=
o
L)

FEB-MAR '90-£1.20

HOLOGRAMS

FIND OUT HOW TO MAKE THEM!

CESS0R pvioved = WIGAN TV TUNER -
| hllconstrocton details! @ WIN TICKETS 1o the LONDON IIIPPODROM[ ®
| Builda SPEECH SYNTHESISER o Beginners projed:




FEBRUARY TO MARCH 1990 L.9 No.36

| 4

PROJECTS 4 ELECTRONICS
TR IR, | 17 SURROUND BARNSLEY A2l

oreseat TV funer which S it 0 The final part of this series
ol 1

with our NICAM decoder, thus SUUND OP ENING B T N

=4 . generalors.
avaiding the possible dangers of fitfing PROCESSOR I Maplin's supernew mail
the NICAM decoder inside your TV sel! e order warehousein South
Fﬁ? isan in—ﬁuﬁp;h ariic?f]e_einuh?(w 1o ?U?gﬂfsﬂfgﬁz?éfﬂsiﬁgﬂ Yorkshire. 5 4 HOBBYIST IN
uild your own holegraphic work- : :
bemh", andflipson p?udﬁcing good this super kil ELEGTRONIC ACTIDN

quality hiolograms. Alse in this issus
We present a ‘surround sound’ project
which is becoming very popular with
ni-fi enthusiasts at the moment.

And on top of all that, we visit the

London Hippodrome and take 2 look at 26 BOB‘S MIN' HULOGHAPHY

1 Introducing a young
TAGGING budding lectranics
B Kezping an eye of enthusiast.
ariminals —elecironically!

1992, Together with all our regular H It /s possible to make laser
features, suchas Elecironics by [:I HCU ITS holograms in the average
Experiment, Computers in the Real 8 He's back with faur usatul darkroom. Herg's how.

World, Measuring Distortion in the little projects which can be
riome Workshop, plus another our I;:}:IEI ﬁn '{femhua:g
areat little cirouits from Robert Penfold |

making this issue another fascinating 3 2 NlCAM TV

read. Read on and enjoy!
TUNER

BTV lunerfroni-end to

7

T8 i - decoder. J WORLD
Q. \ SW% 4 SPEZSE SPEECH 24 ¥8$EJEOWN # Communication wifh

complement our NICAM

omurictc
SYNTHESISER A Whatwiltachievsin he sk R

i Aremarkable speech Eﬂﬁ?ﬁygited States of
doprores T 72 MEASURING
DISTORTION IN

SESENSSURTST | [ 7 DATAFILE: THE LONDON
e | O/ oo 40) tieeanront THE HOME

1 Techaical Asthor Foten 28
rre I A powerful 12-bit digital I Apeekbehindthescenss WORKSHOP

I A Direclos P Sk i encoder/decader and atthe technology involved in 1 How to design and build
8 At Assistats e P Pl ey {ransmitter/receiver IC. producing London's biggest distortion measuring

and brightest disco: equipment at home.
THREE GUN
7 SOUNDMAKER

B This versalile sound effecis f NEWSREPORT
syntiesiser IC produces 5
79 1op20kits

three different gun noises.

55 ARYOURVIEWS
Af ToP20800KS
(] suBscRiBENOW!

(1) ORDERCOUPON
/4 oLassiFED

PR AT
= Copytight 1550 Magdin Fleotromici pie.

February 1980  Maplin Magazine

3 NEWB0OKS




All Purpose Visual Aid

Every year, the Telecommunications
Managers Association hold their jam-
baores at Brighton. This year was noted
for presentations by the heads of both
BT and Mercury. However, the third
keynate speaker, Michael Naughton of
consultancy Applied Network Research
rocked the delegates by announcing
Ihat he was dispensing with standard
issue 35mm slides and was geing to
substitule an all purpose visual aid. This
tumed out to be a yellow, wooden arc
which represented the bits which could
be transferred down a line — 10 to the
three in 1975, and 10 to the seventh in
1980. The same arc represented the
forecast growth in Videotex terminals in
the UK in millions. He continued to
rotate the arc to the next position and 1o
give somswhal improbabls but always
perceplive comments at each point.

However, commenting that cne dis-
advantage of the new visual aid was
that it was somewhat heavy to hold, the
speaker reverted lo 35mm overheads.
The theme incidenially of the ANR
presentation was that the Inter Enter-
prise Electronic Culture (or IEEC) was
here and was going to impact the
telecomms function. Companies would
be judged by the way they responded o
their customers precise requirements
particularly in design and distribution.
(Dstails: and copies of the presentation:
01-8929165.)

Smaller Transputers

Transtech Devices of High Wycombe
have developed the TTG1 Graphics
Module, possibly the smallest Transpu-
tar graphics hardware product avail-
able. This 533 x 53.0mm daught-
erboard consists of an IMSTBOD-25
fioating point Transputer with 1M-byte
of video memory suitable for user code,
dala and screen data. The display
resolution supported is 512 x 512 B-bit
pixels, allowing up to 256 colours from a
maximum of 16.7 million on the screen
simultaneously. (Details: 0494-
464303

BT Matters

Apparently it is not just Pirelli calendars
which are collectors items. Phonecards
are also in the collectors category. But
not all is well. BT are being accused of
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implementing collection boxes for dis-
carded cards in their call boxes. But as
cards supplier Landis & Gyr point out,
with over 150m phonecards already
sold, there should not be any immediate
shortage.

Meanwhile, New Zealand are nat
taking any chances at upsetting
prospective collectors, The NZ Telecom
company have just ordered 2,500 of
BT's "payphane” kiosks.

Paging Long Distance

British Telecom have launched the
world's first transaliantic radiopaging
service, called Mstrocast. The system
allows customers to be connected
anywnere within the UK or US using the
same alphanumeric pager. Until recant-
ly, most wide area paging systems have
bzen confined to national boundaries
because they operate on different
frequencies. Metrocast scans the 14
major paging frequencies to monilor
messages. The next stage says BT will
aliow the direct input of messages by
maans of a touch-tone telephone pad
rather than using the services of a
bureau. Rental fees are £48 per wesk
pius connection charge of £45 and
subscription fee of £45 psrmonth. Don't
all rush at onge!

Facts and Figures

While Tl have been eliminating the
need for reading lamps, Siemens have
been designing a range of ‘green’
fluorascent lamps. Their Osram com-
pany have daveloped lamps which
consume 75% less energy than in-
candescent lamps, and fast up to 13
times longer. The light source features
electronic ballast that usss the latestin
chip technology to guarantse flicker-
free instant starts and sxceptionally
economical operation.

Chip technology of a pariiculariy high
order is promised by supplier Intel.
Speaking in London the chairman of
Intel, Gordon Moore forecast that by the
year 2000, processor chips would be
delivering 2,000 MIPS (million instruc-
tions per second), run at 250MHz and
accommodate some 100m transistors
in each die. If this is in fact the case,
then transistor density will nesd to
double svery 16 months or so to mest
the forecast.

According to a recent Frost & Sullivan
survey, European electronics manufac-
turers are not aboul fo ditch their
soldering irons yet—despite all the hype
about gluing surface-mount davices
onlo circuit beards, a prime coniributor
to what will be a 1823 market of $343m
inboard assembly equipment. There is,
says the report, an increasing trend
toward mixed technology — combining
conventional and surface-mount
assembly. This has been brought about
by the lack of availabiiity in certain
surface mount componenis and also
the increased cost and difficulty in
handling those componenis, evaen if
they are available. (Detalls: 01-730-
3438)

A further Frost & Sullivan Survey
tackled the world of relays. The repont
noles thal relays, as practical compo-
nents, go back to Samuel Morse's
“writing telegraph” in 1837. The tech-
nology has advanced just a bit since
then, and now incorporates integrated
circuits for savings in cost, enargy, and

space occupied. However, most relays
today ars, and will continue fo be,
essentially electromechanical davices,
Solid state relays were only 6% of the
total $1.13 billion 1988 European
markel, and by 1894, the markst will
total $1.43 billion — of which solid state
relays will still constitute only 63%.
(Details: 01-730-3438,)

More Storage

Faliowing much research and develop-
ment, the first practical commercial
product based on whole-wafer integra-
tion is available. The Cambridge-based
company, Anamartic, Wafer Stack
storage system, offers up to 100 limes
the speed of traditional disk drives that
store information on magnetic rotating
disks. The Wafer Stack drive which can
access dala in arcund 0.2ms (com-
pared to about 20ms by standard
rotating disks) contains one or more
40M-byte storage modules and a wafer
controller which can store approximate-
ly 16,000 typewritien pages of informa-
tion. Tandem Computars are involved
as z joint development partner. (Details:
0789 26699.)

industry Fringe
Benefits

A further diversion at the TMA svent
was provided by Pirelli Focom who
were holding a prize draw for their
parent company's infamous calendar.
Tnere was no shorage of business
cards being droppad into the goldfish
bowl and early next year, many
communications companies will be
providing some interesting dates along-
side their chips, bauds, and byles.

Canon Shoots with
The World’s Smallest
Laser Printer

Canon's new LBP-4, a four pages per
minute laser printer, is smaller than any
other laser printer currently available.
The printer is driven by Canon's new LX
enging;, which prints at the industry
standard 300 dpi. The enhanced
graphics and scalable fonls are made
possible by the printer’s 32-bit proces-
sor, and 0.5 MB of memory, expandable
to 25 MB for memory-intensive
graphics. The price has been sat at
£1310 but it could be worth shopping
around. (Details: 01-7733173.)

Cellular Operaiors
Rapped

Cellular operators Celingt and Voda-
fone are to be spoken to aboul ihe
levels of their parformance by no less
than Sir Bryan Carsberg, Director
General of OFTEL. the UK comms
regulatory authority. He is somewhat
disappointed by the resulis of a recent
report on the quality of service and in
particular in lhe level of congestion
during the "busy periods’.

Congestion — the inability of users fo
initiate a call because a communication
channel is not available (excluding the
case of calls being ‘dropped’ dus to no
channel being free when users move to
aneaw cell) is apparently one of the main
causes of dissatisfaction with the
service. The average of 4%: congestion
during the working day is, says OFTEL,
higher than the laval that should be

experienced by users. Given thal the
level of call blockage can and often
doses exceed 83%, says Bill Locse of the
PA Consulting Group, and that certain
operational areas record even poorer
figures, the need for discussion is vital,
Meanwhile, OFTEL pubfish, free of
charge, A Guide to Cellular Radio”, a
24-page, illustrated bookist for consum-
ers. (Details: 01-822-1665.)

Adveris Sound-Off

In what is being claimed as tha worid’s
first talking magazine adverisement,
Texas Instruments ran z four page
insert in Business Wesk late last year.
The spoken message is triggared when
the reader removes a label which
cavers the switch. A voice then speaks
the printed 42-word tex! in 15 seconds.
The ingenious electronically-
syninesised speech is defiveredby a Tl
integrated speech synthesiser chip
about the size of a small fingemail. The
power, supplied by three lablet-sized
batteries, allows the corporate mes-
sage lo be played some 650 times.
Sound is provided by a one-inch
piezo-electric speaker embeddadin the
module. Assisting the project was a
producer of pop-up childrens books and
a major advertising company. Bul don't
expect fo hear the dulcet tones of our
editor addressing his readers just yet.
Producing speech in this manner says
Tl costs about $4 per unit — for large
scale volumes. However Tl expect a
strong move towards higher pariom-
ance and lower costs will open up:all
manner of innovative uses for synths-
sised speech products.

BT Gets Into The
Picture

In our last NEWS, REPORT, we
mentioned recent developments in the
videophone market. Now BT are getting
into pictures and have released datalls
of their small deskiop video phone
which will allow users o se2 maving
pictures of each other. Fulure wrong
numbers should have an inleresting
added dimension.

BT See Merit in Minitel

It is possible that BT saw our ariicie on
the French Videotex system Minitel
published in the Oct/Novissue. BTsUS
subsidiary Dialcom Inc, are offering
electronic mail services on the Minitel
viewdata system. And, it could be that
Marcury also saw our feature. Negolia-
tions are taking place which could result
in Mercury adapting Telstel technolo-
gies for its own Videolex netwark.
Cumently, Marcury provide users ac-
cess to the Minitel service by means of
the packet-switched gateway
Miniteinet.

The Mainframe
Computer Is Not Dead

For some time now, the microcomputer
industry has been forecasting the
demise of the mainframes processor.
But there is life in large scale systems
yet with both Tandem and Digital
Eguipment entering the market-placs,
DEC in particular is looking to compsie
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head-on with IBM by releasing the VAX
series 9000, an aircocled single
processar which is some four times
more powerful than DEC's previous
high-end system.

According to Geoff Shingles, manag-
ing director, Digital Equipment, the new
system has been produced in response
to customers demands. “Their
businesses have been prospenng,
growing and changing. One change
they've decided they need is the option
of being able to run some of their larger
applications — faster. Much faster. So
we've obliged.”

Prices are equally jumbo sized. They
start at £800,000 and zoom up to
£3.25m. (Details: 0734 868711.)

Soho Fax

The new Toshiba A4 facsimile machine
is called the "sgho”, a name moare
suggestive ol fun and games than

serious information ransmission,
priced at just under £900. The company
are hoping to capture a large number of
the 600,000+ small UK businesses
who have not yet got the fax message.

PCs Unlicensed

Hard on the heels of the DTI relaxing
export controls on Personal Compu-
ters, came the news that the hard-
pressed Amstrad company areinline to
supply much of the $1,000m require-
ments for PCs by the USSR. The
relaxation order applies to most 16-bit
personal compuiers or their equivalent.
To be eligible the equipment must be a
standard PC system which is commar-
cially available. The DTI do paint out
that expori ficenses are still required to
export full 32-bit PCs such as those
using an Intel BO3B6 microprocessor.
PCs with high clock rates, large
mamaory size, or high specification hard
disks are not eligible for the changed
rules.

Satellite Times

Satelite TV company BSB (British
Satellite Broadeasting) must be brea-
thing more easily of late. Not only did
their Marcopolo 1 sateliite make a
periect lift-off from Cape Canavera!, but
the company have now successiully
tesiad a 40cm square antenna. Once
technical performance details had been
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agreed with the IBA, full scale produc-
tion will be put in hand.

Meanwhile, satellita rival SKY Televi-
sion has announced that just nine
months after launch, one million homes
are now reached. The SKY network
comprised 365,000 home dishes and
635,000 cable homes in the UK and
Eire. SKY must also be pleased that
their channel Eurosperiis one of the lop
European channels, waiched by over
two million people in the course of a
recent four week period.

DTI Increase Radio
Spectrum Licenses

It must have been a busy time recently
for the DTi's Radiocommunications
Division. The deparimenl currently
issues 47 different categories of licence
to some 300,000 firms and individuals
each year. The good naws is that ten of
the categories served are having fees
abolished but the not so good news is
that the remainder are being Increased.
The lees range from £12 for Amateur
Radio users to £500.000 for Band Il
Private Radic Mobile Radio National
Trunked Service. (Full details: 01-215
2352)

Facilities
Management To The
Rescue

Al a time when more and more
companies are tuming o a facilities
management service to take over and
fun their computer and communications
operations, Andersen Consultancy
leader in the FM field, have introduced
what can best be described as a
work-bench designed to take computer
operations out of its craftimags into that
of professional engineering. The new
product “Co-Operate” doas for compu-
ter operations what Computer Aided
Software Enginesring (CASE) tools are
already doing for software design.
Computer operations, says Andersen,
ara fast becoming the powerhouse of
business. The Co-Operate approach
produces real bensfits by ensuring that
computer operations can quickly re-
spond 10 changing business require-
ments and contribute productivity sav-
ings of up to 75% in some areas.
(Details: 01-438 0211.)

Fully Comprehensive
Training

Eurcpe’s largest consultancy and train-
ing organisalion, The Federation of
Microsystems Centres have
announced a fully comprehensive
sevies of training courses organised by
their Washington Centre. Courses
cover databasae, spreadsheel, word
processing and desk top publishing
applications. Per day costs including
lunsh and documentation £120. (De-
taits: 091-417 8517.)

The Canon Bubblejet

Nswar & company to do things by half,
Canon have added ten new machines
to its calculator range. Three of the new

deskiop calculators incorporate Bub-
blejet printing technology. The high
speed, non-impact system silently
sprays the ink on to the paper roll thus
eliminating distracting noise and giving
& quicker, cleaner high quality printout
at a speed of 5 lines per second. Each
model has two indspendant memories,
allpwing users to sub-total or total data
as weli as storing data. (Details: 01-773
3173.)

telephone service are now cleared
within two working days. During the
same six months period, the percen-
tage of national calls which failed
because of defective eguipment or
congestiondropped from 2. 4% 10 1.79%.
At the same time, 95% of all the 88,000
public payphones were in working
order, Not surprisingly, payphone re-
venue is up by 50 in the past two
years.

Somewhat more debatable are the

Elecironic Law

According to the ever watchiul industry
newslatier “Computergram”, about
99%: of Americans would cheer if all the
lawyers wers to be replaced by
computers. Apparently one enterprising
individual has set up such a service
charging a legal advice-by-lelephone
service supported by a compulerised
legal database. At an average 15
minute call at $3 per minute, this works
out cheaper than normal consultation
which averages $100. How leng before
we hear the defendant state "My
computer says | am innocent and |
agree’.

A Fauli-Free BT

Tne latest BT Quality of Service Report
highlights the rapid progress being
achieved by BT Customar Services.
Mare than 96% of faults which affect

claims that 82.6% of direclory enquiry
calls are answered within 15 seconds
and 80.6% of calls for other forms of
operator assistance are answered
within the same tima.

Diary Dates

March 1st and 2nd 1930 sees the first
European Advanced Precurement and
Legistic Support Systems Conferance.
The avent brings out the way in which
advances in transmitting drawings,
images, and logistics information is vital
to the afficient running of organisations
which handle large quantities of in-
formation to be transmitted both inter-
nzlly and externally. Tha event takes
piace in London. (Details: ANR. D1-892
9165.)

March 7th and Bth are the dates when
the elsctronics industry tackles the
threat to the ozone layer. “Elsctronics
Manufacturing and the Environment” is
the title of a special conference
scheduled to be held in Boumemouth.
Sponsored by the DTl and such
companies a5 IC| and Muiticore Sol-
ders, the conference will focus on the
use of CFCs (Chloraliurocarbons) inthe
glectronics manufaciuring processss.
(Details: 0202 842250).

Picture Caption
Challenge

This issues challenge involves a British
Telecom test program.

What on earth—or rather abave earth —
is happening?

* Theworld's longest car park, tha M25
has finally run out of space.

* A local university prank got out of
hand.

* The dnver didn't have a hands-free
cellular radio.

* James Bond was hera.

Improbably, the-test-bed-in-the-sky car
helps deferming various types of
celiphone aerials. I'm glad we know.
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The Changing Face of Maplin -
Opening of the New Maplin Distribution Centre

Reported by Robert Ball A.M.I.P.R.E. order with the Maplin pledge of ‘Same Day
Service', customers were (and still are)
able to have personal service at the
Westcliff-op-Sea Shop. Since the first shop
= opened, many others have opened around
: the country, with knowledgeable staff
always available to help customers select
the correct component for the job and
answer questions of a technical nature.
Maplin started up to ofier compo-
nents to the hobbyist and small business,
but Maplin's customer base now includes
thousands of industrial and commercial
customers, some of whom are the best
known companies in this country. The
company now has a country-wide chain of
eleven retail shops in major towns and
cities, “and of course still provides the
excellent mail order service. Maplin
currently stocks a total of 7,000 product
lines; which are described in detail in the
. | annual Maplin Catalogue, which at pre-
AT Hovst. sent has 576 pages. The front cover of the
Jm a Lerner 67" e Haw W 1880 issue continues the familiar ‘Space
Craft’ theme.

Resistors & Runways

Maplin Electronics was founded in
1972, by Doug Simmons, Roger Allen and
Sandra Allen. The name ‘Maplin’ was
chosen because of the planned siting of
London's third airport on land to be
reclaimed from the Maplin Sands, which
are situated in the Thames Estuary, The
airport however, was never built. In
contrast, as plans for the Maplin Sands
Airport sunk into the tidal waters of the
estuary, the Maplin Electronics business
venture took-off, Albeit, in a manner akin
to the Wright Brothers early attempts at
flight! The early years of the company,
were fraught with problems, such as
obtaining supplies from manufacturing
companies and funding from banks,

As the years progressed, Maplin
began to establish a reputation with its
customers; good quality components, fast
service and reasonable prices. Hobbyists WV“/”’-’?’
and small businesses alike, soonswitched 7z, P
from buying dubious quality, second hand 3}

o Fhe plague o (et 1o 11 .
bh /4,17 & Allen; "Expanding o

55‘074 e ; As Maplin's business expanded,
and ex-equipment components, to Ma- Mayo owel Magar Z {ﬁ’ and so has the volume of sicc}: that needs
plin's brand new, guaranteed and speedi- gua/ Mr& ?47‘0/7& : to be held, in 1988 it was realised that the
ly delivered products. As well as mail existing head office site could not be
expanded any further. Another site for
storage of stock, collection and dispatch
of orders would have to be found. It was
also realised that this was the opportunity
to provide for the future, not-only in terms
of further growth, but also to establish a
purpose built, centralised distribution
centre. The location would need to be
close to the UK's main road links and
positioned so that export to Europe and
the rest of the world could flow unhin-
dered. A suitable location was found near
Bamsley in South Yorkshire. After the
formalities of planning permission and site
surveys were completed, the building
work began. The fine spring and summer
weather enabled work to be completed
ahead of schedule. Praise is due to all
those involved in the project, for both
speed and quality of workmanship.
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A. Storey. Member of Parliament for
Barnsley Central, Mr Eric Illisley MP.
Member of Parliament for Western
Penistone, Mr Allan McEKay-MP. Numer-
ous councillors and representatives from
local authority, trade, commerce, trade
press, private and trade customers also
attended. Heading the cast from Maplin
were the Company Directors: Managing
Director, Mr Roger Allen. Marketing
Director, Mr Doug Simmons. Production
Director, Mrs- Sandra Allen. Sales Direc-
tor, Mr David Snoad. Non-Executive
Director, Mr Roy Parker. Departmental
managers and other company employees
were also present.

After the opening ceremony, all the
guesis were conducted on a guided tour
around the new building, where they were
shown the stores, order printing, collect-
ing, packaging and dispatch areas, then

-

The new Maplin Distribution Centre
became fully operational on Monday 23rd
October 1988. To ensure that disruption to
customer orders was minimized, the move
from the old site near Rayleigh, Essex, to
the new site was conducted over the
preceding weekend. A mammoth fleet of
removal lorries conveyed all of the stock
over the two hundred mile journey. The
new site provides a total of 95,000 square
feet of storage space, the main floor area
is 65,000 square feet in area, with a further
30,000 square feet mezzanine floor (one of
the largest in Europe). There is room
on-site for expansion by a further 100,000
square feet. The location places the
distribution centre between Britain's two
main road links, the M1 and the Al, Thus
facilitating excellent road communica-

tions the length of the country.

Open! Colkctivg omel packing

The disiribution centre was officially W s as
opened by the Member of Parliament for %,eckf'ﬁ- ab ,00&9? tle
Barnsley East, Mr Terry Patchett MP, at

Zpm on llth December 1989. Guests of
honour that were present: Mayor and
Mayoress of Barnsley, Councillor and Mrs

Autowmatic éox—gea/;ﬂ? wrachime
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onto the computer room where they met
the Information Technology Manager, Mr
Nigel Fawcett. Nigel's role is particularly
important as he has coordinated the
writing of the software necessary for the
new ‘slave’ computer to communicate with
the main computer at head office. All
orders are received and processed at the
familiar P.O. Box 3, Rayleigh address..
Then the orders are electronically zapped
over private land-lines at lightning speed
to the new distribution centre, where they
are collected, packed and dispatched.
Customers orders are held in duplicate on
both systems, and as soon as any
information changes, both computers are
automatically updated. The system was
developed so that data flowing up and
down the land-lines is minimized, avoid-
ing data congestion, thus ensuring fast
operation of the computer system.

Maplin's investment in the distribu-
tion centre is a clear indication of the
company’s commitment fo customers,
both trade and retail: As we siep into the
1990°s Maplin will continue to offer
products and service that are worlds apart
from anything else. Maplin—the way to the
future.
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ELECTRONIC HOME MONITORING
OF OFFENDERS

Offender’s Home

Receiver

On 12th October 1988, the Home
Secretary announced there would be
experiments in electronic surveillance of
offenders. The electronics industry has
responded with an array of snitable
products. The announcement of three
trials starting in August 1989, suggested at
least two main types of Electronic Moni-
toring Systems (E.M.S.) are being serious-
ly examined.

Benefits

The general benefits of Elecuonic
Monitoring Systems have been well re-
corded. There are reported to be some
form of electronic surveillance system in
many parts of the United States, particu-
larly California, Michigan, Tennesee and
Colorado. Most other siates are seriously
examining options.

A first and powerful argument for the
systems is their impact upon prison
numbers. The prisons of the United
Kingdom are around 30% overcrowded.
The prison population continues to grow.
Many of those in prison could well serve
their sentences in the community provided
there was sufficient confidence in the
alternatives. The Government published a
Discussion Paper in 1988 setting out some
options for more effective punishments in
the community. These included schemes
of reparation and Community Service and
paved the way for experiments in Electro-
nic Monitoring,

The avoidance of prison also means
that important links such as family, job
and social ties can remain intact. The use
of an alternative to prison also means that
the likelihood of re-offending is reduced.
For some groups of ex-prisoners the
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by David Holroyd

re-offending rate can be as high as 73%.
This is often due to the mixing of first
tme, often yvoung offenders, with more
seasoned criminals. Sometimes the only
lessons learnt through prison are improved
criminal techniques and dodges.

Clearly prison will always be needed
for certain types of offender. However, as
just over 10% of men and only 6% of
women are imprisoned for acts against the
person, there is room for some reduction
in the prison population.

As well as the saving on human
misery there is a financial incentive. The
average cost per week of a British prison
place is £250. A community alternative
will cost little more than one third of that.

The systems being offered can be
programmed for the demands of any
individuals sentence. Thus serious football
hooligans could, for example, be moni-
tored only at times when football matches
were being played. The Electronic Moni-
toring Systems on offer claim all the penal
policy advantages. They also show excel-
lent technical benefis.

Two Systems

The systems operate in one of two
ways, convenlently known as ‘Acuve’ and
‘Passive’.

Common'to both systems is the use of
conventional telephone lines (by implica-
tion, any candidate for E.M.S. has to be
confined 1o a location where there is a
telephone.) The systems communicaie
with a central processor which holds the
database of offender specifications, times
they should be monitored and telephone
numbers 1o be called. Both systems use a
form of wrist or leg worn unit or tag, hence

Monitoring Centre

the term “Electronic Tagging’. The units
weigh approx 0.12kg and measuring 7.2cm
x 6.1cm x 2.5cm are about the size of a
small travel clock. They have a tamper
loop and are robust and water and shock
resistant. They are all medically approved
and held by a single strap. The home based
contact or receiver units are the size of a
conventional modem and normal tele-
phone use is not impaired.

The active system works from a
Programme Contact Receiver unit which is
stationed In the offenders home. The
central control will initiate a tone call 1o
the distant offender. This will cause an
audible alarm or bell placed near the
telephone to sound. He will then acknow-
ledge that call by placing the wrist worn
contact unit into the receiver. The term
acove coming from the need for the
monitored person to have to respond to the
check on his whereabouts. The centre will
then register that the wearer is where he
should be.

If this is not the case, the violation
procedures common to both systems will
then apply. The offender units are
individually encoded and are reuseable
when the sentence has been completed.
This rtransmitter and receiver having a
typical range of only 10mm and broadcast
between 270kHz and 330kHz. Contact can
take place through cloth or air up to 10mm
from the receiver unit.

The passive system has the same main
components. However, instead of the
offender knowing the check has been
made, it is undertaken without his
knowledge.

The home unit receives continuous
signals from the offenders wrist or ankle
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unit. A range of up to200 feet from the
home unit is claimed. Transmission
frequencies vary with manufacturer, Mar-
coni operate av 318AiHz 1o 350MHz.
Checks on the state of the system are made
at random from the central control. This
uses auto dialler and reportedly simple
IBM compatible software. The body unit
incorporates an anti-tamper loop to pre-
vent it merely being left in close proximity
to the home unit. Breaking this loop will
register a violation in the same way.

The manufacturers involved are Mar-
coni, Chubb and F.K.I. Communications.
The individual specifications vary slightly.
One system offers an audible alarm if a
violation'is about to be reported. Another
will trigger the home unit for each
violation. A further option is the automatic
reporting, to the central control, of a
system failure,

All three manufacturers seem well able to
meet the specification. Probably price, not
yet disclosed, will tell all.

Photo 1. Chubb alarms HM2000 continual
manitoring system.

Other Uses

Offender tagging may start out as only
part of the story. Trials on wandering
elderly people are already well advanced in
Humberside. There is loose talk of tagging
providing a monitoring facility for dis-
charged hospital patients and a variation
around the electronic shop, stock control
systems has been designed for use in old
peoples’ residential homes,

Whatever the outcome of the tagging
trials it seems very likely that electronics
will start to play an increasing role in
helping those who care for the more frail
members of our society. This help is not
without controversy, but it is a real
example of how electronics can improve
the quality of life and make the lot of those
involvgd in caring, a much more rewarding
one.
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Figure 1. Hawk monitoring programme — typical operating practice (Marconi).

The central units can be programmed
to allow for first or second contacts before
violation is recorded. Upon violation being
recorded the central control contacts the
person designated and the violation mes-
sage is transmitted. Although unclear at
present, it would seem to be possible for
the notification to be undertaken from
within the computer programme. Chubb
in particular stress the human element and
confirm they would run the monitoring
through their extensive burglar and fire
alarm control operation.

It now seems likely that the Home
Office will opt for the passive system in the
three trials to take place in Nottingham,
Newecastle and part of London. The exact
trial specification has not been revealed
but it is clear only passive systems will be
tested. Who will be the winners in the
scramble for what could be a very lucrative
and growing market is anybody’s guess.

February 1980 Maplin Magazine

Photo 2. Information displayed on a monitoring centre VDU (Chubb).
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By Steve Wiseman

Introduction

The aim of this article is to introduce
the concept of popular holography and to
dispel a few of the myths that would seem
io prevent people producing, at home,
holograms to rival those produced com-
mercially. A good case is given by the
display of holograms currently on show at
the Science Museum in London — you can
achieve befter results for more than 90
percent of these holograms on a budget of
farless than £100 once you have acquired
a Laser.

Maplin have been selling a Laser for
many years, but the new model is far more
suitable for holography as it has more than
twice the output and costs much less than its
predecessor. It also has an aluminium
jacket which protects it from damage in the
darkroom environment. It is available in kit
form or as an assembled unitand italso has
its own power supply built-in. The order
code for the kit is LM72P and it costs just
£104.95 plus 75p order handling charge.
The assembled version costs £179.95 and
its order code is XM14Q, the 75p handling
charge also applies (unless you go to one
of Maplin's many shops to buy it).

The holograms this article describes
can be divided into two separate types:

B

Transmission Holograms

These holograms are very easy to
make, and can be viewed with any point
source of monochromatic light — a laser is
best.
Reflection Holograms

These holograms are not so easy to
make, but the resulls are more impressive
as they can be viewed in sunlight, and the
playback colour can be chosen during
development.

There are six main requirements for
producing a good hologram:

A Laser.

Stability.

Optical components.
Darkroom.

High resolution film.
Processing chemistry.
The object.

Considering each of these require-
ments in furn:

The Laser

As mentioned above, the Maplin
Laser is very suitable — I've used it with no
real problems. For anyone aiming to use
another laser, it should have an output

power of more than one milliwatt, to keep
the exposure times reasonable in complex
set-ups. The laser should have a coherence
length (the distance the light stays in step
with itself) of at least 30cm — the greater
the coherence length, the easier it is to
obtain deep holograms. The laser should
also operate in TEMOO mode — this is the
lowest order Transverse Electro-Magnetic
mode. If this means nothing to you don't
worry, the Maplin Laser is suitable. A
comparable laser from any other supplier
would cost more than £400 without power
supply, making the Maplin Laser the best
opfion by far. Despite the note in the
Maplin catalogue that the laser’s output
beam is randomly polarised, it can be
shown that the beam is totally polarised
using a piece of polaroid plastic from a
pair of sunglasses, see Figure 1. The
polarised output is marginally better for
holography, but is not really relevant in
simple sef-ups.

Stability

No component in the whole holo-
graphic set-up is allowed to move more
than half the wavelength of the light used
(632.8nm) and for the uliimate brighiness,
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the components should be stable to within
the wavelength = 20 (3 x 10~ %m). (With
reflection holograms, the stability require-
ments are far greater.)

Despite these very fight tolerances,
this level of stability can be achieved with
very little money. The essentials for a stable
working surface are a heavy rigid surface
which, being heavy will have a high inerfia
(resistance to movement) and low internal
vibrations (a condilion of rigidity and
internal damping), and a vibration iso-
lation system to support this massive rigid
surface off the vibrating ground. Industry
uses massive granite tables (up to 8ft x 12ft
x 18in) supporied on active pneumatic
suspension units. However, if you do not
have about £50,000 to spare, it just so
happens that wood is a heavy, rigid and
very well damped surface and car inner
tubes make very good vibration isolation
systems. A suitable working surface would
be an old kitchen work-surface Tin thick,
with the surface painted black with
blackboard paint, although thinner
wooden panels would probably be rigid
enough. As menfioned before, wood is
almost ideal as the working surface — the
only reason the industry does not use it is
that it warps after several years — its
domping properties rival those of even the
best composite honeycomb materials. The
carinner fubes isolate the working surface
from any vibrations travelling along the
ground caused by passing fraffic, trains or
just people walking near the system. A
better system, but nowhere near as
portable, is to use a wooden box full of
sand instead of the wooden working
surface. We used a wooden box 4t x 4t x
18in filled with just over 1 tonne of sand,
this was excessive — it flattened the inner
tubes, but because of its immense inertio, it
remained very stable. A box between 4in
and 6in deep would have been adequate
and there would have been a lot less sand
to shovel around. The methods of
providing a stable working surface are
shown in Figure 2a and Figure 2b.

