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An update of a popular electric guitar
accessory project combings improved
reliability with slectromagnetic
compatibility.
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Checking your audio system's DIN and
jack socket cannections and cabling
couldn't be easier when you use this
handy test instrument.
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scan television signals, for displaying
of pictures on a PC monitor.
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History of Disco Lighting
Kevin Hopcroft discusses
developmenis in disco sound-to-light
systems since their introduction in the
late sixties.

Speaker Crossovers

Robert Saunders explains how o
successfully design Hi-Fi loudspeaker
Crossover circuits.

Audio Basics

Part 2 of Audio Basics from Ray
Marston covers fundamental audio
system principles.

What's in a Name?

Credit Where it's Due, Part 4 of Greg
Grant’s series, invesiigates who were
the true onginators of well-known
names in electronics.

Developing Applications
around the PIC Architecture
The final instalment of PIC
Programming by Stephen Waddingion
informs you how to select PIC
microcontroliers appropriate to the
application, plus debugging PIC
hardware and software.
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to the end of the millennium has begun

— and that's official. An atomic clock
has started the process and time zero will be
at midnight December 31st 1999.
Time, as most of us will say, ‘is never on our
side’. | don't think I'm the only one that
seems to feel the length of the day seems to
get shorter and shorter as | get older. Maybe
our internal biological clocks do run faster as
we all get older! And why is it that hour-or-so
in the early morning before going to work
seems disproportionately faster to any other
hour within the rest of the day? Be that as it
may, | hope you enjoy reading the article on
Time by Douglas Clarkson to see how far we
have come in measuring time accurately.

Finally, it also makes us realise how

artificial the year 2000 AD really is and in
fact should we not be thinking of re-basing
our year count from when time, as we know
it, scientifically started at the beginning of
the universe, at the time of the ‘big bang'.
Then everybody will be talking about the
‘big time' - in powers of ten!

Paul Freeman-Sear, Publishing Manager

As most of you know the great countdown
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Wideband Transistors
Optimise Performance
at Low Power

Psion has launched & new model Series 3¢ with a backlit screen. The
backlighting feature may be switched on or off with a key press when
needed, with the option of auto-switch off. The Series 3¢ 2M-byte with
backlit screen has a recommended selling price of £399.95,
For further details, check: http://www.psion.com.

Contact: Psion, Tel: (0990) 143050.
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IBM Doubles Storage Data Speeds

IBM has developed a prototype @ design and develop additional
semiconductor chip — the SSA i serial storage solutions to the
160 — that takes Serial Storage : SSAindustry standard.
Architecture (S5A) to a new ¢ For further details, check:

level of performance. SSA 160 ¢ http://www.ibm.com.

doubles link speeds that resulc | Contac: IBM, Tk (0990) 426 426,
in throughput increases from
8M-byte per second 10 160M-
byte per second.

IBM expects to ship SSA 160
products next year. Other
companies will have access o
[BM's S5A 160 technology 1o




Philips Fab
Dperational
in 98 Days

Philips Semiconductors has
formally opened MOS2YOU (Yield
Qutput Utlisation), its latest fab
in Nijmegen, The Netherlands.
From the arrival of the first piece
of equipment to first wafers out
took only 98 days, which Philips
believes is a world record.

The opening ceremony was
performed by His Royal Highness,

de Prins van Omanje-Nassau. The . :

$600,000 fab brings to five the
number of wafer fabs in Philips’
Nijmegen complex, making it
Eur:]n: s largest semiconductor
plant. For further deiails, check:
http://wew.semiconductors.
philips.com.

Contact: Philips,
Tel: +31 402722091

For engineers who like a logic
probe for its precise probing
and quick circuit checks, but
are frustrated by its
periormance limitations, there
is now an instrument that takes
logic-probe capabilities © a
new level of performance. The
HP LogicDart from Hewlati-
Packard is an advanced logic
probe which is designed to give
engineers a head start on
troubleshooting fine pitch
circuitry. The unit incorporates
a 100MSa/s timing analyser, a
logic monitor, a3 DC voltmeter
and a continuity tester.

For further details, check:
http://wew.hp.com/go/tmdir.
Coniact: Hewlett-Packard,

Tel: (01344) 366666.

Advanced Logic Probe
Simplifies Troubleshooting

Internet Content to GSM Phone

Motorola’s European Cellular
Subseniber Group and Unwired
Planet (UP) will work together 1o
incarparate Unwired Planet’'s
UPBrowser client applications on
Motorola’s GSM smart phone.
This solution will provide network

oo eev0oO0OSPOQEROOCRODOORPROTOOOTOOO0OSRRPROOCGCOTDRODROODEOOORROOCOCTRPRODOORDYS

- Panasonic

: operators and senvice providers

¢ with the compelling application of
: -efficiently and economically

: delivening Intemet-based content
: 1o wireless communications

: devices such as callular smart

: phones and alphanumeric pagers.

Dual Full Bridge Motor Drive

The A3964SLB from Allegro
MicroSystems is a dual bridge
maotor driver IC which provides
pulse-width-modulated (PWM)
current control of bipolar
stepper motors.

The new device is capable of
continuous output currents of up
to =800mA and has an operating
voltage rating of up o 30V

Contact: Allegro MicroSystems.
Tel: (01932) 253335.
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Ericsson Alliance Develops Integrated
Portable GSM/PC Solutions

Ericsson has announced an alliance with Compag, to develop
portable PC GSM solutions that will enable mobile business users t©
seamlessly connect to the Internet or corporate Intranet, send faxes
and e-mail and exchange documents. The first product resulting
from the alliance will be available from the end of the vear.

