up
the completed unit — it is all done in the
software! With the unit disconnected, turn
it on and the POWER LED should be
lluminated; if it is not, or is glowing very
dimly, then the:-battery is either very low

or completely dead, or a fault exists with
the circuitry — if this is the case, the unit
may still work, but the operation cannot be
guaranteed. If a Mini-Tester is connected
to the tester and it is switched on In VDU
mode, then the Read Data (RD) LED should
be llluminated.

A quick way of testing the finished unit
is to connect it to a PC's serial port, e.q,,
COM1 or COM2, using a suitable direct
connection lead and 9/25-way adaptor
if required, and using a terminal program
such as the one found with M5 Windows ™,
conduct a serles of trials by matching the

3—wire DTE-DCE link

3—wire connection DTE-DTE
(Nult modem)

Figure 8c. 25-way DTE/DTE null modem
connections.

Figure 8d. 25-way to 9-pin adaptor cable.
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Figure 8a. 25-way DTE/DCE connector pinout. =Y
Figure 8b. 9-way DCE/DTE connector pinout. O

2
Figure 8d. 75

terminal programs parameters with those of
the Serial Line Tester, stepping through each
test as laid out in Table 3.

If some of the tests appear to be OK but
others do not, then a multimeter can be
used to check the voltage levels on RBO
to RB6, referring to Figure 4 and Table 2 for
the relevant pinout and expected levels for
each switch position.

Operation and Use

The unlt will be of greatest benefit when
used in conjunction with a Mini-tester to
indicate the status of the RS5232 signal
lines, and optionally with a gender changer
where required. However, Figures 8a to 8d
show a selection of typical R5232 cabling
formats and their interconnections. The
tester is wired as a ‘DCE’ to allow direct
connection (with no additional crossovers)
to either a terminal or printer. This is the
most basic use of the device to test for
correct operation of the peripheral.

If no fault is found with direct connection
to the peripheral, then the data cabling can
be tested as well by moving the tester
further from the peripheral device in stages,
as allowed by the data cabling at the site.

If the data cabling Includes crossovers (i.e.,
pins 2 and 3 are reversed at some point)
then it may be necessary to connect via

a simple crossover adaptor in order to
connect the tester correctly.

A Mini-Tester will show the correct
crossover orientation, by illuminating
both Tx data and Rx data lights when the
peripheral device and tester are correctly
connected and powered up, equally,
misplaced or non-existent crossovers will
be shown by the same technique without
dismantling the connectors at both ends
of the cable.

By connecting the ‘Mini-tester’ to the
data source (be it a system or this project)
and the peripheral in turn, the signals from
each end can be monitored. Two signals on
the same line indicate a crossover problem,
while no signal on ‘Tx Data’, for example
clearly indicates a break In the cable at
some point.

Plugging the cable together via the tester
will show If shorts exist in the cable as the
appropriate LED will extinguish. Two LEDs
going dim or out, Indicates a short between
those lines.

A common failure with printers is lack
of flow-control with the host system. While
hardware (DTR/DSR or RTS/CTS) flow control
is easily seen with a Mini-tester, software
(R-Orvk-Off) flow control Is difficult to check
for due to the very short duration of the
single flow control characters (Ims at
9,600 Baud) providing insufficient time
for an LED to lluminate noticeably. Figure 9
llustrates typical test outputs from a printer,
showing all available characters, arranged
in a straight or diagonal pattern.

The Serial Line Tester provides a front
panel LED (X-Off) which lights when an
%-Off is received and extinguishes when
an X-On is received, hence when a device
i5 handshaking correctly the LED will flash
on and off, with no loss of data evident at
the peripheral.

Note: Most modern VDU’s will operate
at 9,600 baud without flow control If set
to Yump Scroll’. Using Smooth Scroll or

pressing *Mold-Screen’ will demonstrate the

presence (or lack) of flow control.
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Figure 9. Examples of RS232 Serial Line Tester outputs from printer.

RS232 SERIAL LINE TESTER PARTS LIST

RESISTORS: All 0-6W 1% Metal Film

Front Panel Label 1 (KP86T)
PCB 1 (@13P)
instruction Leaflet 1 ®xv31))
Constructors’ Guide 1 (®H79L)
OPTIONAL (Not in Kit)
Alkaline PP3 Battery 1 (2852Q)
4 pairs of black 1in. Velcro squares 1Pkt  (FE4SY)
RS232 Mini Tester 1 (YP80B)
Mull Modem RS232 1 (YP85G)
25-way Male-Male Gender Changer 1 (UMa8Q
25-way Female-Female Gender Changer 1 (JMa9D)
25-way Male-Female Serial Cable 1 (JC13P)
9-way Female-25-way Male Adaptor 1 (UMo8J)
Carrying Case B 1 (ZFO4E)

R1,2 2K7 2 M2K7)
R3,4 10k 2 (M10K)
CAPACITORS
C1,2,5,6 10uF 16V Radial Electrolytic 4 ("34M)
G4 1uF 63V Radlal Electrolytic 2 "W31J)
7.8 100pF Disc Ceramic 2 (Wx56L)
O 100nF 16V Disc Ceramic 1 (YR755)
SEMICONDUCTORS
Di1,2 1N4148 2 (QL8OB)
IC1 PIC16C84 MS07 1 (AS53K)
IC2 MAX232CPE 1 (FD92A)
LD1 Low Current Green LED (3mm) 1 (@sey
LD2 Low Current Yellow LED (3mm) 1 (@s7M)
RG1 LM78LOSATZ 1 (QL26D)
D1 B2Y88C 4V7 Zener 1 (QHO6Q)
MISCELLANEQUS
51,3,4,6 SPDT Vertical PCB Toggle Switch 4 (JX90K)
DD 6-way, 2-pole, Rotary Switch 2 (FF74R)
XT1 10MHz Ceramic Resonator 1 (DJ38R)
Collet Knob (15mm) 2 (Jz2478B)
Cap Black (15mm) 2 (yz76H)
Lined MNut Cover (15mm) 2 (z57M)
16-pin DIL IC Socket 1 (BL19V)
8-pin DIL IC Socket 1 (HQ76H)
Plain HH2 Box 1 (2B165)
SK1 25-way D-type Right-Angled Socket 1 (FG27E)
Single-ended PCB Pin 1mm (0-04in) 1 Pkt  (FL24B)
PP3 Battery Clip 1 (HF28F)

The Maplin ‘Get-You-Working’ Service is available for
this project, see Constructors’ Guide or current
Maplin Catalogue for detalls.

The above items (excluding Optional) are available as a kit,
which offers a saving over buying the parts separately.
Order As LT83E (RS232 Serial Line Tester) Price £32.99 A1
Please Note: Where ‘package’ quantities are stated In the
Parts List (e.g., packet, strip, reel, etc.), the exact quantity
required to build the project will be supplied in the kit.

The following new items (which are included in the kit)
are also available separately, but are not shown in the
1995 Maplin Catalogue
RS232 Serial Line Tester PCB Order As GJ13P Price £3.49
Front Panel Label Order As KP86T Price £2.39
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Four Kllometre Distance Backup at SCSI Speed ’

Memory Technology has launched
SOFT (SCSI Over Fibre Transceiver),
the first system to allow vital data to be
mirrored or backed up remotely, from up
to four kilometres away. SOFT enables
SCSI storage peripherals to be con-
nected via fibre optic cable to the host
computer at a remote site of another part
of the building. Informatlon can be
backed up at a 10M-bit/s transfer rate,
with as little as 3% degradation of per-
formance when compared with a stan-
dard 6 metre SCSI connection. The
system comprises one SOFT unit
installed at each end of the fibre optic
link. Each unit has a 25MIPS processor
and offers unique Nexus Pipeline
Architecture (NPA), a strategy which

I

uses multiple concurrent data paths to
maximise data throughput. SOFT sup-
ports the entire SCSI command set ‘
inciuding full support for Logical Unit
Numbers (LUNSs), target routines and
asynchronous event notification. The ‘
SOFT units are transparent to devices
and applications, and run on single-
ended or differential FAST 8-bit SCSi
with an upgrade path to FAST & WIDE
SCSI. It operates with 50 or 62-5um mul-
timode optic fibre allowing a 125Mbaud
data rate. The SOFT units are the stan-
dard, full-height 5'%in. form, with high
dynamic range, low noise and 1300nm
transceivers.

Contact: Memory Technology, Tel:
(01734) 771588.

Major Breakthrough in Electromagnetic

Circuit Simulation

After twenty man-years of research and
development, Number One Systems
has launched the Electromagnetic
Simulation program, which breaks
through the barriers that have until now
prevented most design engineers from
fully understanding the behaviour of their
PCB-based designs. In the past, many
engineers found that their prototypes
failed due to electromagnetic coupling
effects between the PCB tracks and
pads — even when the theoretical cir-
cuit has been successfully simulated.
Simulators capable of analysing the
electromagnetic effects within the layout
have been availabie, but at a prohibi-
tively high cost in the software itself, and
in the hardware required. Number One
Systems’ new LAYAN programme
brings electromagnetic simulation with-
in the reach of every engineer. LAYAN
fits neatly between the EASY-PC
Professional XM Schematic and PCB
Layout tool, and ANALYSER il
Professional, a Linear Analogue Circuit
Simulator. LAYAN examines the PCB
layout, noting all the track positions, pad
dimension and copper areas. The pro-
gramme then extracts an equivalent
electrical circuit from the physical layout
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data and combines this with the theo-
retical circuit so that the behaviour of the |
entire system can be simulated. LAYAN '
uses the dielectric constant and loss tan-
gent of the circuit substrate to allow for |
Radio Frequency effects such as the ‘
transmission line behaviour of PCB
tracks and the increase in conductor |
impedance due to the skin effect. ‘
LAYAN can even take non-uniform met-
allisation, such as gold or tin over cop-
per, into account. Including physical l
layout effects in this way gives a whole
new insight into circuit behaviour, trap-
ping out potential probiems before com- l
mitting to a prototype. By designing
LAYAN to run on a standard 486 PC,
Number One Systems are assured of a \
large and expanding market. This has
enabled them to keep the price of \
LAYAN unbefievably low. For example,
existing users of EASY-PC Professional
XM and ANALYSERS Il Professional
can benefit from all the advantages of
LAYAN for less than £500. The com-
plete set of three programmes, working ‘

as a fully integrated Electronic Design
System, is available for less than £1,000.

Contact: Number One Systems, Tel: |
(01480) 461 778.

Revolutionary
Packaging Technology
Quality Technologies Corporation (QTC)
has developed a new high-voltage opto-
coupler packaging technology, which
QTC has called Optoplaner. The name
derives from the coplanarity which is the
key feature of the new technology, such
as placing all of the dice-emitter detec-
tors, and In some cases, drivers —on the
same ptane. This does away with lead-
frame folding or flipping — operations
which are both difficult to control and
potential source of problems. The sec-
ond feature of Optoplanar technology is
its reflective structure — a dome of trans-
parent silicone resin, which encapsu-
lates the emitter die and the detector
sensitive area. The dome is completely
coated with a layer of silicone gel filled
with Titanium dioxide TiO2, forming a
dense white reflective coating. From an
optical point of view, this structure
resembles a sphere. Its coupling effi-
ciency is very much higher than tradi-
tional configurations where up to 70% of
the total light output can be absorbed
by the black compound, and thus lost.
The integrating sphere effect is also
independent of the relative positions of
the emitter and detector, so highly accu-
rate placement of the die is not required.
Finally, the integrating sphere effect is
not dependent upon the size of the sen-
sitive area. Consequently the detector
die can be reduced in size without loss

of transfer ratio. The third principal fea-
ture is the absence of interface between
the surface of white gel and the epoxy
moulding compound which encapsu-
lates the whole device. A special formula
bonds the white gel to the black epoxy,
achieving an intimate contact with no
gap between the two materials. With vir-
tually no internal creepage path, high
isolation is maintained. Moisture pene-
tration and possible degradation of the
isolation is also prevented.

Contact: Quality Technologies, Tel:
(+02) 466 6769.

Digital and ARM Announce Agreement to Develop

Digital Equipment and Advanced RISC
Machines (ARM) have announced the
licensing of the ARM RISC architecture
to Digital Semiconductor for the devel-
opment of high-performance, low power
microprocessors. The StrongARM fam-
ily of 32-bit RISC products to be devel-
oped under the agreement is intended to
complement and broaden the existing
ARM product line for performance criti-
cal applications such as:

@ next-generation personal digital assist-
ants (PDAs) with improved user inter-
faces and communications,

einteractive TV and set-top products,

® video games and multimedia ‘edutain-
ment’ systems with realistic imaging,
motion and sound,

e digital imaging, including low-cost digi-
tal image capture and photo-quality
scanning and printing.

Combining Digital's proven leadership
in high-performance microprocessor
design and manufacture with ARM's
expertise in low power design, will result

in processors that set a new standard for
high performance, while meeting the low
power, space and cost requirements of
products such as hand-held devices.
The StrongARM family will offer full soft-
ware compatibility with the ARM6, 7 and
8 chip families, which will help acceler-
ate market acceptance of the new prod-
ucts. The first product in the StrongARM
family is currently under development
at Digital Semiconductor's Palo Alto,
California, and Austin, Texas, research
centres and ARM’s Cambridge, UK
headquarters. Digital expects the device
to be among the first products manufac-
tured at its new FAB 6 state-of-the-art
chip fabrication facility in Hudson, MA.
The products developed under the
agreement will be sold through Digital
Semiconductor's sales channels. In
addition, processors and processor
cores developed under this agreement
will be available for licensing to other
semiconductor partners.

Contact: Advanced RISC Machines,
Tel: (01223) 400 400.
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Memory Versatile 16-bit
Microcontrollers
Mitsubishi Electric has announced the
introduction of the M37710 Group 16-
bit single chip microcontrollers, ideal for
office, business and industrial controller
applications requiring high-speed pro-
cessing for large data volumes. The new
product group devices are available
in a range of memory options and in-
clude Mask ROM, one time PROM and
EPROM versions, as well as with low
voltage and packaging options, enabling
system integrators to select the optimum
microcontroller for their specific design
requirements.

Contact: Mitsubishi, Tel: (01707) 276
100.

Audetel at G7
Conference
Audetel, the audio system which brings
in a new aural dimension to television, has
been demonstrated at the G7 Ministerial
Conference on the Information Society in
Brussels which was held between 24th
and 26th February 1995. This innovative
technological development uses a special
data signal carried in the television picture
to provide an audio commentary describ-
ing what happens in programmes during
gaps in the dialogue. A special set-top
receiver enables the commentary to be
heard, either through headphones or a
loudspeaker. Originally developed by a
consortium of broadcasting, consumer
electronics companies and organisations
working with the visually impaired and
older people, the additional audio com-
mentary will also appeal to viewers who
can follow a wide range of programmes
without looking continuously at the screen.
There are an estimated 10 million visu-
ally impaired people in Europe. The G7
Showcase was an opportunity to demon-
strate the technology to Ministers, indus-
trialists, the European Commission and
Parliamentary Officials, and the media to
enable other European Governments to
evaluate its potential. The Audetel project
has already been awarded the 1994
Royal Television Society Communications
Innovation Technology Award. A four-
month period of experimental transmis-
sions on both ITV and the BBC was
broadcast between July and November
last year in association with the Royal
National institute for the Blind (RNIB).
The Audetel consortium is led by
The Independent Television Commission.
The Members are: Age Research
Centre; University of Manchester;
British Broadcasting Corporation; The
Independent Television Association;
Motorola Limited; Portset Systems
Limited; Royal National Institute for the
Blind; Seleco SpA; Softel Limited and
SPEKA Limited.