Optical
Components

Each optical component in the set-up
needs to be stable on the work surface, so
the mounting method needs to be different
for each type of component. All of the
mounts described can have blunt 4 inch
nails sticking out of the bases if a sand table
is being used, to provide even more
stability.

Film Holder — the film holder is the
most critical component for stability,
especially in reflection holograms. lis job is
to stop the film moving during exposure,
and fo do this, it sandwiches the film
between two sheets of glass, which are
tightly clipped together, see Figure 3. It is
important to keep the glass scrupulously
clean, especially the sides in contact with
the film. This avoids pariicles of dust or
sand separating the film from the glass,
allowing it to move around during
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The real lower-half of a broken champagne glass and its hologram before it was

broken!

Circle of
polaroid plastic
Las Direc!.inn_ of l Direction of
el polarisatior. polarisation
of plastic
A
A | Beam passed through
at full strength
Plastic
rotated 90°
Direction of Direction of
Laser polarisation polarisation
{ of plastic
G i
‘ ; Beamn
stopped completely

Figure 1. Effect of polarising filter on laser light.




Glass/film/qglass sandwich
clipped clong top and down

Use 3/4" plywood uprights with large 'bulldog’ clips
If 1/2° plywood is used to keep sandwich tight & steady
it will bend outwards
Fill with dry sand under pressure from sand.

2" square battens.
Screw sides onto these.
Need approx. 22 feet.

Carpet protects
inner tubes

™~ 4 x inner tubes _
(18"—24" dig) half infloted T‘j’“ sheets of glass,
7" x 5" by os thin as possible

Glue struts in place
for more rigidity

. Figure 3. Construction of a film
2 x supporting sheets holder.

5 columns of house bricks P—shoped cable clip
mm lm|m Arranged: screwed to block of wood
Jo raise the surface & [eas_ clipped in
[ to a convenient working height. (Lens dio. is greater than

the roted dia. of p—clip)

Centre of lens held
at beam path height

=
=
=

For optimun stability
create a flot base
by gluing an old phonecard
to the base (black side down)

Figure 4. Holder for a small lens.

exposure. It is also a good idea to squeeze
Old door/work surface the glass plates together around the film to
remove any pockets of air after the film has

/ been clipped in. It took us a long time to
discover the problem, which causes

otherwise perfect holograms to be ruined.

Lenses — the lenses need only have

1 3 inner tubes a diameter of about 1em, and simple lens
holders are shown in Figures 4 and 5. This
size lens is the smallest (therefore cheapest)
size which can be used to ‘steer’ the beam,
but avoids using the very edges of the lens
which is where any chips or defects
normally occur. Any defects in the lens (or
Figure 2. Methods for preparing a stable working surface. dirt on the lens) will seriously affect the
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Black painted hardboard
with hole cut slightly Bsam steering with a Bi—convex lens
smaller than lens
( = 2mm overiap)
' Focal
| length (f)
) =
‘Common' base with
1/8" slot cut 1/2° desp 1 A \ 3
I
Small wedge holds lens—holder : ‘l
tightly in groove I \ Focal length
. | | (negative)
Figure 5. Holder for a larger - 1 T

diameter lens.

holograms — far more than they would in
normal photography.

Beam steering with lenses is illustrated
in Figure 6, which shows bi-convex and
plono-concave lenses.

A standard rule of thumb is that the
most curved surface of a lens faces the :
more distant conjugate. This translates as
‘The parallel loser beam should hit the
more curved side of the lens.’

Figure 6. Using lenses to ‘steer’ laser beam.

Take great care not to
touch the mirror”
as cleaning is difficult
Make sure the reflective
coating is on the front surface
Glue mirror to wooden block
with silicone rubber

For optimum stobility
create o flat base by
gluing en old phonecard
to the base

Figure 7. A stable support for a
The Maplin Laser with lid removed. mirror.
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Stopped circle
of blue light
Unaffected
red beam
Laser
Aperture
card
Figure 8. The purpose of the aperiure.
Aperture
(Shutter)
Diverging lens
Reference
beam
T Glass/film/glass
| = — sandwich
\ =~
Object beam =~ p Position of film
<
s \I\
Oject 7%
Film holder

Figure 9. Simplest method for making a hologram.

Mirrors —normal household mirrors
cannot be used in holographic set-ups
because of the layer of glass in front of the
reflective silver surface. This produces
multiple reflections, and with laser light
causes undesirable stripes to appearin the

12

light. Instead, front surface or first surface
mirrors are used, which have a layer of
aluminium on the front of the glass. These
are obviously more vulnerable to scratch-
ing than second surface mirrors, which are
profected by the layer of glass on one side

and a layer of paint on the other. As with
the other optical compenents the mirror
needs to be stable, a simple mountis shown
in Figure 7.

Shutter — this component is very
simple and has no stability requirements —
it is a piece of black card, folded into a V'
shape, placed in the path of the beam. Itis
lified clear to expose, then replaced to stop
the exposure.

Aperiure — before the shutterin the
beam path should come the aperture. As
well as the red laser beam, the Maplin
Laser also emits a cone of blue light, see
Figure 8. This blue light will fog the film if
not stopped, and so is blacked by passing
the laser’s output through an aperture. This
can be as simple as a hole cut in a sheet of
black card, although it is essential that the
:;::sler beam does nottouch the edges of the

ole. -

Dark Room

The film used in holography is not very
sensitive compared to ‘normal’ black and
white film, but it still needs to be exposed in
an almost entirely dark room. The normal
red safe lights used for black and white
darkrooms cannot be used, as hologram
film is most responsive to red light. Instead,
a dark green safe light can be used, which
only radiates in a wavelength which
corresponds to a dip in the film's sensitivity.
It is also possible to use an extremely dim
source of white light, for just long enough
to allow you to load the film holder.
Development should be done well away
from white light, but a very dim green safe
light can be used if needed, to determine
the darkness of the film. Any room that can
be blacked out almost completely can be
used as a holography room. Windows can
be covered by thick black curtains,
cardboard, etc and any gaps cround
doors can be stopped up..The kitchen
seems ideal as it has o supply of running
water, but some of the chemicals used in
holography are toxic, especially the
bleaches used in reflection holograms.

High Resolution
Film

The film to use is made by Agfa under
the name of 8E75HD on the thick
triacetate base T3. This film comes in packs
of 100 4in x 5in sheets for about £60 and
is cheaper per unit area than normal high
resolution black and white films. It is
relevant that, at least in the beginning, you
will not be using full sheets of film for
exposures — one sheet of film can produce
four good holograms, eight smaller ones
or iwenty lin square test shots.

Film is preferable to glass plates as,
although it is a lot less stable than plates (it
flexes) it is a lot cheaper — about a third of
the price of plates and can be cutto the size
needed with a pair of scissors — culting a
piece of glass accurately under darkroom
conditions is almost impossible. It is
important not to touch the emulsion side of
the film, handle it by the edges.
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Processing
Chemistry

The processing chemistry described
initially is very similar to that used in normal
black and white photography. The recom-
mended processing method is explained in
the section for each type of hologram.

For simple transmission holograms,
only the chemicals needed for normal
black and white photography are needed.
These are:

Developer — we use llford Percep-
tol, made up as directed, but used in small
quantities, diluted down about 15 to 1
before use, then discarded at the end of
the evening’s work, or before if a lot of
processing is done. Any other high
resolution high contrast developer should
work.

Stop — any photographic stop bath
can be used os they are all essentially the
same. We discard ours about once every
20 sessions.

Fix —we use Paterson Acufix, used as
directed, but diluted to half the recom-
mended strength. This gives more contral
over the fixing time. Again, any fix should
do. We chose these chemicals, apart from
the developer, pretty much at random.
They work fine, but there may be better
chemicals out there for those with the
money to experiment. The prepared
chemicals are kept in 2 litre ice cream
cartons, arranged in a row, in the correct
order, working from left to right. If there is
any chance of children getting near the
chemicals, they should be bottled up after
use, labelled and stored out of reach.

The Object

There are limits to the things you can
make holograms of, mostly related to the
stability requirements. Any living (or
recenily dead) objects are definitely out, as
are pieces of thin plastics. The objects must
be reflective to red light, i.e. red, white,
yellow or metallic objects. Mirrors do not
make good holograms, but do make good
diffraction gratings — fry it later though, not
as a first object. The first object you try
should be small — no bigger than Tinch in
any direction. A white bodied LEGO man
with his feet glued to an old phonecard is
ideal. The arms sticking out give a good
parallax effect, the objectis small, rigid and
easily recognisable, especially if the face is
visible.

A suggested
cutting pattern Top, right
— corner emulsion

| away frem you

Aperture
(Shutter)

lens

Beam
splitter

Diverging lens

Diverging

Reference
beam

Image

holder

Figure 10. Marking film for
orientation.
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Figure 11, Split beam transmission hologram method.

Making The
Hologram

Now that all the components are
ready, you can start to make holograms.
Assuming that you have at least 2ft x 4ft of
available working surface, aim to repro-
duce the set-up as shown in Figure 9.

1. Position the laser to point obliquely
down the surface.

2. Place the film holder so that the beam
hits the centre of the glass sheets, about
1'4in up from the bottom. Put a lin
square piece of white card in the film
holder cenired on the spot of the light.

3. Position the object on the film holder
about 3ecm away from the glass, facing
both the glass and the laser.

4, Place a diverging lens in the loser's
beam path, to spread the light into a
circle about 10cm diameter at the film
holder. (Check with a piece of white
card with the'fights off))

5. Move the lens to steer the beam, so that
it covers the area where the film will be
and also the object. The beam should hit
the object squarely and graze the film.
Looking through the ‘window’ where
the film goes, you should be able to see
the object illuminated by laser light,

preferably evenly covered. By moving
your head, you should also be able to
see straight down the expanded beam.
This is completely safe as the beam is
diverged. WARNING: DO NOT under
any circumstances look down the
undiverged beam, it is dangerous to do
so as it may cause retinal damage.

6. Put the shutter in place.

7. Leave the set up to setile for at least 15
minutes. Make up the chemicals and
pour into the developing trays — none
need to be more than zin deep.

8. Return to the set up and cut the film. Cut
a lin square of film for the first attempt,
unless you are feeling rich or confident.
Find the emulsion side of the film using
the ‘wet lip test’. Lick your lips, leaving _
them slightly wet, then close them over
one corner of the film. The emulsion side
of the film will feel more sticky, and may
even stick to the lip. To remember which
is the emulsion side it is recommended
that you mark the film — cuiting one of
the corners offis a good way, see Figure
10. (It will save a lot of time later if you
can identify which way round the film
was when it was exposed.)

Put the piece of film, emulsion side
towards the objed, in the film holder in
place of the card. (It is vital to remove

13



the card.] It is a good idea to keep the
film holder clean, especially the sides in
contact with the film. Car windscreen
washer additive is very good for this.
The film holder should be clipped back
info place, and should be allowed to
seftle for @ minute or fwo.

9. Exposing. Walk very gently over o the
shutter, and lift it clear of the mounting
surface, but sfill blocking the beam. This
allows any residual vibrations fo die
down before exposure, but make sure
you are not fouching the table at all.
After about 30 seconds, raise the shutter
from the beam for 15 seconds, then
replace it to block the beam, and start
breathing again.

Developin

Now that the film has been exposed,
here is o suggested processing schedule.

Expose — About 15 seconds.

Develop — Leave in the developer
until it is about 15% dark. A guideline is to
wait until the film is noficeably hazy, then fo
leave it in the developer for another 15 to
30 seconds.

Stop — 30 seconds. This stops the
developer from working.

Rinse — Rinse in tap water for about
30 seconds.

Fix — 3 minutes. (This is essential to
stop the film from continuing to expose in
light conditions.)

Wash — 2 minutes in running tap
water.

Dry — Hold the film by one corner,
then flick with a finger on the non-emulsion
side (the side with the water droplets). This
will remove most of the surface water. The
emulsion side can then be very gently dried
with paper fissues to avoid scratching the
soft emulsion. The hologram can then be
dried with a hair dryer or a fan heater but
care must be taken not to melt the film!

You should now have a grey/green/
brown piece of film, possibly with swirling
patterns on it. If not, don't panic —
something has gone wrong, but no
problems are insurmountable in helo-
graphy this simple. If you do have the grey
film, take it back to the table, turn the lights
out and the laser on. (You shouldn'tturn the
laser off during a session — it takes up to
half an hour to warm up to complete
stability.) Remove the object from the light
path, and hold the film up in the reference
beam, in the same orientation it was in
when the hologram was exposed. (If you
marked the film as described, this is much
easier). As you now look through the film
towards where the object was (you've
removed it, rememberl), the object should
appear to sfill be there, possibly a litile
dimmer than the original, but definitely
there. If you can't see it, fry turning the film
around, there are eight possible orienta-
tions, four rotations and a flip. Remember
also that, if something was wrong with the
processing, the image may be very dim, If
there is definitely no image, try the error
chari.
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splifter.
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Figure 13. Method for screen
projection.
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Diverging
lens

Film
(Emulsion
towards object)

Figure 14. Making a single beam
reflection hologram.

Theory

The two sources of light {the reference
and object beams), are the two beams
needed fo interfere to produce a holo-
gram on the film. The beam you can see
coming straight from the lens is called the
REFERENCE beam, and should be a nice
clean divergent beam. (If you project the
reference beam onto a piece of white
card, it should form a circle fading towards
the edges) The beam you can see
reflected off the object is called the
OBJECT or IMAGE beam. This beam has
been altered drastically by bouncing it off
the object, and is now no longer an easy
beam to visualise — it is not all travelling in
the same direction, nor is it all in step as it
was before it hit the object. These two
beams interfere in the manner shown
below all over the film, producing a record
which, although not resembling the object
in any way, just so happens to produce o
full 3D image when replayed with
monochromatic light. (If you want to know
more of the theory, there are many good
books available on the subject, especially
“The complete book of Holograms’,
menfioned in the references, which deals
with making holograms. However, the
theory is not needed to make good
holograms, and you can always justify not
knowing the full theory by mentioning that
not many photographers have any idea of
the chemistry involved in processing a film.)

Splift Beam
Transmission
Holograms

Once you have mastered the single
beam transmission hologram, it is fime to
progress to the split beam method. In split
beam holography, the reference and
object/image beams are produced and
controlled separately. This gives you much
greater control over the hologram, allow-
ing increased possible brightness and
greater depth. The most important advan-
tage, however, is that the object can be it
as required, not as dictated by the layout.
However, there are drawbacks, which will
become clear on looking at the layout, see
Figure 11.

1. There are more components; 1 more
lens, 2 first surface mirrors and 1 beam
splitter.

The lens and mirrors have been
discussed earlier. The beam splitteris the
component which produces the refer-
ence beam and the illumination beam
from the laser’s output, see Figure 12. It
is simply a CLEAN piece of glass, as
thick as is possible to gef; double
thickness window glass will do. This
glass has the property of allowing about
80% of the light to pass through it, and
reflecting another 10% off its front
surface. The rest of the light is wasted,
either as annoying satellite beams or by
absorption in the glass. The beam
splitter can be wedged in a groove in a
block of wood for stability.
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2, Because of the greater number of
components, less light reaches the film—
be prepared for longer exposure fimes.

3. Stability is now slightly harder to
achieve as there are so many more
components which may move during
exposure.

4, Distances — Now that the reference
beam and illumination beam are
separate, it is vital that they travel the
same distance before they reach the
film holder. This is a function of the
coherence length of the laser, on no
account must the difference in path
lengths be greater than half the
coherence length. There is no published
coherence length for the Maplin laser,
but it is af least 30cm.

5. Light Ratios — Now that you have some
control, these become more critical. The
light ratio is the difference in the amount
of light measured at the film arriving
from the object beam and the reference
beam. For transmission holograms, it
should be 1:4 (object:reference).
However, without a light meter it is not
easy to be accurate, although looking af
the brightness on a piece of white card
is often adequate. To alter the ratio, you
can move the object towards or away
from the film (while keeping the
distances constant), change the object
for a smaller/less reflective or larger/
more reflective one, or move the lenses

back and forth to waste light.

6. Stray Light — With oll these components
on the table, it is essential that the only
laser light reaching the film is either the
reference beam orthe object beam. The
illumination beam must not be allowed
to touch the film directly, although the
reference beam is allowed to hit the
object. Any other light such as flashes
from edges of lenses or the beam splitter
must be stopped with pieces of black
card placed on the table. This process is
called carding off, and is vital o prevent
‘dead’ patches on the hologram. Pieces
of matt black card, bentinto a 'V’ shape,
then stood on end are ideal for this

purpose.

The procedure for making these
holograms is exactly the same as for the
single beam iransmission, except that the
exposure time should be extended to
about 30 seconds.

Projection of
Transmission
Holograms

If the hologram is cut up, each piece
will still allow you to see the whole object,
but from a limited range of viewing
positions — it is like looking through a
keyhole — you have to move your
viewpoint to see different paris of the
room. ltis this property of holograms which
gives them their ability to show an object
from many viewpoinis which makes them
much more inferesting than ordinary
photographs, and which permits the
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following demonstration.

If a good, bright hologram is illumin-
ated from the ‘wrong’ side with an
undiverged laser beam, it can project an
image onto a screen, see Figure 13. A lot
of the laser light is lost, passed unaffected
through the film. A proportion, however, is
deflected onto the screen to produce an
image. If the film is now moved so that the
spot lands on a different section, the
projected image is now that of the object
seen from a different viewpoint. In this way,
it is possible to ‘fly’ round the obiject,
looking at it from different places, just by
moving the film. (Impressive isn't it2) If you
have the mercuric chloride bleach needed
for reflection holograms, you can bleach
the hologram. This will greatly increase the
projected image brightness, although the
hologram will be destroyed for normal
viewing it is well worth it.

Reflection
Holograms

As mentioned earlier, there are two

. types of holograms. By now, you should

have mastered the two fundamental fypes
of transmission holograms (single and split
beam), but there are an enormous number
of variations to this theme: curved film,
cylindrical film to allow you to lock all
round the object, holograms which move
as you look at them from different angles
and many other derivations. These all take
a lot of time or money, and will be left out
of this arficle, although “The Holography
Handbook” by Bob Schlesinger, Jeannene
Hansen and Fred Unterseher, is a very
good guide for those with money/time to
spare.

As can be seen from the layouts of
transmission holograms, the object beam
and reference beam both hit the emulsion
from the same side of the film. In reflection
holograms, the reference light comes in
from the other side, creating interference
patterns actually embedded inside the film
emulsion. Itis this effect which praduces the
characteristics of the reflection hologram,
and the problems involved in making them.
Reflection holograms can be viewed with
any point source of white light, the sun is
ideal, car headlight lamps are almost as
good and a lot more convenient. Fluores-
cent fubes are the worst of all light sources.
Reflection holograms ‘play back’ in any
colour, not necessarily the colour they
were exposed in. This colour can be
chosen during development and proces-
sing, although there is usually a large
element of luck involved in the procedure.
As the interference pafterns are stacked
through the emulsion, not just on the
surface as with transmission holograms,
stability becomes much more critical.
Stability of lambda over iwenty is essential
to produce a decent hologram, so much
greater care must be taken. The sei-ups,
however, are much simpler and the results
are spectacular, even with single beam
set-ups. Split beam set-ups are very
unstable, and we have not found the results

worth the amount of film wasted in
unusable exposures.

Making Single
Beam Reflection
Holograms

Set up the components as shown in
Figure 14.

1. Position the laser pointing straight down
the table.

2. Position the film holder to intercept the
beam.

3. Position the object behind the glass to
stop the beam.

4, Put the diverging lens in the beam to
spread it fo atleast twice the diameter of
the film. (This produces a much more
even spread of light across the film.)

5. Check every component to ensure it is
stable. If not, change it until it is (glue it
down if necessary).

6. Close the shutter.

7. Leave to seftle for 10 minutes.

8. Load the film holder, emulsion side
towards the object.

9. Hold the shutter off the table for 1
minuie.

10. Expose for 30 seconds.

11. Process. NOTE: This is not the same as
for transmission holograms.

Processing
Chemicals

These are the same as for fransmission
holograms, with two additions.
Bleach - This vostly increases the
brightness of the hologram. We use
mercuric chloride and potassium bromide.
1 tablespoon mercuric chloride, 1 teas-
poon potassium bromide in 2 litre of
water. This reagent is VERY TOXIC, there
are safer bleaches, all of which suffer from
cost or shelf-life problems (shelf lives are as
low as 5 minutes). With safe handling
(wearing rubber gloves, avoiding inhaling
the dry powder and other common-sense

Point source of
white light

N

Emulsion

Hologram

Figure 15. Viewing a reflection
hologram.

Continved on page 46.



Introduction

The Surround Sound Processor from
Sound Master adds ‘depth’ and
‘ambience’ to stereo music sources
allowing the listener to hear the spatial
richness, or thickening, of reproduced
sounds—such as that of a live
performance. Line-level signals (0/+3dB)
are filtered and delayed by the pre-
amplifier to produce a four channel
‘sound field’, Two of the output channels
then drive the usual ‘front” stereo amplifier
and speakers, while a further two outputs
drive a second stereo amplifier and ‘rear’
mounted speakers, as in Figure 1.The
system is further equipped with a
Dynamic Noise Reduction (DNR) sysiem,
1o reduce casselte tape noise and
unwanted background hiss and can be
switched in or out from a front panel
control.In use, the surround sound effect,
effect volume and delay time can all be set
according to personal requirements, via
three rotary controls on the front panel.
Any one of three separate input sources
can be selected from front panel mounted
latch switches, e.g. Compact Disc, Laser
Disc or VCR.

Specifications
(test sample)

Frequency response:
THD (front channel):
THD (rear channel}:
Input signal level:
Output signal (frant):
Output signal (rear):
Delay time:

Input impedance:
Power requirements:
Case dimensions:

The Circuit

20Hz — 100kHz (£1dB)
0.025%

<0.25%

0.1V=3.5V
0.1V-3.53V

5.5V

5ms— SDms

47k0

240V AC 50Hz mains

360 % 127 x53mm

Figure 2 shows the circuit diagram for
the processing system. Two input switches
are used in combination to select one of

ree input signal sources and a third
‘defeat’ switch routes input signals to the
processing filter either directly, or via the

Dynamic Noise Reduction system, IC1..
16

CEFER]  UYPASS

REVIEWED BY
DAVE GOODMAN

Processor Pre—Amp

O LO
Rear Front
OROC
Output
Stereo Amp Stereo Amp
Outputs O 0O O o Outputs
ORLO L R L R OLRO
Inputs Inputs
L Front R
%
—~ e

\\T" 7
2 (/ »

/l Sound \I

/ field AL
e
Gy
L Rear R
Figure 1, A four channel set-up.

The input signals are split two ways and

‘connected 10 buffers IC4a and b and from

here, the left and right signals are output
1o lhe front power amplifier and speakers.
With the DNR system switched in, all
input signals are processed by IC1 first,

before distribution through the system.

This particular noise reduction system
comes under the term ‘psychoacoustics’
and is based on the fact that the sensitivity
of the human ear increases between 2kHz
& 10kHz and noise in this area becomes

‘extremely audible. As the perception of
noise is dependent on how the noise

energy is distributed through the system,
IC1 low-pass filters the signal and reduces
{or increases) the bandwidih accurdmg!v
—hence the term ‘dynamic’.

The other half of the split input.

signals are buffered by IC2 and IC3 and
output to the rear power amplifier and
'speakers, Both left and right channel
signals from IC2a and IC2b are mixed into
a composite signal and low pass filtered
by IC7a and b. The signal bandwidth is
limited befare delay processing by the
“BBDY, IC9, to reduce H.F distortion,
noise generation and aliasing. Thisisa
512 stage Bucket Brigade Device which
capacitively storesa small sample of the
incoming audio signal for a short period
before passing it along to the next stage.
The storage —or delay — period is
deterined by an externally generated
\ cillator, IC8 in this case,
frequency is varied by the
delay contml VR3 between approximately
14kHz to 75kHz. The output from IC9 is
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pose a few problems for beginners as the
manufacturers assume a knowledge of
resistor calour codes and component
identification and orientation! |

Once unpacked, the project supplied
for our evaluation contained: seven packs
of components and miscellaneous items,
mains transformer, pre-drilled and
legended PCB, rotary pots, switches and
phono sockets, and six screened metal
panels for the case.

PCB

Wire links are not supplied and you
will have to find/make your own: use 22
or 24 S W.G. B.T.C. for this job. There are
23 links in all and they should be fitted
into the PCB positions marked with a ‘)’ O
(lJumper presumably!). Not all links are =
marked and some share a common |’
between them:; fit a link nextto SW1 and a
link should be fitted between the two links v

approx, 25mm below IC2. Figure 4. IC identification. '

—

CD LD VCR O

SM~333

SURROUND SOUND PROCESSOR O
o
-~
5]
~

o T
@)
Q
7]
o
O

+132Y

N
’\J T1

24BVRC
HEHINS 1KS
8Hz !
183
FUSE B28VRC
Ly — =11k w | 8 A
7' 338

\0 ¥ x 33uF or [7]
47uF supplied
Palod

> -2V

HAINS POWER
SHITCH

£

Figure 5. PSU circuit.

There are four brass terminals to be
fitted in positions H,Q and AC — insert
them from the track side of the PCB and
solder their heads to the track pads.

Identify the resistors and place them
into twenty individual groups —there
should be a total of 68 resistors supplied —
fit them according to value (note that there
.are no circuit references).

Insert the nine IC sockets (7 x 8 pin
and 2 x 14 pin) and solder them in place.
Note that the sockets cover the |C number
ance they are fitted, so refer to Figure 4 for
IC placement later an.

Capacitor identification can be
confusing, especially when some values
differ from those in the circuit diagram.
The two 33uF electrolytics in the PSU
may be supplied as 47 F 50V types and
will therefore be a tight squeeze on the
board, see Figure 5 for PSU circuit. Values
such as 272’ refer to 270pF and ‘332’ as
3300pF — the last figure here refers to how Figure 6. PSU smoothing capacitors. Figure 7. Inductor L1.
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Heat shrink
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capacitors lie flat
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Inside the box.

many naughts (0's) are to be added after
the number. Some capacitors may be
marked 104 (100,000pF) or 0.1uF, the
value is the same but the units used are
different. Also, values such as ‘472’ and
473" may also be printed as 4700pF or
0.0047 uF and 33000pF or 0.033uf on
the capacitor body. There are occasions
when one wonders if these things are ‘sent
to try us'!! Lay the two 2200uF capacitors
flaton the pcb as shown in Figure 6.

Inductor L1 looks more like a small
PC electrolytic — see Figure 7 — but in fact
measures 4.7mH. Strange value for a
capacitor?

Diodes D1,2 and D3,4 differ in that
D1 and D2 are 1N400D0-range types with
a black body , while D3 and D4 are
Zeners (13V or 15V rating) with a red,
glass body, == Figure 8.

Both power transistors have their
leads identified in Figure 9. They are
inserted into the PCB with the front face —
opposite side to the heatsink mounting tab
—towards the top edge of the board.
F.E.T. Q3 should be identified and fitted
into the PCB, as shown in Figure 10.

The three, miniature, dual ganged
pot’s are fitted anto the component side of
the PCB, as in Figure 11 —they are all the
save value (100k). Try to keep them at
right angles to the PCB while soldering,
athenwise they will not fit into the case
correctly.

Latch switches SW1-4 are also
mounted onto the PCB from the
camponent side. Do not overheat the six
terminal legs whilst soldering or the
plastic body may melt!

Lastly, fit the 3 way and 2 way phono
sockets, holes are provided for the plastic

Heat sink
tab

Q1 or Q2

(@}

L)

O
I <=

PCB

X

Block Zener Diode
K | ‘ A

White Diode

band i D1 & D2

ﬁ

Figure 9. Power transistors Q1 and Q2.

locating lugs, and solder these and any
remaining components in place on the
board. Trim off excess wires and inspect
your work. Finally un-pack and insert
each IC into the appropriate socket
position on the PCB.

Top view Bottom view
D ﬁ s m
G Q3 s ¢ 0
Figure 10. FET Q3.
l ﬁ Component
- i sid=
B E |
. Y F Track
side

o
———
LA

THA

PCB

o
—T
CHA

0 |

Figure 11. Mounting the potentiometers.

Back edge

Inside

face

Plastic
stand—offs

v

|
L\, @)
i

Figure 8. Diode and zener recognition.
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Figure 12a. Base panel mounting.
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CASE ASSEMBLY

Of the two large and similar
looking panels supplied, the panel with
exira holes drilled and four, tapped,
corner holes for mounting the rubber feet
is the Base panel. Five plastic stand-off
pillars are fitted into the panel, from the
bottom side first, as shown in Figure 12a.
The PCB mounts onta these pillars later
on.

Next, mount transformer T1. Identify
the primary and secondary wires first;
both secondary wires are approximately
350mm in length and may be coloured
blue. Two sets of holes have been drilled
in the Base panel to accommodate
transformers with different mounting hole
spacings. Use the appropriate holes and
insert the 5mm pozi-screws as in Figure
12b. A tag washer is needed for wiring the
mains earth lead to the chassis and also for

connecting the phono input OV to chassis *
—see Figure 16. Figure 12b. T1 mounting.
20mm
Fuseholder 2
(’ Rear view
(\((-(\ Front panel

%

Mains H.V
switch Capacitor
Figure 13a. Fuse mounting. Figure 13b. Switch mounting. Figure 13c. Mounting capacitor on swilch.

Fit PCB onto
stand offs

Allen
screws

Screws

Figure 14. Main assembly.
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Fit a 20mm fuse holder into the back
panel, shown in Figure 13a, and insert the
mains power (on/ofi) switch into the
rectangular slot in the front panel with the
LED lens toward the bottom edge, as
shown in Figure 13b. Identify the high
voltage 0.01uF (103) disc capacitor and
referring to Figure 13c¢, connect it to the
mains switch terminals. Position the
capacitor bady as close to the switch body
as possible, to keep the exposed lead
length at a minimum — better still, slide a
short length of sleeving or wire insulation
over the disc leads first—and solder in
place. The remaining bwo, smaller,
terminals on the switch are for low voltage
LED connections detailed later on.

The PCB can now be fitted onto the
five piliars and the Back panel fixed in
place with 3 x Smm pozi-screws — see
Figure 14. The two side panels can also be
fitted now and you will note that their
extended end fits over the side of the back
panel and should not be positioned to the
front; fix the side panels with 3 x 5mm
pozi screws each side. Leave the front
panel off until the wiring has been
completed. The four rubber feet are fitted
beneath the Base panel with a pozi-screw
through each foot and into the raised,
tapped holes in the panel. A P-clip is used
to secure the cable in the case and is
positioned over the rubber foot mounting
just beneath the 20mm fuse holder —see
Figure 15. Insert the cable through the
back panel guide hole, into the P-clip and
secure the clip with a nut and washer. It
stands to reason that the pozi-screw used
here should be longer than the other three
foot mounting screws.

connections from T1 and the fuse holder
to the mains switch can be made later.
Solder a spare length of wire to the
chassis solder tag and the 0V common tag
on the 3 way CD, LD, VCR phono socket,
as shown in Figure 16. Twist the two blue,

e———————————m

and remember to fit the {use befare
switching on!

N.B. All measurements referenced to
0V (terminal G) unless stated. Voltages
given in V DC unless stated.

Mains
Earth
Grn/Yel

from chassis
to SKT
ov

Figure 16. Input socket wiring.

secondary wires, from T1, together and
solder them to the two AC terminals
shown in Figure 17 and use two spare
lengths of wire to connect terminals H and
G to the LED on the mains switch. Note
that terminal G wires to the LED +V or
anode terminal. Now fit the front panel in
place and fix with the four Allen screws
supplied. If the retary pot’s do not fit the
panel holes correctly, then it may be
necessary to remove the PCB and re-
position them again. Don’t be tempted to
bend or twist the pot in place as it will
damage easily. The four latch switches
should also be central to the panel slots
before press fitting the red latch buttons!
Finally, fit a washer and nut onto each pot
and gently tighten up to the panel and fit
the three knobs. The top panel can be left
off the case until the testing is complete.

item - Position Voltage
Ti secondary Between AC
terminals 18-21VAC
on PCB
Q1 Collector +26.5
Base +15.2
Q2 Collector —-26.5
Base =15.2
IC7 pin 8 +13.2
. - pind -13.2
IC9 pin 3 -7
_ pin 5 -13.2
o8 pin 7 -7.8
pin 8 —8.2
IC8 pin 7 -13
IC1 pin1 13.2
pin 2 6.5
pin 4 6.8
pins 5.6
pin 8 5.5
pin9 1.3
pin 10 1.3
pin 11 6.8
pin 12 6.6
pini3 6.6
pin 14 6.7

Table 1. Test voltages.

To SKT Twist wires
Ti togsther
20mm  125mA Fuse Secondary
Fuse  20mm holder Wire . (Blue)
holder  Fuse joint Mains T Primary i
l l . switch m
Cmo=a [ I 1 Y
i Blue Ti
Brown (Neut) AC
S— N
Mains cable L 8 Yellow 4 I @
= / =] T — = il —
Cable Earth Suppressor = o
clip Grn/Yel Capacitor = 0 |G
Rubber  Solder Mains switch
faot LED connection
PCB
Figure 15. 240V mains wiring. Figure 17. Low voltage wiring,
WIRING TESTING Itis not necessary to test every single one of -

Cut back sufficient insulation from
the mains cable to expose approximately
150mm of inner conductars. Refer to
Figure 15 and solder the brown (live) wire
to the fuse holder and the green/yellow
{earth) wire to the chassis solder tag at the
transformer fixing point. The blue (neutral)
wire connects to one of the transformer
primary {yellow) wires; solder the two
wires together and screw the joint into the
insulated wire-joint cap, to pratect against
short circuits. The two remaining wire
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Table 1 lists various voltages that can
be checked with a valtmeter. A digital
multimeter is bast for performing this task
as its high input impedance does not
‘load’ the circuit unduly. Please note that
the voltages given are for guidance and
are not specific values accurate down to
the last microvolt. It often happens that
constructors believe their project to be
faulty if their readings vary slightly from
those given. Allow at least £10%
variation before allowing panic to setin

the voltages given in Table 1, but do check
T1 secondary, Q1, Q2 and IC7 voltages as
these are the power supply rails.

