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PrOj ect S Touch Key Technology

Tony Ellis continues to demonstrate
: applications for the new ulira-high

security electronic key lock systems,
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Colour Test Pattern Generator
An essential aid for testing, adjusting
and expenmenting with TV sets,

this instrument generaies coloured
screen patierns and includes a

sound channel test function.

On Guard Loop Alarm

Protect your possessions from the light-
fingered brigade with this security project,
which utilises an entry/exit sensor and

with circuit examples.

Synchronous Network
Architecture and Internetworks _
Frank Booty guides us around today’s
most popular protocol on Wide Area
Network (WAN) technalogy.
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Dictionary of Electronics
Free Book Draw

Enter our draw for your chance

to win one of ten hard-backed
copies of Dictionary of Electronics.
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Stephen Waddington focuses an
some of the special features and
I/O capabilities of the versatiie
PIC16C8B4 micracontraller in the
third part of this series.

What's in a Name?

An intriguing new series from Greg Grant.
looking at how some of the more

(and less) familiar names associated
with the scientific world arose.

Audio Delay Line Systems
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audio delay line principles.
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ello and welcome to this month’s issue
of Electronics and Beyond! We wish all
our readers a very happy New Year!

This month we have more mini-circuits from

Robert Penfold and Maurice Hunt in our 8-page
Educational Supplement (see centre pages).

We have ten free hard-back copies of Dictionary of
Electronics in this month's book draw. If you send
the entries in promptly we hope to despatch winners’
books out in time for Christmas.

Apologies for some of the low resolution drawings
that appeared in last months issue. This was due

to a production problem. The affected drawings have
been reproduced this month on pages 45 and 46.

Over the last couple of months, the Maplin MPS
team have been visiting universities up and down
the country. Look out for an update on their
travels in a later magazine.

A thank you to all those who visited the

Maplin stand at Connect '96 and a special thanks
to all the Maplin staff who manned the stand.

Robin Hall, Editor

Britain's favourite monthly magazine for electronics!

Britain’s Best Magazine for
the Electronies Enthusiast
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What's New Membership Technolopy Activities

Objectives

The Gigakit Ethemnet Alliance = o cpen fonmn whose
. : PUEPSse 210 promots mdustry cocpeanaton m the development
; M}) : of Gigab Eibernet. The promary objectiver cf the Alwce are

ATM Alternative?

The Gigabit Etherner Alliance, an association of leading networking,
integrated circuit and computer companies committed to providing
customers with open. cost-effective, and interoperable Gigabir
Ethernet application, has announced several milestone events in the
process of furthering the implementation of Gigabir Ethernet standards.
With the addition of the 24 companies who joined the fourmonth-old
Alliance this month, total membership has climbed to 74 companies.
A recent meeting of the IEEE 802.3z Task Force indicated strong
industry interest in and support for Gigabit Erthernet. The Task Force has
adopred an aggressive schedule for implementarion of a Gigabit Ethernet
standard and expects to have the smandard approved by early 1998,
For further details. check: http://www.gigabit-ethernet.org.
Contact: Gigabit Frherner Alliance, Tel: (+1) 408 2438904

New Low Temperature Heat Shrink Tubing

ACAL Auriemz has infroduced I
Astratite ADM, & new range of M &
mechanical and electrical grade "
heat shrink tubing, designed ©
shrink to half its inside diameter
at just 65°C. :
Virtually any heat source —
infra-red lamps, convection or
non-convection ovens, beat
tunnels, hot water — will do,
and the low shrink temperature
speeds up the operation,
reduces the nsk of damage to
temperaiure-sensitive substrates
or companents and saves energy.
Polymerbasad Astratite ADM
tubing is extremely fiexible and
well suited even to outdoor
applications. It has 3 maximum ! ;
operating temperature of 105°C N
and its inherent elastomeric nature [ Fmmmy
gves it a unigue brittleness
temperature of below minus 70°C. |t l <
Contact: ACAL Auriema, _
Tel: (01628) 604353.




Panasonic Field PC
Panasonic has built a machine
which it claims is resistant o
water, dust, shock and vibration.
The machine priced £2,999
incorporates a 133MHz Intsl
Pentium processor, 1-33G-bvie
hard drive, 8M-bvie RAM. A lower
specification 100MHz Pentium,
850M-byte hard drive and 8M-byte
RAM is available at £2,699.

For further details, check:
http://www.panasonic.com.

Contact: Panasonic,
Tel: (0500) 853550.
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MagnaRAM °37 Accelerates Applications

MagnaRAM '67 from Quarterdeck is a new memory uglity that
:nables PC users 1o boost memory and increase the speed of
loading 32-hit applications in Windows '95. MagnaRAM '97 keeps
mare data in faster RAM. instead of swapping it out to the hard drive,
Gary Sevounts, product manager of memory management

products at Quarterdeck told Flectronics and Beyond, “The
enormous memory demands of today’s more powerful PCs

and software applications, system slowdowns are a common

MagnaRAM '97 can alleviate these problems with many of the

applications in Windows '95. For example, applications that work

with highly compressible data such as word processors, Internet

browsers, database and presentation software will benefit the most™
The expected street price of MagnaRAM 97 is £39.99. Users of

MagnaRAM?2 can upgrade to the new version at a cost of £24.99.
For further details, check: http://www. quarterdeck. com.
Contact: Quarterdeck, Tel: (0800) 973673,
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The 32-bit memory optimizer
¥ Autemstically speed up Windews 95
Ci the teme = takes to load 532-bat sppications snd
=prove the perfoanance of many Winidows applicabont
Get mare memory
Werks bebmd the senet 1o boott yoor memery snd
atorsbcaly recovert inderured memory from the hard
‘ dirk cathe under Windows 5 and Windows for

Werkgroaps

frustration for many users, even those with vast amounis of RAM.

Take Two for Sharp
in PDA Market

Buildinz on the relative success
of its ZR-5000 PDA, Sharp has
launched two new models.
The ZR-S700, priced £429.99,
has IM:bvie of memony, whilst
the ZR-5800, priced £522.99,
has 2M-byvte of memory and
a backlit display. Both models
offer CompuServe accessibility,
wordprocessing, spreadsheet
and diary functionality.

The ZR sedes combine
both pen and kevboard input
capabilitv. The plastic pen-like
device, in conjunciion with the
wouch sensitive screen, acts as
a pointer’ mouse for accessing
functions in an easy-to-use
writing tool in the scrap book
and note-taking modes.

For further desails, check:
http://wew.sharp-usa.com

Contzr: Sharp, TH: (0500) 262953

Train Now
Standing on
Platform...

Docklands Light Railway
and Gilden Research have
teamed together to develop
SMARTSOUND, a public
address control system
which makes announcements
easier to hear at stations,
airports and major sporting
and entertainment venues.

SMARTSOUND automatically
adjusts the volume of PA
announcements so that
messages can always be heard
against constantly varying
levels of background noise.

The system also includes
a neat passive infra-red
detector switch on each
loudspeaker to ensure that
only the loudspeakers
immediately adjacent to
people for whom an
announcement is intended
are aciive for any one
announcement. This keeps
unwanted noise intrusion
to a minimum.

Contact: Docklands Light
Railway, Tel: (0171) 363 9500.

Toshiba Enters
European GSM
Market

Toshiba has confirmed its

intention to launch its first

hand-held cellular GSM

telephone in late 1996.

Toshiba claim the new

telephone, the TCP-6000 will

be the slimmest on the markat,

and will incorporate an integrated

antenna within its S-shaped case.
For further details, check:

hittp: / /wew. toshiba.com
Cantact: Toshiba,

Tel: (01932) 825154,

Low Power
4-Channel ADCs

Maxim has introduced the MAX113

and MAX114 ADC converters —

gw-power, B-hit, 4-channel devices

designed for communications, dala-

ng and data-acquisition
lications. Each includes an

intemal track/hold and a parallel

data imterface, compatble

with many miCroprocessors

and microcontrollers.

The MAX113 operafes on 3V,
comerts in 1-815, and operates
sample rates o 400k-bps. The
MAX114 operates on 5V, eonveris
in B00ns, and offers sample rates
to 1M-bps. Both offer a 1-A power-
down mode which i ideal for
Dat\en -povered applications.

Tre MAX114's fast um-cn time
a.lim-.s. that dewice © minimise

pover cansumption by enabling
shutdown between conversions.

Contact Maxim,

Tel: (01189) 303388,

Low Noise
Regulators Extend
Battery Life

National Semiconductor has
made two additions to its line
of low-dropout regulators.
The new ICs, the LP2981 and
LP2982, are designed to meet
increased market demands for
greater battery efficiency with
improved operating levels
and overall size reduction.
National's LP2981 is the
industry’s first linear regulator
specified for 200mA output
current and 150mA transient
peak output from a TinyPak
S0T23 package. The space-saving
S0T23 package occupies only
one-third the printed circuit
board space of a standard
S0-8 package.

A second regulator —
the LP29B2 —is also housed
in a TinyPak package, and
reduces output noise to 30pV,
nearly one-fifth the level of a
typical micro-power regulator.
This low noise output eases
overall design and impraves
the performance of noise-
sensitive applications such
as RF circuitry in cordless
and cellular phanes.

For further details, check:
http://wew.natienal .com.

Contact: National Semiconductor,
Tel: (+1) 800 272 9959.
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Racal to Equip
Medium Support
Helicopters

Racal Acoustics has won
orders worth approximately
£4million from GKN Westland
and Boeing Helicopters to
supply its latest generation of
onboard voice communications
systems, the RA 800 ‘Light’
secure Communications
Control Systems (CCS).

Adapted from the digitally =
controlled RABG0 eammunication
contral system, in service
in the BAe Hawk, the system
was selected through
competitive tender. The
equipment is to be installed
in the GKN Westland EH101
and Boeing Chinook which are
to be supplied to the RAE as
part of the Medium Support
Helicopter programme
announced last year. Deliveries
for the 22 EH101 and eight
Chinook aircraft will commence
in around 12 months.

Contact: Racal,
Tel: (01344) 28R000

The Ultra-
Portable PC

HP's Iatest notebook — the
OmniBook 800 - boasts s
foolprint smaller than an
A4 piece of paper, and claims
a Winstone '96 score of 58.
The 3-75Ib OmniBook 800
natebook PC includes a 133MHz
Intel Pentium processor,
1-44G-byie hard drive and
10-4in. active-matrix display.
Prices start at £2,200. :
Other features include a i
SCSI-2 pont, 4M-bps infra-red port,
256K-byte cache, 16M-byt=
EDO RAM, SVGA-out up to
1,024 x 768 and ene Type-lil
or twe Type-ll Cardbus-réady
PC Card (FCMCH) slats.
For further detalls, checks
fittp://wend. hp.com.
Contact: Hewlett-Packard,
Tel: (0990) 4747474,

Cisco Scales
the Internet

Cisco is making major
enhancements to its Cisco
StrataCom switches and
7500 series routers that will
quadruple the performance of
these systems. The company
also plans to introduce a new
Cisco 10S technology, called
Tag Switching. Tag Switching
will scale the Internet by
integrating routing and
switching on existing platforms.

These solutions extend the
leading role Cisco has played,
during the past 12 years,
in building and scaling the
Internet. According to the
Yankee Group, Cisco routers
now carry mare than 80% of
Internet backbone traffic.

For further details, check:
http://wew.cisco.com.

Contact: Cisco,
Tel: (0181} 818 1400.
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CyberMedia‘

Tha Autemutic Sarvice & Suppert Comparny

oil Change
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osa 0il Chargs
o get the
latest zoftvare
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the package should be available
on PCs in the first halfof 1997,

Meanwhile. Intel has launched
a new line of producs designed
1o eliminate much of the costly
labour necessary 1o maintaining
carporate PC suppor desks. The
products include software and |
hardware that allow wechnicians
to trouble-shoor and repair
PCs from a remote location,
and a microprocessor that
tracks temperitures and
voltage in PC networks.

For further details, check:
http://www.cybermedia.com
and http://www.intel.com

Contact: CyberMedia
Tel: (+1) 310 381 4700;
Intel, Tel: (017937 403000,

CyvberMedia which makes a
software diagnostics tool callexd
First Aidd, is working with Phoenix
Technologies, which nukes BIOS 20
(Basic Input/Output System)
systemi-level dingnostic software,
to create a package thar enable
PCs 1o figure out what's wrong
with them, and fix themselves,
The collaborative package,
called ActiveHelp. will be able
o prevent a system crish from
happening, and can change
regisiry entries and replace
damaged or missing drivers if
needed. Phoenix plans o make
ActiveHelp available to PC and
motherbeard manufacturers
that license its BIOS chips, and

Self Healing PC -

Fastest Family of Magneto-
Resistive Prel-%mpsagn

A farnily of high performance, low noise pre-amplifiers for dual-stripe
magneto-resistive (DSMR) heads is now available from Philips. The new
devices feature enhanced programmability, easy adaptation to a wide
mngeufheads,amlfm&reiwlmmpmemsﬁﬁnpramunmy.

The series — the TDAS151, TDAS153 and TDAS155 — covers
the complete range of 12, 6 and 10 channels, respectively — from VEIy
hign-end disk drives using two pre-amps and dalivering 12 disks on
the drive, down 1o six channels delivering three disks.

The devices incomorate a senial interface which makes the pre-amp
easier o adapt and maonitor, reduces the number of pins and lines
previously necessary and increases the devices' functions and
fiexibility. The preamplifiers are suited for datz rates ranging from
100 to 200M-bps and offer, together with DSMR heads, incomparable
signal-to-noise perfoermance.

For details, check: http://waw.oakridge. com/phil ips_semiconductors,

Contact: Philips Semiconductors, Tel: (+31) 40 272 20 91.

EIA Consjders LONWORKS

Standard for Home Networking
The Electronic Industries
Assaociation’s (EIA) Integrated
Home Systems (IHS) technical
committee, created to look

at alternative standards for
home networking, has formed

a sub-commitiee to consider an
additional EIA standard for home
networking based on Echelon's
LONWORKS network technalogy.
Echelon Corporation provides a
full range of off-the-shelf hardware
and software products to support

- Wireless Gomputing
- Initiative Drives
- GSM in Europe

Meobile computing and
ielecommunications companies
have launched a joint effort to
stimulate Europe's dommant
mobile data market. The members
of the Mobile Data Initiative waill

: help European businass to use

: the GSM network 16 provide its

: mobile PC users with wireless

: @ccess to corporate data

¢ petworks and the Intemst,

: thereby improving the flow

: of business information,

: increasing business efficiency,
ard improving profitability and
customer senice.

H According a report by Dataquest

:. on behalf of the new initiative,

i Europe leads the world in wircless

¢ digital veice comniunications
with a subscriber base of
19 million in 1898, growing
o 66 million by the year 2000.

: However, in today's age of

: corporate networks and the

: Intemet, Europe is not hamessing
the GSM network for wirgless
computing.

Oniy 1 in 50 European GSM
phone users hias an adapter for
connecting a mobile computing
device to the GSM network. Data
representied oenly 0-5% of affic
over the GSM natwork in 1905,
compared to 46-3% of businsss

: tramic over European land lines.

: White-Europe has 1-1 millien more

. mobile professionals than the US,

: European business will deploy only

: two mobile PCs for every five

¢ shipped in the US in 1996,

The Mobile Data Initiative was
formad by PC technology leader

: Intel; mobile telecommunications

: equipment leaders Ericsson and
Nokia: notebook PC leaders
Compag, |BM and Toshiba: PC
software leader Microsoft; and
leading European GSM operators

: Cellnet, Mannesmann Mabifiunk,

: T-Mobil, Telia and Vodafona.

: For further details check:
http://wew.gsmdata. com.

: Cantact: Intel,

: Tel: (01793) 403000.

the development, installation and
: management of intelligent, open
: and interoperable control networks.
: For further details, check:
http://wev. lonworks . echelon.con
Contact: Echelon,
Tel: (+1) 415 855 7400.
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1T traclinhoneat i nuchine s oy
hovome a staple et of nost
offices: a fundimental husiness ool
without which nuny companics
wiorth ] sttt Tndeed, the installed
Bise of nuchings now numbens
ovier T million units in thue UK, with
sules in 1996 alone expected 10
exceedd Il million machines, This
arowth market is now undereoing
the higgest revolution since the finst
commercintly made s maching
went on sale back in 19820 Then,
the ayverage michine weighed
abaut #0kg. 1ok up hall of your
wmvailable office space and cost the
princuly sum of £3.((K),

For that helty investment, you
wounld get p mither simply feaured
nutchine, capable of sending u
stincdind A document in just under
aminure, and would pring reccived
ves on isditional thermal’ paper.
a paniculirly irriting medium that
would faele, vellow and curd.
Technology his moved on apace
since then: of course, 10 the extent
thite iy imachines tha print out on
ordinary cut sheet A pliin paper
e widkely mvailble at under X 1,004),

Machines are sdting smaller,
more featune vich and handle
documents with greater speed and
efficiency, Thene is no beiler
example of this than the new
plain paper fix machine sot o
become the market leader,
recently Biunched by the
Telecoms company, Boetacom
The product, named the
PRETIND. represeats Beticom's
entry into'the plain paper fix
mutcket, and will complemdnt
their existing comprehensive
porniolio of relecom produas
thint rmnge from simple wlephones.
through o digital answer
machings and cordless
phones, right up 10
headsets and
pavphones,

The PRETO0 has been
painstukingly researchedd and
dhesipned with the pnzel
austomer’s needds inomind. e
hey issues that influence potential
huyers of s machines, regardless
ol whether it be for the home
office or a lrge multi-naional
company: are limeless and simple
— i solid and relevant feature sot,
quitlity, reliabilityg cise of use,
design and price. The Betwom
product dedivers on all fronts
e fiest striking impression on
seving the products is 1o manvel m
henw comparct and utmictive it is
This is of panicular releyance
10 the small office home office
(SOLIOY sector, where desk
andd oflice space is st a premium,
sl bulky and unwicldy items
are unwelcomee. 1eis all the mone
surprising. given the product’s
shee and apparent simipliciog
that such an impressive amay
ol features has heen incomaonted
inter the one desktop unit.

Betacom
PPF700
Fax Machine

Order As VD23A

£399.99

inc. VAT

@ o e

A Host of Features

This product featres excellent
paper landling capabilitics, with
an stomaiic 10-page document
Teoder amed TOshoeet paper cssetie,
whigh mcans yvou ane ol o wstantly
stunding onver your machine semding
pages one by one, and don’t luye
to restock the machine with
recciving paper every five minuies
A host of other funtunes, such as 10
one touch and 40 number speed
dial fcility, superfine resolution
angd ey seales” for entunced
reproduction of printed documents,
dheknyed and confidential mnsamission,
fx switch and answerphone
interfice. multicopy fagility,
junk fax protection, integrated
handset and LD are all standard,
However, selecting a plain paper
fax machine is not as simple as
nuking sure the product has the
right [Gaure package. One of the
key considenitions in assessing the
villue for money offered by any fax
machine has 10 be the ol cost of
ownership = in other wonds, how
much does the machine cost and
how mauch will it cost me 10 un?
Plain paper fix machines offer an
obvious benefit over
thermal paper fax
muachines, in that
it is no longer
necessiny 1o
huy severl
rolls of special
theomal
paper and
you won't
have (o

ayatter i s money ploecogning
the reccived, curded document in
oo to gt i into s lcable’ st
However, all plain paper fixes
(ke copiens il printers) reguine
wconsunuble’ el ) 0
oerssiomal basis (dependdent on
Yo e ittt in ordoer for
the maching o keep pri

Ink Film Printing

There are o number of different
print technologics used by plain
paper fax machines, including lasen
(i which youwill have 1o wop up
tomer sl change the prixiua ‘dnum),
andd ink jot, which you will need 1o
swip out with freshyink cantridees,
The PRETON utilises i technolosy
alleed tink flm! printing, which not
only offers excellent print quality,
but'it iy also the only wehnology 10
SUEIRINICE § CONSHINL 'COst por copy’
Iny plain English, this means that
when you buy a replicement ink
film roll, you know exactly how
TVRINY COPECS YO I0C SO 10 20 out
ol it. Withiother systems, thiswill
Muctunte wildly and be dependent
on the amount of prnt covenigye
poer peige Thas, a simple memo
with a couple of lines of wxt on it
may. cost uneder i penny 10 reocive;
a complex and dense document
with griphics woulld cost up to 30p!
S0, with the Betacom PPETOO from
Maplin, you are not only getting a
prket beating price foe o plain paper
fax, you can also be reassured thin
with ink film echnology, there are
ne sty sumpases aften you've
purchased the product, And
speaking of altersales, peace of
mind is suasnieed with a full
12-month warmnty, incomonting
a ‘repair loan and retum’ service
thit means that in the unlikely
event the produca develops a fault
and the Betacom Helpline are
umithle to resolve the problem over
the phone; you will be devivered i
brand new machine on loan until
your own machine is repaired,
All'in then, the new Betacom
PPETOO from Maplin constitutes the
perlfect solution for the fixing needs
ol any size business, be it o one-
poson openition working from
home o i ke comaortion
wishing 10 incresse their
business efficiency
without massive
expenditune.




COLOUR TEST
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PATTERN GENERATOR

When servicing
and repairing
televisions and
other items of
video equipment,
it can be belpful
to bave a stable
and recognisable
test signal.

A colour bar
patiern is often
used for this, and
indeed, many
television and
video recorder
service sheets
use this type
of signal as
a reference.

variety of other patierns
are usexd for specific tests.
For example, a crosshaich

is useful for checking picture
linearity and convergence
{colour gun alignment), while a
checkerboand pattern or dots are
ideal for setting up the focus.

The test pattern generator
described here features these
patterns 5 well as horizontal
lines; verzical lines, dots, blank
raster and white screen. The
three primary colours are

Colour

TEST PATTERN
GENERATOR

@09 9202000029900 0060069°000000009000C0OO0FOCO°®E®

Design and Text by Paul Stenning

individually switchable, So, for
example. the white screen can
be switched 1o red, green or
blue for checking colour purity:
There have been several

¢ designs or test pattem generators
i pubiished in the past. Many of

these are monochrome only
and are often based on the

: ZNA234E IC. Published designs

for colour units are often

! complicated. and therefore,

probably oo expensive for
occasional home use.

The aim of this design was
to produce a straightforward,
reliable piece of equipment

: with no unnecessary frills and

features. It should be possible
10 construct the unit for around

P £100 including the case, which is

much cheaper than commercial
units having a similar specification.
Setting up is straightforward

¢ and requires no test equipment.

This unit is an improved and
upclated version of a project by
the same author, which was

i published in the March 1994
: edition of Flectronics in Action

magazine. The orniginal design

¢ was one of the most popular

projects in the magazine,

¢ with over one hundred
i PCBs being sold. Since
i Electronics in Action is, sadly,

no longer being published,

: and a couple of the COMPONENts

used in the original design

i are now obsolete, it was felt
¢ that now is the right rime 1o
¢ publish this revised version.
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A major improvement with
this version is that construction
has been simplified. The dircuit
is built on two PCBs, and requires
no interwiring: The white level
can now be switched 1o either
75% or 100%. so that the colour
har patern can give a proper
white reference level. The
original Astec modulator is no
longer available, so this unit
uses an Alps modulator from
Maplin. Since this modulator
has sound capabilities, a 1kHz
audio wne genentor has been
added. Other modifications have
been carried out to improve
performance and reliabiliry.

The insirument is mains
powered. A standard composite
video outpurt is available (1V Pk-
to-Pk into 73Q), as well as UHF
modulated (UHF channel E36).
An osdilloscope rigger outrput is
also available, which is switchable
to either line or frame sync,
or to the audio oscillator.

Circuit
Description

The circuit diagram is shown in
Figure 1. Most of the complicared
stuff is handled by ICI and 1C2,
which helps to simplify the
remainder of the design. IC1
(SAAT043) is a universal sync
generator, whose timing is

controlled by XT1. In this design,
it is configured for the UK
standard 625-line interlaced
PAL, and four outpuis are used.

IC1 requires a supply voliage
bewween 5-7 and 7-5V. The
SAAT043 has been operated
with a 5V supply in several
published designs (including
some Maplin projecs and the
original version of this design).
However, experience has
shown that a limited number
of devices will not operite
correctly at this volage.

Since the current consumpion
of 1C1 isvery low (less than 1ImA),

: _iris powered by a 6VS supply

rail, which is derived from the
12V supply by a Zener diode
(D3) and resistor (R14). The
output signals from IC1 are
reduced 1o suitable levels for
the 3V logic dreuits by means
of resistors (R15 1o R19) and
diodes (D46 and 9).

A SMHz clock signal is derived
from XT1. This controls the first
binary counter (1C3, 74HCT4040),
which is reset at the end of
eaich line by the CB (composite
blanking) signal. 258 clock
pulses are counted by 1C3
berween each blanking pulse.

A second binary counter
(1C4, 74HCT4024) counts the
312 or 313 CB pulses within a
frame. This counter is reser by

Test pattems available:

White level:

Colour switching:

Video system:

Composite video output level:
Audio tone frequency:

Audio output level:

UHF output channel:

Power supply:
PCB sizes:

Overall size:

Weighit:

SPECIFICATION

Vertical bars

Horizonta! bars

Crosshateh

Dots _

Fine checkerboard

Coarse checkerboard

White screen

Blank raster

8 Colour bars (white to black)
8 Colour bafs (black to white)
Switchable 75% or 100%
Primary colours individuslly switchable
PAL (UK standard)

1V Pk-to-PK into 7502

1kHz (nominal) sine wave
1-2V Pi-to-PK

Adjustable E30-E39,

6MHz sound subcarrier
230V AC, 50Hz, BVA

Main - 192 x 145mm
Front — 97 x 46mm

76 X 203 x 180mm
(including knobs, efc.)

850¢g (excluding leads)

the VERT signal at the end of
each frame. The fac tharthe
counter has a capacity of only
128 is irrelevant in this case,
since it merely wraps round.

The warious patterns are derived
from the outputs of these counters
with some logic and switching.
I will come back to thisin a
moment, once Ive describedd
the inputs required for IC2.

1C2 (TEA2000) is a colour

Inside of completed unit.

encoder 1IC. To function, it
requires composite sync and
composite blanking signals that
are supplied by 1C1. The calour
inputs set the output colour.
There are six such inputs, two
for each primary colour. Taking
the red inputs for example, if RO
is high, a dark red is obained,
if R1 is high a brighter red is
obained. while if RO and R1 are
high, a very brght red resulis.
These equate to 30%, 75% and
100% brighiness, respectively.
The device can produce 64
different colours, although only
nine are used in this design.

For the colour bars, the R1,
Gl and B1 lines are controlled
in the appropriste sequence.
For the black to white pattern,
this is the binary output from
three lines on 1C3, while for the
white to black patern, these
three lines are inverted by three
gates in 1CS. Ourput Q9 of 1C3
is connecied to the three gates
in IC8 to prevent a brief white
har appearing at the end of the
white-1o-black colour bars when
the count on IC3 exceeds 255.
Three sections of SW2 select
either of these colour bar
patterns. or connects the three
lings to the monochrome
pattern logic.

The R0, GO and B0 inputs to
1C2 are controlled by IC11 and
1CS:D. If SW7 is set 1o the 100%
position, the output of IC8:D
will go high when R1, Bl and
G1 are all high. This givesa
100% whirte level. If SW7 is in
the 75% position, the output of
1C8:D will remain low, Although
a four input NAND gate would
have been sufficient for IC11,
the 74HC133 is the only 74HC
series NAND (or AND) gate
with more than thrée inputs
in the Maplin caralogue.
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and vertical line signals, while
the dot pattern is derived from
an OR gate on these signals.
The two checkerboard patterns
dre due 1o exclusive-OR gates
on an output from each counter.
Two rotary switches (SW1
and SW2) were used for pattern
selection, since the logic required
t0 do the job with one switch
would complicate the unit
significantdy, thereby adding to the
cost. When SW2 is set to the “PAT
(pattern) position, the pattern
selected by SW1 is displaved.

switches are operated (since the
switches are break-before-make
types). R12 serves a similar
purpose with SWL

12 is a 270ns luminance
delay line, which compensates
for the delay caused by the
chrominance filter formed
by L1 and C20. L1 was found
o be slightly prone to picking
up noise from the digital
circuits, so it has bheen
positioned away from these
on the PCB, and the board area
beneath it is a ground plane.

HORIZP—0

PCB Slide 2P3W

With SW7 set to 100%, the
white bar in the colour bar R4
patterns will be brighter than I _ T —d+iz2v
the remaining colours (which L €1 5C22 o3 [I]R3 = BB0R
are ar 75%). This type of patern R 100nF == 100uF &v8 47 E.(’;AA’. 0e3
is often specified in service 28 8
manuals as the 100% white bar 6 VDD FHB0 B
gives a true indication of the — R BC|—
maximum video level, while 13 NS H2 2
the 75% colour levels are 121 ma
more representative of normal 15 £cs wwe B2
pictures. However, if the colour 9 VeR vi 8
bar signal is, for example, j 1l 20 VERT
being recorded o fill the end Rr1 10 050t v2 23
of a video ape, seting SW7 — 1 = 0sCOo H1 Tl—b =
10 75% may give a more M3 =1F2 H2 ETh HORE
pleasing appearance. Rz — X CLP 21 R1E
. For the monochrome 1k0 ) CB %—‘D——b C-BLK
patterns, the RL, Bl and G1 ~ 22| cs |28 1k0
lines are mken high or low XT1 18 2R D 27 R17
together, giving white or black. —’D|_‘ 34 ves |14 C-SYN
IC11 and ICS:D operate as it i 1k0
previously, 1o give selectable & SMHz &3 {F%——D LK
white level. SW1 selects which 47pF — — 470F %0
pattern is displaved. The vertical
bars are obtained from an OR qov
gate on two outputs of IC3. The Figure 1a. Sync generator circuit diagram.
output of this OR gate is [ow
5 oA sl.‘F!g?‘MDBULAYGR
13
i + ) '-i MOD+
D5 . Z Dﬁ‘ * !:{5 €24 i AP UNF INFC
1N4148 ine148 | f3ek A00UFTH 1o w UHF OUTE
C-BLKD— s $ e apiob—12{AB I o
RGEOD 181c0 vee =
3 I ; Ri CHREL — = |
it 10 LUMO &7uF
sip i 7% has Lt 23
150 PAL/NTSC —i i
S =1 KTALB :f 1007
== C-BlK KTALA z RG (=5
C—STip— oA ;5 C-SYN Cv—out S 7 —1 — 1 aiti
1 z RAMP GND Ixrz 2-22pF 470R 4700F (O) 2cE Bhe
9 } IDI_\‘I"_ VID ouT
e = -8‘.:%5?23.5”*12 ol feg[‘] [J]a;r I;]R 10 [l]m 1 .
II05F = ERE 91CR 580R L175R 1k
Wb T : . T:\pBF Sp6f T
Figure 1b. Colour encoding and video output circuit diagram.
when the three linesare low and  { The three primary colours are i
this is inverted by the gate of IC6 ©  individually switched by SW3-5. alll Figure 1c. 'Scope trigger
after SW1. The horizontal linesare  © The appropriate colour is on 1 SW6 output ciruit diagram.
obmained by a similar arrangement | when the switch is in the out AUDIO ] R13 SK2 |
on three outputs of 1C4, ¢ posidon. R19-21 pull the : 2 A =
The cn_n.-:h];urh is obtined by Epprﬂ;'.lliali: lines low, to prevent VERTD——o0 PCB BNC
an AND gate on the horizontal  ©  flashing on the screen as the 1k0 TRIG OUT

ovp

XT2 (8:867238MHz) is twice
the PAL colour burst frequency;
and is timmed by a 2-22pF
trimmer capacitor, C6.

TR1 buffers the output from
pin 6 of IC2 for the composite
video output (K1) and the
UHF modulator. The correct
signal level is obtained by RO

and R7. C8 and €23 remove
the DC offset from this signal.
The large value of C8 is
necessary to ensure there

is no significant level shift
during the frame blanking
period, while C23 gives
improved coupling at

high frequencies.
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Figure 1d. Pattern generation logic circuit diagram.
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Figure le. Audio oscillator
circuit diagram.
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Figure if. Power distribution circuit diagram.

The circuit around 1C12
is a Wien bridge oscillator,
operating at 1kHz. Two Zener
diodes are used 10 control the
amplitude of the waveform,
since they are much cheaper
than a bead thermistor. The
Zener diode arrangement only
works with fived frequency
oscillators, such as this. The

: distortion is around 2%,

which is adequate for this
purpose. Note that the
modulator itself has an

audio distortion figure of 3%,
so there is no point in
providing it with a very low
distortion signal. R27 and
R28 reduce the audio signal
to the correct level for the
moddulator. C32 removes the
high frequency rioise which
emerges from the modulator

¢ audio input pin. The audio signal

is also made available on SK3.
SK2 is intended for

: connecting 1o the trigger input
¢ ofan oscilloscope, so that a

'®) SK3 . stable trace may be obtained.
PCB PHONQ i SWo selects the signal provided
AUDIO OUT by this ourput, to either audio,

¢ video line or video frame.

The circuit réquires SV at

about 180mA and 12V at about

TomA. Most of this cugrent is
consumed by the UHF
modulator (160mA at 5V) and
IC2 (80mA at 12V). The power
is provided by a 6VA mains
transformer and a pair of 78
series voltage reguilators,
which are mounted on small
heatsinks. For safery, the

OV rail is earthed.

Figure 1g. Power supply circult diagram. ics 10
7812 7805
SK4 | iy T Wy vol2——Hw vol2 > +5v
N c27 D1
= = g 100nF o ? 1N40OD2 GND GND
=< 2 2
= L FU1 . cza.L { 52 C13 Ci4 C15 C17
= = [ E 100nF = $m4002 i
[EC INLET T100mA 100nF 100nF 100nF 100nF |
MAINS OUTRUT | <-™™ %ingTCOB 1!,?&]1\15'!\! s . s P +12V
3 | = —
= 2200uF == 100uF 100uF
: > oV
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) TEST SAaTTESN GENESATOR M«
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Figure 2a. Main PCB track.

PCB Construction
The circuit is assembled on two
single-sided PCBs. The track
layours and component overlays
are shown in Figures 2 and 3.
Smart with the wire links (use
24swg tinned copper wire), and
then fit the components in the
usual size order (starting with
the smallest). Sockets may be
used for the 1Cs if desired.

On the main board, switches
SW35 and 7 should be assembled
onto a fousposition kich
bracket before being fitted 10
the PCB. The interdocking plate
must be removed., and the
individual switch latches
retdined. The knobs should
also be finted at this stage 1o
avoid stressing the PCB later.

The voleage regulators (1C9
and IC10) must be fixed o
small hearsinks and the PCB
using M3 screws, nuts and
washers. Although no electrical
insulation is necessary, an

insulartor berween the device
and hearsink will improve the
thermal coupling.

SK1 must be fitted before the
modubos because of the (unused)
phono socket on the side of the
latter. SK4 (IEC mains inler)
shiould be fixed o the PCB with
M3 hardware prior to soldering.
The transformer should be fiued
Iast, because of s size and weight.

Before fiing SW1 and SW2 ©
the front PCB, the loops must
be cut off the end of the tags.
When doing <o, be'sure 1o leave
the remaining tags as long as
possible. SW2 should be positioned
with the front panel locating ab
towards the upper right corner
as shown. The locating tabs are
not used, and should be cut
clase to the body of the switches.

The swo PCBs are linked
using a 19-wav length of rghi-
angled SIL header strip. This will
need to be cut from a longer
piece. The angled end of the pins

| CENZRATOR MK3

/,,—-—__‘_‘\\ .= ./——'—m\__\
/ 3 /
7 \ /
f — A\
| uf—“‘-._ \ .._,/"_‘H-\
| = ——— —. \
| — | = |  —
B |
.\"'H-._.-r', / ,__,/’:
o o b
"\-__,_,_/ S

Figure 3. Front PCB wiring links and switch positions.
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Figure 2b. Main PCB component positions.

must be fitted into the front PCB,
so that the straight ends ¢an then
be fitted into the main PCB.

Case Assembly

The PCBs were designed ro fit
into the specified case. In the
hase of the case, there are two
flat tags wowards the back which
must be removed:

‘There are also a number of
PCB fixing posts, of which, only
seven dre used. The remaining
posts must be shortened so that
they do not foul on the underside
of the PCB. This may be easily
achieved using a sharp Smm
drill bit in & hand operated or
SLOW electric drill (suchas a
rechargeable bauery drill).
Locate the tip of the drill bit
in the hole at the wp, and

¢ cut away each post untl it is
¢ about half the original height.

Drilling details for the front
and rear panels are shown in
Figure 4. The rectangular holes
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may be cut by drilling holes in
two opposite corners and then
cutting out the remainder using
a fret saw: This can then be
finished with a small file.

Suitable overlays for the
front and rear panels are shown
in Figure 5. These may be
photocopied onto a white A+
selfadhesive label and fixed
the appropriate panels. For
durability; they should then be
covered with clear sell-adhesive
vinyl. The label and vinyl can then
be mrimmed around the holes
using a sharp craft knife or
scalpel. You may need to chamfer
the inside edges of these panels
slightly to allow them to fit into
the case, because of the exira
thickness on the outside.

Set the end stop of SWlto
cight positions and SW2 1o
three positions, and then fit the
front panel to the switches. The
shukeproof washers supplied
with the switches should be
positioned berween the switches
and the panel. Curt the shafts down
to about 8mm, then fitthe knobs.

The rear panel should be fixed
to SK4 using M3 hardware. The
supplied nuts should be used ©
fix the panel onto SK1 and SK2
(discand the shakeproof washers).

The whole assembly should
then be slotted into the base of
the case. Depending on the
accuracy of vour drilling, vou
may need to ease the mounting

holes in the PCB slightly, so that
they coincide with the posis in
the case. The PCB is held in
place using seven 6:35mm

long No.4 self mpping screws.
Do not overiighten. otherwise
the screws will strip the threads
they have cut in the posts.

Testing and
Setting Up

Providing the unit has been
carefully constructed, there is no
reason why it should not work
first time. Connect the unit to
the mains using an 1EC mains
lead. If a test meter is available,
check the +12V and +5V rails
are correct on the appropriate
pins of the vohage regulators.

Take care, as there are mains
voltages on the PCB. These are
limited to the area around T1,
FUT and SK4, and are fairly
inaccessible from above,
providing the cover has been
fitted 1o the Ruse holder — but
due care must sill be taken.

Set the small slide switch on
the back of the modulator 1o
the upper position. Connect
the UHF outpurt 1o a elevision
and tune in to UHF channel E36
{often used for video recorders
and video games). You should be
able to tune in two white vertical
bars (this patern is generated
within the modulator). An audio
tone should also be heard.

Set the switch on the :
modulator to the lower position.  :
Ensure the four front panel push
switches are out. Set SW2 fully
clockwise and a set of calour
(or monochrome) bars should
appear. You may need 1o adjust
the mning on the wlevision slightiv

Adjust C6 with a suitable
trim-toal until the colour locks
on. Adjust it back and forth to
find the range of adjustment
that gives a colour picture, then
set it to the centre of this range.

Now adjust L1 for the clearest
colours and a well defined edge
where the colours change. This
will probably be about a third of
a turn up from the bottom. If
an oscilloscope is available, this
can be connecied o the video
outpur and L1 adjusted to peak
the amplitude of the colour
information on the signal.

If SW2 is turned to the cenire
position, the direction of the
colour bar patern should reverse.
Operate SW7 (White), and the
brightness of the white bar
should reduce.

If SW2 is now set fully
anticlockwise, the pattern
displayed is controlled by SW1.
Check SW1 works as expected,
then set it to the white screen
position and check SW3-5.

If the unitis lefton fora :
while, the voliage regulators
(IC9 and 1C10), the TEA2000 !
(IC2) and the mains mansformer

(T1) will become warm. You
may also notice a fint smell of
varnish from the trunsformer
the first couple of times it
warms up. This is normal, and
should not cause concern.
Finally, fir the top cover
of the case, with the two
plastic tabs 1o the rear.