For further details, check: http://www.ericsson.se.

Contact: Ericsson, Tel:

+46 70 590 9900.

For further details, check:
http://wew.uplanet.com or
http://www.mot.com.

Contact: Unwired Planet, Tel: +1

415 596 5200; or Motorola, Tel;

(01258) 790173.

Strides into

'LCD Market

: With the LCD monitor market siill
: In its infancy, Panasonic has

made iits presence felt with the

launch of a high-resolution fiat
¢ screen display based on a 14in.
: TFT active matrix LCD panel. The

PanaFiat LC40, costing a mere

: £2,950, is aimed at computer

: users that need the ulimate in

:  monitor performance without

: sacrificing desk space.

¢ For furtier details, chaeck:

¢ http://www.panasonic.co.uk.
! Contact: Panasonic,

: Tel: (01344) 853157.

Microsoft Teams
Up with Intel

and Cisco

Microsoft, Intel and Cisco Systems
have announced they will be
working together to promote the
development of multimedia
applications, providing technical
assistance to software
and network operators, The three
companies hope to set industry
standards for muttimedia products.
Don Listwin, senior vice-president
of market development at Cisco
Systems, told Electronics and
Beyond, “This alliance signals

‘that the networked computing

age will be more about industry
cooperation than industry
fragmentation”.

For further details, check:
http://wee.microsoft.com,
http://wed.intel.com or
http://wwi.cisco.com.

Contaci: Microsoft,
Tel: (0345) 002000; Intel,
Tel: (01793) 403000; or Cisco,
Tel: (0181) 756 8000.

intel Sues Rival
Chip Makers

Intel has filed a fegal suit against
Advanced Micro Devices (AMD) and
Cyrix, accusing the compsnies of
infingng in the MMX trademark
Inte! says it has established for its
multimedia-enhanced Pentium chip.

The suit alleges that AMD and
Cyrix have designed and besun
implementing suategies to
improperly leverage Intel’s
enomous investment in the MMX
trademasi which could result in
cenfusion in the minds of
consumers as they make buying
decisions. The suit sesls
preliminany and permanent
injunctive relisf, along with
unspecifiied damages and fees.

For further datanls, cheelc
http://www.intel.com.

Contect Inted, e (01793) 403000,

BT Announces
National and

international
ATM Service

BT has announced it is taking
orders for CellStream, its national
ATM service. The service is aimed
at organisations with large and
varied communications :
raquirements between remote
sites. It provides organisations
with a flexible and cost-effective
telecommunications backbone
network for voice, video and
data applications. In conjunction
with MCI's HyperStream ATM
service, BT's CellStream will
also provide international
connectivity to the US via
Concert, their joint venture
global services company.

For further details, check:
http://wewi.bt.co.uk.
Contact: BT, Tel: (0800) 800152.
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City & Guilds
Revises Radio
Amateurs Exam

City & Guilds is proposing to
simplify the format of the Radio
Amateurs’ Examination from
May 1998. Following a request
from the Radio Society of Great
Britain (RSGB), it has been
agreed that the revision will
start in May 1998.

Currently, the examination is
taken in two parts at a cost of
£19.40 per paper. From May
1998, the two papers will be
amalgamated into one paper of
80 multiple choice questions. The
cost of the revised examinations
will be reduced to £26.

Contact: City & Guilds,
Tel: (0171) 294 2468.

PC Price Cuis

The pnce of notebook and portable
PCs is sikling dramatically, to tha
extent that there will soon be little
difference between the price of
mobile and deshtop computing.

Compaq the Presano 1080 by
10%. The notebook, which
incorparates a8 120MHz Pentium
processor, 16M-tyte EDO mamory,
128-bit graphics, 1-0G-byte hard
drive, and 11-3in. STN display, is
now prced at £1,789, which isa
saving of £200 on the original price
of £1,999.

Meanwhile, Viglen has L—_mr'rcd
a new entry level nolebook wi

price tag from £1,380. The Dus;:e;
CL rangs compnses models hassd
on Intel's 120MHz or 133MHz
Pantium processors and all have
£Cl local bus architecturs,
Measuring 289 x 545 x 232Zmm
and weighing 3-8kg. all models
festure as standard a 10-4in.
duzl-=can colour screen, ghving a
840 x 480 resalution and built-in
multimedia stereo sound speskers
and microphona:

Far funher details, check:
http://wed.compag. com or
http://wae.viglen.co.uk.

Contact: Compaq,

Tel: (0181) 332 3000;
of Vigien, Tel: (0181) 758 7000.

PowerPC Chip
Beat Intel at Speed

The PowerPC alliance between
IBM, Apple and Motorola has
inched ahead of Intel's next
microprocessor generation with
its G3 family chip, code-named
Arthur, which is slightly faster
and cheaper to manufacture
than Intel's Pentium II chip -
code-named Klamath — due out
in the second quarter of this year.

The fact that the PowerPC
chips generate much less heat
than the Pentium chips will make
them ideal for laptops, a market
that will be eritical for Apple in
the next couple of years.

For further details, check:
http:/ /v, intel.com.

Contact: Intel: (01793) 403000.

Battery Breakthrough

Phlil]‘}\ has developed a range of Powerlife batteries based on
expanded graphite rechnology, which it claims list twice as long as
conventional alkaline cells in power demanding circumstinces such

as in portble CD players and radios.