OPERATION

The processor is not fitted with its own
power amplifiers (unfortunately!) so you
will definitely need a stereo amp for the rear
channels as well as your normal hi-fi set up
for the front two channels (Figure 1). The
rear speakers are best situated as shown,
although in reality they will have to be
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Video disc player

Video cossette or Compact disc
recarder Tape cassstte player player
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Figure 18, External connections.

Rear view.

positioned according to the room layout.
Wall mounted rear speakers may well throw
delayed signals onto the front wall which
would add to, or subtract from, the general
music content; therefore, positien speakers
close to the floor and behind — or to the side
of —your listening/seating area for best
results. The surround sound effect can be

22

improved by reducing the rear amplifier
output level to 6 — 12 dB below that of the
front amplifier level, but this is subjective
and really a matter of personal opinion.
Connect your music source to the processor
as shown in Figure 18. Reference is made to
Compact Disc, Video Disc and Video

Cassette player outputs but you can connect

other sources, such as reel to reel or
cassette tape players, equally well.
Specifications for input signal levels of 0.1V
— 3.5V do not relate to the fact that the DNR
chip needs a signal of at least 300mV (0.3V)
to be able to process correctly; higher input
levels will also improve the signal to noise
performance as well and line output lévels |
of 700mV io 1.4V are ideal for connecting
into this processor.

CONTROLS AND PANEL
LAYOUT

The front panel layout is shown in
Figure 19 and a brief description of the
operation of each control is shown in
Table 2.

The Surround Sound Pracessar Kit fram
Sound Master is available from Maplin.
Order LPO4E price £89.95.
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Figure 19a. Front panel.
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| o o |
R R
QUTRUT J INPUT
Figure 19b. Rear panel.
Front Panel Rear Panel

Power switch (1):
CDILD selector (2):

VECR selector (3):
DNR selector (4):

Surround sound (5):

Surround level (6):

Surround effect (7):
Delay time (8):

Press downward to turn on the mains power.
A built-in LED indicates power on.

Push switch to select CD orout for LD.
Push switch to select VCR, out for CD/LD.
Push switch to place the Dynamic Noise
Reduction in circuit.

Push in to add rear channel eifect, out to
bypass for front channel stereo only.
Controls the rear channel volume only —
clockwise for max.

Contraols the amount of effect (depth).
Effect delay variable from 5ms to 50ms.

Output —rear(1):

Left and Right channel phono outputs to rear

power amp.
Output—front (2): Leift and Right channel phono outputs to front
power amp.
Input—VCR (3):  Left and Right stereo signal input phono sockets.
Inpui— LD {4): Left and Right stereo signal input phono sackets.
Input—CD (5): Left and Right stereo signal input phono sockets.
Cable Inlet (6): Entry bush for 3-core mains input cable.

Mains fuse (7):

20mm, 240V 0.1A glass fuse.

Table 2, Front and rear panel functions.

MAPLIN’S TOP TWENTY KITS

THIS LAST
MONTH
1L (2
2
3 B
4. (10)
5 (9
6. (8
7. (5
8. M
8 @
10. (6}
1. (13
12. (18)
13. 0
14 )
15. (17)
16. (18)
17. (14)
18. (19)
19. (16)
2.

ORDER KIT  DETAILSIN
DESCRIPTION OFKIT CODE PRICE PROJECTBOOK

« LiveWire Datector LKB3T £3.95 14 (XA140Q)
<+ 150W Mosfet Amplifier LW51F £1895 BestofE&MM
4% Digital Watch FS18U £198 Catalogue
« Partylite LW33B £3.95 BestofE&MM
« CarBattery Monitor LK42V £795 BestofE&MM
« [RProx.Detector LM13P £9.95 20 (XAZ0W)
+ 15W Amplifier YQ43W £595  Catalogue
« CarBurglar Alarm LW78K £7.95 Comp2(XC02C)
» Siren Sound Generator LM42V £395 26 (XA26D)
» PWMMotor Driver LK54) £8.95 12 (XAT2N)
« 8W Amplifier LW36P £4.95 Catalogue
« U/SonicCarAlarm LK75S £18.95 15 (XA15R)
= MiniMetal Detector LM35Q £5.25 25 (XA25C)
« TDAZ822StereoPowerAmp LP03D £5.95 34 (XA34M)
« |IRRemate Switch LMBIA £1895 33 (XA33L)
« 27MHzReceiver LKs6L £9.95 13 (XA13P)
+ WattWatcher LM57M £345 27 (XAZ2TE)
« 27MHz Transmitter LKssK £9.95 13 (XA13P)
@ StereoPre-amp LMB8Y £525 33 (XA33L)
« SlowCharger LM3IN £595 25 (XA25C)

Over 150 other kits also available. All kits supplied with instructions.

The descriptions above are necessarily short. Please ensure you know
exactly what the kit is andwhat it comprises before ordering, by checking the
appropriate Project Book mentioned in the list above,
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Do you Enjoy your work?
Or would you prefer to
Work at what you enjoy?

If you are an electronics enthusiast and looking for an
interesting career with a future, Maplin has the answer.
We currently have vacancies for

JUNIOR AND SENIOR
TECHNICAL SALES STAFF

in LONDON, READING, BRIGHTON, NEWCASTLE,
SOUTHEND and SOUTHAMPTON

These vacancies are being created a8 a result of the Maplin expansion program
and offer real prospects up to and including Branch Management.
A knowledge of sales, although an aseet, is not essential. But, to become part of
the e2m you do need to be self motivated and have a cheerful personality.
Applicanis should also be smart and have 2 knowledge of electronic components.
We offer excellent working conditions and job security, plus 2 good salary with
commission and a realistic pension scheme.
Applyin writing enclosing CV to: David Snoad, P.O. Box 3, Rayleigh, Essex. Or
for further information; ring 0702 554155.
Ifyou are seeking an interesting career ina Hi-Tech environment then contsstus

NOW!
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common? The answer is thal they are all part
of the twelve nation European Community
who will wake up on the 1st January 1993 to
find that they are part of the Single Market.
The probability is that most will say “so what!”
and go back lo sleep again. Unforiunately the
Common Market—or asitis now called, the:
Single Market is regarded as being a
meqga-sized benefit match for bureaucrats,
politiclans and a favourite few multinational
companies.

1892 may be a well known date, but most
people would be al a loss to define the
implications. This despite the high profile and
expenditure generaled by the Depariment of
Trade and Industry which included whistle
stop breakiasts and briefing sessions for UK
businessmen. Even so-called experis views
on the meaning of 1992 are seldom
consistent. Ray Jones, who heads the JetPrint
group in Worcesler has suggested thatitis "A
greal experiment in politics, economics and
co-operalion, but thanks fo the long-term
fun-in period, has become almost a non event

formost of us.”

Doubts remain thal removing irade
barriers will enable us to commute fo our.
offices in Paris, Brussels or Amsterdam
withoul passports, visas or even local

| currency. Will Selhurst Primary become the

N

local international school featuring such
subjecls as monetary policies, environmental
pollution in Norther Italy, traffic congesfion in
Athens and developments in trans-European
auto routes?

Will we in fact be going shopping at the
Daver supermarket rather than Calais for our
quola of French wine at just £1 per bottle? Will
-anew Peugeot 205 be available in the UK at
the generally lower continental pricas? Will
our TV programmes feature a range of
[European commercials or our newspapars
give mare conceniraticn to EuroNews? Will,
come to that, ‘Electronics — The Maplin
Magazine' be as readily available on the
Conlinentas it is in WHSmith UK?

- According to international commentator
Mariin Griffiths, who is responsible for the new
Euro leisure and conference cenire at
Penrhos, Herelord, the ansiwer to these
questions is probably not. Whatis more likely
lo be the case suggests Martin, is what the
bureaucrais call a harmonisation of prices,
which could well see housing costs fall but
shopping prices rise. At the same lime,
national taxes will be up, with local taxes being
reduced.

Whal therefore can wej:qxpeci-io see
come 31 December 1992 - or as the French

4

prefer —the highlight date of 1 January 19932 =%
We will be able to buy our new car in Norih
London and have it serviced in Nice without
problems. You can even expect o find Maplin
shops taking root in Europe. And hopefully all
our clocks will register EuroTime - no more
wondering if the travel agent remembered to
allow for that clock change in the middle of our
holiday.

Let's hope thatthe times when we leave
Paris ajrport al6 p.m. and arrive Gatwick at
5 p.m. are over. Such uniform times will no
doubthelp the EuroTunnel train timetables.
That tunnel incidentally will allow the
international jet-setter to have a leisurely
breakiast in central London; lunch in Paris and
have dinner in Brussels without ever gaing
near an airport. Apart from getting overweight,
our fraveller will be keeping in touch with
business events, thanks to his portable Euro
Celiular radio, Euro Fax and Euro Paging
equipment.

But even stripping out all the Euro hype,
which suggests we will be able to swap jobs
with French onlon sellers, Barcelona

fishermen or German Bierkeller waiters, it
-does seem a Single Europe is not entirely
wishful thinking. In fact, as Ford Molors put it,

the 1992 programme for the creaion of a
.Europe 'sans frontiers’ has developed a
-momentum of ts own.
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Ford suggests that at the heart of the
1992 objectives is the removal of what are
Known as technical barriers to trade, the
plethora of divergent technical standards for
individual products and services drawn up by
each member slale in all four areas involved —
people, goods, capital and services.

So just what is the Single Market all
about? The intention says the Andersen
Consultancy is to remove, by the end of 1992,
all those barriers which still ifragment the
European Community. If all goes according to
plan, by the end of 1992 the twelve Member
States of the European Community; Belgium,
Denmark, France, Germany, Greece, Ireland,
ltaly, Luxemburg, The Netherlands, Poriugal,
Spain and the United Kingdom, will canstitute
a single market of 325 millien people. This will
mean & market well over twice the size of that
of Japan, and nearly half as large again as
that of the USA.

It was back in 1982 that the Head of
Stales and Governments of all the Member
Stales made declarations committing
inemselves to the completion of a fully unified
markel. In 1985 the Commission put forward
concrete proposals (o be actioned by 1992.
Essentially the elimination of trade restrictions
will cover the following areas as detailed by
the DT

* European regulations and standards will
mean that producits approved in any one
Community country can be freely marketed
throughout the Community.

* Progressive opening up of Government and
olher public bady coniracts to all Community
contractors on an equal basis.

% More competition-and efficient Europe-wide
services in lelecommunications and
information technology.

* Most of the red tape on road haulage will
go, shipping services belween member
couniries should be provided on equal ierms,
compelition on air routes will increase and
fares will be lower, and the Channel Tunnel
will open in 1993.

* Banks and securities houses authorised in
their home country should be free to provide
banking and invesiment services anywhere in
the Community. Insurers will have greater
freedom to cover risks in other member
countries; All restrictions on the movement of
capifal will go.

* Prolection of ideas will become easier
through harmonisation of national laws on
patents and trade marks.

* Professional qualifications obtained in one
couniry will be accepiable in all other
countries.

Leaving aside ceriain obvious limitations
to thal policy — fares, thanks to the abolition of
duty frees, are expected by the industry lo go
up and quite obviously the Department know
more aboul the progress of The Channel
Tunnel than the industry itself, UK business
has been fold to pulliis corporate socks up
ready for 1892. If they don't, comments PA
Consulting Group UK Ltd, they could loose out
to US and Japanese competition.

PA has linked forces with the CBl to
boosl 1992 awareness lo companies,
following the release of their survey which
revealed that only 119 of companies claim a
clear business strategy for the Single Market.
More dramatically, one in four companies
have no strategy at all.

But any hope that PA may have had of
picking up a UK Government merit badge
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have probably been dashed by the comment
that only sober awareness resulls have been
achieved sa far. PA list current skill shortages
and the need for better information technology
systems as being major hesitation faciors.
Meanwhile, PA's very recent publication
“Information Technology —A Catalyst for
Change" should be essential reading for all
mangers, boih business and hi-tech. Details
from the CBI Hotline: 01-836 1992.

The hesilation factor is not surprising
given the confused progress being made by
the Commission itself. The respected EC
ministers seem to be agreeing to differ on
such vital Single Market matters as VAT,
Excise rates and the always fopical subject of
duty free allowances. However, you will be
relieved lo know thal harmonisation
agreement has now been reached on noise
emission from lawn mowers and forklift trucks.

Apart from sorting out such noisy
problems, the Commission is focusing on the
electronics and communicalions industries,
possibly finding this an easier option than
grappling with their European agricultural
policies. In the world of communications, the
UK has, for once, a posifive advaniage. Here
liberalisation and competition— the focus of
the One Market — is already in place, unlike
the posifion in the rest of Europe.

But even so, many observers, including
Michael Naughton of consultancy Applied
Network Research, wonder whether BT has
been concentrating too heavily on stake
building in the US, rather than in Europe.
Perhaps this can be expected given (he deep
suspicion of BT by European Telecomms
authorities. To them, BT often seems more
concerned with profit and loss accounts than
serving the needs of the user.

Industry observers also see the present
rash of Euro mergers in the telecomms warld,
currently accounting for 3 out of 10 such
alliances continuing. Last year alone we saw
the take over by GEC (itself merged with
Siemens) of Plessey. Racal and Cable &
Wireless meanwhile, are both keanly looking
lo forge closer European industry links.
Similarly, looking to forge close European ties
and become major Euro players are such
national giants as Olivetii (ltaly), Bull (France),
Siemens (W.Germany) and ICL (UK). Even
AT &T are trying to gel into the European act,

and recently ook over the UK value-addad
network supplier ISTEL.

IBM already view the continent as being
a single market, but not a uniform market.
Europe, says IBM, is being rebuilt from the
Channel Tunnel and telecomms networks
pointio the way business is conducted and
even laught. Although such trading links
would probably have taken place without the
1892 Open Market movement, the issuing of
Communily recommendations, backed by
European Parliament, has no doubt assisted
the merger cause. These recommendations
include:

* The opening of the lerminal equipment
markel.
* Competilion in all value-added network
services.
* The clear separalion of the regulatary and
operational activities of the lelecomms
administrations.

Standards, as Sterlings Management
Consultancy confirm, will be a continual
problem area for the Commission. Especially
as al the lasli count there were some 100,000
differing technical standards. The problem is
ot being made any easier by the UK
authorities seemingly rushing into new hi-tech
areas such as Zone Phones, Persanal
Networks, international cellular and paging
services without waiting for international
agreement on standards.

In fact, the whole approach of the DTl to
spreading 1992 awareness is being crificised
by the authoriative Telecommunications Users
Association. "DTl conferences, seminars and
regional breakiasts are failing lo deliver the
goods” suggests the TUA. As a result the
organisation has established the International
Telecommunications User Group, a pressure
group which aims lo co-operate with industry
on such practical matters as service, lraining
and standards as well as the role and needs of
users. Needless to add, the DTI has not given
their blessing fo the iniliative.

S0, will the European Commission mest
its stated deadlines for the beginning of the
Single Market? An opinion poll would probably
report; don't knows 60%, indifferent 30% and
just about 10%. Whal is clear, is that the
process of harmonisalion and liberalisation
will sirefch far beyond 1 January 19831
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Morse Code Tone
Decoder

Equipment to automatically send and
decode morse code signals have been in
existence for many years. The early
designs could only decode the perfect
morse code from other morse machines —
man-made morse had timing that was far
too ragged! Modemn morse code decod-
ers are mostly based on microprocessors
and are much better at decoding the less
than perfect signals produced by hand
keying. Home and personal computers
are well suited to this application. There is
a reasonable amount of morse decoding
software available for the more popular
computers, including public domain soft-
ware in some cases. Writing this type of
program is also an interesting challenge
for the do-it-yourself programmer.

Some morse decoder programs
operate by having the audio signal fed to
an input of the computer, but this method
is not generally very reliable. At the other

From Robert Penfold

extreme there are units which detect
‘dots’, ‘dashes’, and spaces of various
lengths, with these being indicated to the
computer via separate inputs. Most
systems operate using a simple tone
decoder which provides an output of one
logic level when the tone is present, and
the other logic level when it is absent. It is
then up to the software to sort out the ‘dots’
from the ‘dashes’, and to work out the
various space lengths. The simple tone
decoder featured here is for use in
systems of this second type.

The headphone socket of the receiv-
er is coupled to SK1, and SK2 then acts as
the headphone output of the system. IC1 is
a unity gain voltage buffer which ensures
that the next stage is fed from a suitably
low source impedance. This subsequent
stage is a simple bandpass filter based on
IC2. It also provides a certain amount of
voltage gain (about 20dB). The response
of this filter is not particularly ‘sharp’, and it
is not primarily responsible for sorting out
the wanted signal from the background
noise etc.

This is the role of the next stage,
which is a phase locked lcop tone
decoder. This is based on IC3 (an
NES67N), which is a PLL device that is
specifically intended for tone decoding
applications. It incorporates a form of
synchronous detector, which is basically
just an electronic switch through which
the input signal is fed. This switch is
controlled by the VCO, and is opened on
positive VCO half cycles. If IC3 is properly
locked onto an input signal, the VCO and
this signal will be in-phase, and only
positive half cycles of the input signal will
pass through the switch. A smoothing
circuit at the output of the switch
integrates the pulses to give a strong
positive bias. If lock is not achieved, the
VCO and the input signal will be randomly
phased, and the smoothed output of the
switch will be insignificant. The signal
from the switch is used to turn on an open
collector output transistor when lock is
achieved. This transistor drives LED LDI,
which acts as a sort of tuning indicator.
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The output signal from IC3 is
processed by IC4 to give two outputs at
standard CMOS logic levels. SK4 goes
‘high’ when a tone is detected — SK3 goes
low' when a tone is detected. For TTL
compatible output signals IC4 should be
replaced by an LS TTL inverter device (or
a suitable gate 1C connected to give a dual
inverter action). Some decoder programs
require the input to be on an RS232C port.
Obviously the output of the tone decoder
could be fed to a suitable level shifter
circuit, but IC4 will drive most RS232C
inputs without any problems. Keep the
connecting lead cuite short -though (no
more than a metre or two).

The circuit requires a 5 volt supply,
and this is derived from a 9 volt battery
via monolithic voltage regulator IC5. The
current drain is about 14 milliamps under
standby conditions, and around 25 mil-
liamps when a tone is detected. It is
therefore advisable to power the unit
from a fairly high capacity 9 volt battery.
The detection frequency is about 850Hz,
and the lock-in range is only a few
percent either side of the centre frequen-
cy. The narrow bandwidth is necessary to
give good performance under today's
crowded band conditions, but this does
mean that signals must be carefully tuned
to the correct pitch in order to operate
the unit properly.

The Morse code decoder.

DXer’s Notch Filter

Changes, away from ordinary A.M. to
other modes, particularly S.S.B., have
reduced the problem of interference from
heterodyne ‘whistles' when short wave
DXing. However, the problem has certain-
ly not been eliminated. Interference from
carrier waves is still quite common, as is
the allied problem of interference from
C.W. (morse) signals. Many older short
wave sets have an efiective way of
counteracting these problems in the form
of LF. notch filters. The type of crystal filter
used in these older sets is now little used,
and this LF. notch filter facility is
something of a rarity these days. The more

normal approach to the problem at
present is to use an audio frequency notch
filter to remove the unwanted tone, which
leaves the rest of the signal as little
affected as possible. This filter is some-
times an integral part of a short wave
receiver, but in the majority of cases an
add-on unit such as the one described
here is needed.

The ‘traditional' audio notch filter is
one which has a single transistortoactasa
phase splitter, with the out-of-phase
signals being fed to a Wien network. Ata
certain frequency there is an equal phase
shift through both sections of the Wien
network, resulting in the signals cancell-

ing each other out. At other frequencies
there is little or no cancelling, and the
required ‘valley’ type frequency response
is obtained. A ‘balance’ control is used to
optimise the cancelling effect at the centre
frequency so that a very deep notch of
attenuation can be obtained, Although this
type of filter is extremely simple, it can
achieve quite respectable Q values and
some B80dB or more of attenuation is
possible if the filter is carefully balanced.

This circuit is almost of the ‘tradition-
al' type, but it uses two operational
amplifiers to generate the anti-phase
signals. IC1 operates as a non-inverting
unity voltage gain amplifier, while IC2
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operates in the inverting mode. The
voltage gain of IC2 is approximately unity,
but it can be varied slightly either side of
this level by means of RV1 and RV2. These
actasthe fine and coarse balance controls
respectively. R8, R9, and RV3 form the
resistive elements of the Wien network.
RV3 enables the operating frequency of
the filter to be varied from under 100Hz to
an upper limit of around 7kHz. However,
adjustment of RV3 at high frequencies is
quite difficult as a wide frequency range is
crammed into a few degrees of rotation.
S1 provides an additional range, (with C3
and C5 switched into circuit) which covers
frequencies from around 1kHz to beyond
the upper limit of the audio range.
Adjustment is significantly easier at
higher frequencies using this second
range. IC3 acts as a buffer amplifier at the
output of the unit, and it will drive most
types of headphone successfully.

An advantage of using a twin
operational amplifier phase splitter in-
stead of a single transistor is that it gives
two signals having virtually identical
source impedances. This helps to mini-
mise the amount of readjustment needed
in order to maintain the circuit in good
balance each time RV3 is adjusted. Some
re-adjustment will still be needed in order
to maintain a very high degree of
attenuation over a range of frequency
settings, mainly due to the inevitable slight
mis-matching in the two gangs of RV3.

The DXer's notch filter,

Adjusting the unit for maximum attenua-
tion of a tone is just a matter of first setting
RV3 to minimise the tone, then similarly
adjusting RV2, then readjusting RV3, and
so on until no further improvement can be
made. The final balancing adjustment will
be easier using RV1. It can be quite tricky
to totally eliminate a tone, but in most
cases only about 30dB to 40dB of
attenuation is sufficient to render an
interfering signal innocuous.

The current consumption of the
circuit is only about 2 milliamps, and a
small (PP3 size) S volt battery is perfectly
adequate as the power source. The output
of the unit is well suited to medium
impedance headphones, which should
preferably be series connected. It will
also work quite well with most low
impedance phones if they are wired in
series, or high impedance headphones
(preferably connected in parallel).

CMOS Logic Tester

The previous set of Bob's Mini
Circuits’ included a design for a TTL logic
tester. This unit is, as near as possible, a
direct CMOS equivalent to that unit. For
anyone testing logic circuits it is important
to realise that the acceptable voltage
ranges for the two logic levels depends on
the type of logic integrated circuits in use.
For circuits that are powered from a
standard 5 volt supply, using a checker
designed for the wrong legic family might
just about give acceptable results, but it
would probably be unwise to have
complete faith in the results obtained. The
main compatibility problem though, is that

TTL circuits have a 5 volt power supply,
whereas CMOS circuits have supply
voltages anywhere in the range 3 to 15
volts or so. A checker for CMOS based
circuits should therefore be capable of
operating over a similar supply voltage
range, and should respond to CMOS logic
levels.

IClaplus LD1 and LD2 are used in the
basic 'high' and ‘low’ indicator part of the
unit, IC1 is a quad 2 input NAND gate, but
IClais only used as a simple inverter. One
of its inputs is connected to the positive
supply rail so that an inverter action is
provided from the other input to its output.
Being a MOS device, the input of ICla
must not be left floating, and so Rl is used

to tie it to the negative supply rail. R1 has
beengiven a very high value so that it does
not significantly increase the loading on
the circuit under test. LD1 and LD2 are the
‘high’ and low’ LEDs respectively. None of
the indicator LEDs in this circuit are driven
at particularly high currents when the unit
is powered from a low supply voltage, and
the use of a high brightness type is
recommended.

One inadequacy of a simple ‘high’ -
low’ detector circuit is that short pulses
can be missed. The relevant LED may be
switched on for such a brief period it does
not visibly light up. This circuit overcomes
the problem by using a monostable
multivibrator (IC2) as a pulse stretcher.
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This will detect input pulses of under one
microsecond in duration, and will activate
LD3 for just under one second so that a
clear indication of any input pulse is
provided.

A further deficiency of the basic level
detector circuit is that a static input at an
invalid voltage is unlikely to be detected.
If the input voltage is steadily increased,
there is an abrupt switch-over from one
LED to the other at (typically) just below
half the supply voltage. It is very difficult to
adjust the input voltage to switch on both
LEDs so that an illegal logic level is
indicated. Anything from about 30% to
70% of the supply voltage should produce
an illegal level indication, but clearly this
condition is not met, In order to overcome
this problem a window discriminator has
been included in the circuit. This is based
on the two operational amplifiers in IC3
plus one of the gates in IC1. This circuit
switches on LD4 if the input voltage is
much above 30% of the supply voltage, or
much less than 70% of the supply
potential, thus giving the illegal input
voltage warning.

The circuit is simple enough to be
built as a probe style tool without too much
difficulty. It must be powered from the
same voltage as the circuit under test, and
the easiest way of achieving this is to tap
off its power from the test circuit. Withlow
supply voltages of about 5 volts the current
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The CMOS logic tester.

consumption of the unit is only a few
milliamps. At supply potentials of about 15
volts the current drain is significantly
higher, and will be about 20 milliamps or
so with two LEDs activated. This is still low
enough to permit power to be tapped off
from most units without any ill effects
being experienced. In common with other
units of this type, a pulse indication might

be produced as the probe tip is placed on

or removed from the test point. The probe
must ba kept in contact with the test point
for at least a couple of seconds to reliably
test for pulses, and any pulse indications
given when connecting or disconnecting
the unit should be ignored. Table 1 should
prove useful when using the unit. It shows
the LED states for various input conditions.

Input Static Static Low Freq. High Freq. Invalid
State Low High Pulse Pulse Voltage
LDl QOFF ON FLASHING ON-OFF ON-OFF
LD2 ON OFF FLASHING ON-QFF ON-OFF
LD3 OFF OFF FLASHING ON or FLASHING OFF

LD4 OFF OFF OFF OFF* . ON

*Note that with a high frequency pulsing signal LD4 may switch on dimly. This is due to
inadequacies in the switching speed of IC3 and does not indicate a fault at the test point.

Table 1.

Ulirasonic Remotie
Conirol

This ultrasonic remote control system
is a simple on/off type, but it provides a
toggling action. In other words, when the
push button switch on the transmitter unit
is first activated, it switches on the relay at
the receiver. Even when the push button
switch is released, the relay contacts
remain closed. In order to switch ofi the
relay, the push button must be operated
again, Successive operations of the push
button switch cause the relay to switch on
again, switch off again, and so on.

The transmitter circuit is based on a
CMOS 4047BE astable/monostable multi-
vibrator. In this circuit it is operated in the
free-running astable (oscillator) mode.
LS1 is the ultrasonic transducer, and this
has peak performance at a frequency of
about 40kHz. The timing components for
IC1 are R1, C2, and RVI1. The latter is
adjusted to provide an output frequency
that gives good efficiency from LS1. The
curtent consumption of the circuit is
approximately 3.5 milliamps. This low
consumption, combined with the fact that
the power is only applied to the circuit
briefly and intermitiently, results in a very
long battery life even using a small (PP3
size) battery.

A two stage high gain amplifier is
used at the input of the recelver circuit.
TR1 and TR2 both coperate as common
emitter amplifiers having in excess of
40dB of voltage gain. This high gain is
necessary because the output from the
microphone, even at modest ranges, is
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likely to be no more than a few millivolts
r.m.s. MCI is a special ulirasonic trans-
ducer which, like LS1 in the transmitter,
has peak performance at approximately
40kHz. It is a piezo-ceramic device, and so
nod.c. blocking capacitorisneeded at the
input of the circuit. Note that the two
transducers are obtained as a pair, not
individually. As one would expect, the one
having an R’ prefix on its type number is
used in the receiver, and the one having
the ‘T" suffix is used in the transmitter.
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Ultrasonic transmitter circuit.

The output from TR2 is rectified and
smoothed to give a positive d.c. signal.
With only background noise present, this
d.c. signal will be of insignificant magni-
tude, but with a reasonably sirong signal
from the transmitter it will bias TR3 into

conduction. TR3 drives a simple inverting
trigger circuit based on IC1, and having
strong hysteresis supplied via the posi-
tive feedback through R1l. The main
problem with a circuit of this type is in
avoiding spurious pulses which could
result in the relay being set back to its
original state instead of being toggled to
the opposite state. The smoothing circuit
and the hysteresis of the trigger circuit
are good at removing unwanted pulses,
and the circuit operates very reliably. IC2
is a divide by two circuit, and its output
therefore changes logic state each time
an input pulse is received. C7 and R12
provide a reset pulse at switch-on, so that
the circuit starts out in the state where the
relay is switched off. IC2 is actually a
seven stage binary ripple counter, but in
this circuit only one stage is used. The
output from the first stage is used to drive
switching transistor TR4, which in tum
controls the relay. D3 is the usual protec-
tion diode which suppresses the high
reverse voltage across the relay coil as it
de-energises.

The current consumption of the
receiver circuit with the relay switched off
is only about 4 milliamps. The current
consumption when the relay is switched
on depends on the coil resistance of the
relay used. With the specified type,
(which has a coil resistance of 400 ohms)
the current drain is about 30 to 35
milliamps. The circuit should operate
properly using any relay having; suitable
contacts, a coil resistance of about 200
ohms or more and suitable for 12 volt
operation. In the interest of good battery
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Ultrasonic remote control transmitter (top) and receiver (below).

life, a high coil resistance is to be
preferred. It is acceptable to use a 9 volt
supply and a 8 volt relay, and this is
actually a more convenient combination.
However, 6 volt relays having suitably
high coil resistances seem to be a rarity
these days, and there may be no
alternative but to opt for a 12 volt supply
and relay. Of course, make quite sure that
the relay has adequate contact ratings for
your intended application.

A fairly high capacity battery must be
used, such as eight HP7 size cells fitted in
plastic holders. Of course, a mains power
supply could be used, but due to the high
sensitivity of the input amplifier, this
would need to provide a well smoothed
supply. Due to the high gain of the input
amplifier, the component layout needs to

be carefully arranged so as to avoid any
easy feedback paths from the input to the
output of the amplifier. A careless layout
could easily result in the amplifier
becoming unstable. Another point to bear
in mind is that acoustic feedback from the
relay to MCI1 must be avoided, or the
circuit will function as a very elaborate low
frequency oscillator! The unit has reason-
able immunity to audio frequency noises,
but strong vibration, from the relay or any
other source, should be avoided.

In the absence of suitable test
equipment, trial and error can be used to
find a setting for RV1 that gives good
range from the system. Modern ultrasonic
transducers have a fairly narrow ‘angle of
view', and this makes any controller of this
type quite directional in ‘open air. An

object between the transmiiter and the
receiver could prevent the unit from
operating. However, units of this type are
mosily used indoors, and in anything but
the largest of rooms there is usually
enough reflected signal to circumvent
obstructions and make the system omni-
directional. The system is only intended
for short range use, but it will operate
reliably at ranges of up to about 10 metres
or so.