Contact: Independent Television
Commission, Tel: (0171) 255 3000.

Boost to CATV Network
Performance

Providing 34dB of power gain in a
SOT115 packaged module, the new
BGY888 CATV Amplifier Module from
Philips Semiconductors makes it possi-
ble to build 860MHz CATV line exten-
ders containing only one active device.
The thin-film hybrid amplifier, which
utilises two cascaded amplifier stages to
achieve its exceptionally high gain, also
features excellent linearity. Low current
consumption, an industry standard
mechanical footprint and accurate 75dB
input and output matching which results
in return loss specifications typically bet-
ter than 14dB make the BGY888 suit-
able not only for new networks, but also
for upgrading the performance of exist-
ing ones. Other applications include RF
amplifiers for telecommunications sys-
tems and wide area computer networks.
The BGY888 utilises push-pull cascade
amplifier stages which achieve an over-
all frequency response flatness of
+0-5dB worst case over the device's
entire 40 to 860MHz bandwidth.
Operating from a 24V DC supply, it
draws a maximum supply current of only
340mA - considerably less than that
drawn by the two or more amplifier mod-
ules usually found in CATV line exten-
ders. The resultis a significant reduction
in overall network power consumption.

The BGY888 is housed in a rugged
SOT115 package, which is pin-compat-
ible with industry-standard 600MHz
CATV amplifier modules. The package,
together with the silicon nitride passiva-
tion and gold metallisation used in the

hybrid circuit, provides the BGY888 with
very high reliability, and a mounting-
base operating temperature range of
—20°C to +100°C.

Contact: Philips Semiconductors, Tel:
(+31) 407220 91.

MPEG Debut

IC Works has announced the capability
of its ZOOMDAC high-speed graphics
chip to provide full MPEG-1 decoding,
without additional hardware support.
The MPEG video/audio decoding is per-
formed in software which can playback
MPEG movies at the standard 352 x
240 resolution. Full motion playback of
15 or 30 frames per second is achieved
with a standard 60 or 90MHz Pentium
PC. The ability to perform the decode
function with this combination of hard-
ware and software is a significant bene-
fit for MPEG-1 systems designers, since
it offers a lower systems cost and efimi-
nates the hardware and software devel-
opment cycle associated with current
MPEG-1 solutions. The ZOOMDAC
supports resolutions up to 1280 x 1024,
and provides hardware 2-dimensional
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zooming capability from 1:1 up to 32:1,
with independent X and Y expansion.
This is supported by a tracking filter
which enhances the quality by removing
the pixel artifacts, but without sacrificing
frame rate. The design provides 8, 15,
16 and 24 bits per pixel modes in sup-
port of all major image formats. The 24-
bit colour look-up table allows the 8-bit to
select 256 colours from the 16 million
colour palette. The product includes a
16-bit interface for higher data rate
throughput. In 8-bit pixel modes, an on-
chip 2:1 multiplexer and on-chip clock
doubler reduces external clock frequen-
cigs for easier certification. The easy
replacement capability enables existing
RAMDAC designs such as the 20C498
from AT&T to be directly upgraded, by
replacing the existing 44-pin PLCC
package with the ZOOMDAC, without
any other hardware addition or modifi-

cation. Software changes can be made
to the internal registers at any conve-
nient time, and only become functional
after the first vertical blank cycle has
returned to the ‘0’ state. Thus, intelligent
BIOS and plug-and-piay implementa-
tions can be readily supported. Power
down modes are included for battery or
green-PC designs,

Contact: Microelectronics Technology,
Tel: (01844) 278 781.

Muitiplexers Feature Low On/Off-Channel
Leakages and Low On-Resistance

Maxim Integrated Products has intro-
duced the MAX338 and MAX339
monolithic, CMOS analogue muiti-
plexers. The MAX338 eight-channel
multiplexer Is designed to connect one
of eight inputs to a common output by
control of a 3-bit binary address. The
MAX339 is a dual 4-channel multiplexer
which connects one of four outputs to a
common output, controlled by a 2-bit
binary address. Both devices can be

The MAX338/MAX339 feature low off-
channel leakages of less than 20pA at
25°C, and extremely low on-channel
leakages (<20pA at 25°C). These
devices offer low (400Q maximum) on-
resistance and conduct current equally
well in both directions. The new
design guarantees a low
charge injection of 5pC
(1-5pC typical).
Contact: Maxim, Tel:

used as a multiplexer or a demultiplexer. (01734) 845 255.
CHARGE INJECTION

150
100

DG508A
__So

5 0 MAX338
50
-100
-150
10 -5 0 10 10
VOLTAGE (V)
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Malicious Callers Get
the Message

BT's new caller disptay and call return
services have brought a 20% drop in
malicious calls reported to the company
— and hoax calls to the emergency ser-
vices show a similar fall. Malicious calls
reported to the network of BT bureaux
around the country began to fall as soon
as the new services were announced.
By January, the previous monthly aver-
age of 57,000 had dropped to 45,000
actual complaints. Early figures show
that the fall of 21% is being maintained
for February. Michael Biden, BT's
Director of Sales and Marketing said,
“By any standards this represents a very
real reduction in human anxiety and fear.
Our technology not only helps create a
more efficlent and convenient world but
is helping our customers feel safer”. The
total number of 999 calls also show a
near 200% fall between October 1994 —
the month before the new services were
introduced — and January of this year.
Michael Biden said, “All the signs are
that the drop is down to hoaxers getting
the message that their calls can be
traced. BT is delighted to be helping the
emergency services in this way. In
reducing the amount of time wasted by
the emergency services in dealing with
hoax calls, it can even help save lives”.
Call return — where a customer can dial
1471 to check the number of their last
caller — is also proving hugely popular
with customers. Nearly three million calls
a day are being made to the free service.

Contact; BT, Tel: (0171) 356 5369.
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FOR BARGAINS
AND MORE, VISIT
YOUR LOCAL STORE!

For persondl service, visit our stores of:

Belfast 357-359 Lisburn Road.
Birmingham Sutton New Road, Erdington.
Bradford 28 Valley Road, Ham Strasse.
Brighton 65 London Road.

Bristol 302 Gloucester Road, Horfield.

Cardiff 29-31 City Road, Roath.

Chatham 2 Luton Road.

Cheetham Hill 169 Cheetham Hill Road, Cheetham Hill.
Coventry 12 Bishop Street.

Dudley Unit 7, Sterling Park, Pedmore Road, Brierley Hill.
Edgware 146-148 Burmnt Oak, Broadway.
Edinburgh 126 Dalry Road, Dalry.

Forest Hill 107-113 Stanstead Road.
Glasgow 264-266 Great Western Road.
Hammersmith 120-122 King Street.
liford 302-304 Green Lane.

Leeds Carpet World Building, 3 Regent Street.
Leicester Office World Builc?ing, Burton Street.
Liverpool Edge Lane, Fairfield.
Manchester 8 Oxford Road.
Middlesbrough Unit 1, The Forbes Building, 309-321 Linthorpe Road.
Milton Keynes Unit 2, Office World Building, Snowdon Drive, Winterhill.

Northampton 139 St. James Road.
Nottingham 86-88 Lower Parlioment Street.
Portsmouth 98-100 Kingston Road.
Preston Unit 1, Corporation Street.
Reading 129-131 Oxford Road.
Sheffield 413 Llangsett Road, Hillsborough.
Slough 216-218 Farnham Road.
Southampton 46-48 Bevois Valley Road.
Southend-on-Sea 282-284 London Road.
Stockport 259-261 Wellington Road South.
Stoke-on-Trent 39-45 Llondon Road.
Ring 01702 552911 for further details.

MAPLIN STORES
NATIONWIDE

PCB and SCHEMATIC C.A.D.

EASY-PC @98

Newcastle-upon-Tyne Unit 4, Allison Count, (The Metro Centre) Gateshead.

AT & P+P,
i *POIKTIATI286/386 with
™ §K3 RBB w'
T e Hercules CGA, EGA or

VGA and many

1 emulations.

eDesign Single sided,
| Double sided and

« | Multilayer boards.

Vet 120n)] i
w058 ME{._ +Use Surface Mount
: components.

eStandard output includes
Dot Matrix / Laser / Inkjet
rinters, Pen Plotters
Dh_?lto-plotters and NC
rill.

eAward winning EASY-PC
R& is in use in over 18,000
installations in 80
Countries World-Wide.

eSuperbly Easy to use.

Options - 500 piece Surface Mount library - £48.00
1000 piece symbol library - £38.00. Gerber Import facility - £98.00

For full info’ please phone, fax or write to: e

Number One Systems Ltd.
Ref: MAP, Harding Way, Somersham Road,
St. Ives, Huntingdon, CAMBS, England, PE17 4WR
Telephone:- 0480 461778 (7 lines) Fax: 0480 494042
International:- +44 480 61778 Credit Cards Welcome

AWARD
1989

SEETRAX CAE - RANGER - PCB DESIGN

Rangerl £100

* Schematic capture linked to PCB

* Parts and wiring list entry

*Qutline (footprint) library editor

* Manual board layout

* Full design rule checker

* Back annotation (linked to schematic)

* Power, memory and signal autorouter - £50

All systems upward compatible. Trade-in deals available.

Call Seetrax CAE for further information\demo packs.

Tel 0705 591037 Fax 0705 599036
Seetrax CAE, Hinton Daubnay House, Broadway Lane,
Lovedean, Hampshire, PO8 0SG

All trademarks acknowledged.
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Ranger2 £599

All the features of Rangerl plus

* Gate & pin swapping (linked to schematic)
* Track highlighting

* Auto track necking

* Copper flood fill

* Power planes (heat-relief & anti-pads)

* Rip-up & retry autorouter

Ranger3 £3500

All the features of Ranger2 plus

* UNIX or DOS versions

* 1 Micron resolution and angles to 1/10th degree
* Hierarchical or flat schematic

* Unlimited design size

* Any-shaped pad

* Split power planes

* Optional on-line DRC

* 100% rip-up & retry, push & shove autorouter

Outputs to:

* 8/9 and 24 pin dot-matrix printers
* HP Desk/Laser Jet, Canon Blet, Postscript (R3 only)
* HP-GL, Houston Instruments plotters
*.Gerber photoplotters
* NC Drill Excellon, Sieb & Meyer
* AutoCAD DXF
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SUBSCRIBE TO

32 BRITAIN'S ...
BEST SELLING
ELECTRONICS MAGAZINE!

]
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/

* 2 FREE ISSUES if you agree to
subscribe by Direct Debit or Continuous
Credit Card, saving you £5.82!

* FREE DELIVERY TO YOUR DOOR,
and there are no additional carriage

* YES, SAVE MONEY by taking
a subscription, it's cheaper than
buying each individual copy.

** REGULAR SUBSCRIBERS’
SPECIAL OFFERS

charges. Super savings on selected products!

% PLUS - News, reviews, readers letters, competitions and lots, lots more besides!

To subscribe just send a cheque/postai order for £10.98 made payable to Maplin Electronics, P.0. Box 3, Rayleigh, Essex SS6 8LR. OR you can
take advantage of our offer of two free issues by completing the coupon below and agreeing to pay by Credit Card or Direct Debit. The two free
issues offer only applies if you use one of these two methods of payment. Simply fill in the ‘Payment by Credit' or '‘Payment by Direct Debiting
Mandate' and return it to Maplin. Every time, about 1 month before your subscription is due, we will send you a letter giving details of the
subscription rate and telling you the date on which we will charge your Credit Card or debit your bank account. If you do not wish to continue
your subscription, you have until that date to let us know, and we will then cancel your authority to bill your Credit Card or cancel your mandate.
Otherwise, if you do nothing, your subscription will continue. The authority or mandate you give us does not allow us to charge anything other
than the Maplin Magazine subscription. The benefit to you is that you no longer need to remember to renew your subscription or send off any
more cheques or postal orders. Payment is made automatically.

DVERSEAS READERS — SUBSCRIBE NOW! - Phone Maplin Export: +44 1702 554155 Ext. 326 or 351. Full details on request.

Subscription rates for 6 issues are: £15.00 (or 37 IRCs) in Eire, Europe and surface mail outside Europe; £22.50 (or 55 IRCs) Air Mail outside Europe.
Subscription rates for 12 issues are: £30.00 (or 73 IRCs) in Eire, Europe and surface mail outside Europe; £45.00 (or 110 IRCs) Air Mail outside Europe.
AFRICAN READERS - SUBSCRIBE NOW! ~ Phone Maplin South Africa: +27 24 51 5124.

Subscription rate for 6 issues is: R114,00; Subscription rate for 12 issues is: R215,00.

TAKE THE NEXT 2 ISSUES OF THIS MAGAZINE FREE!

Because we're so certain that now you've seen the Maplin Magazine you'll want to receive it regularly, we're offering to send you the next two issues free of charge with
absolutely no obligation to continue. Just fill in the details below and if after receiving two issues you do not wish to continue, just let us know at least one month before the
next issue is due and we will cance! your subscription. The two free issues will be yours to keep whatever you decide. If you already have a subscription, fill in the details below
and we'll add two issues free of charge to your current subscription. SEND NO MONEY NOW. About 2 weeks before the third issue is due, we will charge you £10.98 for the
next six issues, uniess you have cancelled. This offer is not available to those already paying by Direct Debit or Continuous Credit Card or those who have stopped payment by
either method within the last year. THIS OFFER IS OPEN TO RESIDENTS WITH U.K. ADDRESSES ONLY.

PLEASE START MY SUBSCRIPTION WITH ISSUE | | (If left blank subscription will start from next issue.)

EITHER
* PLEASE ADD YOUR ADDRESS, SEE BOTTOM RIGHT *

PAYMENT BY CREDIT CARD. Please charge my Credit Card Account Customer Number (if known)

Access Visa American Express

| authorise you until further notice in writing to debit my CREDIT CARD account
by £10.98 and in future, with any amounts which, after notification, MAPLIN Account No
ELECTRONICS plc may debit thereto in respect of my subscription
to the Maplin Magazine. Signature Date

OR
PAYMENT BY DIRECT DEBITING MANDATE in favour of Maplin Electronics pic, P.0. Box 3, Rayleigh, Essex SS6 8LR. DIRECT
Direct Debit payment option is only open to customers with bank accounts in the U.K. including Channel Isles, Isle of Man and N. Ireland. Debi t

Please note: Instructions cannot be accepted to charge Direct Debits to a Deposit or Savings Account.

1 authorise you until further notice in writing to charge my account, with you, any
amounts which MAPLIN ELECTRONICS plc may debit thereto by Direct Debit in respect of
my subscription to the Maplin Magazine.

Bank Sort Code Bank Account Number

Name of account to be debited | wilt inform the bank in writing if | wish to cancel this instruction.

| understand that if any direct debit is paid which breaks the terms of this instruction, the
bank will make a refund.

Bank Address =
Signature Date

Enter your address and Maplin customer number, if known.

Postcode

Put this form In an envelope and address it to; Maplin Electronics, Freepost, P.0. Box 3, Rayleigh, Essex, SS6 28R.
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Customer e R U —
N ELECTRONICS
Address
P.O. Box 3, Rayleigh, Essex SS6 8LR. ‘
ielephone, Credit:Cardi'Sales (01702):565416i: ENQUINESI(01702) 552911 | s nuimmimisekissnmmssissisisis s ki o5 4 s s s 5 s msassoess s sissmsss msssiis e
Overseas Customers, Telephone +44 1702 554155 Ext. 326 or 351. I Bagliil —
0stcoae .. .. Phone No ...