-

Batteries work by converting chemical energy into electrical ¢nergy
Powerlife’s enhanced performance is due to high-grade graphite
which means lower internal resistance to elecrrical currents and
allows them to pass through the bartery more efficiently, leading ©

less loss of ene

Smaller particles of graphite mean that more muanganese dioxide —
the active material — can be conmined in the battery; providing
higher capacity:. This lower resistance combined with increased

battery capacity results in longer life.

For further derails, check: http://www.philips.com.
Contact: Philips; Tel: +31 40 272 20 91.

VLSI FireGard Cryptography
Chip Targets Cable Modem

VLS has launched what it claims to
be the first chip 1o provide a
complete cryplography on a single
piece of silicon, in the form of
FireGard. It mests the requirements
of the just announced Muiltimedia
Cable MNetwork System (MCNS)
reference design, MCNS is a joint
effon of seven leading cable senvice
providers t© provide new generations
of cable-based information semvices.

The new VLSI chip, the FireGard
securily processor, will provide data
cryplography and key exchangs
sepvices at 27 to 38 million bits per
second - up 1o 500 times faster
than cumrent generation telephone
Iine-based modems.

‘The chip will incorporate the
company’'s DES/riple DES
encryption engine and RSA key
exchange/authentication circuitry
with an ARM RISC processor core
and a MCNS-compliant bus
interiace block. Other circuit
elements include blocks for power
management, assurance logic,
interrupt control, clock, system
memogy interface, on-chip SRAM,
on-chip code ROM and the
company’s proprietary vROM sacure
read-only memory.

For further details, check:
http://vwwi.v1si.com.

Contact: VLS|, Tel: (01908) 667595.

aGom
Acquires
US Robotics

In the largest ever deal in the

: - netwarking business, 3Com

has acquired modem-maker
LS Robotics for $6.6 hillion,
creating a combined
company with $5 billion in
annua! revenues and more
than 12,000 emplovees.
3Com’s move will make it one
of the two top compsetitors in
the networking business, the
other being Cisco Systems.
3Com, a market leader in
LAN equipment, provides
Ethernet adaprer cands, hubs,
switches and remore-access
procucts. USRisa
m.muf 1CIUrET ( )r' nu uk m

SeTVers, Lﬁ[t‘l‘].‘.ll‘l_‘-.t:
communication systems and
telephony products.

The transaction is expecied
to close by summer 1997 and
is subject to approvals by
federal regulators and the
vendors” shareholders. 3Com,
with revenue of
dapproximately $2.8 hillion,
will take a quarterly charge
when the deal is completed.
USR has annual revenue of
approximately $2.26 billion.

For further details, check:
http://www.3com.com or
http://www.usr.co.uk.

Contact: 3Com,

Tel: (01628) 897000; or US
Roborics, Tel: (0118) 922 8200,

MERGER
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IBM, Oracle, Sun and Netscape Collaborate
on Network Computmg Standards

IBM, Oracle, Sun-and Netseape
nave joined forces o work
iogethar on open standards for
network computing,
demonsirating cooperation
amaong industry leaders. The
widespread adoption of these
standards will allow corporate
customers 1o conduct electronic
business without having to worry
about the underying technologies.
As camarations extend their
businesses from the enterprise o
the Intemet, they require
industrial strength reliability,
functionality and intercperability —
a software infrastructure that is
the equivalent of a dial tone for
the Web. This unprecedented
caollaberation, which is opan to
broad industry participation, will

join common interiaces,
protocals, and procedures that
will allow diverse software
componenis to connect from
clients to senvers, through
corporaie intranets and extranats
and the public Intemet.

Building cn the Object
Management Group's CORBA and
intemet Inter-ORB Protocaol (I0P)
standards — the glue that enables
spitware from different vendors to
work together seamlessly - the
planned levels of integration will
sllow the companias’ software to
work together as if it were
creaied with the same
development tools, in the same
language, with the same runtime,
on the same sysiem.

Interoperability will enable

software developers to build
new applications by mixdng and
matching components created
fram a vanety of application
development tools, technologies
and platforms, including IBM's
VisualAge, Oracle’s Network
Computing Architecture (NCA),
Sun’s Intermet Workshop,
WebServer and Solarns
products, and Netscape ONE
(Open Network Envionment).
For further details, check:
http://ww.software. ibm. com;
http://wwu.oracle.com,
http://we.sun.com or
http://wwu.netscape. com.
Conizct: IBM, Tai: (09290) 426 4286;
Oracle, Tel: (0920) 332200;
Sun, Tel (01276) 20444; or
Netstgpe, B +33141975544,
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by Douglas Clarkson

Time bas increasingly become a key aspect
of our modern times. Without a world-wide
appreciation of its every passing instant, and the
relativities of time in zones around the world, our
modern society could not function. Also, as the
link of telecommunications and computers
increasingly integrates the world, so too, there
are more clocks to synchronise.

study of ime measurement, however,

reveals avast history of human

endeavour and application and
encompasses understanding of physical
science at many levels ranging from celestial
mechanics, quantum physics and general
relarivity. The accurate measurement of dme
has been a lifelong dedication for a great
many individuals and consequently; the
amount of material that is touched upon in
such a study is considerable, This is almost
impossible to summarise in one article.