If an ac millivoltmeter or an
oscilloscope is available, this can be used
to measure the signal level from MC1 with
the output from the transmitter directed at
it from quite short range. RV1 is then
adjusted for maximum output from MCI.
There should be a very pronounced peak
at the optimum operating frequency.
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ULTRASONIC RECEIVER
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
R1,4 ik 2
R286 4k7 2
R35 IM2 2
RI8 10k 2
R3,10 k8 2
Rl 15k 1
Ri2 220k 1
RI3 3k3 1
CAPACITORS
Cl 470pF 10V Axial Electrolytic 1
C24 100pF 10V Axial Electrolytic 2
c3 2n2F Polyester 1
c3 2u2F 100V Axial Electrolytic 1
(&3] 1uF 100V PC Electrolytic 1
(57 100nF Polyester 1
SEMICONDUCTORS
TR1,3,4 BCS549 3
TR2 BC3559 1
IC1 CA3I40E 1
1c2 4024BE 1
D12 OAS1 2
D3 14148 1
MISCELLANEQUS
Ss1 SPST Ultra-min Togale 1
MCI1 40kHz Ultrasonic Transducer
RL1 12 Volt 400 chm coil, 2A SPDT 1
Bl 12 Volt Battery
DIL IC Scocket 8-pin 1
DIL IC Socket 14-pin 1
ULTRASONIC TRANSMITTER
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
Rl 8k6 1
RV1 22k Sub-min Hor Preset 1
CAPACITORS
(&3} 2u2F 100V Axizl Electrolytic i
c2 220pF Ceramic 1
SEMICONDUCTORS
IC1 404TBE 1
MISCELLANEOUS
LS1 40kHz Ultrasonic Transducer |
PB1 Push Switch 1
Bl 9 Volt (PP3 size) Battery 1
DIL IC Socket 14-pin 1
Battery Clip 1
CMOS LOGIC TESTER
PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
Rl 10M 1
R2359 1k 4
R4 330k 1
R6.8 2k7 2
R7 6kB8 1
CAPACITORS
Cl 100nF Polyester 1
cz 100nF Ceramic 1

(MIEK)
(M4KT)
(M1IM2)
(MI10K)
(MBKB)
(M13E)
(M220K)
(M3K3)

(FB7IN)
(FB48C)
(WW24B)
(FBISR)
(FFOIF)
(BXT6H)

(QQI5R)
(QQ18U)
(QH28G)
(QX13P)
(QHT2P)
(QL80B)

(FHBTF)
(see text)
(YX84C)
(see text)
(BLITT)
(BL18U)

(MBKE)
(UHO4E)

(FBISR)
(WX80Q)

(Qx20W)

(HY12N)
(FHESP)
(FE625)
(BL18U)
(HF28F)

(M10M)
(MIEK)
(M330K)

(MBKB)

(BXTEH)
(YR755)

SEMICONDUCTORS
IC1 4011BE
IC2 4047BE
IC3 LM358N

LD1234 Red Panel LED
MISCELLANEOUS

DIL IC Socket 8-pin .
DIL IC Socket 14-pin

DXER’S NOTCH FILTER

PARTS LIST
RESISTORS: All 0.6W 1% Metal Film
R1 4Tk
R23 100k
R4 2k2
R5.6 2Tk
R7 22k ~ >
R8BS 1k
R10 5ké
R11 33k v
RV1 4kT Lin £
RV2 47k Lin
RV3 100k Lin Dual Gang
CAPACITORS
C1 100 F 10V Axial Electrolytic
c2 1pF 100V PC Electrolytic
C35 2n2F Polyester
C46 22nF Polyester
CI 2p2F 100V PC Electrolytic
cs 100pF 10V PC Electrolytic
SEMICONDUCTORS
IC1,23 pAT741C B pin DIL
MISCELLANEOUS
Bl 9 Volt (PP3 size) Battery
SK1,.2 Standard Jack Socket
Sl DPDT Ultra-min Toggle
s2 SPST Ulira-min Toggle

Battery Connector

DIL IC Socket B-pin

MORSE CODE TONE DECODER

PARTS LIST

RESISTORS: All 0.6W 1% Metal Film
Rl 100k

R2 4Tk

R3 2k7

R4 27k

RS E8k

RE8 12k

RT 38002

CAPACITORS

cl 100uF 10V Axial Electrolytic
Cc29 100nF Polyester

C34 15nF Polyester

C5 330nF Polyester

C8,10 100nF Ceramic

Cc7 2u2F 100V PC Electrolytic
cs 1uF 100V PC Electrolytic
SEMICONDUCTORS

IClL,2 CA3140E

1C3 NES6TN

IC4 4001BE

1C5 pATBLOS

LD] Red LED
MISCELLANEOUS

sl Ultra-min SPST Teagle
Bl 8 Volt Battery

SK1,2 Standard Jack Socket
Battery Connector
DIL IC Socket 8-pin
DIL IC Socket 14-pin

(=]

1
2
1
1
1
3

(e - | bt gt DD e D3 DD [ S e ST S

— 0 e B e

(QX05F)
(QX20W)
(Uj34M)
(WL27E)

(BLITT)
(BL18U)

(QL22Y)

(FKB25)
(HF31Y)
(FH93H)

(HF28F)
(BLITT)

(MICOK)
(MA47K)
(M2KT)
(M2TK)
(MESK)
(MI2K)

(M330R)

(FB48C)
(BX76H)
(BX7IN)
(WWA4TB)
(YR78S)
. (FF02C)
(FFO1B)

(QH23G)
(QHE9A)
(QK01B)
(QL28D)
(WL2TE)

(FHSTF)
(FMOSF)
(HF21Y)
(HF27E)
(BLITT)
(BL18U)
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Specification of Prototype
Power supply input voltage:
Currentat 12V:

RF (UHF)

Tuning range:

Aerial input:
Noise figure:
Voltage gain:
AGC range:
AFC range:

IF

Vision carrier:
Colour carrier:

5.5MHz mono continental FM sound:

6MHz mono UK FM sound:
6.552MHz NICAM digital
stereo sound:

NICAM (6.552MHz Carrier)
Output level:

Output load:

Audio (Mono)

Output level:

Output load:

Bandwidth;

Distortion:

Signal to noise ratio:
Video (Composite)
Output level:

Outputload:

Bandwidth:

Signal to noise ratio:

PCB

Type:

Dimensions:

Completed PCB Assembly
Component height:

Weight:

11V 10 13VDC
210mA (2.52W)

Channel E21 to E69

Frequency 470MHz to 860MHz
750 phono

10dB max

40dB

30dB

+120kHz

39.5MHz
35.07MHz
34MHz
33.5MHz

32.948MHz

300mV peak-to-peak
1kQ

1 Lf peak-to-peak (50kHz deviation)
1k}

10Hz to 15kHz
0.1% THD
(S+N)/N 60dB

1V peak-to-peak
750

7.5MHz
S/(S+N) 58dB

Double-sided plated-through
fibre glass
142mm x 102mm

40mm maximum
160g
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NICAM

_ TELEVISION TUNER

by C.S. Barlow
Features
* Single + 12V Power

Requirement
NICAM SAW Filter
Parallel Vision and
Sound JF

Dual FM Sound
Demodulator 6MHz/
5.5MHz

FM Squelch Contirol
Video and Audio
Outpuis

NICAM Carrier Output
6.552MHz

Introduction

The Maplin television tuner is primarily
designed for use with the NICAM decoder
kit (stock code LPO2C). However, it can be
used on its own fo provide a high quality
video and mono audio output for both the
UK é6MHz or confinental 5.5MHz sound
channel.

The UHF front-end is a manufactured
module which requires no alignment and
uses the latest surface mount components.
Its output drives a Surface Acoustic Wave
(SAW) filter which produces a parallel IF
for independent vision and sound proces-
sing. To extract the maximum amount of
signal for decoding digital stered, the SAW
filter also has a peak in its response at the
6.552MHz NICAM carrier frequency. The
tuner unit has Automatic Gain Conirol
(AGC), Automatic Frequency Control
(AFC) ond audio squelch on the FM
demodulator.

Circuit Description

In addition fo the circuit shown in
Figure 2, a block diagram is detailed in
Figure 1. This should assist you when
following the circuit description or fault
finding in the completed unit. -

The DC power for the circuit is applied
to PL1, negative (OV) to pin 1 and pesitive
to pin 2. This supply must be within the
range of 11V to 13V and have the correct
polarity, otherwise damage will occur to
the semiconductors and polarised compo-
nenfs. The input voltage is decoupled by
C20, C21 and further decoupling is
provided ot regular intervals throughout
the rest of the circuit.

The UHF front-end, TU1, is varicap
funed using three BB405 capacitance
diodes, a reference voltage of at least
+28V is required to obtain the full tuning
range of channels E21 to E69. This voliage
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IC4
% +33V Tuning voltage +3.E_V T.V station
generator and tuning voltage
stabiliser ZD1 o selector
vV
s12v Tune +
Aerial o AFCA +12v
Input ; IC1 l T
750 Video 1V
AGC LF. Amplifier o Video 1
0 | i and Output
3 2 Demodulator
-
®) 3 Tune +V | o AF.C
5 - EL1 Defeat
(@) 1 s 6 MHz —=—D0+12V
3 | sAw Ceramic filter | Ic3 6 MHz
< filter F.M
I?-' Ic2 Dual sound - Audio 1.5
TUt Du.tp.ut Sound ) L‘l—_]" F.M demodulator Output 1
UHF s LF. Amplifier | Fa 55 MHz
Tuner and 55 MHz 4 Mut F.M
sub—carrier demodulator Ceramic filter utg
Squelch
& conirol —=—0 sdq;:l‘:{'
D8,9 and TR1
NICAM T
»—0 (6.552MHz) 200mVv
Output 1

Figure 1. Block diagram.

is generated by IC4, a 40106BE CMOS
logic chip used os an oscillator and buffer
chain. The first stage of the chip, pin 1 and
2,isthe oscillator which runs at afrequency
of approximately 160kHz set by the RC
fime constant of R3 and C5. The square
wave output of each buffer is fed to the
input of the next and AC coupled in to the
diode chain D1 to D7. In this manner the
AC signal of each stage is rectified and
added to the previous DC level with the
final output of approximately +40V
appearing on the cathode of D7. Any AC
ripple is decoupled by C14, C15 and the
clean DC voltage is then fed to the +33V
stabiliser diode ZD1. C16 and C18
providing further decoupling on the tuning
voltage output pin of PL1.

To select the desired TV channel a
tuning control must be placed between the
+33V on pin 3 of PL1 and tune input on
pin 4. As can be seen from the simple
funing control in Figure 3aq, the tuning
voltage appears on the wiper of the rotary
potentiometer with the OV ground refer-
ence (PL1 pin 5) ot the fully Counter
ClockWise (CCW) position. As the control
is advanced the tune voltage will increase
until the wiper reaches the fully ClockWise
(CW) setting. Figures 3b and 3cshow more
elaborate tuning systems using multiturn
presets and latch switches enabling rapid
stafion selection. Figure 4 shows the
relationship between the tuning voltage,
picture carrier frequency and channel
number.

The tuner module TUT has a number
of terminals for power, tune voltage, AGC
and IF output, with the TV aerial connecting
to a phono socket mounted on one side of
the module, see Figure 5. Electrical
characteristics for the tuner module are
given in Table 1. The IF output contains the

February 1990 Maplin Magazine

vision, colour, NICAM, 6MHz and 5.5MHz
FM sound signals. These signals are split by
the SAW filter, FL1, generafing two IF
outpuls one containing vision and colour
information leaving the NICAM, 6MHz
and 5.5MHz sound on the other, see
Figure 6. For a full technical listing of
frequencies and signal levels see Table 2,
and for mechanical information see
Figure 7.

Photo 1. Minicon connectors locking tags facing inwards.

The vision IF is amplified and demod-
uloted by IC1 producing a composite
video output on pin 12 which is then fed via
L5 and C31 to pin 1 of PL3. In addition, this
chip produces the AFC and AGC contral
voltages which are fed back to TU1. Video
demodulation is controlled by a tuned
circuit comprising of L3, C27 and R12. A
similar tuned circuit L4, C28 and R13 is
used to set the AFC tuning voltage on pin 5
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WV 7 L7 T L7777

which is connected back to the funing
voltage input of TU1 via R9. The AFC
+33V (PL1.Pin 3) action can be switched out by connecting 1 e channel
RV1 lcw _ir|1‘ 6 to the fiW grju;, tl}isfjiscc?:\eve’;:lsbg g ' ! I %
47k s INKin ins an o . Ihe = |
Linear | Tung =5 {HYin 4] outplﬁ c?n pin 4 is controlled by the AGC 5800 ' \\:}:‘}\& EREL
Pot. |cow starting point preset RV1 on pin 3 and the 5 ] @ 1 m
L oV (PL1.Pin 5) gain response curves are shown in §-?DD ,@f—-- @
Figure 8. = ! _@ M I I e
_ - The NICAM and FM sound IF is s sool L L | |12
Figure 3a.Simple tuning control. = | Y | | | Ip
< 5oo_i§ il e
A EANENRE NN
ov (PL1, Pin 5) 2 ool | 1| | |
Tuner 0 10 20 30
RV D1 > switches Tune +V Tuning voitage (V)
CCW%C\‘I st (PL1, Pin 4)
?ézwi - Dzi = Figure 4. Tuning voltage response.
RV3 D3, | amplified and demodulated by 1C2,
cow, L cw :_:', s3 producing the sub-carrier frequencies for
- [)4"'N°_' NICAM decoding and FM demodulation.
47k gvcj‘, L cw vV a4 Sub-carrier refrieval is controlled by o
Tuner {3 Dsﬂ""’ﬁ——« tuned circuit comprising of L8, C67 and
presets. | Rv5 T & R18. The output signals appear on pin 12,
Cow, =.oH e then are fed via C57 to the ceramic filters
RVE D6 ~y FL2, FL3 and via R21 to pin 1 of the
cow L cw o556 NICAM output connector PL2.
& D7 The UK 6MHz FM sound IF passes
cow L cw Tl through FL2 with the conlinental 5.5MHz
= D8 .y | sound filtered by FL3, both outputs are
EVC,B” L ow P then individually processed by IC3. This
{1 i L33V (BLT, B 3) chip is a dual FM sound demodulator with
RVi—8 = B—way multiturn presets.
S1—8 = B—way single pole latch switch. 3 >
Di—8 = 1N4148 Mechanical datao

Dimensions In mm

Figure 3b. 8-way preset tuning selector.

+33V (PL1, Pin 3)
1k5 - B
33— +12v (PL1, Pin Z i
LDSIZ} LDSIZﬁ D] | R ¢ ) 56 1 1617 _43 f
ol 2¥F p| 4 N7 5|6 VF | B < i
Tuner Terminal
1z 3z 5 Vz 75/ switches Tune +V e =
"1 - v A = aerial input (phono 75Q)
cw L cow | st (PL1, Pin 4) 5 = a.g.c voitage +9.2 to 0.85V
{3 —o— & = supply voltage +12V
RVZI "“}/" 11 = tuning voltage +1 to +28V
CW L CCW 52 16 = earth
m’:‘ '““T—:E 17 = if.output
CW L CCW o]
RV4 o Figure 5.U943 tuner module
cw L cow s¢
— " mechanical data.
ol °’T’°55 an eight stage input limiting amplifier and
- e mute control function. The input level at
RVG - r}”css which limiting occurs is approximately
CW L CCW e 100xV, enabling IC3 to extract good
RV | oo sound quality from a relatively weak TV
cw L ccw S=57 ] signal. The individual audio signals are
RVE — ol refrieved using quadrature demodulafion
cw L cow | gg followed by de-emphasis and output
—1 "t L v s . .
e e oV (PL1, Pin 5) amplification. Quadrature demodulation is
Tgir ) : controlled by a double tuned circuit which
Srempts RV1-8 = B8-way multiturn presets. results in an audio output with less than
Ll's}:_g B a—:;:y d?;_bte g':j ateh sk, 0.1% Total Harmonic Distoriion (THD).
=mIER Rt BMIGngICIEes The 6MHz double tuned circuit is compris-
R1 = 1k5 0.6W 1% (MIKS). 4 g s

ed of L6, L7 and C39 to C42 with R28,R29
across each coil. A similar set of

components are used in the 5.5MHz
Figure 3c. B-way preset tuning selector with LED indicators. demodulator made up from L10, L11 and
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Semiconductors

R.F. omplifier 8F990

Mixer fransistor 25C3545

illator BF569

Tuning disdes 3 x BE405

LF. post-amplifier 8F370

Surge proiection diode BAVID

Surge protecfion diode BZX79
Ambient temperature range

Operafing =101 +60°C

Shortoge -25ta+85C
Relafive humidity max. 100%

ghﬂ;guel and currents
Ronio svecsphbily
Current drawn from +12V supply:

RF.omplifier, ot nominal gain -~ max. 21 mA
RF. amplifier, at 3048 gain fyp. 11mA

uction
Osxcillator/if. amplifier

+12V=10% (+10%, —15%)
min. 3mV psak-to-peak k

max. 36mA
AG.C voliage (Figure 8): :
Volfoge of nominal gain +9.2 £ 0.5V
Voitege ot 30dB gain min. +1V
uction
AGC cument:

During gain confrol (O to max. +15uA

0dB)

At nominal gain fyp. +11pA
Tuning voltage range (Figure 4)  +1 to <28V
Current drawn from +28V tuning valtage su?y—.

ot 25°C k. rrif:.;. 0.15uA

at 60°C max. 0.6pA
950‘;55{ (relotive humidity max. 0.6pA
Slope of funing charadieristic min. 4MHz/V
Frequencies
Frequency ronge Channe! E21 (picture carrier 471.25MHz)

io channe! E69 (picture carrier
855.25MHz). Margin at the extreme
channele: min. 3MHz.

Infermediate frequencies:
Piciure 39.5MHz
Sound 35.5MHz
The oscillator frequency is higher than the
cerial signal frequency.

Wanted signal characteristics
Input impedance asymmetrical 750

VSWR. and reflection coefficient of piciure camier frequency, of nominal gain

and at 30dB gain reduction:
VSWER typ.4
Reflection coefficient fyp. 60%
RF. bandwidih gp. 20MHz
Ovarall curves, ilf R.F.in—LF. n any channel the amplitude difference
out

between the lop of the overall curve and the
icture carrier, the sound carrier, orany

E‘eguancy betwezn them will not exceed

3dB af nominal gain, and 4dB in the u_g‘c.

range bstween nominal gain and 20d

gain reduchion.

AG.C range min. 30d8
Valtage gain (L.F. load = 1200 min. 40dB
V15 pFj

Channel E21 fyp- 40dB

Channel E40 typ.41d8

Channel E69 fyp. 4248
Gain diffsrence between any typ. 4dB
two channels
Noise figure max. 10dB

Channel E21 typ. 6.0d8

Channel E40 typ. 6.5dB

Channel E69 typ.7.5d8
Overloading

Input signal producing 1dB gain~ fyp. 85dB [1V) into 750

compression al nominal goin

Input signal producing eithera
detuning of the oscillugtor by +
300kHz or —1000kHz or
stopping of the oscillations ot
nominal gain

typ. 100dB (V] into 7502

Wanfed signal level of o TV signal (picture fo sound ratio of 7dB and picture to
chroma ratio of 16dB), which produces an unwanied LF. component (37.8MHz)
52dB below the LF. picture carrier, when the funer is 30d8 gain conirall=d.

TV signal (picture carrier) typ. 100dB (uV) into 7501

Unwanted signal
characteristics
Image rejection (measured at
piciure carrier frequency):
ot nominal gain, channels min. 53dB; typ.60d8
E21 to E6O
at Zﬂdigain reduction, typ. 50dB
chonnels E21 1o E40
LF. rejection {measured at min. 80dB
picture carmier and colour sub-
carrier frequancy)
Ist repeat spol rejection (for LF. 39.5/33 5MHz)

Defined as the input leve! of the piciure camier of chonnel N +
2, the sound camer of which produces on |.F. signal (35.0MHz),
which is 52dB below the picture carrier of wanied signal N
{picture to sound rafio ?d%,- wanted signal 60dB {uV], tuner
cperafing at nominal gain).
Interfering signal typ. 80d8 (1V) into 7302
N = 4 rejection
Interference signal for an
interference rafio of 5348
referred to wanted picture
carrier [piciure fo sound carrier
ratio of 7dB; wanted signal
S0dB (uV), funer operating at

nominal gain).
N +4 rejediion typ. B0dB (V] into 7502
N —4 rejeciion fyp. 78dB \I‘]I info 750

Cross modulation .
Input signal producing 15 cross modulation, i.2. 1% of the medulation depth of
the interfering signal & transferred fo the wanled signal.

In channel cross medulation (wanted signek: picture carrier fraquency; inferfering
signal: sound carrier frequency):

typ. 80dB (uV) into 7502
typ.94dB (V) into 7501

_af rlllnrréi! ng{!)gainbl[{:r}{]:med
i tie

n.r:; 26‘:13 goin reduction
(wonted input level B&dB (V)

In band cross modulation (wonted signal: picture carrier of channs! N;
interfering signal: picture carrier of cﬁunnel N = 5j

typ. 92dB (V) into 750
typ. 95dB [1V) info 750
typ. 100dB (V] inte 750

. at riomilngl uB?z‘wnl:mied
input level

':1"2663 goin reduction
(wanted input fevel 86dB (V)
QOut of band modulotian, ai
nominal gain

Unwanted signal handling capabil

The funer ogemha together with a standard TV receiver with normal AG.C. for
funer and LF. amplifier. Unwanfed TV signal 3 channels higher or lowar than
wanted. Unwanted signal level adiusiei?

Unwanted piclure comiersignal typ. 96dB (V)

Oscillator characteristics
Pulling {Input signal of tuned
frequency producing a shift of
the oscillater frequency of
10kHz), of nominal gain
Shift of osciilator frequency fora
%igr;mge otthe supply voliage of ~ max. 500kHz
=

for just not visible interference.

typ. 85d8 (uV] inte 7501

Drift of oscillator frequency
uring warm-up time [ofier

the 1;111:;;;::5 S

compistely out of operafion

for 15 min, measured

betwaen 5 secs. and 15 min.

after switching on)

max. 250kHz

For a change of the ambient

temperature from +25°C o

+50°Cand +25°Ci0o 0°C maoe. 1000kHz

(measured after 3 es from P
+25°Cto +55°C) channels

E21 10 E69

For a change of humid:
from60% = 15%: 10 93% =
2%, measured ot T, =
25°C = 5°C

LF. characteristics
Bandwidth of LF. output typ. IMHz
circuit

max. 1500kHz

Nofe: |.F. cutput of the tuner terminated with the circuit shown in Figure7,
tuning voliage 10V.
LF. cutput impedance approx. 1000
Miscellaneous
Radio Interference:
Oscillator radiation and

Within the fimits of C1S.P.R 13 (1975) +
oscillator voltoge

amendment 1 (1983). Use ismade of the
relaxed limit ot 3mV/m (704B (uVm)).

Immunity from radicted Aerial terminal mesis requirements of

inferference BS905, provided the aerial cable is
connected in a professional manner.

Microphonics Thare will be no microphenics, provided

the funer is installed in o professional
manner.

Surge protection

Protection against over- max. 5kY
voltage

MNote: Ten discharges of o 470pF capacitar into the aerial ferminal,
ES.D. protection min. 2kV

Table 1. U943 tuner module electrical data.
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C43 to C46 with R31, R32 across each
circuit. The final audio outpuls are fed via
C37 and C53 to PL4, where the UK sound
channel appears on pin 1 with the
continental signal on pin 3.

ever, removal of a misplaced componentis
quite difficult with this kind of board so
please double-check each component
type, valve and its polarity where ap-
propriate, before soldering! The PCB has a

—-10 4

—20 4

30 4

—40 4

(ap) 3anLINOYW

—50

—-B60 4

=70 -

VISION

—10 -

—20 -

—-30 4

—40 -

(8p) JanLNOVA

—50 -
—B0 -

-70 A

FREQUENCY (MHz)

38 40 42 44 46 48 50
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printed legend to assist you in correcily
positioning each item, see Figure 9.

The sequence in which the compo-
nents are fitted is nof critical. However, the
following instructions will be of use in
making these tasks as straightforward as
possible. It is usually easier to siart with the
smaller compenents, such as the resistors.
When fitting the two similar looking preset
resistors RV1 and RV2 ensure that the right
value goes in to the correct position on the
board. Next mount the ceramic, polylayer
and elecirolyfic capacitors. The polarity for
the electrolytic capacitors is shown by a
[)Ius sign (+) maiching that on the PCB
egend. However, on most capacitors the
polarity is designated by o negafive
symbol (—), in which case the lead nearest
this symbol goes away from the positive
sign on the legend. All the silicon diodes
have a band at one end. Be sure to position
them according to the legend, where the
appropriote markings are shown.

3 | | l | AI |
10|_|_855MHz AT [ =
A | X

g 8
2 e i
NN

=S i S

Gain reduction (dB)

O
o

N RS =
[

| | | |
D 5 10
AG.C voitage (V)
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Figure 6. SW166 SAW filter vision and sound response.

The mute input of IC3 is controlled by
TR1 with its collector connected to pin 5
and its emitter tied to OV ground. The +V
biasis derived from rectified VIDEO signals
using the two diodes D8 and D9. When no
TV signal is present, the VIDEO noise is very
high and the recfified product can reach as
high os plus two volis across RV2. This
preset is used to adjust the squelch
threshold by feeding a controlled amount
of bias voltage via R25 on to the base
connection of TR1. When TR1 is turned on,
pin 5 of IC3 is grounded and the audio
outputs are muted. However, this acfion
can be disabled if the conirol bias is
removed from TR1 by linking pins 5 and 6
of PL1.

PCB Assembly

The PCB is a double-sided, plated-
through hole fype, chosen for maximum
reliobility and mechanical stability. How-
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CMB8 B Pin metal TOB.

GEGle

Package viewed from beneath

Pin | Description

Input

Ground

Balanced sound output
Balanced sound ouiput
Balanced vision cutput
Balanced vision output
No connection

Input return

0O~ O O s L N —

Figure 7. SW166 SAW ilter
mechanical data.

Figure 8. AGC voltage response.

When fitting the three filters FL1, FL2
and FL3 ensure that you don’t over heat
them. The SAW filter, FL1, will only fit one
way, but moke ceriain that it is pushed
down firmly on to the surface of the PCB.
The 6MHz and 5.5MHz ceramic filters FL2
and FL3 can be mounted either way round
but must be positioned as follows:
FL2=6MHz, FL3=5.5MHz.

Next install the transistor TR1, match-
ing its case to its outline on the legend.
When fitting the IC sockets ensure that you
install the appropriate one at each
position, matching the notch with the block
on the PCB. DO NOT install the IC’s until
they are called for during the testing
procedure. The RF coils L3, L4, L6, L7, L8,
L10 and L11 will only fit one way round in
the board and when fitting the four chokes
L1, L2, L5 and L9 make sure you don't over -
heat them. Next fit the Minicon connectors
PL1 to PL5 ensuring that the locking tags
are all facing inwards.

The UHF tuner module TU1 depends
on its electrical ground and mechanical
support from two large flat solder tags
located at each end of the unit. When
mounting TU1 you must use a soldering
iron rated at 25 Watts or more to ensure
sufficient heating of the fag and solder
pad on the PCB. The applied solder
should then run freely round the joint until
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SW166
Test conditions: Ambient temperature 20°C
Source impedance 00
Load impedance 2k
Characteristic Frequency Min | Typical | Max Unit
MHz
Sound channel 1
Insertion loss 39.5 13.0 15.0 17.0| dB
Sound carrier NICAM 32.948 —-1.0 - +1.0| dB
Sound carrier 33.5 —4.5 —=3.5 —-2.5| dB
In—band trap 35.0 to 38.0| - -35 -25 dB
Adjacent vision trap 31.5 - —45 =35 dB
Adjacent sound trap 41.5 - -50 —44 dB
Lower sidafobe 25.0 to 315| — -39 —35 dB
Upper sldalnbt‘a 41.5 to 47.0 -39 -36 dB
Group delay ripple 32.3 to 33.5| - 40 80 ns
Vimion channel 2
Insertion loss 38.0 15.7 17.7 19.7 | dB
Vision carrier 39.5 -6.3 -5.3 —4.3| dB
Colour carrier 35.07 =55 -4.5 -3.5| dB
Sound carrier 335 - -36 =30 dB
Sound carrier NICAM 32.948 - —-34 =30 dB
Adjacent vision trap 31.5 = —42 -38 dB
Adjucant‘ sound trap 41.5 - —41 -36 dB
Lower s:_delnbe 25.0 to 31.5| - —43 -38 dB
Upper ssdelob§ 41.5 to 470 - —45 -36 dB
Group delay ripple 345 to 395 — 40 80 ns
Spurious outputs:
1.0 to 4 ps after main peak = -50 —42 dB
Temp. coefficient of frequency -72 ppm/°C
Input impedance 38.0 - 0.58 - kdr
= 30.0 — F
Output impedance (vision) 38.0 o /7 B.3 - ﬁ.ﬂ.
) - | //44 = | BE
Output impedance (sound) 395 - 1.4 — k(L
- | //11.5 - pF
1. Amplitude responses relative to 0dB at 39.5MHz
2. Aplitude responses relative to OdB at 3B.0MHz

Table 2. SW166 SAW filter electrical data.
itfills the slot in the board. This completes
the assembly of the PCB and you should
now check your work very carefully
making sure that all the solder joinis are
sound. It is also very important that the
solder side of the circuit board does not
have any trimmed component leads
standing proud by more than 3mm, as this
may result in a short circuit. Further
information on soldering and assembly
techniques can be found in the
‘Constructors Guide’ included in the
Maplin kit.

a_ @
Wiring

A wiring diagram showing all the
interconnections is given in Figure 10. The
wire connections to the PCB are made
using Minicon connectors and the method
of installing them is shown in Figure 11.
When using the screened cable ensure that
the braided screen wires are twisted
together and are inserted in to the correct
terminal housing. If you purchase a
complete kit from Maplin it will contain the
following one metre lengths of cable:

RF miniature coax (750) XR88V.
AF twin individually screened XR21X.
DC ribbon cable (10 way) XR06G.
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The TV aerial is connected to the tuner
using a short length (150mm) of miniature
750 coax and it is most important that the
outer braiding should not be able to come
info contact with the cenire conductor or
anything connected to the centre conduc-
tor. At one end of this cable fit the phono
plug PL6 and push it firmly in to the socket
mounted on the tuner module TU1. At the
otherend of this cable connectthe co-axial
chassis socket SKé.

The NICAM output on PL2 also uses a
length of miniature coax. However, this
fime it con be up to 300mm between the
tuner board and PL2 on the NICAM
decoder (Stock Code LPO2C). All or part of
the remaining miniature coax is used on
the video output connection PL3. The free
end of this cable is then to be terminated
using one of the following sockets (NOT
INCLUDED IN THE KIT):

BNC round FE31J.

BNC square YWOOA.

Phono YW06G.

UHF(PL259) round BW84F.
UHF(PL259) square BWB5G.
SCART(PCB) FV89W.

The two mono audio outputs on PL4
use the twin individually screened cable.
The two braided screen wires are
connected to pin 2 (OV ground) of PL4,

l’?Tﬁ’_ﬁ/7;7[5’”[4.WIJIJLflflf]ﬁlflﬁlﬁlﬁlﬁlflflﬁlflflililﬁﬁ

with the UK 6MHz sound on pin 1 and the
continental 5.5MHz sound on pin 3. To
select the appropriate sound channel @
switch, $3, can be added to the free end of
this cable, which should be kept under
200mm long, see Figure 10. The type of
switch used is a Single Pole Double Throw
(SPDT) and any of the following can be
installed (NOT INCLUDED IN THE KIT):
Ultra min toggle FH98G.

Sub-min toggle A FHOOA.

Sub-min slide FF77..

Pushlock FH41U.

Latch 2-pole FH67X.

No specific colour has been desig-
nated for each DC wire connection, it is
entirely up to you. The use of coloured
ribbon cable. is to simplify matters, thus
making it easier fo frace separate
conneclions fo off-board components, just
in case there is a fault in any given part of
the circuit. Strip off from the main group
whichever colour you prefer for each
installation. The connections to and from
the TV station selector will depend upon
the tuning method you have chosen, refer
back to Figures 3a, 3b, or 3c.

Switches S1 and S2 can be the same
type as S3. However, on some TV's the
AFC defeat, S1, is a microswitch located
behind a door concealing the presettuning
selectors. As this door is opened the
microswitch contacts are closed and ihe
AFCis turned off allowing the TV station to
be tuned in. Any of the following
microswitches can be used for this purpose
(NOT INCLUDED IN THE KIT):

Sub-min FP41U.
Sub-min lever FP42V.
Miniature FP44X.

Miniature lever FP45Y. .
This completes the wiring of the

NICAM tuner and you should now check
your work very carefully making sure that
all the solder joints are sound.

DC Testing .

The DC tests can be made with a
minimum of equipment. You will need a
mulfimeter and a regulated +12V DC
power supply capable of providing at least
250mA. If you are using the tunerboard in
conjunction with the Maplin NICAM
decoder your power unit will have to be
capable of suppling up to 500mA.

The readings were taken from the
protofype using a digital multimeter, some
of the readings you obtain may vary
slightly depending upon the fype of meter
employed. Double check that none of the
IC’s have been fitted into the sockets on the
board. The first test is to ensure that there
are no short circuits before you connect the
DC supply. Set your multimeter to read
OHMS onits resistance range and connect
the test probes to pins 1 and 2 of PL1. With
the probes either way round a reading
greater than 70 should be obtained.

Next monitor the supply current, set
your meter to read DC mA and place it in
the positive line of the power supply (pin 2
of PL1). When the supply is turned on a
current reading of approximately 50mA
should be registered. Turn off the supply
and install the IC's making certain that all
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the pins go into their sockets and the pin
one marker is at the noiched end. Power
up the unitand observe the current reading
which should now be approximately
210mA. Turn off the power supply and
remove the test meter from the line.

Now set your mulfimeter fo read DC
valis. All voltages are positive with respect
to ground, so connect your negative test
lead to a convenient OV ground point on

February 1990  Maplin Magazine

Photo 2. The Tuner and the NICAM Decoder PCBs.

the PCB. When the NICAM tuner is
powered up, volteges present on the unit
should approximately match the following

readings:

Circuit ref.
TP1

PL1 pin 2
PL1 pin 3
PL1 pin 4

Voltage (+V)
40

12
33

0 (Tune frequency low)

PL1 pin 4
IC1 pin 11 15

IC2 pin 11 11.5
IC3 pin 13/15 11.7
IC4 pin 14 11.9
TU1 pin 6 11.2

33 (Tune frequency high)

This completes the DC tesling of the
tuner, now disconnect the mulfimeter from
the unit. Confinved on page 53.
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‘Report by Alan Simpson

To 'see the legendary London
‘Hippodrome at its best, you will have to
be there at the bewitching hour of
midnight. It is then that the vast arena is
transformed into an alien world of light,
satellite and sound! The stage rises, lights
decend and general wonderment breaks
‘out which has to be seen and heard to be
believed.

For once a venue livesup toits
image, It's glitzy, and it's most definitely
hi-tech. Six nights a week nearly 2000
starry eyed individuals, bop the night
away, where to quote the PR blurb, *The
energy, fashion and styles meet with the
future in'an extravagant atmosphere of
adventure and fun”. Any resemblance to
your average churchhall rave-up are.
many intergalactic light years away.

Controlling all this excitement —
sound, vision, movement and ' smoke
production — are computers. Two
production consoles — the D] desk which
controls everything — and alighting and
production desk; which are modestly.
described by the man in'charge, Stuart C
Lowes, The Hippodrome Production’
Manager, as being a standard rock and
roll rig: From the consoles, the apron
stage can be raised from the dance floor
ina matter of 20 seconds, while a stage
lift can travel down to the loading bayin .
just 35 seconds,

But even'more action of course takes
place overhead: Here seven descending
satellites, a triangular grid and two
spacecraft unfold, displaying some 1800
individual lights and neons, all
programmed by custom built computers,
The computer can even control four
different height points plus the actual
‘satellite petals all programimed in time-
‘with the music. _

The production lighting rig insists
Stuart is a prototype — and will remain that
way. Two technicians work on it almost
non stop, developing new programmes,
new routines, and look after the routine
maintenance of such matters as lights,

- The Hippedrome laser system is also
claimed to be one of the most advanced
ofits type inthe world. For the technically
minded, 2 water cooled Argon and
Krypton lasers produce a full chromatic
range of effects. A digitiserpad facilitates
laser writing for company names, logos to
be displayed on projection screens.No
doubt after this feature appears,
“Electronics - The Maplin Magazine' will
be added to the light show.