A different postal code is correctly shown on the reply paid envelopes.

Please make chegues payable to ‘Maplin Electronics pic’.

0n occasion Maplin Electronics may permit other reputable companies to

make offers of products or services which we believe will be of interest to our
customers. If you do not wish to receive this information please write no in the box.

*Please enter catalogue page no. where ltem appears.

If not in catalogue. write Mag for Magazine or SO for Special Offers etc.

‘ IT IS MOST IMPORTANT THAT YOU INCLUDE YOUR POSTCODE

{

Block capital letters please.

Keep a copy of your order.

If not using 1995 catalogue, enter date of catalogue here: 19............

Description (for your information only) Page* Order Code Quantity PriceEach £ Total p £ %ah’;'r‘;%e p
Price Change Leaflet (Please write 1 in quantity, if required) CJ A"919|H FREE 0 00 0 00
1995 Maplin Catalogue C|lA|l1]2]|N £395 AV 0 00
Electronics — The Maplin Magazine Subscription (UK 6 Issues) X{A|JOJO|A £10.98 ANV 0 00
Electronics — The Maplin Magazine Subscription (UK 12 Issues) XA 0 0]A £21.96 AV 0 00
Electronics — The Maplin Magazine Index 264 xXfuls|7 U 80p MV 0 00
Electronics — The Maplin Magazine Binder 264 X H| 9 9|H £5.99 0 00
ok el Total this sheet £
g (IR | Ocseas Customers Office Use Only Total other sheet(s) ¢ )
A V/ISA including Channel Isles | |-
I | o Fire, please deduct ca|calro
VAT where applicable oNe 1 Total for goods £
e
RESS CNM Carriage charges for large, fragile, or heavy items as
DAY DESPATCH | 7Export Order shown in catalogue. If total in this box exceeds £6.00 you <—J
I authorise you to debit my credit card account for the cost of goods despatched. need only pay £6.00 (Max. Carr. Charge per order £6.00). & | |
f | I Deduct Value 01 Cfedlt Note No Carriage Charges
Credit Card Number L__| Enclose the numbered Credit Note with this order & £155
Deduct value of Gift Token No [ £2.20
Access/American Express/Visa...................... ...Delete as required. (Enclose Gift Token with order.) l'%“ £2.80
i D £330
'P:%t:d::z'odsb w;:L::at g:igatlcehaes(: t;r'\l\; if the address above is the cardhulder s address. Please add £1.50 Handling Charge . . » @ 250
9 by p 9 This amount must be added to each order piaced. [Fl  £4.45
*Except if only ordering a Catalogue or l6 €535
oy Total £ [H  £6.00
EXDIDY datR 0 Credit Canl uaxssicine st ms ot RE e pssspismseci mon e icbrs RS SHDSRN =
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CD versus VINYL - Continued from 23.

significant output at frequencies up to, per-
haps, 150kHz. Although such ultrasonic sig-
nals cannot be heard (except by bats!), they
must be considered in any design since they
can cause slew rate limiting of an amplifier.
This, in tum, can cause all manner of distor-
tion - transient, intermodulation, slew-
induced - to in-band audio signals. Although
not shown in the diagrams, some series
feedback configurations use a passive lag
network or an active integrator to provide
the roll-off prescribed by the RIAA specifica-
tion. Naturally, the first stage is used to
shape the 20Hz to 1kHz part of the curve.

Another possible failing of the series feed-
back arrangement is in the way in which
input stage non-linearities can cause distor-
tion. We're now back to that earlier topic,
cartridge impedance interaction. The input
circuit impedance rises with increasing input
frequency, and causes an increase in the
output noise voltage. Further, the imped-
ance of the cartridge interacts with the
amplifier, modulating the input impedance
of it. The feedback loop, of course, cannot
correct for this. The high commmon-mode
rejection qualities of modem op amps means
that this is a problem more readily associ-
ated with discrete two or three transistor
types, since these, typically, have poor per-
formance in this respect.

Shunt Feedback

All the aforementioned problems might sug-
gest that the shunt arrangement of feed-
back is definitely the path to pursue in any
design. Typical shunt configurations are
shown in Figure 14. Apart from the obvious
disadvantages of the overall inverting
response (it is widely accepted that it is bet-
ter to maintain the absolute phase of the sig-
nal) the shunt-type seems to present itself
as an ideal solution to the problem. The cir-
cuit can follow accurately the standard RIAA
curve, since absolute gain can be made to
be less than unity, that is asymptoting to
zero at some high frequency. This can mean
lower distortion (no unwanted out-of-band
products present to cause slew rate limiting
and subsequent transient intermodulation
distortions) atthough this is not necessarily
the case, and is as much to do with the
designer’s skill and choice of components
and devices as anything else. The configu-
ration is also very straightforward.

That the input is virtually earthed (and
therefore has no voltage swing) means that
distortion is lower in those cases where the
amplifier has poor common-mode perfor-

mance. [t is for this reason that THD figures
are typically better for inverting configur-
ations that for non-inverting ones (though
intuitively, one might think this a little
strange). In addition, shunt feedback types
seem to offer a much higher degree of
immunity to input overioad (caused by
scratches and clicks on the record).

As with everything in life, there has to be
some compromise. The shunt feedback
arrangement is no different, and the com-
promise assumes the guise of inferior noise
performance. The 47k load impedance
necessary for the cartridge now appears in
series with the amplifier input. White noise
from the resistor, assuming a 20kHz band-
width, and a 290K temperature, can be
calculated as follows:

&,= J4KTBR)

=4V

Such a high impedance in series with the
input also resutts in an increase in noise from
a further source. This time, it is caused by
an increase in noise current. This situation is
worsened when the impedance increases
(as the moving coil resonates). The series
arrangement, on the other hand, has the
load resistor shunted by the real part of the
impedance of the cartridge, (the winding
resistance), which is around 500Q to 2k.

Simple calculations would show that the
series arrangement achieves a noise per-
formance some 13 to 18dB better than the
shunt arrangement, with the absolute vaiue
dependent upon source impedance and the
inherent noise current of the op amp in use.

However, this does not take into account
that the RIAA gain stage does not have an
effective gain bandwidth of 20kHz, and that
the cartridge has an inductance of around
0-5H. Input circuit impedance, whilst rising
with increasing fiy in the MM stage, actually
falls in the MC stages, thus reducing noise
with this type.

Combo EQ

A further development that exploits the best
aspects of both types is the arrangement
shown in Figure 15. The first amplifier (non-
inverting, of course, and so possessing
superiative noise performance) provides the
3180us and 318us de-emphasis time con-
stants. The passive network formed from
the 2kd resistor and the 33n capacitor form
the 75Us one and the 2k4, 56k and 2u2
capacitor provide the fourth (at 1-5Hz, in
this example). According to the DIN specifi-

2k4

2u2F

Figure 15. High performance two-stage network.
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cation (or IEC recommendation shown in
Publication 98, Amendment No. 4) it should
be at 20-2Hz, or 7960us.

A further advantage inherent to the two
amplifier approach is in the realisation of
lower distortion figures. This is the case
because each amplifier is operating at much
lower gain than with the single amplifier
approach, and, since neither of the amplifiers
is required to drive capacitive feedback net-
works with the full preampiifier output voit-
age, distortion can be reduced further still.

Electrical Loading

Whilst on the subject of equalisation, and the
need for accuracy, it is as well to point out one
of the many design criteria to which good,
commercially minded engineers must adhere.
It is NOISE BUDGET. Whilst we have yet to
tackle noise, that particular term applies to a
specific problem — a more general term might
be OVER engineering. Consider a typical
design where the designer has, say, a very
precise instrumentation engineer. He/she
uses 0-19% tolerance resistors, but ruins the
accuracy that these would afford by fitting an
op amp that has high inherent drift and off-
set problems, and which creates errors by an
order of magnitude greater than the fitting of
5% resistors ever would.

Electrical loading of the cartridge, at the
amplifier input, is analogous to the op amp
section gaffe in the above scenario. It is a
pointless exercise - and very wasteful of
design time and resources - to have an
amplifier fitted with an RIAA equalisation
network that is accurate to 0-1dB across the
audio spectrum, but which is connected to
a cartridge where an incorrect value of shunt
capacitance has been connected across it.
Input capacitance, as specified by the car-
tridge manufacturer, is the TOTAL capaci-
tance of all the conductors between the
cartridge and the amplifier input. This
includes cartridge connectors, tonearm
wiring (both to ground and between con-
ductors), connecting leads, preamplifier
board layout, and shunt capacitance on the
board. Incorrect values typically cause a
peak or resonance in the circuit, somewhere
between 7 and 8kHz, before the response
rolls off prematurely in the upper HF part of
the audible spectrum. Aside from the effect
of electrical loading at high frequencies, the
cartridge may also suffer because of the
effective mass of the tip, since this effec-
tively determines how close the coupling
between stylus and groove wall is. Forces in
effect during movement of this mass at high
frequencies can actually deform the groove,
which delays the acceleration of the stylus,
and slurs high-frequency sounds.

References

Disk Recording and Playback, George
Alexandrovitch, The Audio Cyclopedia (edited
by Glen M. Ballou), SAMS.

Audio Applications of Linear Integrated Circuits,
Kerry Lacanette, High Performance Audio
Applications of The LM833, Application Note
AN299, AN346, Linear Applications Handbook,
National Semiconductor Corporation.
Pre-amps and Inputs, Audio Electronics
Reference Book John Linsley-Hood, (edited
by lan R Sinclair), BSP Professional Books.
Pickup Amplifier Design, David Tilbrook, High
Quality Phono Amplifiers, Jan-Feb 1982,
Electronics Today International (published
by Argus).

45



WIRELESS HOME BURGLAR ALARM SYSTEM - Continued from page 26.

PCB mounted Siren

PCB
)
s am—

Battery
Link @

Ry

Figure 3. Detail of the battery link for new style
bell box (above), and old style bell box (right).

Non—PCB mounted Siren

\

Battery

Lucar Piggyback Connector
Push-On Receptacle
Push-On Receptacle Covers
Instruction Leaflet

1 Pkt
1 Pkt
1 Pkt
1

WIRELESS ALARM UPGRADE PARTS LIST

(AR50E)
(HF10L)
(FE&5V)
XV43W)

The Maplin ‘Get-You-Working' Service is not available
for this project.
The above items are available as a kit.
Order As LUOSK (Wireless Alarm Upgrade Kit) Price £1.49
Please Note: Where ‘package’ quantities are stated in the
Parts List (e.g., packet, strip, reel, etc.), the exact quantity
required to build the project will be supplied in the kit.

The following ttem is also available separately.
Lucar Piggyback Connector Order As ARSOE 79p

|

ule in this design and so there are no BELL
(+) or (@ terminals). The other legends on
the PCB, (+), (O, ‘SW-' and ‘RETURN' are
identical to the old style module.

As well as charging the back-up battery,
the new +12V feed to the bell box is con-
stantly monitored. If, for any reason, this
+12V supply should be cut (for example,
if the wires to the bell box are severed),
then the bell box will sound its siren using
its intermal back-up battery.

The bell box is equipped with a Tamper
Switch, with its own output for a control
panel. However, the Wireless Alarm does
not have an extermal Tamper input and
therefore cannot, under normal circum-
stances, utilise this feature.

This is, obviously, a great disadvantage
since, if the bell box were to be wrenched
from the wall (without severing the con-
necting cable), then the siren would not
sound!

To overcome this, a quite ingenious
method of wiring the Wireless Alarm
Control Panel to the Bell Box is used. If the
blue wire is connected as described above
(to the ‘RETURN' terminal, the OV supply
retum (blue wire from the burglar alarm
cable) will be made through the tamper
switch. Then, if the bell box were pulled
from the wall or the cover removed, the
tamper switch contacts will open, the OV
return to the bell box would be discon-
nected and the siren will sound.

Final Installation

Before the bell box is ready for use the bat-
tery link must be completed (see Figure
3). First, switch on the Wireless Alarm
Control Panel and carry out the setting pro-
cedures described in the Wireless Alarm
instructions. Ensure that you have a 12V
supply available between the red and blue
wires of the burglar alarm cable entering
the bell box.

Wam your neighbours that the siren is
going to sound! As soon as you complete
the battery link, the siren will sound
(assuming that there is enough power in
the bell box back-up battery), because it
will detect that the tamper switch is ‘open’
(12V supply is interrupted). The siren will
stop as soon as the outer cover is fixed in
place, closing the tamper switch.

Every possible effort has been made
to ensure that the information presented
here is correct prior to publication. To
avoid disappointment due to late
changes or amendments please contact
event organisations to confirm detalls.

4 April. Antennas, Sunbury & District
Radio Amateurs, Wells Hail Old School,
Great Cornard. Tel: (01787) 313212.

7, 14, 21, 28 April. ‘Caught in the Net',
Arts Theatre, 6-7 Great Newport Street,
London WC2. Tel: (0171) 836 2132.

9 to 11 April. European Computer
Trade Show, Business Design Centre,
London. Tel: (0181) 742 2828.

10 April. AGM, Stratford-upon-Avon
and District Radio Society, Stratford-
upon-Avon. Tel: (01789) 740 994.

22 April. Special International
Marconi Day, exhibition statlon at
Puckpool Park, Wireless Museum, IOW.
Tel: (01983) 567665.

24 April. Visit to Sutton Coldfield,
Stratford-upon-Avon and District
Radio Society, Stratford-upon-Avon.
Tel: (01789) 740 994.

2 May. Starting in Contesting, Sunbury
& District Radio Amateurs, Wells Hall
Old School, Great Cornard. Tel:
(01787) 313212.

5 May. 'Caught in the Net’, Arts
Theatre, 6-7 Great Newport Street,
London WC2. Tel: (0171) 836 2132,

8 May. Working Wartime CW Short-
wave Station, to celebrate VE-Day,
Puckpool Park Wireless Museum, {OW.
Tel: (01983) 567665.

8 May. Two Metre Foxhunt, Stratford-
upon-Avon and District Radio Society,
Stratford-upon-Avon. Tel: (01789) 740 994.

16 to 18 May. Internet World, Wembley
Centre, London. Tel: (0171) 976 0405.

DIARY DATES

6 June. Using Thermionic Valves,
Sunbury & District Radio Amateurs,
Welis Hall Old School, Great Cornard.
Tel: (01787) 313212.

12 June. Open House/Night-on-the-
Air, Stratford-upon-Avon and District
Radio Society, Stratford-upon-Avon.
Tel: (01789) 740 994.

14 to 15 June. Government Computing
and Information Management,
Royal Horticultural Halls, London.
Tel: (0171) 587 1551.

26 June. Top Band Foxhunt, Stratford-
upon-Avon and District Radio Society,
Stratford-upon-Avon. Tel: (01789)
740 994.

27 to 29 June. Networks Exhibition,
NEC, Birmmingham. Tel: (0181) 742 2828.

4 July. Operating QRP, Sunbury
and District Radio Amateurs, Wells
Hall Oid School, Great Cornard.
Tel: (01787) 313212.

10 July. Summer Social, Stratford-
upon-Avon and District Radio Society,
Stratford-upon-Avon. Tel: (01789)
740 994.

24 July. Construction Competition,
Stratford-upon-Avon and District
Radio Society, Stratford-upon-Avon.
Tel: (01789) 740 994.