‘In Use

The UHF modulator has a
pass-through facility, similar
to that on video recorders.
The unit may; therefore, be
connected between an aerial
and the equipment being
tested, so that the norimal
¢hannels may be obtained
without changing connections.
Due 1o the digital nature of the
unit and the signals produced,
it may cause some interference
on the normal channels unless
the signal from the aerdal is
fairly strong. If this occurs,
vou could try using an aerial
amplifier between the aerial and
the unit, otherwise, you will
need 10 use the unit separarely
The modulator UHF output
is runed 1o channel E36 when
supplied. An adjusunent screw
on the back allows this to be
adjusted between channels E30
and E39. This adjustment may
be necessary if you are using
the unit in conjunction with a
vitleo recorder or if vou live
in an area where Channei 5

All dimensions in millimeters
REAR PANEL DRILLING DETAILS
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Figure 4. Front and rear panel drilling details.
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is (or will be) broadcasting
on channel E37.
The unit should be disconneced

REAR PANEL ARTWORK

from the mains when not in use.
One final imporant comment
— if you are working inside a
television set or ather piece of
equipment with the poweron, i
please be very careful. :

TUNSS Lo SUT
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COLOUR TEST

PATTERN GENERATOR
Component a
Availability
The PCBs for this project are g L L T
available as a pair rom the author. o - on oN o= i
Please write to Paul Stenning,
1 Chisel Close, Herefond, HR4 OXF o e - z
(enclosing an SAE or IRC) for prives. - - o =
All other compaonents are = S—
available from Maplin MPS.
Order Codes are given Figure 5. Front and rear panel artwork.
in the parts list.
IC10 7805 1 (CH35Q)
PROJECT PARTS LIST 11 74HC133 1 (UH30R)
RESISTORS: All 1% 0:6W Metal Film IC12 LF351 1 (WQ20H)
Bt I3 1 (M3M3) TR1 2N2222A 3 (UH34))
R2,8,11, D12 A1N4002 2 (QL74R)
13,15-18 1k0 8 {M1KO) D3 6v8 500mW Zener 1 (QH10L)
73 AT 1 MaK7)  D4.569  1N4148 4 (0L808)
R4.12.10, D7.8 2VT 500mW Zener 2 (QHOTA)
20,2127 10k 6 (M10K)
R5 36k 1 (M36K) ~ MISCELLANEOUS
75 4700 1 (Ma70R)  SWi 1P12W Ratary 1 (FF730)
R7 5600 1 (M560R) sw2 4P3W Ruotary 1. {FF7GH)
RO a100 1 {(MS10R) SW3-5,7 DPDT PCB Push 4 {FHBTX)
R10 750 1 (M75R) SW6 2P3W PCE Slide 1 {FVOZC)
R12 BROOD 1 (MBROR) SKi,2 PCB-mounted BNC Socket 2 (KE15R)
R22.26 16k 1 (M1BK) SK3 PCB-mounted Phono Socket 1 [HF9SH)
RI3 810 1 (MBK2) SK4 PCB-mounted IEC Inlet Socket 1 (FE15R)
R24 30k 1 (M39K) Ful 20mm T100mA Fuse 1 (L1524
R25 22k 1 (M22K) FU1 20mm PCB Fuseholder 1 * (DABGIR)
R28 2K2 1 (M2K2) FUi 20mm Fuseholder Cover 1 (DAB2S)
MOD1 UHF Moduiator 1 (WE20W)
CAPACITORS T 230V to 15-0-15V 6VA
c1.011, PCB-mounted Transformer & (YJ55H)
13.14.15, X1 SMHz Crystsl 1 (ULS1F)
17,23,28-28 100nF Ceramic Disc 12 (gx03p) M2 8-867238BMHz Crystal 1 {UHB5G)
c2.2 47pF Ceramic Disc 2 wxs2e) L 15uH Adjusiable 1 (UH8ET)
c4 330pF Ceramic Disc 1 (WXE2X) L2 270ns Delay Line 1 (UHB4F)
C5.7 5p6F Ceramic Disc 2 (WX41U) Case 1 (BZ76H)
c6 2-22pF Trimmer 1 (WL7OM) RF Flylead i (GWB1R)
c8 470uF 16V Radial Electrolytic 1 (ATA3W) Msins Lead : 1 (MK41U)
€12 2,200uF 25V Radial Elzctrolytic 1 {ATS3H) SlL Right-angled Header Strip 1 (JWB00Q)
C1i5,18,22, 4-way Latchbracket =5 (FHT8K)
24,95 100uF 16V Radial Eiectrolytic 5 (AT40T) Push Switch Knob 1 (FHB1R)
19,29, z Knob = | _ (RW90X)
30,32 10nF Ceramic Disc 4 (WXT7)) Heatsink 1 (FL58N)
c20 82pF Ceramic Disc 1 (WXB5K) Insulator T0220 t (QY45Y)
c21 ATuF 16V Radial Electrolytic 1 (AT39N) 24swg Copper Wire 1 (BL13R)
c31 1uF 63V Radial Flactralytic 1 (ATTAR) 6-35mm No.4 Seli-tapping Screw 1 (FEGSY)
M3 x 10mm Pan Head Screw 1 Jy22Y)
SEMICONDUCTORS M3 Nut 1 (ID81R)
ic1 SA21043 % (UK85G) M3 Washer 1 UD78H)
2 TEA2000 1 (UHBBW) Main PCB (3604-4) 1
ic3 TAHCA040 1 (UF02C) Front PCB (9604-8) 1
ic4 T4HCA024 1 (UFO18)
IC5 T4HCAO75 | (UF11M)
ICE'_ 74HCBE 1 (UB23A) The Maplin ‘GstYou-Working' Senice is not available for this project,
IC7 T4HCOO i (UBGOA) The above items are not available as a kit.
IC8 T4HCO2 L B (UBOAB)
ica 7812 1 (CH36PR)
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by Douglas Clarkson

Most space research undertaken by satellites is of
an observing mode, where images of objects are
captured, processed and transmitted to Earth.
The Eureca (EUropean REcoverable CArrier)
mission was carried into space in July 1992 via the
Space Shuttle Atlantis and successfully recovered
some eleven months later by the shuttle Endeavour:

Micro Gravity
Within the Earth’s gravitational field, a grear many
processes involving material iabrcasion are direaly
influenced by the Eanhy’s gruvine Consider, for
eample, @ melt of materal being cooled during
the process of carystal growth. Localised varigtions
of iemperature esiablish corresponding variations
in density of material — giving rise to buoyancy
effects of the denser components sinking and the
lighter ones nsing under graviry: If the same
process was conducted in conditions of zemo
gravity, then dve muaterfal would not be subject 10
such convective processes which can impair
crysial growth and quality by increasing the
number of sites of dislocations.

The set of micro gravity experiments on
bound Eureca was designed generally to test the
ahantages of the micro gravity environment
for crvstal brcation and also 1o try to grow
selected crystals (such s proteins) of sufficient
size 10 illow determination of their complex
molecular structures. While previous micro gravity
experiments had been conducted on SEYTAB and
on xard shuttle missions, the key fenure of
Eureca was the Jong duration of sever:l of its micro
graviny experiments, which allowed a minge of slow
Rite proCesses ) be investigated for the ficst fime.

a Photo 1, Eureca can be seen durng the

initial process of deployment by Adantis.

Initially Inmched into an orbit ar 300km.
Eureca was subsequently boosted into arbit
515km above the Earth.

This unique craft, designed ss a reusable
scientific pladorm, had on board a diverse set
of experiments. Major projects were designed o
investigate the use of micro gravity for crvsial
growth. A range of biological experiments to
investigate the survival of micro organisms in
space was also included. Other experiments
included investigation of solar physics, Earth's
aimosphere and sampling of cosmic dust
(see issue 103 of Electronics).

In addition, vadous sets of new space
technology including Radio Frequency Ton
Thrust Assembly (RITA), an interorbit
communication system and advanced solar
GaAs army were tested under conditions of space.
In panicular, GaAs concenurator
designs were investigated, where levels of
focusing of the order of 100 were emploved.

The recoveryof the vehicle gave exiensive
opportunities 1o investge how kev componentis
of the devices funcrioned in
the demanding eavirconment of space. This
is why it proved such a valuable west bed fur
new space fechnology systems.

While results of various experiments have
appeared in numerous scientific publications and
this process is ongoing, a rather limited amount
of information of the resulis of the mission has
filtered out from the scientific community to the
‘media’. This arricle seeks 10 wuch on some
aspects of the resulis of the Eureca mission —
principally of the micro grvity experiments
and sunvival of micro onganisms in space.

The pmciical issues anising from the findings of
these key investigntions refate 1o the possible
future industrial processing of marerials in
vonditions of micro gravity, the possibiliov of
coniamination of planets in the solar system by
micro organisms from Eanth-launched space probes
and the hkelihood of micro omganisms being
able 1o migrate across the vast depths of space.

Mass, Gravity and Weight

Not much has changed in our calculations in

: relation to graviny since Newton published his
: Prncipiain 1657, The amraaive force, Fion an
i object mass within the vicinity of the Earth is

i given by:

3 _ object mass X G X mass of the Earth
(distance to Farih's centrey

= obfect mass X g

where g = 981m/s and is the accelenition due
o gravity at the Earth's surface and G is the
i universal gravitatonal constm
: The gravitationil force is considerad to act
on each particle within a specific muss, There
1 is 0o known wav of counterhalancing the effect
of grasity (in a practical way) so that an apposing
foree aces eguivalently and uniformly throughout
the mass being considered. We have not ver
developed antigawity fields.
: For an object in free fill, however, its component
atoms and molecules will only be subject o
amcion repulsion due o atomicinolecular forces.
Tt is this state that micro gravity seeks o replicate:
A significant amount of astronaut training is
undertaken on bourd aircmaft thar descrbe
parabaolic intjecroniss. Weighitless tonditions
can be-achieved in a Caravelle jet in pamabolic
flight for up o 30 seconds. Also, special drop
tubes and drop towerns have been developed
to simubite weightless conditons
The scope of such short duration weightless
conditions is relatively limited for investigutions of
the full patential of the micro gravity state. The
Eureca erft was specially designesd 1o provide an
opumum investigative platform for micro gravir:
Iz will be seen, however, that the laws
of hysics can add some small bur medasumble
components of apparent grvity 1o objects in
orhit round the Earth.

Up and Away
Even well above the Earth’s atmosphere ata
height of 500km. the aceeleration due o gravityis
still significant. Figure 1 shows the vasiation
of gravitational accelerition as a function of
height above the Earth's surface.

The value of g, is given hy:

=
TURFHY

s

.!.

Where R is the Farth's madius (nominal value
6,400km) and H is the height above e Earth's
surfnce in kmv Even ar an orbital heisht of 500km,
the orbit of Eurecs, the aceeleration due 1o grviy
is around 86% of that ar the Earth's surface.
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PERCENTAGE OF SURFACE GRAVITY
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Figure 1. Variation of acceleration due to gravity as a function of height

An object in orbit around the Farth can be
considered as “Tree-filling around the Fanth’
and where the force of gravity is equal o the
centrfueal force, F, on an orbiting mass.
The value of Fo is given by:

- _ abject mass X (orbital velocity)”
distance (o centre of rotation

By equating this 1o the force of gravity, the
arbital velocity is related 1o the height, thus:

orbital velocity = ‘\’ [ .f::f

in practice, however, such an environment
does not provide an “absolute zero” of gravity: The
term micro gravity is more apr, implying that
residual compunents of accelering force mav be
active. These residual components will, in wirn,
% reviewed with reference also 1o how
the design of Eureca sought 1o minimise them.

Tidal Acceleration

In practice. a satellite consists of 2 number of
mass componenis spread around the centre of
mass (COM) of the sarellite. Components above
the centre of mass will be ravélling faster than
the value o contain them in an orbit (due ©
centrifugal force) at the craft's centre of mass.

The magnitude of socalled fdal acceleration,
a, 4 orhital height H. can be expressed as:

xR ;
—— —msm
(R + H)

Nate that the units are of acceleration per
metre displacement from the crait's cenire of
arvity This term contuins One componer
due 10 the reduction in grivity with change in
height and another component due to the
corresponding change in cenirifugal force:

For an orbiting craft ar 500km, the value s
equivalent 1o around € X 107z per mewe of
distance from the centre of mass. Thus, an object
refeased 1m above the centre of mass of the
craft will experience micro gravity accelerion
angl trave] about 18cm in five minutes.

Similariy; an object released at rest below the
centre of miass will not be teavelling fast enough
1o keep in its orbit and will Bl owands the Eargh
with the equivalent amplitude of accelemtion.

Residual Drag

While the ambient pressure of gas at an orbit of
300km is only mound 10 “kg/m’, the high orbial
velocine of 76knys acs 1o de-accelerate vehicles

5
a =g x el

in orhit by a small amount. This is caused by the
momenium change of the particles colliding with
the surface of Eureca. For Furecy, this is around
8 % 1072, Objects would be seen 1o drift abour

: 3em in five minutes in the horizontal direction of
: flight. Whar is happening is that Eureca is being
made 1o impercepiibly slow down in relation to
objedas inside the frame of reference of the craft.
£ This residunl drag, moreower; will remain consiant
i inits line of action, The effecr of residual dmg can
be minimised by reducing the cross-section of the
satellite and fAying achigher levels, where the
number of stmespheric pamicles would be reduced.

Radiation Pressure

As photons of light from the sun strike o omift
uch as Eureca, they tmnsier their momentum
to the object they intercept. The momenmum of
an individual photon of mdiation is given by its
energy divided by the speed of light
The radiation pressure per unit area of surface,
R, can be expressed as:

_ -+ reflectivity) X solar consicint
velocity of light

E

Values of reflectivity vary from 0 for a toally
ahsorhing surface 1o 1 for a perfea reflector.
The solar constan is the energy inddent on
Uit arest in unit Hme.

For the particular configuration of Furecs, the
mamimum value is around 10-¢. The direction of
application of this accelemton will change, however,
depending on the position in Earth's orbit in
relation 1o the sun. When Eureca is on the dark
side of the Earth, this component will vanish.

The design of Eureca seeks 10 minimise vafious
of these micro gravity components. Experiments
are grouped together and as close to the centre
of mass as possible, 1o minimise tidal accelemartion
effects. By making the craft design relatively
compact, this reduces components of zerodynamic
drag and also mdiatgon pressure. Figure 2 indicites
the mode of action of micro gravity forces acting
on orbital sareliites.

A satellite such as Eureca is also subject to
periurbations of movement ffom its own set of
onboard experiments. Such experiments have
been carefully designed o minimise the effects
of moving parts, such as closing the furnace
door of anin-board experiment.

Satellites also have a endency 1o spin. A sarellite
of 5m dizmeter romting ot only one um in
10 minutes will establish a cenmifugal acceleration
of 3 x 1072, This is around 1,000 times greater
than the contributions previously described.

A kev part of Eureca's design is 1o detect system
rowmtion using gyroscopes and actively minimise
sy rotation of the oraft.

In addition, where experiment components are
being moved, this can ac w disturh the oreniation
of the satellite: These significant movemeéris can
be corrected by Eureca’s autitude conral system
using on-boerd thrusters. Where expenments imohe
moving parts, the relative motions are designed
10 involve verv smooth accelerations: Also, counter
rouiting masses can be installed 1o nullify any
effect of movement of unbalmeed components.

Micro Gravity
Investigations

As refernced preasousty, densite grdients are induced
by thermal grucdients in liquids and gases. in conditions
of Earth's gravity, this resulis in bunyancy drven
convention. A kev aspea of Eureca’s micro gravity
cxperiments involved investigating crystallisation
under conditions of micm grvine Experiments
involving the Automatic Micro Furnace (AMF), the
Mulii Furnace Assembiy (MFA) and the Solution
Growih Assembly (3GA) were used (o producean
extensive mnge of aystils during the mission. These
were extensively siudied on successiil recovery
of the pavload by the shurle Endesvour in 1993,

Solar radiction
pressure

Ortiting
direction

S00KM

Centrifugal forcs

i o

Towards Earth's cantre

m North pole

Tidal force S
(/M distance frem CM)

————————

Z Sun light

Asrodynomic - —

drag

Earth
attraction

Figure 2. Mode of interaction of micro gravity forces acting on an orbital satellite.
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Photo 2. Part of the MUSC facility

A key group involved in the design, westing
and operation of the micro gravity experiments
wits MUSC (Micro Gravity User Support Centre),
in Cologne. A major rale of this group was also
the monitoring of the micro graviny enmvironment
onboard Eureca to ensure thar it remained within
the required operational limits. This, i turn,
was imponant in achieving opamum results
from the various experiments. Photo 2 shows
part of the MUSC facilioe

Mass Transport by
Diffusion in Liquids

The unigue micro gravity conditions of space
prowide an apportunity to investigate diffusion
provesses in liquids. Whike some initial work
had been undenaken by Spacelab flighss,

key experiments require a dustion of around
10 davs 1o demonsieate effecs. Such diffusion
studics nypically involve observation of mansport
of componenis in mistures subject toa heating
stumulus. The thermomigrtion or Sorct effect
lezuls to segregation of different specices according
t0 their density. This process can achieve
separation of different sotopess of an element.

Crystal Growth of
Electronic Materials

The Rbriciion of a range of crystals for elecrronic
and technical applications such as integrated
circuits and infra-red detectors is an incressingly
impartant aspect of industrialised economies.
Many of the key growth sates of ervstal formation,
however, are masked by gravity-based convection
priwesses in crystal melt systems. A key part of
Evreca’s micro gravity work was o investigate
enysial growth of so-called 1Y compounds such
as InP Gash, AsCs und VI compounds such as
Cele, CaSe amd (PhSn)Te.

The Automatic Mirror
Furnace (AMF)

The AMF is a key experiment, designed for
imvestigation of arvstal growth. The basic desipn
of the furnace is indicared in Figure 3. Radiation
from the lamp is focused by the inner cavity
misror surface to a zone within the st sample,
which is in tum slowly drawn acoss the melt zone.
Lamps emploved were 300W Halogen wypes.
and were able 10 produce ampule temperatures of
up w0 L200°C. Fadlities existed for replacing lamps
during experiments. The drawing speed of the
sample holdler was ypically 2mm per day —allowing
around 20 different crystal growth experiments to
be undertaken in a six month mission.
Higure 4 indicates the vadous zones within

tteridl in the solution zone with grown
crwstal being moreased and polyerysmalline feed
supplied at a slow rte. Studies also involved samples

grown from metailic solutions and deposition
from the vapour phase. Photo 3 shows the AMF
module prior to its integration into Fureca:

The experiment consisted of a series of 21 rest
samples and two calibrution samples. The AMFwas
developed for ESA by Dornier GmbH in Germany.

Crystal Growth from Low
Temperature Solutions

There is an inherent advaniage in growing crvstals
from low remperature solutions. In particular;
thermal stresses are larpely eliminared. Also, some
thermally unstable materals such as varous types
of none-linear arystals used in optical technology
can only be produced using this method.

The Solution Growth Facility (SGF) of Fureca.
shown in Photo 4, consists of three principal
retctons for arystal growth experinrents. [n such
systems: solution is fxl from resenvoirs containing
rectant solutions into a central buffer chamber.
In conditions of Earth gravity; convection currenis
established due 1o differing densities of solutions
tend 1o dissupt crystal formation. One of the
experiments sought 1o grow crystals of amomphous
ricalcim phosphate (ACP). This compound is
thaughtto be involved in the mineralisation of
vertebrate hard tissue and also 2 ficror in the
demineralisation of unloaded bone tissue
{osteopomsis). A second svstem was used
to grow calcium carbonate crystal, in order
0 provide an insight into crysml growth
in bio environments.

A third system was used 1o investigate the
crysullization of zeolites — compounds used
cxtensively as a acatalyst in the chemical and
petrochemical industre Zeolites, used as

Pasitioning
of ring fecus

Figure 3. Basic design of the Automatic
Mirror Furnace (AMF). Light output from
the halogen lamp raises the temperature
within the melt zone of the ampule
being processed to around 1,200°C.

Photo 3 Details of the
Automated Mirror Furnace.

heterogeneous catalysts, are expecied 1o have a
key role in technologies such as catabvtic crucking
and methanol to gasoline processes. The
production of sufficiently large crystals will,
hopefully, allow their structure o be usefully
studied by processes such as Xerav diffricrion,

. . Z

P .

fead Bestores

Figure 4. Various zones within ampules
during the crystal growing phase.
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Figure 5. Design of the Protein
Crystallisation Facility (PCF) of
Eureca showing the upper set
of 12 growth reactors and the
video observation system.
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Crystal Growth of
Biological Macromolecules

The chamctenisation of the molecular structure of
biological macromolecules such as proteins

is a key aspect of medical research. The activity of
drugs is primarily related to their ability to amch
10 receptor sites in such molecules.

An undersianding of the protein struciure

plavs 2 key role in configuring an agemt that

will be efficient in thempeutic processes.

The Protein Cryswllisation Fadility (PCF) of
Eureca, shown in Photo 3, is 2 multi-user facility,
in which twelve independently controlled, low
temperture, long duration solution growth
experiments were carmied out simultaneously. To
initiate the crystal growih process. the chambers
connecting st solution and protein were conneced
10 a huffer solution where covstallisation ok
plice. The instrument was spedifically designed 1o
minimise iemperature varatons durdng launch,
deplovment and recovery. Viden inages of a number
of reactors indicated the presence of aysals, though
some damage was done to the aysials during a
phase of unintentional transient warming. The
schematic design of the unit is shown in Figure 5.

Proteins investigated included RNA-based
complexes lysommne and B-galaciosiddase,
Rhodophin, A-crisacyanin and Bacieriorodhopsin,

Crystals of A-crusacyanin were successfully
LIOWH USING GWO SEpanile reRcions — ador
A and reactor B. Crystals in both reactors were
observad un video display after 24 hours of the
9 day reaction process. The reactor emperatures
sufferedd some random heming and cooling during
the mission, but visual observing of the crystals
indicared their structure did not appredably
change. On recovery, it was found that a glass
plate on the base of reactor B had aracked and its
contenis largely lost. The structure of the crystals
of reactor A was examined using synchromon
radiation, though a powder diffraction pattern
was revealed. This indicated that the use of micro
eravity with the method of crysial production had
not resulted in improved molecular ordering in
the protein.

The process of analysis of other samples
remains on-going, using a broad range of
investigarive methods.

Investigating RITA

Oneof the key units of technology wested during
the Eureca mission was RITA (RF [on Thruster
Assembly). There is a general requirement for
thrust units for Earth orbir satellites — in pamicular,
for geostationary satellites with long operational
lives, Conventional chemical thrusters tead 1o have
limited life and add weight w launch payloads.
RITA has been developed for this role by reseanchers
ar the University of Giessen in Germany, with
preliminary work underaken during the 1970s.
The Eureca mission provided an oppormunity 1o test
the ion thrust under the demanding conditions of
spuce. While a working unit that used Mercory
wits mvaikible in 1982, 1o test fiy in space, subsequent
desions were maodified using ¥enon s the propdbnt g

The unit tested in Eureca, which is shown in
Photo 6, estublished an accelerating volage of
1,500V 1o produce ions at a velocity of $7kmss
and delivered a thrust of berween 3 and 10mN.
Cansidering a mass of Eureca of 4,000kg;, the
maximum acceleration developed would be
around 23 X 107z —of the same arder of the
values of components of micro gravity. The Key
companents of RITA is shown in Figure 6.

Initilly; electrons released from the eleciron gun
(lower left corner) are drawn up into the plasma
halder by an eleciric field. When these elecirons
are accelerated by the BE ficld, they are sufficiently
energised to fonise Xenon molecules inroduced
into the plasma holder. Afier inftition, the discharge
is self-sustaining through the action of the RF
field. The applicaion of the full accelerating field
then ejecis the Xenon ions at their high velocin:

RITA was extensively tested during the mission.
On the 131th test firing, the unit ceased o funcron.
On examinarion of RITA afrer successful recovery,

Photo 4. Detail of the
Solution Growth Facility (SGF) . .
of Eureca which consists of /.
three principal reactors
for crystal growth.

January 1297 ELECTRONICS AND BEYOND @ED

Lanen,

T AROsICIERNC,




1 ABRGSEAGYE,

L3cmmanm i

£
-
-4
=
=
=

]

©ALROSPALLL

z
z
=

Pressure reduction
unit (FRU)

[

‘Flow contral unit (FCU)

isolator:
Thruster +1.5kV [ Extraction I
— case ancde
Discharge
vesss!
i RF E i
coil = Plesma) L generator ||
(LJ / holder
Cathode A
: = T e ccelerator
hootar - \ J \v; 3 lons i 1.7kV
= Deceleratar =
Nejutrul;sar 20V 3xEnlarged L
P e =10mm
2 Eiectrans\ e

it was discovered that this was due to a break in
circuit in the RF coil due to overheating, which
in turn, caused a failure of a diode component
The key lesson leamed for designs of the future
was [0 minimise temperdture rises in the KF coil
and use conductive connections with higher
melting points. The RITA project, however, indicates
the slow vet steady pace of progress in space
technology, where things ‘new’ must also carry with
them acceptable and demonsible levels of reliabiliry

Exobiology and
Radiation Investigations

The smdy of the ahility of micro organisms 10
survive the harsh conditions of space is cerinly
of interest to all those curdous about the origins
of life on Earth. Did life begin on Earth in
isolation from all other influences? Or was it
carried here — from much further afield”

Whilte mast theories of evolution derermine
tha life developed on Earth, to some bial YEISTS,
the Earth of 4 billion vears ago would hardly
favour the emergence of life. Also, the ancient
monocellular organisms of this epoch already
appeared 10 have a complex cellular structure.

Anaximande of Andent Greece (610 10546 BC)
maintained that the ‘germs of life” originated in
the moisture tha surrounded the Earth, which in
turn, fell as rain. In 1865, the German physician,
Rivhter, suggesied thar micro organisms could be
picked up by passing comets or meteorites and
mansported through space. Comets, as we know,
fave the potential to migrte berween different star
systemns—as if propelled biva cosmic pin ball machine:

Also, it is a general obsenation that
caastrophic meteor or comet impacts on the
Earth within geological time could have cast
karge amounts of micro organisms into space —
like a cosmic breath of wind blowing against
4 dandelion seed head.

Previous experiments to investigate these
questions have tiken place using balloons,
rockets and spaceerafi. Extensive laboratory
experimenis simulating the conditions of outer
space have also been carried out. The most
severe test was that of the Long Duration Faciline
(LDEF), in which bucterial spores were exposad
to the harsh environment of space for 2,107 days.

The Excbiology Radistion Assembly (ERA)
expeniment of Furea provided an opporunit o
expose a range of biological marteriul to the hash
conditions of space: The severe enviroament of
space is chamcrerised by a high veuum as Jow as
10r“Pa, 1 solir eleciromagnetic specurum
extending from 2 % 10%m to 2m and exernal
temperatures determined by the deep space
tempenature of 4K In addition, the galaciic
component of cosmic mdiation cin be chamcrerised
as 85% protons, 1277% He ions and 13% leavw fons,

Photo 7 shows the Exobiology and Radiation
Assembly or ERA. When deploved, the “lid” of the
I expeniment mtdtes back 1o allow solar irradiation
: of the comparimients. Figure 7 shows a schematic
dingram of ERA in the launch/recovery
configurmtion. ERA was developed under ESA
contract by SIRA Lid. of Chiselhurst, UK

The ERA experiment subjected a mnge of ssmples
to combinatons of envimnments, which included
Space vicuum, argon stmosphere ar 1,000mbar
with combinations of various levels of exposure of
solar rdiation. The thermal conductivity of the
ERA exposed surface was, however, less than
anticipated. This resulted in the temperature of

re front lid" part of the experment rising 10
S0°C — leading 1o the desacrivation of most
of the samples held in this section.

Within the ERA. in ‘dark” conditions, a range of
¢ modes of environment were available for testing,
i Spores of Bacillis subtilis survived 327 days in the
vacuum of space ar up 10 25% for one stmin and
without any degree of protection as a monolayer
of spores on a test surface. Survival is increased o
as high as 80% when protecied by a layer of
glucose. This is thought to smbilise the structure
of the cellular macromolecules during the
dehydration process experienced by the spores.

This data confirms the result of the LDEF
experiment, that with samples protected by
glucose, survival rutes of 86% were ohserved
within almost a six vear pesiod. The condition
of 'dirk” outer space, however, represents a
hostile environment where even tough orzanisms
= from Earth would, over relatively
long perinds of expasure, be killed. The spores
used for the experiments are so-called drvness
resistant organisms or anhydroinis. A comparable
set of controls were monitored ing similar
ground-bhased experiment

I spuce, unprotected spores are mapidiy
de-activated — most succunih o 10 seconds of
solar rudiaton: though there tends to be 4 small
¢ residual frnaion that can sunive. The action of the
i extrmterrestrial solar UV radiation is mutagenic
and induces strand breaks in the DNA. Maximum
sensitivity is at around 260am, which correspands
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10 the maximum DNA absorprion. On Earth,
unprotectedd spores have 1o be exposed 1o solar
light for 3 10 15 hours @ achieve equivalent
population reducions,

Puning it another way, exiraterrestrial solar
radiation can senously damage your genes:
Recovery of biological matenial from Eureci also
gave the opportunity to determine the extent of
DNA damage in recovered samples

The set of filiers on Fureca was used 1o estimare
a relative ‘action specrum’ of extra terrestrial
solar UV mdistion. Figure 8 indicates the general
form of such an action specrrum. On Earth, the
presence of ozone in the atmosphere acts to filer
ot the highly damaging rays below 290nm. If for
any reason, the Eanh's stmosphere provided no
L'V protection, then life on Earth would be
adically different and cerminly much less abundant

Short wavelength and highly damaging UV
riddiation tends only 1o penetnite sbout G-Imm
into bivlogical samples; and so lower lavers of
orzanisms are protecad. An individual free-floating
organism. however, would very likely soon be
deacrivated. Samples would also beexposed o
cosmic rays, which would, over long periods.
end to de-ictivate micro organisms on exposed
surfices of comets ind meteorites.

The findings of this work provide insight into
w0 sepacite guestions: One is the understanding
of the abifity of life 1o wander through the galaxy
in the forms of highly resistant spores of micro
organisms. The other is the risk of conmmination
of ather planets/moons of the solur system by
probes from Earth. The evidence so far is that
there is a high chunce that micro organisms on
space probes could be ransferred to other sites.
Thus, spores protected from solar srdiation could
ensily survive in a space coft mission of one ortwo
years 102 destination such as Mars. In particular,
it is fele by various workers, that the COSPAR
Planetary Protection Rules should be serously
observed and in pamicular, for Mars missions.
Will this be a new agenda item for Greenpeace?

Inter Stellar
Grain Experiment

While comets excite considerable sdentific
curiosity i relation to their rransient passage
thriough the solar system, there is increasing
interest alsoin the origin of the diverse complex
orzanic molecules known 1o reside within their
ice mass structures. A key factor of the provess is
consideral 1o be bombardment by UV photons
in deep space of small embryonic nuckei in
interstellar space. It is considered that comets are
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Figure 8. ‘Action spectrum’ of extraterrestrial Ultra Vidlet radiation indicating peak
of sensitivity at around 260nm.

formed when such nucled are somehow collected
wogether, This underpins the interest by ESA in
the future ROSETTA mission, which seeks
recover material from a piassing comet.

‘The ERA experiment provided an opporunity
10 ‘vondition’ so-called first generation organics
which muy existin interstellar dust clouds Iris
thought that in such regions, volatile ice accretes
over smll silicue parsicles and that the chemistry
of these particles is modified by the very low
levels of UV radiation present in deep intersiellar
space. As parvof the Eureca expeniment, a cockiail
of first generation oranics water, carbon monoride.
ammonia, methane, methanol and acerylene were
tepasited on a small block of Aluminium ar HE
This in turn was exposel to a laboraory source
of ultraviolet lipht for berween 22 10 68 hours

This “vellow strip” compound was then placed
on board the ERA module 1o reeeive high kenels
of solar UV mdiation for 4 months: This relatively
brief exposure is estinted to be equivalent o a
perind of exposure of 10 million vears in interstellar
space. Even laborasory sources of ‘extraterrestrial’
LV areseveral orders of magnitude weaker than
actual solar exposure In space.

On recaovery of the varous seis of material
(16 in toal), the vellow appeasance had changed
largely 1o brown. This was associaed with a

Figure 7. Diagram of key features

of the ERA experiment.
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mechanism

Service module
connecter panel

Active biostack

Biostack chassis

Passive biostack (4 off)

general carbonisation of the marerial following

: depletion of oxvaen, nitrogen and hydrogen

in the samples.
When the absorpiion specira of the recovenad
muterial was observed back on Earth, there was
a good degree of matching over the part of the
spectrum of Galaciic Centre IRS 6E source, thought
¢ 1o be tpical of interstellar dust grains. The
: significantly estended scope of IS0 (Infra Red
: Space Observatory) will funther allow “real” daa
10 be tested against the simulated material
obtained from the ERA platform of Eureca.

Summary
! Eureca, therefore, has provided scope for scientific
research in a2 broad runge of wpics and also allowed
the development and test of components of
commercial satellites of the future. The principle
of various indusirial and academic groups in
: projects such as Eureea i impomant for maintaining
: the genenil 'competence’ of Europe in leading

edpe areas of technology

Reflecting on the ‘exobiology " experiments of

i the ERA module, itis a curious thought that not

onlv kuve we exponed space craft beyond the
outer limits of the solar system — in all probahility
we have exported our organisms as well.

- -

- Further Information

Looking al Science on Boand Errece, Olivier Minster,
Levaisa Innocenti, Dick Meshnd, ESABRS0, May 1993.
Ernreca: F3A F26, Project details with serof
illustrated texts of each major experimental package.
Approaching the interstellar grain organic
refractory component, 1. Mayo et al,

The Astrophysical Journal, 435: L177-L180, 1995,
FRAExperiment ‘Speace Biochemisiry’, K Dose eral,
Adv: Space Hes. Vol 16, 8, ppLI9-129. 1995.
Biolougical Responses to Space: Resulis of the
Experiment ‘Fxobiological Unii" of ERA on Fureca-1.
I G. Homeck et al, Adv Space Res vol 16, 8,

! pplO3-118, 1995.

: Origin of organic matter in the protosolar

:  nmebula and incomets, ). M. Greenberg et al, Adv.
Space Res, vol 16, 2, 999-10, 19555,

2 Survival in Space: Life from Owder Space,

I Kiaus Dose, Viva Onigino, 22(1994), 261-282.
Flight Test and Ground investigation vesulis of
the RITA Experiment on Eureca, H. Bassneret al,
procesdings 30th AAAASMESAEASEE Joint Propulsen
Conference, june 27-20, 1994 ATAA 94-2825 il

Point of Contact

Public Information, ESA Publications Division,
ESTEC, Noordwijk, The Netherlands.
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The Devil to Pay

AS a nation. we have to decide what we
want. Satellite television services (and for
that matter future digital terrestrial services)
hang on the fact that programmes are
cheap © produce. No. [ will qualify that,
they are relatively cheap 1o produce —
relative to programmes produced for
terrestrial television services, that is.
However, if you look at it add up the figures,
quality television programming is axpensive.

Don’t get me wrong. Many satellite
programmes are excellent. 'm not wrying
o put satellite television down in any
way. But, for example (my role here is as
devil’s advocate, you understand) many
satellite programmes are re-runs of
vesterday's terrestrial programmes.
There is nothing wrong with that but
it’s an ideal starting point to the topic
I'm going 1o lead ino. Yesterday's
terrestrial television programmes can
still be today's quality programmes—
nowever old they are, particularly if they
were quality programmes back then. On
the other hand, many re-runs are poor,
they might have been always poor, or
they might have been good for their time
bur just not up to the standard we have
been led to expect in recent times.

At the time of writing there are some
51 satellite television channels
transmitied in English from the single
Astea satellite. (Yes, I know there are
severdl satellites co-locared at 19.2° east.
where the Astra slot is, but 1o go into
that would overcomplicate an already
tricky argument, so let’s keep it simple
and say ir's just a single one — which to an
independent user is the way it appears.)
1€ you add together the channels from
Astra with those of all other satellites
located ar the multtude of positions
around the sarellite arc and watchable
from the UK, the total number of
accessible English-speaking satellite
television channels a UK television
watcher can pickup amounts to well
over 100. Bui, hev. who's counting?
Once you ger to numbers like these, it
becomes largely irrevelant, doesn’t it?

Well, no actually ir’s not irrelevant.
Thar's the whole point. we should be
counting. Doesn't the fact that there is so
much choice available on satellite mean
something in its own right? And if that's

not enough, whart should we be
counting when furure satellite and
terrestrial digital television channels
start ransmissions? Literally hundreds
of channels will be available, all
tAnsmitting similar programmes
from similar services.

When satellite television was in its
infancy, the four terrestrial channels
were the only real choice we had. The
television license fee was acknowledged
as being the best way o pay for the
relevision services we had. Afier 4ll, the
BBC (for whom the relevision license fee
is administered) represented 50%
of all television services in the UK.

The independent television channels
were always funded by advertising, and
should always be so. When Astra came
along though, the situation began to
change. More and more satellite elevision
channels mean that viewers have an
increasing right to gripe at having o

pav the television license fee for what
effectively is a decreasing proportion of
the total television channel choice.

Once we reach the siate where the BBC
channels are a small minority of the toral
number of channels (remember that
presently only 4% of television channels
are run by the BBC) then don't we have
a right to think that there should be less
and less reason why the BBC should get
funding at all? Some do say this already.

But, the question we need to ask,
knowing all the public relations matter
which is spattered around about how
many channels exist, and how many
there are going 1o be in future digital
services, is where does all the quality
programmes which we choose to warch
come from in the first place? Some
(a very small few, in fact) come from the
satellite television channels themselves.
My own personal favourite is The Simpsons,
which [ firmly believe is the greatest
reason for owning a satellite receiver in
the first place, was procured by British
Sky Broadcasting as a flagship product
(which it is) to show that satellite
television is a force 1o be bargained
with — something which the terrestrial
channels never seemed w think it was.
Bart and Homer Simpson proved BSB
right and the BBC wrong. As satellite
television services expand and improve,

and consequenty increase their revenues

from subscribers as subscriber numbers
grow, then more and more quality
progmammes will result from their control.

On the other hand, most existing
quality television programmes
(new or re-run) come straight from
the existing terrestrial broadcasters’
productions. While this balance
between service providers will
change over the shor-term as satellite
television service providers’ revenues
increase, and they produce (or pay for,
at least) more and more quality
programmes, the long-term results
will still - T am sure — show that the
existing terrestrial broadcasters will
continue to praduce the majority of
quality progriammes,

And now, to my point. Do we care
enough for these quality programmes
Lo continue paying for them by funding
the BBC through the license fee?

Some would suggest that the license fee
is not a feasible demand 10 make of 2
satellite watching, relevision-viewing
public. Some one in five households
currently have satellite welevision services
—still a minoriny, bun over the next few
vears likely to become a majorin

Once we all have hundreds of television
channels is a license fee apprapriate

at all? Thar's a rhetorical question
incidentally. T for one hope we continue
1o feel icis, although I suspect there are
serious moves afoot 1o remove it.

As 4 nation we have 1o decide
what we want. Wall-to-wall bland pap
and propaganda on our screens, or
quality-driven, subject material. True,
we have bland pap and propaganda
already, but in between it all, we can
usually always isolate the material we
want. Others have differing opinions.
Some never want quality material at
all or only rarely: Somie wouldn't know
guality if it jumped ourt of the screen
and hit the viewer in the face.

But some are more discerning

and know what they want 1o watch.

It is my sincere hope that the majority
of television watchers feel that same
way. It won't be long until we find

out I suspect.

The opinions expressed by the author are not

necessarily those of the publisher or the editor,
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This alarm system was originally
designed to protect the contents of a
garden shed, although it would also
be ideal for other outside buildings.

In addition, it would offer a good
basic security system for small
residential areas, such as flats and
bedsits. It may be installed without
drilling or attaching to the building,
which could be an advantage in
rented accommodation.

SPECIFICATION
Number of zones 2 (Entry/Exit and Loop Cable)
Maximum Loop Length Unlimited
Exit Time 5 to 30 seconds (set by intemal praset)
Entry Time 5 to 30 seconds (set by intamal presst)
Alarm Time 16 minutes (typical)
Entry/Exit Waming Pulsed Buzzer and Flashing Status LED
Alam Sounder Piezo Siren (110dB @ 1m)
Supply Voltage 9V nominal (PP2 Batterny)
Low Battery Indicator Status LED extinguished below 6-5V
Supply Current (Armed)  1mA (typical)
Battery Life 6 months (typical)
Remote Ouiput Optional changeover relay
PCB Size 172 % 75mm
Overall Size 177 x 120 x 83mm
Weight 500g

-Tlc unit features two separite
protection armangements.
The entry/exit is protected
using standard normally open
and/or normally closed sensors
such as magnetic switches

and pressure mats. Entry and
exit delays are independently
adjustable, from 5 to 30 seconds,
during which time, a warning
sounder operates and a status
LED flashes.