Once again, the video systemiis
controlled from the D] desk; or from the
comiort of their video production and
editing unit, Here a GE 5085 light valve
projector, 3 Sony CCD 2000 cameras plus
vision mixers are deployed. Sound is
similarly in high tech mode. Some 17kW
‘of sound emerges from fully adjustable
JBL custom made sub-bass speakers
served by Amcron amplifiers. Supporting:
the sound system are 2 digital delay
‘processors, 4 Technics 1200 decks with
digital read ont, 2 and 4 track reel toreel
tape decks, 3 cassette decks phis CD
players. Four separate graphic
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equalisers; two for disco and 2 for live
PA, supplement the operation. And justin
case you were wondering, two smoke
machines are again controlled from the
central D] desk. _

Smoked glasses are more than justa
fashion gimmick at the Hippodrome. The

‘venue can call'on some 90,000 dazzling

watts of lighting, plus with nearly a mega
watt of souind available, you will also be:
deafened. Justin'case, there is a standby:
generator which will provide enough
power to keep the club open and near
fully functioning.

With so many souls gyrating the:
night away, safety is a major concem to
Stuart and his team. The satellites for
example are held in place by large steel
blocks, and even if one did fall, the petals:
would automatically fold-up and the
collapsible cage would absorb the shock.
But as Stuart comments “The Hippodrome
is safer than a\Volvo— but somewhat more
exciing”,

‘Most nights (and days) will find
Stuart and his four mancrew— 2
technicians and 2 lighting specialists on'
duty, but for special stage shows or video
presentations, additional crew will be
involved. Not surprisingly given the
creative and high tech nature of the job,
crew furnover is quiet small says Stuart.

The Hippodrome atiracis a wide
range of visitors, tourists keen to see
London's biggest and brightest disco.
Couples celebrating a special event or
regular club members. Every night is
party night but each has a special theme.
Currently the Wednesday Rock nights
are top of the popular chartis. Entry prices
range from £6 to £12.50 for Saturday and

The Hippodrome also caters for

‘business presentations. Recent events

have included Ford, “The Sun Page 3 girl
of the year” and Tandem who used the
venue to launch its new computer by
‘means of a satellite video conference link
to over 130 locations world-wide. Formal
mieals can be served for some 500 guests
'with more casual catering for 1350 guests.
Stuart doubts whether we will ever
‘see a comparable venture which at
todays prices would costin the region of

£6m fo create and develop. So for the

presentat least, the high tech
Hippodrome 15 probably the elosest most
of us will get to being put in space.

Enter our FREE Hippodrome
Comipetition and you and a pariner could:
enjoy a night out-at this luxurions venue!

The London Hippodromie is kindly.
making available 12 double tickels — for
‘any night of your choice — to the first
comectanswersdrawn.

-+ Name two of Michael Jacksons top

* Which US city was featured in the TV
series ‘Fame”? .

* Where was the original Hippodrome
located?

* Who starred in "Dirty Dancing?

Answers on a post card please to:
‘Electronics — The Maplin Magazine',
Hippodrome Competition, P.O.Box 3,
Rayleigh, Essex 556 8LR. The first 12
correct entries out of the hat will be the
jwinners. Don't forget to add your name
and address! Closing date for entries is

| 2Bth February 1590,
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Part 12 by Graham Dixey C.Eng., ML.LE.E.

Introduction

This article, the final one in the series,
will look at a few of the many possible
circuits for generating wavelorms. Some
others have already been met, notably the
855 IC square-wave generator, the UJT
pulse generator, the monostable and
astable multivibrators, the Wien bridge
and twin-T oscillators, the latter four
circuits making use of operational ampli-
fiers. There are some other circuits,
however, that can be useful and these will
now be discussed. The expression
‘generating waveforms' is a very general
one and may refer to any circuit that
produces a regularly recurring output,
whether sinewave, square or rectangular
wave, triangle, sawtooth, pulse, etc. The
first circuit to be considered is a very
simple one but useful where a sinewave of
fixed frequency is required — for practical
reasons it isn't very suitable if a variable
frequency oscillator is needed.

The Ladder Neftwork
Oscillertor

A ladder in this context is an
arrangement of similar, cascaded RC
filters. There can be any number of
sections but three is convenient. Figures
la and 1b show two ways in which a
3-section RC ladder can be constructed.
Of the two, that in Figure 1a is usually more
convenient because the series capacitors
then act as d.c. blocking components in
the feedback path as well as helping to
produce the required phase shift through
the network. In either of these two circuits
the following two statements will always
be true.

a) The output voltage V2 will be smaller
than the input V1.

b) There will be a phase shift between V1
and V2.

The ‘magnitudes’ of the changes in
statements (a) and (b) above are depen-
dant upon frequency. It is possible to draw
graphs to show how both loss and phase
shift vary with frequency but this is not a
Very exciting exercise so will be omitted.
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Figure 1. The 3-section RCladder
neftwork. Ofthe two possibilities
shown, (a) is generally the more
useful.

Suffice it to say that, at any given
frequency, there will always be a
particular phase shift and loss between
the input and output of the network. To
take real values that we can use here,
there will be some frequency at which the
network of Figure la will have a
phase-shift of exactly 1807 if the loss of the
network was measured at this frequency it
would be found to be 29:1. Using this
information it becomes possible to design
an oscillator that will generate a sinewave

ofa specific frequency. Figure 2 shows the

basis for such a design.

[
[

Figure 2. By combining the loss/
phase shift characteristicofthe RC
ladder with an appropriate ‘block?, it
is possible to construct an oscillator.
The ladder forms afeedback path
from output to input of the block.

The RC ladder network is connected
between the input and output of a block
whose principal characteristics are that it
also has a phase shift of 180° but instead of
having a loss of 29:1, it has instead a ‘gain’
of 1:29. What will be the result of such an
arrangement? To take nice easy figures,
suppose that the alternating voltage V1 out
ofthe block and into the ladder has a value
of 28V and an instantaneous phase
represented by an ‘upward' arrow. If the
frequency of this voltage has been chosen
correctly, the output voltage V2 from the
network and into the block will be 1V (the
loss of 28:1 giving this) and will have an
instantaneous phase given by a 'down-
ward' arrow (the 180° phase shift will
rotate the amow by this number of
degrees). What will the block do to this
signal? It will multiply its amplitude by 29,
because of the gain in the block, so that the
1V becomes again 29V, and a further 180°
phase shift will occur, so turning the arrow
round through another 180°, causing it to
point ‘up’ again. In short we are back
where we started from. Not matter how
many times we go round the loop, the
voltages at the input and output of the
block (and hence at the ends of the
ladder) will always be the same, both in
amplinde and phase; the circuit is
seli-sustaining as far as the voltage levels .
are concerned.

This is a simple physical statement of
the criteria for a circuit to self-oscillate. Put
more academically, the product of gain
and loss must equal unity (29x1/29 = 1)
and the total phase shift must equal zero
degrees (180° + 180° = 360°), which is the
same thing.

The remaining question is, what is the
frequency at which these oscillations will
occur? For the ladder circuit of Figure la
they will occur at a frequency given by, f
=1/(2x7xCxRx VB)

This expression assumes that all
stages of the network are identical, that is
all three Rs are equal as are all three Cs.

What should the block contain?
Something that has a voltage gain of 29
together with a phase shift of 180°. Any
ideas? The simple answer is a single-stage
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Figure 3. A practicalladderRC
oscillator based upon the ideas of
Figure 2. The block of Figure 2is
represented by a BT amplifier
whose gain/phase characteristics
complement those of the ladder. The
actual gain is adjusted by means of
RV1.

common emitter amplifier or a common
source amplifier, if a FET is used instead.
The FET has a higher input impedance
than a BJT (bipolar junction transistor), but
the latter has a much higher gain usually,
soit's a matter of swings and roundabouts.
Figure 3 shows a practical circuit for a
ladder oscillator that will produce a good
sinewave output if the gain is adjusted
correctly. If the gain is insufficient the
circuit will not oscillate at all; if it is too
great a distorted output will be the result,
The easiest way of controlling the gain is
by varying the amount of negative
feedback introduced by the emitter
resistor. This can be done by using a
potentiometer as part of this resistor
which is more or less bypassed by a
capacitor, C5, of low reactance (at the
oscillatory frequency).

Any transistor of moderate to high
gain can be used in this circuit provided
that the bias resistor R4 is changed (it may
need to be modified slightly from the
value given anyway) in order that the
collector d.c. potential is about midway
between 0V and V.. The latter can have
any value, say in the range 6 to 12V.

A disadvantage of this circuit is that if
the load on the output has too low a value,
the reduction in voltage gain that it causes
may well ‘kill' the oscillations. What is
needed is a buffer stage to isolate the
output of the oscillator from its load. A
modified circuit is shown in Figure 4,

+ 4i12v

l

Lodder cscillotor|  ~ g8C182
of |
Figure 3

‘ f—i] }—* Cutput

" D 2247
=

ov

Figure 4. Adding a simple emitter
follower as a buffer for the output of
Figure 3.
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which incorporates a directly-coupled
emitter follower presenting a high impe-
dance to the oscillator output (allowing it
to have maximum gain) and a low
impedance to the load.

It was mentioned that this type of
oscillator is not suited for providing a
variable frequency output. Why this is so
should be obvious. The frequency de-
pends upon the values of THREE resistors
and THREE capacitors. To vary the
frequency over a reasonable range would
mean having to have, say, a ‘thres-gang’
potentiometer, not a stock item. Compare
this with the Wien bridge oscillator which
uses a two-gang potentiometer, which is
readily available. Nonetheless, the ladder
oscillator is useful for providing a fixed
test frequency, without undue complica-
tions. It is possible to vary its frequency
slightly by varying just one of the network
Tesistors, say R2. By making all or part of
this resisior a presel type, it is then
possible to ‘trim’ the oscillator frequency
to a precise value,

A Very Low Frequency
FET Pulse Genereator

One of the most useful features of the
Field Effect Transistor (FET) is iis
extremely high input resistance. This
permits very high values of resistance to
be used for timing astable circuits, for
example, which would be impossible with
conventional BJT circuits because of the
shunting effect of the latter on the said
resistors. Figure 5 shows a conventional

I +12v
——
RS l:, ,
| ) Stort’
R3 R4E] 2] ots,
M2 2 —— I
ur Dutput

TR1
2N3819

Figure 5. A Very Low Frequency (VLF)
Square Wave Generatorusing FETs.
Cycle times of several minutes are
possible with such a circuit.

cross-coupled astable multivibrator cir-
cuit in which the gate timing components
are formed from two fixed, high value
resistors, together with a high wvalue
potentiometer, and tantalum electrolytic
cpacitors. Low leakage capacitors are
essential, which is why tantalum capaci-
tors rather than the normal aluminium
electrolytics are specified. The potentio-
meter allows a reasonable range of
mark/space variation to be obtained. The
cycle time for the values given should be
about 6 seconds but can be increased or
reduced by changing the values of Cl and
C2. Very low frequencizs indeed are
possible by using high value electrolytics,
cycles times of several minutes being

capable of achievement. This simple
circuit can be made even more useful by
switching different values of Cl and C2, by
adding a buffer stage on the output, etc. In
other words, there is scope for experi-
ment even with such an uncomplicated
circuit.

The ‘start’ push-button switch S1 is
included to give C2 a 'kick’ to get the cycle
under way. The resistor R2 in the gate of
TR1 is merely a limiter for the gate current
for this FET.

A TTL Ring Oscillator

There is sometimes a requirement for
a simple, not particularly stable oscillator,
that will generate square wave test pulses
in the MHz region. Such a circuit is shown
in Figure 6 and consists of a ring of three

]. +5v
]
1k
iz _, ¢ [12%
AP
ik
' Qutput
7405

Figure 6. A TTL ‘ring oscillator’ that
produces high frequencysquare
waves.
open-collector TTL inverters. The princi-
ple of operation is the same as that of any
other oscillator, namely it depends upon
the application of positive feedback. The
closed ring indicates that feedback is
indeed applied; whether that feedback is
actually positive as required depends
upon the propagation delays of the three
inverters. Since these propagation delays
are short, the operating frequency can be
very high. However, in order to provide a
degree of conirol over the oscillatory
frequency, additional components are
included.

In the figure, the components C1 with
RV1 plus R2 control the frequency. The
preset RV1 allows the required frequency
to be adjusted. Changing the value of Cl
will also, of course, change the frequency.
By switching the value of Cl it is possible
to have several ranges of frequency, each
with upper and lower limits set by the
variation of RV1. Appropriate values of
these components will allow a frequency
range of at least 1 to 10MHz, certainly a -
very useful test circuit at little cost or time
to build.

A CEMOS Pulse

Generator Circuit

Where good frequency stability is
needed the answer is usually to employ
crystal control. The circuit of Figure 7 uses
a minimal number of components to
realise a crystal-controlled oscillator of
high performance. A variable capacitor
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Figure 7. A simple butreliable CMO0S
crystal controlled oscillator,
producing highly stable square
waves and capable ofdrivinga
single TTL load.

{preset) is used to adjust the circuit to
oscillate at the crystal frequency, though
the series resistor may also need to be
changed if a wide variation in frequency is
required. For the component values given
the circuit will work reliably at IMHz and
will drive a single TTL load. This can, of
course, be increased by following the
circuit with a TTL buffer. Either a 7406
(inverting) or a 7407 (non-inverting) would
be suitable. Both are open-collector gates
so will need an external pull-up resistor
from output to the positive supply.

A Two-Tone Alarm
Cireuit

A two-tone alarm has a distinctive
sound that commands attention. It is
possible to generate this sound by using
one oscillator, at low frequency, to control
another that is running at a higher
frequency. The 555 IC is a suitable basis
for such an oscillator, as has been shown
previously. There is a dual version, known
as the 556 and this has been used for the
circuit of Figure 8.

Funetion Generateors

Function generators are circuits that
are capable of generating two or more
different, but frequency-related, wave-
forms, There are several ICs that can be
used as the basis for either quite simple or
fairly sophisticated circuits. One of each
category will be considered here.

Taking the simple case first, the
NES566 (not to be confused with the 556!) is
capable of generating a triangle and
square-wave at the same time, using very
few external components. In spite of such
simplicity and its related low cost, the
performance is very good. The frequency
stability is excellent, the triangular wave
has extremely good linearity and it is
possible to modulate the outputs in a
highly linear fashion using an external
voltage source. This makes it suitable for
use as more than just a waveiorm
generator. It can also be employed in
applications such as Frequency Shift
Keying (F.S.K.), Frequency Modulation
and as a Sweep Frequency Oscillator. The
basic application circuit is shown in
Figure 9.

The supply voltage Vs can lie in the
range +10V to +24V and the control
voltage, V. at pin 5 must be set by the
values of R2 and R3 to lie between 0.75Vg
and Vg. For the values of R2 and R3 shown,
the value of V is approximately 0.85Vs, If
a modulating voltage is applied to pin 5 it
must either be capacitively coupled as
shown or have a mean d.c. level that does
not conflict with the bias voltage estab-
lished by the R2 and R3 potential divider.
The formula for the frequency of both
output waveforms is given by the
following formula.

fose = @x (Vs = Vg))/(R1x Cl x Vg)

There is a constraint on the value of
Rl and that is that its value should lie
between 2k and 20k.

+5v (Pin 14)
(10)
% {s)

556 C] -

LS.
847
GND (Pin 7)

Figure 8. A two-tone alarm using the dual version of the 555 IC, the 556.

The left hand half has a long time
constant that sets its frequency at the low
value of 4Hz. The output of this half is
coupled to pin 13 of the right hand half,
which is set to free run at 1kHz. Since pin
13 is the discharge terminal of this right
hand half, this means that its natural
frequency is constantly being interrupted
at the lower rate, giving the characteristic
warble sound. A useful circuit to use in
alarm systems or as a time-out waming,
etc.
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It will obviously be useful to designan
oscillator for a given frequency under
specified conditions. Then that design
approach can be used for the design of
any other oscillator, whatever the fre-
quency or supply voltage chosen.

As such an example, assume that the
required frequency is 400Hz, the supply
voltage is to be 12V and the values of R2
and R3 are as shown in Figure 8. This gives
immediately the value of Vo as 0.85 x 12V,
that is 10.2V.

The formula for frequency now looks
like this: 400 = (2x (12 — 10.2))/(R1=Clx
12)=(2=218)/(12xR1 x Cl)

The unknown in this equation is the
product R1 x Cl, which we should now
transpose for, to give:
R1xCl=(2x1.8)/(12x400) = 0.00075 =
75x 10°° .

This is the product of OHMS and
FARADS. To make it the product of
kilohms and nanofarads (much more
useful for practical purposes), it is
necessary to multiply the above result first
by 1072 (to convert ohms to kilohms) and
then by 10° (to convert farads to
nanofarads).

The expression for R1 x Cl now looks
like this. .

RIxCl'=175x 10~ x 107° % 10° = 750
(kilohm-nanofarads).

Since R1 must have a value between
2k and 20k, the corrasponding value of C1
must lie between 750/ 20 = 37.5nF and 750
/ 2 = 315nF.

[ ——0 +Vs !
72 '
!kED - i
—1
inF
Medulation &3 QIR0 (%)
I 1 o N
npat o) ©) NE 566 Gutputs
-——Q .}—L
] @[m] @
o |
me e ?C‘
| IS W SR

Figure 9. A simple square/triangular
generatorusing the 566 IC.

Where an RC product is known, as in
this case, and the individual values of R
and Cthen have to be decided, itis usually
a beiter bet to choose the capacitance
value first and then see what resistor value
follows from this. Not only is there a wider
range of resistor values available anyway,
but it is always possible to ‘irim’ the final
value by including a preset as part of the
resistor.

In the above case, an obvious
capacitor value that lies between 37.5nF
and 376nF is 100nF, giving a value for R1 of
750/ 100 = 7.8k, which happens to be an
available resistor value. Even so, toler-
ances on components, especially that of
the capacitor, may result in a slight
variation from the required frequency. In
this case, the 7.5k resistor could be made
up from the series connection.of a 6.8k
resistor and a 22k preset, allowing
accurate setting of the 400Hz operating
frequency to be achieved.

A much more complex function
generator is shown in Figure 10. This is
based on the well known 8038 IC, which is
capable of generating sine, triangular or
square waves. The component count of
this circuit is, of course, higher than that of
the previous circuit, because of the need
to switch between the three functions (not
available simultaneously) the provision of
four frequency ranges and the bufiering of
the output with a voltage follower.
Balanced d.c. supplies are also required
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but these can be conveniently provided
by means of a pair of PP3 batteries, since
the current drain is not high. A PCB is
available for use with this circuit and a full
list of components is given at the end of
this article.

The frequency ranges are as follows:
Range 1: 10Hz to 400Hz
Range 2: 100Hz to 4kHz
Range 3: 1kHz to 40kHz
Range 4: 6.25kHz to 200kHz

There is thus some overlapping of the
ranges, but a very respectable overall
range of 10Hz to 200kHz is the end result.
The peak-to-peak output voltage levels
are 3.6V for sinewaves; 6V for triangular
waves; 14.4V for square waves. The output
impedance is 600 ohms.

In the circuit shown, the frequency
‘fine’ control is the potentiometer RV3 (the
range switch is, of course, SW1) and the
output level control is RV4. The output is
taken from pin 6 of IC2, which is Pin 14 of
the PCB. The function required is selected
by the three-way switch SW2.

Because of the way in which the
sinewave is generated, it is necessary to
provide preset resistors to achieve the
best waveform. These controls are RV1
and RV2 in Figure 10. While the sinewave
can hardly be classified as a true low
distortion waveform (T.H.D. lies between
1% and 7% according to frequency), it is
still quite satisfactory for a wide range of
testing. The linearity of the triangular
wave is in the range of <0.1% to <8%,
again according to frequency. The rise
and fall times for the square waves have a
best figure of lus and a worst figure of
2us, quite respectable. Overall, a piece of
equipment well worth adding to one’s test
bench.

A full parts list for the circuit of Figure
10, but not including any case, whichis the
choice of the builder, is shown.

Figure 10. A more complex function generator with three alternative outputs,
using the 8038 IC. APCBis available to make construction of the circuitasimple

and useful project.

Once the circuit has been built and
found to be working, there remains the
matter of calibration. For any piece of test
equipment to be useful it must be
accurately calibrated. The fine control
RV3 will need to have a scale drawn up
and calibration marks added. This can be
carried out on the sinewave function
either by direct comparison with a
laboratory signal generator borrowed for
the purpose (Lissajous figures), or by

means of a digital frequency counter, if
one is available., These are the most
accurate methods. Alternately, the
calibration can be made by usinga CRO to
measure the periodic time of, say, the
square wave output. This is more tedious
and less accurate since the CRO timebase
calibration accuracy will generally be
inferior to that of the other instruments.

That concludes our journey through
‘Electronics by Experiment’.

Paris list
R12910  MinRes2k2 S (M2K2)
R3 Min Res 10M 1 (M10M)
R4 Min Res 4M7 1 (M4MT)
RS Min Res 22k 1 (M22K)
R6,1 Min Res 10k 2 (M10K)
RB Min Res 2k7 1 (M2KT)
Cl Poly Layer 1uF 1 (WWB3H)
c2 Polyester 0.22uF 1 (BXT6K)
c3 Polyester 0.022uF 1 (BX72P)
c4 Polystyrene 2200pF 1 (BX31S)
Cs Polystyrene 220pF 1 (BX30H)
(or3 PC Elect 47uF 25V 1 (FFO8])
c1 PC Elect 100uF 25V 1 (FFIIM)
RV1,RV2  Hor Sub-Min Preset 100k 2 (WRBIR)
RV3,RV4  Pot Lin 10k 2 (FW02C)
ICl 8038CCPD 1 (YH38R)
ic2 LF351 1 (WQ30H)
SW1 Rotary SW4B L (FF155)
SW2 Rotary SW3B 1 (FFT8H)
SW3 Sub-Min Toggle E 1 (FHO4E)
8038 FCB 1 (YQ85V)
DIL Socket 8-pin 1 (BLITT)
DIL Socket 14-pin 1 (BL18U)
Pins 2141 1 Pkt (F121X)
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HOLOGRAPHY Continved frompage 15.

precautions), the benefits of this bleach can
outweigh the dangers.

Colour Change Agent — As the film is
processed, silver is removed from the
emulsion, which then shrinks. As the colour
of the hologram depends on the thickness
of the emulsion to produce the image, this
is clearly disastrous. The emulsion shrinks
so far that the hologram replays in
ultraviolet, which is a major problem. To
get round this problem, the emulsion is
re-expanded chemically to produce an
image in a visible colour (yellow and green
are common - they are bright and fairly
easy to gel). The choice of replay colour is
limited to colours of the spectrum (white
and ofher non-spectrum colours, such as
brown are not available). The chemical we
use is triethanolamine — it is toxic. It is
commonly available — most schools have it
or can get it.

Processing

Develop — Until 90% black — this is
hard to judge in the darkroom, but try
holding the film up against the safelight, it
should be almost opaque, (this can take up
to 5 minutes).

Stop — 30 seconds.

Fix — 5 minutes or longer — essential
for brightness.

Wash — 5 minutes in running water.
This foo is essential.

Bleach — Unfil all the darkness has
gone from the film, then 10 seconds.

Wash — 5 minutes in running water.

Expand — See next paragraph.

Dry — Dry as
Usuvual

Expand — The expansion of the
emulsion is a matter of trial and error. We
use a 5% solution of triethanolamine in
water, and vary the colour with the
immersion time (from 5 seconds to 5
minutes), and the degree of drying with
fissues (from a very gentle swab to a full
drying). The simplest way to determine the
effects of changes is to refer to Table 1.

The effects of the expansion can only
be seen after the film has been blown dry

Shift towards Shift towards
Red Blue
Concentration of More More
triethanolamine concentrated dilute
solution
Time film immersed Longer Shorter
in triethanolamine
solution
- More
Amoynt ?f drying Gentler thorough
with tissues

Table 1. Controlling colour of hologram through emulsion expansion.

with hot air, so the process of choosing a
colour can take some time. However, the
process can be repeated many times until
the result is safisfactory, as long as the
emulsion is not scratched too much during
drying, the film should now be dark grey all
over and can now be viewed as shown in
Figure 15. As can be seen, the hologram
should be viewed as a mirror, which is
essentially what it is — a very complex
mirror which reflects one wavelength of
lightinto animage of the object. This model
of a mirror contrasts with a transmission
hologram, which models a very complex
lens, shaping light which passes through it
into an image of the object. The contrast of
reflection holograms can be improved by
viewing it against a black surface. This is
best achieved by painting the back of the
film (the emulsion side) with black paint or
sellotape it to a piece of black card., Both of
these methods protect the emulsion side of
the film from moisture and scratches. If
paintis used, it should be non-water based,
or terrible colour streaks will appear,
caused by uneven drying of the emulsion.

We do not recommend the use of split
beam reflection holograms — front lighting
is adequate for almost all situations, and
split beam set-ups are more trouble than
they are worth,

The single beam hologram is always
contained behind the film, possibly @
limitation. There is, however, a method of

moving the image forwards through the
film, so that is appears to stick out, this
process s called image planning, and is not
difficult — it involves making a ‘master’
transmission hologram, then copying it
onto a second piece of film, held in the
middle of the projected image. This
produces a reflection hologram, which can
be seen to stick out of the film, although the
exient of this is usually small — any point
further than about 2em away from the film
is blurred.

References

Holography Handbook by Fred Un-
terseher, Jeannene Hansen, Bob Schlesin-
ger published by Ross Books ISBN
0-89406-017-2.

The Open University Course Notes
(optics).

The Complete Book of Holograms by
J.E. Kasper, S. A. Feller published by Wiley
ISBN 0-471-62941-3.

Thanks must go te:

Martin Poyser (co-venturer).

His parents (for the use of the garden
shed).

My parents.

Assorted teachers at school.

Agfa, who really got us started.

And a big no thanks to liford, who told us to
get lost!

The Maplin Laser showing its PSU.
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Error Chart — Single Beam Reflection

PROBLEM
1) Completely clear film ofter development.

_ 2) Completely black film ofter davelopment.

3] Block patches on film.

4) Hologram dim but present,

5) Everything else looks OK, but no hologram.

CAUSE
i} Mo exposure — shutier was not opensd ot all.
ii) Developerunsuitable or loo weak.
i) Very shori exposure.

iv] Under development.

i} Exposure for too long.
i) Film fogged in packet.

iii) Dark room leaking light/sofelight foo bright/safelight
too close fo exposure/development area.

Movement.

Processing errors are most likely.
i) Wrong order of processing.
il) Wrong chemicals.

iii) Insufficient washing.

iv) Old chemicals.

Playback in the wrong colour.

Error Chart —Single Beam Transmission

PROBLEM
1) Completely clear film ofier development.

2) Completely black film affer development.

3) Film fairly grey, bui no hologrom.

4) Hologram present, but dim.

5) Bands of darkness across image, otherwise OK.

&) Hologram generally OK, but ‘blobs’ on film (and in
the beam, if projected onto a piece of white card).

CAUSE
i) No exposure—shutier was nof opened ot all.
ii) Developar unsitable or oo weak.
iii} Very short exposure.

iv] Under development.

i) Exposure for too long.
i} Film fogged in packet.

iii) Dark room leaking light/sofelight o bright/safelight
too close to exposure/development area.

i} Serous movement during exposure.

ii) Laser not in TEMOO, or coharence length toa short.
iii) You just haven't found the hologram yet.

i} Object too dim/not reflective encugh.
ii) Object too far for film.

iii) Using wrong film.

iv) Develop/Exposure fimes wrong.

v) Overexpeciations.

Movement —in one of two areas:

i) Film moved —with this fype of movement, there are
‘dead’ areas on the film, offen in ‘rings’ around spacks
of dust,

il) Object moved — with this, there are normally
siraight bands across the object, where it has moved
during exposure. These look the same viewed from
any angle.

Itcan also produce ‘missing’ paris of the object—any
pari which moves foo much will ba invisible.

Diri on oplics.

SOLUTION
Ensure shutier moves clear of beam.
Use Iiford Perceptal, made up as insiructions.
30 seconds s only a recommended fime — try 40
seconds.
If coupled with very shor exposure, increase the
development fime rather than the exposure fime.
Develop unil film is almost complately opague when
held up against dim safelight,
Remedy (if necessary).
Unlikely, but iry developing a piece of unexposed film
~if it comes out black, the %Tm is fogged — no solution.
Get new film and be more carsful.
Block off oll outside light, ensure that safelight is very
dim and green. (You should not be able to ez the
ofher side of the room, or your feet)
Movement is much more crifical in reflection sef-ups,
50 re-secure every compenent, leave longer sefiling
times and make sure the film is held sacursly.

<

Ifthis is the problem, the processing can be stopped
affer DEVELOP or STOP.or WASH or DRY, then look
al the holegram. It should be bright (ish) but will not
last long.

If there is @ good hologrom at this sfage, but it
disoppears with furiher processing, it is probably the
fault of the fix [replace if) or the triethanclamine, Try
different concenirations/drying fechniques.

SOLUTION
Ensure shutter moves clear of beam.
Use liford Parceplal, made up as insiructions.
15 seconds is only a recommended fime — fry 30
seconds.
If coupled with very short exposure, increase the
development lime rather than the exposure fime.
Develop until film is cleardy visible ogainsi bottom of
Develop bath even in very dim light.
Remedy.
Unlikely, but iry developing a piece of unexposed film
—if it comes out black, the film is fogged —nd'solufion.
Get new film and be more careful.
Block off all oulside light, ensure that safelight is very
dim and grzen. (You should nof be able o ses the
other side of the room, or your feet)
Secure oll components, make sure the objectis
suitable {reflective and rigid).
Buy the Maplin laserl
This is the most common problem. Keep frying—
cutfing the comer off the film is a very good idza.
Use white, red, yellow or metallic objed.
Move it closer.
Use AGFA BE75HD T3.
Try ogain. :
The image will almost always be less bright than the
original.

Clean the glass sheels before the next exposure, and
squeaze them together on the film fo eliminate any
bubbles/pockats.

Secure the object better (glue it fo the film-holder base
if necessary).

Use a rigid objec, and, if possible, reduca the
exposure fime. Also ensure thot the fable is nof jorrad
as you lift the shutter.

Clean lensles) or use different areas of them.