2 September. Wight Wireless Rally,
Arreton Manor Wireless Museum,
Newport, IOW. Tel: (01983) 567665.

5 to 7 September. International
Conference on 100 Years of Radio,
Savoy Place, London WC2. Tel:
(0171) 240 1871.

Please send details of events
for inclusion in ‘Diary Dates’ to:
The News Editor, Electronics —
The Maplin Magazine, P.O. Box 3,
Rayleigh, Essex SS6 8LR.
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Don’t be Frightened to Ask!

While at college, PC must have seemed (to
the lecturers) to be the thick one in the class.
Being a slow learner, when | didn’t understand
something, | tried seeking an explanation,
after the iecture, from one of the (supposedly)
brighter students. As often as not, they were
soon floundering (often complaining that they
had understood it until | had asked them to
explain it) and finishing up with a hopeful “I
expect it will all come clear when | come to
revise it for the exams!” So, | took to asking
questions of the lecturer at the time — and
found that lots of others were grateful for a
fuller explanation also, but were too shy to ask.
Since then, PC has never been afraid to show
his ignorance in public, even in these columns
— as regular readers will know. And it pays
dividends, since | am always learning. For
example, readers wrote in from across the
country in response to my comments on
Residual Current Circuit Breakers (RCCBS).
Several kindly explained again how an RCCB
(RCD) works, and the various ways in which
the test button can be arranged to unbalance
the live and neutral (‘go’ and ‘return’) currents,
causing the unit to trip. Several pointed out
that the unbalanced test current is arranged to
retum through the neutral rather than the earth
connection, the integrity of which is thus not
tested by the test button. |. B. of Manchester
added some useful information, which
explained why my RCCB tripped as soon

as it was plugged into my standby generator
(which was already running at the time). It
appears that many RCCBs include circuitry

which causes the trip to operate if a substantial
voltage is detected between the neutral and
ground feads, a useful safety measure as
crossed-over live and neutral wires in a socket
is such a common fault. He went on to add
that in a TV outside broadcast set-up running
from its own motor-generator set, all the other
vehicles are powered, via RCCBs, from the one
with the generator. The neutral of the generator
output is strapped to the generator frame and
to the earth pins of all the outlets (preventing
tripping of the RCCBs due to their detecting
excessive neutral-earth volts), and then to
ground, via an earth spike for extra safety.
Another reader from Manchester confirmed
that most RCDs monitor for, and trip on,
excessive neutral-earth volts, recommending
that readers requiring more information on the
difference between ELCBs (earth leakage circuit
breakers) and RCDs, consult the IEE Wiring
Regulations, or one of the books on wiring
practice to be found in the Maplin Catalogue,
page 424 onwards. Meanwhile, another reader
wrote in to allay any fears that PC might have
about the addition of sodium hexaferrocyanate
(Il) in table salt. Apparently, it is just the new
name for your old friend sodium ferrocyanide,
and has been used as an anti-caking agent

in table salt for 60 years. There, now that

is reassuring to know! After all, smoking was
introduced in England over 300 years ago,

and for most of that time, was considered
harmless, nay, beneficial even; and we have
all been eating saturated fats since the dawn
of history, and only recently found out how

bad they are for us.

by Point\C{ntax

Dirty Washing

In the USA, the President’s Advisory Committee
on Human Radiation Experiments, reported
towards the end of October last year (halfway
through its projected one year programme) that
the number of radiation experiments conducted
by the U.S. government and military from 1944
to 1974, was likely to be in the thousands. Its
interim report listed experiments which included
injecting people with radioactive plutonium,
marching troops onto ground zero after a
nuclear explosion, and releasing radioactive
substances into the air, to track their progress
or effects. It is difficult to see how such
activities could have been sanctioned in the
first place, but it is good that in a free society,
they should be brought to light, whereas in a
totalitarian regime, the dirty washing remains
firmly in the closet. it is said that the price of
freedom is eternal vigilance, and that must
include the ability to keep tabs on those who
might want to curtail a nation’s freedom, by
whatever means. So, just a fortnight before
the President’s above-mentioned committee
reported, the US Congress approved legislation
requiring telephone companies to install

new equipment or software, to make digital
networks accessible to law-enforcement taps.
Under the bill, the government is authorised
over the next four years to reimburse up to
US$500M to the phone companies, to pay

for the retrofitting required. Following that
period, the FCC will decide whether further
costs should fall upon the government, the
‘phone companies, or both.

Fairy Wonderland

A couple of months ago, PC passed

on an article to a retired colleague (who
nevertheless retains an avid interest in
electronics/physics/science-in-general),

the article from the journal of one of the
Institutions, gave a very complete but concise
exposition of the state of play in the intriguing
field of particle physics, which has latterly
fused with the previously quite distinct field

of cosmology. Apparently, the proved non-
existence of the presently undiscovered, and
entirely hypothetical Higgs boson, would be a
major spanner in the works for the theorists,
necessitating some profound and extensive
retheorising. From his limited reading on the
subject, PC long since arrived at the conclusion
that those ancient Greeks who thought that
matter was indefinitely divisible were probably
right. It is just that the picture is more
complicated; with Avogadro’s molecules, like
billiard balls, turning out to be made up of
atoms, which were then found to be made of
protons, neutrons and electrons. These in turn
are now apparently made of quarks, which will
doubtless someday be found to be made of
smaller particles still. . . . It really seems that
Charles Dodgson did not get the words quite
right; how does it go now, “. . . for the quark
was a boson, you see?”

Yours sincerely,

puint 0

The apinions expressed by the author are not necessanly
those of the publisher or the editor.
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" Design by Alan Williamson, Text by Maurice Hunt and Alan Williamson

ESCRBED here is an audio signal
Ddistortion unit, that will take the audio

signal from a microphone and/or
line input, and by means of digital sound
processing, selective clipping and storage
and feedback of ‘sound bites’, will alter the
original sound, by a widely adjustable level,
ranging from a subtle change in pitch to a

barely recognisable, completely altered form,

and with the option of echo repetition of
the resultant noise.

This will be a boon for anyone requiring
a wide spectrum of special sound effects
from one inexpensive, versatile unit, either
for ‘serious’ use in productions, etc., or just
for laughs.

With both microphone and line inputs/
outputs, the unit also enables simple mixing
of signals from more than one source, so
that, for example, soundtracks from films,
music albums, etc., could be altered to suit
your requirements. This provides scope for
much amusement — just imagine what you
could do to ‘improve’ that awful album or
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Please note that the box shown
is not included in the kit and
must be purchased separately.

FEATURES
%Low Current Consumption
kMicrophone & Line Input/Output
kDigital Audio Signal Delay Processor
k256K DRAM memory * Easy to Build/Use

APPLICATIONS
Echo generator % Party entertainment/general amusement

Sound effects for models/toys * DJ/Public Address systems g
k Sound effects for dramatics or film use % Simple mixer
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The assembled PCB.

video that you would not readily admit to
paying good money for, or why not liven up
the next party political broadcast with some
wacky distortion of the speaker’s ramblings!
The output signal of the unit, via

‘microphone and line outputs, can be fed
into a suitable audio amplifier for immediate
listening, or into the input of a tape recorder,
etc., to allow replaying of your audio creativity.

Circuit Description

The full block diagram of the Voice Vandal
is given in Figure 1, with the circuit diagram
shown by Figure 2. Studying these should
assist in following the circuit description, or
with fault-finding if necessary, in the
completed unit.

The heart of the circuit is IC5, a Holtek HT-
8955A, which is a dedicated Voice Echo
chip, or CMOS digital audio signal delay
processor. This is an LS| device containing %
preamplifier, system and time-delay
oscillators, DRAM interface, 10-bit AD
and D/A convetters and ¢ontrol logic,
A/D converter correction comparator, shift
register, timebase generator, row/column
multiplexer, address counter, and, last but
not least, 8 DRAM size selector section.

Working in conjunction with an external
256K DRAM (IC6), this provides a
continuously adjustable delay time of up
to several seconds, and operates in the
following manner; resistors R27 and R28
set the gain of the built-in input op amp at
-2:13, the output of which is fed to the AD
converter correction comparator and also
the output amplifier, IC10b.

The comparator supplies the A/D
converter, whereupon the digital output is
fed serially, after a short delay (determined
by RV4) into the shift register, which then
presents a parallel ‘word’ to the D/A
converter; the resulting analogue signal
output from pin 4 is then fed back into the
input op amp via C20, R29 and RV3, which

Mav 1995  Electronics — The Maplin Magazine

produces the ‘echo’ effect, the level of echo
being controfied by RV3.

The final mixed signal is taken from pin
3, and is buffered and amplified by IC1b,
whose gain is equal to R37/R38 +1, in this
case, a gain of 3:13.

IC1a and associated components form a
‘half supply generator’, whereby resistors R1
and R2 produce the voltage reference for
IC1a, whilst capacitors C3 to C6
symmetnically decouple the input and output
of IC1a to the supply rails. Capacitors C9 and
C10 provide AC coupling of the input signals

PCB mounted in the casing.

to the inverting amplifier, IC23, the gain of
which is set by resistors R3 to R5, according
to the formula, G=—R5/R3 (or R4); gains of
—1 or =10, respectively.

Diodes D2 and D3 clip the output
waveform of IC9a, to produce a signal nch
in harmonics (akin to a fuzz box). This signal
is then applied to the inputs of IC3, a quad
CMOS analogue switch. The signal is then
‘chopped’ by turning the four solid-state
switches on and off with the aid of TR1 to
TR4, controlied by IC4, a 14-stage divider
and oscillator, the rate of switching being
determined by the timing components,
RV1, R15 and C12.

The ‘chopped’ waveforms are then
selected via the latch switches, S1 to $4,
the signals being recombined via R20 to R23.
The reconstituted signal is then passed on
to the ‘distortion’ control, dual-ganged mixing
potentiometer RV2, and the ‘clipped and
chopped’ signal combines with the direct
signal from ICQa via R25 and R26; the ratio
of mixing is dependent on the wiper
position of RV2.
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Figure 3. PCB legend and track.
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There are several filters within the circuit, a
combination of high- and low-pass types, to
produce an overall band-pass response of
approximately 100Hz to 3kHz between ~3dB
points. The low-pass filters consist of C13 in
conjunction with the combined impedance
of the resistive mixer network, C15 and R27,
and C17 and R29, whilst the high-pass filter
is effected by C16 and R28, on the output
of IC2b. The input filters formed by C9 and
R4, or C10 and R3, and C11 and R5, reduce
the out-of-band gain of IC2a.

RG1 is a 5V regulator that supplies power
to IC5 and IC6, which are 5V devices, and
it also provides a constant supply voltage
to IC4, preventing oscillator drift that would
otherwise result from supply variations. The
remaining circuitry is happy to operate at the
applied power supply voltage, which may be
between 8V and 18V DC. The relatively high
lower voltage limit is the reason why a 9V
battery is not used as a power supply, as a
slight drop in battery strength would prevent
the unit working properly. An LED, LD1, gives
visual confirmation of supply connection.

Construction
PCB Assembly

This is fairly straightforward; refer to the Parts
List, circuit diagram of Figure 2, and PCB
legend and track of Figure 3. Begin with the

Specification
DC power supply voltage:

Supply current (typical):
PCB dimensions:

Case dimensions:
Functions:

DRAM memory:

Single-rail supply via power socket, 8 to 18V DC, LED
indication of supply

19mA

155 x 120mm

175 x 130 X 58mm

Echo, Delay, Distortion, Chopping level and speed adjustment
256K (262,144 x 1 bits)

PCB

I

ﬁ-{))

_

LED
Short Lead
Figure 4. Wiring diagram (LED).

/

6.5

FRONT PANEL

20

19.7

4

o

|
=
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e
—

HOLE DATA
REF | SIZE | No.
4.4
87
8.5
211

olo|m|»
slelo|=

All dimensions in millimetres

REAR PANEL

57.2

80.2

114.3

Figure 5. Box drilling details.
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Figure 6. Exploded assembly.
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Figure 7. Voice Vandal front and rear panel labels.

CHOP SELECT

HIGH ON

smallest components, working up in size to
the largest.

If you are new to project construction,
please refer also to the Constructor’s Guide
(XH79L) for hints and tips on soldering and
assembly technigues.

292swg tinned copper wire should be
used for the long links, whilst component lead
offcuts can be used for the shorter wire links.

Insert the PCB pins from the track side,
there being three required; one for the
potentiometer casing earth link — use a
length of 22swg tinned copper wire
(approximately 16cm) soldered to,
and spanning the uppermost part of the
potentiometer’s metal bodies (once the

May 1995 Electronics — The Maplin Magazine

potentiometers have first had their spindies
cut to the right length —9mm, for the knobs
supplied in the kit — and then soldered in
place on the PCB), prior to joining the PCB
pin - and two pins to which are attached
the short interconnecting cables to the LED,
see Figure 4 - twin core bell (‘'Zip") wire,
approximately 5cm long is suitable here.
Take care to correctly orientate polansed
devices, such as electrolytic capacitors,
diodes, transistors and ICs. The ICs should
be inserted into their sockets last of all.
Thoroughty check your work for misplaced
components, solder whiskers, bridges and dry
joints. When the PCB has been fully built up,
clean all the flux off using a suitable solvent.

Case Assembly
Refer to Figure 5 for the box drilling details,
noting that the recommended box has slide-
out front and rear panels to enable easier
drilling. With the holes drilled and chamfered
to remove burrs, the front and rear panel
ldoels can be applied, and the marked hole
positions punched through with a pointed
instrument, being careful not to damage the
labels. The LED bezel can then be fixed into
its aperture in the front panel, a simple push-
fit. Before fitting the front panel, ensure that
the holes drilled for the push switches allow
them to operate without sticking.

Next, secure the front panel with the
potentiometer nuts, then secure the rear
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panel with the jack socket nuts, ensuring the home, indicating that the unit is on (the oscillatory signals, with differing frequencies

panels are the correct way up! LED should extinguish with input leads at its divider outputs.

This sub-assembly should then slide removed). Other than these tests, check for any
into the lower box section along the panet A muitimeter can be used to check that components getting warm or smoking hot,
tracks. Ensure that the LED is connected and the voltage regulator, RG1, is providing a a fair indlication that all is not welll
mounted in the front panel correctly, and stable 5V supply to IC4 to IC6, and that the
then slide the upper section (lid) of the box | other ICs are receiving the supply voltage Operation
onto the exposed half of the panels. Four (i.e. between 8V and 18V DC) at their ih 4 e
screws, supplied with the box, are used supply pins. L A S
to secure the sections of the box. A look An oscilloscope, or earpiece, could stralghtfgrward, SUlEoto mlcrophong
at Figure 6, showing the exploded view of be used to confirm that IC4 is providing and/or line source via the appropriate input

sockets, via leads terminated in Y4in. stereo
| jack plugs, and connect the appropriate
output to an audio amplifier, tape recorder,
etc., via leads having 'in. mono jack pluss.
With the power supply connected, speaking
into the microphone or providing other
audio input (') and trying out different
D settings of the potentiometers and
combinations of the control switches,
should result in some very alternative
output sounds being produced!

The variety of sound effects obtainable
from the unit is too wide to describe here,
sO it is up to you to experiment and make
your own notes, if you wish, on how to

the unit, will assist in this process.

The only remaining assembly job is to affix
the knobs onto the potentiometer spindles,
by means of the grub screws, in the colour
order of your own preference.