Valuable items are prorected
by a wire loop system similar to
that used in shops, ete. This uses
a wo-core cable which is threaded
through the items to be
protected, and the alarm will
be triggered immediately if
cither core becomes open-circuit
or if the two cores are shorted
together. Suggestions are given
later for making the system
€Ven more [amperresistang.

The loop system can be used
independently from the entry/
exit system. This would be useful
ifa shed or garage needs 1o be
left open when working in the
garden, while still providing
protection for valuable bicycles
and power tools.

The unit is battery powered,
and will give ar least six months
of continuous operation from a
PPY bautery. The alarm sounding
period is limited 1o abour sixieen

mintites, 1o conserve battery life

¢ and reduce annovance, but the

status LED renuiins on after this
period to indicate that the alarm
has been wriggered. An optional
reliy output can be conneaed to

: an extra sounder or household
: alarm system.

Block Diagram

Referring 1o the Block Diagram
shown in Figure 1, the Loop
Input and Entry/Exit Input are

both followed by Latches 1o

hold the alarm siate even if the

i input reverts to normal. The
¢ Entry/Exit Luich can be disabled
: by sening the keyswitch to the

Loop Only position.

The Loop Larch operates
the Alarm Timer and Driver
immediately The Entry/Exit
Latch triggers the Entry Timer

¢ which drives the Waming Sounder.
¢ If the unit is not switched off

by the end of the Eniry Timer

: period, the Alarm Timer and

Driver are operared.
When the unit is switched

: on, the Power-On Reset circuit

triggers the Exit Timer. During

i this period. the twvo Latches are
: dleared and the Warning
¢ Sounder operates. If the Loop

is not connected correctly; the
Exit Timer will not operate.

@D ELECTRONICS AND BEYOND January 1997

The completed PCB and
(above) the completed unit.
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- Circuit Operation
i The circuit dizgram
(see Figures 2 and 3) contains
nierconnecred
implify the
diagram. the various sections
Ath
interconnections indicated
by labelled arrows.
The loop input and lawch
are shown in Figure 2A. The far
end of the loop is terminated
by a 100k€ resistor (R3) which,
when the loop is connected,
forms a porentinl dividerwith
R4 to give a voliage equal to
half the power supply voliage
on pins 2and 6 of Ul (35
with 1 9V battery). C1 removes
anv noise that mav be picked
ng the loop wire
1:A and UL:B (LPC
dual op-amp) form a window
comparator. R1, R2 and B3 set
the tap and bottom ends of the
acceprance range: With a 9V
e on pin 3 of
UT:A is abour SV and that on
i f U1:B is about 4V If the
from the loop potential
divider should become outside
this range, the appropriate output
of Ul will go low, giving s high

op-amp has the lowest
urrent consumption in the range
of devices offered by Maplin
that will operare down to 6V
173:C and U3:D form an S-R
' et) Latch. This is cleared
} it Delay timer when the
unit is switched on. If the output
should go high. even
tarily, the latch will change
state, triggering the alarm.
The Enery/Exit input is

0000000900000 0000000900000 6000600 o0 0 [EENNCEINLEEEG:ER

by Mark Price

held high by the
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Figure 2. Circuit diagram (continued in Figure 3).
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and pin 2:is held high by R12.
If a sensor on the N/C circuit
should operate, pin 1 will be
taken low by R13, while ifa NO
(Normully Open) sensor were
1o operate, it would pull pin 2
low. Note that both N/O and
N/C sensors may be used
simulmneously (providing

they are connected correctly).
and either will tigger the alarm.
C6 and C7 remove any noise
which may be picked up along
these connections. U3:A and U3:8
form a latch which operates in
the same manner as that used
for the Loop input.

The active-low Loop Only
signal on pin 12 of U2:D comes
from the keyswitch. When the
line is low; it prevents the signal
from the larch from reaching
the Entry Timer.

U3:A is the Entry Timer,
which is triggered by the
negative going output of U2:D,
RV1 sets the enwy delay period
from 5 to 30 seconds. The
output on pin 3 of US:A is high
during the entry delay period.
LU7:B gates the signals from
U2:D and U5:A to givean
output that is high when the
Entry Latch has operated and
the Enury Timer has timed our.
R20 and C12 provide a very
short delay o compensate for
the propagation delay of US:A

The Alarm Timer and output
are shown in Figure ZB. When
either the Entry Alarm or Loop
Alarm line goes high, the output
of U7:A goes low; triggering the
Alarm Timer (U4). The values of
R7 and C3 give a calculited time
period of 16 minutes, although in
practice, this may be a minute or
two longer due to the minute
leakage current in C3. Evenin
this case, the alarm period will
be less than 20 minutes, which
is now a legal requirement.

During the alarm period. Q1
is wirned on, driving the alarm
sounder connected to terminals
1 and 2 of SK2 and the optional
relay (RL1:A). D1 protects the
transistor from the back-emf
produced by the relay when
it is switched off. The relay
contacts are brought out to
terniinals on SK2, together
with the circuits OV rail, for
CONNECHon 10 a remote
sounder or alarm system if
required. If this option is not
used, RL1 and R21 should be
omined 1o conserve barery life.

Gare U7-D is unused,
s0 both inpurts are connected
to the 9V mil and the output
is left unconnecied.

The batery (OV PPO type)
connects to SK3 and the
kevswitch to SK4. When the
switch is set so that terminals 1
and 3 of SK4 are linked, power

Inside view of the
Loop Alarm box.

is connected t the circuit via D2
and the active low Loop Only
ling is taken high via D3. When
the switch links terminals 2 and 3.
power is connected directly to
the circuit and the active low
Loop Only line is low

The Power-On Reset circuit
and Exit Timer are shown in
Figure 3B. When the unit is
switched on C15 will be
discharged, holding the inputs
of U6:A high. C15 will charge
viz R19 within haif a second. :
The output of Us:A will,
therefore, be low for a brief
period when the nit is switched
on, giving a suitable signal 10
trigger the Exit Timer (U5:B),
and reset the entry and alarm
tumers. The device used for Ut
has Schmitt trigger inputs 10
give reliable operation with an
input signal that does not
conform to digital levels.

76:D inverts the signal from
the Loop input, so that the Exit
Timer (U5:B) is held reser and,
therefore. disabled, if the loop
is not connected. RV2 sets
the Exit period from 5 to 30
seconds (approximately),

The Warning Sounder is shown
int Figure 3C. During the Exit
and Entry periods, the output
of U7:C will be low. This is
inverted by U6:C, giving a high
level to UG:B. This enables the
oscillator formed by UG:B, R18
and C13, which operates at
a frequency of about ZHz.
This drives a selFcontained
audible sounder (AWD1) via Q3.
so that the sounder beeps
twice every second. For this :
type of oscillator 1o operte,
an IC with a Schmi trigger
input is specified. :

The Status LED is shown in =~ £
Figure 2B. The output of U2:C
goes high in sympathy with the
warning sounder, and also when
the alarm has operated. Thus,
the LED flashes during the Exit

and Entry periods, and lights

steadilv when alarm is (or has
been) triggered. In the normal
operating state, it remains

off 10 conserve battery life.

DS (4V7 Zener) in
conjunction with the forward
voltage drop of D4 (red LED) act
as a basic low battery indicator.
The LED brighiness will reduce
as the bauery runs down, and it
will not fluminate if the battery
voliage is below about 65V,
although the Warning Sounder
will continue 1o operate. The
remainder of the circuit will
operate with a battery voltage as
low as 6-0V, hut prompt battery
replacement is recommended
when the LED fails to light or
becomes very dim.

The circuit consumes under
ImA in the armed state. Most of
this is due to UT, U4 and U5.
The unit will give typically siv
monihs continuous operation
from a high capacity 9V battery
such as 4 PPY. A large battery is
also more able 1o operate the
alarm sounder.

PCB Construction

The circuit is constructed on

a single-sided PCB which is
designed to fit into the guides
in the recommended case —
refer 1o the PCB legend and
rrack drawing, shown in Figure 4.
PCB assembly shouid be carmied
out following the normal
guidelines and recommendations.

There are several wire links

which should be fitied firse.

IC sockets should be vsed

for the ICs, as they are static

sensitive. Do not fit the ICs

into the sockers until all other

components have been fitted.
SK1 1o SK5 are PCB mounting

terminals, and should be fited

with the cable entries rowards

the edge of the PCB. The LED

needs to protrude through a

hole in the case, so you may

prefer to wait uniil after the case

has been drilled so that you can

i get the leads the right length.

AWD1 must be fitted with
the correct polarity. You may
prefer to leave this out until
after the circuit has been tested
as the noise can become rather

irritating (particularly for others).

If the relay output is not
reguired. omit RIY1 and R21.
When construction is
complete, the PCB should be
cleaned with a suitable solvent
to remove the flux. At this stage,
it is a good idea to check your
work, in particular, the soldering.

Assembly

The general lavout of the
components in the case may
be seen from the photographs.
Looking from the rear, the
alarm sounder is positioned as
close as possible to the left to
leave sufficient room for the
battery to stand beside i

The sounder is held ro the
base of the case with two M3
countersunk screws and nuts.
Part of one of the PCB guides
should be removed so that
the sounder sits level. Fiuing
the sounder will require a pair
of long-nosed pliers to hold
the nuts — and some patience!
A pauern of holes should be
drilled in the case in front of the
sounder (before the sounder is
finally fitted) 1o let the sound out.

The PCB is fitted in the second
set of slots from the top with
the components downwards,
A 5mm hole is required for the
LED. The kevswitch may be
fitted midway between the
PCB and the sounder. On the
prowtype, the phono sockets
for the Loop were fited 1o
the side of the case above
the sounder.

Addirional holes will be
needed for the cables
connecting to the remote
sensors. The layout of the
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Figure 4. PCB legend and track.

components within the case
is not crtical and may be vared
to suit individual needs. Check
that everything will fit inside
as you intend before drilling
any holes. :
The prototype was attached
to the wall by means of two :
keyhole shaped holes in the
rear panel (lid) of the case.
The unit can, therefore, be
fitted over two suitable screws
once the back is fined.

Wiring
The interwiring is shown in
Figure 5. The leads from the :
alarm sounder will probably :
be excessively long and may
be shortened 1o suit. Because
of the noise, you may prefer 1o
leave this disconnected uniil :
after the rest of the unit has :
been tested. :
The battery is connected
using a pair of PPY wpe banery
connection leads, ensuring
correct polaritv. All other i
connections are made with
7/0-2mm hook-up wire as shown.
The connections on the
kevswitch can be confusing.
In any position, the cenire
contact is connected to the pin
towards the back (flar) edge of
the key. On the prototvpe, the
first (anticlockwise) and third
positions were Off. so the
relevant tags were not connected.

The second position is ‘Loop &
Entry’, so the relevant tag is
connected to terminal 1 of SK4.
The fourth position (fully
clockwise) is ‘Loop Only', and
the relevamt tag is connected 0
rerminal 2, The centre tag on
the switch connects to terminal
3. The two operating positions
on the keyv-switch MUST be
separited by an ‘O position
o ensure the unit resets
correctly when changing mode.
You will also need © make up
1 lead for the loop cable. This
should be made using cheap
single-core screened cable, fined
with a phono plug at either end.
To prevent an inmuder from simply
unscrewing the covers of the
plugs o link out the cable,
secure the covers with a small
amount of super-glue once the
unit and cable have been tested.
If a long length is required, it
may be more convenient and
flexible 10 make up two or three !
shorter leads, and join them
with inline connectors having
a phono socker a1 either end. i

Testing

The unit does not require any
setting up, apart from adjusting
the entry and exit delay periods
to suit vour installation. The :
testing, therefore, involves
nothing more than checking
the various functions of the unit. :

Connect a loop cable
between the two Loop sockets.
Also, link terminals 1 and 2 of
SK5 (The N/C entry sensor)
with a short piece of tinped
copper wire. Set RV1 and RV2
fully anticlockwise.

With the keyswitch set to one
of the Off positions, connect
a PPY bartery to the battery
connector leads. Set the key-
switch to the "Loop and Eniry’
position. The LED (14) should
flash and the warning sounder
(AWDI) should beep in time
with it, for about five seconds
(this is the Exit period). After
this time, the sounder should
be quiet and the LED should
be off. The unit is now armed,
and waiting for someone o
bre:xk in!

Momentarily link erminals
3 and 4 of SK5 with a picce of
wire. The LED and warning -
sounder should operate as
before. for five seconds (the
Entry period). Afier this time,
the main alarm sounder should
opentte, the relay (RL1) should
pull in and the LED should
remain on (not flashing).

Set the kevswitch 1o off

Tey this again, but this
time, trigger the alarm by
disconnecting the link berween
terminals 1 and 2 of SK3. The
unit should operate as before.

Set the keyswitch back o
the "Loop and Eniny” position,
and wait until the end of the
Exit period. Now unplug one
end of the loop cable. The
alarm sounder and relay
should operate immediaiely
(no entry delay).

Switch off, and then back
to “Loop and Eniry” without
reconnecting the loop cable.
This time, the Exit delay will not
operate, and the LED should
remuin on (not flashing)
indicate thar something is amiss,

Switch off, reconnect the
loop cable, and switch back
10 ‘Loop and Entry’. After the
Exit period, trigger the alarm by
short circuiting the inner and
screen of the loop cable at one
end (bridge the terminals of
the socket inside the case with
a screwdriver). Again, the alirm
sounder and relay should
aperate immediately:

Switch off, then swiich 1o
‘Loop Only”. Afier the exit period,
link terminals 3 and 4 of SK5;
This should have no effect.
Now unplug the loap cable,
which should trigger the alarm
as previously:

If you wish you can leave
the alarm sounding, and check
the timing of the alarm timer—
which should be between 15
and 20 minutes. At the end of
this time, the sounder should

silence and the relay should
release, but the LED should
remain lit to tell the user that
the alarm has been set off.

Installation

Since every insiallation is
different, [ can only give some
general comments about
ihstallation. The main unit
should be wall mounted if
possible. Alternatively, it may
be free standing in a steady
position. You may wish o hide
it so that it is not immediately
visible bur can still Ix= accessed
quickly for disarming.

Cables need to be run from
the main unit to the entry/esit
sensors being used: In many
cases, one or wo normally
closed magnetic reed switch
sensors mounted on the enoy
doors and possibly windows
would be adequate. Normally
closed sensors must be
connected in series, so tha
il any operate, the circuit
becomes opea. Connect o
terminals 1 and 2 of SK5.

If it is not possible or
desirable to screw sensors o
the doors, pressure mats may
be used underneath carpets
or rugs. These generally have
normlly open contacts, and
must, therefore, be connected
in parallel wo rerminals 3 and 4
of SK5.

The connections should
ideally be made with 4-core
alarm cable, which will fit tidily
into the sensors. Aliernatively,
vou could use any convenient
thin two-core cable. Hide the
cable out of sight where possible.

The loop cable should be
threaded throuzh or anached
to the irems 10 be protecied.
For example, with bicycles,
thread the cable through both
wheels and the frame.

Some items, such as
televisions and Hi-Fi equipment
have no obvious gaps 1o thread
the cable through, and will,
therefore, call for some
ingenuity. If vou are sure yvou
know what vou are doing, and
the item is out of guarantee,
you may be able 1o remove
the back or cover and thread a
piece of cable through a couple
of the ventilation slots before
fitting plugs to the ends.
Aliernatvely. you could fix a
section of the aible 10 the
itern with a suitable adhesive
such as Amldite.

If you don't want to mark the
item, the best oprion might be
to securely tie the loop cable o
the unit’s mains cable. A few cable
ties can be useful here. Another
possibility is a Polip undera
suitable screw on the unit.
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External Alarm
or Sounder

The relay contacis may be
connected to an additional
sounder or a separate household
alarm system if required. The
additional sounder may bea
similar type to that used in the
unit, mounted in an outdoor
enclosure and powered by
its own bauery

The unit may be connected
[0 any Convenient zone on an
alarm panel, depending on the
tvpe of protection required.

The Panic button input would | up of a number of resistors Figure 5. Wiring diagram.

be suitable if you wish the alarm ¢ along the loop. tattery terminals
1o aoperate whether or not the If RS is reduced to 33k€2, and red—J] [l —ack
main alarm is set. IFyou have a two additional 33k resistors

monitored alarm system, you may are added inside connection Te To

need 1o contact the monitoring
company before connecting
this unit to the system.

Greater Tamper
Resistance

No alarm system is 100% secure
and completely resistant to any
atremipt to defeat it, and this
unit is certainly no exception.
However, it should be adequate
n Most cases.

The following suggestions are
offered 10 more experienced
constructors who may wish
to customise their system
and installation to suit their
individual cdircumstances.

If the unit is connected o an

earlier, this will continue 0
sound if an intruder attemprs
to smash this unit once it has
triggered.

The main concern will probably
be attempis to defear the unit
o prevent it being triggered.
Normally; this would involve
tryving to bypass the loop, close
to the alarm unit, so that it may
be disconnected. The system
operates by sensing the resistance
of the terminating resistance via
the loop. This resistance need
not be a single component ar
the far end, it could be made

plugs along the lengih of the
loop, any attempt o bypass
the loop at the alarm end
would trigger the unit.
I would suggest that one of
the additional resistors is in
the core connection and the
other is in the screen. The only
drawback of this is that you
have to remember to use all the
pieces of loop cable, but this
could be ensured by using a
different type of connector for
each joint. You could use any
number of resistors, providing
the total resistance is between
90 and 110kE.

The other likely tampering
method would be to disassemble
the box and disconnect the

by either a tilt switch or
micro-switch suitably
positioned within the box.

The micro-switch would be

held operated by the lid, such
that it is released when the lid is
removed. Fix it inside the case
with glue, as the screw-heads
on the outside of the box would
be a give-away! In either case,
the connections that are closed
when everything is OK are
connected in series with the
Loop connections inside the box.

Printed Circuit
Board

The PCB required for this projec
is available from the author.
For ordering information and
price, please write, enclosing an
SAE (UK) or IRC (overseas), to:
Paul Stenning, 1 Chisel Close,
Hereford, HR4 9XF, England.

All other components are
available from Maplin, and
the Order Codes are given
in the parts lists.

Loop Algrm PCE

external alarm system, as desaribed battery. This could be sensed
ISCELLANEQOUS
PROJECT PARTS LIST D PCB Buzzer 1 (KUSBN)
SK1,5 4-way 5Smm PCB-mounting Terminal Block 2 (KES5K)
RESISTORS: All 1% 0-6W Metal Film (Unless Stated) SK2 6-way 5mm PCB-mounting Terminal Block 1 (KESTM)
R1.3-5192, SK3 2-way 5mm PCB-mounting Terminal Bleck 1 (FT38R)
13,15,16,18 100k 9 (M100K) SK4 3-way 5mm PCB-mounting Terminal Block 1 (RK72P)
R2,10,17 22k 5 (M22K) Case MB7 1 . (KC28W)
RG,14,20 10k 3 (M10K) Batiery PP9 3 4 {ZB67X)
R7 3M9 1 (M3M9) PPO Clips 1 (HF27E)
R8 4K7 1 (MAKT) 4-way Keyswitch 4! (CJ95D)
RO 220k i (M220K) Micro Piezo Siren 1 (JK42V)
R11 3300 1 (M330R) Chassis Phono Socket 2 (YWDBG)
R19 imMOo i (M1MO) Single-core Screened Cable As Req, (XR12N)
RV12 470k Horizontal Preset Potentiometer 2 (UHO8J) Tinned Copper Wire As Req.
Hook-up Wire 16/0-:2mm As Reqg.
CAPACITORS M3 x 10mm Countersunk Screw 2
C1,2.4, M3 Nut 2
69,14 10nF Ceramic Plate 8 (WX77J) PCB (9603 ~ see text) 1
c3 220uF 16V Radial 1 (AT41U)
Cs 10uF 63V Radial 3 (ATT7)) OPTIONAL ;
Ci0,11 A7uF 16V Radial 2 [AT3SN) R21 680 1 (MB8R)
Ci2 100pF Ceramic Plate 1 (WX56L) RL1 1A 5V Micro-miniature Relfay 1 (DC51F)
c13 44i7F 63V Radial 1 (AT76H) In-line Phono Connector As Req. (HHOSF)
Ci5 100nF Disc Ceramic i (YR75S) Phono Plug Black As Req. (HQ54))
Reed Swiich Suriace 1 (YW4TB)
SEMICONDUCTORS Pressure Mat 1 (YES1Y)
Ui LPC862IN Dual Op-Amp 1 (AXB3T) Alarm Cable 4-core As Req. (XR89W)
u2.6 4093 Quad NAND Gate 2 (QW53H)
u3,7 4001 Quad NOR Gate 2 (QX01B)
u4 ICM7555IPA Timer [ (YHB3T)
us ICM7556IPD Dual Timer i (CP36E}
Q1 ZTX651 Transistor 1 (UH4TB)
Q2 BC548 Transistor 1 (0B730Q) The Maplin ‘Get-You-Working' Senvice is not available for this project.
Q3 BC558 Transistor 1 Q17T The above items are not available as a kit.
D12 1N4001 Rectifier 2 (OL730)
D3,5-7 1N4148 Diode 4 (QLEOB)
D4 5mm Red LED 1 (WL27E)
b8 4V7 500mW Zener 1 (QHOBG)
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ADVERTISEMENT

‘Copy to Clipboard’ feature enables preparation of lecture
overheads in colour, modify or expand the text to produce your

ELEC

RONICS

PRINCIPLES 3.0

For Windows 3.1, '95 or NT.

If you are looking for a means of improving
your knowledge of electronics then this is the
software for you.

Electronics Principles 3.0 now contains an extended range
of fully interactive analogue and digital electronics topics,

including the GCSE Electronics software in one package.

i AN

Emdtsr Folows Buffer. ! Lo=d

Signal Soutce

Farmulas. y
Cument gain = 150
Emitter Resistor = 1k

Zin=[ 150 + 1] * Re
Input Impedance = 151k

* The software is completely self-contained, explanatory text
and calculations are laid out in additional Windows,
enabling you to see the effect of changing component values,
one-at-a-time within the formulac. Graphics, text and
calculations can be "pasted, in colour into text documents for
a hard copy reference.

|

Laadad Vaut = 7268V
Load - 10k
AZ il Load =3k19

Vout = Vin * 7
Effecct ol connectling
a load across R2

N - R2 !] Load
Vout = Vin = Tomd]

T taeans in peralel

* Analogue topics, tange from simple dc current flow
through a conductor to complex number ac arithmetic,
including bi-polar, FET transistors and Op-Amps. Digital
investigation, from simple logic gates to binary arithmetic
and number conversion using counters and shift registers.

Teaching Electronics & Mathematics? Our
software is currently used in hundreds of UK and overseas
schools & colleges to support GCSE, A level, BTEC, City &
Guilds, Degree level foundation courses and a range of
NVQ's and GNVQ's where students are required to have
an understanding of electronics & mathematics principles.

own handouts or study notes.

V' = 50V

‘R* = 100R
| "L* = 500mH
*C' = 100gF
F'= HNH=z
i XL - 157R1
A XC = 31RB2
iR=Y ol i 4 IR = 500mA
R : IL - 318.3mA
v ; IE=1.571A
IC = o R
xC L - { = 154084
we Y Phaze » = 68.4502°
XC Z* = 37R0E
o = tan-1 LC“_;’-L
- A " XL *XC
JRC %G s oL XOF

Complete package still only £49.95

Also available as DOS version 2.1

ELECTRONICS TOOLBOX 3.0

A Windows version of the popular Toolbox Software.
Presents commonly used electronics formulae and routines
in a way that makes calculations easy, thus encouraging
experimentation in circuit design. Just select the topic, ‘pop'
in your values and find the result. Only £19.95,

MATHEMATICS PRINCIPLES 3.0

An easy to use Windows package including GCSE course
syllabus, enabling you to study or revise in what we believe is
an interesting and enjoyable way. There are nearly two
hundred mathematics topics with interactive, full colour
graphics, enabling a "learning through doing" approach to
encourage experimentation.

3
N‘& Pl rrEEREN i m = [0.45
| i i i i
; o il c=(-4)
n 1 — FointelInterzect fe y)
_.;— = I } g=_%5 v
B RN T T m=1
= 3 | — ' y=-
i N eee
RS 1 —{ 2755527559
= ]
- 1 1
B i
T TITT] —
I v, S 0
¥ -
Tha'¥ and 'y posdion, whese fnes R
intezsect wil saindy both equations. y-mx+c

* Mathematics topics, range from Number and Number
Conversion, Using Numbers and Co-ordinates, Working with
Fractions, Lines, Angles and Scaling, Shapes, Area and
Volume, Circles, Area and Angles, Laws, Rules and Algebra,
Powers, Indices, Linear Equations, Slope. Graphs and
Trigonometry, Statistics, Vectors, Curves and Matrices.

As used in many schools throughout the UK. Only £49.95,

EPT Educational Software, Pump House, Lockram Lane, Witham, Essex. UK. CMS8 2BJ. Tel/Fax: 01376 514008.
E-Mail Address, Sales@eptsoft.demon.co.uk Web pages http://www.octacon.co.uk/ext/ept/software. htm
For software only add £2 per order for UK post and packing. Make cheques payable to EPT Educational Software.
Switch, Visa and Mastercard orders accepted - please give card number and expiry date.
OVERSEAS ORDERS: Add £2.50 postage for countries in the EEC, Outside EEC add £3.50 for airmail postage.




Electronics and Beyond bas ten bard-cover
copies of Dictionary of Electronics by
S.W. Amos and Roger Amos to give away!

The Dicrionary of Elecironics is intended primarily 1o be

of benefit (o engineers and technicians whoare working in
electronics, students who are studying the subject, or amateurs
who are interested in it. Few technologies have advanced at
such 4 rate during the past few decades as electronics, This third

Ten lucky Electronics and Beyond readers need not pay a
penny for a copy of Dictionary of Electronics. The first ten
readers whose names are drawn from the Editor's hat(!) on
16th December will have a copy delivered to their home.

edition incorporates over 400 new definitions. All entries from
the second edition have been checked and amended (o take
account of recent developments, or reworded 1o improve clarity.

“A useful addition to any laboratory's book shelf.”

Electrical Review

“ldeal for engineers, technicians, students or interested
amateurs, this is a reference book par excellence, with TV,

radio and computing terms all being included as well as the :
Radio and Electronics World -

“A useful, readable, well-illustrated littie volume.”
Dan Scheingold, Analog Devices

more basic definitions.”

Dictionary of Electronics by S\ Amos
and Roger Amos is published by
Newnes, and priced at £30,00,
hardback with 350 illustrations.

te that employees of Maplin Blectronics PLC, asx
frv—r"[b-'"s are not eligible to enter. In addition, muitiple Ei’!tn
e prizes will be awarded to the first ten entries drawn.

Daytime Telephone Number

No purchase necessary. Entries on a posteard, back of a
sealed-down envelope or photocopies will be accepied.

Send your entry to Dictionary of Efectronics Free Book Draw,
Editor, Electronics and Beyond, PO. Bax 777 igh, Essex S56

]
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CHIUINEHG INTERNATIONAL,

CRUNDMIG

Grundig
receiver and
(dashboard)

he introduction of DAB represents the
Tmc-st fundamenial change in radio

technology since the introduction of
FM sterco. In fact, many would argue it is
the most fundamental change that has ever
taken place since the first sound broadcasts
were made. The way in which the new
system works is totally different to any
existing systems, and the new radios will
be far simpler to wne and use. Coupled
to this, audio quality will be verv much
higher and many new and exciting facilities
will be available.

Existing Systems

The first type of signal to be used for
broadeasting was amiplitude modulation
(AM). Here, the amplinude of the signal is
varied in line with the audio signal, as
shown in Figure 1. This is still used on the
long, medium and short wavebands. It has
the advaniage that it is easy and cheap 10
make sers which can receive these sigrls.
However, the andio quality is poor, and
signal propagation often means that the

stations are subject 1o interference and fading.

As a result of the poor quality on
medium wave, many stations have seen
a gradual move of lisieners from the
medium wave 1o the better quality VHF
frequency modulated (FM) stations.

In some countries. attempts have been
macie to improve the quality of the

old AM signals. In the USA, a number

of systems for adding stereo have been
implemented, and one called C-QUAM has
gained almost universal acceptance now
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by lan Poole

Radio broadcast technology bas made a quantum leap

with the introduction of Digital Audio Broadcasting
(DAB) by the BBC last year. With this new system,
CD quality audio is being transmitted, and those
annoying dead patches encountered when listening
in cars where the signal becomes very noisy
and distorted can be a thing of the past.
In addition to this, the new system offers many
Jeatures which will enable it to keep up with
the benefits of today’s technology.
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This system is also used in 2 number of
other countries, including Australia and
South Africa. It hus even been uied in
hie UK, but there are no plans for its
introduction 4t the moment.

The VHF FM service gave the best quality
signals until the arrival of DAB. With FM,
the frequency of the signal is changed in
line with the modulating signal, as shown in
Figure 2. For sound broadcast applications,
the signal is varied by =75kHz, allowing for
high fidelity transmission and reception.
The fact that most interference manifests
irseff as amplitude noise means that any
amplitude components on the signal can
be removed, leaving only the frequency
variations. As a result, frequency modulated
transmissions can give much lower noise
reception once a cerin minimum signal
strength has been reached.

These transmissions have been very
successful since they were first introduced
over thirty yearsago. Now all but the very
cheapest sets are capable of receiving FM
and people recognise the improved quality
it can give over the older AM services.
However, there are a number of disadvantages
which users will recognise.

Originally, FM broadcasts were intended
for reception by receivers with rooftop
aerials. Since the intreduction of this
system, radios have become far more
poriable and most cars today are finted with
a radio, As a result, the receiver has 1o cope
with a signal that is often weaker than the
receiver needs or it is a combination of the
direct signal combined with reflections from
hills, buildings or other objects. The weak
signal combined with the multipath effects
means that signals often fade in and out
very rapidly when the car is in motion, or it
is difficult 1o set the aerial on the set toa
suitable position in the room. Even when it
has been set correctly, people moving in the
room can upset reception — see Figure 3.

A furiher problem arses from the success
of these services. There is a large amount of
pressure on the frequency allocations which
are available. Anvone wning the FM band
will be hard pressed 1o find much wvailable
space, especially around London, where
there is the greatest concentration of
stations. Frequency re-use is difficult
because the two stations have 1o be out
of range of one another. This results in
national services like the BBC radios 1, 2, 3,
and 4 requiring a full 222MHz of spectrum 10
enable them to cover the UK withour having
stations on the same channel interfering
with one another.

/-\ Medulating
\/ signal

Envelops

Radio
freguency
signial

~
N
——

Figure 1. An amplitude
modulated signal.

Cars moving from the service area of
one mansmitier 10 the next need ©
re-tune, The radio data system (RDS)
has overcome this 1o a large degree,
but this is a late addition 1o the capabilities
of the system and not all madios have
RDS as standard.

Digital System

Digital systems are mking over from
analogue based ones in many areds.
The area of mobile phones is one
application where this is happening.
Infrially, analogue svstems were introduced.
whereas newer digital based systems
are becoming more widespread. In the
audio field. the compact disc is possibly
the most well known. This format
ook over from vinyl discs and
cassenie tapes for high fidelity
reproduction and gave a quantum leap
in performance. Now it is the accepted
sumndard for recorded music.

A digital radio system similarly gives
4 large increase in performance. €D
qualizy over the radio brings about grear
improvements in some areas. Coupled
to this, it is necessary 1o retune the set
berween the service areas of different
stations and simple push button tuning
could be achieved. Finally, the introduciion
of a digital service brings the possibility
of passing other forms of data. possibly
10 give a narritive on the programme or
prowide a number of other services. These
were the broad aims of the DAB sysiem
when design was started.

G

SRR

First Thoughts

In the initial investigations, 2 number
of ideas were investigated. Around this
time, the NICAM digital audio system
for televisions had been introduced.
This had proved to be very successful.
However, it was recognised that NICAM
would not be a viable option for radio
applications. Television uses fixed
receivers with directional aerials. On the
other hand, 4 large proportion of radios are
poruable sets or used in cars. Both of these
use nondirectional aerials and receive the
sigrial over a number of signal paths, This
leads to problems when trying to decode
the dam. The signal being received viaa
direct path will arrive first. and any reflections
will follow on afierwards, it does not need
to be 4 long delay before the one darta bit
interferes with the next, as shown in Figure 4.
To give some idea of the extent of the
problem, NICAM uses a data rate of 728k-bits
per second (hps). This corresponds 0 @
symbol period of 2-7ps. With daca rate of
this speeil, it is found that the reflections
must be delayed by no more than 0-7us,
otherwise one symbol merges into the next
and the receiver cannot decode the data.
To give a measure of this problem, a delay
of 0-7us corresponds to a reflection from
only 100m behind the amenna. Clearly, this
is not viable for a portable or mobile radio.
In fact. for the system to be able to operate
satisfacrorily under tvpical conditions. delays
of at Ieast 35us need to be accommodated.
To overcome this problem, the mte at
which data is being sent must be reduced
by a large degree. This can be achieved in
a4 number of ways, One is o process the
audio to reduce the amount of data which
needs to be wansmitted. The other is to
share the daa between a number of
different signals. Both of these methods are
used by the DAB system, and they enable
the dam rate to be reduced to only 800bps,
allowing more than sufficient guard band
berween the different symbols, as well as
allowing different transmitters o be able
to rransmit on the same frequency without
muual interference.

Audio Tailoring

A number of systems exist for reducing
the amount of dam required to mansmit or
store audio signals. Two examples are the
Sony MiniDisc using the ATRAC system,
and the Phillips digital compact casseite,
which uses PASC.

Medulating
signal
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—amplitude

Freguency
moduloted
signal

Figure 2. A frequency
modulated signal.

Figure 3.

Multipath effects.

ol

=
Q@
St

Direct signal

Reflected
signal

0

= N N R ow

Janary 1997 ELECTRONICS AND BEYOND @&ED




Figure 4. Data corruption caused by
multipath reception.

The way in which this is achicved is 1o
only look at the sound which the ear can
hear. Under quiet conditions, the ear has a
limit of hearing threshold. Below this, no
sounds can be heard. Any sounds which
fall below this threshald can be discarded
straight away

It is also found that when a large sound is
present, then the threshold of hearing rises
around this sound, as shown in Figure 3.
This means that less intense sounds dose
to the loud sound will not be perceived
and need not be encoded.

Digital audio broadcasring uses a system
called MUSICAM. This splits the audio band
into 32 equally spaced sub-bands. Each of
these sub-bands is digitised separately and
the levels are analysed o see which sounds
are required, and which can be ignored.

By adopting this approach, the digitising

of the signal can be digitised very coarsely,
and sent with information about the level.
This considerably reduces the amount of
information which needs 1o be sent.

Using this system. it is possible to send a
reasonable quality audio signa! using a daa
rate of only 128k-bits, which is abour a sixth
of the rute required for a linear coding
system like that used for CDs,

In order to achieve the maximum amount
of fexibility, it is possible to alter the
sampling mte. For a high quality music
transmission, a higher rate can be chosen,
whereas fora low quality speech service,

a lower sample rate may be used. This
enables the available handwidth in the
transmission to be used to its greatest
efficiency. DAB mono services will use data
rates of 48,56, 64, 96 or 128k-bps.
Obviously, the higher the data rate, the
better the quality. A data rate of 64k-bps
gives an audio bandwidih of about 7-5kHz,
whereas 128k-bps gives 18 1o 20kHz,

and art this rate, most listeners will not

be able 10 detect any difference from the
source material,

For stereo, a higher bandwidth is needed.
A dara rate of 128k-bps Joint Stereo will give
about 13 to 14kHz bandwidth and a similar
stereo to that currently broadcast. For DAB,
higher data rates of 192, 224, and 256k-bps
can be used. At the higher data mtes, the
perception is that the quality is egual 1o
that of a CD. It is also found thar the stereo
inage improves as the dama rate increases.

COFDM

The way in which the dam is modulated onto
the radio frequency carrders is also new for
sound broadcasting, Known as COFDM which
stands for coded orthogonal frequency
division mutltiplex, the data which has 1o be
transmitted is shared out amongst a number
of different carriers. By doing this, the mte at
which data i carried on each signal is reduced
to the level where reflections and other signals
on the channel do not cause a problem.

The spacing and phase relationship
between the carders is organised so that
adjacent carriers do not cause mutual
interference. In this way, the carriers are
orthogonal to one another,

The fact that the carriers only support
a very low data rate means that they are
very insensitive to multipath interference.
This factor is improved still further by the
addition of a guard interval which is added
at the beginning of each symbol period.
This means that when the reflected signal
has a delay less than the time of the guard
interval, it will combine construciively with
the main signal, and thereby improve the
received signal.

The system has a number of other
advanmages, Advanced methods of error
detection and correction are employed and
this enables the sound to be recovered,
even though some of the carriers are not
received correcthy: This feature is very useful
when there are severe multipath effects,
because this generates very deep nulls in
the received signal and a proportion of
the carries may not be reccived properiv.
The error detection enables the signal
10 be recovered even though interference
levels are high.

From this, it will be seen that the COFDM
system is far more complicated than normal
AM or FM signals. As a result, it means
that the receivers used for DAB will need
1o be significantly different. Digital signal
processing is necessary to pull all the
carriers together and extract the data.

As a result, DAB receivers will be wotlly
different inside to any broadeast receivers
which are on the market today.

- Transmission Standards

The carriers used for the transmission
carry data at a very low rate o give the
required insensitivity to multipath effects.
The system is also organised so that
severil services are provided by one
block of carriers. A total of just over
1.5(0) carriess are grouped together 1o
give a total tmnsport bit rate of just over
2-aM-bps. This means that up to six high
quality audio programmes or 20 restricted
quality mono programmes can be
mansmitted. The data rates for the
individual programmes being carried
on a uansmission can be changed
as required. This means that if one
programme only reguires a low data rate at
any time, this can free up capacity for other
senvices on the multiplex. Additional daa
services may dlso be included if required.
Theway in which this is achieved allows
for the receiver 1o decode the information
correctly without any needs for external
operator intervention. All the information
required for the demodulation is
transmitted in the DAB signal.

Data Services

I line with current trends, DAB allows
for data to be transmitted. This can be
used for a variety of purposes. Each
programme or service carries programme
associated data. This has a variable capacity
and may be anywhere berween 667bps
and 65k-bps. This is used to carry data
which is associared with the programme
being transmitted. It may be the ttle of
the song, or possibly a score for an opera.
It is also used for dynamic range control
of the audio. All of this daw is encrypted
with the audio and is contained within
the audio frame.

Other types of data may also be transmimed.

Dara may be trunsmitred as a separate
service. This may be used to carry services
from a tmaffic message channel 1o an
electronic newspaper. Data for these
services can be carried in distnct 24ms
frames or they may be inserred a5 packets.
For the services requiring a higher
information rite there is a Fast Information
Channel. This would be used for the
services requiring more data w be sent.
Using the data facilities, it is even
possible  arrange conditional access
services. Like the pay to view systems
used on sarellite television, similar
schemes may be used in the future
andl this has 1o be taken into account,

Figure 5.
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The possibilities for the data services are
phenomenal. It is espected that with more
people using multimedia systems, these can
be linked into a DAB receiver to provide
additional services. It is no coincidence that
some of the first DAB tuners for home use
are planned around PC cards that will be
ahle to take advantage of the data fadlides
of the system.

Bandwidth

Any new broadeasting system must make
very efficient use of the frequency spectrum
it uses. Currently, national networks on the
VHF FM band are not particularly effident.
A single FM transmission uses a deviation of
+=73kbz and with the sidebands, this means
that each transmission occupies a'total of
200kHz, and then further space is needed
berween this and the next ransmission.

If 2 national network is 1o be set up. the
transmitters using the same channel must
be our of mnge of one another. This means
that in the UK. a total bandwidth of 2-2MHz
is required for a national service like the
BBC radios 1, 2, 3 and 4, or Classic FM.