Error Chart.
February 1990 Maplin Magazine
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Supply Voltage
Supply Current

Clock Frequency
Temperature

Input Capacitance

Input Leakage
Current

Output Logic0
Output Logic 1

Input Logic0

Input Logic 1

18mA

+70°C
+125°C

10pF
=10uA

0.6V

Standby Supply
Voltage

08V

Standby Supply
Voltage

'ROM (whmh l::ontamathe program) to the
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24| DIGITAL OUT
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Pin Number Name Function
1 Ve Ground.
2 RESET Alogic O resets the SP. Must be returned to alogic 1 for normal operation.
3 ROM DISABLE For use with an external serial speech ROM. A logic 1 disables the external ROM"
4586 Ccl,.Cc2.C3 Output control lines used by an external serial speech ROM. '
7 Voo Primary power supply.
8 SBY STANDBY. A logic 1 output indicates that the SPis inactive (i.e. not talking) and
V5o can, for ezample, be powered down externally to conserve power. Whenthe
SPisreactivated by an address being loaded, SBY will gotoa logic0.
9 TRQ LOADREQUEST. LRQis alogic 1 output whenever the input buffer s full.
| WhenLRQ goestoalogicO, the input portis loaded by placing the 8 address
bits on A1-AB and pulsing the ALD input.
) 10,11,13,14 AB,AT ABAS, 8-bitaddress which defines any one of 256 speech entry points,
15,16,17,18 A4 A3 A2 A1
' 12 SEROUT SERIAL ADDRESS OUT. This output transfers a 168-bit address seriallytoan
external speech ROM.
18 SE STROBE ENABLE. Normally held in alogic 1 state. When tied to ground, ALD
is disabled and the SP will automatically latch in the address on the input bus
- approximately lusafter detecting alogic | on any addressline.
“ 20 ALD ADDRESSLOAD. A negative pulse on this input loads the 8 address bits into the
| input port. The leading edge of this pulse causes LRQ to go high.
21 SERIN SERIALIN. Thisis an 8-bit serial data input from an external speech ROM.
22 TEST Alogic 1 places the SP inits test mode. The pinshould be normally grounded.
23 Vo Standby power supply for the interface logic and controller.
24 DIGITAL OUT Pulse width modulated digital speech output which, when filtered by a 5kHz
low pass filter and amplified, with drive a loudspeaker.
25 SBY RESET STANDBY RESET. A logic O resets the interface logic. Normally should be a logic 1.
26 ROMCLOCK Thisisa 1.56MHz clock for an external serial speech ROM.
27 0sC1 XTALIN. Input connection for a crystal.
28 0sc2 XTAL OUT. Output connection for a crystal.
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Figure 2. IC block diagram.
RESET F
~E; KRS AC CHARACTERISTICS
_.q: thli._ Operating Temperature = 0°C to +70°C
: : Characteristics Sym Min Typ Max Units
I : Reset, SBY Reset t,, 100 — — Jrs
““““““““ : I - ALD 200 — —
Ia—ts—a{i —u-i th lowz ns
Al1-AB i - Al-ABSetUp . 450 — == ns
: A1-A8 Hold " 0 — — m
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ERe le—tpdo—of IRQ o — — 300 ns
in—tpdo——l

Figure 3. Timing diagram.

whenthe ICisready to receive an address
input. To load the selected address it is
necessary to momentarily connect P10 to
0V (pulse P10 low); the allophone
corresponding to the code onthe address
bus will then be executed and during this
time the load request output is high. A total
of 64 allophones are stored in the IC's
internal ROM and a list of these together

50

Table 3. AC characteristics.

with the corresponding binary codes is
shown in Table 4,

In order to produce the necessary
codes fast enough to make intelligible
speech, pins P4 - P11 would normally be
connected to a microcomputer; however,
it is outside the scope of this article to
provide connection information for indi-
vidual computers. Figure 7 shows a typical

method of interfacing the module to a
computer, using a 7 bit output port and a
single bit input port. An example of a
program in BASIC for outputing data to a
typical I/O ports is shown in Table 5. The
program outputs the necessary data to
produce the allophones for the phrase ‘I
am a computer’. A full discourse on how to
use allophones is supplied with the kit.
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Code

000001
000010
000011
000100
000101
000110
000111
001000
001001
001010
001011
001100
001101
001110
001111

Code

100000
100001
100010
100011
100100
100101
100110
100111
101000
101001
101010
101011
101100
101101
101110
101111

RIFENERA~REASS

Code

010000
010001
010010
010011
010100
010101
010110
010111
011000
011001
011010
011011
011100
p11101
011110
011111

Code

110000
110001
110010
110011
110100
110101
110110
110111
111000
111001

111010

111011
111100
111101
111110
111111

LREEREEL

Allophone

TT1
DH1

DDI
oow
AO

HHI
BU

uo
uoo

Allophone

ZEEEE

uo

Table 4. SP0256 allophone sounds and corresponding binary codes.
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PN 3
TP !
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Figure 5. PCB circuit.
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Figure 6. Typical test set-up.
When stringing together allophones to 10k Log.
make words, some experimentation is potentiometer
needed to obtain the best results. In
practice, it is often necessary to try out 4
different allophone sounds until optimum I
intelligibility is achieved. @~ | | = ————— i '
O 260 O
| |op3 2=
10 REM DEMO PROGRAM —+=—D5-@-+---@D P4
333 gg-;T?REI s Data —=—D4-S+-—@P5
=1lto Allophone | _ . 1 PI6&—n 8n
(Number of codes in DATA statement) codes 03-6-1-—-OF6 ioad—
40 READ A 0-63 ——D2-+—@P7 5 P15 @—r‘ speaker
50 OUT PORT], (A+64) (port 1) | ——D1-&+—-@P8 Q
(Data DO — D3, D8 high) —=—D0-&—®P9
€0 IN PORTZ,B Load dota —=—D6-&}——@P10
(Busy register) Busy —=—D7-&+-—+@P11 - & =
70 IF B> = 128 GOTO 80 (port 2) [ o o O
(Wait for busy register free) N @ @
80QUTPORTLA ||| —————
(Data DO - D5, D6 low) ¢
S0 NEXT I oV Y
100 DATA 6,0,1,26,16,0,2,20,41,1,24,16,9, —
49,22 13,51.0 supply
Listing 1. Example test program. Figure 7. Example of interface to microcomputer.
SP0256 SPEECH SYNTHESISER SEMICONDUCTORS
IC1 SP0256 1 (QYS0E)
PARTS LIST IC2 TBAS20M 1 (WQ83T)
RESISTORS: All 1% 0.6W Metal Film Dl 1N4001 1 (QL73Q)
R1,2 100k 2 (M100K)
R3 kT 1 (M4KT) MISCELLANEOQUS
R4,3 33k 2 (M33K) XT1 3.2TMHz Crystal 1 (EY86T)
R6 30 1 (M33R) Pins 2145 1Pkt (FL24B)
R7 560 1 (MS56R) PC Board 1 (GE39N)
RS 10 1 (MIR) DIL Socket 8 Pin 1 (BL1TT)
RV1 10k Pot 1 FW22Y) DIL Socket 28 Pin 1 (BL21X)
- : Constructors Guide 1 (XHT9L)
CAPACITORS
CL8 100nF Disc 2 (YRT5S) OPTIONAL
c23 12pF Ceramic 2 (WX45Y) Ls1 Loudspeaker 1 (YT25C)
C45 22nF Poly Layer 2 (WW33L) - - - - .
cs 1uF 63V Minelect 1 (YY31]) A complete kit of parts, excluding Optional, is available:
C1 1004F 10V Minelect 1 (RKS50E) Order As LP10L (SP0256 Kit) Price £14.95
C3 220pF Ceramic 1 (WX60Q) The following item is also available separately, but is not
C10 220nF Poly Layer 1 (WW45Y) shown in our 1880 catalogue:
C11,12,13 220pF 10V Minelect 3 (JLOBG) SP0256 PCB Order As GE39N Price £2.25
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NICAM TV TUNER continued from page 39.

Alignment

There are two basic methods of IF
alignment:

1. The high accuracy approach using a TV
signal generator, oscilloscope and audio
distortion meter.

2. Medium accuracy approach using
OFF-AIR TV signals.

To observe the final video and audio
oulputs you will need a composite colour
monitor and an audio amplifier, the
amplifier will need to be stereo if the tuner
is used in conjunciion with the NICAM
decoder kit. i

Before you commence alignment of
the unit set the two PCB prasets as follows:
RV1 almost fully clockwise. RV2 at its half
way setfing.

Using a frimming tool (BR51F),
carefully adjust the iron dust cores of L3,
L4, L6, L7, L8, L10 and L11 until they are
flush with the top of the screening can.
Next adjust each coil in a clockwise
direction as follows:

Photo 3.The completed PCB.
Next connect your TV aerial to SKé

13 =45 turns. 16 =35 hums. and with the AFC switch, S1, in the off
L4 =3 5Mins. | L10= 2.5 forms. position, adjust the tuning voltage selecior
B=Tum: 1= terns: to a local TV channel. If the picture quality
k7 =15 s, is not as you expected, adjust L3 until no
Screen
755 miniature coaox RN UHF
TV aerial
150mm = input
SK6
co—axial
chassis socket
7540 minioture coax Video
PL6 AFC defeat <= output
phono Illl S1 | Open=AFC on /r
plug S Closed=AFC off < Screen-

AF.C

O&
PL5

AG.C

£ L8
Sound LF. .

L3
Video |.F.
U1 s ©)

1é L7 l..11O

PL3 )
L6 ) L10
|

RV1
BEMHz

5.5MHz

FM 4— MM
sound sound
Squesich Rv2

B/ L7 (7 (7 T LT T LT LT T LT LT LT T LT LT LT LT LI L7 LT L LT L

further improvement can be observed.
Switch on the AFC and adjust L4 so that the
picture is the same with the AFC on or off,
To test the AFC action fry the following:
1. Switch OFF the AFC.

2. Tune off channel until you lose colour, or
the picture begins to break-up.

3. Switch ON the AFC and the picture
should lock back in.

4. Switch OFF the AFC.

5. Re-tune the TV channel.

6. Switch ON the AFC.

To set the AGC simply turn RV1 in a
counter clockwise direction uniil the picture
starts to become noisy. Then advance it just
enough to restore the picture quality and
stability.

Next set your multimeter to read DC
volts. Connect its posiive lead to TP2 and
its negative test lead to a OV ground point.
With no TV signal present this reading can
go os high as 2V and it'’s this action that
controls the squelch circuit. To set the
squelch threshold tune to a clear TV
channel, or remove the aerial from SKé.
Defeat the squelch by closing S2 and using

PL1

PL2 PL4

Section Insert
E3caog FM sound through fecndh
O Al ) R ooty terminal into
Squelch defeat screan="" 11 = .
c?p:e':j:séq" ur;f Solder A,
osed=2qu o to mr— L
o~ | conductor LR 7
[s2 750 I ,—E—ﬂﬁjﬁ_ﬁi
minioture —s e /
T.V station 2:“3 iy coax S d Clamp l ) ) ‘:\ ki )
creene insulati ocking
tunlsr;?g ‘:rtc‘;lrga £33V b coble insulation L
(see text) |+12V 200mm: max. Figure 11. Fitting and inserting the
Miniconterminals.
Screen—s=

S3 select the UK 6MHz sound output.

3 Screen Sl g
+12v OV
v — : When you advance the volume control on

PL2 on PL5 on :
Paower NICAM NICAM your audio system you should hear the
input decoder familiar *hissing’ sound associated with an

decodsr

‘off station’ FM radio. Activate the squelch
circuit and adjust RV2 until the hissing noise
suddenly stops. When a TV signal is
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Figure 10. Wiring and alignment points.
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o e e topese 10 o | Using the NICAM e, orly T Coptl Polce and Enty
amplifier. Adjust L8 for a clean audio Tuner Moor TV transmitters were equipped with

response and if using the NICAM decoder
ensure that the stereo LED is on when
funed to a NICAM TV station. To obtain the
0.1% distortion figure on FM, L6, L7 and
L10, L11 must be set up using special
measuring equipment. However, good
results can be achieved simply by listening
to the audio output while adjusting L& and
L7.To align L10 and L11 without test gear
you will need to receive a continental TV
station using 5.5MHz FM sound.

If NICAM signals are being fransmit-
fed in your region then they should
appear on pin 1 of PL2 as a modulated
6.552MHz carrier suitable for decoding.
The Maplin NICAM decoder project
appeared in the previous December
1989 to January 1990 edition of “Elec-
tronics — The Maplin Magazine”, copies
of which are available on ‘back-order’.

To obtain optimum sound and picture
quality you must use a well regulated 12V
power supply, capable of providing up to
500mA if the tuner is to be used with the
Maplin NICAM decoder. The sound
reproduction offered by modern Hi-Fi
systems should more than accommodate
the audio from the tuner. However,
ultimately its performance will depend
upon the condition of the TV signal being
picked up by your aerial system.

If you don't have a colour video
monitar, or a TV with an auxiliary input
(SCART), the video output from the tuner
must be converted back in to a UHF TV
signal. This can be achieved by using the
external video input of a VCR, or building
the Maplin audio and video modulator kit
(Stock code LM78K).

NICAM. However, during the 1990’ it is
planned that more transmitter sites will
come on-line and a map showing the
expected dates was included in the
decoder project.

In a future issue of this magozine a
switch and socket link-up project will be
presented with (hopefully) the following
features:

Power input protection.

TV station selector and indicator.

NICAM tuner function swiiches and
indicators.

Video and audio outputs using SCART,
Phono and DIN sockets.

Until then, | hope you enjoy building
this project dnd the NICAM decoder
project published in the last issue.

PARTS LIST

Resisiors: All 0.6W 1% Metal Film Micellaneous

Rl 47k 1 (M47K) it U943 UHF Television Tuner Module 1 [R59P)

R2 39k 1 (M39K) FLI SW166 SAW Filter | (UL526)

R3S 27 2 [M2K7) FL2 6MHz Ceramic Filter 1 (UL53H)

R4,30,33 10k 3 (MT0K} FI3 5.5MHz Ceramic Filter 1 (UL54])

Ré 1k5 1 (MIK5) 112 22uH Choke 2 (WH37s)

R7,11,15,20 1002 4 (MI10R] 1348 38.9MHz TV IF Coil (TVIF389) 3 {UL55K])

RB23 18001 2 (M1B0OR) 159 6u8H Choke 2 (WH34M)

R9 2M2 1 (M2M2) L6,7,10,11 &MHz TV IF Coil [MKANSK1731HM) 4 {UL56L)

R10,21,24 1k 3 (MIK) PL1 Minicon Latch Plug 6way 1 (YWI2N]

R12,18 33 2 (M3K3) PL235 Minicon Latch Plug Zway 3 [RK6SV)

R13 2%k 1 (M22K) PL4 Minicon Laich Plug 3way 1 (BX96E)

R1417 68001 2 {M&8OR) SK1 Minicon Latch Housing &way 1 (BHA5V)

R16,19,22 4700 3 (M470R) SK235 Minicon Latch Housing 2way 3 (HBA9P)

R2528293132 4k7 5 [M4K7) SK4. Minicon Lalch Housing 3way 1 (BX97F)

R26,27 1000 2 (MTCOR| Minicon Terminals 2Pk [YW25C)

V1 10k Hor Enci Preset 1 {UH03D) PLS Screw-Cap Phono Black i [HQ54))

RV2 47k Hor Encl Preset 1 (UHO5F SKé Coax Socket 1 [HHOBY)
DIL Sockst 14-pin 1 {BL18U]

Capacilors DIL Socket 16-pin 2 - [BLI%Y)

C1,420 47uF 16V Minelect 3 {YY375) DIL Socket 18-pin 1 {(HQ76H)

(2,3,22-25,29,32 Miniaiure Coax TMir  [XRBBY)

48,55,58,61,63,65 Cable Twin IMie  [XR21X)

66,6869 10nF Ceromic 17 (WX77)) Ribbon Cable 10 way IMir (XROSG)

5,38,54 1nF Ceramic 3 (WXa8Y) P.C. Board ' 1 (GE35Q)

C6,18,30,56,62,64 1uF 63V Minelect & {YY31J) Construciors Guide 1 (XH791L)

C73753 22uF 16Y Minglect 3 (YY34P)

€8-13,34,50 47nF 50V Disc 8 (BX02C) Optional

Cl4-17,21 100nF 100V Monores 5 (RA49D) $1,2.3 See Texi

C19,31,33 4759  220uF 16V PC Electrolyfic 5 (FF13P) Tuning Control 47k Linear Pot 1 (FWO4E)

€26,60 47pF Ceramic 2 (WX52G Pot Core Trim Tool 1 (BRSTF)

C27,28,67 100pF Ceramic 3 {WX56L)

C354951 22nF Ceromic 3 (WXT78K)

(36,52 33nF Poly Layer 2 [WwasQ)

C39 560pF Ceramic 1 (WX65Y) ; ] ; ]

C40,41,44,45 22pF Ceramic 4 (WX4BC] The parts listed above, excluding Optional, are available as a ki,

c42 680pF Ceramic 1 WXEEW] Order As LPO9K (NICAM Tuner Kit) Price £44.95

C43.46 820pF Ceramic 7 (WX67X) The JSE!uwing ite;:ﬁ are also Tgagii{)ub[e s?pcxmte!y,

201 i 1 t are not shown in our catalogue:

il 220 Cap (WAcK U943 UHE Television Tuner Module Order As JRS9P Price £9.95

Semiconduciors SW166 SAW Filier Order As UL52G Price £4.75

D1-D9 1N4148 9 (QLBOB) 6MHz Ceramic Filter Order As UL53H Pri‘r.e 42p

D1 7TK338 i {UF29G) 5.5MHz Ceramic Filter Order As UL54J Price 42p

R BC548 1 (@B73Q) 38.9MHz TV IF Coil Order As UL55K Price 48p

IC1,2 TDAB341 2 (UL27E) &MHz TV IF Coil Order As UL56L Price 56p

IC3 TDA2555 1 (UL28F) UHF TV Tuner PCB Order As GE35Q Price £6.95

IC4 40108BE 1 (QW84U)
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A readers forum for your views and comments. If you want to contribute, write to the Editor,
‘Electronics — The Maplin Magazine’, P.0. Box 3, Rayleigh, Essex, SS6 8LR.

Back emf?
Dear Sir,

Iwas surprised to see an elementary error.

in tha aicls Remote Power Switchin the
latest issue of your magazine_ Inthe
paragiaph headed Circuit Descriptionitis
stated that “The dicde D1 is used o
peeven! any back emi damaging
whichaver typa of drive circuit (is) used,
caused by the collabse of the magnatic
field zround the coll . . .". Misusa of the
term “back emi” in this context seems to
be increasingly widsspread these days.
My mind goes back almest 80 years o the
time when, 25 a 14 year old school boy, |
was laught its true meaning by my physics
teacher. Its comrect application is fo the
emif generated in an electric molor, where
il opposes the supply voltage and
progressively reduces the flow of current
as the spead of rotation increases. its
consequances are enfirely benign, since it
serves only to reduce the accelerating
torqus of the motor as it approachesits
maximum intended speed. The
unweicome phenomsanon thai D1 is there
to deal with might, in contrast, ba definad
s “forward emf". Abruptly interrupting the
fiow of current in an inductive circuitis
somewhiat akin to stopping a flywhas! by
jamming a stick through its spokes. The
restltant (and possibly destructive) force
may in facl be loosely described asthe
eleciromagnetic equivalent of forward
momentum. The coliapse of the magnatic
fieid genarales an eml which seeks to
maintain, NOT oppese, the previous
cumrent fiow. Inother words it adds to the
supply voltage, whereas back sm!
subtracts from it. Call me a pedant if you
Iike, but | prefer inat words ba used with
their correct meaning, and it is cedainly
not correct - though sadly commonplace
—1osay “back” whan you mean
farward™. Perhaps the increasingly

prevalent confusion in thisregardis a
consequance of the nolarious present day
shortage of competent physics teachersin
ourt schools, and my ire should be directed
nal to you and your colleagues butlo a
govemnment that has allowed this situation
todavelop.

Bill Foster, Middlesbrough.

The term ‘back emf’ in the past has been a
cause for conlroversy, as with any tarm,
its comect interpratation depends on the
contzastin which it is used. Another cause
forargument is the tarm ‘current, by
convention, anelectric current fiows
through a circuit from the positive supply
{or paint of higher potential) fo the
negative supply (or point of lower
poleatial), this is termed ‘conventional
current fow’. Modarn day physics tells us
that the converse is frug; curren! flow (ie.
the movement of eleclions) through a
circuitis from the negative supply (or point
of lawsr potantizl) to the positive supply
{or point of higher potential), this is larmad
‘eleckon curmrent fiow”. Bul then,
paradoxically, kfe is full of many
conlradictions’. Rsturning lo the term in
question, in the case of the remots power
swilch: The term back emf isin the
context of the vollages developed across a
relay coil (essentially an inductor) when
tha supply fo it is removed. The termis
NOT used in the context of molors, o
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which you have made the connection,
howsver, your expianstion of back emfin
the context of molors is parfectly comrect.
As you stafe, tha intarruption of a current
flowing in an inductor is analogous fo
stopping 2 fiywhee! by jamming a stick
tnrough its spokes. The inductive relay
coil has siored energy which can be
released slowly (and safely) by usa of 2
diods, or quickly (destructive fo drive
ransistors) withou! a diods.
Mathematically, the vollage developad
&L10s5 aninducior is squal to the
induciance of the coll muftiplied by the
change in current divided by the tims
taken for the change to occur, ie. E=Lx
(I11). The polarity of the voltage developed
2cr0ss aninducior when the supply is
removed, is apposite fo that of the vollage
oniginally applied. Hancs the term back
emf or back voiiage. As you have stalad,
the inductor is trying to maintain current
flow in the SAME direction, but the term
forward'is not applicable in this instance.

Page Hunting
Dear Sir,
Alter reading letters in previous editions of
Electronics, all singing the praises of the
“new” magazme, | would ke to make one
crificism concerning the tayout, viz: the
imitating and (| fesl) unnecessary splitting
of arficles within an issue. Is it nol possible
fora new article o start after a previous
one has finished — and not be scattered
throughout the magazine? That said, the
cantent (once | have pisced it together) is
always interesting and, in itseff well sat

i

ouf
R.J. Lindsell, Braintres, Essex.

We do not like splitting articles (that
surpnised you didn'litl), tha reason is as
follows: Electronics — The Mapiin
Mzgazine'is 80 pages long, we can have
full eolour on cartain pages, spol colour
(single colour and biack) on cartainother
pages and black and whife on the
remaining. The way the full and spot
colour pages are arranged is detemmined
by the printer’s press. We ke to have the
first pages of articles in colour, for
pholographs efc. The articies have to be
slotted in the blocks of pages thatare ful,
Spot eolour and biack and whits. What
somelimes happens is thal an articie may
runon o the next block of colour pages,
the articla can sither be edited down s0 it
fits, or 5plit with 2 ‘continued on pege xx_
Invaniably we caninot edit down the article
bscause vital fechnical information would
b2 lost. At this paint the editor juggies
everything around, fitting everything in, in
the bast way possibie; this procsss
usuglly involves large quantities of tea;
izfe nights, bumt dinners and aspirin.

Simple Circuits

Dsar Sir,

| am a novice &l electronics and the big
projects you have are over my head (and
budget). Could you considar running a few
pages with useful circuits, and in particular
how to connect these to ather circuits,
how to adjust for other voltages and mors
measurements at various paris of ihe
circuit for fault finding. | would like to ses

the 555 timer. how to adjust for different
timeas, what triggers lo use, how to
connect it to a fransistor switch, or relay.
For car circuits, an interior light extendas,
analarm and refay for the car baltery o
disconnect the caravan load. You must
have hundreds of these simpls circuits
that are really 'kids’ stuff to you butif you
don't use them 1o teach me a bit more | will
never get to the more complex stuff.

R. Tranger, Horsham, W.Sussex.

For some simple circuits that are chaan to
buiid, fry Bob's Mini Circuits. We will
shortly ba starting a beginnars series
taking things from ground level (groan!
The jokes gel worsse, Ed.). For other
simple circuils try some of the books in the
1830 catalogus, e.g. IC555 Projects, How
fo use Op Amos, slc.

Telephone Shocker

Dear Sir,

When we retumed from & few weeks an
the mainland, upon opening our telephone
bill we had a vary nasly shock. Instead of
the usual €50 or so it was £1,170.
Complaining to British Telecom resulted in
the meter being checked, and they claim it
was 2l in order and please pay up! What
appaars to have happened was that the
parson o whom we had entrusted fesding
our cals and keeping an eye on the house
had enjoyed himsaif by maliciously
running up the bill using 0898 chat line
numbers (he is befieved to read the
Sunday Sport). l-am now in dispute with
British Telecom—no way am | going to
pay this bill. Would it be possible to
mznufacture and marke! a davice
insertabla in the telephone lins o that if
an 0838 number was dizlled the line
would be disconnected, reseitable say
when the handset was replaced. By the
way, a Cathofic Priest in Livarpool had a
£6,000 Bl after running a youth clubon
his premises and not keeping an eya on
his ‘phone. Mr Jack Ashiey MP is
compaigning en his behalf.

R.C. Eade, Isle of South Uist, Scotland.

The idez is good and perfectly feasibls,
excepl that ‘Electronics —The Mzplin
Magazine could not do such a project lo
prevent 0898 calls being made because
apparatus connecled lo the public
telsphons natwork needs to bs approved.
However some enlterprising manulecturer
mighl ke to produce a box and have it
approved. Bafter still BT could provids a
service lo pravent 0858 calls being mads,
lam sura that the new ali-singing
afl-dancing electronic exchanges could be
programmed for this.

Mixing It!

Dear Sirs,

I'wender if you can help me? Some years
200, | think it was in your 1977/78
catalogue, you adverlised a high quality
stereo audio mixer designed by Pater
Cols, incorporating such faciliies as
pre-fads listen, foldback, talkback stc. |
know that it is asking a great deal affer all
this ime, bul are the components still
available? | am locking for something with
eighl inputs, 2 microphone, 2 magnetic

racord decks, 2 cantridge machines, 2 CD
playess. Perhaps if the abova is not
avaitable you could suggest an
altemnative.

Philip Sharpe, Falmouth, Cornwall.

Yes, the mixer boards are still availabls, in
an improved and revamped ferm. The
onginal circuils were up-gratsd using
modsm components, tha circuits are
‘avaiiabia in kit or ready bult form. Details
may ba found on pagas 301 10 303 of the
1980 Catzlogue. Full constructions!
deiails may be found in Projects books 17
10 20.

Scouts on Air

Deaar Sir,

‘foung enthusiasts may well be interasted
to know that The Scout Association will be
opening ils new amateur radio
damaonstration station at its Giwell Park
Headquariers Campsite, near Chinglord,
London E4. Amateur radio and associated
technologies have a key role to play in the
medem Scoul training programme.
Previous experience has shown that a
significant number of young peopls
mireduced to technology through
Scouting, maintain an interest for life and
often go on to make it & career. Gitwell
Park Is visited by ovar 20,000 young
people each year and it is the intention
that as many as possiols will ba abls o
qain some ‘hands-on’ exparisnce of
technology as pari of their visit. Gitwell
also has strong infemational links and the
new amaleur radio station will play a
mzjor role in maintaining and developing
such links and increasing intemational
awareness in the young. The opening
ceramony coincides with the Jambores-
of-ihe-Air weekend when thousands ol
Scouts throughout tha world will be
communicating using amateur radio.

The Scouts Association, London.

Professor Writes

Dear Editor,

My name is Lee Reed but | call mysslf
Professor Les Resd and | am 11 years
old. My hobby is electronics, | haven't
done any real projects because | haven't
gaot any good equipment (switches etc). |
have made an old radio work and | have
mada bghts work but | want o make
something batter (more intsresting). |
have a faboratory under the stairs inmy
mum and dads house. | also ke
chamistry. My dream is to work in a placa
about electronics when | am older! | wrote
to Smiths Industriss, British Aerospace
and Defence asking to look round their
factory, then they wrote back saying | can
come and look round their factory. Pisase
ifyou have any order forms so | can order
equipment, please send me one pleass.
Professor Lea Resd, Basingstoke.
P.S. Pleass, pleass then could | ba in your
briliant magazinel Please.

P.P.S. PLEASE!

Congratuiations, Les. you're a success!
Your enthusiastic istter is in print 2nd, who
know's, ina few years we could be
publishing one of your projects!
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Theseare ourtoptwenty best sellingbooks based on mail order and shopsales during October and November 1989,
Our own magazines and publications are not included. The Maplin order code of each book is shown together
with page numbers for our 1990 catalogue. We stock over 250 different titles, covering a wide range of electronics

and computing topics. iy

Loudspeaker
Enclosure Design
and Construction

by_ra‘nEAcousf-ics Howto Desion and make Your Own
This book containsa PCAsby BA Penlold (WESST)
broad selection of L%, Fa2. Prévioah Fosiion &
cabinet designs from

small-sized bassreflex
cabinets to multi-way
pOwer systems.
(WMB82D) Cat. P39.
Previous Position: 1

Price£3.00

1o MS-DOS, by M. Kantaris (WEHX)
Cat P102 Prsviots Posision New
Entry, Prico £2.55

Heow To Use
Op Amps

MIDI
Projects

i

i

AZ-B0 ——— i S50Projects
Wariiehne Lsing Relaya
R TEShon S5CHS &Triacs




* Wide supply voltage range

* Single chip contains both
encoder and decoder

* PCB available
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Applications:

+ Automatic door openers

* Remote control

may be used to set the
G-ene'.'a’ = transmitted code. The rate of
Description transmission is set by an
The UM3750 Encoder/ external RC network running
Decoder is a digital code at a frequency of
transmitter-receiver system. approximately #rc. The actual
Table 1 gives the electrical format of the output code is
characteristics for this device | shown inFigure 3. It canbe
and Figures 1 and 2 show the | seen from this, that with a
pin-out and pin designation 100kHz clock (R=100k(),
respectively. Working in the C=180pF), it takes 11.52ms to
transmission mode, the transmit one word. Each word
UM3750 will sequentially is separated by a 11.52ms
encode and transmit the space giving a total
twelve bits of data presented | transmission time of 23.04ms
to it in parallel on pins one to (43.4Hz). In the receive mode,
twelve. Each of the twelve the incoming signal is
inputs may be alogicOor 1 compared to the local code in
allowing a total of 4096 unique | asequential manner, Assoon
codes. On-chip pull-up as an error is detected the
resistors are provided so that | system resets and restarts
simple, single pole switches comparison on the next word,
Parameter Conditions Minimum Maximum
Operating 3.0V 11V
Voltage
Input Voltage Vs V0.5V
LOW
Input Voltage Vop—0.5V Voo
HIGH
Output Logic 3 = 2mA V= Ve + 1V
Level LOW
Qutput Logic Louee = By VDB_G-W Voo

Level HIGH

temperature of 25°C.

Note: Above specifications assume a 9V power supply and an ambient

Table 1. Elecirical characteristics of the UM3750.
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If all 12 bits are received
correctly a three stage counter
is triggered and after
receiving a further 3
consecutive valid codes, the
receive output pin goes low.
Alfter this pin goes low, one in
fivé codes are required to be
valid to maintain this condition
(one valid code hasto be
received in 11820 clock pulses
or the receive output changes
back to its high state).

Using the
UM3750

L --The basic circuit
configuration for the device is
shown in Figure 4. Up to 4086

- receivers can be used at one
time by setting a unique code
at each unit, If a large number
of receivers are driven from
the same source it is important

Figure 1. Pin out of the UM3750.

to ensure that the transmission
line provides sufficient drive

Pin No. Designation Description
1-12 Al-Al2 These data select lines are used to set the address of the encoder/
decoder pair. They have on-chip pull-up resistors.
13 R.C. INPUT R.C. input pin for single pin oscillator. A resistor is hooked from
this pin to (V..). Frequency = %:c.
14 Ve The ground pin of the UM3750.
15 MODE SELECT This pin changes the IC from receiver mode (grounding this pin)
to transmitter mode (taking this pinte V_..).
- 16 RECEIVER INPUT The receiver’s input for the digital PCM waveform.
17 TRANSMIT/RECEIVE  In the transmitter mode this pin is the PCM output. In the receiver
OUTPUT mode this pin is active low to sional a valid received code.
18 Ve The positive supply pin.

capability. The frequency of
the transmit and receive
clocks need to be matched to
within #50% to allow for the
use of multiple Tx/Rx links
without any fear of crosstalk.
A high quality fibre-glass
PCB is available allowing both
an infra-red transmitter and
receiver to be constructed on
the same board, but not at the
same time! Figure 5 shows the
combined circuit diagram that
was used to produce the PCB,
the track layout of which is
shown in Figure 6. Both the
receive and transmit circuits
have provision for a voltage
regulator, zener diode, and
resistor (RG1, ZD1 and R5) to

Figure 2. Pin designation of the UM3750.
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Figure 3. Output waveform of the UM3750.
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Tronsmitter Receiver
1
R RC RC [l] R
o0k Input i Vec| Input 100k
113/18[15 select 18] 13[
1 vV, Tronsmission medium 1 .
S 8 : B
1 2 5 e.g. Infra red,Radio,etc. e § n/: ]
._0/5_3 L ‘\\ - o4
ot St "t s
Cade t—o"o—o1 ; 5o o Code
2 | switch ¥—o"o—— = switch | £ 2
F“ﬁc_ Inputs —% 7 = o Inputs RC
1—12 | o5 B8] B - l1-12
. 10 ¢ N S
s 1] LTS
L g 12 LA
17 o
Qutput
Cm 5 Mod = $BD F
14 16 Recei V 14 1 ode P
180pF ‘ Vg3 m‘;ﬁ'"ﬁ ss it T
Repeat of
above
Figure 4. Basic circuit configuration for the UM3750.
allow operation at supply If the supply voltage is in may also be used (without the
voltages up to 35 volts. excess of 11 volts, omit link UMS3750 inserted) as the input Power
Figure 7 shows the circuit | LK1, insert RG1, ZD1, and RS for the infra-red link. Supply Comments R3 R4
diagram for the transmitter and change R3 and R4 to the The circuit diagram for &V Fit LKl 180 B20
and Figure 8 shows the PCB values shown in Table 2. Two the receiver is given in Figure v FIXl 30 180
wiring. The circuit shown is additional pins, P11 (signal) 9 and Figure 10 shows the PCB
designed to operateata and P12 (ground) are available wiring. This circuit can be 12-35V FitRGl, 380 220
supply voltage of 9 volts. For on the circuit board to allow driven from a supply voltage ZDL RS
supply voltages below 9 volts, the output of the UM3750 to be between 6 volis and 35 volis. It Max Frequency (F=%%1c1)
R3 and R4 need to be changed taken to the input of a fibre should be noted that at supply
to the values shown in Table 2. optic or RF link etc. These pins voltage levels in excess of 11 Table 2. Selecting R3 and R4.
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Figure 5. Combined circuit to which the PCB is designed.
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volts, omit link LK1, and insert
RG1, ZD1, and R5. The
receiver output is taken from
Q pins P11 (signal) and P12
Upon receipt of (ground). This pin is normally
I::o valid cgde P13 P14 held high at logic 1, but, on
this pin goes low ® receipt of a valid code,
changes to logic 0 until the
P11 P‘% 1 1c2 valid code is removed, when it
Ic1 sW1 reverts back to logic 1. Pins
P13 (signal) and P14 (ground)
are provided, allowing the
— — output from fibre-optic/RF
receivers efc. to be connected
to the input of the UM3750 (do
Pg NOT insert IC2 or its

o — associated components).
K _| These pins may also be used
:llé as the output of the infra-red
A link.

Applications

A simple application for
the device is an electric door
lock. In order to open the door
you aim the transmit unitata
To power supply box mounted on the wall. If
your transmitted code
matches the code set in the
receiver then the door lock
Figure 10. Receiver PCB wiring. will operate. The typical

g wiring of such a systemis

shown in Figure 11. Note that
as this system operates at 12
O \ yolts, RG1, ZD1 & REneed to

@
4
N
-04 3
%
-04 %
‘?e

u
o

MAPLIN
UM3750 BOARD

O 1

-+

be inserted. If mounting the

’_@_‘ receiver out-of-doors it is best
- — to shield the photodiode from
MPSABS  Min res.| ® @ direct sunlight by mounting it

5) recessed (as shown in Figure
/® 12).