Testing

Except for connecting the unit up with a
microphone input and output to an audio
amplifier and seeing if wild voice distortions
can be produced, the only testing that can
be readily carried out, having connected a
suitable power supply via the power socket,
is to plug in a connecting lead terminated

in a "4in. stereo plug, to either the line or i | produce certain sound effects.
microphone input sockets, and ensure that [ l The rear of the completed unit. Alternatively, just twiddle the knobs and
the LED lights when the plug is pushed make noises as you see fit!
VOICE VANDAL PARTS LIST
RESISTORS: All 0-6W 1% Metal Film SK4,5 Mono PCB sin. Jack Socket 9 (FJO0A)
R1,2,4,15-19,36 10k 9 (MI0K) 514 Latchswitch 9-Pole 4 (FHOTX)
R3,5,7-14,95,26, : Single-ended PCB Pin Tmm (004in)1 Pkt (FL24B)
29,30,35,37 100k 16 (M100K) DIL Socket 8-pin 3 (BL17T)
R6,20-23 Tk 5 M1K) DIL Socket 14-pin 1 (BL18U)
R24,28,38,39 47k 1 (M47K) DIL Socket 16-pin 3 B
R27 15k ! (M15K) Zip Wire M (XR39N)
R31 ok6 ! (MSK6) Tinned Copper Wire
R3Q - 22k ! (M22K) 071mm 295wg 1reel (BL14Q)
R33 47 1 (M4R7) Front andl Rear Panel Label 1 (KP83E)
R34 1K5 1 (M1K5) PCB 1 (GJOIK)
RV1 1M Miniature Linear Potentiometer 1 UM76H) Instruction Leaflet 1 (XV29G)
RV2 100k Miniature Duat Linear Pot 1 (UMB2D) Constructors’ Guide i (XH79L)
RV3,4 470k Miniature. Linear Pot 2 (JM75S)
OPTIONAL (Not in Kit)
CAPACITORS : ABS Plastic Instrument Case 1 (KCOTR)
a 470uF 35V Electrotic Raclial 1 (FF165) Small Black Latchswitch Button 4 (KU75S)
€2,8,14,21 100nF 50V Ceramic Disc 4 (BXO3D) LED Clip 3mm 1 CYY39N)
3-7,20 10uF 50V EBlectrolytic Radial 6 (FFO4E) Knob RN18 Blue 1 (FD65V)
9,93 11F 100V Electrolytic Radial 9 (FFO1B) Knob RN18 Green 1 (FD66W)
C10,15 100nF Mylar Film 92 (WW21X) Knob RN18 Red 1 (FD67X)
@7 10pF Ceramic Disc 1 QWX44X) Knob RN18 Yeliow 1 (FD68Y)
C12,99 100pF Ceramic Disc 2 (WXSeD) Square Stick-on Feet 1Pkt (FD75S)
13,16 47nF Mylar Fim 2 (WW20W) AC Adaptor Regulated 1 (YB23A)
c17 330pF Ceramic Disc 1 (WX625) Low-Cost Dynamic Microphone 1 ZA31)D)
18 100uF 25V Electrolytic Radial il (FF11M)
19 10nF Mylar Film 1 (WAW18U)
The Maplin ‘Get-You-Working’ Service is available for this project,
SEMICONDUCTORS see Constructors’ Guide or current
D1 1N4001 1 Q@L73Q Maplin Catalogue for details.
D2,3 TN4148 Q (QL80B) The above items (excluding Optional) are available
TR1-4 BC548 4  (QB73Q) as a kit, which offers a saving over buying the
RG1 LM78LOSACZ 5V Voltage Regulator 1 (QL26D) parts separately.
D1 Low Current Miniature 3mm Order As LT82D (Voice Vandal) Price £29.99
Red LED 1 (CZ28F) Please Note: Where ‘package’ quantities are stated in the Parts
IC1,2 LM358N 2 (UJ34M) List (e.g., packet, strip, reel, etc.), the exact quantity required
IC3 HCF4066BEY 1 (QX23A) to build the project will be supplied in the kit.
IC4 HCF4060BEY 1 (QW40T)
IC5 HT8955A Voice Echo IC 1 (AET14Q) The following new items (which are included in the kit) are
IC6 41256 100ns 256K DRAM 1 (QY74R) also available separately, but are not shown in the
1995 Maplin Catalogue.
MISCELLANEOUS PCB Order As GJO9K Price £5.99
SK1 PCB 2:5mm DC Power Socket 1 (FKO6G) Front and Rear Panel Label Order As KP83E Price £2.29
SK2,3 Stereo PCB '/4in. Jack Socket 2 (FJOSF)
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A readers’ forum for your views and comments.
If you would like to contribute, please

address your replies to:

1. 2.0.0.2.9.0.0.0.8.9.0.0.0 9 ¢

Keep it Down!

Congratulations on the well-presented
and unbiased article by Douglas
Clarkson about light poliution in the
January issue of Efectronics. Hopefully,
a much needed awareness will have
been generated. Light poliution has
only become a problem because too
few are aware of the consequences

of excessive use of artificial light. It
may interest readers to know that the
Institution of Lighting Engineers (L.L.E.)
has issued a revislon of their excellent
document Guidance Notes for the
Reduction of Light Pollution. This is
very useful in showing not only the better
designs of lighting fixtures, but even
more importantly, giving information on
setting them up properly. Itis a credit to
Maplin, who after all, make some of their
money by selling security products, that
they realise that ‘brighter is not always
better’, and that an appropriate (usually
quite low) level of lighting is often more
useful than high-intensity lighting.

May | suggest that Maplin follow up
this responsible approach by including
a copy of the I.L.E. guidance notes

with every exterior lighting product sold.
For many years, the Maplin Catalogue
cover has had a space theme, it is only
appropriate to preserve the right to
view the real thing! The night sky is

a beautiful and inspiring sight.
Directionally-controlled lighting, with

the intensity toned down, would allow

2.0.8.0.0.0.0.0 0.8 ¢

Overhead Valve

Dear Editor,

Is there any chance of Electronics
publishing a design for a car power
supply for the Millenium 4-20 valve
amplifier? Years ago, all car radios
were valve.

James Knight, Reading, Berkshire.

You never know, it might appear in the
April edition! Reminds me of the joke
about the latest 16-Valve car from finsert
your favourite (favorit?) eastem-bloc
manufacturer]; 8 in the engine, 1 on
each wheel, 4 in the radio!

Surface Mount

Dear Sir,

You asked in the March issue (Editorial)
for views on the increasing use of
surface mount technology in projects,
so here is mine. As amateurs, we

can and must use any and all modem
technology to our advantage. As history
has proved, the ‘amateur’ has had a
significant part in the advancement

of science, in all fields!

E. R. Billtald, Arnold, Nottingham.

Thank you for this encouraging and
positive opinion on the use of surface
mount devices (SMDs) in projects,
which, in fact, is the only letter relating
to this we have received to date.
Admittedly though, we only started
offering SMD-based projects from the
September 1994 issue, so perhaps
people are still coming to terms with this
technology before casting judgement!

Power Trip 1

Dear Editor,

| have been foliowing with some interest,
Point Contact’'s comments on problems
with his standby power generator.
Presumably, he now has a less lethal
method of connecting the machine in
place of the incoming mains supply,
however, the use of an RCCB on its
output, while an excellent idea, will give
rise to yet more problems. An RCCB
will not normally operate correctly with

a floating generator supply; either it will
not function as an RCCB at all, acting
merely as an overcurrent circuit breaker,
or will not stay connected. In the
television business, it is common to

run large outside broadcast operations

May 1995 Electronics — The Maplin Magazine

The Editor, Electronics — The Maplin Magazine
P.O. Box 3, Rayleigh, Essex SS6 8LR, or send

STAR LETTER

In this issue, Bill Eaves of Caithness,
Scotland, wins the Star Letter Award of a
Maplin £5 Gift Token for his enlightening
comments conceming light pollution.

on local generators rather than mains
power, as up to 200A at 240V is not
always easy to arrange at a moments
notice. It is also usual that all power
outlets are centrally located, normally
the main control truck, and anything
extemal to this vehicle is connected
via an RCCB. To overcome the afore-
mentioned problem, it is usual to ground
one side of the generator to its earth
frame. This then becomes the Neutral
side of the generator mains supply.

A good earth is provided by means

of a spike into the ground. Although

it sounds lethal, connecting the

power supply to earth, this is just what
happens to the mains supply from

the power company, at the substation,
whereby the Neutral side of the mains
(transformer star point, this being
3-phase) is connected directly to a
good earth buried under the substation.
RCCBs are designed to operate with
this type of connection, hence they will

work with the generator setup described.

lan W. Berry, Manchester.

Power Trip 2

In Issue 86, | noticed the ongoing

saga of Point Contact's mains back-up
generator. He and J. H. of Kent, both
correctly state that an RCD will not
operate properly when used with

a generator, in which its supply is
floating with respect to its earth/chassis
connection. What is not mentioned,
even in the Maplin Catalogue, is that
most RCDs also detect live and neutral
conductors reversed, this being a very
common fault in domestic (especialty
DIY) wiring. In a floating system, the
RCD cannot detect which way round
the L and N wires are. PC quotes his
generator having a potential between
earth (chassis) and neutral of 200V
Pk—to—Pk. | suspect that this is what is
tripping the RCD, although the circuit
of the RCD itself changes the reactive
coupling between L-E and N-E.

Note that RCDs will also fail to operate
as expected when connected to the
isolated side of an isolation transformer,
for much the same reason. Also, | feel
it prudent to remind other readers that
ELCBs and RCDs (or RCCBs) are NOT
the same thing, and operate in subtly
different ways. For more information

on protective devices, see the |IEE
regulations, or one of the many books
on wiring practice (catalogue pages 423
to 425). A gadget that may be useful,
uses three neon lamps connected L-E,
L—N and N-E, in a plug-style housing. if
a wall socket is wired correctly, the L—E
and L-N neons only should light. If L-N
and N-E light, then five and neutral are
reversed, and if L-E and N-E light, live
and earth have been reversed.
However, this device will not detect
neutral and earth reversed. Usually
included, is a simple graphic
representation of the possible light
combinations and the state of wiring
each indicates. Such a unit is easy to
build, but be extra careful to label the
neons correctly, as you will be using
their indication as a basis for deciding
that an electrical outlet is wired correctly.
Jason, Manchester.

Thank you for your letters on this
subject. The comrect use of RCCBs
certainly seems to cause some
confusion. Due to the variety of different
types available, we cannot give delailed
guidelines on their use here, but advise
closely following the instructions that
should be supplied with the device.
Also, look out for a future article in
Electronics, concerning circuit breakers.

an e-mail to: AYV@maplin.demon.co.uk
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everyone to appreciate the night sky
without the use of specialist filters and
still maintain useful illumination. The
best of both worlds can be achieved,
and quite easliy with a bit of common
sense and regard for others. Finally,
Mr. Clarkson would probably be very
disappointed if he visited Helmsdale,
Sutherland, now. It is lit by ‘decorative’
Victorian-style lantems, which have

a high upward emission coupled with
horizontal glare ~ the opposite of what
is prescribed in the article.

This subject has recently been given
additional, national exposure, in BBC's
Watchdog programme, specifically
referring to the nuisance caused by
halogen security floodlights of excessive
intensity, the automatic sensors of some
being set so sensitively that they are
triggered by changes in wind direction,
causing a disturbance to people in the
vicinity. Also pointed out was that the
very high power versions (of TkW
upwards) that are sometimes fitted,
have the running costs of an electric fire,
when in most cases, as you say, a lower
intensity lamp of 150 to 500W maximum
Is adequate, with the benefit of far
cheaper running costs, a factor many
people have a keen interest in. Maplin's
secunty floodlights do not exceed 500W,
and come with instructions as to correct
fitting and placement, to avoid causing
such problems.

The Bells, The Belis . . .
Dear Sir,

Congratulations on a great magazine,
which | have read for many years. Since
retiring from work as an analogue circuit
designer, | have come to appreciate
just how much it keeps me in touch with
the electronics scene. | recently built an
AutoRing telephone ringer kit (January
1993, Issue 61), and added two
modifications, which might interest other
readers. The first is to sense when the
telephone is ‘off hook', and inhibit IC3,
stopping the intemal buzzer (if in use)
and LED flashing, whilst allowing the
user to hear their voice in the earpiece.
This is achieved by the left-hand side

of the circuit shown. Pin 15 of IC3 needs
to be isolated from OV, which | did by
bending the pin so it does not enter the
IC socket, and soldering a wire directly
fo it. The second ‘mod'’ is the addition

of a relay to operate an extemal bell, this
forming the right-hand side of the circuit
shown below.

J. J. H. Bamford, Wells, Somerset.

Thank you for your comments about
the magazine, and for sharing your
AutoRing circult modifications with
our readers. They will help to add

to the realism and versatility of this
project.

This change adds sits tone to the lalaphone,
and allows the hook switch 10 510 the AutoRing intemal buzzer,
and tha axtemal trembler bl

aBsTM 1 184L)
QB82S | 14L)
QLBOB 1 (1N4148)
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These dcscrip'ions are ne(essor?}y short. Please ensure that you know
exactly whot the kit is and what it comprises before ordering,
by checking the appropriate issue of Electronics referred to in the list
The referenced back-numbers of /e(?romcs can be obtained
subject to availability, ot £2.10 per cop,
Carrioge Codes - Add; A: £1.55, 8: 22 20, C: £2.80, D: £3.30,
E: £3.90, F: £4.45, G: £5.35, H: £6.00.

GUITAR HEADPHONE AMPUFIER

YOU MISS
THESE
PROJECTS?

MODEL TRAIN SIGNAL LIGHTS
CONTROLLER

Now you can practise in private and without annoying the family
or neighbours (where's the fun in that?). Clip this inexpensive
project o your belt and throw yourself into your most torturous,
ear-wrenching solo and you won't even disturb the cat.

Order as: LTBOB, £12.99. Detoails in Electronics No. 86, February
1995 (XA86T).

100W MONO/STEREO AMPLIFIER

Build authentic 2, 3 or 4 aspect signalling systems with this superb
Signal Lights Controller project. The passage of the train can be
detected by magnetic sensors on the frack, automatically advancing
the signal lights in the correct sequence.

Order as: LT66W, £9.99. Details in Electronics No. 86, February
1995 (XAB6T).

To order Project Kits or back-numbers of Electronics, ‘phone

Credit Card Scles on (01702) 554161 Alternatively, send off

the Order Coupon in this issue or visit your local Maplin store
Maplin: The Positive Force In Electronics

Al items subject to availobility. Prices include VAT.

‘NEWTON’ VALVE PREAMPLIFIER
TONE CONTROL

Completing the set of modules for the ‘Newton” Valve Preamplifier,
is this passive stereo valve Tone Control Unit which provides bass
boost and cut of +16dB and —12dB @ 20Hz max., and treble boost
and cut of +18dB and ~19dB @ 20kHz max.

Order as: LT77), £39.99 Al. Details in Electronics No. 86,
February 1995 (XA86T).

UNIVERSAL TIMER MODULE

Employing the classic 555 fimer IC, you are sure ta find many uses
for this Universal Timer project. With a switch-on or switch-off delay
variable between 2 seconds and 15 minutes, this timer is ideal for
applications like egg-fimers, snooze controls and automatic control
of equipment like tope recorders etc.

Order as: VFO6G, £8.99. Detoils in Electronics No. 86, February
1995 (XA86T).

DISCRIMINATING CONTINUITY
& LEAKAGE TESTER

ELECTRONIC MEMOPAD _

Record messages up to 16 seconds long for playback - up to 10
years later! Ideal for memos and messages in the office or home,
and a boon to the blind, partially-sighted, and anyone with reoding
or writing difficulties.