DAB is very much more efficient. Each
block of just over 1,500 carriers occupies a
bandwidih of about 1-5MHz, and looks a
little like the diagram shown in Figure 6
when viewed on a specirum analyser. To
allow sufficient space between adjacent
transmissions, a guard band of 250kHz is
usedl. This resulis in an overall bandwidth
of 175MHz being required.

This would not give a saving if transmitters
in adjacent areas had to use different
frequencies. However. one of the major
advaniages of DAB is that as a result of
its resilience 1o multipath effects, the
transmissions can also cope with
interference with other stations.
Accordingly, there is no need for adjacent
stations o use different channels, mzaking
this system what is termed a single
frequency neovork or SFN. This gives a
significant improvement in spectrum usage,
with up 1o ten times for national or regional
services. Local services are also improved by
factors of up to six times because frequency
re-use distances are substantially reduced.

In view of the way in which DAB
frequencies can be used, the frequency
allocations have been split up into seven
blocks, as shown in Figure 7. These have
been provisionally allocated for various uses.
The BBC has channel 12B in England, and
independent national radio has 11D. Other
channels are allocated for different areas.
Local radio is also allocated channels.

Approx 1.5MHz

Fregusncy
Figure 6. Spectrum of a DAB transmission.

| |
i i
i 118 11C 1P 124 128 12C 12D i
: I T
217.5MHz 230MHz
Figure 7. DAB Frequency allocations.
Another advantage of DAB is that tansmitier -
powers can be significantly reduced when Synchronisation
i compared to the VHF FM services. This can Fast
: result in major savings in running costs. as in{n&npu?n
¢ transmitter powers for the large national U7 Main service channel
i services run into hundreds of kilowatts. Just —_— -
I imagine paving the electricity bill for that! PETE 0 D
1t is also easy o insmll repeater siations .
to fill in small gaps in coverage. It will be Figurs 8.Data frame struchure,

possible for these stations to pick up
broadcasts from a main transmitter; and
then rebroadceast them withaut the need
for an intermediate stage of demodulation
and remodulation. This will give advantages
in terms of the siation complexity.

Data Format

To enable the receiver to decode the signal,
the transmitted signal is organised with a
frame structure as shown in Figure 8. Each
transmission frame starts with a null signal
to give approximare synchronisation. This
s followed by a phase reference for the
demodulation process. After the references,
the next symbols of data are reserved for
the Fast Information Channel and then the
remaining ones are used for the MSC or
main service channel. Each programme
or service within the MSC section of the
frame is allocated its own time slot for
decoding purposes.

The total length of the frame for the
transmissions currently being made is
: 96ms, although for other applications
¢ and frequencies, this can be altered 1o
either 49 or 24ms so that the optimum
performance can be achieved.

On Air

There is a large amount of interest in DAB
throughout the world and in 1992, a DAB
forum was set up o promoie the development
and interest in digital radio. In the United
Kingdom, a number of tests have been
carred out. In 1995, the Government set
aside 12-5MHz of spectrum in VHF band T
between 217-5 and 230MHz, providing
sufficient space for seven DAB biocks.

Each of these is capable of carrving six high
quality stereo ansmissions as well as
providing a number of additional mono
audio and data services.

On 27th September 1995, the world’s
first official DAB services were inaugurated.
One multplex was set up by the BBC around
London, and the other was in Sweden. This
was the fulfilment of many years work by
i the BBC, and showed their commitment to
¢ remain as one of the world's leaders in radio
technology. It started these ransmissions
well ahead of receivers being available. to
give 4 lead to the receiver manufacturers.

It was also intended to make a move into
digital broadcasting more aurmctive for
commercial broadcasters.

I The Landon area is served by five
i transmirers and enables about 20% of the

UK population 1o be covered. A further

27 transmitters are planned to be

operational by March 1998, bringing DAB

to more than 60% of the population. Service

areas of these wansmitters will include the

major population centres, as well as the

main motorway and trunk routes.

DAB offers broadcasters much greater

I fexibility, and during the first years of
: operation, the BBC and other broadcasters
will experiment with the new facilities
which DAB has to offer. At the moment,
the BBC are broadcasting their five national
programmes — Radios One to Five Live as
well as BBC Parliament, BBC World Service
and Five Live Sports Plus (a sports commentary).
This was all available on the single multiplex
with the data rate altered for each service
to give the required quality.

Whilst the BBC was the first o setup a
multiplex in Britain, Independent mdio was
by no means slow off the mark. Seeing the
value of being in at the beginning, many of
the major names are eager to join in the
experiments in a great air of co-operation.
A multiplex of seven swtions was launched
in London by National Transcommunications
Limited (NTL). This multiplex was viewed
as a long term test bed for commercial DAB
services and carried a number of stations;
including Virgin, Classic FM and a number
of the other independent statons from
the London area.

A number of other pilot schemes man in
July for a few hours each day. Four music
pilot schemes were set up for different
times. including BBC Jazz, BBC Country,
BBC Opera and BBC Top 40. There were
also three speech pilots, including BBC
Comedy, BBC Weather and BBC Now —

a rolling ten minute service of news, sport.
business news, tmvel and weather which

: was continually updated with the latest

: information. And if vou don't think there

is 4 marker for 2 24-hour radio weather

service, the States and Canada have a 24-hour

television weather channed which thrives!
o other pilot schemes were setup to
experiment with sending text, data and

still images. The first was 2 live Radio Text

system alongside the Jimmy Young Show

on Radio 2. The second was 1o ransmit

Internet pages digitally, 1o provide a live

news and information service. These
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services were added to the multiplex
carrying Radios 1 to 5. This could be
achieved because Radios 1 10 4 were in
stereo and Radio 5 was in mono. By
altering the data rates, it was possible 1o
carry the addirional services.

These pilots were organised to coincide
with the Radio Academy's annual festival
which is held this year in Birmingham:.
Not only was a new BBC multiplex being
set up, but also there were two athers,
one organised by NTL and the other by
independent radio, as shown in Table 1.
This gave a world first of three multiplexes
being broadcast in one area. To achieve
this required a considerable amount of
co-operation berween a large number of
organisations. Not only were all the radio
stations involved, but service providers
including NTL, and the BBC were involved.
Also, the transmitters were provided by
Harris, and the programme links were
set up by BT. The view of many in the
broadcasting industry was that this was
a great success, showing what can be
achieved when a large number of parties
co-operate together.

The Independent Radio Multiplex
Channel 11C 220-352MHz ;
Classic FM

Virgin

Talk Radio

GEM (AM)

WABC

London News Radio (FM)

Heart (Londaon)

BBC National Radio Multiplex

Channel 12B 225-648MHz
BBC Radio 1

BBC Radio 2

BBC Radio 3

BBC Radio 4

BBC Radio 5 Live

BBC Country

BBC Opera

BBC Top 40

88C Jazz

BBC Comedy

BBC Now

BBC Weather

BEC Parliament

BBC 5 Live Sporis plus
BBC BExra

BBC World Service
BEC Radio Text

BBC Digital Text

The NTL Multiplex

Channel! 12D 229-072MHz
Classic FM

Heart 106.2

Kiss 100 M

Melody FM

Sunrise Radio

Talk Radio

Virgin FM

additional text and graphics

Table 1. Stations on the tree station
multiplex at Birmingham.

Other Countries

DAB experiments are nat just confined o
Britain. A number of other countries across
Europe have multiplexes set up and similar
experiments are being undertaken to those
in the UK

Even though most of the DAB activity
is centred in Europe, other countries
outside the continent are investigating its
use. Canada currently has experimental

| ! OFDM Channel Audio ﬁ
Tuner ™| demodujator [ =] decoder ™| decader a
Data
‘ = Packet services
demultiplexer
Cantral bus T
Controiler
Receiver
Figure 9. controls &
Block diagram of display
a DAB receiver.

multiplexes in Montreal, Toronto,

i Otawa and Vancouver. Australia also has

multiplexes in three cities, and more are
planned. Other countries including India

¢ und Mexico are also running pilor schemes.

Finally, the USA has underiaken a
number of tests in Las Vegas and San
Francisco. Although they are investigating
some of their own systems, many industry
observers believe that they will have to
follow the rest of the world by adopting the
DAB system.

Receivers

¢ The receivers which will be used for DAB

reception will be totally different to those

currently used for AM and FM reception.

Currently, all sets use analogue rechnology
for the signal path. Signals enter the
receiver and they are converted to a fixed
intermediate frequency stage using the

: superhet principle. After being filtered and

amplified. the signals are demodulated,

i.e. the modulation or audio is removed
from the radio frequency carrier, and

the resulting audio is amplified and applied
to the headphones or loudspeaker.

For DAB receivers, the radio and intermediate
frequency stages will be very similar, but
from the demodulator onwards, the set will
be totally different. as shown in Figure 9.

After the tuner, the signal enters the
orthogonal frequency division multiplex
demodulator. This produces the raw data,
which is further processed to produce the
audio for amplification, or dara for display

i orother uses.

There are very few radios available at the
moment, and those which can be bought

i are very expensive; this is because of the
¢ advanced circuitry which is required.

However, most of this js digital circuitry

i and will be incorporated onto VLSI chips.

However, the circuitry required to cope

¢ with the new system is very complicated.

Tipically, the processor will need 1o be able
to handle over 100 million mathemarical
operations per second. It is partly for this

reason that costs are high at the moment.
¢ It is estimated that at least half the costs are

in the digital signal processing sections of
planned receivers. If they are to become
viable for the mass market, these costs have
10 be reduced.

-

To overcome this problem, various
projects are looking at different ways of
implementing the required architecture.
This may trade off some flexibility in some
areas, but would enable DAR to gain a real
foothold in the market place. Once this has
happened, further development can take
place as the technology becomes available.

The Future

DAB is a quantum leap in radio broadcasting
technology. It provides up-to-the-minute
facilities, and improved ease of operation.
No longer will anyone have to tune across
the broadcast band until they think they
might have the correct station. Instead, this
will all be taken care of by the receiver
itself. Station selection will be far easier,
possibly selecting the name from a menu.
Data services will also be available, although
the exact formar of these will depend upon
the trials being undertaken ar the moment.
However, the main question is whether
it will catch on. Will it be like some of the
other schemes which have hit the market
place with a flurry of activity, never to be
heard again. The answer must be that it
will catch on. The shortcomings of existing
radio broadeasts are only too obvious,
making the radio market ripe for a new and
improved system. DAB performance is far
better than the existing AM and FM
systems, and it offers many new Rcilities,
keeping it in line with current expectations.
Also, there are too many countries
co-operating together for it not o succeed.
Of the major players, only the States has nor
come on board yet, and many feel that if they
go their own way; they may be left behind.
Apart from the terrestrial systems,
DAB has also been devised with satellite
broadeasts in mind. In the years 1o come,
this is also likely to become 2 major source
of broadeasts for reception.
The prospects for the future look very
good. Many countries have signed up
for DAB, as have a number of the major
manufacturers. With the support it currenily
holds, DAB well set for the 21st Century,
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‘Formula One’

STARTING
LIGHTS

00000000
by Maurice Hunt

PROJECT
RATING

Authentic ‘Formula One Grand
Prix" starting lights sequence

Low power consumption

Easy to build and use

APPLICATIONS

‘Scalextric’ car racing sets

Model race tracks

Go-kart race tracks

General-purpose
visual timer

s seen by millions of motorspart fans
the world over, the Formulz One
wcing circuit starting lights show a

muind-focusing 1y

15 that come on

Thev then hold in

Main board dimensions:

Operating voltage:
Operating current:
LD it
LD2 fit
LD2 + D3 it

LD2 + 1D3 + LD4 lit
LDZ + LD3 + LD4 + LD5 it
LD2 + LD3 + 1D4 + LD5 + LDB it

Add a wouch of realism and pre-race

suspense to vour model car miang seup or go-

ritl of Formuli One

=5 the correct

hights seen at
Grand Pox rua

100 x 55mm

SPECIFICATION

7 to 18V DC (9V nominal)
Dependent on number of LEDs [it;
—12-5mA
—12:5mA
—2imA

- 26mA

— 30mA

- 33mA

The project is simple 1o construct and is

itteal for building onto stripboard (as was the

shown in 1l

Ivs are eunsily

Mication by ch

photos). The circuit also
for example, as a handy visual

leered to suit the

the values of

just a couple of componenis — reud on for details!
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Table 1. Starting lights sequence.

Counter LD6 LD5 LD4 LD3 Lb2 | b1
Output Red Red Red Red Red = Green ‘
o Off off | of ‘ off 1 off On I
1 off Gff off i Gn of [
2 of of off on On off

3 off off on On On | oOf

4 Off On Cn On On Off

5 on on on On On ‘ off r
& off o oiff off off off

" Photo 1c.

Photo id.

Photo 1f.

.
Circuit Description
Refer to the block and dircuit diagrams, shown
in Figures 1and 2, respectively. The circuit is
based around 1 4017BE Decade Counter chip
(1C2), which in its normal opertion mode,
counts from 0 to 9 on application of clock
pulses 1o its CLOCK inpur (pin 14). The dock
pulses are obmined from an NESSS timer chip
(1C1), configured as an astmble multivibmtor
(asdllator) with a dock frequency equal
I44/[(R]1 + 2R2) x Cl] = 0-33H=

The count value appears on the relevant
(V10 9) output pin of IC2. However, in this
circui, the counter is made 10 s« p after the
sixth count, that is, it counts from 0 through 6,
and ourput 6 (on pin 3) is used to force
the CLOCK INHIBIT (pin 13) high, thus
preventing furmther counting:

A poweron resei is provided by C2 & R3,
which hold the RESET line (pin 15) high for
a fmection of a second (the ume thas the
capacitor takes to charge) following initial
switch-on. This ensures that the counter is
reset 10 zero, so that the starting lights will
always commence in the proper sequence.

OQutput line 0 is passed via R4 into the base
of transistor TRI, which is used as a buffer o
switch on the green LED when the counteris
reset (anzero). Thus, the green LED (LDI)
lights immediately following switch-on, and
goes off when the counter value is 1 or higher

The other owtput lines (1 w0 3) are also :
connected to bulfer transistors (TR2-6), bug :
diodes Di-10 are interconnecied benween the
output fines to alter the way in which the
remaining (red) LEDs (LD2-6) are lit. Without
the diodes, the IEDs would light one at a time.
in onder of the progressing counter value,
However, the addition of the diodes resules
in all five red [EDs coming on progressively,
ane at 2 ume commencing with 1D2, until
finally, they are all an. Effectively, the diodes
are used to pull up preceding ourpur lines
(which have returned o their off state) by an
outpur line which is in its on state.

Thus. when output line 2 (pin 4 of IC2) is
high. output line 1 (pin 2) is also pulled up by
diode D1. Similardy, when output line 3 ( pin ™)

@D ELECTRONICS AND BEYOND Jznuary
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goes high, output lines 1 and 2 are pulled
up by diodes D2 & D3. When output line 4

(pin 10) goes high, output lines 1 1o 3 are

pulled high by D4-6. Finally, when OuEpLt :
lire 5 (pin 1) goes high, ouwput lines 1 1o 4 :
are also pulled high by diodes D7-10,

The transistor buffers are esseniial 1o avoid
overtoading the outputs of 1C2, since the
LEDs in addition 10 the diodes D1-10 would
otherwise ‘bag down’ the operation of the
counter, particulary when all five red LEDs
are required o be i :

Power 1o the dircuit can be berween 7 and
16V DC (no higher, else IC1 will be ruined),
and diode D11 prevents circuit damage if the
power supply polanity is inadvertently reversed.
Capacitor C3 provides an ddequate depree of
decoupling. Don't amempt w incrcase the
value of this capacitor, as the counter will not
always fully reser on initlal switch-on ifvou do, =
resulting in strange lighting sequences!

Construction
The stripboard should be prepared before :
assembly Always score the board on

both sides using a sharp craft knife before :
ADEMNNG 10 snap it o the required size, z
Use a spot face cutter or drill bit to cut the :
tracks st the points shown in the drawing.

separate small boand, 16 make it casier o fit
them into the overhead starting grid ganiry
of a model cur racing track. On the protoype,
the main bodrd was 39 strps X 22 holes,

and the LED board was 19 sirips X 6 hales.

The board should be assembled in order of
ascending component sizevhelght, ensuring
the carrect polanity of polarised components —
diodes, LEDs, tansistors and elecirolytic
crpacitors, Note the specified tmnsistors are
housed in 2 TOI8-style puckage, the metal can
of which has a g indicating the emitter lead.

I’ advisable to inswll the two DIL holders
before fitting the taller components — solder
In W0 Oppasite COmer pins, then press the
holder (face down on a flat surfice) while
heating the joiats, so as 1o gert the holderfush
onto the boand, before soldering the mest of
the pins. Getthe end notch of the holders
the correct way round! Don't inszall the ICs
unil preliminary testing of the completed
baoard has been carried out.

Component lead offcuts could be used
for the wire links, or use tinned copper
wire if available. Cuningbending the links
10 the correct lengih/shape makes fora
neates appearance and casier fuultfinding
Use insulsted lengths of wire for the longer
links, or where they are in dose prowimity
w other links'components, to reduce

Note that the LEDs were mounted on 2 ‘ the risk of shom circuits.
Figure 1. Block diagram.
Power Reverjse =
—= polarity Decouplmgl—+
supply 3
protection F L
To circuit
Green
Buffer
0to5 | LED
Clock (modulo B)} 5 » —=
) Dicde Buffers = Rag
7— ==
SO “| network x5 E!EDS
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Referring 1o the wiring diagram shown in
Figure 3, the LED board is connected to the
main board by means of 7-way ribbon cable;
one conneciion is for linking the common
anades 1o the positive supply mil, and the
other six are 1o dove the LED cathodes.

PCB pins should be used for the winng
rerminals. However, if the specified transistors
are used, the connections to the LEDs can be
soldered directlv 10 the 1op of the ransistors’
metal cans (ie., used as an alternative to the
transistor collector leads) — it's often more
convenient (in the author's opinion) than
using PCB pins! Don't keep the soldering
iron nn the transistor bodies for longerthan
necessary though, as the n-p-n junction
within won't appreciate it -

On completion of the boards, check your

wiirk carefully for mistakes, solder whiskers,
bridges or dry joints, then clean excess flux off

the board using a suiiable solvent. 1t is also good
prctice on completion of siripboard projects to
run 2 craft knife or sharp instrument between

the copper tracks while blowing on them,
10 clear out any lurking treces of potentially
shortcircuit inducing metallic specks.

Testing

The 1Cs should, ar this stage, sull be sitting in
their protective packaging. Referring to the
wiring diagram (Figure 3), powerup the bouard
ssing 2 7-16V DC supply (9V is ideal), observing
correct polanty, Using a multimeter set to read
DC volts (up to 20V DC). est for the volage
levels between pins 8 (*+' lead) and 1 (= lead)
of IC1's DIL holder, and pias 16 "+ lead) and 8
(‘= lead) of IC2's; the readings should be equal
to the supply valiage, minus 07V or so (the
voltage drop across D11 accounting for this).
With the supply still connected, use a fiy
lead connected to the positive supply mil, and
appiy the other ead 1o the IC2 holder pins 3, 2,
4,7, 10 and 1, respecively. The LEDs should be
seen to light in the order indicated in Table 1.
Failure for them 10 do so (particulardy if the LEDs

partially work as expecied) most likely indicates

a faulr with the diode network (D1-10), s0 the
first check (having disconnected the supply)
would be o ensure @l the diodes (including
the LEDs) are connected the correct way
round. The transistors (TRI-6) should also be
checked for correct orentation — the casing
tag denotes the eminter. Carefully check the
positon of the wire links if problems persis
Next, fit the NES33S timer chip (IC1), with its
end notch aligning with the holder Leave 1C2
out for the time being. Power up the board
again. Using the multimeter set 1o read 0-20V
DC. connect its = lead 1o the OV supply ril,
and the '+ lead to pin 3 of ICL. The meter
reading should be seen to flucumie between
OV and close 1o supply level at a rte of
approximarely 0-33Hz (every three seconds),
indicating that the oscillator is working.
Disconnect the supply, and plug 1C2
into its socker, mki sitable anti-static
precautions (itisa
aligning its end noich with the holder’s.

TRi—6 =-BC107/8/3
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Using the Project

The suggested board lavout, with a separate
board for the LEDs, enables simple insallation
of the LEDs into the required positon,

wected to the main board by means

of 7-way ribbon cable —which can beas

long as needed (within reason!).

| |
D3 04 BID | o
20y | 1 | | | i °
Now power up the board again, and the
S50 D 000000 GO 00D 00000 Figure 3. Wiring diagram. lights should be seen w auomatically aele
S.0:.001000/0.0.0.0.0.0.9 0.0 0;9:8.53 through the sequence shown in Table 1.
o000 00D0RD 0D OOTY 0Go0 3 \ = § -
cocooossccoocotdoaoo > Note that when all the red LEDs g0 off.
008100.0.0,00,00000.00%00.0.0 I po farther lights will be seen, unless the
0 0C00CCCO00DODC000TE00 z . > -
C0D000CD000D00000000DC I supplyis disconnecred then reapplisd
oosoo : : :; g a o : 2 : g-: ge o :  Check that the green LED is always the
Goo0o I g oo ’ s . L] . . -
coccooceoo n cecoooD =2 oo ! ’Ce;—g:ﬁ : first to be lit on initial powenng-up of
900000 0. Ol " N EN9.00.0 0.0, 20 S22 a5 00l :  the board, even when the power is switched
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The main board can be installed into a
suitable casing. which could also conmin
battery (9V PP3 tvpe is ideal) or DC power
connector and an an/off switch of vour
choice connected in the supply line —

a slide or mocker switch is suitable. If the
circuit is to be batery powered, an alkaline
battery is recommended for its longer life.

I vou have a Scalesiric set or similar
you may wish 1o have an sumomatic starting
lights system. whereby the lighting sequence
commences when the cars are lined up on the
start line. This could be achieved by using 4
light beam brestker detector circuit 1o switch
on the smarting lights drcuit (via a relay),
or possibly reed switches embedded in
the ek, trigeered by mugness anached
w the underside of the cars.

The creuit could be usad o opemte larger
(filament) lamps if required, by using the
output transistors (TR1-6) to drive (9V) relays
having conuets of a mting approprize o the
loads being driven. Don't forger 1o add a
reverse-biased diode (e.g. ING148) across
edach relay coil, élse the back emf generated
will desiroy the mansistors.

To change the timing of the dircuit. the
values of components C1, R1 & B2 can be
altered, the auiput frequency of the dock
suage being calculated from the formula
() = 144/[(RL + 2R2) x C1].

With suitable timing selection, the drcuit
could be used as an ege-timer, forexample.
In this case. for a three-minute timing sequence
(from switching on 1o all lights off), a clock
frequency of 0:033Hz is required, Le, 6 clock
oveles 1o ke 180 seconds. Suitable values
for the componenis would be C1 = [00uF,
Rl = 1K), R2 = 220k A buzzer circuit could
be used to audibly indicate the expired tme,
driven from output 6 (pin 5) of IC2.

If you require the lights sequence
automatically repeat the eycle over and over.
disconnect the CLOCK INHIBIT line (pin 13
of IC2), thus allowing the counter to continue
after all the red LEDs have lit. There would
then be a period (equal to four clock cycles) of
no lights on at all, until the green 1ED comes
on again, and the sequeace recommences.

With a bit of practice using this project
vour staring technique could scon be as
finely developed as the likes of Messr's Hill,
Schumacher, et al!

FORMULA ONE STARTING LIGHTS
RESISTORS: All 0-6W 1% Metal Film
Al 314 10 i4 (MK}
R2 1000 1 (M100H)
CAPACITORS
c1 22ur 16V Radiai
_ Elecirolytic 1 (AT375)
c2 22nF Ceramic Disc 1 (BXD1EB]
c3 100nF Ceramic Disc 1 (YR755}
SEMICONDUCTORS
D1.10 N4148 10 (QLBOE)
it IN4DOY ¥ (QL730)
[§358 Green Smim LED 1 WL2s85
LD2-6 Red Smm LED 5 WL27E)
TR1B BC108 [ (GH32I)
IC1 NESBS5 Timer 1 (QHBEW)
Ic2 4017BE Decade Counter 1 (QROSK)
MISCELLANEOUS
B-pin DIL Holder 1 (BLLTT)
16-pin DIL Hoiser 1 {BL19
Rat 1DC Cabie As Req. (RT3Q)
Single-core Wire {Biack) As Beq. {BLBSG)
2294 O-71mm Tnned
Copger Wire 1Res! (BLA2Q)
9V PP3 Baitery Ciip i [HFZ8F)
SV PP3 Akaline Batlery 1 (FHBTX)
Sing=-endsd PCB Pins  As Req, (FL248)
Stripboard 3939
{39 strips x 39 holss) 1 UP4eD)
The Maplin ‘Get-You-Working” Sarvice
i (Gt avaiiable for this project.
The above items are not available as a kit.

....'I....-..I.Il...-‘I.I.I.D....D.l.l.....-l.I.l.....I.lI'.l-....IID.l....‘........‘...I......l....I.ll.‘.-.-.............‘l.'

LIGHTS

9000000 OPRPBSTOS
by Maurice Hunt

PROJECT
RATING

his circuit provides a backzind-forth

sweeping effect of six LEDs, similar to the

“scanning lights” seen on the front of the
Knight Rider car. KITT", or Doctor Whe's dog,
‘KO The sweep e is adjustable across 2 wide
speed mnge. The drcuit has many applications,
for example, as decorative lighting in toys, games
and mixiels, ar as 2 highly visible alarm waming
indicator it could be used to good effect ona
car’s dashboard or rear parcel shelf in place of
the usual flashing LED, 1o give the impression
that a sophisticated security system was in
operation, even if no alarm is acwually fired!

- I
Circuit Description

Refer to the block and circuit disgrams, given in
Figures Tand 2, respectively. The circuit is based
sround the 4017BE CMOS Decade Counger chip,
IC2. This would normally be used to count
from 0 10 9 on application of a clock signal on
pin 14, causing the relevant pin (one of ten)

10 go high, while the others rémain low:

However, in this application, some of the
outputs (0, 7, 8 & 9) are conneced such that
when high, thev pull up the low ouput 10
which they are connecied (outputs 4, 3, 2
& 1, respectivety). This causes the Greuit o
eifectively count up from 0 to 5 then to count
down. from 5 10 0. The oyele then repears for
as long as power is applied, giving the
sweeping lighting effect of the six LEDs
connected 1o the output lines.

Note that the LEDs are driven via current-
limiting resistors R3-8 from 1C2's auiputs.

{ higher power outputs are o be driven
(e.g. filament lamps), bulfer trnsistors
will be required.

The clock signal is provided by IC1, an
NE555 Timer IC. The inclusion of preset
poentiometer RV1 allows the clock rate.
and hence the sweep speed, 10 bevaried.

If a different speed range is needed, the valus
of RVL, R1, R2 and C1 ean be ultered 10 suir,
bearing in mind that the dock frequency

can be cilculited from the equation:

144

tH2 = TRz Iy x Gl

Where RVL is the value that the
poEntmeter is set io.

Capacitors C2 and C3 provide high
and low frequency decoupling. respectively,
of the power supply,
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Compact — matchbox sized

Adjustable sweep rate

Wide operating voltage range

APPLICATIONS

Models

Toys and Games

Alarm system warning lights

SPECIFICATION

Operating voltage: 510 16V DC (9V nominal)
Operating current: 16mA @ 9V
25mA @ 12V

Board dimensions: 47 x 33mm

Construction

The project is ideally suited to stripboard
construction (2s with the prototvpe shown in
the photos), and can be built into a compact
size. (The prototype beard fits inside a
matchbox with room o spare fora 12V
lighter type battery)

Assemible the board in the usual
order of ascending component size hieight.
Take are 10 ensure that the polarised
components (semiconductors and
efectrolytic capacitons) are connected
the correct way round. Also, it is advisable
to use DIL holders for gase of chip
replacement — ensure their end notches
are orientated correctdy. Don't plug
in the ICs uniil preliminany sesting
has been satisfacrornily completed.

insulated cable should be used for the
longer wire links, or where they cross over
others, 1o avoid short cincuits.

Having assembled the boand. check
carefully for any mistakes, solder whiskers,
bridges or dry joints. Use u pointed
instrument o cdear any debris lving
berween mucks of a stripboard fayout.
Finally, clean excess flux off the board
using 1 suitable solvent

Pawer supply Cecoupling I——l
T
Spesd To
edjusi circui
Reset
Dzccds
Slock  |—> counter
Inhibit
D12345686789
W | ™
ABCDEF
| |
RRRRR:

m

=

-
{
1

Figure 1. Block diagram.
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Testing and Use
With the ICs left aside for the time being.
power up the board using a suitable DC supply
Using a multimeter set to read DC volts, est
the voltage berween pins 1 (- lead) and 8
(*+" lead) of IC1's socket, and between pins §
{*—lead) and 16 (*+" lead) of 1C2's socker;
both readings should be at supply voliage.
Using a fiy lead, connect one end to the “+'
supply rail, and use the other end 1o probe
the pins 3, 2,4, 6, 10 & 1 on IC2's socket; you
should see LEDs LDi-6 light in succession.
Disconnect the supply, and plug in IC1, the
NES3S Timer chip ag its end notch with that
of the holder Reapply the power, and connect a fly
leaud berween any of the [ED terminations on 102
socker (numbered above) and pin 3 of IE1. The
selected LED should be seen 1o flash. and the rate
should be adjustable by altering poentomerer RVL
Disconnect the power again, and plug IC2 into
its socket, aligning its end noich o the holder's
{use suitable anti-stmtic precautions when handling
s CMOS device). Power up the arcuit, and
each of the LEDs should light one at a ime in a
back-and-forth sweeping pantern. Agiin, the sweep
speed should be adjustable by means of RVL
If everything works as desuribed above, the
drcuit is ready for use in the chosen applicition.

RESISTORS: All 0-6W 1% Metal FAilm (Unless Stated)

RL 1k A (M1K)
R 2x3Q 1 M2H2)
R3-8. 4700 8 INSTOR)
RV1 10i0) Horizonis] Enclosed
Preset Potentiometer 1 (UHO3D)

CAPACITORS
€1 10y 16V Radsl Electrotic 1 (YY34M)
C2  100nF Ceramsc Disc 1! (YN755)
C3 100+ 16V Radial Bectrobtio 1 (RASSH)
SEMICONDUCTORS
IC1  NED5S Timer 1 (QHEEW)
IC2  4017BE Decade Coumter 1 QX0
LD1-6 5mm Supssbright Red LED 6 (CZ34M)
MISCELLANEOUS

8-pin DIL Holder 1 (BLLTT)

16-pin DIL Holder = s (Bi19V)

Singe-coe Canle (Biack)
2Z2swg 071mm Tinnsd

As Req. (BLESG)

Copper Wire 1 Resl (BL14Q)
FP3 Battery Oip HF2B5
Aialine PP3 Bstiery 1 (FRETX)
Stnipboard 3830

(29 strips % 39 holes) 1 URsTR)

1 "Get-You-Working' Senvice
= not svailabls for this praject.
The above items are not available as a kit.

Figure 2. Circuit diagram.
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Double-Throw

® 9000000006000

by Robert Penfold

PROJECT
RATING

T one time. it required 4 fair amount of logic

Ajr.:uilr\_' to produce a good electronic
simulation of a dice, These days, tcan be

done using 2 dedicared dice chip and a handful of
passive components. The HT2070 dice integrared
circuit (I01) forms the hasis of this elecronic dice,
the circuit for which appeass in Figure 1. The
HT2070 drives a seven LED display, and two display
modes are svailible. The more simple of these has
one LED flash on and off at the ‘roll’ rate of the dice,
whike the other six form a som of ‘dot’ mode bargraph:
If (=) a five s ‘thrown', the fifth LED in the display
will be lefi on once the dice has finished ‘mlling”.

The Circuit

The more interesting muxle of operation has the
LEDs in an "H’ formuagion, and it produces the
approgwiate dice pattern for the number ‘thrown'.
For example, ‘throwing’ a five would resultin the
middle and four corner IEDs being switched on.
The required mode, is obtained by connecting
pin 11 o the negative supply for the ‘dot” mode
bargraph, or to the positive supply if conventional
dice patterns are required. In this cse, pin 11
is connected 1o the positive supply so thar the
normal dice spor patterns are produced.

The hrsie action of the HT2070 is quiie elabormie:
The dice is ‘rolled” by pulling pin 12 low. This
sets the display ayling through its six statesara
rate which i 1o hizh 10 perceive properdy tdos
not simply eycle through one o six sequences,
but instead operates in a pseudo-random fashion.
When pin 12 is gllowed 1o return to the high
state, the dive ‘mills’ a1 4 decreasing rate undl it
finally comes to a halt. The display then flashes
the appropriate dice pattern for a second of
two, after which the display ‘freezes’ fora
further second or two. The display is then
switched off, and the chip closes down.

T
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This circuit takes things a step further by having
the dice suromatically ‘throw’ iselffor a second
dme, giving a double dice action from a single
dice chip and displav. The dice is acrivated by
pressing S1, which biases TR1 into conduciion
du¢ to the base current that flows through R1
and D8, TR1 then pulls pin 12 of IC1 low, and it
continues to do so untl 81 is released. The dice
chip then slows down the ‘roll” rate and goes
through its final display sequence, producing
the first of the two numbers.

Pressing 51 also triggers a simple monostable
circuit formed from two of the CMOS two input
NOR gates in 1C2. The other gate (1C2¢) acts as
a simple inventerhulfer stage at the output of the
monosiable. This gives an output that is normally
high and goes low for the duration of the output
pulse. The lengih of the pulse is controlled by
tming components C3, K3, and VRI. The pulse
duration is approximarely 0-65CR seconds, and
VR1 therefore enables the pulse length o be varied
from: about five seconds w around 12 seconds.

In pracrice, VR1 is adjusied so that the pulse
comes to an end shonly after IC1 closes down
after the first “throw' of the dice. As the pulse-ends
and the output of IC2¢ returns 1o the high siate,
a positive pulse is supplied 1o the hase of TR viz
C2 and a simple reciifier circuit (D9 & D10). This
pulse briefly urns on TR1, which in turm acivies
IC1 and produces the second ‘throw” of the dice.

Note that one gate of IC2 is left unused, but
its inputs are connected to the positive supply
rail to prevent spurious operations. X1 is an
(aptional) ceramic resonator which gives high-
pitched ‘beeps’ at the ‘roll’ speed of the dice.
X1 must bea ceramic resonaios and not an omdinany
moving coil loudspeaker. There is insufficient
drive current available for an ordinary loudspeaker.
and @ component of this type could overdoad the
outputs of IC1. With some cerimic resonators,
the volume might be cuite high, but 2 resistor
of a few kilohms in series with X1 should
reduce the volume to a more accepiable level,

The current consumption of the circuir is
insignificant unless the display is active, msking
it unnecessary to have an on/off switch. With
the display active, the current consumption is
dependent on the number of LEDs actually
switched on, and is-about 20mA per LED. Two

HP7 (AA) size cells are adequate 1o supply this.
The circuit should not be used with a supply
poteniial of more than 3V

Construction

Both integrated circuits are static-sensitive, and
the normal handling precautions should be tken
wiien dealing with them. The LEDs are operated
at a fairly high current, and ‘bog standard” Smm
diameter LEDs will, therefore, give good
brightness. The ceramic resonator's leads
might be coloured red and black, butitisnot a
polarised compounent, and it can be connecied
either way mound. Ideally, C3 would be a mntalum
bead capadior, bur satisfacrorny results are obains!
using a good quality electrolvtic type. A plastic
holder is used for the two bauedes, and the
connections to the holder are made via an
ordinary PP3 style battery clip.

The prototype was built with the LED display
on the stripboand panel, but i is equally valid 10
have panelmounting LEDs on the front panel of
the case, and 1o handwire them 1o the componient
panel. Multicoloured abbon cable makes it casy
10 prodluce errorfree wiring from the display o

e component board, and also gives a neat finish.
1f the IEDs are mounted on the suipboard panel,
the case must be dilied with a pattern of
seven hales 1o take the LEDs. The crruit board
is then moumnted just behind the front panel,
with the LEDs fiming into the holes.

It is @ matier of using tnal and emor to find a
suitable setting for VRL If it is set too low in value,
the second ‘throw” of the dice will start before
the first one has come to a proper conclusion.
Seming VRI's resistance too high will give an
excessive gip between the first and Second
operations of ICL. There should be a small mnge
of in-berween setings that give good resulis.

DOUBLE-THROW DICE

RESISTORS: All 0-6W 13: Metal Film (Uniess Stated)
Ri 10:0 i (HWI10K)
R2 1008102 1 (M10GH)
R3 B20:0 1 (MB20K)
VR1 IM{} Homzontal Preset
Patentiometer 1 (UHOSH)
CAPACITORS
ct 47uF 25V Radial Hectrolytice 1 {FFO8J)
C2  100nF Folyester bmyer 1 (WW41U)
c3 10uF 63V Radial Hectrolytic 1 (ATT7))
SEMICONDUCTORS '
IGL Hi2070 1 [AE185)
Ic2 4001BE 1 (QuDiB)
TRL BCS49 1 (OQ15R)
D1-7  Smm Red LED 7 w278
D8-10 1IN4148 3 (QLBOB)
MISCELLANEOUS
S1 Puch-to-makas .
i Switch 1 (FH599)
B1 2 x AACels 2 UY48C)
X1 Caz=d Coramic Resonato?r 1 (AM5SR)
14-pin DiL Holder 1 {BUBY
16-pin DIL Holder 1 (BL1%V)
PR3 Battery Cip 1 (HF28F
Battery Holder 1 (i
Stripboard, Case, Wae, Eto.