In the modern era, the imporance of
accurate time keeping was initially brought
about by the requirements for navigation at
sea — in particular. to know the longitude.
The striving for an accurate time keeper or
chronometer on board ships at sea was
borne out of the need 1o navigate
successfully around the world. At stake was
the expansion of the British Colonies, the
establishment of trade and being victorious
in conflicts with rival maritime nations.
Thus, the keeping of accurate time was not
just a convenience to ensure thar all guests
arrived at a dinner party on time. The loors
of the oceans are litteréd with wrecks of
vessels whose navigators could not
determine longitude accurately: In this
regard, the keeping of time was relative
the solar day. It would be a great error,
however, 1o consider that time was not
mporiant o much more distant cultures —
far from it

Ancient Keepers of Time
While the Greeks reflected an advanced
knowledge of astronomy and geometry that
gradually slipped from western culware, this
apprediation of many of the subiler aspects
of astronomy had certainly been a core of
knowledge of even eardier cultures,

The buildess of Stonehenge and Avebury
in England, Callanish in the Outer Hebrides,
the Ring of Brodgar in Orkney — not to
mention the extensive systems of Carnac in
Brittany, all reflect an understanding of the
passage of the Earth around the sun and of

the moon around the Farth. Linked also
with this was consideration of various
principal stars including Canopus. Capella
and Sirius. Thus, using the features of the
Earth (distant mountains, etc.), in
association with man-made stone rings,
avenues and ellipses, quite ancient societies
were able (o measure time, not in terms of
seconds in a day, but in terms of davs within
a vear for the solar calender and days within
the 15-61 vear cycle of the moon's arbit
round the Earth. The moon has quite a
complex orbit round the Earth, since not
only is the orbit inclined to the ecliptic by
about 57, but the moon’s orbit has an
cccentricity of 0:0549.

There was also an appreciation in the
Ancient World of the precession of the
equinoxes, as in the cycle of around 25,920
vears for the pole star to wander in a
complete drcle through the signs of the
zodiac. The kev point in this cvcle is the
point of the sky to which the Earth points at
sunrise on the spring or vernal equinox.
Recent specubition related o apprediations

of the origins of the Sphinx in Egypt in the
book Keeper of Genesis by Robert Bauval
and Graham Hancock has provoked
widespread interest. While conventional
archaeologists point 1o the evidence of
waterrelated erosion of the monument, it is
quite revealing 1o determine that the giant
lion-like edifice would have been looking
directly on the horizon at the rising of the
consiellation of Leo in the vear around
10500 BC = in fact, the date of claimed
completion of the monument by these
authors. This is, of course, the stff that
nightnures are made of for Egyprologists,
who prefer to move the period of the
building of the Sphinx to more like 2500 BC.

It is interesting to note thar, according o
Diodorus Siculus. book V of the first
century BC:

“The disposition of the stars as well as
their movements have alwmys been the
subject of careful observation among the
Egyptians . . _ theyv have preserved to this
day, records concerning each of these suars
over an incredible number of vears, this
studly having been zealously preserved
among them from ancient times.’

That point in time when records first
began to be made is now being placed
earlier and earlier by such new theories.
Numerous cultures around the world
shared this preoccupation with clocks in the
sky. The book i search of ancient
astronomies, edited by I. C. Krupp,
provides a scholarly and well researched
work on this topic.

There is no daubt, however, that the
Egyptian civilisations have amtracted the
linn's share of archaeological interest. An
interesting account of time keeping and in
particular, calenders in the Mayan culiure of
South Americg, is given by Adrian G. Gilbert
and Maurice M. Conerell in the Mayan
Prophecies.

Thus, in the past, the preoccupation with
time was with how the Earth would interact
with the cosmos — what external ficiars by
way of alignments, oppositions,
conjugations, €ic. were or would he present
with the inherent belief that such influences
would influence the destiny of human affairs.

In the modern contexa, the
preoccupation with time is with the ‘instant’
— the here and now. It turns out, however,
that time is now one of those physical
quantities that can be measured with
excellent accuracy. An increasing number of
physical parameters are being defined in
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terms of time as the defining standard. In
fact, the history of the derivation of time as
we know it is a fascinating tale. So much of
what we take for granted in the way time is
displayed and its value disiributed has taken
place only in the last 150 years.

Mol drawn to scale

Solar and Sidearal Time

In the concept of sidereal time and solar
time, sidereal tme is that fime referenced 1o
the rotation of the Eardh against the fixed
background of the stars. Solar time relares
to the apparent time interval of a day —eg.,
the time berween successive points in time
when the sun is highestin the sky.

In Figure 1, the Earth is shown as
revolving on its asis and with also moving w
its present position one sidereal day Luer.
Relative to Sidereal Time, one revolution of
the Earth will rranslate point B o B. To
complete a solar day, an extra time interval
is required to bring the sun directly
overhead at C —ie., o complete a solar day:
This additonal time interval is, on average,
3 minutes and 56 seconds.

In Figure 1, the average angle, Q. is
given by 360/365-25, being the ol
number of degrees in one revolution round
the sun divided by the number of days of
the yvear oycle.

Solar Day =
Sidereal Day + Sidereal Day X

360
o
Solar Day = Sidereal Day (l * 3555 35)
{ ! Day
Solar Day — Sidereal Day = Sﬁﬁ“:?_?_f_i
- 365-25

= 3 minntes, 55-9 seconds.

Berween successive days, the wansit time
of a star to a point on the horizon is 23
hours, 56 minutes and 409 seconds (1990
dlara) and the mean solar day is, therefore,
very close to 24 hours, This was one way for
clock makers 10 test our the accuracy of
their earthly mechanical clocks where they
did not have available a highly accurate
mechanical imepiece.