Order as: LT79L, £29.99. Details in Electronics No. 87, March
1995 {(XA87U).

SLOW ON/SLOW OFF LAMP DIMMER

This versatile amplifier module can be configured as either a stereo
amplifier producing 50W per channel into 4€2, 40W per channel
into 86, or a bridged mono 100W amplifier. The design features
overload and short circuit protection, and speaker ‘pop’ profection
at switch on and switch off. Power supply requirement is £28V.
Order as: VF39N, £48.49 G8. Detoils in Electronics No. 87
March 1995 (XA87U).

Test for more than just ‘Go’ or "No go’ conditions with this
ingenious tester. A variety of sound outputs of varying pitch and
duration allow you o differentiate amazingly accurately between
a good connection and  high resistonce one, test for leakage, and
check both passive components and semiconductors.

Order as: LT78K, £19.99. Details in Electronics No. 87, March
1995 (XA87U).

Look — no hands! Instead of the normal manual contro, this dimmer
uses two variable fimers to slowly increase or decrease the level of
light. Both the ‘on’ and ‘off’ fimers are variable from 1 second to
30 minutes. Ideal lighting control for slide/film shows, and as a
gently reducing ‘slumber’ switch.

Order as: VE51F, £15.99_ Detoils in Electronics No. 87, March
1995 (XA87U).
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MICRON Il RADIO CONTROLLED CLOCK COMPUTER INTERFACE BOARD
S
The right time cll the fime! Used in conjunction with the Rugby SOUND ACTIVATED FLASH TRIGGER | Unleash your computer’s power by allowing it to
Clock Receiver (LP7OM), this radio-controlled timepiece receives communicate with the outside world. This fully optoisolated
ultra-precise date and time data from the MSF transmitter in Produce excifing pictures of darts bursting balloons, bullets interface is suitable for IBM compatibles and simply connects
Rugby which it shows on a bank of 12 seven-segment displays passing through light bulbs efc., with this inexpensive Aash to the printer port, while still allowing the printer to be used.
Other features include automatic Leap Year and British frigger. The sound of mum's best bone china hitting the floor Features include: sixteen inputs/outputs; eight 6-bit analogue
Summertime correction. Iriggers the unit which operates your flash-gun in time to outputs; one 8-bit precision analogue output and four 8-bit
Order as: LTO3D {Micron Ill), £47 .99 B1 . Defails in Electronics photograph the bits whilst still in mid-air. analogue inputs.
No. 88, April 1995 (XAB8V); LP70M {Rugby Clock Receiver), | Order as: LT86T, £14,99. Details in Electronics No. 88,
£22.99 Details in Electronics No. 47, November 1991 (XA47B). April 1995 (XAB8V).

Order as: VF54), £84.99. Details in Electronics No. 88,
April 1995 (XABBY).

T

A comprehensive index to Electronics — The Maplin Magazine is now available
from Maplin. The index covers every issue from December 1981 to October 1994.
Included are details of every article, series and project published during that period.
Conveniently arranged, sectionally and alphabetically, it'll take minutes instead of
hours to find the exact issue number and page you need. You'll be able to
rediscover a wealth of information you never knew you had! A list of all the
Corrigenda published is also included, so you will be able to find details of
changes or amendments. You'll find the index an invaluable addition to the
issues of Electronics that you have. If your collection is incomplete, many
issues are still available as back issues. The Magazine index costs just 80p NV
and can be obtained (subject to availability) from Maplin Stores country-
wide; by Mail Order, using the Order Coupon in this issue, or by calling

the Credit Card Hotline, Tel: (01702) 554161, Order As XU87U.
You'll wonder how you ever managed without it!

—

DID YOU MISS US ?

If you've ever wanted to lay your hands on an elusive issue of Efectronics —
The Maplin Magazine, then we can help! Many editions are still available,
as back issues. Where issues are out of print, details of projects that are
still current can be found in Maplin Projects Books and Best of Maplin
Projects Books. Copies of back issues (subject to availability) can be
obtained from Maplin Stores countrywide; by Mail Order, using the
Order Coupon in this issue, or by calling the Credit Card Hotline, Tel:
(01702) 554161. If you are not sure which issue or Projects Book you
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require, refer to the Magazine Index (XU87U) or call Customer Services,
Tel: (01702) 552911. Photocopies of out of print feature articles are
available; a charge will be made, dependent on the length of the
article to be copied - call Customer Services for details.
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NO HANDLING CHARGES !

If you are only ordering a copy of Electronics —

The Maplin Magazine Index or back issues of the magazine,
the nommal £1.50 Mail Order handling charge does not apply!
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New Harvests from an Old Field?

Part 1: The Basic Principles

by J. M. Woodgate B.sc.(Eng), C.Eng,,
M.LE.E,, MA.ES., FinstS.CE.

s with practically everything
Aelse, MS stereo was first
studied by Alan Dower
Blumlein more than sixty years ago.
The expression ‘MS’ has been var-
iously interpreted as ‘mid-side’
and ‘mono-stereo’, both of which
are meaningful. Because, in both
broadcasting and recording,
stereophonic techniques are
explained in terms of ‘left’ and
‘right’ signals, the possibility of
other ways of looking at the signals

with ‘separation’ between the left-
and right-channels, or its after ego,
‘crosstalk’. Demand for higher
and higher levels of separation
(anything less than 80dB is
regarded as impossibly defective
in some quarters!) has led to the
actual effect of finite crosstalk on

image position being completely |

disregarded. In fact, crosstalk at
—40dB, which is easily achieved
except on playback of analogue
discs, represents an image shift of

' Generating MS

Signals

In deriving MS stereo signals from
conventional LR (or AB for purists)
signals, we deliberately stir them
together and use the results. This
might seem to cause a disastrous
loss of ‘stereo information’, but if
done correctly, there is no loss at
all. Regular readers have met the
2-A (Sigma-Delta) matrix before.
This should not be confused with
the 2-A analogue-to-digital con-
verter, which is an entirely differ-
ent animal altogether. Sigma
means ‘sum’ and Delta means
‘difference’, and this is what the
matrix does, in producing M- and
S-signals from L and R. The equa-
tions are:

has been sadly neglected, and has | only T0mm on a 3m loudspeaker | 37— 1 ;7 4 gy
led to excessive preoccupation | baseline. V2
10k 4k7 4Kk7*
10k
™ e
input Y 4k7
llree Output L+R=/2M
or M+S=/2L
*3k3 for 3dB gain reduction
10k 4k7*
4k7
10k 2
+
Sl K7 Output_L—R=/2S
4K T * or M—S=/2R
Op—amps can be TLO84, for example
Figure 1. MS or 2-A matrix circuit.
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1
= (L-R
N \/__(L )

The factor 1/V2 represents a 3dB
loss of signal amplitude in the
matrix, and is purely there to make
the same matrix also suitable for
the reverse process:

1
= — M
L 2( +5)

]
R=_ —
\/_2_(MS)

if we ignore the 3dB loss, we get
effectively 3dB of unexpected gain
out of each matrix circuit, which
often does not matter, or is even
advantageous. Figure 1 shows a
practical circuit with buffered
inputs, and optional 3dB gain cor-
rection.

MS and the
Pilot-tone System

Once we have the signals in MS
form, we can see the reason for
the ‘mono-stereo’ tag. The broad-
casters take particular care that the
sum signal, L + R, reproduces
properly on mono equipment,
with no strange effects. However,
this has not always been the case
with analogue discs; a spectacular
example is the occasional record-
ing of a centrally-positioned soloist
with one channel inverted (so-

| called “180 degrees out of phase’).

When reproduced in stereo, this
gives a sort of disembodied effect,
but in mono, the soloist becomes
more or less inaudible, depending
on the amount of residual cross-
talk. The difference signal, L - R,
can be considered to carry the
stereo information only, and in
fact, we can usefully describe the

Electronics - The Maplin Magazine May 1995



broadcast stereo signal (in the
pilot-tone system used in almost all
countries) in MS terms. The M-sig-
nal directly frequency-modulates
the main carrier, and can thus be
received correctly by mono
receivers, while the S-signal mod-
ulates the 38kHz sub-carrier in
double-sideband suppressed car-
rier (DSB-SC) mode.

Wider Still and
Wider. ..

With MS signals available, there
are a number of simple processes
which we can use to obtain effects
that are rather difficult to achieve
in LR format. One of the simplest
is stereo dimension control,
whereby changing the level of the
S-signal relative to the M-signal,
we can effectively widen or nar-
row the stereo baseline, indepen-
dently of the actual separation of
the two loudspeakers. If we
overdo this, though, the stereo
image ‘falls apart’, and the disem-
bodied effect supervenes. This
technique can be realised with the
circuit shown in Figure 2, in which
a continuous variation from mono
(no S-signal), through unmodified
stereo to rather wider than is wise,
is available on the single control.
This is an example of a sine-cosine
potentiometer circuit, which pre-
serves the signal energy practically
constant at all control settings. This
circuit appeared in the September
1994 issue (No. 81), but due to a
last-minute improvement in the
circuit values, the text there does
not quite match the Figure.
Curiously, the matching of the
shapes of the attenuation curves
(graphs of attenuation against rota-
tion angle of the potentiometer)
to the sine and cosine shapes
depends only on the value of the
parallel combination of source and
load resistors of the potentiometer,

relative to the value of the poten-
tiometer resistance. The optimum
value is 0-71 (or 1/v2) times the
potentiometer resistance, so any
combination such as 8-2k€)/82k2
or 12kQ/18kQ is suitable for
a 10kQ potentiometer, but
12kQ/18Kk< results in a preferred
value for the gain make-up resis-
tor in the output buffer, and a
lower noise level. To use this mod-
ule with conventional LR equip-
ment, you need one I-A matrix
before it, and one after it, and it is
quite possible to obtain stable
stereo images considerably
beyond the loudspeakers, with
appropriate programme material.

The Work of
Holger Lauridsen

When stereo broadcasting was |

being seriously considered for the
first time in Europe in the early
1950s, Holger Lauridsen began
experimental work at Danish State
Radio. His initial work on the psy-
choacoustic effects of electronic-
ally-generated echoes produced
interesting results, which can be
reproduced fairly easily. A tape
recorder with two playback heads,
separated by 100ms of playing
time, provides a source of delayed
signals, but nowaclays, a solid-state
delay could also be used. in the
first experiment, you place one
loudspeaker 1m in front of you
and an identical one Tm behind
you, and when they are fed with
identical signals, the effect of the
back loudspeaker on the sound is
not very noticeable. However, if
the rear sound is delayed by
100ms, the effect is to make the
room seem much larger, while the
apparent sound source stays at the
front. With side loudspeakers
delayed by up to 100ms and a
rear loudspeaker delayed by up to
200ms, the effect is even more
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Figure 3. Directional responses of M and S microphones.
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responses shown in Figure 3.

Figure 4. Result of applying the 2.-A matrix to the microphone

Applying it to these responses returns the Figure 3 responses again.

marked. (This is getting close to
some aspects of Dolby surround
technology, but pre-1954!)

Headphone
Experlments

Lauridsen also experimented with
headphone listening, with results
that could be very useful for some
of the less acceptable applications
of virtual reality. Mixing direct and
inverted delayed signals gives the
sense of beingin a large room that
was obtained with front and back
loudspeakers, but one of the most
spectacular and disturbing demon-
strations consists of an anechoic
recording of a pistol shot, which is
replayed with two delayed copies.
The sound appears to fly towards
you from a distance, and you
could really believe that you have
been shot in the head! However,
the bullet can be painlessly
extracted and returned to the gun
by replaying the signals with
changed polarity. This effect can
also be created with Ioudspeakers
in an anechoic room.

Single-box Stereo

Another experiment, which led
directly to the MS technique, used
a conventional closed-box loud-
speaker in front of the listener,
behind which was a drive unit
mounted on a flat baffle about
600mm square, such a ‘dipole’
loudspeaker having a figure-of-
eight (lemniscate) directional
response, at low frequencies any-
way, andl if this loudspeaker is fed
with delayed signals, all the psy-
choacoustic effects can be dem-
onstrated. In addition, in a
well-damped room, the sound
source seems to recede as one
approaches the loudspeakers from

the front, because the relative
strength of the dipole increases at
short distances.

Clearly, since the two loud-
speakers are adjacent in this
arrangement, they can both be
inclucled in one enclosure — ‘one-
box stereo’. | hope to describe
such a device in Part 2 of this art-
icle, although the final design may
not be quite as simple as suggested
here. Another MS loudspeaker has
four drive units in an horizontal
line, and | hope to deal with that
concept in Part 2 also.

The MS
Microphone

Many experimenters with MS
techniques will doubtless wish to
make their own recordings.
Blumlein had only omniclirectional
microphones available for his early
work, so was forced to use a pair
of these, spacec a few inches apart
and with a baffle in between. He
was, of course, well aware that this
was not optimum, and spent
much effort in processing the
microphone output signals to elim-
inate the unwanted effects.
Lauricsen, however, had capaci-
tor microphones available, with a
choice of omni, lemniscate and
cardioic directional responses. For
the M-signal, we want the maxi-
mum response to be in the for-
ward direction, so a cardioid
response is indicated, whilst for the
S-signal, we want maximum
response at the sicles, and the left
and right side signals should be in
opposite polarity, and this is exactly
what a lemniscate response gives
us, Figure 3 showing the two-
directional response superim-
posed. Unfortunately, lemniscate
microphones are not so easy to
obtain, especially with characteris-
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60° either side of front centre.

Figure 5a. Cardioid microphones aimed

Figure 5b. Resultant MS directional characteristics
from the microphone responses in Figure 5a.
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tics matching one of the relatively
freely-available cardioid units, but
luckily, the 3-A matrix comes to
our aid again — the polar co-ordi-
nate equation for the lemniscate
is:

r=sin®

Actually, to plot this, and some
other polar curves, using a com-
puter graph-drawing program, you
usually have to use the ‘absolute
value’ function:

r = ABS (sin6)

otherwise the stupid beast (sorry,
literal-minded faithful servant of
Man) plots the two circles super-
imposed. In the following, | am
going to leave out the ‘ABS’. The
equation for the cardioid is:

r =17(1+ cosO)

Note that these forms of the
equations allow us to put '0” at
the top of the diagram, represent-
ing the frontal direction of the lis-
tener, instead of at ‘3 o’clock’, as
is usual in pure mathematics. The
factor of 1/2 in the cardioid equa-
tion is to keep the diagram at the
same scale as for the lemniscate.

Now, if we do the 3-A opera-
tions on these equations, we get:

sigma: r = 1/2(1+cos6) +sin@
¥2

These equations are plotted in
Figure 4, and the curves are called
'hypercardioids’ or ’'supercar-
dioids’.

delta: » = 1/2(1+cosO)- sinO
V2
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Strictly, the latter name ought to be
reserved for one particular variety
of this sort of shape. The axes of

these microphones are directed at |

63-4° either side of the forward
axis, as we can find as follows. The
axis is the direction of maximum
response, i.e. we need to find the
angle © which makes the value of
r greatest. By symmetry, we can
use either equation if we interpret
the result correctly, and we can
simplify the process by multiplying
by 2+2. We then need to find the
maximum by differentiation:

dr 1
dr. = :
242 16 {(14+cosO +2sin6)

6~

ché (14c0s0+ 2sin Q) =-sinB+2cosQ

and maximum and minimum
values occur when this is equal
to zero. Dividing by cosO, we get:

—+tan@+2=0

so that tan© = 2, and one solu-
tion of this is © = 63-4°. From
Figure 4, we can see that this is the
angle between the axis of the left-
hand microphone and ‘twelve
o’'clock’, so the angle between the
axes of the microphones is 126-8°.