The Maplin ‘Gat-You-Warking' Senize
is ot available for this projecl
The above ltems are not available as a kit.
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Inhibited §

i
BEL |

by Robert Penfold

1
PROJECT
RAT'NG the desired effect. and gives a reasonal
:metal’ sound.
to obtain a convingin
6Omm
his elecronic doorbell is based on the a suppy
HT2811 sound generator chip, which . it FETIT CORSUITIion
I € rTas "hl"-" 'L’-—h*'!l env ch IL‘—‘ «!' givies each burst o Grouit s up when aoivated,
hﬁ of soud st el decy times: _ and a couple of HP7 (AA) size bateries are
i muore than adequate to supply this
if ir, rl:r: dircuit on -rhe CEI'CII“
a short burst of one ; c t cti
The HT2811 has an exaremely low standby : onstru on
reality, the sound produced by a conventional current consumption of anly about 1pA :  Construction of this circuit is very
door chime is quite complex. Unlike the string The circuit, therefore; has no an/off switch, ! straightfornard, but ICT is a MOS device
3 olin, the mechanical resonators and 8 permanently connected 1o the 3V :  which requires the standand anti-static
conventional door chimes do not simply buttery. Taking pin 1 high tigpers the device ! handling precautions. The two batteries
i o1 into action, and it then goes through ovo ¢ fmed into a plastic holder, and the biter
2 ST Inn order o prevent ! conneas 1o the dircuit board via an ordin:
door ous callers {ing it out’ on th : PP3 swvle bateery dlip. Obviously; S1is‘the
1 pn n.h!;’cfu a much more complex sound ludes an inhibito : bell push, und is connected to the main unit |
1 that of an essennially tvoxdimensional ‘hich prevents the doorbell being I viaa lengih of twin cable. If mains- !

resonator such as a sming. There are effectively
two or more fundamental frequencies and
their harmonics, plus further frequencies
generted by the mixing of the fundamental
and their harmonic

To simulite this l\[ﬂ_ of sound rcqui.r::\ two

about once every 10 I noise
51 causes pin one :

spikes, etc. give problems with spurious .
: ing, redudng the value of R2 might

a5 C2 charges via R2. ! eliminste the problem. Using a screened lead
S1is released, i toconnect 81w the main unit is the most
eof Rl the discharge | effective method of combating this ope of
it cannot be i problem though. The outer braiding of the

seconds or

of IC1 Elet‘

e tone signals to be mixed toge : ;11 2 h‘a Iargely disct :  cable carries the conrection o the pusitive
g what is generally called a ‘ring mm!u].ﬁf_‘.r ¢ and this 71' es the reguired he Ndof ¢ supply rail, and the inner conductor carries
music circles. This is 3 f : C3 and R3 control the decav time of one : the connection o Rl and C2

dulatar, which suppresses one or
nd generaes sum

of the envelope shapers. RS and C4 provide the

same function in

} nput signals 1e secand emvelope shaper :
1 -Jl:{C{L‘l'n.’u i_rrqlit‘r.*-cp:-i It is this comn 11?-:'\' Rd is the only discrete timing component in HIBITED DOOR BELL
ng als thae is used o genenute the +  the tone generstor crcuitry. The drive current z
vy mesal sound. The HT2811 hasbuiltdn § available from pin 5 of IC1 is quite low, but 2 B it ol bl i i gt et
tone generaiors and a mixer which produces ¢ low impetance loudspeiker can be driven : R2  3x3 1 (M3K3)
2 3 MO X (M1IM)
: R4 560K 1 (MSEDY)
S BE3E 1 (MGBOK)
X CAPACITORS
= ci 1
: ez 1
I i
R4 Lg;; : | €4 3F 100V Redel Bectohis. 1
SEMICONDUCTORS
560k TR1 H ] Hi2811 1 (BH694)
—+ : =4 "5 3 L3
als 7 BCs49 i TRL2 BG5S 2 (XQI5R)
! B1 H MISCELLANEOUS
Ic1 5 2V H ISl &6mm B Loudspsaker 1 (wWBi3p)
HT2811  — 3 51 Bel-Pusn 1 (F31Fh)
TRZ 3 BL 2-x AACells 2 U¥4BC)
= z B-pin DiL Hold=r i EaIam
# = 5CS44 .; Battecy Hoidar 1 (cam
H PP3 Battzy Cip 1 (HF2EH
R3 RS ILC‘? : Stripboard, Case, Bell Wirs, Eic.
D M 680k T TufF
1 " Barnvics
& for et
The abme Il‘ems are not aval.fabfe asa kit.
Figure 1. Circuit diagram.
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TUNER

by Robert Penfold

PROJECT
RATING

itar funer (see Figure 1) is relatively
simple, but i provides accumite results

v easy to use. The LED displa
een the note from

nee pscillator,

andl 1Isve

e guitar and the buili-in refer
The gu i for the lowes
P uw‘lh_ flush rte from l}.g u;-pi 1y A basic

e end ate tuning

indicated. The only | ;
with this merthod is thar it does not indicue

BT OVEICO
g three 1EDs which provide a
t display. With T.i*{_ guiiar

Wi frc‘q; Icm
i With this tvpe of et it B oven
OF SURICOT e \si‘- i
une a guitar with ave

The Circuit

The signal from the guliar must be amplitied

e ClineTi

literully tone desf 1o
racy

1 degree of acc

» switching trar
drivén from the output of IC2 via R9 and R10
This potential divider ensures that TRI is
(more or less) switched on during

Sitive

outp half cveles, and switched off

egative half cycles. The three display LEDs
(121 1o 1D3) have their cathodes conneaed
o earth via TR, and a display LED ¢an only
switch on if the outpur deving it is high,
and TRT s switches] on.
1C3 is a low power 555 tmer which provides

h comrespond 1o the notes
mr.‘ from the open strings of a guitar VR
provides the lowest one and VR1 provides the
i"J'IL’!.! ficies are .AL'[L‘.J.L!_\
‘I'r.'!'nti.‘nl".r.“*\

nc ouly

n the m
idedn-four action thro

has

g “hanges in supply
voltage having no significant effec on the output
qjuency. However, G5 must be a high quality
stmble resulis are 1o be obuined

i 1 1C3 drives the clock input of
1G4, which is 1 CMOS +018BE presetuble BCD
count e basic action it provides
LEDs in the sequ
D2 plus D3, D3 alor

Iy this cincuiz.
is w0 switch on the dis
D1 alone, D1 plus D2,
course, a LED will «
switched on at the same time, and # is this
et

1 Cirouit

clisprlay * CUTTENT CONSUImpLiomn
is about TmA, and an ordinary PP3 size (9V)

batren is adequaie 1o supply this.

Construction

The 4018BE used for ICaisa C ‘1( S

af about

aive usal

ie results, hm ‘high rv':i:..:im-u LEDs
give 1 bri display ST 10 11
LL(“- should be mounge Ol
panel, with D2 in the '1"1ui_l'L B 1o i lefn .mu
) Slisa6

o e
short.
ird

on, the LEDs will pre |;nl: v swiech on. but this
is not cenain. However, they should switch
if an input signal is applied o the tuper.
k the wiring if

once and rechec
onse from the display.

Figure 1. Circuit diagram.

Ope way of

suitable sop

giving the pr poEentiomeiers
is 10 first pune the woourely
by car” against pitch-j 1 piAno,
nstrument that provides .-«'.umh!r
in tune. Select VR1 using 51, play the
Jn\'.t_-vi SIrin ;L, on the guitar, and adjust VRI for
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gESSSI'GRS;c?M 0-5W 1% Metal Fim (Unless Stated)
1.2 2 100K
=3 i,
R4 i
RS 1
85,7 2
B8 1
) &
Ri0 £ 2
Rii 1
R12 1
R13-15 3
RV1-
3 (UREDTH)
V-
3 (UHOEH)
CAPACITORS
(»1 100uF 18V A 1 (FB4EBD)
c2 1 l\';‘.'.'xi“u
= I 1 A
c4 4u7F B3V Radial B 1
cs 10nF Polyester Layer 1
SEMICONDUCTORS
ICL2 ~ TLO7ICP 2¢
Ie3 TSH55CN X
ica 4A018RF 1
TR BC549 1
013 Smm Red LED 3
MISCELLANEOUS
Bi 9V PR3 Battery i
S1 6wy 2-pols Rotary Switch 1
52 S t 1
IKY
1
%
14.pin DIL 3;-:‘-4.. Ay
Stripboand, Case, Co g Wire, Etc
The Ms
H va
The above items are rml available as a kit.
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CUT ALONEG DOTTED LINE

December 1996/Issue 108

News Report Page 4

The telephone number for Maxim, which was Included in the articte ‘Serial DAC
offers Lowest Power™ was given incorrectly. It should read: Tel; (01734} 303328

FEGTRONIGS 11306110

Electronics and Beyond apologise
for the reproduction quality

of some drawings in Issue 108.
This was due to a production
problem which was beyond

our control. The drawings
which were affected have

been reproduced here.

Please detatch this page

from the magazine and

insert into your copy of the
December 1996 issue

for future reference.

Figure 1.
Block diagram.

Figure 2.
Wiring diagram.
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Figure 3. PCB legend and track (reduced to 85%).

Page 21

Figure 4.
Exploded assembly.

Figure 5. Internal Wiring Page 22
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AUDIOD/VIDEQ MODULATOR
—
Vidso
“Termingation
on

Peritel(SCART)
fug—Fiug
g Coble =¢
(Composite Video
& Audin) JW3EE

N OUT

Video P
e Phono—Fhono
Teprendiion Flug BWABC

\Video
Mixer/Enhancer
Eguipmsnt

Other Composits
Video & Audio

300mA +12
C Adopior Yi

Asrial Extsnsion
Cable GWEIR

UHF Telavision

Figure 6. General application wiring.

Figure 2. Circuit diagram.

AR A diT SHEE
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Figure 3. PCB legend and track (reduced to 85%).

Page 34

Figure 1. Touch hybrid functionality block diagram.

Page 46

Figure 2. Relay board

circuit diagram.
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Fox Wireless Security

Alarm FSS7500

by En Tx Mogs

he installation of a number
Tmf these alarm systems by
the writer has demonsuated

total success as regards their
operating characteristics and
relishility. Nevertheless, in one
instance it has exposed that
the size of the subject premises
involving two widely separated
entry-exits which are being-used
at approximately the same
freguency produced some
communication difficulties.

The owner understandably
preferred the convenience of
the keviob method of system
control and although the range
of the ransmitter was quite
adequate for use at the exit
remote from the control cenire,
the distant arm/disarny signals
could not be heard with
certainty. This resulted in some
lack of confidence that the system
had responded to the inpur.

It was, therefore, desirable
to provide an ‘add-on’ circuir
which eliminated this problem.
The amber DAY signal at the
control panel being the visual
signal which changes state
according to the mode of the
system (extinguishing when
the system is armed) is the
obvious output for driving
the remote conuol indicator:
The former LED is driven by a
2V supphy-which is also adequate
for driving the IR emitting
diede of 2 DIL optocoupler,

the output for remote signalling
using the 12V supply from the

: system standby lead acid batrery.

Refining of the drouit indudes,
in particular, the inversion of
the remote signal 1o indicate

i by LED illumination when the
¢ system is ARMED, which is

¢ the oppasite mode from the

: panel DAY signal. This funiction
i is easily achieved by driving

a minigture relay from the

i photouansistor and utilising

its normally closed (n¢)

: contact for the remote signal.

Scecondly, a resistor is needed
in the optocoupler diode dircuit
to ‘balance’ this with the
parallel panel LED. to ensure
that there is adeguate power
to drive both these devices.
Finally, if a fashing LED is
preferred for the remote signal,

i a series resistor may be necded

in this drouit 1o reduce the voliage,

i as this type has a tendency

to glow continuously at the
higher end of its voliage range.
In order to reduce complexity;

¢ the system described abave

utilises hard wiring between
the control panel and the
remote signal in twin 0-5mm
single-care telephone cable.
The schemaiic dreuit 5 shown

¢ below, together with a list of
¢ components which can be

¢ assembled ona 38 X 20mm

¢ stripboard, having flying

: lead connections terminating

the phototransistor providing  © with 2A blocks.
PANEL
v DAY SIGhAL
T A ORDER
H | [OEM cOnt
Optocoupler — WL3SD
//\ =1 Reiay — BC37s
Diode — ol73a
i T Resister 1 — MsIR
WA Resistor 27 — MIK
LED — UK3OH
Y
- T
- 1 2 oro
112y
I
i N 13 ]
T i T I.FP‘Z
A
R
!
REMOTE LED Figure 1

Circtit Maker is a forum for reader’s circuits, items and tips,

Maplin cannot support in any way, the information presented here.

I EL ECTROLUBE —

NEW PRODUCTS FROM
ELECTROLUBE

BLOC’LUBE

Tamper evident sealant
Tack free in 10 min

Use to control settings
once calibrated

Available in red or green

Available from Maplin shops
throughout the UK

FLUXCLENE

Removes flux and
grease easily

Residue free

Safe on most rubbers
and elastomers
Maglin Ordsr Code 51948

Mapiin Order Cods 51947/51948

ELEGTROLUBE.

Wentwosrth Houss, Bakes Road, Wargrave
Berishse RG10BAW. England

Tet «44 () 118540 403t

Fac +44 (0) 118 9403084

MAPLIN

Telephone 01702 554000
Fax 01702 554001

FLEC RO BB

Experimenting
with PC Computers

A beginner's introduction fo the
design of simple electronic circuits *.
writing of assembly language programmies
and interfacing to a PC computer.

* 300 page book 240 by 270 mm with wiro binding to open flat.
Learn as you experiment, there's no boring preamble.

* Special circuit board with 470 sockets, no soldering.
Interfaces 1o PC using a standard printer lead.

* Special software written to complement the book.
Combined text editor, assembler & single stepper.
The friendliest machine code assembler ever written.

*= Construct circuit & software for flashing LED.
Experiment with resistors, capacitors & diodes.
Build interface, write oscilloscope software.

* Learn to programme almost without realising.

Telephone 01255 862308

For full desails.

High guality 300 page book £24 (£3 pp per order)
Kit la, plugboard, components, BrunWord MCA £46
Kit Ib, as kit 1a + digital multimeter + tools £79

Brunning Software

138 The Street, Litle Clacion,

Clacton-on-sea, Essex, CO16 OLS. ———szel 4
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design with all the described features,
we decided to augment the touch hybrid
: (which. of course. is microcontroller-based!)
¢ with a second micro from the Arizona
i Microchip PIC range. The full specification
i for the system is given below.
i @ Ultra high security (over 200,000 billion
i key differs)
i # Codes laser eiched (never repeated)
@ Keys are passive (i.e., no battery required)
0 System can l::'.n‘n up to eight keys

Touch Memo

mE L 4 Lnst keg.'s can be ‘locked-our’
i by legitimate owner
i @ Replacement kevs can be taught
i by legitimate owner
# Keys are virtually indestructible
i 4 Same user key can be learnt to other
¢ touch key products
i @1 Zone with entry delay — 30 seconds

i @ 2lnsiant Zones
009090009000 PO00P0D0OOROOPOOOD OO D@ : ¢y7,ecxclusionaption
{ & Tamper loop
i @ Panic button
® LED indication of excluded zones
# LED indication of system triggered

I n order 1o produce an efficient, compact

@ Buzzer sounds on entry/exit

by Tony Ellis 4 Relay output to drive siren
. ! 2 Bunon keypad for system control
In the second Of our Touch Key Hybﬂd { @ The system configuration yields high
constructional projects, we detail a full featured secuiity;a e ol paeCr Uie sistom
2 that 1s easiy attacked (the receplacie)
touch key alarm system that can be used in both ;.o be shored or bypassed in any way
domestic and small commercial applications i as can security key pads or keyswitches.
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The simplest of the PIC family range is
the microcontroller we have chosen, the
PIC 16CS4. which is an 18-pin dual in-line
IC that could very easily be mistaken for
a simple logic gate package. But this is far
from the truth, for it is, in fact, a very
powerful 8-bit RISC microcontroller based
on the Harvard Architecture (this essentially
means that there are separate internal
busses for both memory and dat) which
is capable of operating at clock speeds of
20MHz. A further excellent feature of the
PIC’s are the 12 or more bit addressable
L0 port lines, which can easily supply
enough current 1o illuminate a standard
LED. The PIC16C34's internal program
memory is 512 words (12-bir), with an
additional 32 bytes of RAM which serves
as general purpose ‘working file’ registers.

Circuit Description

The PIC16C34 microconmoller, 171,

is driven by a simple clock drcuit consisting
of resonator X1 which is a 4MHz npe,

and together with capacitors C2 and C3,
forms the on<chip oscillator. There are

two VO (input/output) ports. one S-hit

and the other 4-bit. Their TO line
designation is as follows:

The four lines of Port A are set up a8
outputs and the 8 lines of Port B are inputs.
All the other parts shown in Figare 1 are
general support and driver components.

The touch hybrid and PIC microcontroller
require a -5V stabilised supply: This voltage
is obtained by regulator U2, with capacitors
C5 and C6 providing decoupling. Diode D11
and resistor R18 form a'simple ‘trickle charger”
for the board-mounted 9V Ni-Cd battery.

A 12V DC regulated suppiy (mains
adaptor type) is recommended for the
project, and it is essential that vour
selection takes into account the toral
current consumprion of the system,
espetially with regards to the siren (low
current piczo ypes are recommended).

PCB Assembly

Refer to Figure 3, showing the PCB legend
and track whilst assembling the board —
removing a misplaced component can be
ricky and may damage the component(s),
so always double-check the type, value and
polarity before soldering,

Construction

Because the PIC microconuroller and the
wouch hybrid integrate all the essential
elements of a sophisticated alarm system
into 4 few tiny components, the design of
the printed circuit board (PCB) is made very
simple. All the components mount directly
on 1o a reasonably small single-sided PCB.
Begin construction by inserting the low
profile components first, such as wire links,
resistors and diodes, paying partcular
attention to the orienation (polarity) of the
latter. Next, install a good quality IC socket
(preferably turned pin tvpe, which are

more durable) for UL Fit the capacitors,
observing the correct polarity for electrolytic
wpes; the polarity for these are indicared

by a plus sign (+) on the PCB legend.
However, the majority of electrolytic
capacitars have their polarity designated

Figure 1. Main alarm circuit diagram.

= —
o Maln a PCB showing the positio
> of lhg&e&lp and touch key hyb
§ T EUTTER -
= R =
s T8 :—’—.—_
|
AL [ -1 _’Iv
07 ?f
m o
E_i ERAS
o 2 TrieE 4
o K
5 S

by a negative symbol (), in which case. the
lead nearest the symbol goes into the hole
opposite o the positively designated one.

Next, instll the transistors and voliage
regulator U2, making sure that its flat
surface conforms o the package outline
on the PCB legend, then solder
programming links J1 1o J3. followed
by the interlocked screw terminal blocks
6 X 3-wavand 2 X 2-way. Install the PP3
Ni-Cd battery holder and relav. Finally,
carefully solder in the touch hybrid.

This completes the assembly of the PCB.
Carefully check your assembly work.
making sure that there are no misplaced
components, solder bridges, or dry joints.
Finally, remove any excess flux from the
board using a suitable solvent.

Once vou are satisfied with the
construction, insert the programmesl
PICI6CS4XT into the 18-pin IC socket.

Alarm System Operation

The touch alarm system’s general funcrions
are as follows:

Zone Exclude — o exclude a zone that is
not required, press the approprizte buton;
the system buzzer will saund for approximately
035, and the chosen zone LED will lighi. Arm
the svstem as usual, and the excluded zone
LED(s) will be extinguished.

16 reset excluded zones, arm and then disarm
system. All zones are reset on system disarm.

Panic — if the panic bunton is pressed,
then the siren will sound for approximately
5 minutes. Using valid touch keyvs will nat
stop the siren in panic mode. This funcion
is active in armed and disarmed modes,

Tamper - tamper input MUST be held
t0 GND during normal use.

If the mper loop is broken in the disarmed
siate. both zone exclude LEDs will flash,
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LI 21 TS POKER SOKISNT FACH ORTTEN

Figure 2. Power/Battery Charger circuit diagram.

¢ The Master Key cannot be ‘learnt’
as a User Key.

@ The unit can learn up to four/eight
keys —the system always remembers
the lust foureight keys taught w it
Selection of four or eight key mode is
via the key number program pads on
the rear (non-component side) of the
Hybrid, e.g., open circuit is 4 key mode.

# The same User Key can be raught to the
systems more than once, this is a useful
mechanism to lock out’ lost keys. For
instance, if the user wants the system to
work off one key only, they can teach
one key 1o the system four times, this
will then become the only valid system
key. Further, if the user wanis two keys 1o
be valid but 1o void a third key, then euch
key one (ance) and key two three dmes.

)

(SR

o]

i
e
(BT

AR
ER R
(TSN

(TR 1T

Figure 3a. PCB track.

0 o
’:;
;
gl 3 __
3
L]
Figure 3b. PCB legend.

and the system will not rearm until the
fault is cleared.

i the mmper loop is broken in the
armed state. the siren will sound.

Delay Exit— after arming the system with
a valid wuch key; the buzzer pulses on and
off for approximately 30s, after which, the
sverem is armed.

Delay Entry — if the delay entry input is
triggered. the buzzer pulses on and off for
approximately 30s, after which. the alarm
will sound the siren if a valid key is not
presented 1o the system within this time.

Touch Key Learning
Procedures

Learn Master Key
Not necessary with Maplin Hybrid as
Master Key is pre-learnt.

Learn User Key

1) Apply power to alarm board.

2) Install learn jumper J3.

3) Touch Master Key on recepiacle,
LED will flash at approximately SHz.

4) Touch Key to be learnt on recepracle,
LED will go out.

5) Remove ]3, hybrid will now switch on/off
with keys.

Repeat steps 2 10 4 1o learn further keys.

Notes

@ There is 4 4 second de-bounce period
berween accepiing kevs, i.e., after one key
touch, a second will not be accepted for
approximately 4 seconds. It s impor@nt o
note that touch keys are meant for momentany
action (i.e.. touch and withdrawn); never
leave the key in contact with the recepracle
for more than a couple of seconds. as the
output will togele on and off ar vice-versa.
As a guidance, communication (1o decoder)
+ acceprance of an authorised wuch kevis
generally in less dian 100ms (¥, th of a secord).

Software

The software source and object
codes for the touch key alarm
system are available on a 3-5in.
disk from E. R. D. (U. K.) Lad.,
K & K House, Station Approach,
Rickmunsworth Road, Watford,

: Herts WDI1 7LR, for £8.50.

¢ Alternatively, a pre-programmed

i PICISCS=XT OTP (one time
programmable) microcontroller
is also available ar a cost of £12.50,
Prices include VAT and postage.

 HECTHNGS|

o

3 DTV
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RESISTORS All 0-6W 1% Metal Film
R1,2,12-17 40k

R3,4,7-10 4k7

R5,6 47060

/11 *Not Used*

Ri8 820

CAPACITORS

Cis 10uF 18V Radial Electrolytic

C2,3 33pF Ceramic Disc

Cc4 100nF Ceramic Disc

cs 220uF 16V Radial Electrolyiic
SEMICONDUCTORS

D1,4-10 iN4148

D2,3,11-13 1N4002

Q1,2 BC549

PROJECT PARTS LIST H

PIC16C54 Pre-programmed
PIC Microcontraller 1 *See Text*
U2 7805 1 (QL31))
8 (M10K) HY1 Touch Key Decoder Hybrid 5 L {CK41U)
B (M4KT) MISCELLANEQUS
2 (MATOR)  RL1 12V BT {Type 47) SPDT Relay 1 (DCS0B)
BATL PP3 Ni-Cd Battery 1 (AG330)
1 (M82R) PCB-mounted PP3 Battery Holder 1 (CKB5V)
PPB Battery Clip 1 (HF28F)
3 3-way 5mm PCB-mounting
g @E”;}% Interiocking Terminal Block 8 (RK72P)
1 {YR?ES} 2-way 5m_m PCB-mounting :
1 (AT41U) Interfocking Terminal Block 2 (FT38R)
PCB Ready made PCB (nol avaitable from Maplin) 1
8 (QL80B) The Maplin ‘Get-You-Working' Sanice is not availabis for this project.
5 (QL74R) The above items are not available as a kit.
2 (QQ15R)

Get the world of Electronics

MAGAZINE INDEX

A comprehensive index to Electronics
and Beyond is also available from Maplin.
The index covers every issue from December
1981 to October 1995. Included are details of
every article, series and project published
during that period. Conveniently arranged,
sectionally and alphabetically, it'll take

_ MAGAZINE BINDER

The Maplin magazine binder holds twelve
issues of Electronics and Beyond.
If you have not got the world of electronics
covered, now’s your chance! This great quality
binder comes in hard-wearing laminated
art board, that not only looks good on your
bookshelf or workshop desk, but is also a
great way to build up an electronics reference
library of your own. Now you can keep all of
your copies of Electronics and Beyond
together, and on hand, when you need that
extra piece of information.

and Beyond covered...

...and rediscover a wealth of information

minutes instead of hours to find the exact
issue number and page you need. You'll be
able to rediscover a wealth of information
you never knew you had! A list of all the
corrigenda published is also included, so
you will be able to find details of changes
or amendments. You'll find the index
an invaluable addition to the issues of
Electronics and Beyond that you have.

you never knew you had with a Magazine Index

Order As XH99H Price £7.13

IEEE LR LR LY LA e e

MAGAZINE INDEX
Order As XU87U Price 99p
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aNA AND

INTERNETWUORKS

8 @ e

@ 0@ e

by Frank Booty

e &0 0 &

Most big business today runs with SNA
(synchronous network architecture). There are
some 50,000 IBM mainframe-based and over
400,000 AS/400-based SNA networks worldwide,
carrying mission critical applications traffic —
over 95% of SNA traffic is mission critical.
But the networks linking these revenue generating
systems are increasingly based on TCP/IP.
|\ That’s the problem. SNA has no network layer that
| routers can use, so it can’t be routed across TCP/IP
backbones. Does one maintain tiwwo networks?

'es, the Intermnet and Intranet phenomena
: are looming, with the potentials of Java,

Jam, Hypermedia Prode, Amazon, and
ActiveX in the wings. But for now, it has w be
accepied that SNA traffic and router networks
are not a good mix. SNA IS unroutable

End user messages do not include the
network laver address the router requires
1o move data twixt LANs and WANs. So what
do harassed network managers do? Many
hmlg_,g. strerching the SNA network 1o
include LAN artached end stations.

However, bridging brings in scalability and
reliability issues. It cannot reroute around
failures. It generates too much broadeast and
logical link control laver 2 (LLC2) message
overhead. It suffers from [LC2 rimeours often.
What else is there? Encapsulate SNA messages
inside a routable protocol, thus providing
more reliability and scalabiline (than brdging).

Current encapsulation technologies comprise
gateways which place SNA messages into
packerts of routable protocols such as TCPAP
or IPX; dam link switching (DLSw) enabling 4
router o place SNA messages into IP packets;

:  dependent logical unit requestersenver (DLURS)
: which carries SNA messages over APPN;

and
frame refay using IETF RFC 1490, which defines
the way finme relay access devices (FRADs) and
routers can sandwich SNA messages berween
frame relay headers for mansmission across frame
relay links. There is no best way o handle SNA
traflic in todav's complex routed internerworks.
Any approach chosen has to support the
devices and protocols required to solve the
particular SNA problem (see Table 1).

SNA traffic
overSDLC

Central Site
ar Data Centre

IBM Mainframe
or AS/400

SNAtT

CPIP
gatewsy

With centralisation, the gateway is
installed next to the host, converting
LAN traffic to SNA and making it
unnecessary to camy SNA traffic
over the corporate backbone.

TCP/IP
HRouter

Figure 1. Gateways.

SMNA to TCPAP
gateway

When traditionally distributed,
the st up is Tine when all the
end stations are in one place.
Problems anss when difficulties
occur at remote locations.

Remaie
Site
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Mainframe SNA
Application DLUS

CP-8VR link

DLUR
Rouier

SNA over APPN end-to-end

Figure 2. DLSw routers encapsulate SNA in TCP/IR.

Bridging = Gateways | DLSw DLUR/S | Frame Relay
| (RFC 1490)
Protocol used for routing | None AP | ToPR APPN None
Supports all SNA devices | Yes | No [ ves Yes: Yes
Reroutes around filures No Yes | onyHign- | ves if suppari=d by
‘ Periomance frame relzy senice
| Routing (HPR)
Reduces broadeast overheard | Ne l Yes Yes Yes Yes, via local
temmination
Reduces LIC2 session and No Yes Yes: Yes No
keep alne overheard
Retices LIC2 timsouts No Yes Yes Yes Yes, via local
Requires scitware changes No Yes No No MNo
to end user device or LAN
Routes messages directly No No No Yes | No
to SNA application |
Table 1. SNA internetworking schemes.
Bridging Gateways

Bridges and PC-based terminal emulation
software have been used by nerwork
managers for vears o build bridged networks
for SNA users. These solutions work at the
data link layer. unlike the routerbased
options, and ry 1o bypass problems
caused by SNA'S lack of routing. The

most common supported bridging
technique here is source route bridging,
where the ransmiting device uses
broadeast messages 1o work out a route
through the network, and then puts that
route in the messages it sends. This

is genenully used with Token Ring LAN
environments. With a technique called
trnsparent bridging, each bridge learns
the best port 1o use in reaching a given
destination and forwands the messages out
of the appropdate port. This echnigue is
usually used with Ethernet LANs,

Bridges are regarded as working well in
smaller networks, but there are significant
limitations. These include a lack of dynamic
rerouting capability; broadeast overhead
due to the discovery process of source
route bridging: LLC2 acknowledgement
and keepralive overhead can create up
w 15% overhead, increasing line use and
needing more frequent line upgrades;
and LLC2 conneciion timeouts, which can
be the most serious problem associared
with bridged SNA networks. Generally,
these problems are linked with large SNA
networks and a smaller network should
work withouwt serious difficulties. Also,
bridges are available to support
compression algorithms, which slash the
impacts of broadeast and LLC2 overhead.

Large router-based internenworks that have
to integrate SNA-trffic call for alternatives to
simple bridging. Currently. the most popular
involve encapsulation of SNA messages
within 2 protocol such as TCP/IP (or IPX)
that provides nerwork laver addressing. First
to market were SNA gateways, which are sold
in several varieties. The basic architecture is
the same for all — see Figure 1.

Software in the end user’s unit maps the
higher layer of SNA o a similiar function in
IP (or IPX), or encapsulates the higher level
SNA within the routable protocol. The latter
then tansports the SNA dawa across the router
based internetwork. At the SNA host, the
gateway transltes the encapsulated message
into a pure SNA miessage. which is subsequentdy
delivered 1o the SNA application.

Gatewidys using unroutable protocols like
Newbios don'tsolve SNAs bridaine rebited problens
—s0 anvone contemplating utilising these
producs should notview them as viable options,

When deploved correctly, gateways do solve
mast of the issues assoctited with SNA-bridging.
c.g. using a routable protocol 1o handle SNA
tnaffic gives dynamic routing around neowvork
failures. Scalability problems are climinated as
gateways do not use LLC2 berween end user
units and the gateway Result? End user devices
don’t transmit source routing broadcast
messages looking for the frontend processor.

Insteicl, the protocol uses broadcast messages
only when seeking out the dosest router,
Unlike a bridge, the router doesn’t forwanld the
broadeast throughout the network but responds
to endd users” broadcasts. Problems encountered
on the internerwork side of the gateway are
mestly rekmed o the moutable protocol, notto SNAL

While the basic architecture of gateways

is identical for most, there are some key

design and implementation differences

which differentiare products in funcrionality
and performance:

# The routable protocol used
(typically it’s TCHIP or IPX).

@ SNA devices and systems supported.
Unlike other SNA integration solutions, not
all SNA hosts/devices may be supported,
although maost proprietary gateways and
client applications address the full line-up
0f SNA kit. But some (e.g., those hasedd
on Tn3270) don‘t support every kind of
prnier found on an SNA netwark.

@ SNA client or terminal emulation software
supporied. The only standard SNA client
solutions are the Tn3Z70 and Tn3270E SNA
terminal emulation standards, which epable
TCPAP netwaorks to carry SNA application
data using TCPAP's telnet capability: All other
gatenay solutions use propaeany wchnigues
(which doesn’t have 1o mean single vendor,
e.g. NetWire for SAA stuffs SNA messages
into IPX packets. and is supported by
client applications from such vendors as
Arachmate, WRQ and Wall Data).

# SNA file mmnsfer protocol supported. Tvo
min file tmnsfer protocols are used in SNA:
INDSFILE file transfer and the APPC protocol
(achunced progmm o proenm communicasons).
Not all gateways support both. The former
is used only with mainframes, while APPC
(offered with VIAM 4.1) aan be used in both
mainframe and ASH00 configurations.
Managers must ensure client software
supperts the protocal they want 1o use.

@ The number of conaurent sessions supporsted
may be restricted by 2 preser maximum or
the performance capability of the garcway's
plaform. Yer, guewys cinnot always support
the number of logical units they allow
managers o define. A second gateway
may have to be configured, bumping up
cost and admin headache,

® The administrative and configuration
requirements differ, depending on how
eateways ure connected 1o the mainframe.
Muny provide a channel connect solution
which lets them bypass the FEP and send
messages direct to the mainframe.
Eliminaring the FEP cuts costs significantly
bur also causes problems for multiple
mainframe environments. The gareway
sends all SNA messages 10 one
mainframe. If the required application
isn't running there, the mainframe (and
not the FEP) must reroute the message
to the correct location. Expensive. Why?
Mainframe CPL avcles have to be used
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Figure 3. DLUR/S.

SNA in TCP/IP
CP-SVR = control point to server

DLUR/S routes SNA via APPN. LAN-attached DLUR router intercepts SNA session start fequ&sts and sends
them fto the mainframe DLUS gver the SP-SVR pipe, a pair of LUG.2 sessions. DLUS performs the normal
SNA set up functions so data ean fiow between DLUR and the target application.

for rerouting, and mainframes are
inefficient routers. Some companies,
e.g. CNT, can work round these issues.

Gateways are not the optimal solution for
every SNA environment. With Windows and
ubiguitous PCs, users could install full-stack
SNA implementations on each end user device.
Great. Traffic from users could be bridged
directly to the FEP No need for 4 gateway
But the thorny issues of broadcast and L1L.C2
overhiead problems associated with bridging
arise: Router vendors developed encapsulation 4
techniques to overcome bridging's limitations &
without requiring gateway software.,

DLSw

The DLSw standard is a popular technique
for encapsulating SNA messages in TCPIP
packets, and is usually implemented in rowers
— see Figure 2. Its approach is to act like a :
bridge to SNA devices, responding to the
source routing broadeast and [LC fows. It :
also routes mossages through the network
berween DLSw routers by encapsulating SNA
traffic within TCPAP packets. When the maffic
reaches the DLSw mouter stuck on the destimation
SNA FEP or mainframe; it's unscrambled and
bridged 10 the appropriate SNA application.
DISw looks at the media access control
(MAC) address in a LAN environment;
as it routes traffic according 1o the data link
address, it means with SNA that it doesn’t
have to look at the LU, physical unit (PU),
or any SNA address field. Indeed, DLSw can
be considered a daa link, or bridge level,
router. Why? It routss data link traffic,
satisfving dara link layers plus the problem
of data link protocols in a WAN, while also
providing router nerworking funciionality.
Timeout problems are solved and broadcast
overhead problems alleviated — LLC2 sessions
from user devices are terminated at the
first DLSw router, which supplies LLC2's :
acknowledgements and keep-alive messages
as if it were the destination FEP As the :
DISw router is normally located near the
user device (and also on the same LAN), i
timeouts are much less likely. Further,
as all SNA sessions going to the same FEP
or mainframe are multiplexed over a single
TCP/IP session, session overhead falls.
Broadcast taffic on the network is also
cut, as DLSw learns from the first broadcast
which DISw router in the nerwork is nearest
the target device. As with bridging, the first
broadcast session request for a given device
in a DLSw network passes to all devices, which
ensures the request reaches its destination.
All broadcast requests for it will be sent o
the rourer, obviating any requirement 1o
broadeast 1o the whole network.

Such information is stored in DLSw
routers in a table, which is purged after
a vendorpreset time o prevent it from
becoming too unwieldy or genting stuffed
with obsolete data. If the device is moved,
there are procedures for relearning, etc.
There are drwbacks to this rosy scenario.
Reduced scalability is the classic. Each router
has 1o set up a TCPIP session with every
other DLSw router in the neovork. If there
are 200 DLSw routers in the nerwork, each
router has 10 maintain 199 sessions. Routers
stuck at FEP locations can be swamped with
simultaneous location requests. As the
number of routers in the network increases,
the number of TCP/P sessions grows 1oo,
which results in a capacioe problem. Which
begs the question: how many routers can
handle the overhead linked with thousands
of concurrent TCP/IP sessions? Not a lot
Problems are nawrally being addressed by :
vendars, Tike the branch office rowers chucking
out TCP/IP sessions galore. New versions
create sessions only when there is actoal
session taffic, instead of maintaining a TCPAP
session to all other DLSw routers in the
nemwork. TCP/IP's multicast capability holds
the key; in that it can deliver broadcast and
locate requests. Yet, 0o many TCP/IP sessions
emanating from the FEP’s router is an issue,
Solution? Buy a powerful router. For now.
Vendors in the pool here include ACC,
Bay. Cisco, Digital. IBM. and 3Com.

DLUR/S
When the routable follow-on to SNA — APPN
—was inmoduced by IBM, older SNA devices were
not supported. Hence, new wiys of supporting
SNA in multiprotocol environments, e.g. DLSw,
found it easy 1o penetnite the SNA market.
IBM subsequently brought in DLURS, which
— as with DLSw— utilises the routable narure of
another protocol 1o support SNA rafiic without
needing alterations to SNA applications or user
devices. The prime differentiator pwixt BIURS
and DLSw; though, is the choice of routble
protocol — DISw uses TCP/IP while DITURS
uses APPN. Figure 3 shows the DILRS strucure,
APPN is intended for those units that do
not need the intervention of mainframe
services to set up sessions between user
devices and applications, i.e. independent
LUs. However, SNA needs dependent LUs.
Mainframe services must set up each session
between a user device and an application.
DIUR'S consequently exists as two parts.
The dependent LU server (DLUS) runs as a
VTAM application on the mainframe and
sers up SNA sessions. The dependent LU
requester (DLUR), meanwhile, runsina
device — e.g. a router—near the user device
and forwards session requests to the DLUS.

With a DLUR'S set up, the DLUR initiates a
pair of LUG.2 sessions to the DLUS. As 4 virtual
connection, it’s used only for session controls,
not for data messages berween session partners:
When an SNA user device wanis 1o stan 3 session,
the DLUR cuis into the session start request
and trafismits it o the DIUS. The DIUS passes
the data required to establish the session ©
VTAM, which subsequently carries out the
routing SNA session setup activity: Once VIAM
sers up the SNA session. and DLUS tells DLUR
the session has been established, all dam Bows
directly twixt DLUR and target application.

DIUR'S solves many scalability issues linked
with SNA bridging. as with gateways and DLSw:
User device LLC2 sessions are terminated at
the router or device running the requester.
Aswith a local DLSw router, the requester
responds locally 1o LLC acknowledgements
and keepalive messages. Similarly, with source
routing discovery broadcast messages. With
a user device calling for a connection, DIUR
responds as though it were the destnation
and then utilises APPN's directory services
and search funcrions to locate the destination.

The achantages from the DLUR'S approach are
lacking in the other SNA integraton rechnigues.
For example, it doesn't interfere with IBM's
Newview network management fiows, as APPN
is fully integrared with Newview: DLUR'S can also
route SNA traffic directdy 1o the application.
All the other schemes call for uaffic 1o pass
through the FEP or mainframe first.

Vendors in the DLURSS pool include
Cisco, Bay, IBM, Nortel. and 3Com.

Frame Relay
The problems and limitatons linked with SNA
bridging can be overcome with gateways,
DISw; and DLURS. However, the solutions
are as complex a5 they are comprehensive.
With many SNA shops, common source route
bridging still offers the simpler, more practical
solution. Now; galloping over the hill, fresh from
successes of frame relay services in WAN
emvironmens, come the FRAD vendors who have
worked out solutions which enable conventional
brideed solutions to benefit from frame
relay’s virtual circuit and dynamic rerouting
capabilitics. Well, theoretically, certainly:
FRAD and router vendlors came up with a
simple SNA encapsulation scheme, working
with the IETE, known as the RFC 1490
specification — see Figure 4. This defines a
sandard way for FRADs and routers o
encapsulate SNA messages berween frame
relay headers and then shunt them across
frame relay permanent virtual circuits
(PVCs). While RFC 1490 solutions don't
remove all problems associared with bridged
solutions, they do offer the useful auributes
of access to low cost frame relay links and
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the ability 10 segregate SNA affic onto its
own PVC so that other LAN traffic does not
interfere with delivery.

The problems nor eliminated include 11L.C2
timeouts and the fact that dynamic rerouting
is not universally available. Further, the frame
relay route looks superh on paper, but most
router implementations offer very limited
congestion control.

Along the way, three varbints appeared: the basic
RFC 1490 spedification and two enhancements.
Boundary network node makes the FRAD
resemble an SNA peripheral device, and
boundary access node lets traffic from the
FRAD resemble traffic from a FEP attached
LAN, so simplifying configuration.

There are said to be many nerwork managers
who rely on mostly IBM kit for their SNA newords,
who are combining routers, convérters, and
frame relay services to get rid of FEP software
and the FEPs themselves. Exorbitant licensing
fees for FEP software are the root of the
anguish. Frame relay has a lot going forit. It's
also offered through the 1BM Global Network.

Conclusions

It is difficult to decide which of the solutions
listed here is best for any given SNA network.
The key issue to consider when selecting a
solution is what protocol is the most appropriate
for the internerwork: TCPAR frame relay, or
APPN. For TCP/IP environments, gateways
and DLSw routers make the most sense. For
frame relay nerworks, it's RFC 1490 compliant
FRADs or routers. For APPN environments,
DLURSS is the best selection.

It’s necessary 10 eliminate anvthing that does
not solve a particular problem the nerwork
might have, e.g. if the network uses printers
which gateways do not support, gateways are
not the correct choice. If LLC2 overhead is a
kev wory, source roure bridging or RFC 1490 over
frame relay will not work. If routers do not
support APPN, then DILIR'S is not in the picture.

Independent analyst, Jay Fogelman, speaking
at seminars organised by Computer Nerwork
Technology (CNT), considers the merits of
running TCP/IP alongside an SNA network.
“There are obvious problems associated with
duplication — management and technical
issues, and cost. Yet, most people take this
route because the SNA nerwork is critical and
the TCP/IP network is vital for future
developments. An alternative? Get rid of

SNA. But that’s impractical. We have both
because we need hoth. The key to future
success is coexistence and integration.”