Thus, solar time is not justinfluenced by
the rate of rotation of the Earth on its own
axis — it is modified by the angular velocity
of the orbit of the Earth round the sun.

The eccentricity of the orbit is 0-017,
meaning that ratio of minor 1o major axis of
the ellipse. While the mean distance 1o the
sun is 1-496x 10'km, the length of the solar
day is not constant for the Earth in orbic :
round the sun. The variability of difference =
between solar day and a sidereal day ranges
from 3 minutes, 35 seconds to 4 minutes, 26
seconds.

When the Earth is further away from the
sun, the sidereal day is closer to the salar :
day and when the Earth is closer to the sun, £
it is moving faster and so the solar day is :
longer. The Earth is, in fact, at aphelion
(furthest distance) at around 3rd July and a
perihelion (closest distance) at around
January 4th. The main effect of this is 1o
muke successive solar days — c.g.. iimed
noon o noon on successive days of variable  :
length. What is relevant in this regard, :
however, is the concepr of the mean solar :
day — the average length of the day during
the vear. :

This effect is indicated in Figure 2, where
the so-called Equation of Time relates how
local solar time as indicated on a sun dial is
fast or slow relative 1o a mean time. where
days are defined 1o be of equal length. Thus,
the correction varies from +16 minutes fast
to 14 minuies slow during the vear. For
many types of activity, however. this degree
of accuracy — when the sun was available —
wiis quite adequate. For scientific and
subsequently commercial practice, it was
very unsatisfactory. The transits of the stars
provided a more accurate dock in the sky

A Non-Constant Earth

Evervone is familiar with the demonstration
of the spinning ice skater, who with arms
outstreiched, spins at one speed and then
with arms drawn in. spins at a fster spead -
a demonstration of the conservation of
angular momentum. The Earth can also be
considered to possess a finite amount of
rotational encrgy Every kg of mass at the
equator has a rottional Kinetic energy of
around 100,000].

Changes in density of material deep
within the crust of the Earth or changes in
distribution of dense and light air masses on
the Earth’s surface can cause detectable
fluctuations in the speed of the Earth's
rotation as its rotatonal inerta Auctuares.

In addition to the seasonal fluctuations
and also unpredictable wobbles, the
dissipation of energy through tidal cvdes is
causing the speed of rotation of the Earth 10
slow down, so that days are — ever so slowly
— geting longer. In a few million years,
there could be exaetly 365 days in the vear

instead of the current 365-25. although it is
difficult 1o project present ohservations into
the far future.

These 1wo effects are in a way
complications, which have added
complexity to the measurement of time.
While the effect of the non-constant length
of the solar day due to orbital velocity
wariation round the sun was known o the
ancient Greeks. the effect of variation in
speed of romtion of the Eacth was oaly
measurable with more accurate clocks from
around 1920 onwards.

Ancient Clocks

The Moons of Jupiter

and Pendulums

The ancient Egyptians around 700 BC used
so called shadow clocks 1o tell the time.
These cansisted essentially of a raised
rectangulas block on top of which
horizontal rod was mounted. The day was
marked into a mid day shadow line and five
distinct hours that would apply 1o both
morning and afternoon. In use the device
was laid flat on the ground and pointed in
the direction of the sun.

The Clepsvdra or ‘water thiel” clock was
used by the ancient Greeks and Egyptians —
being essentially a vessel initially filled with
water and which emptied in a set tme.
Presumably there would have been a slave
whose duty it would have been o refill it
and keep a wlly of the refills during the day.

The andient Chinese water clock
consisted of a series of around six vertically
mounted vessels which slowly driined into
each other. Water was initially added ar the
top and the time noted for the level in the
lowest collecting vessel 1o change by set
AMOounts.

Sand clocks were later developed in
Europe, typically in units of 135, 30, 45 and
60 minutes. In the reign of King Alfred, time
at court wis kept using candle clocks
marked in hour extents. For most of the
population. however, activity was essentislly
regulated by the sun. It was only around
1335 onwards that there are repors of
mechanical clocks with these being
developed inidally in Italy: !

The Greenwich
Connection

The Greenwich Old Observatory has played
a pivoral part in the determination of time
for the whole world. This role relates both
to the measurement of time in terms of
high accumacy from timekeeping and also o

o Bastion jolon Feb Mar Apr Moy Jun Jul Aug Sep Oct Nov Dec
of Time of the
difference of < / \
apparent solar 15 \
time from mean / \
solar time. 10
Sundial ahead of clock /f Sundial \
@ 5 ' I ohzad |
2 i . of clock
’:E o Clock or mean time \
L0
S 4 ;&Déé\ I
i _ c?c‘u’{\é“ Sundial behind clock
&
15 -

June 1997 ELECTRONICS AND BEYOND @ED



serting Greenwich as the zero meridian of
longitude. In our current modern age when
the importance of our miaritime role is
significantly reduced. the legacy of setting
the standards for time serves as a major
memorial of the age when Britannia did rule
the waves.

In one sense. the origin of the
Observatory at Greenwich is quite clear
King Charles U signed a royal warrant for its
establishment on the 4th March 1675. The
actual set of events that led o this result,
however, are rather more obscure, and
involve the king’s mistress, Louise de
Keroualle and a Frenchman, St. Pierre, who
proposed a method of lunar measurements
and predictions to calculare longitude. The
observitory was basically initiated in order
to establish a core of observational data that
could lead 1o the successiul implementation
of such a scheme. It is perhaps no
coincidence that some years previously,
Louis XIV had established in 1666, the
French Academie Rovale des Sciences,
principally to solve the problem of longitude
through astronomical observation.