Classifyin
Hypercardioids

Hypercardioids form a family of
curves whose extreme members
are the cardioid, which has only
one lobe, and the lemniscate,
which has two equal (circular)
lobes. They are usually classified in
electroacoustic studies according
to the angle from the main axis at
which the response is zero. For the

cardioid, this is 180°, of course,
and for the lemniscate it is 90°.
Our hypercardioids are clearly of
the same shape, so we can con-
sider just one:

L=M+S =17+17c056+sin6

and we want to find the value(s) of
© for which L = 0. This equation
can best be solved by rearranging:

sin@ = — 13 (14 cosO)

| and, for convenience only, putting
cosO = x. Then:

VA=) =- 2(1+x)
becomes:

=2 G ) 8
T=x +2x+4x2

2
4

Simplifying and multiplying by 4:

whose roots are -1 and -3/5.

Figure 6. Arrangement of two
cardioid microphones. Do not
be tempted to separate them.

Figure 7. Arrangement of three
cardioid microphones for
experimental surround-sound
recording.

e
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Figure 8a. Directional response patterns of three cardioid microphones
arranged for surround-sound recording using MS techniques.

Figure 8b. Difference responses
obtained from the array of Figure 8a.

CosO = -1 gives O = 180°, while
cos@ = -3/5 gives O = 126:9°
according to the calculator.
However, almost all of these
trigonometric equations have mul-
tiple roots, and we can see from
Figure 4 that © = 180° + 1269°
= 306-9° (or 360° -306-9° =
-53-1°). These values of O are the
angles from the 0° direction
{twelve o’clock), whereas we want
the angles from the direction of
maximum response, which we
found above to be at 63-4°, so the
angles of the nulls relative to this
are 180° -63-4° = 116:6° and
3069° —63-4° = 243-5°. There is
a slight rounding error’ here, due
to using only one decimai place:
the two angles should, by sym-
metry, add to 360°. We take the
smaller null angle to classify the
hypercardioid, so 116:6° is the

answer we want. Our hypercar- |

dioid is the one which has nulls at
+116:6°. Other interesting vari-
eties have nulls at 110°, 126° (the
genuine ‘supercardioid’) and 135°.

Using Cardioid
Microphones

If we use two true cardioid micro-
phones inclined at 60° (120°
included angle), whose directional
response equations are:

el i
C= 2+ > cos(6:6)

instead of hypercardioids, we get
an S-signal with the correct direc-
tional response but a 1-25dB
reduced level (ratio v'3/2):

il m,_1 .
S—zcos(6+ 2) ?cos(e 6)

which we can compensate in the
amplifier, while the M-signal
response:

il AW _n
M—1+2cos(6+2)+2cos(9 6)

is increased in level by 3-5dB (ratio
3/2) and the directional response
shape is acceptable in the forward
direction but it has only a 10dB
(ratio 3) front-to-back ratio. Any
sounds to the rear of the micro-
phones would thus be recorded
too prominently, but often there
would be no such sounds {or per-

haps no wanted sounds!). Setting |

the axes at 90° improves the front-
to-back ratio a little, at the expense
of an even smaller S signal. If the
microphones are positioned back-
to-back (180° included angle), the
combination is equivalent to an
omnidirectional M-microphone
equal in output to the lemniscate
S-microphone. This means thal
sounds all round are recorded, but
there is complete confusion
between front and rear sounds,
these points being illustrated in
Figures 5a and 5b. In any case, the
directional characteristics of real
microphones only approximate to
the theoretical curves, so there is
no point in being very pedantic.
Make some recordings, and do
not be put off from experimenting
with the relative gains of the M-
and S-channels. The maximum
useful difference is about 10dB: if
it is greater, the low-gain channel
contributes only a very subtle
effect. Note that the microphones
should be as close together as
possible, which can be achieved
as shown in Figure 6.
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Surround Sound
Recording

In order to record sounds all
around without creating front-to-
back confusion, the M-micro-
phone has to produce signals from
rear sounds which are in opposite
polarity (inverted) to those from
front signals. This means that the
M-microphone, as well as the S-
microphone, has to have a lem-
niscate directional response.
Unfortunately, we cannot simulate
a crossed pair of lemniscate micro-
phones (so-called Blumlein coin-
cident pair, from his later work
when he had such microphones
available) by any combination of
two other types of microphone.
This can be seen from the direc-
tional response equations:

M = cos@
S =sin@

No (linear) combination of these
can produce the constant term
(independent of @) which appears
in both the omnidirectional and
cardioid responses:

omni =1

1

5 (1+ cosO)

card =

However, if we use three identical
cardioid microphones, spaced
around a circle so that the angles
referred to the forward direction
are —60°, 60° and 120° as in Figure
7, the difference signals between
the one at 60° and the other two
represent the responses of two

crossed lemniscates with axes at |

0° (the M-channel) and 90° (the S-
channel), which is exactly what we
want (see Figures 8a and 8b).
There is a gain difference: the S-
channel is 1-:25dB down (relative
to the sensitivity of the individual
microphones), while the M-chan-
nel is 6dB down. This can easily be
corrected in the microphone
amplifiers. We do not use the sum
signals at all in this case. | have not
found this idea mentioned else-
where, but | expect it has been
used alreacly.

Microphone
Matching

Using identical microphones and
2-A circuits, we eliminate all the
problems of trying to maich the
characteristics of a cardioid and a
lemniscate microphone. This is
also the case for double-
diaphragm capacitor micro-
phones, but these are very costly.

The 2-A circuit in Figure 1 is
perhaps too noisy to use directly at
microphone signal level, and is
best included after the micro-
phone amplifiers or mixer. One or
more of these could even be built
into a DIY mixer or an external FX
box to be fed from cue or echo
outputs.

Next Time

Next month, in Part 2 we
examine the implications
of MS techniques for loud-
speaker design and also
signal processing circuits for
direct MS reproduction,
mainly at the practical level.
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ELECTRONICS PRINCIPLES 2.0
EDUCATIONAL SOFTWARE

% Insulators, Conductors, Resistance

% D.C. Circuits

% Capacitance and Inductance

% A.C. Series Circuits

Complete * A.C. Parallel Circuits

package only \\ "y Reactance and Impedance
£49.95 * A.C. and D.C. Power

plus £2.00 post % Frequency and Tuned Circuits
and packing. % Using Numbers

% Complex Numbers, Phase Angles
% PN. Junction Diode
% Bi-polar and MOSFET transistors
% Operational Amplifiers
% Logic Gates
% Digital Number Systems
% Combinational Logic
% Flip Flops
% Counters and Shift Registers
* ROM and RAM Memory
% Micro-computer operation

Visa and Mastercard orders
accepted.

Other software available:
Electronics ‘PC’ Toolbox 2.0
£19.95, GCSE Electronics 2.0 £39.95
and GCSE Mathematics 2.0 £49.95.

FREE telephone tutorial and support!
EPT Educational Software. Pump House,
Lockram Lane, Witham, Essex, CM8 2BJ.
Telephone: 01376 514008

Electronics Principles 2.0 is a major revision of the
successful original version reviewed in
Electronics- The Maplin Magazine, January ‘94,
used by students, hobbyists, schools and
colleges, also for training within industry
throughout the UK and overseas. Version
2 now includes all the digital and
analogue fopics (listed left).

“The package is very easy to use
and will provide the student, or
novice with a more enjoyable
alternative to a ‘bland’ text-
book. It certainly makes
learning Electronics a
lot more interesting!
Graphical representation
is extremely good
with waveforms
being produced
particularly
etk et

J. R. Mosely
Electronics

TECHNICAL
INFORMATION
SERVICES

76 Church Street, Larkhall, Lanarks, ML9 1HE
Tel: (01698) 883334 Fax: (01698) 884825
Technical Help Line (01698) 884585

We have the World’s Largest
Selection of:

SERVICE MANUALS
CIRCUIT DIAGRAMS

We also have 100s of Titles on TVs,
VCRs, Satellites, Midi Systems,
Computers, Test Equipment, etc...
Please Phone or Send an SAE for FREE
QUOTE & CATALOGUE of Publications
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‘? Following the highly successful [
promotion of our '

we are pleased to extend this
offer while stocks last . . . g
M BUY TWO

4"
o L%Z FOR ONLY
IYJ\/':’/\/\ 00

‘p; q' R280,00
5 A «“ “QQ AND SAVE OVER
B\ R220,00!
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/I/L’\/\/\/\ Call us now for details:
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- PO. Box 1846, Somerset West, 7129, RSA &
" Telephone:(024) 515123/4 Fax:(024) 515127 &8
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One of the main worries stated by those not
in the know when asked about the Intemet,
is that they do not understand how to get
started. This, as it happens, is a truly valid
fear brought about in the main by loads of
unnecessary jargon and considerable num-
bers of existing cliquish users. it is rather like
life in general, really — loads of computer
nerds huddled together at parties, talking
about bits, bytes, bauds and bugs while the
rest of us like to circulate and chat about bar-
becues, boats, bills, and books.

While nobody doubts how the Intemet Is
going to affect us over the next few years
though, this ‘technophobia’ is going to
hamper its good effects until the net becomes
easler to get into. Sure, well-written software
like World Wide Web browsers make 'net-life’
a little bit easier, but you still have to have a
certain knowiedge of computers and
computing terms, and you still have to take
for granted the myriads of unexplained
acronyms (url, http, html) along with the
archaic Unix-based addressing system. After
all, computers are meant to make things
easier for us, not more complex. We can not
even easily come to terms with a simple
telephone number change (phONEday for
example), let alone battle our way through a
sentence-long World Wide Web urt address
with all its slashes and points.

Food for thought all you Intemet software
developers.

TCP/P

One of those unexplained acronyms men-
tioned above is TCP/IP. We looked at it back
in January, but it is time for a closer peep.
TCP/IP stands for transmission control
protocol/Intemet protocol. Not a lot of people
know that. Trouble is, knowing what the
acronym stands for does not really heip us to
understand it.

A history lesson shouid help, though.
TCP/IP was developed by the US Defense
Advanced Research Projects Agency
(DARPA), for the Advanced Research
Projects Agency Network (ARPANET) -
| didn’t say we didn't have to wade through
even more acronyms, did 1? Initially, when the
network commenced, a single protoco! was
envisaged. In simple terms, a protocol is a
definition of the signals and controls passing
between computers as they communicate. If
no protocol exists, there may be a time when
both computers are waiting for the other to
send a signal, and there may be another time
when both computers are sending signals.

A protocol merely lays down the rules by
which each computer knows it has to listen
for signals from the other computer, or can
send signals to the other computer. it is rather
like (although a lot more complicated than)
communicating via ham radio with alf its
'Over and ‘Over and out’ etiquettes — which
if you think about it are protocols by another
name.

In 1969, when the ARPANET project
commenced, it was assumed that everything
could be handled by a single protocol (in
those days known as the network control
protocol — NCP). By splitting up all data
between the two computers in a
communication link into packets, labelling
each packet, and shipping it off to the other
computer in a controlled manner, everything
should be ‘hunky dory’.

However, as ARPANET grew, it rapidly
became obvious that the protocol to govem
communications had to do two things, not
I just one. Hence the slashed split in the

TCP/IP name. TCP governs the physical
connections of the communications, ensuring
each packet of communications actually gets
to the computer at the far end of the link and
telling each computer what to do with the
received packets, while IP simply govems
the end-to-end communications. It is the
same as getting in touch with someone on
the 'phone. Dialling the other person's
number is rather like the TCP bit of TCP/IP;
tones going down the line tell the exchange
and the network where to route the call to.
The IP analogy is apparent once you are
connected and chatting - you do not need to
think about the connection again, you just
talk.

Every main access point to the Intemet is
called a node. Each node has an address
which is usually given as four decimal
numbers separated by dots (say,
123.45.67.890). These numbers represent a
32-bit binary number, used by the TCP/P
protocol to locate the node on the Intemet. It
works much like a telephone number does to
identify any telephone throughout the world.
Interestingly, much like the reason for
phONEday (mentioned above), Internet
addresses are about to change shortly,
simply because there are no longer sufficlent
addresses to cope with the demand for
required nodes. As a result, the 64-bit SIP
(simple IP) protocol will be used. This is totally
backwards-compatible though, and will not
affect existing addresses at all (uniike the
phONEday telephone number changes).

Sony Online

Sony has launched Sony Online, bringing
together a number of new and existing online
activities of Sony subsidiaries in one site on
the Intemet's World Wide Web. Accessible at
http://www.sony.com on the Web, Sony
Online combines online services from Sony
Music Entertainment, Sony Electronics, Sony
Pictures Entertainment, Sony Electronic
Publishing, Sony Signatures, and Sony Retail
Entertainment. The service is available
worldwide to anyone with access to the Web.
In its area on Sony Online, Sony Music
Entertainment provides blurbs on artists who
record with the iabel, news of albums and
tours, and sound and video clips. In another
area, Sony Electronics has an online cata-
logue of more than 300 of its products, with
technical specifications and prices. The Sony
Theatres area includes an introduction to the
company's Sony Theatres Lincoin Square
complex in New York, information about other
facilities such as the Sony Imax theatre, and
a state-by-state listing of theatre locations.
Sony Electronic Publishing offers samples of
current and upcoming software and video
game releases, while Sony Pictures
Entertainment has highlights of films from
Columbia Pictures, TriStar Pictures, Sony
Pictures Classics, and Triumph Films.
Besides the Intemet offering, Sony said it
hopes eventually to offer Sony Online through

commercial computer networks. The company
hopes to begin this in the Autumn, adding
some premium services for an extra charge,
which is not easy to do on the Web today.

Surf into Top Gear

The BBC's motor sport magazine, Top Gear,
is giving Internet users the chance to run
their own Formula One team, by holding
the Fantasy Formula One game for a
second year. World Wide Web users are
each given a budget of £30 million to buy
two drivers and cars. Each week, through-
out the season, the results of the real races
are fed into computers which calculate
the leaders of the parallet virtual season.
Last year, more than 20,000 users played
the game through coupons printed in the
magazine. That number is set to soar this
year as the game goes global on the
Internet. Competitors in the UK and Ireland
can register their teams to compete for
prizes that range from a model of a Formula
One car to a weekend at the Monaco
Grand Prix. Users in other countries are
unable to compete for prizes but the
magazine is encouraging them all to take
part. Weekly updates of the competition
will be available on the Web. To take part
in Fantasy Formula One on the Web, go to:
hitp:/fwww.bbenc.org.uk/bbetvitopgear
mag/fantasy.html.

Site Survey

- the month’s destination

Once again, we have been surfing the net
to see what is of interest out there. Art lovers
among our readers should appreciate this
little gem — a museum archive, with details
of quite a few museums (mostly French)

including complete tours and specific
information of individual artists and indeed
paintings in ‘down-loadable’ form. The one
we have chosen should bring a smile to your
face (there is a joke in there somewhere!).
http://mistral.enst.frlouvre/paint/auth/
vincifjoconde/
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VARIOUS

AERO MODELLERS' HANDBOOK
(WT85G) for sale. First class condition.
Excellent price at £10 (including postage and
packing). Tel: Tony (01472) 359743 (Grimsby).
BARGAINS! 15% off previous advert prices:
2-5kW Dimmer, RS Model 568-051 worth £65,
selling £18.70. 5'/4in. Disk Drive, worth £50,
selling £11.05. 1-66A, mains to 30V, Transformer
(DH31]) selling £4.25. 15V, 4-54 Stablised PSU,
input from 100-240V, £9.35. Yuasa NP6-12
(XG77]), worth £27, selling £11.90. Continuity
Testers, just £1.28. All as new, inc. P&P.