TCPAR is used today as the networking
protocol on LANs and WANSs, on the backbone
and at the dient level, However, in the near
future, there will be no LAN or WAN, just the
network. To save money, many large network
users are looking to standardise on one
protocol and TCPAP is the obvious candidate.

According 10 Fogelman, there are seven
key questions managers must ask: Whart will
the three most important applications be five
vears hence? Who will your users be over this
time period? How many protocols are running
today? How many protocols should users be
running in five years time? (It should be fewer’
for the hst question). What are our progmmming
skills? Where does our mission critical
daia reside today? Who will the strategic
vendors be for the next five vears?

“Answer these seven guestions and you're
on the way to developing a corporate
network architecture”, savs Fogelman.

The problem with SNA and TCP/IP integration
is that there are lots of possible start points
and routes, but no obvious right answer. Yet,
within IBM is a deparmment dedicated 1o playing
with Sun’s Java — most enthusiastically. Given
IBM's much-vaunted interest in the Internet,
and equal amount of salivations over Java, it
would come as no surprise if all sorts of
interconnectivity solutions do not spill out
onto the market soon, if they haven't
already done so, in beta test.

Earlier this year at a Networld +Interop
exhibition, a Java-based Web server doubling
as a gateway for dients running Java compatible
Wb browsers was demonstate]. It gives clients
real time interactive access 10 legacy sysiems
via 3270 and 5250 terminal emulation. As
long as the clients have a Web browser, they
do not have to instail third party emulation
software. And that’s only the tip of the iceberz.

SNA Gateways

According to market researcher CIMI Corp,
SNA accounts for over 60% of business maffic.
Yet, with the explosive growth in deparimenial
LANs, Unix workstations and anached PCs,
integration is flavour of the moment. Enter
gateways. Gateways perform application
laver conversions from the SNA protocol
stack to a LAN protocol stack like IP or IPX

There are over 18 companies plus OEMs in
the market pushing their products. Loads of
choices, and lots of potential for confusion.
There are four types of gateways: hardware
software gateways; software only devices;
units built into networking devices like FRADs
and routers; and mainframes. Aside from the
choice, managers have to consider: whether
: or not a gateway can handle centralised
¢ networking, which LAN protocols it can convert,
¢ which gateway-to-client emulation protocol
: and SNA host environments are supported;
: whether the vendor sells its own client
emulation software o run on end stations;
whiat nmanagement feitures are offered — SNMP
mainframe Netview, proprietary; eic; and cost
i Hardwaresofiware combinition gateways
lend themselves 1o those who like the simplicity
of turnkey solutions. There is guaranteed
interoperihility berween software and hardware,
single vendor support, and a higher performance
than software only solutions, allowing for
more users and sessions. The disadvantages
are that the proprietary hardware cannot be
used for other applications; no integration
with network operating system services;
and lock in to a single vendor.

Software-based gateways work with
standard network operating sysiems and
operating systems, are scalable, and work with
any host or LAN interface. The disadvaniages
are they usually require a dedicated server
and extra hardware interfaces,

Special function gateways lower costs by
consolidating gateway functions in a nerworking
device. There is guaranteed interoperability
: berween software and hardware, integrated
management, and single vendor suppaort. The
disachaniages are lock in 1o a single vendor, and
no integration with network opeiting semvices.

Mainframe gateways can be problematical.
Many users find out the hard way that
running TCP/IP on a mainframe is CPU
intensive, and might call for processor
or memory upgerades to the host.

SNA gareways have imaditionally been
distributed; i.e. located next to the end
station. This is fine when all the end
stations are together, but roublesome
when they e all remote. Enter cenrralisation.
The gateway is located next to the hast,
converting LAN traffic to SNA and making
it unnecessary 1o carry SNA traffic over the
corporate backbone. | TR

SNA/non-SNA

Figure 4. Frame relay.

PVC
for SNA

FRAD
or Bouter

PVC.
for non-SNA

RFC 1490 defines a standard way for FRADs
and routers to encapsulate SNA and shunit
it across PVCs. The FRAD or router terminates
the end-user LLC2 session locally and sets

up its own session with the FER
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Mainframe
Frams Relay
Network
FRAD
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ARGUND

fo explore this theme,

irst, a quick spot of revision. Initially, 1
Fh:m: chosen 10 focus on a single member

of the PIC family — the PIC16C84 —
rather than try and describe the differences
berween each PIC microprocessor in terms  §
of individual hardware features. :

The PIC16CS4 is an excellent device o

learn the basics of microprocessor and PIC
development. It uses the standard PIC
instruction set of 33 instructions, with i
only two additions 1o the address registers,
which are unigue to the device. This
means that once you've got 1o grips with
programming the PICI6C84, yvou'll be able
to work with any of the other devices in
the PIC family. In later parts of this series,
we will take a look in greater detail ar
other members of the PIC family.

Special Features

What sets a microcontroller apart from
other microprocessors or discrete based
controllers are the special dircuits to
deal with the needs of real time
applications. The PIC16CS4 has a host
of such fearures intended to maximise
system functionality and reduce cost by
eliminating extérnal components.

DEVELOPING
APPLIGATIONS

THE PIG

GHITEGTURE

More Hmn Just a

Microprocessor

by Stephen Waddington

Last month, we staried io look at the PIC
microprocessor from the application developers’
perspective. Here, Stephen Waddington continues

and ouilines some

of the special bardware features of
the PIC microprocessor.

Overview

The special features mnge in functionality

from reset circuitry through to a warchdog
timer, which resets the micro conuoller in the

¢ event of a system crash. The on-chip watchdog

fimer can only be shur off through an EEPROM
fuse — see later section on Configuration
Fuses 1o see how this is achieved. It runs
off its own RC oscillator for added reliability.
There are two timers that offer delays
on power-up. One is the Oscillator Starr-up
Timer (OST), intended 1o keep the chip in
reset until the ervsial oscillator is stable. The
other is the power-up timer (PWRT), which
provides a fixed delay of 72ms on power-up,
designed 1o keep the microcontroller in reset
while the power supply stabilises. The two

i on-chip timers alleviate the need for external

reset circuitry in the event of a failure.

A SLEEP mode enables the chip to be powered
down. Under these crcumstances, it consunies
very little power. The user can wake up from
SLEEP through external reset, watchdog
timer timeour or interrupt. Several timer

options for the SLEEP function are available

to allow the PIC16C84 1o fit a particular
application. A set of EEPROM configuration

: hits are used to select various options.

Reset

Figure 1 shows a simplified block diagram of
the on-chip reset circuit for the PICI6CS34.

Tt differentiates between various Kinds of
resel, as follows:

@ Power On Reset (POR)

4 iR reset during normal operation

@ voir reset during SLEEP

¢ WDT timeout reset during normal
operdtion

¢ WDT timeout reset during SLEEP

Some registers are not reset — they are
unknown on Power On Reset (POR) and
remain unchanged in any other reset
situation. Most other registers are reset
to ‘reset state” on POR, on MaRr or WDT
reset during normal operation and on
Mcis reset during SLEER They are not
affected by a WDT reset during SLEER
since this reset is viewed as the resumption
of normal operation.

There are a few exceptions 1o this
situation: the PC is always reset to all (i's
(0000h); and Toand #D bits are set or
cleared differently in different reset
situations as indicated in Tables 1 and 2.
These bits are used in software o
determine the nature of reset. See
Table 3 for a full description of reset
states of all registers.

Power On Reset (POR)

A POR pulse is generated on-chip when

a VDD rise is detected in the range of 12

to 1-8V. To take advantage of the POR, the
Maix pin should be tied directly 1o Vop.

This will eliminare external RC components
usually needed to create a reset on powerup.
The POR circuit does not produce an
internal reset when Voo drops.

Power-Up Timer (PWRT)

The power-up timer provides a fixed 72ms
timeout on powerup only from POR.

i The powerup tmer operates on an

i internal program counter oscillaor. The

¢ chip is kept in reset as long as PWRT is

: active. The PWRT delay allows the VDD w0

rise 10 an accepiable level. A configuration
fuse, PWRTE can enable or disable the
power-up timer — see later section on

¢ Configuration Fuses to see how this is
: achieved. The powerup time delay will vary

from chip to chip, VDD and temperature.

Event 0 FD
Power-up 1 1
WDT timeout 0 Unchanged
SLEEP instruction 1 0
CLRWDT instruction 1 1
Table 1. Events affecting PD/TO
status bits.
Reset Event 7o PD
WDT wake-up from sleep 0 0
WDT timeout 3] b §
mcir wake-up from sleep Unchanged 0
Power-upn 2
WCiR reset during

normal operation Unchanged U
Table 2. PD/TO status after reset.
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of situations. See later section on

E"“- = : { Configuration Fuses to see how the
Ext i :PW se s se
=L > Eftap : PWRTE fuse is set.

: Since the timeouts occur from POR

wor lwor ST i pulse, if MciR is keprt low long enough, the

Meddla fTime—out ) _/ i timeouts will expire. Then, bringing MCIR

iars : high will begin execution immediateiy.

E_ Vmgze b — This is usteful for testing purposcs or o

= = i : synchronise more than one PICI6CS4
T i operating together.

OST/oWAT .
) s 1B :
osc1 ot FRigpls counter = "7 Tp_neset : atChdog Tlmer
DT D

The warchdog timer is a free-running on-chip

1

RC oscillator which does not require any

FWRT

50 51 mame camier - DJ external components. That means that the

WDT will run even if the clock on the 05C1
and OSC2 pins of the device has been

> stopped, for examiple, by the execution
2E of a SLEEP instruction. A WDT timeout
=5 generates @ device RESET condition. The
22 - i WDT can be permanently disabled by
{Enabls PURT timar : programming the configuration fuse WDTE
aly f it iz power_up : iy ; s .
Figure 1. Simplified By B & Bopawecsp) ¢ asa 0’ - see later section on Configuration
— (FOWER_UP + WARE uf)(xT LF : CET T G rrhic ic arhine
block diagram of i;:u.a}ne OsT i ::‘._ = ?n:\'é-‘r_us )a' waks_up z Fuses [D_ M:E how this :'? J('hl_f'\ed' .
on-chip reset circuitry. from SLEEP and OSC tyss is XT or LP) : The WDT has a nominal time-out period
¢ of 18ms. The time-out periods vary with
: . temperature, VDD and process variations
- - : - = = & = ¥
Oscillator Start-up Timer : Timeout Sequence ¢ from device to device. Iffonger timeout
The Oscillator Start-up timer provides 1024 | On power-up, the timeout sequence is ¢ periods are desired, a prescaler with a dhivision
oscillator cycle delay after the PWRT delay : as follows. First, PWRT tmeout is invoked : ratio of up to 1:128 can be assigned 1o the
is over. This guarantees that the clocking : after POR has expired. Then, TOST is ¢ WDT under software control by writing o
device be it crystal oscillator or resonator : activated. The ol timeout will vary : the OPTION register. Thus, rime-out perdods
has surted and stabilised. The OST time-out @ based on oscillitor configuration and i of up to 2-3 seconds can be generated.
is invoked only for XT, LP and HS modes : the PWRTE fuse status. For cxample, 3 The ‘CLRWDT and ‘SLEEP instructions
and oniy on Power On Reset or wake-up : in RC mode with PWRTE set to 0, : clear the WDT and the prescaler, if assigned
from SLEEP Plcase refer to later sectionon [ there will be no time out at all. Table 4 : 1o the WDT. and prevent it from timing out
Clocking for details of Clocking modes, : shows the timeout sequence for 4 variety ¢ and generating a device RESET condition.
Regdister Address | Power On | WDT timeout | WDT timeout MCLR reset MCLR reset Wake-up
Reset reset during | reset during = during during through
j (POR) normal SLEEP normal SLEEP Interrupt
. operation , operation
W | - 00X ULy |y uuuy UL ULy
LELES uuug Uy | LIiTiRIN} L LIS
INDIR ooh - = || = | - - =
TMRO | 01h e uuuu | uu uuuy e T
l Xeex uuug | yuun Uy ULy [SiRLTET)
PC | 02h | COU0Nh 0000h PC+1 o000h 0o00h PC+1
STATUS | 03n [ oo 0000 | 1ma 000u 0co1 uuil
o | tuuu Crns [EEET Cuuu Duuu
SR D4h ' by | LR | v Uiy LU uuuy
PORT | O5h 000 (TETT] | uuuy UL uuy (T
A | ! 0K FHTTE] (T uutiu Uy Uy
PORT O6h | L | (LT 11T} uuuy L uuuy
B I P Uyl | uuuy uuuy uuuu TV
RIS 8sh | —= [B= —u =3 —3 —u
A
TRIS | BBh | 1111 | 1111 T | 1111 1111 | (LT
B | 1111 1111 | wuny 1111 1111 LU
OPTEON 81h | 1141 1111 uuuu 1113 111y uuY
| 1111 1111 LI 1111 1111 (TETT
EEDATA 08h FEses | A (FTH [EFEHT (HTTH UL
| LEEEE 3171317 I (5. it UL Uuus ‘ LR
EEADR | QSh 00K uuuy | uuuy LRI uuUu (R
| ‘ 2000 FET | uuuu | uutu | uuuy Uuuw
EECON1 | 88n | —o —0 | —u | —0 | —o —u
0000 2000 | uuuy | 7000 7000 UL
EECON2 8%h = = = E = | =
PCLATH 0ah —0 . —0 | —u —0 —0 —u
Coo0 0000 T GO0 00 uuuu
INTCON OBh 0000 0000 | tnnm 0000 0000 Ly
| 000x 000u | 000u 0000 ERTTET
- Unimplemented, reads as ‘0.
u Unchanged from pravious state.
X Unknown.
*  In the event of wake-up through Imerrupt, one or more Intemupt fiags will b set. Other bits in INTCON will rémain unchangad.
?  WRERR (bit 3} will be st if reset occunred during EEPROM write, othemwise reads as ‘0.
Table 3. Reset conditions for registers.
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Oscillator Power-up Power-up Wake-up
Configuration PWRTE=1 = from SLEEP
T, HS, LP 1 72ms + 1,024tosc [ 1,024810sc [ 1,024t0se

RC 72ms = =

Table 4. Timeout period versus clock configuration.

c1

1 OS¢} Bic16CE4

A RE

Figure 2. Crystal or ceramic
rescnator operation.

Sieep

To internal
logic

Clock
from ext. osC1
System PiC16CE4

Open=—j0SC2

Figure 3. External clock
input operation.

Rext

0sC1
PiIC16CB4
OSC2/CLKOUT

Cext

-

Fosc/4

Figure 4. External RC oscillator clock.

The status bit 7o in STATUS register will
be cleared upon a Waichdog Timer timeout.
It should also be taken in account that
under worst case voliage and temperature

conditions (VDD = Min; Temperature = Max;

and WDT prescaler = max). it may take

severdl seconds before 4 WDT time-out occurs.

Clocking

Like all devices in the PIC family, the
PIC16CS4 can be operated in up to four
different oscillator options: LP; XT; HS
and RC. The most appropriate mode is
selected by the user to optimise clock
speed: power consumption; and external
components, Table 5 outlines the benefis
of each operating mode.

The user can program two configurations

¢ fuses (FOCSI and FOSCO) to select one

of these four modes. See later section on
Configuration Fuses 1o see how this is achieved.

Onee a clock mode is selected, there are
a number of methods of generating the
clock. These range from crystal oscillation
0 a low cost resistor/capacitor combination,
as shown below:

9 External Crystal (LB XT and HS modes)
For highly accurate clock control, an
external clock drcuit should be used, as
shown in Figure 2. Here, a crvsial or
ceramic resonator is connected to the
OSC1 and OSC2 pins to establish a clock.
Crysel resonators are suitable for all clock
modes (LB XT and HS modes), while
ceramic devices can only be usexd for higher
aperating speeds (XT and HS modes).
Tables 6 and 7 highlight this distinction.

@ External Clock (LB XT and HS modes)
The PIC microprocessor can be driven
using an external clock, as shown in
Figure 3. This option is ideal for systems
where a clock already exists. The clock
maode is selected by appiyving selecting
the appropriate fuse combination, and
applyving an external clock pulse within
the appropriate tolerance bands,

¢ Internal Componenis (RC mode)

For timing insensitive applications, an
external RC clock offers component and
cost savings. The RC oscillator frequency
is a function of the supply voltage, the
resistor (Rext) and capacitor (Cext)
values, and the ambiear temperature.
Figure 4 shows how the R/C combination
is implemented. For Rext values below
2-2kQ, the oscillator operation may
become unstable, or stup completely.
For very high Rext values above say 1MQ,
the oscillator becomes sensitive to noise,
humidity and leakage. Microchip recommend
that Rext is kept berween 3 and 100kQ.
Although the oscillator will operate with
no external capacitor (Cext = 0pF), a value
above 20pF should be used for noise and
stability reasons. With no or a small external
capacitance. the osdillation frequency

will vary deamadically due to changes in

external capacitances, such as PCB race

capacitance or package lead capacitance.

For these reasons, it is recommended that

the novice developer use either a crysial

or ceramic clock, since this avoids

unnecessary complication.

HS 4MHz to 10MHz

RC 0 to 10MHz

clocking speed

Clock Speed Power consumption Clocking Methods
Configuration —assumes no I/0
LP 0 to 200kHz Low: Approx 90ma Crystal resonator and Extemal clock
XT 100kHz to 4MHz Medium: 110 to 150mA Cnystal resonator, Ceramic resonator

High: 150 1 170mA

Variable — dependent.on

Table 5. Clock performance and current performance versus current consumption.

and Extemal Ciock
Crystal resonator, Ceramic resonatar
and Extemal Clack

Sleep - Power Down Mode
Power down mode is entered by executing
a SLEEP instruction. If enabled, the
Watchdog Timer will be cleared but keeps
running, the hit 70 in the STATUS register
is cleared, the 1o bit is set, and the
oscillator driver is turned off. The VO
ports maintain the status they had,

before the SLEEP command was

executed - driving logic high or low,

or high impedance.

For lowest current consumption in this
mode, all VO pins should be either at Vob,
or Vss, with no external circuitry drawing
current from the 1O pin. O pins that are
in the High z mode (unconnected or
unused) should be pulled high or low
externally to avoid switching currents
caused by floating inputs. The RTCC input
should also be at Vi, or V< for lowest
currentconsumption.

Wake Up

The device can wake up from SLEEP
through one of the following events:
® External reset input on MCIR pin

@ Waichdog Timer time-out reset
(f WDT enabled)

@ Interrupt from INT pin, RB port change
or datz EEPROM write completion

The first event will cause a device reset
proper. The two ktter events are
considered a continuation of program
execution. The Toand b bits in the
STATUS register can be used 1o determine
the cause of device reset pp bit, which is
set on powerup is cledred when SLEEP is
invoked. 7o bit is cleared if WDT time-out
occurred and caused wake-up.

When the SLEEP instruction is being
executed, the next instruction is pre-ferched.
For the device o wake-up through an
interrupt event, the corresponding
interrupt enable bit must be set (enabled).
Wake-up is regardless of the stare of the
GIE bit. If the GIE bit is clear (disabled),
the device continues execution at the
instruction after the SLEEP instruction.

If the GIE bit is set (enabled). the device
executes the instruction afier the SLEEP
instruction and the branches w the
interrupt address (0004h). In cases where
the execution of the instructon following
SLEEP is not desirable, the user should
have a NOP after the SLEEP instruction o
cause a delay. The WDT is cleared when
the device wakes-up from sleep,
regardless of the source of wake-up.

Configuration Fuses
The PIC16CS4 has five configuration fuses
which are EEPROM bits. These fuses
can be programmed (reads ‘0") or left
unprogrammed (reads '17) to select
various device configurations — they

are mapped in program memory at
location 2007h. This is bevond the

user program memory space. In fact, it
belongs to the special test configuration
memory space (2000h 1o 3FFFh). By
executing a special configuration mode,
these locations can be accessed during
programming, Figure 5 shows the
various fuse options.
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‘ Oscillator Type |

Resonator Frequency | Capacitor Range
. (MHz) | C1and C2 (pF)
‘ AT | ass | 150-330
| | 2 20-330
| 4 20-330
HS 10 20-200
Table 6. Capacitor and selection for ceramic resonators.
Oscillator Type Frequency | C1 (pF) C2 (pF)
i | 32KHz 20 30-50
100kHz 15 i5
200kHz 0-15 0-15
XT | 100kHz 15-30 200:300
| 200kHz 15-30 100-200
455kHz 1530 15-100
1MHz 15-30 15-30
IMHz i5 | 15
AMHz i5 | 15
HS AMHz 15 15
10MHz 15 i5

Table 7. Capacitor selection for crystal oscillators.

Locations

The PIC16C84 has four ID locations (2000h
to 2003h) mapped in the test program
memory for storing code revision number,
manufacturing information or other useful

mformation. As with the configuration word,

these locations are readable and writable
through a programmer. They are not
accessible during normal code execution.

If the chip i code proteaad, it B recommended
thart the user uses only the lower seven bits
of the ID locations and programs the higher
seven bits as 0", This way; the 1D locations
will be readable even after code protection.

Code Protection

The code in the program memory can be
protected by blowing the code protect fuse
(CP). When code protectsd, the contenis
of the program memory cannot be read
out in a way that the program code can
be reconstructed. In addition, all
memory locations are protected against
re-programming. The code protecied
data EEPROM can be read and updated
by the CPU in normal operation. All
EEPROM data memory locitons cannot
be programmed nor can they be read

out in normal operation.

Once code protecied, the CP fuse
can be ermsed only through a chip enase
A chip erase will erase EEPROM program
and data memory before emsing the
code protect fuse.

Next Month

Next month, we'll look at how the PIC
family of microprocessors interfaces
1o the ousside world, before we sun
building code for the PICI16CS4. Later
parts of the series will ke a detiled
look at a number of development
and simulation systems for the PIC
microprocessor family, including

the low-cost Maplin PIC16C84
Programmer.

Reader Opportunity

We are hoping to complete the
series by examining a number

of case studies, to show how users
have built applications using the

PIC microprocessor. If you think
you've designed a PIC based system
that you think readers might like

to hear about, please write to
Stephen Waddington,

Electronics and Beyond,

Maplin Electronics PLC,

Maplin House, 274-288 London Road,
Hadleigh, Benfieet, Essex SS7 2DE
or e-mail swaddington@cix.
compulink.co.uk. We'll give

Maplin gift vouchers to the designer
of any PIC-based system featured.

13 54

bit0

e | pwrTE

WDTE FOSC1

FOSCO |Addr: 2007h

OSC selection fuses;

FOSC1, FOSCO:

00:LP oscillator
01:XT oscillator
10:HS oscillator
11:RC oscillator

WDT enagble fuses;

WDTE=1:WDT enabled
WDTE=0:WDT disabied

Power—up timer enable fuse;

PWRTE=1 power—up time enabled
PWRTE=0 power—up timer discbled

Code protection fuse:
eP=1

code protection off

CP=0 code protection on

Figure 5. Configuration fuses.

Unimplemented. Read as '1's.
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Tel: (01698) 883334 Fax: (01698) 884825 )
Technical Help Line: (01698) 884585
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We have the World’s Largest Selection of:
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E-mail your

views and comments to: =

AYV@maplin.demon.co.uk

Bright to Reply
Dear Editor,

1 wais most interested to read
D. Becker's lenier in Issue 107,
pointing out some ermors in my
Tamp/LED Brightness Control
Circuits” feature in Issue 104
In the feature, T claimed that
the hot-to-cold resistance mtio
of the average filament bulb is
typically 4:1, but as Mr Becker
poinis out, this is a considerable
underestimaie, and the rue
ratio is typically abour 12:1.
Consequently. Figures 1 &3
of the original article are also
i rect, and should be
replaced by the anached
dingrams (reproduced below —
Fd.). Note that the original

pure 2 ‘rheostat’ circuit actually
enibles the limp power o
be varied over a 20:1 range;
rather than the mere 12:1
e claimed in the arricle.
ganding MrBecker’s claim
that my article implied that lamp
brilliance is proportonal w
power dissipation, well, it is
proportional, in theSense that

Write to:
Electronics
and Beyond,
P.O. Box 777,
Rayleigh,
Essex SS6 8LU

the Lump gets brghter when

the power is increased and
vice-versa, bur the relationship is
quite obviously not a linear one.
and I never claimed that it was.
Tungsten filament lamps are
very crude devices, with power

to-light enerpy conversi
efficiencies of only a frction

of 1%, and most of their
radiared output s in the
infra-red, ratherthan the

visible, range. The human

eve, for example, responds 1o
light wavelengths in the 04 10
0-7um mnge, with its scasinvin
peaking at about (-54pm:
Timgsten lamps give light'
oufputs that peak in the invisible
infra-red range. typically at
berween 0-8 and 1-Tpgm. At
maximum power, only about

25% of their radiated energy falls
within the visible light spectrum,
and at one renth of maximum
power, the visible light” igure
fulls to about 10%. Regarding
the rest of Mr Becker's leuer,

1 found it all quite fascinaring and
— [0 use a pun — ifluminaring.

O

Ray Marston, Essex.

i
Ei 12R
B
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In this issue, P J. D'Alquen of Pickering,
North Yorkshire wins the Star Letter
Award of a Maplin £5 Gift Voucher

Jor the following REValations.

& 5/MAPLIN

GIFT VOUCHER

: A curious phenomenon for a
\" : Digital Tachometer to exhibit,
: but at least the readings it

: shows provide information

: of some value, particularly

- if it helps save fuel! To give

: credit to the circuit design,

Dear Sir,
We had a strange problem
with the Digital Tachometer
project featured in Issue 20. : your particular example is
Ourapprentice said that she : the only one that has caused
would like to fit one 1o thevan,~; any (";i::ﬂea} Pfﬂk’?rient‘l'f -
so 1 ordered a kit for her to i ‘AmOng the many Xis tha
build: She duly buile it and did rava beor sokl. Therefore,
) D ¢ it would seem that the
d very got 1-_(] and ¥_m_~rt'.~»-u_.-n;ﬂ  problem lies with either the
jobiincluding a nice plasticard = way the project has been
box for it to sit in. It set up ¢ builtinstalled, or a peculiar
beautifully on the bench. - feature of the van’s
displaving 15 for a S0Hz 12V AC : ignition/electrical system.
input. However, when fitted : The strange response to
to the vehidle; it displaved £, tiuottls gpecing coiid be
(3 and nothing else. The van 3, 9w 10 Sometning simplor
i SRR N : than you suggest. It is
is & Ford Escort 1:6 with : possible that the earthing
electronic breakerless ignition. strap which normally connects
After modifving the input : between the engine block
dreuitry with the help of : and the body is not making
Maplin’s technical advisors, : tg:‘}ldttc:unta:!t};lwg? t:“‘ tre&‘:“
we got it sunning bur it was ; Thalne earting 1o insiea
hu;\i-icswh imuir‘ic. ;t ;" eaqeTing Via the tHiathe
o T ) : cable (in addition to other
seemetl 1o dislike the RF * engine-to-body attachments,
bursts which occurred when : perhaps). Thus, when the
a plug fired. Both ourselves : thratile is operated, the
and the rechnical advisors an © bowden cable moving within
out of ideas. We evenually : the outer sheath causes the
agreed thar it was nota : resistance of the earth to
suitable desien for thar aitor, op sett[ng the voltage
: S : : level appearing at the
particular ignition design. . tachometer input. It could
However. in the year since . be worth moving the existing
it was fitted, a stminge effect : tachometer earth connection
has been noted. It may be a - to a different point on the
poor reveounter for this : van’s bodywork/wiring loom
vehicle, burit is a superb : (ry temporarily connecting
econameter! That is, it . the tachometer’s ‘+V' and 'OV
responds 1o the amount : terrrnnals Cwestly axsass 1o
= = i e - van's battery to be sure of a
of throttle upcrun_g G HEZ = goad SI.IFIP‘)"]- The prohlem
down a'slope at 60mph with - could also be caused by
the throtile closed, it reads vibration when on the move,
29-20, which is very nearly . or when the engine is pulling
spot on for revs. However, ?[:::)g]zaﬁd::nﬂr:l g:ﬁt[];mme
when climbing a slope at the 5 £ i
‘?'11':'::: \]'\!thx i”i‘?\j n: 1:1 ‘r: l!l}llL i Siectical coutiot: ey
SR : + : also be beneficial to provide
o full throtle, it reads 3952 © screening for the unit,
and can be brought back o . e.g. a metal box instead of
29-30 by just closing the - the plasticard one, to prevent
throttle. The relationship - stray electrical signals from
between open and closed :f:emihtim:: circuit. & ol
throttle appears to be linear AlenmaiielyE Sceeiing ool
above 3,[&11['1.—;31;1 in any gear. . Seadied ta the e ob the
With elosed throtte at “;1} i ouIsUng plationy haw, Using
£ £ £t : conductive paint (FY72P),
t:}}t_‘i:Li\'. the i'i:fj(_iil'lg agrees _ nickel SBIEBI'IiI'Ig spray [DMlﬂ'LI
fairdy closely with the correct . or aluminium tape (KW30H) —
revs. How this is occorring ¢ taking care to avoid short
beats me. Is it the fact that . circuits. Without knowing the
the voltage necessary 1o fire : exact output signals of the
3 g : vehicle’s ignition system in
a plug depends on the ]
Sy ey Vs : response to throttle opening,
dynamic compression mtio, it is impossible to be more
which is. of course, affected : specific about why the
by throttle opening? Tdeas : tachometer should be
please; somebody. i behaving in this way.
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On a Lighter Note

Dear Sir,
Further o D. Becker's

leter in Issue 107

about

> hotto-cald resistance

citio (=%7.) of filament

lamps. this is simply determined

by the tempemure cocfficient

nce of ngsten.

ard filament material.

Scope for
Improvement?

Dear Sir,

Referring 1o the circuit
dingram of the Remote
Control for Lights transmiitter
(Tssue 107, 3
is stated that ‘DY protecs
the darcuit if the battery

39, it

The usual method of reverse polarity
protection, that of wiring a diode in
series with the supply rail, can be
inconvenient on some circuits due
fo the 0-7V or so voltage drop
across the diode. This is particularly
important on battery powered circuits
(such as remote control transmitters),
where as long a battery life as
possible is desirable; the 0-7V
difference ‘gained’ by instead wiring
the diode in reverse bias across the
supply rails could be equivalent to

equipment. Ray Marsion's article
‘How to Use LCD Dignal Panel
Meters” (Part 4, Issue 79, Figure 38)
is exactly what I have in mind
(in kit form). I have built the
Ultrasonic Detector and at present,
have it combined with a self-made
analogue frequency meter, but
would prefer an LCD readout.

F. Wils son. S"afnamu_h.

is connected incorrectly”

A working : a few more weeks/months before
¢ is known I Wl yes, itdocs. But . a battery change is necessary

- éan B calesilatedl. T : unless you are guick m (0-7V being almost 8% of 9V). In

is noFmaty at least 10:1 notice the error and disconnect . aI“}’ cas_e,d'rf the SUPFIY'I?.lﬂf:ﬁt;;Sa
for adequate visible light : the bateny; \. :L‘l will have E:;;?y':ﬁ;f;ﬁ §2Sth‘:rttmtnsemMEr).
output. In low voliage P oavery hit diode and a the chances of the battery being
bulbs, the i very flat alkaline bauery connected the wrong way round
The orhodox protection for long are, shall we say, remote!
is preferble. In the same

. = @SecascROOROOPORORPRROODODOS
issue, I greatly enjoved :
oure for the Greg Grant's article on Return to Format ,
alone. The * the Eardy Oscilloscopes. : _
urther increased I Obviously, no article can : Dear Sir, :
: Many thanks for returning to your _ :
onginal stvle of rmat for the 9697 ¢
Catalogue. The 9596 version was
exasperating, 1o say the least. How
aboui a project for an LCD freguency
counter? This could be based upon
your 12-5mm LCD DPM module
(or similar), with perhaps five
MEASUTEMEnt ranges, Covenng
OHz w 19-999MIHz and with input
sensitivity of 200mV orless, ifthe
(9V) supplv’s negative mil isat
common earth level, the DEM
could be incorporared into portable

We are pleased that you like the
revised style of the latest MPS
Catalogue, and thank you for the
project suggestion — which is now
in the hands of the development
laboratory engineers.

ermal connecting
nee can increase
RC value sufficiently o

W IrL TEsSist

Readers Letters

We very much regret that the
editorial team are unable to
answer technical queries of
any kind, however, we are
very pleased to receive your
comments about Electronics
and Beyond and suggestions
for projects, features, series,
etc. Due to the sheer volume
of letters received, we are
unfortunately unable to reply
to every letter, however, every
letter is read — your time and
opinion is greatly appreciated.
Letters of particular interest and
significance may be published
at the Editor’s discretion,

Any comespondence not
intended for publication must
be clearly marked as such.

O s I!'!?.L‘s’. hat

by an improvement such : cover all early types, but

; I think e Cossor Double-
beam “scope of the 19305
is worth mentioning. The
“‘dual beam’ faciliny was
achieved not by chop-

oralternate switching

At IHPJ.‘_ 14
!.umx‘.: s efficienc

circuits, but by (literally

Wi,

Thank you for this information. :
However, attempting to S owitha
measure the working :
temperature of a lamp =
filament could prove :
to be easier said than done!

splitting the beam in

parte electrostatic
deflector plate for each

half of the beam

Ron Cook, Frome, Somerset
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[0 miss a single issue of your
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Why not ask your local newsagent
[0 reserve or deliver every issue
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Diary Dates

Every passibie effon has besn mads

to ensure that information presented
here is comect pror 1o publication.

To avoid disappointment dues to late
changes or amendments, please contact
event organisations to confirm details,

November 1996

1 to 3 November. Acom World
Computer Show, Ulymgpia, London.
Tel: (01295) 788386,

6 to 9 November. Appls Expo, Ohmp‘ a,
Landon. Tel: (0171) 388 2430

9 to 10 November. Radio Rally, Lisndudno,
Norin Wales. Tel; (01707) 6590135,

11 November, System Approach to
Manufactuning, IEE, Savoy Piace,
London, Tel: (0171) 3445427,

11 November. Sounds of Yesteryear,
Stretford-upon-Avan & District Radio -
Society, Tiddington, Stratford-upon-Avon.
Tel: (01789) 773286.

18 November. System Approach to
Manufacturing, [EE, Savoy Place;
London. Tel: (0171) 344 5437,

25 November, Night on Alr, Stratford-
upon-Avan & District Radio Society,
Tiddington, Stratford-upon-Avon,

Tel: (01789) 773286.

26 November. Manufacture —
Save Time, Save Money, IEE, Savway Pace,
London. Tel: (0171) 344 5437,

December 1996

3 to 4 December, DSP UK — Digital
Signal Processing Exhibition, Ramada
Hotel, London. Tel: (01B1) 547 3947.
3 to 5§ December. Intemational
Online Information Exhibition, Ramada
Hoted, 1 ondon. Tel: (01865) 730275.

7 December. RSGB Annual Mesting,
Lendan. Tel: (G1707) 652015,

8 December. SDX Clustsr Suppon Group
Electronics & Computer Rally, Maohill
Community Centre Halis, Manhill Road,
Glasgow, Tel: (0141) 638 7a70.

9 December. Quiz. Statford-upon-Avon
& District Radio Society, Tiddington,
Strstford-upon-Avon, Tel: (01788) 773286,

25 December. Chnstmas Grestings on A
Strationi-Upon-Avon & District Radio Sockty,
Tiddington, Stratford-upon-Aven,

Ted: (01789) 773286,

January 1997

13 January. Annual Dinnes/Social,
Stratford-upon-Avon & District Radio
Society, Stratford-upon-Avon,

Tel: (01789) 740073.

19 January. Oldham ARC Mobile Rally,
Quasn Elzabeth Hall, Crac Centrs;
West Sueet, Oldham, Lancashire.

Tel: (01706) 846143

22 to 23 January. Sensors and
Measuremant Instrumentation, NEC,
Birmingham. Tel; (01822) 614671,

27 lanuary. Members Evening/
Demonstrabion of home-built equipment,
Stratford-upon-Avon £ District Radio
Society, Stratford-upon-Avon.

Tel: (01789) 740073,

February 1997

10 February. Hichen Table Metai Bashing,
Stratford-upon-Avon & District Radio
Society, Stratford-upon-Aven,

Tel: (01789) 740073.

16 February. 5th Northem Cross Radio
Rally at Thomes Park Athletics Stadium,
Wakefield, Details from Pete Smith
GOBQOB, Tel: (01924) 379680.

24 February. Test Equipment,

Bring Your Equipment for Checking,
Statiord-upon-Aven & District Radio
Sociely, Stratiord-upon-Avon,

Tel; (01789) 740073,

R R RN ]

Please send details uf events for
inclusion in ‘Diary Dates’ to: News Editor,
Eiectronics and Beyond, P.0. Box 777,
Rayleigh, Essex SS6 BLU or e-mail to
swaddington@cix.compulink.co.uk.

What's On?
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NetWorld+Interop
Paris Winners

From over 23{) exhibitor entries, Checkpoint
Software Technologies led the NetWorld+Interop
Paris best of show awards unveiled on October 9,
as the overall Grand Winner for its Firewall-1 v.3.0.
The judging panel of nine Data Communications
editors also chose six networking winners from
different technology categories and one Best
European Product winner. Data Communications
selected these produas based on their innovation in
the networking and distributed computing industries.
Checkpoint Software’s Firewall-1 v.3.0 was chosen
as the Grand Winner for its wealth of new features,
such as contralling access, content, and connections
from a single platform. Besides offering sirong
security and wire-speed performance; Firewall-1
now delivers integrated virus checking, Java
security: URL screening, and load balancing.
France Telecom received the Best European
Product award for its Global Intranet Solutons,
a world-wide IP nerwork of services that includes
Messaging, groupware, and directory and
Web-hosting services.
The six best of sbow winners in each category were:

% Best Nerworking Software Product: Forum Mail
from Telis/ Worldalk. This category included
network services software (directory: print. and
fax communications) and network applications
(databases, Messaging. and groupware).

@ Best Telecommunications Product or Service:
Northern Telecom’s Voice Switching over ATM.
This category included public and private
wide-area services and equipment. value-added
services, and wireless dam networks.

@ Best LAN Produc: Fluke's One Touch.

This caregary included servers, NIGs,
storage, cabling, and printers.

We reckon the horest product at
Networld +Interop was SoftQuad’s HoTMewlL
PRO HTML authoring tools. The new version
raises the bar on HTML publishing by
incorporating many new features and
enhancements geared o providing users
with a very powerful and easy-to-usc
environment for creanng and editing
documems for delivery on corporate
Intmanets or the Internet:

HoTMewml PRO 3.0 is focused on usability,
while providing Web authors with a publishing
ool that incarporates the most recent and
exciting advancements in HTML (3.2). It enables
users to import documents regardless of their
orgin, and to viswally piece them together in
Web pages using any of the new HTML features,
like tables and frames, very quickly:

4 Best Internev/Intranet Product or Service:
Firewall-1 v3.0 from Checkpoint. This category
included Web servers and browsers, Intemet
access services, Internet-specific security,
and connectivity products and services.

4 Best Internetworking Product: IBM's
Multiprotocol Switched Services Server: This
category included LAN and campus swirches.,
hubs, routers, and other connectivity devices,
as well as remote access and branch-office
networking equipment.

Passport ATM Enterprise switch from
Nortel Magellan.

@ Best Network or Svstems Management or
Network Analysis Product: Infovistas™ Infovista.
This caregory included systems and utilities for
managing nerwaork devices and applications
software, and network analysers and applications,

Location: | hiip://wsw.soltquad con/
| What's New! | What's Cooll | Handbook || Net Se

@SoftQuad

PRODUCTS AND SERVICES

CUSTOMER SERVICES

ONLINE REGISTRATION
S SUPPORYT CENTRE

S LATEST HTML EXTENSIONS

—
POINT
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Contact: RGSB, el (01707) 659015.

Young Amateur of the Year Announced

This vear's winner of the RSGB Young Amateur of the Year award is 14-vear old
Christopher Davies, MOAAU, from Shrewsbury in'Shropshire. The runner-up is
Benjamin Clarkson, GTWHO, also 14 years old, from Reading in Berkshire.