Ict A further application of
the UM3750 would be to
remotely activate/deactivate
e S | an alarm system. In an ideal
system the user would press
the “Transmit' button once to
Receiver activate the alarm and again to
PCB deactivate it. Most alarm
systems require the active line
to be logic 1 when the alarm is
activated, and logic 0 when
deactivated. The output of the
'25 g; UMB3750 is, as previously
O stated, normally logic 1 and
only changes to logic 0 for the
+ duration of a valid code being
| v received. Just connecting this
output to the alarm system
Equivalent cireuit diagram would result in it being
deactivated for aslong as
someboedy stood outside the
premises with their finger
firmly pressing the "“Transmit’
button. The action of
deactivating an alarm

e
|
I |
=P : & IN4001 generally means that enfry to
|
-t

@ B
o

d

the building is required, which

can be quite difficult if you

have to stand outside holding

To door lock the transmit button! By placing
: a bistable circuit between the

receiver and the alarm system,
Figure 11. Connecting an electric door lock. every depression of the

February 1990 Maplin Magazine 61

o




Vo, &F

Photodiode PD1
mounted out of

& Foo Fo Foo Fo Foo Foo e, Fe, F. &Y
T T TFFF T T TETE T ITE T T TS
’7 Sunlight 3ecg::jc}n_ O;Q)l;ox A receli:vgé
| 77777777777 7773 I

direct sunlight To alarm 14]3
[ = system 12| Vo 74nc73 =
11
T 1nF
L T A o— - o
Figure 12. Mounting the photodiode PD1. Figure 13. Connecting the UM3750 to an alarm system.
“Transmit’ button will toggle available it is beyond the : -
the alarm between its scope of this article to ggﬁ,’zﬂﬁg Eﬂgﬁiw %nkﬁv
activated and deactivated describe how to connect the Current consumption of transmitter  115mA
states. Figure 13 shows the UMB3750 to your alarm system. Current consumption of receiver TmA
basic configuration for such a Finally, Table 3 shows the Effective range 40cm - 2m
system. Due to the vast specification for the prototype
number of alarm systems circuit built using the PCB. Table 3. Specification of prototype.
LM3750 PARTS LIST ROI0 100k 2 o)
Rll 1k 1 (MIK)
Transmitter
Resistors: All 1% 0.6W Metal Film Capacitors
R12 4k7 2 (M4KT) Cl InF Monolithic 1 (RA3IN)
R3 33(1 (see text) 1 (M33R) C3 22nF Monolithic 1 (RA45Y)
R4 1801 (see text) 1 (MI8R) C47 100nF Monolithic 2 (RA49D)
RS 10k (optional) | (MI0K) Cs 330nF Monolithic 1 (RASIF)
C6 10nF Monolithic 1 (RA44X)
Capacitors
Cl InF Monolithic 1 (RA3SN) Semiconductors
c2 100..F SMPS 1 (JL49D) ICI UMB3750 1 (UKTT)
: 1C2 LF353 1 (Wasl)
Semiconductors RGI @ ATBMOSUC (optional) 1 (QL28F)
IC1 UM3750 1 (UK71]) ZD1 BZY8BC5V1 1 (QHOTH)
TRI BC337 1 (QBE8Y) PDI Infa-Red Photodicde 1 (YHTIN)
RG1 uAT8MOSUC (optional) 1 (QLZ8F)
ZD1 BZY88C5V1 (optional) 1 (QHOTH) Links
LD1 MiniLED Red 1 (WL32K) LK1 Seetext .
LD23 Infra-Red Emitter 2 (YHTOM) LE2 NotFitted
/ LK3 Not Fitted
Links LE4 Fitted
LK1 Seetext
LK2 Fitted Miscellaneous
LK3 Fitted P1,25-14 Pins 2145 1Pkt (FL24B)
LE4 Not fitted SW1 DIL Switch SPST 10 Way 1 (FV45Y)
_ SW2 DIL Switch SPST Dual 1 (XX26D)
Miscellaneous DIL Socket 18 Pin 1 (HQT6H)
P1-8,11,12  Pins2145 1Pkt (FL24B) DILSocket 8 Pin 1 (BL1TT)
SW1 DIL Switch SPST 10 Way 1 (FV45Y) PCBoard 1 (GE33L)
SW2 DIL Switch SPST Dual 1 (XX28D) Constructors Guide 1 (AHTSL)
Push switch 1 (FH59P)
DILSocket 18 Pin 1 (HQTEH) Optional :
PP3Battery Clip 1 (HF28F) MinRes 10k 1 (M10K)
Zinc Chloride K9VHZ Battery 1 (FK625) MPSABS 1 (QHBIR)
PCBoard 1 (GE33L) IN4001 1 (QL73Q)
Constructors Guide 1 (XHTIL) Electric DoorLock 1 (YUB3W)
Ultra-Miniature 12V SPDT Relay 1 (YX94C)
MinRes 27000 1 (M270R)
InF Monolithic 1 (RA3SN)
Receiver
Resistors: All 1% 0.6W Metal Film HHCB i (L0
Rl 4k7 1 (M4KT)
R5 10k (optional) 1 (MI0K)
R6 47k 1 (M4TE) The following item s avilable, but is not shown in our 1980 catalegue:
R7,12,1415 2k2 4 (M2K2) UM3750 PCB Order As GE33L Price £2.25
R8,13 120k 2 (M120K)
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Reported by
Robert Ball AM.L.PR.E.

In recent years, more and more
people have adopted electronics as a
hobby. With today's technology and the
availability of quality electronic
componénts at reasonable prices, interest
is growing fast. Usually this interest
germinates from either working in the
‘technology indUstries’ or from studying at
-school, college or university. Electronics
appeals to a wide age and ability range,
where limits are set only by an individuals
ingenuity and bank balance! [tis however
unusual to find young people with broad
and in-depth knowledge of electrics and
electronics.

J & Inside the extension, where lan indicates

All Thmgs EIQCtﬂC&I the wiring prior to the walls being plastered.

Sixteen year old lan Connelly from
The stables protected by lan’s security system. Smallfield in Surrey, has been interested
in all-things-electrical since the age of
four, when hefirst perfected the art of
wiring 13A mains plugs (something that a
lotef adults have not yet got the hang af!).
‘Soon atter, he was experimenting with
simple fow voltage circuits; using lamps,
switchesand batteries to build model
traffic lights and other similar things. Trips
to the local library became frequent,
where he borrowed and studied books on
electricity and electronics, much to the
amazement of the librarian. By the age of
seven, lan's visits to the library were
becoming more and more frequent as his
insatiable thirst for knewledge continued
to grow. lan said that when he was
younger the maths proved to be a big
hurdle, but as he grew alder, his school
miathematics tutorials helped
tremendously. Radio became another
fascination, sparked-off by wondering
how signals fronia transmitter mast could ; I : .
House extension in which lan installed an external radiate and be received many miles away --h
telephone bell, and PIR operated security light. without any direct connection. Lighting circuits.
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lan's workbench.

Reading up on NICAM.
February 1980 Maplin Magazine

Burglars Beware!

lan first started building electronic
projects when he was ten and in 1984 his
Christmas present list included a request
for the electronics hobbyist’s ‘bible’, the
Maplin Catalogue. From then on his scope
knew no bounds. A local horse owner
employed his skills to provide a security
system for his stables after some horses
were stolen. Thesystem maoniiors the four
doors and drives two very loud piezo
sounders, and a tamper loop is provided
for additional protection.

At home he has installed telephone
extensians and provided an ingenious
multiway switching system for lighting the
outside of the garage. lan also looks aiter
the normal day-to-day electrical
problems, such as changing light bulbs,
fitting plugs and changing fuses. One
hame venture was building fully
operational TV sets from broken ones, lan
then spld the working ones to boost his
pocket money.

Repairs and Rewiring

In his locality, lan is known as the Mr
Fixit, repairing everything from washing
machines and food processors to persanal
stereos and televisions. He has wired two
house extensions, providing such facilities
as multiple switching on lighting circuits,
PIR operated security lighting (with
manual override) and an external
telephone bell. lan places electrical safety
very high on his list of priorities, this soon
became apparent as he described the
meerits of PME (protective multiple
earthing) and installation of RCCBs
(residual current circuit breakers). lan
ensures that hiselectrical work complies
with the réquirements of the 1:|lf1 edition
I.E.Eswiring regulations.

Projects

As with most hobbyists, lan has built
a variety of different projects. Amongst
many.things, he devised an overhead
projecior protector for use at his school
and a sound operated ‘clap’ switch to
provide amusement for friends. He builta
simple ‘stylus” organ, butthat now findsa
more practical use as a 555 timer lester.
For testing mains sockets, lan hasbuilta
tester unit, this simply plugs inahd
indicates whether live, neutral-and earth
are properly connected. His cufrent
project is a mains isolation unit for his
workbench. lan is particularly interested
in the NICAM-728.-Decoder project, so
when the local transmitter starts to
broadcast NICAM signals, he may build a
decoder.

lan certainly has an excellent grasp of

‘electronies and with his tremendous
-enthusiasm, he is without a doubta

‘HobhyistIn Action’,
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COMPUTERS

IN THE

REAL
WORLD

Part 4 By Graham Dixey C.Eng., M.I.E.E.

Introduction

A computer can only perform a useful
function by interacting with the ‘real
world” around it, which really means with
its ‘peripherals’. To perform this process
of interaction it must be able to
communicate with these peripherals,
either to know when they need attention or

to pass data to them. A common way of
establishing this necessary means of
communication is by the method of
‘interrupts’. The interrupt technique
forces the compurter to respond 1o a
request from a peripheral, at a specific
ume, whether because the particular
peripheral needs to pass data to the

Fetch
Input
Data

Polling Service
Loop Peripheral
A
3
Service
Peripheral
B
No Sgnrice
Peripheral
1 c

T 3

Oz

Figure 1. Flow chart for polling a computer’s peripherals,
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computer or requires data from it. To see
more clearly how interrupts work and why
they are used, it is worth looking first at an
alternative scheme called ‘polling’.

Sofrware Polling

Supposing that a computer is
connected to several peripherals, the
computer has to know, in some way, when
any one of these devices needs service.
Polling is a continuous process in which
the computer keeps ‘asking’ each
peripheral in turn whether it needs
attention. Because the speed at which the
computer works is so much greater than
that of the majority of peripherals, the
answer is invariably ‘no’. In this case, the
computer moves on to the next peripheral
and repeats thé questions, and so on. After
interrogating the last peripheral in line the
computer goes back to the first one and
starts the process again. Such a polling
procedure can be executed by a simple
segment of machine code that just keeps
on looping until a ‘yes’ answer is obiained
from one of the peripherals. At this point
the computer exits the polling program
and jumps to a routine that handles that
particular peripheral. The flowchart of
Figure 1 should make it clear how polling
works. There are disadvantages to the
polling method, though for some
applications it is attractively simple.

For a start, it ties up the computer
completely. Itis either running the polling
program (most of the time) - thus doing
nothing very useful —or it is handling a
peripheral. There is no chance for the
computer to perform any other function
during the time that peripherals don’t
actually need its atiention.

Another disadvantage is the relative
slowness of response, which is limited by
the time taken to run the loop. Supposing
that peripheral A requires attention ‘just
after’ it has been checked, it will now have
to wait for all the other peripherals to be
checked (and perhaps be serviced t00)
before the loop returns to this peripheral
again. Obviously the more peripherals that
there are in the queue the slower the
possible response.

In the polling method the onus for
initiating a routine for handling a
peripheral rests squarely on the computer,
The peripheral providesa signal (known as
a ‘flag’) when it needs attention but the
computer knows nothing of thisuntil that
part of the program is reached that checks
this specific peripheral, The idea is
illustrared diagramatically in Figure 2.
Each of the peripheral flags is connected to
a single input line on a computer port, and
all that the polling program has to do is
check each of these lines in turn to
establish whether it is ‘high’ or ‘low’.
Assuming that a high state signifies the
need for service, ondetecting the presence
of a high level at one of the port input
lines, the program jumps to another area of
memory where that peripheral’s *handling’
routine is stored.

By contrast, in the interrupt method
the responsibility is shifted from the
computer to the peripherals themselves.
The computer is no longer required to run
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a polling program and is, in fact, free to
pursue some other, perhaps torally

un:'elated, task. How then do the Peripheral | r Port A
peripherals force the computer to N Data A .
& - A /| | (Peripheral A Data)
acknowledge their need for service? Flag A
The answer is simply that the
peripherals need do no more than they did
before, that is to set a flag to an agreed Peripheral |* Dota B -, Port B
logic level. The difference is in the way the B[~ +/| | (Peripheral B Data)
computer reacts to the flag signals. Flag B
Figure 3 again shows three
peripherals, knownas A, Band C, = e
connected to a computer. However, now Penpharal k Data C . ot ©
: c v (Peripheral C Data)
the flag lines a do not merely go to a port floa C
for status checking but to a*wired OR’ 9
logic circuit as well. The autput of this — $
wired-OR arrangement drives a special - 8 Port D
input to the computer marked ‘INT °. — (Flags)

The abbreviaton *INT ’ naturally stands
for INTerrupt and the bar over these
?et‘ters means ﬂ?at the HPILS0 dﬁ}gnated Figure 2. Port connections for polling method of servicing peripherals. Port D is checked regularly
is ‘neganive-acting’, meaning thar it needs by the polling program.

to be taken to logic zero in order to initiate v

the interrupt sequence. This sequence can :
be summarised as follows: {

Peripheral |~ "
(i) The MPU finishes its current AN Ditd A /

instruction. Flag A
(ii) Various registers, especially the
Program Counter (PC) and status
register, have their contents preserved Peripheral |~ Data B . _ Port B
by ‘pushing’ them onto a special area B * (Peripheral B Data)
of RAM known as the ‘stack’. Flag B
(iii) The program counter is loaded with
the start address of the ‘Interrupt Perioharal L g Port C
Service Routine’ (ISR) and the. % <, Data € —~| | (Peripheral € Data)
peripheral is then handled. Flag C
(iv) At the end of the ISR the various L.
registers have their contents retrieved
from the stack by a process known as
‘popping’ or ‘pulling’ the stack; the +5v
computer is then able to carry on with
its original task just as if nothing had | |f:;{;l:,,e

happened.

Port A
(Peripheral A Data)

N

[

wa

Port D
(Flags)

LLILIIIT]
3]

At this stage someone is no doubt
wondering how the computer knows
which of the peripherals has to be serviced.
After all, the interrupt line from the
wired-OR logic is common to all
peripherals. True, but the flags stll go to |}
separate port lines as well, at least in the
case of the system shown in Figure 3, since Open—collector
there are other methods that can be used. inverters

In thissimple scheme the initial
response of the computer, after
performing steps (i) and (ii) in the previous
routine, is to go to an address known as the
‘interrupt vector’. Instead of this address
pointing directly to any specific ISR it is Returns to main pregram
used to run a polling program to check the p e ~
status of the peripheral flags in turn. On I
finding a flag set high the program will be l l !
directed to the relevant ISR. Main ’

In terms of software, this polling program 4‘ H ‘
procedure is no different from that i
described previously. The difference, and Loeill BR C RS pRA il
it is a very important one, is that it doesn’t 1 ‘ i $ T
run continuously but is only called when a |
interrupt request is received. There is no Peripheral  Peripheral Peripheral  Peripheral Peripheral
need whatever for the computer to keep on .. B .. c .. B o R . C
checking the peripherals. Figure 4 showsa interrupts interrupts interrupts interrupts interrupts
hypothetical situation where interrupts =
from the three peripherals of Figure 3 e
arrive quite randomly and are dealt with as
they occur. In berween times the computer
carrics on with some other task, known Figure 4. Showing how the main program may be regularly interrupted by peripherals requiring
here simply as the ‘main program’, service. The instants of time are often quite random.

1

Common interrupt
line

*

1Yy

Figure 3. Port connections for interrupt servicing of peripherals. Any flag being set (peripheral
requiring service) takes the common interrupt line low. Port D is then polled to identify peripheral.

Y T
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Other methods of determining the
identity of the interrupting peripheral will
be described shortly but first it is worth
looking at the idea behind ‘priorities’.

Prioritisation of
Interrupts

In any system controlled by a
computer it is likely that some inputs, or
peripherals, will have more urgent needs
than others. Any potentially hazardous
situation, such as over-voltage, loss of
power, excessive temperature rise, etc.,
must take precedence over the more
routine checking of input variables or
sending data to a printer, and so on. It
must, therefore, be arranged that high
priority devices have preference over less
vital inputs even to the extent of being able
o override their interrupt routines.

The diagram of Figure 3 shows only
one interrupt connection to the computer,
namely the one labelled *INT . In
practice, there is usually a second line
frequently known as “NMI °, which
stands for Non-Maskable Interrupt. This
is the line that is reserved for higher
priority inputs. Without prior knowledge,
the title Non-Maskable Interrupt isn’t
exactly helpful. Tt obviously refers to some
operation called ‘masking’, but what
exactly is it?

Masking

This is the name given to the setting
of a flag, known as the Interrupt Mask
Flag, in a special register of the
microprocessor, in order to prevent a new
interrupt routine breaking into one that is
already running, Whether this new ISR
‘should” be able to break inte an existing
routine depends upon whether its priority
is higher or not less than that of the
peripheral whose routine is running.
When an interrupt is received on the
‘INT * input, the microprocessor
automatically checks to see if the mask flag
is ‘set’ or ‘clear’. If it is clear, it will allow
the interrupt on the *INT ' input to
continue; if it finds the flag set, it will not
allow it to. So, how does this flag get set in
the first place? The answer is that it is set
by an instruction right at the beginning of
an Interrupt Service Routine. This routine
could be the *NMI ’ routine or even one
of the ‘“INT ° routines.

To take an example of the way in
which masking works, suppose that a low
priority interrupt is received on the ‘“INT *
input and is being serviced. During this
time, that is before this ISR has had a
chance to finish, another interrupt, also on
the ‘INT ’ line but of much higher
priority, is received but will be ignored
because it has been ‘masked out’.
However, if an interrupt is received on the
*NMI ’line, this will take over
immediately since it cannot be masked
out. Once the “NMI ° routine is finished it
will clear the mask bit and the ISR that it
interrupted can resume. This process of
one ISR breaking into another and
‘stealing’ its time, so to speak, is known as
‘nesting’.
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Figure 5. Daisy-chaining of three peripherals; highest priority is established for Peripheral A.

From the above it can be seen that the
difference between the ‘NMI and
‘INT interrupt procedures is that, when
an ‘NMI interrupt signal is received it
makes no difference whether the mask flag
is set or not. This fact is totally ignored
and the “NMI ° routine immediately
breaks into the existing routine and
assumes command. In other words, the
mask has no effect on the ‘“NMI ° input,
hence the name, Non-Maskable Interrupt.

Now that it can be appreciated that
the “NMI ’interrupt line will always take
precedence, it is then possible to develop
the argument a bit further and explain how
a system of priority may exist among the
peripherals connected to the *INT ’ input.

Suppose that there are three
peripherals all wired-OR connected to the
“INT ’ input line. First it is logical to
designate them alphabetically in their
priority order so that A has the highest
priority and C the lowest. The polling
program that is called after the ‘INT ’ line
has been pulled low by a peripheral will
naturally be written so as to poll them in
this order also. This means that, if it
happened that two peripherals called for
attention at the same time, the higher
priority one would be interrogated first
and would therefore be serviced first.
When its routine had been completed the
‘INT "’ line would still be found to be low,
initiating another go at the polling
program which would find the other
peripheral still waiting for attention; this it
would then receive.

However, a moment’s thought will
show that this has assumed only the
simplest of situations. If A is more
important than B then if B is already
receiving attention, say, at the particular
instant that A requires it, it ought to be
possible for A to take over from B. This 1t
will do as a matter of course provided that
the interrupt mask flag mentioned earlier
has not been set by B’s interrupt routine.
If it has been set, then A would have o
wait until B had finished, not really the
response that is wanted. On the other
hand, if A is receiving attention and B then
tries to interrupt, it is essential that it
cannot do so. This implies that A’s
interrupt routine ‘must’ set the interrupt
mask flag.

Summing up, the Interrupt Service
Routine for A must include the instruction

for setting the interrupt mask flag (SEI in
6502 code) at the beginning of the routine,
so preventng any further calls on the
‘INT ’ line from having any effect while
the routine for A is running. At the end of
this ISR the instruction must be included
that clears the mask flag (CLIin 6502
code), otherwise all subsequent calls on the
‘INT " line will be ‘locked out’ for
evermore! The ISR for B, on the other
hand, must not include these instructions
since it is required to allow A to interrupt
if necessary. The problem is thar there will
be nothing to prevent C from taking over
from B either! Obviously such simple
systems have their limitadons. One
solution would be to connect peripheral A
to the “NMI ° line, giving it the highest
possible priority, and B and C to the
‘INT * line with the routine for B written
such thatit can mask out C.

Daisy Chaining of
Peripherals

Another method of determining
which peripheral has initiated an interrupt
is the connection of peripherals in a ‘daisy
chain’ according to their priorities. This
daisy chain is effected by the line called
ACK in Figure 5. When an interrupt
occurs on the *INT 'line the
micropracessor goes into its asual
sequence of preserving registers; ei¢., and
then generates an ‘interrupt-acknowledge’
signal on the ACK line. This is gated to the
first peripheral in the chain; if this was the
peripheral that iniated the interrupt then it
will respond by placing anidentification
number on the darta bus, which the
microprocessor willread and use to
determine which routine to go to. If the
first peripheral was not the one that iniated
the interrupt, then the ACK signal will be
passed-on to B in turn, which has the same
choice, either to respond or pass the signal
ontoC.

The identification number placed on
the data bus by a peripheral can easily be
used by the microprocessor to access a
look-up table which will, in wrn, supply
the information regarding which
peripheral it is and where in memory its
ISR can be found. A quicker response can
be obrained if the number supplied by a
peripheral points directly to the ISR, so
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giving immediate access to it rather than
by way of the look-up table. This is called
a ‘vectored interrupt’. The Z80 has a
facility of this type but because addresses
are 16 bits in length and the Z80 only has
an 8-bit data bus. only half of this address
can be placed on the data bus by the
interrupting peripheral. The rest of the
address has to be pre-loaded into a special
register of the Z80: in practice this is the
high byte of the address.

The address formed in this way is not
actually the start address of the ISR but
merely an ‘interrupt vector’ that points to
it. This should be clear from Figure 6 in
which an address SC40H is formed which,
together with the next address SC41H,
provides the actual ISR start address,
namely A120H. In other words, the byte
40H supplied by the peripheral is added 10
the contents of the I Register (3CH) so as
to form the address SC40H. The bytes thar
comprise the address A120H, already
stored at the successive memory addresses,
SC40H and 5C41H, then point 1o the ISR
for that particular peripheral.

The Z80’s method of performing
Vectored Interrupts (known as Mode 2
interrupts) is illustrated in Figure 6.

I
ZBO ISR
|—Register <
Interrupt
E vector | _—~_ |
Vv / RAM
[5]c|4]o
1
E T . S
Peripheral
register SC41 ki
5C40 20H
N
RAM

Figure 6. The Z80's interrupt Mede 2 in which
the interrupting peripheral supplies the low
byte of the interrupt vector.

Priority Interrupt
Controllers (PICs)

It is possible 1o establish interrupt
priorities by means of hardware, the
‘priority interrupt controller’ being an
example of this. The basic PIC logic is
shown in Figure 7, which shows how
either interrupt lines, number 0 to 7 are
handled. Each of these lines is ANDed
with the appropriate bit of an 8-bit Mask
Register. The contents of the Mask
Register are determined by the program
which loads a byte into this register as
required from time to time. Thus, 1o
enable all eight interrupts to be effective,
the Mask Register would be loaded with
FFH, that is all ‘ones’; loading 00H into
this register would disable all interrupt
lines. To take a further example of this, if
OFH is loaded, the lower four interrupt
lines (0-3 inc.) will be enabled while the
upper four lines (4-7 inc.) will be disabled.

Being able to mask out interrupts at
will within the program leads to a powerful
and flexible interrupt handling scheme.
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Supposing that the interrupt priority
scheme is that line 0 has the highest
priority and line 7 the lowest then, if an
interrupt is received on line 0, it has only
to load the Mask Register with 01H and
lines 1-7 inc. are immediately masked out.
Similarly, any other interrupt routine can
be written so as to load the required byte
into the Mask Register in order to
maintain its priority.

Naturally, lower order priorities will
only mask out those below them and not
those above, since the latter must be
allowed to interrupt them in turn. Thus, if
an interrupt is received on line 3 it will
mask out lines 4-7 but not lines 0-2.

The outputs of the AND gates are fed
to an 8-bit register which provides two
outputs, as follows.

{a) An interrupt request to initiate the
interrupt sequence. (b) An 8-bit code
which, in effect, identifies which
peripheral has initiated the interrupt.

From this 8-bit code a corresponding
3-bit code is generated, using an 8-to-3 line
encoder, which can then be compared with
the contents of a 3-bit Priority Register,
the contents of which have been specified
by the programmer. It is possible to use
this result to prevent lower priority
interrupts from having any effect. This
together with the Mask Register is very
powerful in establishing priorities. The
3-bit code here described is known as a
‘level vector’ and, since a 3-bit code can
take up eight different values, in some
designs of PIC it is used to access
‘one-of-eight’ 16 bit registers, each of
which has previously been loaded with the
start address of an Interrupt Service
Routine for one of (up to) eight different
peripherals. Thus, an immediate branch
can be made to the appropriate ISR. This

more detailed scheme for a PIC is shown in
Figure 8.

Direct Memory Access
(DMA)

Interrupts guarantee a very fast
response to a call for service from a
peripheral but the overall speed is limited
by the use of software in the polling and
handling routines. Disk drives and
monitors may need a faster response than
the above method is capable of giving.
Since hardware is inherently faster than
software, the answer is abvious. Bypass
the sofrware aspect with a specialised
hardware device. This piece of hardware is
known, logically enough, as a Direct
Memory Access Controller, or DMAC.
This DMAC isyin effect, a processor that
is designed to perform high speed data
transfers between the computer RAM and
the peripheral itself. Obviously, in order to
carry oui this transfer it needs to have
control of both the computer’s address and
data buses during the time of the transfers.
There are various ways of doing this.

The DMAC may suspend or stop the
operation of the microprocessor; it may
‘steal’ some of the memory cycles; it may
gain time by stretching some of the clock
cycles; some ‘intelligent” DMASs actually
use portions of the instruction cycles when
they ‘know’ that the buses are not actually
in use. It is appreciated that some of these
ideas are somewhat difficult to grasp! The
most common method, and the easiest to
implement is just to suspend the operation
of the microprocessor.

A simple concept of a DMAC in
operation is shown in Figure 9. The
operation is as follows.

A significant difference between the

Data Bus

{5
?m
AR

A
3

TYYYYYYY

Mask
register

Figure 7. PIC (Priority-Interrupt-Contraller) logic allowing sight interrupts to be handled; priority

can be established by the mask register.
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Figure 8. The PIC system of Figure 7 expanded to provide direct addressing of ISRs (via the 16-bit re

selected by the 3-bit priority register.

operation of a DMAC system and a normal
interrupt-driven system is that the
interrupt lines from the peripherals no
longer go 1o the microprocessor, but
directly to the DMAC. When the latter
receives an interrupt request from a
peripheral it sends a HOLD signal to the
microprocessor which places the latter ‘in
limbo’. However, before it actually enters
this suspended state it does three things.

(a) It completes its current
instruction.

(b) It allows the address and data
buses to *float’, that is they go into the
third, high impedance, state since they are
tri-state devices.

(c) It sends a ‘hold acknowledge’
(HOLDA) signal to the DMAC to inform
it that the buses are now available for its
use.

The first action of the DMAC is 10
place an address on the address bus that
specifies the memory address at which the
data transfer is to take place. This address
is contained in a special 16-bit register in
the DMAC; it follows from this that there
must be one of these registers for every
peripheral connected to the DMAC. The
programmer pre-loads these registers as
part of the normal *boot-up’ program. The
DMAC next sends a READ or WRITE
signal, as appropriate, via the peripheral
driver to memory so that data can then be
transferred on the data bus. A useful
facility of the DMAC, thar allows it to
handle the transfer of blocks of data, is an
automatic sequencing mechanism,
controlled by a counter-register, that keeps
track of the number of bytes being
transferred in a particular block. Asan
example of the possible speed of such
devices, the Motorola 6844 is capable of
transferring 1Mbyte of data per second.
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gister block). Each of eight such registers can be

Address bus
MPU | S RAM
Data bus | il )
3 ' Read/write
HoIdT lHold A 11 1 :
[
5 !‘\”‘H\ Effective
i ~__connection
Driver under DMA
DMAC — control
Peripheral
=

Time

Write X /

Port Output X

Handshake [ ready —/_\—

Signals | strobe U

Interrupt \

Figure 10. Timing for output handshaking.

Handshaking

Any reference to inpur-ourput
transfers between a computer and its
peripherals invariably includes the rather
colourful term ‘handshaking’. This is
nothing more than a means of timing the
transfer of data to suit both a slow
peripheral and the fast processor. Some
idea of how this is done can be seen from

Figure 9. Basic scheme for a Direct Memory Access Controller (DMAC).

the timing diagrams for output transfers
(Figure 10) and input transfers (Figure
11). A feature of hand-shaking is that the
inpurt-output port of the computer is
connecied to the peripheral and not merely
by the data bus on which the transfers will
be made but also by two hand-shaking
lines, known as READY and STROBE.

The output timing diagram of Figure
10 shows the logic states, with time, for
various lines as follows, starting at the top.

First there is the WRITE line which
goes low when fresh data is available to be
transferred to the peripheral. Next there is
the data at the port output itself, the
loading of new data into the port register
being indicated by the crossing over of the
two lines. The next two lines are the
handshaking lines themselves and, finally,
there is the interrupt line.

The action of outputting the datato a
peripheral device implies a ‘writing’
operation from the MPU to the peripheral.
Thus, the WRITE line will be taken low to
initiate the sequence. During the period
when the WRITE line is low the new data
Continued on page 75.
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Lindos audio oscillator and audio measurement set.

InParts 1 and 2 we looked at the nature
of distortion, the ways in which it is
produced and the different ways in which it
can be measured. Now, we are going to look
at some actual circuits for test equipment
which are not beyond the expertise or the
pocket of the reasonably experienced home
constructor. There should be some emph-
asis on ‘reasonably experienced’; full
constructional details are not included and
details such as power supplies, and the need
for 100nF decoupling capacitors on the
power supply lines to every two or three
ICs, will only be mentioned in general
terms.

Basic audio meter

To measure distortion, we have seen in
Part 2 that either balanced-bridge techni-
ques or various different types of filter are
used. In both cases, we have to measure the
amplifier output voltage and the output
voltages due to the distortion components
alone. For a good amplifier, these will be
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less than one hundredth of the total output

voltage, so we need a sensitive audio
voltmeter to measure them. It will also ease
the design of the filters if we can have a
fixed, low source impedance and a fixed,
high load impedance for them. It is possible
to do some measurements with a digital
multimeter, burt they are not very accurate
at very low voltages (1 to 10mV), and their
audio bandwidth is limited, often to less
than 1kHz.

The circuit of a basic audio voltmeter
is given in Figure 6. This is built around
three NE5532 low-noise dual op-amps and
one NE5534. The pairs of amplifiers in the
input section require careful screening
between them to prevent instability on the
high-gain ranges. For the same reason, the
two sections of the range switch must be on
separate wafers, such as FF81C, one on
each side of the screen, and the whole
circuit must be built in a metal box to
prevent hum pickup. The decade ranges
extend from 100V to 100pV full scale.
There will be a continuous reading on the

lowest range, due to noise, until the meter is
connected to a low-impedance source. The
meter movement can be of any f.s.d.
current from 50uA 1o ImA or more, if the
value of preset resistor R (the only
calibration control) is chosen correctly. The
power supplies should be £15V in order to
avoid peak clipping on non-sinusoidal
waveforms, with crest factors up to 5. The
built-in filter gives a response which is less
than —1dB at 20kHz, and —3dB at about
25kHz (provided that accurate component -
values are used!), to reduce the effects of
noise and out-of-hand signals. Without this
filter, the response extends to over 100kHz
and all the noise in this bandwidth will
obscure the wanted signals. To avoid d.c.
offset problems, a.c. couplings are in-
cluded, but the .f. response is more limited
by the meter tending to follow the
waveform than by the gain roll-off. The
output marked AMP OUT can be used to
connect an oscilloscope, and full scale on
the meter corresponds to 2V rms at AMP
OUT. Note that this output, unlike those
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mphﬁermust be or zhemvemng ype, or
the two voltages must be applied to the two
inputs of a low-distortion differential
amplifier. To obtain some practical results
for this article, an amplifier based on the
LM380 was made up, using positive
feedback to obrain a gain of about 40dB. It
‘was expected that this amplifier would
produce significant amounts of distortion at
levels below overload, but it proved better
than that, having a distortion of the order of
0.3%, which is on the limit of what can be
measured with ‘breadboarded’ circuits. (To
realise the full potential of many of the
techniques described, it is necessary to
build the circuits carefully, with accurate
component values, in metal boxes). Never-
theless, the amplifier showed an interesting
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Figure 7b. LM380 test amplifier with positive feedback, in the high phase shift, non-inverting

configuration.
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AB and C are the
corresponding points
in figure 7a

Figure 8a. Balancing network for measuring THD of the amplifier in Figure 7a. V is the voltmeter
shown in Figure 6. The ‘220pF’ capacitor value may vary between amplifiers.

3 \ 5
—O w
15k T
1
ot AB and C are the
) corresponding
: A il points in fig.7b
Audio 2591+ 120Re  100nF 15k TLO71
ny Ose. l'__D =
Ref. . 45K
150nF Ak7 —
T e [l]15k

# These values have to be determined
by phase—shift measurements on the
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for best balance at all frequencies.

Figure 8b. Balancing network for measuring THD of the amplifier in Figure 7b.

1kHz but 4% ar 315Hz. Clearly, it is not
enough o measure THD at only one signal
frequency! To avoid complications, a
different power supply was used for the
following tests. The amplifier configured
with only one coupling capacitor, and with
inversion from input to output (Figure 7a),
is relatively easy to measure using the
balancing technique. Figure 7b shows the
same basic amplifier, but now operated in
non-inverting mode and with an output
coupling giving significant phase-shift even
at 1kHz, together with an input filter,
which could be included to reduce r.f.
pickup. This filter introduces considerable
phase-shift at high frequencies, and practi-
cally cancels the phase-shift at 1kHz due to
the output coupling. This latter phase-shift
still becomes evident at low frequencies, of
course. In a discrete amplifier, the input
filter might be represented by the h.f. cut
necessary to preserve stability with negative
feedback. There is such a cut inside the
LL.M380, but it operates at too high a
frequency for it to affect our measure-
ments.