Tel: Robert (01625) 431067.

MAPLIN COMMUNICATOR (GLO3D).
Brand new, unused. £50, plus postage or
collect. Tel (01494) 863297 (Gt. Missenden).
MAPLIN HOME SECURITY SYSTEM,
assembled and tested. Includes: burglar
alarm kit; break contact kit; external horm
timer; ultrasonic module; siren, etc. All for £90.
Tel: (01243) 574004.

OSCILLOSCOPE. New 100MHz 3-Trace
Oscilloscope. Cost £300 6 months ago.

Will accept £400. Tel: (01831) 124696.
SELLING UP! CRO., EVM,, AF 5IG-GEN;
PSUs, Logic Probe, Pulser, Clip; Digital LCR
Meter, etc. Books, 1000s of new components.
£500 or split. Tel: (0181) 954 3085 (Harrow).
USED COMPONENTS. Relays, diodes, DIL-
sockets etc. For a list write to: Oliver Lindley,
119 Oaklands Park, Buckfastleigh, Devon,
TQ11 OBW.

COMPUTERS

PSION ORGANISER II. Model XP including
32K Datapak containing two programs,
typed in for morse code, with manual. £50.
Tel: (01488) 71915 (Lambourn, Berks).

WANTED

ICs OR DIRECT EQUIVALENTS: 7441 or
FJLIO1; 7447 or FLLI21T; and 7480 or F1]161
or FJJ141. Tel: Paul (01745) 825 036 (anytime).

CLASSIFIED

Placing an advertisement in this section
of Electronics is your chance to tell
the readers of Britain's Best Selling
Electronics Magazine what you want to
buy or sell. or tell them about your club'’s
activities-Absolutely Free of Chargel We
will publish as many advertisements as we
have space for. To give a fair share of the
limited space, we will print 30 words free,
and thereafter the charge is 10p per word.
Placing an advertisement is easy!
Simply write your advertisement clearly
in capital letters, on a post-card or sealed-

down envelope. Then send it, with any
necessary payment, to: Classifieds
Electronics-The Maplin Magazine.

P.O. Box 3, Rayleigh, Essex SS6 8LR.
Advertisements will be published as soon
as possible, space allowing. No responsibility
is accepted for delayed publication or non-
inclusion of advertisements.

Readers who have reasonable grounds
to believe they have been misled as to the
nature of an advertisement are advised to
contact the Publisher and their local
Trading Standards Office.

INSTRUCTION MANUAL (or photo copy)
for Post Office type 16A oscilloscope, also
X10 probes with BNC connectors for same.
Tel: (01493) 369269.
OPERATING MANUAL or any information
I for setting up/using a Ritemann Info runner
9-pin Dot Matrix printer. Tel: Bill (01642)
581570. 67 Selwyn Drive, Stockton,
Cleveland, TS19 8XF.
PRINT WHEELS for BM Wheelwriter 10
Series II. For details contact: M. Knights, 255
Addington Road, Irthlingborough, Northants,
NNB9 5US. Tel: (01933) 652111.

BBS CORNER

APPLE CRACKERS. FirstClass Client BBS,
mainly for AppleMac and PC users. Baud rate
2-4K-bit/s to 14-4K-bit/s, 8 data bits, no
parity, 1 stop bit. Tel: (01268) 781318/780724.
MACTEL METRO/ICONEX. FirstClass
Client BBS, AppleMac and PC users. E-mail
address on Internet for registered users.
Baud rate 2-4K-bit/s to 14-4K-bit/s, 8 data
bits, no parity, 1 stop bit. Tel: (0181) 543 8017
(Metro) or (01602) 455444 (Iconex).
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CLUB CORNER

THE BRITISH AMATEUR ELECTRONICS
CLUB (founded in 1966), for all interested in
electronics. Four newsletters a year, help for
members and more! UK subscription £8 a
year (Junior members £4, overseas members
£13.50). For further details send S.A.E. to:
The Secretary, Mr. ]. F. Davies, 70 Ash Road,
Cuddington, Northwich, Cheshire CW8 2PB.
CRYSTAL PALACE & DISTRICT RADIO
CLUB. Meets on the third Saturday of each
month at All Saintg Church Parish Rooms,
Beulah Hill, London SE18. For further

details, contact: Wilf Taylor, (G3DSC).

Tel: (0181) 699 5732.

ELECTRONIC ORGAN CONSTRUCTORS
SOCIETY. For details of meetings,

Tel: (0181) 902 3380 or write to 87 Oakington
Manor Drive, Wembley, Middlesex HAS 6LX.
THE LINCOLN SHORT WAVE CLUB
meets every Wednesday night at the

City Engineers’ Club, Waterside South,
Lincoln at 8pm. All welcome. For further
details contact Pam, (G4STO) (Secretary)
Tel: (01427) 788356.

MODEL RAILWAY ENTHUSIAST? How
about joining ‘MERG’, the Model Electronic
Railway Group. For more details contact:
Mz. Eric Twrner, Treasurer MERG,

38 North Drive, Orpington, Kent BR6 9PQ.
SCIENCE AT YOUR FINGERTIPS,

for ‘hands-on’ science experiences and
experiments, Science at Your Fingertips
Science Review, Membership £1. For further
details, please contact Daniel and Caroline
Gee, The 5.A.Y.F., 37 South Road, Watchet,
Somerset TA23 OHG.

SEEMUG (South East Essex Mac User
Group), meet in Southend, every second
Monday of each month. For details Tel:
Michael Foy (01702) 468062, or e-mail to
mac@mikefoy.demon.co.uk.

SOUTHEND & DISTRICT RADIO
SOCIETY meets at the Druid Venture Scout
Centre, Southend, Essex every Thursday at 8prru
For further details, contact: P.O. Box 88,
Rayleigh, Essex 556 8NZ.

TESUG (The European Satellite User Group)
for all satellite TV enthusiasta! Totally
independent. TESUG provides the most up-
to-date news available (through its monthly
‘Footprint' newsletter, and a teletext service
on the pan-European "Super Channel’).

It also provides a wide variety of help

and indformation. Contact: Eric W. Wiltsher,
TESUG, Rio House, Stafford Close, Ashford,
Kent TN23 2TT. England.

WIRRAL AMATEUR RADIO SOCIETY
meets at the lvy Farm, Arrowe Park Road,
Birkenhead every Tuesday evening, and
formally on the the lst and 3rd Wednesday
of every month. Details: A. Seed (G3FOO),
31 Withert Avenue, Bebington, Wirral L63 5NE.
‘WIRRAL AND DISTRICT AMATEUR
RADIO SOCIETY meets at the Irby Cricket
Club, Irby, Wirral. Orgaruses visits, DF hunts,
demonstrations and junk sales. For further
details, please contact: Paul Robinson,
(GOJZP) on (0151) 648 5892.
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All of the books featured on

page are available from Maplin
Regional Stores and by Maplin
Mail Order. To find your nearest

Maplin Regional Store Tel:
(01702) 552911 or to order
call the Credit Card Hotline
on Tel: (01702) 554161

Practical Electronic
Muslic Projects
by R. A. Penfoid

Music related projects have
consistently proved popular with the
electronics constructor. This is not
surprising, since many electronic
music projects can be buiit for much
less than the commercial equivalent.
In many instances, there is often no
ready-made equivalent. At one time
music projects usually meant simple
effects units and amplifiers, it is now
possibie to buitd a wide variety of
music refated projects.

This handy book provides a number
of circuits for electronic music projects
of various types, including guitar
effects units, and other guitar related
projects, as well as general projects
such as metronomes, audio mixers
and preamplifiers. The final chapters
describe several MID! related projects
including MIDI testers, a MID! pedal,
noise gates and a THRU box. The
circuits cover a wide range of
complexities but are not beyond the
average electronics constructor. As with
other projects books from this author,
the circuits are based on relatively
inexpensive, and readily available

components.
2
& (S

1994. 178 X 113mm. Order As AN33L
(Pract Elec Music Pjt) £4.95 NV

Visual Basic 3 For
Dummies
by Wallace Wang

Microsoft's Visual Basic has been around
for over four years, and is now the
leading choice for programmers working
in the Windows environment than any
other development language. Microsoft
have made Visual Basic the comerstone
of Windows programming. Within the
near future the Visual Basic language
will be embedded in ali of Microsoft’s
major Windows applications.

For those who have tried programming
and found it to complicated, Visual Basic
may well be the answer. Written in plain
English, this book provides interesting
programming trivia, example programs

this

MULITIMEDIA & CD-ROMs FOR DUMMIES

by Andy Rathbone

For many years, computers and sound did not mix - in fact, sound
often signalled an impending catastrophe! However, with todays new
multimedia computers, sound has taken on a whole new meaning,
adding a refreshing novelty to computing. All aspects of muitimedia
are discussed in an enjoyable and amusing way that has become a
hallmark of the ‘Dummy’ series of books, so making them international
bestsellers. From the basics to selecting a sound card; installing cards
and CD players; adding sound and video to Windows; putting
photographs and films on your computer are all discussed with the
usual style. Additionally, budding musicians can discover how to set
up an inexpensive recording studio in their garage. Children and adults
can find out how to make the ultimate games machine, and business
people can leam about computerised presentations.

Included with this volume is a CD-ROM, The Guided Tour of Multimedia,
the first CD-ROM that uses multimedia to teach multimedia. It contains
over 20 hours of interactive multimedia information for both beginners
and professionals. You will learn
to capture/playback video, add

music and voice overs, add
animations and lots more.
Multimedia is more than
just a sound card and two
speakers, and this exciting
multimedia pack will help
you work out what
equipment is needed,
how to install it, and most
importantly, how to make
it all work together.

1994, 232 x 188mm,

Order As AN26D

(M/M & CD-ROM/
Dummies) £28.99
Includes CD-ROM

and step-by-step instructions for writing
programs in Visual Basic. Programming
does not have to be difficult, and can
actually be fun, which s the style in
which this book is written. Visual Basic
is not hard to leam, but it can be difficult
to remember all the petty details needed
to write useful programs. This book wilt
show you all the steps needed to write

a Visual Basic program, and give you

all the confidence to do it without the
need for technical details and elaborate
explanations. You wilt leam the
fundamentals of writing Basic code; the
crucial differences between Visual Basic

and other languages; to design a user
interface; to write subprograms; how your
program can retrieve data from a user
interface, and much more.

= S

1994, 235 X 187mm, Order As AN29G
(Vis Basic 3 Dummies) £17.99 NV
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Practical Digltal
Electronics for
Techniclans

by Will Kimber

For engineers, for whom ‘practice’ is
a way of life, the current emphasis
on coursework seems an obvious and
natural feature of effective training,
With this in mind, this book gives
an explanation of the basic theory
of digital techniques reinforced by 40
practical exercises. These exercises can
be carried out with equipment that is
normaily readily available in education
departments running electronics
courses. The book is primarily aimed at
students studying for BTEC Electronics
at levels NII/NIN, but it will also be
applicable to those students studying
the optional Electronics unit of the
GNVQ in engineering at intermediate
and advanced levels. The exercises are
layed out in a ‘cookbook’ style, and are
intended to provide the opportunity to
become familiar with a wide range of
digital integrated circuits, and to gain
a thorough understanding of the way
digital systems work.

The text is liberally scattered with
questions and (where appropriate)
answers, some of which require further

research and reading.
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Full details of how to build this superb valve amplifier
can be found in the January and February 1995 issues
of Electronics — The Maplin Magazine.

Electronics — The Maplin Magazine
(January 1995 Issue)

Electronics — The Maplin Magazine
(February 1995 Issue)

(XABSG) £2.10 NV
(XABBT) £2.10 NV

RIAA Phono Module Kit (LT76H) £34.99 A1
Tone Control Module Kit (tT77J) £39.99 A1
Power Supply Kit (LT75S) £44.99 B4

Foliowing in the footsteps
of the highly-acclaimed
Millennium valve power
amplifier, is this versatile
modular preamplifier. It
includes RIAA equalised
preamp and optional tone
control modules, and a
specially designed PSU.
Records have never
sounded so good!

Carriage: kits marked [A1] add £1.55, kit marked [B4] add
£2.20. If ordering several kits, the maximum total carriage
is £6.00. Handling: add £1.50 to each order.

Please note: carriage and handling charges apply to Mail Order
only — you do not pay carriage or handling if you purchase
these kits from Maplin Regional Stores.

Photograph shows fully assembled Newton preamplifier
with tone controls and optional switches. The Newton
preamplifier is not available ready built. The kits listed are
rated 4 (Advanced) on the 1 to 5 Maplin Construction
Rating Scale.

Prices include VAT at 17-5% except items marked NV which are rated at 0%.
All items subject to availability. Prices are correct at time of going to press
{errars and omissions excluded), but may be subject to change.

MAPLIN ELECTRONICS ple., PO. Box 3, Rayleigh, Essex SS6 8LR. Tel: (01702) 55416
Fax: (01702) 553935. For details of your nearest Maplin Regional Store Tel: (01702) 552911



“. . . handles vocals wonderfully, bringing body and texture to images, making them
seem fuller and more real than most solid-state amplifiers . . . The 4-20 brings you [
the benefits of valves, with few of the drawbacks . . . the 4-20 delivered plenty of
output with low distortion . . . it offers a good introduction to the realm of valve
amplifiers, outperforming many commercial designs.”

Nick Lucas, Hi-Fi World, November 1994.

ull detajls of how to build this superb valve amplifier
‘yourself may be found in the January and February
894 issues of Electronics - The Maplin Magazine.

Electronics —The Maplin Magazine January 1994 Issue (XA73Q) Price £1.95 NV
Electronics —The Maplin Magazine February 1994 Issue (XA74P) Price £1.95 NV
Power Supply Kit Only (LT44X)  Price £59.99 C6
Amplifier Kit Only (LT45Y)  Price £79.99 C6

Complete Monobloc Amplifier Kit [1 x Power Supply Kit + 1 x Amplifier Kit] ~ (LT71N)  Price £129.50 H12 Save over £10!
Complete Stereo Amplifier Kit {1 x Power Supply Kit + 2 x Amplifier Kit] (LT72P)  Price £199.50 H18 Save over £20!
Carriage: kits marked C add £2.80, kits marked H add £6.00. If ordering several kits maximum total carriage is £6.00.
Handling: add £1.50 to each order. Please note: carriage and handling charges apply to Mail Order only — you do not pay
carriage or handling if you purchase these kits from Maplin Regional Stores. Export customers please call Maplin Export
Oepartment or your nearest distributor.

Photograph shows Stereo Millennium 4-20 Amplifier (LT72P). The Millennium 4-20 Amplifier is not available ready built.

The kits listed are rated 4 (Advanced) on the 1 to 5 Maplin Construction Rating Scale.

Maplin Electronics plc., PO. Box 3, Rayleigh, Essex, SS6 8LR. Tel: (01702) 554161. Fax (01702) 553335.
For details of your nearest Maplin Regional Store Tel: (01702) 552911. Mapliin Export Department +44 1702 554155
xtn 326 or 351.

Prices include VAT at 17-5% except items marked NV which are rated at 0%. - )
All items subject to availahility. Prices are correct at time of going to press (errors and omissions excluded), but may be subject to change.