The two boys received their prizes from the Radiocommunications Agency (RA), ESGB,
and industry; at a special ceremony on 6 October at the RSGB HF and 10TA Convention
at the ICL Beaumont Conference Centre in Old Windsor. The prizes were presented by
Roger Louth on behalf of the RA: RSGB President Peter Sheppard, G4EIP; Peter Simpson
of Wray Castle; Dennis Goodwin of lcom (UK); and Tom Croshie of Lowe Eléctronics.

r!g&i' Peter Sheppard (G4EIP), President of RSGB;
of the Year 1996 Christopher Davies (MOAAU);
n]amln Clarkson (G7WHO); and Roger Louth of the Iu.

Techniques of Today’s Movue Magic

Movie Magic with Digital Imaging
fechnology was the topic chosen for the
Narional Leciure of The Institution of
Electronics and Electrical Incorporated
Engineers (1EEIE) given on Ocober 21,
by Peter Owen, dircctor of Quantel.

With the movie world celebratng one
hundred vears of dnema, the echnical and
creative developments made during that

Inaugural Forum for
Business on the Internet

I'he first forum for business users of the
Internei has been set up by the Elecironic
Commerce Association (ECA). The newly
created “Business on the Internet” Interest
Section will operate as a perimanent forum
for the exchange of ideas, information and
experence, as well as providing advice and
guidance, It was set up in response to ECA
members keen to explore and exploit the
business porential of the Internet, but also
anxious to understand the pitalls and
drawhacks.

ECA Chief Executive, Dr Roger Till,
welcomed the bunch of the new group,
saying, "The unprecedenied explosion of
interest in this aspea of the Information
Superhighway underlines the need 1o

AL\ elop best business practice principles

- the Internert and the Web —in much

the same way as we have been doing for
other aspecis of electronic commerce,

like electronic data interchange (EDI).
There is also a clear need fora source of
sane and sensible advice on the whole subject,
something we are well placed to provide.”

The Business on the Internet Interest
Section’s terms of reference include

timie have been amarzing. Daring the lecture,
Peter Owen gave an insight imo the
¢ advances of film making, from the early
i wrick effects, such as shooting against false
backgrounds and painting on images,
through 1o the elaborate methods in
: cuarrent use and the development of
¢ television and the digiml video recorder.
Contact: IEEIE. Tel: (0171) 836 3357.

Adam James,
Young Engineer
for Britain 1996.

Adam Braced for
Engineering Success

A revolutionary method of ireating serious wrist
injuries, which could make plaster casts aheolete,
has earned an 18 vear-old Welsh student the
coveted title of “Young Engineer for Britain 1996".

Adam James, of Y Pant Comprehensive,
Pontyclun, Mid Glamorgan was announcexd
winner of the annual competition at an
awards ceremony ar London’s Heathrow
Airport in late Seprember.

Adam’s innovative wrist brace is a fluid-lined
plastic sleeve which, in addition o being more
convenient to wear than the taditional plaster
cast, is more effective in the repair of fmcures.
He developed the brace, which is currently
undergoing 4 12 month programme of medical
trials, after a friend suffered a second fracture
when his wrist was already in plaster.

Success in the competition wins Adam
a cash prize of £1,000, a trip on Concorde
and a £1.500 award for his school to buy
ErgIneerng equipment.

Contact: Young Engineers for Britain,

Tel: (0171) 240 7891.
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The Electronic Commerce Association

Ramillies House, 1-9 Hills Place, London WIR 1AG, UK B
Tel +44 171 432 2500 Fax +44 171 432 2501

Promoting better business practices through the use of

Emall: ops@sca orguk

Electronic Commerce.

developing best business practice,
contributing o developments, representing
UK users, providing advice and working
with service providers to meet the

business community’s needs.

Initially, the group will focus on concerns
such as security, intellectual property righis,
and best business practice on the Internet.
In a parallel move; Intermet Service
Providers (ISPs) are being invited to
join the ECA Suppliers Section.

The new Business on the Internet group
joins existing ECA Interest Sections and

Advisory Groups which focus on Accountanoy:

Communications & Software, Finance,
Healtheare, Interactive EDI, Legul, Logistics
& Transport, Public Sector, Security and.
more recently; groups representing SME
(Small & Medium Enterprises) and Suppliers.
Dr Roger Till summed up saving,
“We are delighted with the response so far,
and are keen to encourage many other
0Organisations 1o join us to ensure that
the UK business community takes full
advantage of this exciting new medium.”
For further details, check:
http://wew.eca.org.uk.
Contact: ECA, Tel: (0171) 432 2500.
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of the more —and less — familiar names,

uncovering some ingeresting facts, not a
few false trails and many a contradiction
along the way.

Two layers of it in fact, the combination
described by a single word first used in this
context by a radar pioneer. All near, well defined,
sorted. if vou will. Yet, it didn’t begin that way:
a great deal of work and not a few names
wenl into the final picture that is Figure 1.

On December 12th, 1901, Marconi broadcast
the letter 'S” from his radio installation at
Poldhu, Corawall to a similar setup he had
buile at the appropriately named Signal Hill,

I n this occasional series, we look at some

A Great Atmospbere!
by Greg Grant = |

What'’s in a name? Frequently, a great deal,
sometimes, nothing at all. Our profession —
communications engineering — is littered with a wide
variety of names, many of which are used daily,
without any idea as to why they are so prevalent.

WHAT’S IN A NAME

Newfoundland. When, four days later, he
informed the world’s media of this feat, he
was treated with considerable scepricism by
both the national press and the technical
journals of the day. The latter thought that
he'd challenged the fundamental laws of
electromagnetic waves. There was, nevertheless,
the niggling question of how mdio waves had
managed to bridge 3.000- odd miles of occan.
By the followmg yedr, a teniative answer
was put forward by two sciendsts; firstly, the
British physidsemathematican, Oliver Heaviside,
secondly, Harvard's Professor of Electrical
Engineering. Arthur Kennellv. They suggested
that Marconi's signals had been reflecied

lonosphere
80=400km

Stratosphere
10~-80Km

Figure 1. The lonosphere.

Anpleton Layers

Heaviside=Kennelly Layers

Troposphere to 10km

FalLayer

E Layer

D Layer

back to earth by a conducting laver in the upper
aimaosphere. Kennelly put forward his ideas in
the journal Electrical World, Heaviside in the
latest edition of the Enayclopaedia Britannica.

Neither man offered any deeply scientific
¢ explanation for whit they'd proposed, although
Heaviside had been one of the earliest
researchers into Skin Effect, providing a
great deal of the subject’s terminology and
mathematics, among which was the expression
Radio Frequerioy resistance. Kennelly, however,
did attempt 1o calculate the proposed layer’s
height, reckoning it 1o besome 30 miles above
the Earth’s surface, working on the assumption
that low pressure would aid conductivity:

Here, at least, was an explanation of soms
for what Marconi had claimed and, equally
importanily, it could be given a name swiftly
becoming the Kennelly-Heaviside or
Heaviside-Kennelly [:{\cr depending on
which side of the Arlantic vou were discussing,
dispufing or lecturing on the subject!

A decade later, Dr: William Eccles —the first
half of the FooelesJordan pannership—suggested
that what was doing the reflecring was ions in
the upper atmosphere and in 1913, the second
attempt to measure the laver was made.

Using the San Francisco Federal Telegraph
Company’s Arc transmitier, Lee de Forest,
inventor of the Triode valve, and Leonard E
Fuller made an interesting discovery. Signals
could fade at one frequency whilst increasing
at a frequency close to it This was because
the Arc transmitier was keved by moving the
frequency slightly from its working frequency
so that it could oscillate continuously: The pair
thought that the direct wave — the ground
wave as it would later be termed - could be
alternatively moving in and out of phase
with the sky wave.

de Farest aired his views in the "Procesdings
of the Institute of Radio Enginects’, noting
thar if the proposed layer was halfway benwveen
his transmitting and receiving locations, it
was some 62 miles above the Earth. Fuller.,
who continued the research until late in the
following vear, published a more dewiled
account of the expenments in the “Transacions
of the American Instinute of Eleciical Engineers’,

Amateurs too, were interesied in the
possibility of long distance communication
and. in fact. were the eadiest users of the
High Frequency (HF) band, the Short Wave
region of the spectrum. In the American rudio
amateurs’ jowrnal OST Magazine of May 1924,
Dr. A: Hoyt Tavior of the United States Naval
Research Inboritory. at once a phvsicist and
amateur radio enthusiast, wrote that there
wiis probably a complete reflection of radio
waves from an upper, possibly jonised, layer
of the atmosphere.

Eleven months later, another amareur,

John Reinartz, put forward the idea that the

reflection or refraction in the Kennelly-
Heaviside laver was a function of frequency:
He carried out a numbser of tests on 20m and
Glim, noticing that his signals, in contrast to
those of longer wavelengths, became weaker
after sunset. They were still, however,
received at a considerable distance.

Having travelled a short distance, the
ground wave appeared 1o fade totally but,
after a ‘dead’ area, re-appeared once more.
Reinartz’s observations were confirmed by
Hoyt Tavlor, who termed the ‘dead’ area the
‘Miss® or “Skip’ distance, the latter name
being that by which it is still known.

Another amateur who did much earlv work
on the characterstics of radio wave propagation
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was K. M. Jansky Inr. who suggested that
the distance a mdio wave travelled along the
ground was also a funcrion of frequency. He
was also of the opinion that the higher the
frequency; the greater the ground attenuation.

Despite these linle-recognised efforts, the
Kennellv-Heaviside layver was still regarded
as a single entity which, as we shall see, was
only partly wue. Shortly, scientists on both
sides of the Atlantic began a concerted effort
o understand the upper atmosphere. As a
result. names would change, designatory letiers
would come in, and the results would indicate
several other ways in which radio waves
could be generally beneficial.

In 1924, Hoyt Taylor and his Navv Research
Lahortory colleague, E. O. Hulburt, began
the task of analysing a large body of data on
successful shormwave mdio communication.
Their intention was to describe the
reflectve laver's world-wide characteristics.

Across the Atlantic, the British physicist,
Edward Appleton, began a now-classic serdes
of experimentis in which he had the British
Broadeasting Corporation’s (BBC)
Bournemouth transmitter vary its frequency,
whilst rhe received signal strength was
monitored and recorded at Cambridge:

The test armngement is shown in Figure 2

He thought that, for wavelengths of 300
w0 500m, there could be a point some 100 miles
from the transmitter at which the ground
and sky waves would be of similar strength
and so create considerable interference. He
confirmed this theory on the nights of the
1ith December 1924 and the 17th February
1925, the interference caused by the different

paths enabling him 10 measure the height of

the laver as 80 1o 90km above the Exrth. This
compared favourably with de Forest's 62 miles.

At dawn, Appleton discovered that the
Heaviside-Kennelly layer broke down. However.
there appeared 1o be signal reflections from
another laver higher up, at around 220km.
This was the first of his discoveries, which he
designated the E Laver. Shortly afterwands,
he discovered a second, even higher, laver
which he rermed the F Layer. When, finally,
he discovered yer another laver, this time
lower down, he allocated it the letter D.

He did this, he said. because there would
still be enough letters lef for other researchers,
should they discover further conducting regions
or lavers. Although the area he discovered
would come o be known as the Appleton
Layer, his colleague, Robert Watson-Watt,
later to become one of the British radar
pioneers, thought that the whole reflecting

-1H il‘e'..w:-t—r
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Figure 3. The daily and seasonal conditions of the lonospheric Layers,

region should be given a distinct designation

and proposed the term Ionosphere, which

was soon accepted internationally.

Although these regions are termed layers,
they overlap, forming a continuous, if non-
uniform, region of around four levels of
maximum intensite: The lower regions, the
Heaviside-Kennelly layers, are the result of
molecular onisation: the Appleton lavers of
atomic ionisation.

Figure 3 illustrates the daily and seasonal
conditions of the various reflecting layers.

The D layeris located between 55 and
95km above the Earth and its ionisation is
maximum when the sun is overhead. It
tends o impede shormwave signals, through
absorbing some of their incident power.

The most stable of the ionised regions is
the E laver. Tts maximum density increases
¢ from zero just before dinvn 10 its grearest
: value at noon. It then begins to decrease,

i reachingzero again shortly after sunset. lis
height vardes berween 110 and 120km.

I TheF layer is the most imporiant, reflecting

¢ radio signals up to SOMHz Its regular night
time height is 300km. a figure which falls to
200km during the day, when the region
breaks up into the F1 and B2 lavers. The
former acts like the D and E lavers, with
maximum density at noon. The laner
continues to exist around the clock, making
long distance communiciations possible.

i The study of the upper atmosphere was
reaily begun by Appleton who, between
1927 and 1932, developed his magneto-ionic
theory of the ionosphere. The practical result
of this was ionaspheric prediction, ¢nabling

: radio engineers to forecast, several months

¢ ahead, the most useful frequencies for long

¢ distance, day and night communication.

¢ As Appleton settled down to write up his

results, two American physicists, Merle Tuve

and Gregory Breit, used a different technique
to demonstrate that the atmospheric layvers
existed and what their respective heights

¢ were by transmitting pulses directly upwards.

Lsing the Naval Research I;ilmratnn

transmitter on a wavelengrh of 71 3m,

transmitting pulses of Yiawth of a second’s

+ duration, they estimated the height of the

ionosphere to be berween 50 and 130 miles.

To begin with, they received three,
sometimes more, echoes, the first from the
i direct wave between transmiter and receiver,
: the second from a conducting region some
60 miles up and finally, from another even
higher region. Tuve and Breit then varied
the transmitted pulse’s frequency and found
that there was always an upper frequency at

¢ this the Critical Frequency, an expression

: still with us today.

The Appleton and Tuve-Breit experiments
were repeated around the world and it soon
i became evident that this Critical Frequency
¢ waried according to the time of day, the
¢ seasons and the geographical location.
Increasingly wo, engineers discovered that
¢ the conducting livers were considerably
¢ influenced by solar activity generally,

particularly the 11 veur Sunspor Cycle.

! Indeed, the early research on this subject

i was another of Appleton’s originations.

! These experiments were the earliest
examples of what the British would later
term RADIo Location And Ranging which, in
the hands of the Americans, would become
the acronym RADAR, a subject I'll discuss
further in Part 10.

which no signal was reflected. The pair termed -
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olid stare audio-frequency delay
Smm are widlely used in modern

music and audio systems. They
can be used to produce popular sound
effecis such as echo, reverb, chorus or
phasing 1 music and karaoke systems,
rare effects such as ambience synthesis
or pseudo ‘room expansion’ in expensive
Hi-F1 systems, or 10 give predictive/
anticipatory effects such as automatic
pre-switching in cassette wpe recorders.
Also, they can be used for click/scratch
climination in record (disc) players,
or to enhance message intelligibility
in multi-output public address systems by
inserting correctly balanced acoustic delavs
between individual loudspeakers., erc.

Modern solid-state audio delay-line

systems can be built in either analogue
or digital form. In the former case, they
are built around one or more dedicated
analogue delavline ICs, and in the lauer
case, dare usually built around collections
of ICs such as D-to-A and A-10-D
converters, RAMS, and a varietry of less
exotic digital ICs. In both cases, the
delay-line syvstems are driven via “clock’
waveform generators, and the delay period
is controlled by the clock frequency.
This new 4-part series explains the
operating principles of both systems,
and shows how dedicated analogue
and digital delay-line 1Cs can be used
in practical delayvline systems.

Audio De

Yo lEM

-line

S AND

UITS

by Ray Marston

Ray Marston explains audio delay-line principles in
this opening episode of a new 4-part series.

- Audio Delay-line Basics

An audio delay-line is a unit in which an
audio (usually speech or music) signal is
applied to the line’s input, and an identical
copy of the signal appears at the line's
output but is time-delaved by a pre-set
amount (usually in the mnge 1 (o S00ms),
as shown in Figure 1. Figures 2 o 4 show
some simple delay-line applications.

Figure 2 shows a delay line used to give
a double-tracking effect, in which the delay
is in the range 10 1o 25ms and the delayed
and direct signals are added in an audio
mixer o give a composite “two signals’
output. If a solo singer’s voice is plaved
through this unit, the output sounds like
that of a pair of singers in very close
harmony. Alternative names for this tvpe of
dircuit are mini-echo and mini-chorus.

Figure 3 shows the above circuit modified

to act as an ‘echo’ unit. In this case, the delay

line's output is atenuated before being added
to that of the direct input, and the “delay”

time is in the range 10 to 230ms. At sen level,

at a temperature of 20°C, sound travels
through the air at a speed of 0-343m/ms.
Thus, if this unit gives a delay of (for
example) 20ms. its output will sound like
the original signal accompanied by a single

echo that has bounced off a surface that is

3-43m from the original sound source.
Note that this circuit produces only a single
echo, bur thar the echo volume is varable.

Figure 4 shows the above circuit modified
to act as an echo/reverb unit that produces
multiple echoes (reverberation). This eircuit
uses two mixers, one anead of the delay line
and the other at the outpur. Part of the
delay outpur is fed back to the input mixer,
so that the circuit gives echoes of echoes of
echoes. eic. The reverb ume is defined as
the time takes for the repeating ¢choes ©
fall by 60dB relative 1o the original input
signal, and depends on the delay time and
the overill aenuation of the feedback
signals. Echo delay time. echo volume and
reverh tinie are all independentlv variable.

Prior to the end of the 19605, circuits
of the above types were usually built
around electromechanical devices such as
coil-spring delay lines or continuous-loop
ape recorders. Coil-spring units rely on
the facr thar acoustic vibrations wavel quite
efficiently along steel wire that is under
tension, and that considerable lengths of
such wire can be housed in a relatively smali
area by winding it in the shape of 2 coil-
spring. A 100-turn coil-spring that is Scm
in diamerter and 25cm in length may, for
example, contain about 15-5m of sieel wire,
and un acoustic signal tkes abour 45ms to
travel such a length. Pmctical coilspring
delay lines have an eleciromagnetic
(coil-and-magner) driver at the 'input” end
of the spring, and a magnetoclectric
(magnet-and-coil) pickup at the ‘output’
end. Figure 5 shows the basic way of
using such a unit.

Continuous-loop tape recorder delay
lines operate in the basic way illustrated
in Figure 6. The unit has separie erase,
record and replay heads; the input is applied
to the record head, and the time-delayed
output is taken from the replay head.

The delay period (in seconds) equals the
record-to-replay head spacing (in cm)
divided by the tape speed in em/s. Thus,
at the normal ape speed of +-75cms, the
delay equals 300ms at a head spacing of
1-425cm. In pruactice, the ape speed is
typically variable from (abour) 0% o
200% of nominal, enabling the delay
period to be varied between 130 and
600ms in the above example.

‘Spring’ and ‘rape’ delay lines are delicate
devices with very limited delay-period range
control. In the early 1970s, both tvpes of
device were made obsolete by the arrival
af a new type of integrted drcuit that is
variously known as a charge-coupled device
(CCD) or bucket brigade delay line (BBD).
In essence, these ICs house a chain of
hundreds of IGFET-plus-capacitor
sample-and-hold analogue storage
elements thar act like chargestorage

AU Audio
et DELAY output | :
LINE: (deloyed) | i
i :
1
1
1 1
H !
out
Delay
i time
Figure 1. Basic audio delay line system.
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Figure 2. Basic double-tracking circuit.

&

Figure 3. Basic ‘echo’ unit.
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Reverb Figure 4. Basic ‘echo-reverb’ circuit.
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Figure 5.
Basic coil-spring oV ov
delay-line usage circuit.

‘buckers’ (henee the bucket brigade title)
which are interconnected via IGFET
electronic switches that are clocked via
an external 2-phase generator so that the
IC acts like an analogue shift register.
Analogue samples of the input signals are
clocked ia at the front of the bucket chain,
and are clocked out in reconstructed
time-delaved form at the chain’s end.
The IC's delay time is proportional o

its number of ‘hucket” stages and 10 its
clock-frequency period, and can easily

be varied (via the clock generator) over

a very wide range. Such devices are thus
robust and versatile and require very
little external support circuitry; other
than a clock generator and a couple

of simple active filters.

BBD Principles
The first primitive BBD IC was developed
by Philips Laboratory in 1968, and in use
was connected into the basic circuit shown
in Figure 7. Here, the audio input signal
is ACcoupled to the IC's IN terminal,
which is biased into its lincar operating
range via voltage divider R1 & R2.
The IC’s bucker stages are clocked by
a pair of antiphase squarewave inputs at a
frequency that is high relative to that of the
audio input signal. The IC has two ourputs
(OUT A and OUT B), and these are effecively
shorted together to generate the final
reconstructed and delaved audio ouput.
The basic operating principle of this
type of BBD can be understood with the
help of Figure 8, which depicts the first
six stages of the IC as individual “buckets’,
shown operating through the fisst six
half-cycles of the clock phase-1 waveform

(notated +1 o -3 in the diagram).

Switch 81 represenis an IGFET switch

that is connected between the IC's IN
terminal and the first buckert stage. The IC's
basic action is such that S1 is open and all
odd-numbered buckets transfer their

charges into the even-numbered buckets

to their right when the phase-1 waveform

is high (+), and S1 is closed and all even-
numbered buckets mansfer their charges
into the odd-numbered buckets 1o their
right when the phase-1 wavelorm is low (<),

Thus, in the first (+1) clock period, S1 is
open and all buckets are empty, but in the
second (=1) period $1 is closed and the &
input is connected to the 1ST sample-and-
hold bucket stage. In the +2 period, S1
opens again and charge A is moved into
bucket 2, leaving bucket 1 empiy:. In the
-2 period. 31is dosed and charge ‘B’ is
loaded into bucket 1. and simulianeously,
charge A is mansferred into bucket 3. This
basic process repeats on cach successive
clock cydle, with all bucket charges shifting
one step 1o the right on each halfcycle,
and with a fresh inpur sample being loaded
into bucket 1 eiach time S1 closes.

Note in Figure 8, thar each charge sieps
two places o the right in each complete
clock cycle. and that there is always an
empty bucket between each charge-carrving
pair of buckers. Consequently, the output
waveform from the finil bucker stage is
to0 rough o be of direct value, and to
overcome this problem, the IC incorporates
voltage-follower buffers on the final wo
bucket srages, making both of these outputs
externally accessible, as shown in Figure 9(a).
This enables a useful ‘composite” output
waveform 10 be obtained by shorting the
w0 outputs together (either directly of
via a balance por) s shown in Figure 9(h),
thus effectively adding the two outpurs
together and generating a gap-free
‘coniposite’ output, as shown in
Figure 9(c). This final output is thus
2 quantized but time-delayed replica
of the original input signal,

Tape
loop
'Delay’
spacing Tension
\ l""*——""; roller
Roller —e i 1
7 [0 (1 .0
Figure 6. Basic , % Q *
‘continuous-loap’ I
tape recorder Erase Record Reploy Caopstan
delay-line system. head head heod drive
V4
H]I'ﬂ ouT
C1 BUCKET BRIGADE A
o—11 IN DELAY LINE T
v / CLK CLK out
bics 21 82 8
[Jr i
Squgrewaove
drive
Figure 7. Basic usage
circuit of the original |
(1968) type of BBD IC. Qv
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Figure 8. Diagram illustrating the basic operating principle of the original (1968)
type of bucket-brigade delay line.
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A composite output can be obtained by shorting
the A and B outputs together, either directly or
via 3 balance pot.

Clock
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Tne composite output waveforms as sensEtisd

way shown her,

Figure 9. Diagram showing how a

ut waveform is derived

from the last two bucket stages in
the delay-line chain.

Thut, then, is how the original (1968) Philips
bucket-brigade delay line worked, and is - in
essence — how all modern BBD ICs operue.
The onginal device did, however, suifer from
several major weaknesses, due to the near-
impuossibility of fully discharging each of its
sevent-hundred ‘sample-and-hold” storage
capacitars at the end of each transfer cydle.
and this caused the IC o give puor tansfer
efficiency and to offer a very poor dynamic
operiting range (nypically less than 60dB).
Throughout the early 1970s, companies such
s Philips, Bell. and Reticon devoted much effort
10 improving the basic design, and this resulted
in the modificd concepr iliustrated in Figure 10,

The major fearure of the Figure 10 bucket
brigade system is thut all ‘buckers’ start off
fully charged via an external bias genenor.
ST opens and cach odd-numbered bucket
fully tops-up the even-numbered buckets o
its left when the phase-1 waveform is high
(=). and 51 closes and each even-numbered
bucket fully tops-up the odd-numbered bucket
o its lefi when the phase-T waveform is low ).

Thus, when S1 first closes on the second
(=1} clock period. the A input is connected
t0 the Ist sample-and-hold bucker stage, and
when S1 opens again in the +2 period, the 2
bucket tops-up bucket 1, so at theend of this
periad, the residual charge in bucket 2" predisely
equals the original A charge, ie. charge X\ is
effecrivelv rransferred into bucket 2. In the =2
period, S1 closes and charge “B' is loaded into
bucket L, and simulmncously bucket 3 tops-up
bucket 2, effectively tansferning charge A into
bucket 3. This basic process repears on each
successive clock cycle, with all inpur charges
effectively shifting one step 1o the right on
each halfeycle, and with a fresh input sample
being loaded into bucket 1 each time S1 closes.

Thus, this modified form of bucket-
brigade operation achieves the same end
resulis as the basic Figure 8 design. but
does so very efficiently, since it only
partially discharges its internal capacitors
during each docked opertting avcle. This
modified system is used m all modem
BBDs. and offers very high tansfer
cfficiency and has an excellent dynamic
operating range (usually better than 80dB).

Figure 11 shows the basic ‘usage’
connections of a modern BBD IC, which is
powered via Vi and ground but also uses
another supply — notated Ve 0r Vie— 10
correctly bias its sample-and-hold IGFETS.
The IC’s input terminal must be biased into
the linear mode by voliage Vhias, and the IC's
o outputs must be shorted together as
already described: direct-shorting is shown
usel in the disgram. In some 1Cs, this is
provided internally and onlv a single
‘composite” output is available from the IC.
Finally, the IC needs a 2-phase clock signal,
normally consisting of a pair of ant-phase
squarewaves that switch fully berween the
Vie, and GND values:

How Much Delay?

Fach ofa BBD's bucket charges are shifted
through mwo bucker stages during each
complete clock cvele, and the maximum
number of samples held by a BBD is equal
1o half the number of bucker smges. The
actual time-delay mailable from a BBD is
thus given by:

S X s
_-,pl.lr 3 =

THAme Delay = X7

Where S is the number of hucket stages,
p is theclock period, and fis the cock
frequency:

Practical analogue delay line ICs usually
have 512, 1,024, 1.536, 3.325 or 4,096 stages.
Thus, 2 1,024-stage line using a 10kHz
(100us) clock gives a delayv 0f 51-2ms, A
4.96-stage line gives a 204-8ms delay at
the samie clock frequency: In practice, the
muximum useful signal frequency of a delay
line is egual 1o one third of the clock
frequency;, so a delay line docked at 10kHz
actually has a useful bandwidth of only 3-3ki iz

Figure 12 shows the block diagram of a
practical BBD analogue delay line system. The
input signal is fed to the BBD line via a low-
pass filter with a curoff frequency that is one
third (or less) of the clock value. and is vieal
10 overcome ‘aliasing’ or intermodulation
problems. The BBD's output is passed
through a second low-pass filter; which also
has a cur-off frequency one third (or less)
of that of the clock. This serves the dual
purposes of rejecting clock breakthrough
signals and integrating the delay line output
pulses, so that the final output signal is a
faithiul (but tme-delayed) copy of the orginal.

A closer look at practical “clock”™ and filer
circuits is taken in the second part of this
series. In the meantime, it is wise to look at
some more popular delav-line applications,
and in order to fully understand these, itis
necessary 1o first hncﬂ\ study the subject
known as psvcho-acoustics,

Psycho-acoustics

Muny of the special effects obrainable
with delay lines relv an the human brain’s
idiosyncratic behaviour when interpreting

sounds. Basically, the brin does not always

perceive sounds as they truly are, but simply
“interpreis’ them so that they conform to a
preconceived pattern; it cin easily be fooled
into misinterpreting the nature of sound.
The study of this particular subject is known
as psvcho-acoustics. Here are some relevant
psyehoacoustic Jaws™ that are worgh knowing:
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Figure 10. Diagram fllustrating the basic operating principie of the modern type
of bucket-brigade delay line.

For example; if echo times are S0ms
but reverb time is 25, the brain may
interpret the environment as being a
17m (56f1.) cave or similar hard-faced
structure, but if the reverb time
is only 150ms, it may interpret the
: environment as being a 17m wide
: softly furnished room. Delay lines
can thus be used o trick the brain
into drawing false conclusions
concerning its environment, 4s in
: ambience synthesizers or acoustic
: room expanders’.

(1). If a human's ears receive two sounds

(2).

that are identical in form but are time-
displaced by less than 10ms, the brain
integrates them and perceives them
as a single (undisplaced) sound.

If a human’s ears receive two sounds
thar are identical in form burt are
time-displaced by 1050ms, the

bruin perceives them as two
independent sounds but integrates
their information content into a
single easily recognisable patern,
with no loss of informartion fideliny:

- If a human's ears receive two signals

thae are identical in form but time-
displaced by greater than S0ms,
the brin perceives them as two
independent sounds but may

not be able to ntegrie them

inio a recognisable pattern.

- If a hupwan's ears receive two sounds thas

are identieal in basic form but not in
magnitude, and which are time-displacad
by more than 10ms. the brain interprets
them as two sound sources (primary
and secondary) and draws conclusions
concerning (a) the location of the primary
sound source and (b) the relative
distances apart of the two sources.

Regarding ‘location” identification,
the brain identifies the first perceived
signal as the prime sound source, even
if its magnitude is substantially lower
than that of the second perceived
signal (this is known as the Hass effect).
Delay lines can thus be used to trick
the brain into wrongly identifving the
location of a sound source.

Regarding ‘distance” identification,
the brain correlates distance and time-
delav in terms of approximately 0-34m
(13+4in.) per millisecond of delav.

Delay lines can thus be used 1o trick
the brain about ‘distance’ information.

. The brain uses echo and reverberaton

(repeating echoes of diminishing
amplitude) information to construa
an image of environmental conditions.

2 (6). The brain is very sensitive to brief
ov transient increases in volume,
' such as caused by clicks and
P : 3
: scratches on records (discs),
: but is blind to transient drops in
volume. Delay lines can be used 1o
= ke advantage of this effect in record
. players, where they can be used (on
L _ conjunction with other drcuiny)
: effectively predice the arrival of a noisy
: click or scratch and replace it with an
‘unseen’ neutral or negative tansient.
Voo
Ves
I (er Ves)
QUFL
IN_ oo BUCKET BRIGADE ouT
o—i — N DELAY LINE
ouT
B
\ o
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Figure 11. Basic |
‘usage’ connections _,,”,’ ,”’
of a medern BBD IC. .
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Figure 13. True vibrato circuit, which
applies slow frequency modulation to Figure 14. Auto-double-tracking (ADT)
all input signals. aor mini-chorus circuit.
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Figure 18. A flanger is a phaser
with accentuated and variable
notch depth.

Practical Delay Line
Applications

Simple Musical Effects

Figures 13 1o 22 show a variety of fairly
basic analogue delay line applications.
For the sake of simplicity; these diagrams
do not show the inputoutput low-pass
fAlters that are used in most practical
circuits. The first three diagrams show
simple musical effects circuits.

Figure 13 shows how the delay line
can be used to apply vibrato (frequency
modulation) to any input signal. The low-
frequency sinewave generator modulates
the voliage-controlled oscillator (VCO)
clock genertor frequency and thus causes
the output signals 10 be similarly time-delay
or ‘frequency’ modulated; this circuit is
widely used in kamoke units.

Figure 2 has already shown how a delay
line can be used to give a double-tracking
effect, and Figure 14 shows how this basic
circuir can be modified 1o act as an auto-
double-tracking (ADT) mini-chorus unit.
Clock signals come from a VCO that is
modulated by a slow oscillator, so that the
delay times slowly vary. The effect is that,
when a solo singer’s voice is played through
the unit, the ourpur sounds like 2 pair of
singers in loose or natural harmony.

Figure 15 shows how three ADT circuits
can be wired 1ogether to make a chorus
machine. All three delay lines have slightly
different delay times. The original input
and the three delay signals are added
together, the net effect being that a solo
singer sounds like a quartet, or a duet
sounds like an octet, etc.

Comb Filter Circuits
Figure 16 shows a delay line used 1o make
a ‘comb’ filter. Here, the direct and delayed
signals are added together; signal
components that are in-phase when added
give an increased output signal amplitude,
and those that are in ant-phase tend w
self-cancel and give a reduced ourput level.
Consequently, the frequency response
shows a series of notches, the notch spacing
being the reciprocal of the line delay ime
(1kHzspacing at 1ms delay, 250Hz spacing
at 4ms delay). These phase-induced notches
are typically only 20-30dB deep.

The two most popular musical
applications of the comb filker are in
phasers and flangers. In the phaser
(Figure 17). the noiches are simply
swept slowly up and down the audio band
via a slow=scan oscillator, introducing a
pleasant acoustic effect on music signals.

The Figure 18 flanger circuit differs from
the phaser in that the mixer is placed ahead
of the delay line and part of the delayed
signal is fed back 10 one input of the mixer,
so that in-phase signals add wogether
regeneratively Amplitudes of the peaks
depend on the degree of feedback. and ean
be made very steep. These phase-induced
peaks inoroduce very powerful acoustic cffects
as they are swept up and down through
music signals via the slow-scan oscillator.

Echo/Reverb Circuits

Basic echo and reverb circuits have
already been shown in Figures 3 and 4,
and Figure 19 shows how several reverb
circuits can be coupled together 1o make
an ambience synthesizer or acoustic
room expander. Here, the outputs of
a conventonal stereo Hi-Fi system are
summed o give a mono image and the
resulting signal is then passed 1o a pair
of semi-independent reverb units (which
produce repeating echoes but not the
original signal). The reverb outputs are
then summed and passed 10 2 mono
PA system and speaker, which is usually
placed behind the listener. The system
effectively synthesises the echo and reverb
chamctedstics of a chamber of any desired
size, so that the listener can be given
the impression of sitting in a cathedral,
concert hall, or small club house, etc.,
while in fact sitting in his own living room. .
Such unis produce very impressive results.
There are lots of possible variations
on the basic Figure 19 circuit. In some
cases, the mono signal is derived by
differencing (rather than summing)
the stereo signals, thereby cancelling
centre-siage signals and overcoming
a rather disconcerting ‘announcesin-a-cave’
effect that occurs in ‘summing’ systems.
The number of delay (reverb) stages
may vary from one in the cheapest units
10 four in the more expensive.
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Predictive Switching Circuits
Delay fines are particulady useful in helping
1o solve prediciive or anticipatory switching
problems, in which a switching action is :
required to occur slightly before some :
random event occurs. Suppose, for
example, that vou need 1o make recordings
of random or intermittent sounds
(thunder, speech, etc.). To have the :
recorder running continuously would :
be inefficient and expensive, and it
would not be practical to simply try
activating the recorder automatically
via a sound switch, because part of the :
sound will already have occurred by the
time the recorder turns on.
Figure 20 shows the solution to this
problem. The sound input activates a sound
switch, which (because of mechanical H
inertia) turns the recorder’s motor on

INO—

Stereo
hi—fi
system

Figure 19. Ambience
synthesizer or acoustic
‘room expander'.

Reverd

tims 1 @
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within 20ms or so. In the meantime, the
sound travels through the 50ms delay line

-

towards the recorder’s audio input terminal,

so that the recorder has already been : 50ms = m/_\

turned on for 30ms by the time the S d,?;u; i \

first part of the sound reaches it. When h @

the original sound ceases, the sound SHing * g’ “' v

switch turns off, but the switch extender input Clock Audio *GPU‘

maintains the motor drive for another o= gen

100ms or so, enabling the entire ‘delaved’ : Remf

signal to be recorded. s[:;tst E U ”
Figure 21 shows how predictive 5 r— -

switching techniques can also be used o | Sound Lwitr:; 155 L SNyl

to help eliminate the sounds of clicks switeh etoider (RLA T 22 O 10 O

and scratches from a record player. Such : el

sounds can easily be detected by using

Figure 20. Automatic tape recorder with predictive switching.

sterco phase-comparison methods.

¢ Inthe diagram, the record (disc) signals are
¢ fed w the audio amplifier via 4 3ms delay line,
a bilateral switch, and a wack-and-hold circuit.
Normally, the bilateral switch is closed. and
the signal reaching the audio amplifier is a
delayed but otherwise unmaodified replica of
¢ the disc signal. When a dlick or scratch ocours
: on the record, the detector/expander circuit
opens the bilateral switch for & minimum of
3ms, briefly blanking the audio feed 1o the
: amplifier. Because of the presence of the
¢ delay line, the blanking period effectively
¢ straddles the “dlick’ period, enabling its
sound effects to be completely eliminated
from the system (see ‘Psycho Acoustics’).

Delay Equalisation

Bilateral
switch (n.c)
3ms: Trock Output
—=—1  deloy a\?'c - ond —=ta gudio
line hold amplifier
Input & Click
from ock
recerdo gen Input| , [‘/
deck i H
] i
I |
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Click 3ms dilat | ! L
detector |~ | extendsr switch| | 3Ims| | Closad
e ':-l-— (]
: P
Figure 21. Record (disc) ‘click’ eliminator. Outl 1
0:3m (12in) 0.6m 1 (2%n) 0.8m  (38in) 1.20m (28i)
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I Balay Geloy | Deloy Csiay
= xlms = xIms = xXms = w4mE
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Figure 22. Public address speech-delay equalisation system.

One of the maost impaorant applicatons of delay
: line techniques is in sound-delay equalisation
¢ of public address systems in theatres and at
i open-air venues such as air shows, erc.
: Sound travels through air at a rarte of
¢ about 0-34m/ms. In simple multiple-speaker
¢ public address systems, in which all
loudspeakers are fed with the same signal
at the same moment, this Bictor inevitably
creates multiple sound delays which can
make voice signals unintelligible 1o the
listener. This problem can be eliminated
: by delaying the signal feed w successive
i speakers (which are each driven by their
own PA units) by progressive amounis
(by Ims per 034m of spacing from the
orginal sound source), as shown in
: Figure 22. Ideally, the speakers should
: be spaced at 6m intervals; the spacing
intervals should not exceed 60m.

Part two of this series will look at practical

BBD delay line ICs and applications.
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PLORER
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Reviewed by Martin Pipe Bsc amisTc

The American-made Xplorer test receiver, which
combines the functions of frequency recorder, tone
decoder and neaifield scanning radio receiver, is one
of those gadgets that deserves a place in an episode
of the X Files. They’ve certainly got the name right. . .

verybody's heard of radio scanners— ¢ \What is xPlorer

wideband radio receivers that ‘scan’” |

across a range of frequency channels capable of?
uniil a signal is received. The coverage provided The Optoelectronics Xplorer isn't really a
by some scanners ranges from hundreds of scanner, but it does have some scannertype
kHz to a couple of GHz. The fact that many | functions. But it’s capable of far more than
scanners cover the analogue cellphone ¢ ascanner. Special features available include
frequendies is responsible for the scanner’s | logging the frequendies that it finds, and
notoriety — unscrupulous abloid journalists decoding PMR digital squelch and DTMF
have been known to chance upon private tones. All of this mkes place in a compact
conversations of interest 1o them. Such but rugged metal case that has roughly the
activity is illegal, but it cerrainly caught the same volume as a typical hand-held scanner.
imagination of the public. The Xplorer contains its own Ni-Cd battery

Eavesdropping on cellular conversations pack which, when charged, will power the

is difficult, but the publicity generated has device continuously for about six hours. A

made the more secure digital cellphone ! chargercum-power unit is supplied with the
systems popular — generally, GSM (Global i unit: charging takes around an hourand a half.

System for Mobile communications) for
business, and PCN (Personal Communicaiions
Nerwork: One20ne, Orange) fofr consumers.