In order to do our balancing act with
this amplifier, we have to subtract the
attenuated ‘output’ signal from the ‘input’
signal, using the differential amplifier
shown in Figure 8b, and we also have to
shift the phase of the ‘input’ signal with
respect to the true input signal, by exactly
the same amount as the amplifier shifts the
phese of the output signal. We could just do
this at 1kHz by trial and error, burt if we
want to measure at several different signal
frequencies, we should have to go through
the trial and error procedure for each one. It
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is rather more businesslike to put into the
circuit some components that will compen-
sate the phaese-shift correcily at all
frequencies of interest, and we can do this
as shown in Figure 8b. An interesting
advantage is obtained, when we have
tweaked the circuit values to get a good
minimum at the balance point at all
frequencies. We can then apply programme
signals to the amplifier, and those signals
themselves will cancel at the balance point,
leaving the distortion by itself, which we
could amplify and listen to! If we adjust the
gain of the added amplifier so that we get
normal listening level from the whole
programme with the switch in the ‘REF’
position, and the distortion alone is
inaudible when we switch to the ‘BAL’
position, we can be pretty sure that the
distortion will also be inaudible when we
are listening to the programme, This form
of the balancing test was advocated many
years ago by Quad, to prove the quality of
their amplifiers. Recently, David Hafler
has produced an amplifier with very low
distortion and phase-shift (the XL-280),
and has promoted a similar test on this
product. A balancing netw rk in a box
(XL10) is supplied to Hafler dealers, who
can lend it 1o X1.-280 buyers to check out
their units. The phase-shift is so low that no
capacitor compensation is needed in the
network.

Notch filters

Balancing is one way of measuring
THD, and notch filtering is the other. In
this technique, we simply remove the

component at signal frequency from the
amplifier output signal, and what is lefi is
the distortion, together with noise and any
hum that the amplifier may inject.

The series-resonant

gyrator

Before ap-amps became available,
THD meters were almost invariably based
on the twin-T notch filter, but there is
another possibility now, which we will look
at first. If we connect an op-amp as a +1
gain amplifier (i.e. with 100% necgative
feedback), and then apply some POSI-
TIVE feedback through a capacitor, the
non-inverting input draws a current which
lags the input voltage by nearly 90°. In
other words, the input looks like a high-Q
inductor with one terminal earthed.
Effectively, the circuit turns a capacitor
into an inductor, and itis called a ‘gyrator’.
If we connect a capacitor in series with the
input, we get a series-resonant circuit, and
the resonant frequency can be tuned by
varying the positive feedback and thus
varying the equivalent inductance. This
circuit is often used (with fixed noich
frequency and variable Q) in graphic
equalisers. Figure 9 shows a practical
distortion-measuring circuit giving a notch-
depth of 46dB at 1kHz, and unity gain at
2kHz. The latter is an important point, for
we do not want to attenuate the second
harmonic component of the distortion.
This filter has —3dB points at 940Hz and
1060Hz. Clearly, the notch depth of 46dB
(200:1, or 0.5% leakage of fundamental)
will not be sufficient to measure distortions
below about 5% accurately, so for measur-
ing good amplifiers, we need two of these
filters in tandem. They could be tuned in
step with a well-marched dual-gang poten-

Trim notch
depth

56k 100k ; -

LMB33b

TR / C,C2

o | C2 R1 R2
~ R1+R2 C1

Where R1 is the ‘top' arm of
the Tune control and
R2 is the ‘'botiom‘' arm.

Figure 9. Series-resonant gyrator notch filter
for 1kHz.
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tiometer, but a fine trimmer will probably
be needed as well, in order to reach a wue
minimum. It is extremely advisable to use
wide-band op-amps, such as LM833 or
NE5532 for all notch-filter circuits, be-
cause phase-shift in the op-amp can
produce the most strange errors in filter
response. We also have 1o take care that the
filter does not introduce noise, radio pickup
or hum that might be blamed on the
amplifier, For this reason, a metal box
constriction is necessary.

The twin-T notch filter

The original passive twin-T was
discovered by H.W. Augustadt in 1934,
While it gives a good, deep notch
(theoretically infinitely deep) when built
with accurate components, it has a fixed Q
of Vs, which means that it attenuates the
second harmonic by about 9dB, and even
the third harmonic by over 6dB. It is
possible to overcome some of this by adding
a peaky low-pass filter, but this complicates
tuning. It is better to sharpen the noich
with positive feedback, and Figure 10
shows this in a practical form. It is
practicable to obtain notch depths exceed-
ing 80dB (0.01% residual fundamental)
with one of these filters, which is just as
well, considering that three elements have
1o be adjusted. The two series arms can be
ganged, but to get fine enough control,
cither multi-turn helical potentiometers, or

20k

10nF

Values suitable
for BOOHz to
2kHz approx.

Figure 10. Twin-T notch filter with positive
feedback.

up to three ‘coarse, medium and fine’
controls for the series arms, and another
three for the shunt arm, are required. Ina
practical circuit, it is essential to take care
that the physical layout of the components
corresponds with the circuit diagram (an
unusual requirement), because stray
capacitances and other effects can degrade
notch depth, symmetry and Q greatly at the
higher audio frequencies.

The ‘state-variable’ or
‘biquad’ filter

We shall have much more 1o say about
this tvpe of filter later on, both in its
completely analogue form and in the
‘switched capacitor’ form represented by
the MF10CCN IC. At present we can note
that is is possible to build very accurate,
high performance notch filters using this
circuit configuration, which, in the notch-
filter form, uses four op-amps (or half an
MF10 and one op-amp) for each second-
order filter section. With several sections, it
is possible to produce a filter response that
has a ‘flag bottom’, i.e. a band of high
attentuation that is several tens of Hz wide,
rather than the very narrow notch produced
by the gyrator and twin-T circuits. This
considerably eases tuning, and allows the
measurement of distortion components
which vary slightly in frequency, such as
those from an analogue disc record (which
areaffected by wow and flutter). The MF10
has the particular advantage that the notch
frequency can be varied simply by changing
the clock frequency.

. . . And there’s more

Next time, we shall be looking at some
more sophisticated filters, which prove
rather easy to make, and at the results of
measurements on the test amplifier.

I=—=---"0  ——————  ———————————— — ——————— . ——————————————————— ==
COMPUTERS IN THE REAL WORLD Continued from page 71.

PO
loaded

e o
Strobe NV~

Port put X -
Ready —\—/_

Time

nterrupt N\___| Undefined

Read N /

Figure 11. Timing for input handshaking.

will be loaded into the output port; after a
short time interval this data will be
considered ‘valid’, that is the data bus lines
will all settle down and it is reasonable to
suppose that what is on the data bus is the
required byte of data. This will be latched
into the output port. The WRITE line
then goes high again, immediately after
which the READY line goes high to signal
to the peripheral that fresh daia is
available. When the peripheral has
accepted the data, it takes the STROBE
line low to signal the fact to the MPU. At
the end of the strobe pulse the output port
is cleared and a new interrupt is generated.
A similar diagram (Figure 11) is used
to explain the inputting of dara from a
peripheral. The latter 1akes the strobe line
low and presents daia to the computer’s
input port, which is immediatelv latched
in. At the end of the STROBE pulse the
READY line goes low to generate an
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00002
00003

00004 5C00 (5C00)
00003 5C00 (0000)
00006 5C00 (5D00)
00007 5C00 (5D10)
00008 5C00 (5D20)
00009 5C00 DB 00
00010 5C02 CB 47
00011 5C04 C2005D
00012 5C07 CB4F
00013 5C09 C2105D
00014 5C0C CBS7
00015 5COE C2205D
00016 5Cl1 C3005C

;A Polling Program for Z80 Microcomputers

ORG &5C00
PORTA EQU &00
ISRA EQU &5D00
ISRB EQU &5D10
ISRC EQU &3D20
AGAIN IN A,(PORTA) |
; FETCHPORT A DATA

BIT 0,
s TESTFLAGA

e NZ.ISRA
;IFSET GO TO ISRA

BIT LA
; TESTFLAGB

P NZ.ISRB
; IF SET GO TO ISRBE

BIT 2,A
: TESTFLAGC

P NZ.ISRC
:IFSET GO TOISRC

JP AGAIN
; NOFLAGS SET SO GO AGAIN

Listing 1. A polling program for Z80 microcomputers.

interrupt; note the *INT ° line going low
at this time. The READY line remains low
during the time that the MPU is reading
the data at the port. The read operation, of
course, takes place during the period when
the READ line is low. This eccurs quite
late in the cycle to allow the data bus to
settle down after the new input dara has
been presented to it. When the READ line
goes high again the READY line also goes
high, which signals to the peripheral that it
is mow able to accept more dara if required.
The subsequent state of the “INT ’ line

will depend upon whether a new interrupt
is initiated.

It is hoped that the foregoing
explanation of the role of interrupts in
interfacing a computer with the real world
has aroused some interest in whatisa
fascinating topic, and perhaps cleared up a
few misunderstandings as well. In the next
part of this series we shall be looking at the
serial and parallel transmission of data
between the computer and its peripherals
and examining some of the variety of
interface chips that exist for this purpose.
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TURBO BLASTER

Aready built 1/16 scale; off-road racer. Turbo
power for stunts, jumps and spins. Authentic
racing feel, forward and reverse, courtesy of the
progortional radio control. Real-life parformance over
both rough and smogth terrain. High/low gear seleclor,
providing top scale speed of over 198 mph. Front and rear
semi-pneumatic tyres and a special Turbo Boost' function
make the Turbo Blasier a powerful gift for any occasion. Comes
complete with 2 channel fransmitter. 8 AA batteries are required for
tha car and & AA batteries for the transmitter.

Turbo Blaster's faster relation. 1/14 scale off-road racer. Fealures as Turbo Blaster
but faster, with top scale speed of over 200 mph... Now you're really moving!
REMEMBER! Maplin stock all accessories including racing packs, batteries and all
manner of replacement pars.

Change up a gear! A top of the range, ready built 110 scale model off road racer,
4-wheel drive and powerful improved RS5408 motar for amazing power and
spead. You're on to a winner with the Road Winnsr, accuracy, manosuvrability,
balance and excellent road holding are typical features of this model. Indepandant
suspension all round, tough yet fiexible enough to seak up the bumps. Supplied
with transmitter which has two aulo-centering controls for forward & reverse
throtile, and leftand right steering. THE BIG DADDY OF THE BUNCH! .

All you need are 6 AA batteries for the fransmitter and a 7.2V race pack and 4 AA WONDER OF THE WATER! Superbfully

batteries for the car. assembled radio controlled power boal. Twin outboard
_________ R s oo o o s motors combine (o give power and spesd, and the super-lightweight,
i All pricesinciude VAT, Allitems subject toavailabiity : toughened chassisis streamlined with style. An advanced MOS-FET driver
i T, : speedcontrolsystem and a two channgl, fully proportional radio conirol system
Qrder Coupon Send this coupan to P.0. Box 3, Rayleign, Essex $568LR © wilh steeringjoysticks toreally putyou In the driving seat. ;
uantity Descripton Code Price H
| : | WHY NOT VISIT ONE OF OUR SHOPS FOR A BETTER SERVICE!
t . P D, B 3, Azylegn Escox Toleshone Ssieq (0703 554161
. Shopssl: Scton New Rosd Erargion. Beminghem. 320 Giscestar
— r Fizsd, Bristol 15516 King Stest Hammesrsmith, London 1245-145
Name St ¥ E’ ‘E 1 t—t_ Bt Gl Broaaway, Edgware, London Cxpet Wesid Buliding Regee
e L 44 _'r‘l——[“‘ Soo=t Leeds 3 Ovrnfoas Manchester, Bermans Eactios See

135168 Shelds Hoads Bybsr Newcastise-tpon-Tyne 535 Lowsr
SCALE MODELS | Fzic=5== Notfingham. 125131 Orfoc Fiose Rleeding.
£5-35 Bovoiz Vaizsy Foad Southampion. 353-284 Lorden Ress
Southend-on-S6E

—FostCode .

lautnosise you to delst my Credit Card sceaunt for the cost of goods despatchad.

it LTI T T T T T I T T T 11 | CREDIT GARD$HTL"2_E
Access Amex Viss e DBIEtE BS TEG TR, : 0702 5541 61 g @ —
I certaning by Cred Card ploass S0 o . | PHONE BEFORE 5PM FOR SAME DAY DESPATCH

Expiry date of Crexi Card
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The Three Gun Sound
Generator kit is a simple
sound effects synthesiser
using the UM3562 CMOS
integrated circuit. Any one of
three different qun sounds can
be produced using the
module, which is capable of
driving a piezo sounder
(included in the kit) or a 64
ohm loudspeaker directly. The
module will operate overa
wide range of power supply
voltages between 2.5V and
12V with an option for low
current operation if required.
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Referring to Figure 1, it
can be seen that the module
uses very few components;
this is due to the fact that IC1
performs most of the functions
in the circuit. Transistor TR1
acts as a buffer, giving the
module a higher drive
capability allowing it to be
used with either a piezo
sounder or a 64 ohm
loudspeaker; a darlington
transistor was chosen because
it requires very little base
current. Resistor R3 sets the

transistor base current and R4
ensures that the transistor
switches properly when
driving into high impedance
loads (such as piezo
sounders). Preset resistor RV1
and resistor R1 are used to
adjust the clock frequency
which in turn determines the
pitch of the sound effect. The
nominal power supply voltage
for the IC is around 3V, so
zener diode ZD1 is included in
the circuit to make provision
for higher voltage power
supplies, the current limit for
ZD1 being set by R2.

Capacitors Cl and C3
provide decoupling for IC1
and C2 decouples the main
supply rail. Rectifier diode D1
is included in the circuit to
prevent any damage
occurring if the polarity of the
power supply is accidentally
reversed. The state of pin P4
(the select pin) determines
which of the three sound
effects is produced (see Table
1). I P4 is connected to P3 (IC
+V) then a 'rifle gun’ sound is
selected; however, if P4 is
connected to P5 (0V) thena
‘machine gun' sound is
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Figure 1. Circuit diagram.
SELECT INPUT SOUND EFFECT
P4 connected to P3 Rifle Gun
P4 floating
(not connected) Ray Gun
P4 connected 5
to P5 Machine Gun

Table 1. Selecting the sound effect.

selected. To obtain the third
ray gun’ sound P4 should be
left floating. In order to trigger
the sound effect it is necessary
to connect P6 to P7. The
machine gun effect continues
as long as P6 is connected'to
PT but the other two efiects are
single shot (that is to say the
effect occurs once every time
a trigger pulse is received).

Construction
'The Three Gun Sound
Generator uses a high quality
fibreglass PCB with a screen
printed legend. Insert and
solder the components onto
the PCB referring to the
- component layout diagram
(Figure 2). Start by fitting the
IC socket, ensuring that the:
notch atone end of the socket
corresponds with the outline
on the legend. Insert the PCB
pins and press them down into
place using a hot soldering
iron; ence in place the pins
can then be soldered.
Resistors Rl to R4 and
preset resistor RV1 may then
be fitted. Next fit capacitors C1
to C3.C2 and C3 are
electrolytic capacitors and
therefore itis important that
these are fitted observing the
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Figure 2. Component layount.

correct polarity; the negative
lead (usually marked bya ‘'
sign on the capacitor case)
should be inserted away from
the ‘+' symbol on the PCB
legend.
The polarity of the

semiconductors is also
‘to make sure that the case of
the transistor and the polarity
‘markings on the diodes match
‘the appropriate outlines on the
legend. Some caution is also
needed when soldering the
semiconductors as they can be
easily damaged if overheated.

Finally, when you are sure
that all the other components
are fitted correctly, install IC1
into the IC socket, making
sure that the notch at one end
of the IC corresponds with that
in the socket. For further
information regarding
construction techniques,
reference should be made to
the constructors guide
included in the kit

Testing
Before applying power to
the module check to make

(LS L e

sure that there are no dry
joints or solder short circuits. If
a multimeter is available,
measure the resistance
between P1 and P2 to ensure
that the power supply rails are
not short circuit; the meter will
probably indicate a low
resistance when it is first
connected but the reading
should rise rapidly as the
capacitors in the circuit begin
to charge and should exceed
100 ohms within a few seconds
of the meter being connected.

To test the circuit, connect
the piezo sounder supplied or
284 ohm loudspeaker
(WF57M) between P8 and P2
and connecta 2.5V to 12V
power supply between Pl
(+V)and P2 (0V). If P4 is left
floating and P6 is connected to
P17, the ray gun sound should
then be heard from the
speaker/sounder. Repeat the
above test, firstly with P4
connected to P3 and then with
P4 connected to P5; the
appropriate sound effect
should then be heard in each
case. The current consumption
of the module is approzimately
2mA in the standby mode but
this increases substantially
when the unit is actually
operating, depending on the
type of load being driven; this
should be taken into
consideration when choosing
a POWEr source.

Using the

Module

The Three Gun Sound
Generator is a useful general
purpose module that could
find varied uses in many
applications including games,
toys and models. IC1 draws
very little current and this
makes the circuit useful for
battery powered applications..

If very low current drain
is required and a power _
supply voltage between 2.5V
and 3.5V is acceptable, then
the current consumption of the
circuit in the standby mode
can be substantially reduced
by omitting ZD1; for example,
this option is ideal when
powering the module from 2 x
AR cells. To prevent damage
to IC1 when operating the
circuit without ZD1 fitied,
make sure that the power
supply voltage does not
exceed 3.5V, For general
purpose use, it is probably a
good idea to fit a 3 way switch
for sound effect selection and
a push button switch to trigger
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the unit (see Figure 3). Preset
resistor RV1 can be adjusted
until a suitable pitch for the
sound effect is obtained. In
order to avoid any damage to
TRI1, make sure that any load
connected between P8 and P9
exhibits an impedance in
excess of 50 ohms. If a lower
impedance load is connected
between the output terminals,
the power rating of the
transistor could be exceeded.
It should also be bormme in mind
that although the Three Gun -
Sound Generator operates
satisfactorily when driving into
a piezo sounder, improved
performance and increased
volume is obtained whena
loudspeaker is used.

+V¥

;

Power supply

ov

Trigger |©
switch

50—
ST —

5363 36

Qo
Sound effect
select

B4 Ohm
loudspeaker

Figure 3. Wiring diagram.

PARTS LIST

RESISTORS: All 1% 0.6W Metal Film
Rl 4Tk

R2 3k3

R3 100k

R4 1k

RVI 100k Hor. Encl. Presat

CAPACITORS

cl 100nF Minidise

c2 1001F 16V Minelect
c3 22uF 16V Minelect

SEMICONDUCTORS

ICl ‘UM3se2
TR1 MPSA14

D1 1N4001

ZD1 BZYBSC2VT

3 GUN SOUND GENERATOR

1 (M4TK)
1 (M3K3)
1 (M100K)
1 (MIK)
1 (UH08G)

(RASSK)
(YY386P)

[

(UL24B)
(QHEDQ)
(QL73Q)
(QHOOA)

et e ot et

MISCELLANEOUS
Pin 2148
Constructors Guide
PC Board
DIL Socket 8 Pin
Min. Piezo Sounder

OPTIONAL
PP3 Battery Clip

1Pkt (FL24B)
(GE32K)
(BLITT)
(FMS3P)

ettt

A complete kit, excluding Optional item, is available:
Order As LP11M (3 Gun Kit) Price £3.95

The following item is also available separately, but is not shown in our
1880 catalegue:
3 Gun PCB Order As GE32K Price £1.56

VARIOUS FOR SALE

mOUmITDMHsmﬁge
fzulty b good rubs, for spares
or pessible repair, £15. Solarron escllloscops,

old bot working, £15. M. Priestly, 32 Bankpary
Grove, Transnt, E Lothisn FH33 18U Tek 0875
611741,
BARCAIN BAG of new and used slactronic
Selacrion of capacitors, resistors,
transizioss, dindes etc. 100 assarted for £3.00.
Send chequa to M. Pinder, 4 Wham Hey, New
Longton, Preston PR 4X1UL
ISOTIP guick charge cordless soldaring ron
with hesdlight and charger. New bit required,
£25 Tal (091) 4340G5E evenings.
VERO & RE MATRIX BOARD. Vanious
urmszed and vz=d worth over £15. Will zccept
£7. Tel (051) 4540558 evenings.
26 USED 16K EPROMS 21C16 in s2tic proal
box, £55 Tel (091) 4540358 evenings.
1000's of mesc. samiconductor compensnts
and zssociated anti-=atic boxes, bags, tubes
eic for zale by ex-hobbyis: £83. Tel: (031)
4540458 evenings.
PANAVYISE berchvice withcastbasaand
wide cpening peb holding faws £25. Tel (031)
4540355 svenings.
£100 JACKPOT ELECTRONIC FRUIT
MECHINE Oid butin good cordmion.
Features fnsdtmatch stop a win, shuffle and
%i&s ono, Teb: David on Newbridos (455)
1B
60 VARIED LF. TRANSFORMERS and 120
mind reed switches all in new condition.
Epproximsts bolk valus €25 ssiimg for only
£20¢ Flezca contact G, Fannsll Church Strest,
Hemswell, Lircs DN21 SUN.
CELLULAR CARPEONE Unwared gifiin
the form of a wensfemrsbls voucher. Wmh

CLASSIFIED

MUSICAL

FOR SALE, various items of P Arequipment/
‘bass bins, mid and top cpeakters, saga
monitors, mixing desk, microphonss etc.
Wunidquxmmgmm?;&ﬂne
or pping 2 band Will split. Offets. Buyer

Hyouwould Eke toplacean
sdvernizsment in this section, hers's your
chance to tall Mapkin's 200,000
‘what you want to buy or sell, or tell them
zhout your cinb's activities — abeolmely
free of charge. We will pubish as many
advertisements as we have space for. To

sirictly prohibated in the Maplin

Plzzse print 81l advertisements in bald
capatal laers. Box numbers are avallshle
at £1.50) each Plesse send replies 1o Box
Numbers to the z2ddress baloyw,

Please sand your edvertsemant with any

collec= Teb S Ontaway on (0734) 351180,
GOODMANS AUDIOM 20 18" 50 WATT
LOUDSPERKER in FEough and Resdy cabinst.
£25 Telb R Chapman on (0532) 570834
MAPLIN “MATINEE™ ELECTRONIC
ORGAN, professionaly buaill, 2 keyboards,
pedals, thythms, drawbar voicing, Totor
sound. eic. Detailed circuit dats for easy

give 2 fzir share of the Emited space, we paymeni necessary to: Classifieds, : 23
3 E imainienance. Offers around £225 Teb L],
will print 30 words fres of charge. Maplin M=g_ P.O. Box 3, Raylsigh Eczax £ 3
T Rer the. =i i0ppar 3 e Cunninghamon Wolking T73620.
ﬂeuaamﬂmm.‘ypnmmu.mimzs For the next issue your adverntiseme st WANTED
wi!lbepegmmeﬂmadmrtﬁa. must be n our hands by let Febmuary WLNTED URG'!ZRTLY EFROM ERASER
G 1 or trade adg is 1880, C Yreg7E fn:PEr:!u
D 5 Al‘!ﬂmpah'p'
zmmszzaries for Peon Considerall
COMPUTERS & COMMERCIAL COMPUTERS breaking Soxty no phapecaliers. Cliaties Trager, |

U LEVEL REVISION SOFTWARE, 7X
Spectrur Biology £5, Maths £3, Physics £5,
Datails, Sond SAE to Classified (Box 12),
Maplin Flectronics, P.O. Bax 3, Rayleigh,
Essex SSEELE

COMMODORE 64, 1541 disc dnve, MPSS0]
Printer, [UKI 5100 Daisywhsee! printer, Antler
Case for computer, Quickshot | & 2 joysticks,
c«ss&ﬁemﬁuhwa:emt&usmeﬂ
games Busicsle S &4,
Commaodore Graphics pack Ezsyiile
Easyscript, Easyspell, all ondisc, gameson
cassatte includa Founth Protocod, The Hobbit,
Auinmanis Ghosihmsters and Soper Bipaiine.
Canmidges ara Jupiter Lander, Padar Bat Race
.nd]mmmm&mr Allin good

inon. £500 cno. Write or ‘phone fimBald

over £400 —wiil accept £290 Frest

Tek(01) 3008311

TMSSS00NT~40 15-Bir Mictoprocessor £1.50
each TMEESIEL-35EPROMS £2 each.
TMSSS0INL £2. THMESa04 ANL £3. Sarplusfo
requiremente Tel Warwick on (0928) 332381,
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TMmdmdendEm, Wizhaw,
Strathciyde, ML2 T1]. Tel (D658) 355565
DEC RLO2 disk packsfor sala, 104 M-Byre
incinding 1 dizgnostic peck. Used only ance,
2= new £80.00 e=ch ono. Teb 0742 335023,

for speres (Horizon, Exorcs=ss). Offers
weloome —parts ar compleie. includes 547,
&, B/D, dizk drives, 1'O, memory ard DBC
cards. Large PSIT's. Phone 0521 832512
anynma.

ETI EPROM PROGRAMMER BOARD with
VIC20 ROM board, with two ZITS, MG

expansion caszetia RTTY morss, plugin
capacitancs testar, £50 tha lot Tel 0525 20762
FOR SALE. Commodore super FET with 8050
DD-Drive, 4023 printer, software and books’
manuzls. Cammodare CBM 700 258K with
B050 DP-Drive, 8323 oacior printer and
=oftware. Bath wotk. £100 eachono Also 2
Dragon 35, one perfect, both for f45ono.
Phone Cardilf (0223) 755029 25k for Mark
FORSALE Dishlo 1355 daisywhes! printer
£20 WANRTED I8M goifball printer and'oz
Maplin interfzce complata or not, a= fearmred
in Project Book 17. (043323) Natlswenh 4555,

good plorter, good cacilicerop=. | canoffer
good Gould DMM, Shinwa printer, cashor

‘?mnmdo‘?mm-mﬂmmi,u-wﬂi
s2ll M. Ssunders 7

WANTED. Bantary aliminatorio replsce Bl&
=nd AD35 901 5V using DESE range valves.
Tel: Roy on Bristol 776831

WANTED. 16X RAM Pack for a Sincisir ZAB1
Compriter. Tel: Mrs. D. Wager on {02])
TO4-4108

WANTED. ASCH golf balls for BM primter
1053 Maphn projact. Tel G.A Hodges on (081)
252-5355.

‘WANTED. Wiring Connection details for BSR
recard deck (linear racking) mods] VL3I
AL Severn, 24 Highfield Averus, Langwith

Junction, Mansfisid, Notts,

WANTED., SCOPE TUBE, Mull=rd D10-15)
GH, 10cm round by 25cm lsngeh. Ples=s
telephons Engane on (0702) 258254,
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H.F. Antennas for All
Locations

by L.A. Moxon, GEXN

Amateur short wave enthusiasts have
been using H.F. antennas of various
sorts for some sixty years or mare, and
often the design of these hasn't
progressad noticeably during this time.
As evidence of this, some of the bast
antennas in use today were designed
twenty or thirty years ago and yet,
impelied by strong incentives, the
search for “batter” ones continue
unabated. During times of slow
progress it may notbe a badideato
look at H.F. antenna problems afresh
and a possible first step is to leave
established designs and look at ways
in which one might produce antenna
dasigns lo meet particular needs. In
this book the reader will find that there
are several challenges to existing
beliefs and practices, the "proof of
impassibility” being reserved mainly for
the antenna gain figures frequenily
claimed by authors and advertisers,
The book is divided info two parts; in
the first part the theory of antenna
radiation and reception is dealt with,
and in the second pari these theories
are put into practice with actual
working antenna designs. The
enarmous variety of the different
design approaches covered are
brought about by the similar diversity of
problems in a domestic environment.
Few amateurs are not subject to
restrictions in varying degrees of
sevanty where the erection of H.F.
antennas is concemed; those able to
erect beams at a height of 50ft or more
can count themselves lucky indeed,
the rest of us are constricted by
architecture, requlations and
neighbourly opinion.

In this book you will find many solufions
oifering a substantial reduction in the
size, weight and cost of various well
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known H.F. anienna designs without
compromising periormance, dealing
with waves and fields, gain and losses,
anienna feeds, beams, arrays, long
wires, ground reflectors, multiband
antennas, bandwidin, designing,
conslruction and erection, including a
chapter on how {o disguise or render
“invisible” external cutdoor aerials,
Although primarily aimed at the short
wave user, there are also many sound
principles applicable to asrials for all
soris of other applications.

1988, 264 pages. 180 x 245mm,
illustrated.

Order As W5165 (HF Antennas All
Locs) Price £5.19 NV
e

RILTER

HANDBOOK

Filter Handbook — A
Practical Design
Guide

by Stefan Niewiadomski

This book is a guide to electronic filter
design and implemeniation, clearly
written and withoul the enormous
amount of mathematics usually found
in books on this subject. With many
outstanding fealures, the handbook
covers: passive and active filters.
Contains compuler programs to aid the
design process. Qutlines practical
problems of implementing filters and
how to overcome problems, using
simulation and measured results.
Contains many worked examples of
filter designs for use at radio and audio
irequencies. Explains the principlesin
away that requires no advanced
mathematical knowledge. Helps inthe
selection of the optimum filler response
to mee! a design requirement. Deals
wilh switched capacitor and switched
resistor filters. Includes a
comprehensive catalogue of pre-
calculated tables.

1989. 195 pages, 253 x 190mm,
llustrated. Hardback.

Order As WS75S (Filter

Handbook) Price £25.00 NV

Elecironics For You

by Michael McLoughlin

This book provides the reader witha
practical course for GCSE, TVElor
CPVE, backed up by clear exposition.
The text is based on analysis of all
current GCSE Electronics syllabuses.
The book contains over 70 interesting
projects, each of which are carefully
introduced. Sections of work are
graded on three levels. There are over
1000 questions and 600 line diagrams,
cartoons and photographs o reinforce
understanding.

1989, 256 pages, 271 x 200mm,
illustrated.

Order As WS72P (Electronics

For You) Price £6.50 NV

Servicing TV and
Video Equipment

by Eugene Trundle

This ‘hands-on’ servicing book is
specifically aimed al repair and service
technicians and enginesrs; studenis
and laypeople should also find it useful.
Itguides iis readers in test and
diagnostic procedures for quick fault-
finding in domestic video products:
TVs, VCRs, cameras and camcorders.
Based on many years of practical
bench and field experience, ihe book
has a minimum of regard to theoretical
principles and circuit explanations,
which are well covered elsewnere.
Here the emphasis is on the practical
nuis-and-baolts business of fault
diagnosis and repair. Sevenieen
chapters are individually targeted on
separate aspects of the equipment,
dwelling longest an the most
troublesome sections: TV power
supofies, line timebases, intermittent
faults and repair technigues. Of the.
225 illustrations, fifty-four are off-

screen pholographs, and thirteen are
fault-finding charis. A symptom index is
included for easy reference to this
storehouse of practical advice straight
from the repair bench.

1989. 209 pages, 253 x 194mm,
illustrated. Hardback.

Order As WS76H (Servicing TV

and Vid) Price £25.00 NV

Newnes MS-D0S5
Pocket Book

by I, Sinclair

Twenty milfion people worldwide use
MS-DOS. The aim of this book is to
provide, in an easily poriable form, a
useful and comprehensive guide to the
MS-DOS opsrating system for
computers of the PC class (using the
8088, 808G, 80286 or 80386 chips), It
is possible to reduce the essentials of
MS-DOS 1o a few lines for each
command, but the aim here has been
to provide rather more: enough
information (o ensure thal the reader
can confidently use a command even if
ne or she has never used itbefore. The
bulk of the book concerns the users of
DOS, assisting with the day-to-day
control of the loading anti saving of
programs and data, backing up files,
checking files and disks and the
integrity of data. To this has been
added some information on the inside
workings of DOS for the user who may
need to create short programs in
assembly language or in higher level
tanguages (Pascal, C or BASIC) and
needs lo know how these languagss |
interact with MS-DQOS, The book also
covers the AUTOEXEC.BAT file and
the CONFIG.SYS file, since these
impertant parts of the set-up are ofen
omitied in books that cover MS-DOS.
Tneemphasisisonthe useofa
machine with a hard disk, but users of
single floppy machines wiil also find
much that is applicable. Nawnes
MS-DOS Pocket Book is for the user of
MS-DOS who is likely to have to tackle
alarge varnety of uses of DOS and
needs a good collection of clear,
succinct infarmation, well-ilustrated
with examples. The pocket book format
has been used so that the book can be
carried about instead of gathering dust
onashelf.

1989. 216 pages. 35 x 198mm,
illustrated. Hardback.

Order As WS66W (MS-DOS Pocket
Book) Price £9.95 NV
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WE GUARANTEE A FRIENDLY WELCOME
AND THE BEST OF SERVICE AT OUR

pick y ei'efSure{y round any of v
Pabargain 7op,4y, ' O Stores ang
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* Expert Help & Advice
* Credit Facility Available (e
* Self-Service — browse at leisure
* Open SIX days every week
* Shop with confidence with the
Maplin Guarantee

M 880
B‘BMINGH&;, £rdinglon: .ag.': 0602 410242
Sutton N%E‘fm ¥
Tel: 021 ’

Before you send your next order to us by post, take a look and see if there’s
a Maplin shop near you. In our shops you'll find that personal service that
even the best mail order operations cannot match. And you can check oul
the goods BEFORE you buy. If you're coming for a particular item, a quick
phone call will enable you to be certain the shop has everything you want
in stock.

Our shops are pleased to accept Access, Barclaycard, Connect,
American Express, Mapcard and cheques up to £50 with a cheque
guarantee card. We'll even accept ordinary money as well!

8 Oxlord Road: oftenbea

"ngt 2360281 : hnical pmbfem All our shops are close to excellent parking facilities, meters in London
TSEGV?CASTLE'UPO“&‘T:NE ";’:2 ‘géﬁg;mcﬁonal and Manchester, and free elsewhere.
rinal Supers ore, _
Bennets E‘?cﬁgad, ByKer. difficulty-
T R 20 090 DO NOT call ot : :
Tek i order enauites: p\ea:;e o help You- BRIGHTON: Opening early 1990
For B O they will be " X Tel: 0702 552911 for details K

» SHOP TODAY AND DISCOVER

A UNIQUE SHOPPING EXPERIENCE!
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