Photo 2. Illustration of John

Flamsteed, the first Astronomer Royal.
(Courtesy National Maritime Museum).

The Roval Obsenvatory at Greenwich was
designed by Sir Christopher Wren and with
observations beginning by John Flamsieed -
the first Astronomer Royal —in around
October 1676. Flamsteed's star catalogue,
which had mken around 40 years to
compile. was published posthumously in
1725. Photo 1 shows the Old Greemwich
Observatory soon after it was completed
and Photo 2 depicts John Flamstead.

Two so-called “great clocks” were ordered
to be made for the obsernvatory by Thomas
Tompion, a leading London clockmaker, and
were set going satisfactorily together on
24th Seprember 1676. These clocks had a
13ft. long pendulum for a 2 second period,
used a new pin-wheel escapement and used
very heavy weights in order that the clock
would only have to be wound once per year.
This was really the ficst instance of
determination of Mean Solar Time at
Greenwich. Elamsteed in fact used the
transit of the bright suar Sirus as a time
reference for monitoring Mean Solar Time
as kept by the ‘great clocks’. The reliability
of these clocks was around seven seconds
per day. Flamsteed's work was indeed an

uphill struggle, based on the meagre
allowance he had been allocated o
undertake his work.

One of the key parameters measured was
the time at which the sun was highest
overhead —at noon. From 1676 to 1723, the
method used was that of Double Altitude or
Equal Altitude. when the time that the sun
auained a fixed altitude a set time before
noon was compared with a corresponding
set time after noon. The time of apparent
noon (hy sun's position) was then calculated.
Applving the correction of the Equation of
Time then gave the Mean Solar Time.

The invention of the transit instrument by
Ole Romer led 1o the introduction of such
an instrument by Edmond Halley in 1721 a4t
Greenwich. This telescope device had
essentially only one degree of freedom, with
the axis of telescope in east west direction
fixed. This was in time replaced by Airy’s
transit circle in 1851, and which continued
10 be used until 1927,

John ‘Longitude’ Harrison
The loss of five warships off the Scilly Isles
on the foggy night of Ocober 22nd 1707
with the loss of 2,000 troops focused
attention on the need o improve navigation
methods. This resulted in the passing of the
Longitucle Act of 1714, which offered a prize
of £20,000 for solving the problem of finding
longitude at seq. In this method, there were
two main rivals — that of astronomy and that
of accurate time keeping. As time
progressed and mechanical invention
developed, so did the science of astronomy.
Significant progress towards the
development of an accurate chronometer
for sea navigation was to come not from the
more famous clock makers of London such
as Thomas Tompion and George Graham,
but rather, from a cerain John Harrison
from Barrow-on-Humber in Linconshire.
Having been apprenticed as a carpenter,
lohn Harrison soon migrated to making

clocks. Not apparently having received

formal training in such a craft, Harrison
revisited many of the problems of accurate
time keeping and came up with highly
original and advanced soludons. He found
it possible to use special ypes of
seli-lubricating wood forkey elements of his
clock movements, which allowed clocks o
operate without lubrication. Also, in the
design of pendulum clocks, Harrison
combined brass and steel in pendulums ©
ensure that the pendulum had a length
essentally independent of temperature. Also,
he developed the "going ratcher” 1o keep
the clock ricking while it was being wound.

Harrison visited London in 1730 and was
well received by Astronomer Roval, Halley
and George Graham a famous London
watchmaker — giving encouragement in the
quest for the development of an accurate
timepiece  win the covered Longitude
Prize established by Act of Parliament.

In order 1o win the prize, however,
Harrison had 1o evolve completely new
designs. At sea, pendulums had a nasy
habit of stopping due to the violent motion
of ships in rough seas. He would spend the
next 40 years of his life both perfecting the
mechanisms with the aim of claiming in full
the payments assigned by the Longitude
Act. Dava Sobel’s book gives a good account
of this innovative pericd of timepiece
design. It is a fascinaring storv.

Table 1-gives a summary of the main

Date Event

1730 Recelad in London

1735 Completes H1 clock

1736 Successiul trials onboard HMS Centurion
1741 H2 presented to Board of Longitude
1757 H3 essentizlly complete

1759 H4 completed

1761 Sea wmal of H2 on BMS Depford

i78Z H4 asocuracy yerified bt not credited
1765 Parfament changes miles of Longitusde Act

1766 Hi,HZ,H3and Hiremowdio
Gresnvach

1770 W5 compietsd

1772 Captain Cook uses K1 copy of H4
1772 Belated psyment of L8750 to Hamison
1775 Captain Cook vindicates K1 accuracy
1776 Death of John Hamison

Table 1. Key events in saga of John
‘Longitude’ Harrison.

~

events in the saga of John ‘Longitude’
Harrison’s uphill struggle. One of the major
difficulties thar Harrison was to experience
was that highly influential astronomers
wanted their methods of astronomical
observation o win the Longitude Prize. By
all accounts, Harrison should have been
awarded the prize in 1762, but he was
have o wait until 1773 following
intervention by the King, until some redress
was made,

The accuracy of H4. had been verified in
1762 as losing only five seconds after 81
davs ar sea. H4 was a very exceptional watch
—a miraculous warch in some respects.
Lesser watches were subsequently made as
official copies bur they omited various key
features of the original mechanism design.