The front panel is dominated by a reasonably
sized and readable alphanumeric display that
gives forvarious set-up functions, and displays

Scanners have hit the headlines more recently | other parameters such as frequency, FM

- 4 TV news report stated thatitis possible  § deviation, signal strength and bautery life. A
to use them to receive signals from pager ¢ display backlight can be selected for occasions
ansmitters. A PC is used o decode the ¢ where lighting conditions are poor. There is

unscrambled digital data (which conformstoa | a membrmane keypad underneath the display,
lare 708 format known as POCSAG). The software, | which is used in conjunction with a knob on
wgether with simple circuit diagrams forthe  { the top of the unit to configure the unit and
interface, is readily available over the Interner. @ select operating modes: Also on the front

panel is a tiny vet remarkably clear speaker
for the demodulated audio. On top is a tpe
output (3-5mm) motor control jack (for the
unantended audio recording of ‘found’ signals;
normally open relay outpurs, 2-5mm jack) and
a 500 BNC aerial input. A telescopic aenal is
supplied, bur thwere is no reason why the Xplorer
could not be antached 1o an external aerial - or
indesd, a widehand low-noise serial pre-amplifier.
Scanners, overall, have quite sensitive front
ends — 0-25uV for a signal-te-noise rato of
10dB — when you consider that they have o
be wned over a wide range. The Xplorer's
breed of ‘nearfield’ receiver, however, is a
different kenle of fish. Sensitivity is not of
particular imporwance, since the device is
only being used w caprure exceprionally
strong radio signals, or those in the
immediate vicinity. Nearfield radios are
commonly used in the checking of radio
equipment, and the hunting of illegal
transmitters and ‘bugs” (one can just
imagine Fox Mulder waving the Xplorer,
aenial extended. around his flat!).
The Xplorer, for example, only has a
sensitivity of 100gV, which makes it
somewhat useless as a scanner. Scanning-
tvpe capabilities are offered, though -
in ‘sweep’ mode, the Xplorer will
tune across the band and lock into
any signals that it receives.

Frequency Coverage

Xplorer has a coverage range of 30MHz 10
2GHz, which closely matches thar of decent
scanners. Despite the 1004V sensitvity,
Xplorer could detect the signals from a
number of nearby PMR (private mobile radio)
transmitters, operated by the emergency
services, mxi companies and couriers.

The digital datastream of a pager
transmitter could also be found. T tried
operating both GSM and analogue
cellphones near the Xplorer, and it
wouldn't play ball. There is also a cellular
repeéater near the test site, and so

one can only assume that a block of these
frequencies has been implemented —

and one which Optoelectronies has

not drawn attention to.

A check on the Internet reveals this
w be the case, and some US-derived
newsgroup messages explain how it
can be overcome using a PC and
terminal emulation software. Sadly, the
reprogramming method described —
which involves sending a string of
hex characters over a serial link — didn't
appear to work. The American AMPS
analogue cellular frequencies are lower
than those emploved by the UK ETACS
system, so there probably wouldn't have
been much point anyway. A different
block has probably been implemented
for UK models.

If needed, vou can lock out certain
frequencies yourself so that secks are
confined to the areas of spectral interest.
Tt’s useful to spare vour ears from the
dreadful macket that ensues from digital
pagers and distorted broadcast radio.

I have an analogue (C€T0) cordless phone,
and although the Xplorer found one of
the frequencies used (around 49MHz),

it wouldn't demodulate the audio

during a conversation.
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This is interesting, since narrowband FM
is used. Narrowband FM (100kHz or less)
transmissions are the only ones that the
Xplorers audio side will handle. It will
handle wideband FM, such as broadcast
VHF transmissions. but the sound quality
is extremely distorted. Interestingly
enough, BBC Radio 2 was, for some
reasan, intercepted quite powerfully
at 1,243MHz; the distortion that
accompanied the signal indicated
thar it was a wideband broadcast. All
other radio equipment in the vicinity
was turned off. There was a momeniary
glitch in Xplorer's frequency display.

Compare this restriction with scanners,
most of which offer compatibility with three
modulation systems — AM (for broadcast,
civil aircraft, etc)), FM wide (FMW, for
broadcast) and FM narrow (EMN, for PMR,
military, broadcast *backchat’, cellular, pager,
eic.). Some of the pricier scanners, such as
the Yupiteru MVT7100 and AOR ARS000
(both available from Maplin), also include
a S5B detector for working with amateur
radio transmissions and the like. The
Xploreris in no way a scanner, and
Oproelectronics will assume that those
who enjoy the hobby of (clandestine?)
radio listening will already have something
a bit more suited to the task.

Fast Frequency Sweeping
It may not be a scanner, but there is one rask
in which Xplorer out-scans these conventional
units. Frequency sweeps are blisteringly fast,
and knock most scanners into a cocked hat.
It was not uncommon for the Xplorer to be
monitoring something around 70MHz,
before leaping to a signal around 165MHz;
and thence to 450MHz, within a couple of
seconds. Remember that it scans across the
entire band, and not just a selection of
pre-stored channels. It could take tens of
minutes 1O TUne 4 scanner into an unknown
frequency. Oproelectronics claim that the
Xplorer will sweep from 30MHz to 2GHz in
less than a second — this is guite amazing.

The device is thus an ideal partner fora
scanner —it's just a shame that it sells for twice
as much as most of the high-performance
scanners now available, putting out of the
reach of most enthusiasts. According to
Optoglectronics, the fast sweeps are
passible because the Xplorer's RF circuitry
takes a rather different approach to that
of conventional (read regular superhet)
radio receivers and scanners. The Xplorer
is based around a unique frequency
conversion system that employs multiple
swept harmonic local oscillator frequencies.

A little segment on the right of the display
shows roughly where the current signal is in
relation to the Xplorer's complete tuning
range. In addition to the ‘sweep’ mode,
there is a manual wning function (VFO).
Manual runing offers two steps — coarse
and fine. There was a slight bug here - if
vou advanced the mning knob oo quickly,
the Xplorer would acrually tune backwards!
All tuning is done via a knob (which is
coupled o a shaft encoder, rather than
a potentiometer), as is volume, squelch
and various mode selection functions.

The Xplorer’s nearfield radio receiver is
married to a frequency recorder —in other

words, it will accurarely display, and store in
non-volatile memory, the frequency of any
signal that it receives as it sweeps the band.
Mast of the electronics is needed by the
nearfield receiver, and so it makes sense

to add the feature. Needless 1o say, the
Xplorer can also be used as a conventional
frequency counter, albeit one that doesn't
require a direct connection to the
equipment being rested.

Deviation Display
The Xplorer will also give a display of
deviation (in kHz), assuming that the
signal is the FM type with which it can
cope. The signal strength meter, when
selected, is a joy to behold, and is far
superior to those fited to scanners.
It’s a bargraph that has 50 segments,
and a decent dynamic range. When
vou're trying to track down a radio source,
a proper signal strength meter is critical.
Unfortunately, if you want deviation
and/or deviation logged, you have to
do it manually, presumably due 0
memory limitations. Interestingly; it is
possible to log the date and time at
which & particular signal was caught —
there’s an in-built clock/calendar.
Optoelecironics has, for some time, been
famous for a recording device known as the
Scout. The Scout, which ook frequency
counters a siage further, doesn’t have any
audio demodulating capability and so a
scanner would be used to make sense of
signals that the Scout detects over its 10MHz
to 1-4GHz range. A serial port is provided 1o
interface the Scout to cenain types of scanner.
As the Scout picks up new frequendes, it instrucs
the scanner to tune to those frequencies —
Optioelecironics calls this ‘reaction tune'.
Scanners from Icom, AOR and Tandy (models
from the later have 1o be modified) are
compatible with this. It is also possible 1o
download a list of the Scout’s 400 most-
recent frequency ‘sniffs” to a PC for analysis.

Linking Xplorer to a PC

Xplorer, like Scout, has a serial port—

this takes the form of a 8-pin mini-DIN
connector —and is supplied with a lead that
terminates in a PC-standard 9-way D-type
socket. It was through this serial port that
we anempied o reprogram the device so
that its sweeps included cellular In the
Xplorer's box is a couple of PC software
disks. On the first, vou'll find an extremely
basic program that exports a list of scanned
frequendies (up wo 500) 1o your PC, in

the form of a text file. There are also

HATN HENU:

5 Address

Select Dutput Filenane
Pounload Frequency Data
Exit to DDS

ENTER SELECTION:

! programs of relevance to owners of other

Optoelectronics products, such as the
Scout. A Windows-based Radio Manager
program wasn't of much use, since it wasn't

¢ written with Xplorer in mind. The same is

true of the second disk, which contained the
demo version of another scanner control
tool, ScannerWear. Perhaps Oprtoclectronics
has only included them because the likely

¢ Xplorer customer is likely to already own a

scanner. Such people will be disappointed
10 learn that the Xplorer doesn’t offer the
Scout’s ‘reaction tune’ facility.

The serial port can also be used 1 connect
4 NMEA-0183 compliant GPS receiver. Two
of the pins of the seral port carry the NMEA
dam, and a suimble lead is made up 1o
interconnect the two. With a GPS receiver
hooked up in this way, the Xplorer will log
not only frequency; but the geographical
position {longitude, latitude, aldtude) at
which logging occurred. This will be very
useful when tracking down unauthorised
transmitrers. If a directional aerial is used,
the Xplorer can be used for accurate
triangulation — the data from the GPS
receiver could be used o accurately place
your position on a map. One things for sure

i —don't et radio amateurs use them during

2m DF hunis, or all the fun will disappear!
The third function of the Xplorer is

that of a decoder. It will decode DTMF

(Dual Tone Multi-Frequency) tones, which

i are usually 1o facilitaze dialling on telephone

systems. When the DTMF option is selected,
the number will appear on the display.

This facility could theoretically be used o
log numbers being dialled on mobile and
cordless phones, which is perhaps worrying.

It does have a legitimate use in the
i faultfinding and resting of such systems.

Xplorer will also decode DCS and CTCSS
dara, which is commonly found on PMR
networks. In this case, the tone-burst
frequencies used are displayed.

DCS (Digitally Conwrolled Squelch) is
used o restrict access 1o repeaiers, and in
situations where two or more groups of
radio users are using the same frequency,
but don’t want o hear each other’s
communications. CTCSS (Continuous
Tone-Controlled Signalling System) is
another system of ensuring that only
defined closed groups can communicate
with each other on busy PMR channels.
DTMEF, DCS and CTCSS data, like signal

strength and deviation measurements,

must be manually caprured into memory.

Summary

Overall, the Xplorer proved to be a useful
and versatile gadger. With it, | was able 1o
determine that a neighbour had a cordless
phone that operated on an frequency
extremely close to mine, thus explaining
the interference I periodically experience
during conversations! It also enabled

the modulation of a 2m amarteur radio
transceiver to be checked, albeit only in FM
mode. Finally, | got somebody to hide an

FM bug, and the Xplorer was used o

find it without oo much trouble.

It is expensive, but the Xplorer
combines several functions — frequency
counter/recorder, wideband nearfield
radio receiver/scanner. deviation meter
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and tone decoder. At least some functions
will be of interest 1o those with scanners,
but it remains 1o be seen whether they
are prepared to pay £899 for it It's
worth pointing out that in its country
of ongin, the Xplorer sells for £599,
st ifvou're after one and are going on
haoliday to the US (or know somebody
who is). it may be worth sourcing
one from there directly. The power
supply/charger (mode UVAC2) runs
on any voltage berween 100V an
240V AC. s0 there’s no need 10
buy another power supply:

Many thanks to Waters and Stnton
Electronics for the loan of the
review sample. 3

Internet Sources

Optoelectronics’ Web site:
http://www.optoelectronics.com.

it's not particularly well-designed,
though you're advised to turn off
the images on your browser,

or you'li' be downloading for ages!

SPECIFICATION

Price:

Frequency coverage:
Modulation:
Sensitivity:

Audio Frequency Response:

Auto Sweep Time:;
Signal decoding:

CTCSS acquisition time:
DCS acquisition time:
DTMF digit rate:
Deviation measurement:

Frequency measurement:

Aerial Input:
Outputs:

Controls;

Indicators:
Signal strength:
Display:

Power:
Charge/Op=mate:
Rapid Charging:

Serial Data:

£899

30MHz to 2GHz

Narrow FM (NFM)

1004V (@500MHz)

50 to 3,000Hz

<1 second (lockouts tumed m‘ﬂ _

52 CTCSS tones, 106 DCS codes, 31 DTMF digits

B600ms

350ms

10 digitssecond

0 to 10kHz, O-1kHz resolution, =0-5kHz accuracy

10kHz to 100kHz, 1kHz resolution, =5kHz accuracy

100Hz resolution, =500Hz accuracy

500), —59dBm @ 100MHz, -25dBm @ 1GHz

Internal speaker, audio headphone jack. tape control jack,
8-pin mini-DIN senal interface connector

MulGfunction rotary encoder with push button; skip,- hold, function,
FL, F2; and power membrans:keypad switches

LEDs: Lock, charge

50 segment bargraph, relative reading; uncalibrated.

2 line x 18 character LCD panel with switchable EL backlight
Batiery: Intemal Ni-Cd pack, 88V 900mA

Universal AC input, 12V regulated 2A maximum output

Less than one hour with reverse slape, timsout, temperature,
and voliage-sensing charge-end determination

Cl-V compliant with both TTL and RS232C interface protocol,
MNMEA-O183 interiace

VISIT A MAPLIN STORE FOR | NEW STORE

ELECTRONICS AND MORE

 THERE’S A WHOLE WORLD OF
. ELECTRONICS TO EXPLORE AT
. YOUR MAPLIN CATALOGUE STORE

TELEPHONE CUSTOMER SERVICES ON (01702) 554002
FOR DETAILS OF YOUR NEAREST MAPLIN STORE

CATALOGU E STORE
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or general use, Samwha's range of low
cost electrolytics are ideal substitutes
for tantalums, having a lower profile,
costing half the price or less, but being
footprint compatible. The ultsa-miniature
SE series has a standard height of only
Smm and an operanng temperature ninge
of =0°C 1o +85°C. Available in values irom
0-1 to 100-F, they all have a maximum
leakage current of 0-01CV or 4uA,
whichever is greater. The 0-1uF 63V
electrnlyiic capacitor. measuring
amm(dia.) x Smm has a dissipation
factor of less than 0:09 and maximum
permissible ripple current of 4-ImA rms
at 85°C and 120Hz. The SG sandard
series offers electrolytics for general
PUrposcs in a range fom 0-47 to 4,700uF,
with voltages from 6-3 to 100V and
a load life rating of 2,000h at 85°C.

The HC series provides a versatile
choice of compact, snap-in radial
aluminium capacitors for higher
capacitance values with a 2,000h
loud life rating at 85°C. Covering a
voltage mnge from 16 to 450V, they are
available in values from 4,700 to 22 000uF
for the lower working voliages, and
from 47 to 330uF ar the high voltage
end of the ringe. Recently introduced
is 2 new range of low profile can-type
electrolytics offering long life and stability
for values from 2.200uF at 63V w 10,000uF
ar 63V The 2,200uF has a dismeter of
25-4mm and a length of 30mumn.

by Keith Rolfe

Samwha SE series ultra-mlnm

electrolytic capacitors.

The Samwha Electric Company Limited
is 4 mujor world player in the manufacture
of quality electrolytic and plastic film
capacitors. Based in South Korea, it has a
production capability of 330 million pieces
per month between its two factories. In
addition, it has a factory in China producing
capaditors for their domestic marker. It
supplies major clients throughout the world,
such as Samsung, LG, Daewoao, Nokia,
Blaupunkt, Bang and Olufsen and Kodak.

Electrolytic capacitor manufacture goes
back o 1965, though Samwha itself started
trading in 1956. Nichicon. a manufacturer
of high quality capacitors in Japan. took a
share in the company in 1973, and now a
holds a 22% siake in the company: In 1986,
the Samwha Electric Company Limited was
quoted on the Korea Stock Exchange.

The second factory and a design laboratory
at Chong Ju in S. Korea, were opened

in 1989 10 increase the production
capacity. This now stands ar 2,700 million
electrolvtics and 600 million plastic

film per month berween the two.

The manuficture of both tpes was
introduced into Tanjin in China in 1993,
The Korean factories are certified 1o

1SO 9000. Emplovess currently toral
around 1,200.

Other companies within the Samwha Group

mn Korea produce power and ceramic
capacitors and automated production
machines forfilm and ceramic capacitors,
ferrite cores. transformers and coils.

The main line Samwha producis fill into
the following categories:

Aluminium electrolytics:

@ ultra-minizture for general use
@ switching power supply use

# wide temperature range

@ photo-flash use

® large capacitance

They also manufacture plastic film
capacitors of the following tvpes:
$PET

% polvpropvlene

@ meuallised polypropylene

@ PE.T and polypropylene

# box-type polyester

Thé automated manufacturing process for
a ypical aluminium electrolyiic can be broken
down-into a number of separate stages.

The aluminium foil, and the separating
medium which will eventually become the
dielectric, are curt into the relevant sizes:
wo strips of each are required. The two
aluminium foil pieces are each stitched
to a lead wire to provide connection
o the ousside drcuin

The four intedeaved strps of aluminium (+),
sepanitor, aluminium (=), and separator are
now wound into a compact “swiss roll” and
the end taped. Under vacuum conditions,
the whole assembly is dipped in the
requisite electrolyte to impregnate the
separator, and thus prepare the dielectric.

The capacitor is ready for placement in
its surrounding aluminium can. The top
seal is put in place and the whole unit
placed inside its can and carefully sealed.

It is sleeved in plastic and labelled.

The final impormant step involves
connecting a DC supply at the capacitor’s
working voltage and its high temperature
state. This generates the final chemical
state of the dielectric, ‘stabilising the

“apacitor ready for operational use.

Inspections take place during the whole
production oycle and ar the final stage,
before the products are eventually
prepared to meet customer specifications
and shipped 1o them.

Since most of its material input, such as
aluminium foil and lead wire, are produced
by other companies within the group,
Samwha has almost tomal conrol over
quality of their finished products.  BREES

The Maplin MPS Catalogue contains
full details of Samwha's electronics

capacitors, which are now available
to all of our customers, with
quantity discount prices.
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ost readers of these pages will know the main
frustration of surfing the Internet — the time it
takes for the data you want to be ‘downloaded’
to your computer screen. Generally, this is a product of
the telephone network connecting your computer to the
Internet itself. Your simple request to the server on the
other side of the world takes just a second or so to get
through, the requested data (being very much larger)
takes an irritating length of time to get back. Even if the
link to the Internet over the local line between you and
your Internet service provider gives you its full maximum
of data flow (depending on your modem: 14,400, 28,800
or, with the latest modems, 33,600 bits per second) —
which few do consistently — the time taken for large
files or multimedia-rich World Wide Web pages to get
to you can still be quite a while.
With this in mind, Eutelsat has taken the first steps
in using satellite television to provide fast data links
(400K-bits per second — some twelve times faster than
the fastest current land-line modem technology allows,
and still many times higher than ISDN links). Theoretically,
this speed can be maintained far more consistently than
lar--line modems too, so the overall speed increase is likely
to feel rather more than the twelve times increase appears
on paper. The new DirecPC service provided by Hughes
Olivetti Telecom via the Eutelsat II-F3 satellite was launched
on 24 October, and we hope to review a system at some point.
Initially the DirecPC service is aimed at business
users but is to be launched as a consumer service
sometime next year. A two-way link between satellite
and a satellite dish on your roof is not feasible, of course,
so information flow at this high speed is only one-way -
from the satellite to your dish. Data the user's computer
generates (the usual Internet fip, http and so on requests)
together with outgoing e-mail will all travel by more
conventional modem or ISDN means, back to the
Internet service provider's server.

Betere; [ /vy vt riiorems ipertivim® St 1
[nte et ] [ wtar'y contr | [ Sostistns [ [t sewrsd [[ 7ot [ et |

@S0 POeOPTROODOOROROROOOCRORRRRSEERRORCROROORROO0CCROO0RO0ROODRBGBRDRDODORODD

Turnpike 3

Version 3 of Turnpike is out and
about. 1t's the preferred
method of accessing the
Internet via Demon if you have
a PC, and is worth upgrading to
if vou have an earlier version

{(free for upgraders) and suill
worth buying if you don't.
Turnpike 3 allows muldple
users (up to 99) from a single
Demon account, and has
many iMprovements over
earlier versions.

File Edil View Go

Nelscape - [Progressive Netsoiks, The Home of Aeslfidis]

ﬁnn&mwts mmms nkl:nlar\r Window Help
1 = I P e o J

What's Mewl | What's Cooll | Handbook || Het Seach | Net Dieciay | Scliwse |

Andio on Demand for the Internet

Order & Download
RealAudio Playver Plus

Ot pe LD gy eado over Vst Tmwcart, your dedy pade
stinderd modamy ploy mach soer

Timecast

10 Realfuden siles on the Wb

Duvnload ReslAudia 3.0 Realdfedia Architesture
Dewrdsed ReslAuda Figyes Pl The Intemnet'y Bt coossplatform
oz ths HedAuds Player sneng sl plufies.
40 Comp Including Prog 3
Networks E

Stereo Sound Over 28.8

Progressive Networks, has released the RealAudio System 3.0,
which delivers stereo sound over 28.8 modems and near CD-quality
sound over ISDN and LAN bandwidths. RealAudio 3.0 beta is
available immediately from Progressive Nerworks™ Web site at
http://wew.realaudio.com The new relesse also features more
reliable audio delivery via improved transmission protocols.

“The introduction of RealAudio 3.0 enables content providers,
including record labels, 1o offer stereo sound at 28.8 and near
CD-quality sound at higher bandwidths to hundreds of thousands
of listeners”™, Rob Glaser, Chairman and CEO of Progressive Networks
told Electronics and Beyond. “We're excited by the many new
applications now available 1o our customers through the introducion
of broadcast-quality sound on the Internet. This breakihrough murks
the beginning of the next era in Interner multimedia broadcasting”

'Ghost Tapes' Unveiled on the Web

Internet users can now hear
the controversial Norfolk
‘ghost wapes’ by downloading
them from Eastern Counties
Nerwork Web site at
http://weni.ecn.co.uk

The tapes give the public
a chance 1o hear the
unexplained rapping,
bumps and echoes which
paranormal researchers
recorded art a secret
location in Norfolk.

A spokesperson for the
Anglia Society for Pamanormal
Research told Elecrronics
and Bevond, “The building
concerned was locked and
the windows sealed. The

invesiigating leam were
all putside the building and
Wwe can guarantee that there
wis no person within ten
vards of the building when
we heard the noises™

News of the tapes was first
published in the Norwich
Evening News last week and
they were made available
on the Fasiern Counties
Nerwork Website shortly
afterwards. Access 1o the
tapes is free and each of
the three recordings should
take about one minuie 1o
download, after which,
it can be replayed on the
USEr'S OWTl COMpPULES,

Intermet

New on the Net?

Hiews Don't miss our first-iime user's Visitor Centre with
Sport step-by-step guldes to getting the best out of the

Famdy

_* Eotertzimment

i

Top for sport
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Bandwidth Conservation - 8 CD Quality Audio over the Web
The US-hased Bandwidth Conservation Society (BCS) has published

a guide at http://www. infohiway. com/faster/index.html 1o
producing graphical based Web pages that are bandwidth-efficient
and can consequently be loaded quickly

According to the guide, most GIF files on the Web use an
8-bit pallette. This means that there are 256 available colours in

US. Robotics Aanounces New x2 Techoology:  (TH-flnhoties’

any given picture or graphic. However, in mosi cases, the paletie Now Connect At 56Kbgs Over Standard Pradetts
can be reduced, which reduces the file size of the GIF, while Phone Lines R ——

i Mg

rerining acceptable image quality. For instance, a 6-bit GIF only

uses 64 colours but can reduce the file size by over 25%. . -
The guide also suggest that the size of graphics ean be reduced ¥ g 4
by altering the balance berween colour, brighiness and contrast, apour uS sozarics, TN Burinazs SOLUTIONS
Minor changes here can effect reductions of up 1o 50%. ) = F@Jb
: Hame BOFFICE .
é%%%h itwe § nfer WATIONAL B
the bandwidth vation iety :
: Hayes is the fist UK modem § 33.6k-bps 1o 56k-bps. This
Bandwidth Conservation Society Home / GIF Images i manufacturerto launch a : is equivalent o many
! rmangeof 33.6kbpsinternal ! Integrated Services Digital
When we first formed the BCS, Netscape Mosaic v0.9 was the only browser i modems, Supporting 33,600bps Nerwork (ISDN) connections,
supporting jpeg fles infne. NCSA Mozaic stll owned a majoniy of our logs. i for data transmission and ! but without the need for
Ainasng what & yesrior 50 ¢ do. Todiy, over 90% of ot vitbors are usiig » 14,400bps fax tansmission, | expensive new central
browsefcapah!eafs.howmg;pegml_me,raﬁ:erﬂ:mpaseparmmzdow.Asa : Birses i 236 interan) & ot e ! et
dlotigner; & means that compratibly st the overriding concern fhiat it used 1o :  Hayes Accura 336 intern . office equipment require
be. Means that now, you can in great confidence use the image format that :  fax modem with Voice is i by other high-speed
loads that Fastest i priced £199, including VAT : technologies.
The Hayes Accura 336 i NETCOM.is the first
teeccccscsssrsccsesecnssasatersnsesnrnnseees :  nrernal fax modem with voice - | Internet Service Provider to
:is a plug and play modem ¢ strike a deal with US Robotics
featuring full voice funcrionality, 1o enable users o exploit US
including full duplex speaker © Robotics x2 technology,
phone, digial voice messaging, | which will provide Internet
and automatic paging, bringing : and on-line connections at
professional office messaging  :  speeds nearly twice as fast as
capability to home users. : those currenily available over
Meanwhile, rival modem : standard telephone lines.
manufacturer, US Robortics, i For further derails. check:
AT&T D efects_ffom Netscape has unveiled @ new technology  © http://www.usrobotics.com
Browser to Microsoft that increases the top speed © or hitp://waw.netcom. net . uk.
Hot news from across the pond. In what some consider yet another :  of @ standard mc “'I'L‘m for Contact: Hayes,
blow to Netscape, AT&T has announced it would make Microsoft's @ Uansferning data from 288 or ¢ Tel: (01252) 775577.

Internet Explorer the default browser for its WorldNert service.

WorldNet, which currently claims $25,000 US subscribers, will
make Microsoft Internet Explorer 3.0 the default browser for
Microsoft Windows '95 customers immediately. Microsoft claims a
version of IE 3.0 for Windows 3.1 and Mac will be in beta shortly
Once this is released, Intemet Explorer 3.0 will be the default
browser for all versions of the WorldNet service.

In return, WorldNet will come bundled with future versions of the
Windows 95 operating svstem and will get an icon in the Internet
services folder on the desktop.

AT&T like AOL and CompuSenve before them, deady see the opportunity
to be bundled with Windows '93, Could this be the death of Netscape?

Netscape
Fights Back

Netscape's newest verssion of its
Navigator browser, scheduled
Downloadable Maplin : for test rg!c:a:_:.c Sl.l-['Il%‘Iil'I]L" .Lhi:il
dataisheets are now :  month, will enable collaboration
available on-line from : among groups without the need
hitp://www.maplin.co.uk/ [ERETOTRTs Y oo e STy
dataarch/dataarch.htm { Lotus Notes. It will also make

it possible for users to create

= = z multimedia e-mail messages
IBM Joins Forces with Yahoo! in Euro ¢ and their own Web pages. The
i strategy is to continue persuading

IBM Joins Forces with Yahoo! [File Edit View Go Bookmarks Oplions Ducclory Wndow Help people 1 install Netscape's browser
In Europe IBM has teamed i I [ ” @l=l=laliallis : and to buy Netscape server software.
up with Yahoo!, the Internet el et Ml ) Rl I8 RS [y IR [ PSS : Acconding o a September 1995

report from Zona Research,
Netscape currently enjovs 2
dominant position for Web server
software on the Windows NT
yahoo.co.uk, provides platform, with 74% of those
access to the most 3 :surveved. Additonally, the survey
comprehensive guide to Leencero St @, Tineae E‘L%‘ﬂ i found that on the UNIX platform
the UK web sites currently — —— = Netscape holds an even greater
available as well as the [ e e : percentage, with approximarely
complete daabase of world- : e : 84% of all participants surveyed
wide listings people have : using Netscape Web server

online guide, for the launch
of European versions

of the Yahoo! service.
Yahoo! UK, at http://vew.

- rt - z
come to expect from Yahoao! %i;mﬁm_\.m :;%‘EBIQMEEIM : software. Overall, Netscape's
This will be followed in R i o e i NTArest competitons ;1}11.: ng.
October by local language oy T e m‘_r-ﬂﬁﬁﬁsmu = : those surveyed are Microsoft,
sites for France and Germany: ' ¢ with 11% marker share, and

public domain servers with 7%.
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Sun on the Net

British Telecom and News
International are creating a
new joint venture which aims
to bring Internet services

to the masses. Codenamed
Springboard currently, launch
is scheduled in January
Content for the service is likely
o be culled from the wide
range of publications in the
News International camp, and
titles such as The Tines. The Sun.
and The News of the World

are possible candidares.

In effect, all the new service
seems o offer is a convenient
way to access the Internet,
with a front-end graphical suite
which points vou to relevant
parts of the newspapers which
dIe pcﬂim‘:lli {0 }-‘f Hr own
requirements, while British
Telecom simply provides
the means of connecting
vou o the Internet in the
first place. Britsh Telecom
will siill continue to provide
«i5 BTInternet service.

On the Bandwagon

Everyone (including
Electraonics and Beyvond) is
constantly talking about the
Network Computer (NC).
Evervone has got an opinion
about it, and is prepared o
voice it. But getting real
information about it (vou know,
the nitty gritty stuff, like what
does it do?, what games can it
play?, how do I get ane?) and
its many derivatives isn't quite
as easy. So it’s worth going
straight to the source to
find out what's happening.
; One of the big playersinthe
technology is Apple, which
¢ has produced and marketed
i a cu-down Macinrosh ]
computer variant under the
Pippin trademark, which it
has licensed out to third-party
i manufacturers 1o make and sell.
Bandai (ves, the Bandai of
Power Rangers fame) has
taken up the Pippin mantle :

<&

~

Presaniad Dy

[Hardiware)

Banaal Digilal Enterlalsneant

What's Pippin ATMARK

e Mippin fiv

PipPina

and is producing a version
which it's called Armark.
Bandai's main Website is at:
http://veni.bdec.co.jp/
e_index.html. Currently on
sale in Japan, and soon-to be
released worldwide the Bandai
Armark is a fascinating insight
into the future of home
and pesonal computing.
Meanwhile, in Europe,
the marketing is in another
company’s domain. Katz Media

IEyou want something on the
World Wide Web and don't
knowwhere it is, there are
alw: h engines to help
ou, Trouble is; apart from the
obvious few Yahoo, 1
AlaVista and S0 on) eoing o
the right search éngine o get

dabout which particular search
ENgiNe you svant e exact
:-Ik_’u.ihs_t knowledge from
Imost Seenis to require a
ine inits own right,

b Moo din syppbonm s

(at: http://wi.Katz.no/main-
app. htm) has the Pippin
: license and is busily getting
I together its own variant which
: s due for release shortly:

hundreds of them (well, seems
like it, anyway) and getting
thein details and finding out
which oneis hest for you isn't
the easiest job in the world.
Internet UK hisan index of
Internel service provitlers at
http://www.Timitless.co.uk
/inetuk/providers.html

i where you aan locate details
of them all. 1€s worth
checking out the Internet UK
main site ux:, ar: htt

Lot b/ F s satimes set Suties: AEVEE MOVESTATIL
e (e e e (i e
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Don’t miss another great assortment of entertaining
and easy-to-make projects and essential electronics
information aimed at the novice constructor in
another of our special educational supplements.
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Metal
Detector

Find your pot of gold using this
compact hand-held unit capabie of
indicating the presence of ferrous
and non-ferrous metal objects.

Multifunction
Car COurtesy nght

Project Ratings
it o
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Air Traffic Control by

Alan Simpson reports

on modem Civil Aviation
Authority (CAA) standards and equipment
employed at airporis.

Development of the Electron Microscope by
Greg Grant describes the accidental linvention
ofi this astoundingly powerful form|of. microscope.

Intelligent Systems from Frank Booly takes
a look at neuralinetworks, fuzzy logie and
forms of arificial intelligence.

Life and Times of Tesla by Douglas Elarkson
finds out about the Croatian-borm American
scientist Whose name is given to the unit of
magnetic fiux density.

Greg Grant's series What's in'a Name? .
chronicles how the terms Baud and Erlang came
into use, and how their values ara calculated.

Part 2 of Audio Delay Line Systems by
Hay Marston!looks at the crop of Delay Line le
available and how to use them effectively.in circ,

The penultimate instalment of PIC Programmi
by Stephen Wadclmgtan demonstratesdi;o i
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his month, I will continue with what
Keith Brindley started in last month’s
issue, namely the “Year 2000' problem.
It has even been given its own web site
information-point, http://we.y2k. com,
complete with fancy logo (but then again, even
the Eurofighter death-machine has one of
those . . ). The Year 2000 problem will affect
pretty much all computers and software created
from the sixties to the present day. Yes, it will
amaze you to learn that programs, the core
code of which was written in the- 1960s for
such venerable mainframe platforms as the
IBM 360, are still being used today. You'll find
these ancient programs buried in applications
that mange from airline ticket booking o finance.
But the problem could affect computers
designed several IT generations later —even
the personal computers that you and I rely on.
Amazingly, the software industry has remained
somewhat blasé about the whole thing— perhaps
in the interests of built-in absalescence and the
opportunity to sell new produces. One industry
insider wld me that in many casss, there wasa
‘deliberate choice’ not 1o fix the problem, even
in comparatively recent software releases. The
IT industry has known about it all for some time.
The whole thing’s a bit of a PR disaster for them,
and with little over three years 10 go, there's
a lot of head-scrarching going on in all circles.
According to Gartner Group, “20% of the
applications will be affected by the Year 2000
problem, and systems will crash if the century
problem is not corrected before 19997, If this
WOrst-case scenario occurs, there is a fair
chance that paris of our sodety could grind
to a stap, seconds into the new millennium.
After all, computers now play a greater part
in our lives than ever before.
So, what exactly is the Year 2000 problem?
It stemns back decadss, 10 the days when computers
were treated like the queen bee in an air-
conditionel hive, anended to by hordes of white
coated workers. In those days, it was decided
that the date code for a filename or a dai field
should be in the form dd/mm/yy. But what
happens when the date digits exceed ‘997 Some
software will go back to *00°, which could hold
problems ifa computer holds daia more than 100
vears old (insurance policies refating to 2 man
bom in 1999 and histosical census dam. foreample),
Why was a two-digit year code introduced
in the first place? With hindsight, it secems a
little shore-sighted, but those 1960s programmers
didn’t think thar their toilings would siill be in
use thirty years thereafier. At the time, they had
o main issues to contend with. Firsuly, daa
was entered by teams of eletype or card-punch
operators, and if they didn’t have to put the *19'
in front of a year, then two fewer keypresses
were needed, and productivity was increased.
Secondly. in the 1960s, data storage was
expensive —in 1968, an IBM 2314 hard disk
unit with a now-laughahle 13M-byte capacity
would set you back £70,000, The use of two,
instead of four digits, saved memory and disk
capacity — two bytes in each case. If there are
over a million records, then those two bytes
soon add up. Processing information has become
auromated and dam stomge costs have dramatically

with Martin Pipe

fallen since the 1960s, but the computer
industry has not acted on the date code
issue until comparatively recently.

There is another problem —which could creep
in a year sooner in 1999. In some 1980s instances,
it was common practice to use the date 9999
for files that were intended o be permanent
(i.e., have no expiry date). Come the 9th
September 1999, and havoc could be wreaked.
Other companies, such as finance houses, could
also face headaches in 1999 — some of their
systems are designed to look a year shead.

It would appear that companies have got a lot
of work to do, rewriting application software,
programming languages and in some cases,
entire chunks of operating system.

Some industries will use the problem as an
excuse to ditch obsolete mainframe-based
architectures for good, and ser up information

: systems based around more modern thinking.
i Chances are, programmers will become as

valuable 2 commodity as thev were around
the time of the ‘Big Bang” in 1986. As far as
maodifying the data goes, there are answers
1o the donkey-work. Some companies, such
as BMC, have developed ‘intelligent agents’
which add the extra two bytes to each date
code that it finds on a system. _

Tt is claimed that alder PCs also suffer from
the Year 2000 problem, since the clock/calendar
facilities of their BIOS chips use the 2-digit year
(dd/mmyyy) format. They will get the wrong
day for January st 2000, and all subsequent

Year 20007
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dates, because they assume thar all dares are
20th century. Older BIOS calendars will return
January 1si 2000 as a Monday (the correct day
for New Years Day, 1900). Unfortunately, it is wrong
— January st 2000 will. in fact, be a Saturday.
Recent computers won't suffer from the problem,
and new BIOS chips can be bought for older
motherboards. A Pentium 133-based machine
equipped with Windows '95 appeared 1o be
weally Year 2000 compliant —entering
01,01,2000 returned the correct day.
Tnterestingly; an elderly (1989) Elonex 386
laptop, equipped with DOS 6.2, seemed 1o
work with 4-digit year codes —although the
BIOS is an alder type, entering a ‘DOS date’
of 01/01/2000 also returned the correct day:
It would appear that later versions of Windows

and DOS have some kind of BIOS fix. A 1989

Mac Il running System 7.1 also appears to be
immune to the problem - one can assume
that later Macs are also unaffected. You have
to ask yourself, though, how many of those
older machines (e.g., 286 and 386 PCs) will

¢ siill be in use come 2000. Sometimes, though,

these obsolete computers find themselves
being used for other background applications
— such as printer servers and voice messaging
systems. You have been warned.

Applications are a different mauer, however
— a sizeable number of applications have been
written 10 work with the two-digit year code and
will revert 1o (19)00 and all such dates when
the new millennium is reached. Microsoft has
issued memomndums to all software developers

! 1o make them aware, so that fixes can be

implemented. It looks like, come late 1999

- (or sooner), Internet FTP sites will be awash

with software upgrades for older products —

assuming, of course, thar they are sill supported.

E-mail your comments or suggestions to
Martin Pipe al whatnet@cix.compulink.co.uk.
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When ordering any of these special offers which apply only for Subscribers and new Subscribers of Electronics and Beyond,
please quote your Subscribers' Membership number (telephone Customer Services on 01702 554002 if not sure) and
the special order code number. All items are subject to availablility. Prices include VAT, Catalogue prices refer to the
1996/7 Maplin MPS Catalogue. Overseas subscribers telephone +44 1702 554000 Ext. 326 for carriage charges.

A £2.95 Carriage Charge will apply to all UK orders under £30.00 (MPS Account Holding Customers exempt).
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530.00 (inclusive of VAT).
Call in for your T Aeasa e’/ Order direct

Free delivery also applies
copy at WH SMITH, ‘\ 01702 554000
John Menzies and
Ma_plm stores
nationwide.

]
for industry
and the
enthusiast

On sale now
— only £3.45!

on ALL orders for MPS
Prionty reference code; MAD13

Business Account customers
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21 IRCs for Airmail in Etirope or Surface mail
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Ravleigh, Esseax, England SS6 8L1).




	1.jpg
	1a.jpg
	2.jpg
	3.jpg
	4.jpg
	7.jpg
	8.jpg
	9.jpg
	10.jpg
	11.jpg
	12.jpg
	13.jpg
	14.jpg
	15.jpg
	16.jpg
	17.jpg
	18.jpg
	19.jpg
	20.jpg
	21.jpg
	22.jpg
	23.jpg
	24.jpg
	25.jpg
	26.jpg
	27.jpg
	28.jpg
	29.jpg
	30.jpg
	31.jpg
	32.jpg
	33.jpg
	34.jpg
	35.jpg
	36.jpg
	37.jpg
	38.jpg
	39.jpg
	40.jpg
	41.jpg
	42.jpg
	43.jpg
	44.jpg
	45.jpg
	46.jpg
	47.jpg
	48.jpg
	49.jpg
	50.jpg
	51.jpg
	52.jpg
	53.jpg
	54.jpg
	55.jpg
	56.jpg
	57.jpg
	58.jpg
	59.jpg
	60.jpg
	61.jpg
	62.jpg
	63.jpg
	64.jpg
	65.jpg
	66.jpg
	67.jpg
	68.jpg
	69.jpg
	70.jpg
	71.jpg
	72.jpg
	73.jpg
	74.jpg
	75.jpg
	76.jpg
	77.jpg
	78.jpg
	79.jpg
	80.jpg
	81.jpg
	82.jpg