John Harrison's timepieces not only
improved the accuracy of docks and
warches in general, it allowed safer
navigation of the sea with all the
implications for trade and establishment of
colonies overseus.

The London warchmaker, Lacrum
Kendell, was given H4 1o copy, making the
famous timepicce K1 and later, a less
accurate K2. K1 was used with great success
on Caprain Cook’s second votage, from
which he returned in 1775. K2 was used by
the mutineers on board HMS Bounty to find
Pitcairn Island. During this period of
horological history; necessity was very much
the mother of invention.

Before long, chronometers of accepable
cuality were widely available. It was
common, however, for reliance not to be
placed on a single timepiece. Thus, when
HMS Beagle set our in 1831 with Charles
Drarwin on board, a towl of 22
chronometers were in use.

The End of
Local Solar Time

Inn the early 1800s, while there were a grear
many clocks in the land. it was the custom
for them 10 show local solar time. Thus,
clocks in Norwich could be 6 minutes ghead
of Greenwich and clocks in Plymouth, 16
minutes behind. This caused the greatest
problem for the operation of Railway
Timetables. It was however, not until 1840
that the Grear Western Railway established
Greenwich Mean Time at all of its stations.
Gradually, over a period of ten vears, other
railway companies also began to use
Greenwich time.
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With the implementarion of telegraph
lines, Greenwich from around 1850 onwards =
began to act as the source of time
synchronisation signals across the UK. The
adoption of Greenwich Mean Time (GMT),
however, was more progressive than
universal, with some 98% of public clocks in
Grear Britain being set to GMT by 18535, Ic
was not untl 1880 that GMT became the
legal time also for commerce and industry
in Briain.

Towards Global Time
Standards

It was one thing for one country to adopt a
national time standard — quite another for
there to be global agreement regarding
time. It was only at the International
Meridian Conference in Washington DC in
1884 that a consensus was adopted for the
definition of the length of the day, viz: “That
the universal day is to be mean solar day; is
to begin for all the world at the moment of
mean midnight of the initial meridian,
coinciding with the beginning of the civil
day and date of that meridian; and w be
counted from zero up 1o twenn-four hours’. :

This conference also accepied ‘the :
adoption of the meridian passing through :
the centre of the transit instrument at the
Obsenvatory at Greenwich as the initial
meridian for longitude’.

Up until this point in time, there wereat  :
least eleven other contendess for other
points of orgin for the meridian - with Paris
the main rival. It was the fac, however, that
some 72% of global shipping were using
maps with the Greenwich meridian for
navigation thar led to the choice of
Greenwich as the prime meridian.

This subsequently allowed the
formalisarion of time zones around the
world, with generally zones of one hour
corresponding to 157 of longitude. Since
then in many respects, time has seen some
subtle refinements but no major
re-definitions.

The New Time Machines
The accuracy of cocks used for
astronomical purposes and time reference
improved during the 19th century: In 1870,
the Dent number 1906 of Airy kept time o
an accuracy of 0-1 seconds per dav. Around
the turn of the century, significantly more
accurate clocks produced by Sigmund
Riefler of Munich became available. In the
1920s, so-called free pendulum clocks
produced by W H. Shortt in the UK became
available with an accuricy of 10 seconds per
vear. In the free pendulum clock, the time is
maintained by a free pendulum in an
evacuared chamber and synchronised w0
time with a slave pendulum in a normal
atmosphere.

The development of quartz as a resonator

material provided a superior means of
measuring time compared with mechanical
clocks. Quartz, however, was sensitive o
environmental conditions of temperature
and vibration. Also, quarz crvstal
underwent a gradual ageing process which
gradually altered its resonant frequency with
time. Initially; resonant frequencies around
100kHz were used at Greenwich berween
1939 and 1964, though subsequently higher
frequencies were used. Frpical accuracies of
high precision quartz clocks was of the
order of 0-1ms per dav.

Forthe modern wristwatch, the accuracy
of quartz 10 a few seconds per week is
entirely adequate. Photo 3 shows the
component parts of the Seiko Kinetic
movement with (uarz oscillator.

Atomic Clocks

It seems that although time is being
measured with ever increasing accuracy,
there is always the perception that even
greater accuracy is required. The advent of
quartz clocks in the 1940s provided an
accuracy of around 0-1ms per day. This was
not, however, of sufficient resolution to
investigate specific tests relating 1o relativity.
Some pioneering work was underntaken with
atomic beam resonance at Columbia
University in the 1930s. The first atomic
clock 1o be used in earnest was one at NPL
in 1955 and developed by John VL Parry: In
1967, the second was defined as
9,192.631,770 periods of the resonance of
Cs 133 atom. The Q of such a resonator, the
ratio of the frequency divided by the line’s
frequency spread, is of the order of 100
million. For such clocks, the
reproducibilities are of the order of 1 in 10™.
The atomic beam frequency standard is
indicated in Figure 3. A source of atoms is
obtained by heating Caesium atoms by a
filament lamp. Atomis of appropriate energy
state selected by magnet A pass intoa
resonant microwave cavity where their
energy is changed to a second level and
with miagnet B deflecting these to a
detector. The system incorporates a servo
mechanism to optimise the current of
Caesium aroms detected and hence 1o
resonant frequency of the microwave cavity.
Recently, atomic hydrogen masers have
been developed, which allow improved
performance at a lower frequency of around
1.420MHz. Initial problems with the poorer
stability of the resonant cavity have been
overcome 1o make atomic hvdrogen masers
the atomic clock of choice for several
national laboratories, including that of the
NPL in the UK. The Q of such a resonator is
of the order of 10° and with a frequency
stability better than one part in 107
Another clock which is commercially

Freguency Szria

display mechanism
Source of

<oesium Dstectar

otoms
Microwave \
cavity
Magnel A Magnet B

Figure 3. Schematic diagram of
Caesium beam atomic clock.

available is thar of Rubidium 87 ata
frequencyof 6;836MHz. While such sources
are less expensive, their reproducibly is only
of the order of one part in 107,

Lonely Cold lons

Investigations, however, continue in the
search for even more accurate methods of
measuring fime, Trapped atoms suspended
in a vacuum and isolared from disturhing
influences have been made to resonate with
stabilities comparable or-equal to that of the
hvdrogen maser. In the so-called atomic
fountain, atoms are nudged into a resonant
microwave cavity by a series of laser beams
so that the atoms suffer no speciral
broadening through collisions with
containment walls. A resonant Q of such
systems of 1013 has been observed in work
at NIST in the USA. The problem with such
systems. however, is that they have not
been operated over extended periods.
Perhaps, however, this technology will
provide a narural end point for the accuracy
of time measurement.

Recent work at the NPL has reported on
using trapped Ytterbium ions cooled o
within 0-5mK as a means of obmining an
ultra-stable 467nm clock wransition. While
the best Caesium clocks give a stability of 3
parts in 107 per day, this ion trap echnique
could provide an additional factor of a
thousand in line siability. Figure 4
summarises the details of the sequence
ofions cooling, energy absorption and
reavcling of ion energy system.

Initially, the Yoaerbium jonisina
reference state. The ion is irmdiated by a
laser beam at around 369nm, just below an
absorption transition of the ion. If the ion
moves toward the photons, the doppler
effect increases the energy of the photon
and the ion absorbs it — absorbing
momentum and in effect slowing it down,
This continues until the ion is more or less
stopped. If another laser is tuned around:
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Unstable state

3 638nm

Cooling

transition
36%nm
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fifetime
Clock
transition
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Figure 4. The ultra-stable 467nm
absorption is achieved by cooling the
ion to close to absolute zero. The ion
is ‘recycled’ by ralsing it to a higher
level which in turn decays rapidly to
the reference level.

<467nm, the ion absorbs this energy and the
ion remains in a higher smble state. It would
probably remain in this state for 10 vears
through nawural lifetime processes. A laser at
638nm, however. is used 1o raise the energy
to a higher state which rapidly decays 1o the
starting level. The uncertainty in the
frequency of the 367nm transition is oaly
0-5riHz which in turn provides an
uncerinmy of 1in 1018. This is twpically
beuter by a factor of 10 million compared o
state-of-the-art smbilised He-Ne reference
lasers. Such a technique could well be the
basis for future design of atomic docks for
resonance at the ulira-siable vansition
wavelength. Figure 5 summarises the
increasing accuracy of achieved by clocks
through history:

Towards Universal Time
There is a perception that there can only be
one time for everybody. Allowing for time
zones, then the minutes and seconds tick all
over the world the same (except in time
zones with 0-5 hour divisions). Current time
is described as Coordinated Universal Time
(UTC). There have heen various key
initiatives, however, in establishing UTC.
While time as Universal Time had been

Date Event

18R4 Greenwich Mean Time adopted as Unnersal Time (UT)
1852 Ephemens Time (ET) Introduced

1956 uTo, UT1, UT2 defined as sub-divisions of UT

19586 Ephemens Second defined

Jzn1, 1958 TAL (Atomic Time) commeances

1887 Second defined in terms of Cs penods of radistion
Jan 1, 1972 Coocrdinated Universal Time: (UTC) established

Table 2. Key events in determining time standards.

defined as established by Greenwich Mean
Time in 1884, the advent of radio which
allowed time signals to be sent rapidly
round the world revealed that various
stations could be several seconds adnift. It
was the French who, in 1912, established
the Bureau Intemational de PHeure (BIH)
10 co-ordinate accuracy in time keeping.
This group did not formally funciion until
around 1920.

From more gaccurdte measurementis of the

Earth's rotation using more accursite clocks,
it became apparent that the value of the
mean solar day was changing verv slowly: It
became desirable to use instead the vear as

the measure of ume scales. Even though the

vear is slowly decreasing by about 05
seconds percentury; this would provide a
more stable reference. Thus, in 1932, the
so-called Ephemeris second was defined as

the fraction 1/315,569,25-9747 of the tropical
year for 1900 January 0d 12h ephemeris time.

While this provided a more siable basis
fortime measurement, and the sccond had
been defined in terms of a time perod that
had occurred and, therefore, had a finite
value, the problem of lack of accessibility
remitined. No one could produce, for
example, a traceable pulse of signal exactly
onesecond long.

The adoption of the atomic clock
standard was to solve this with the formal
adoption of the atomic second in 1957,
Prior to this, the atomic clock had swarted
ticking on January st 1958 and defined
within TAl (Atomic Time). The UTo (Earth
timne) was gradually losing seconds by this
time. On January 1st 1972, a new time,

Coordinated Universal Time (UTC), was
defined as 10 seconds slow on TA1 (Atomic
Time). The BIH in Paris currently
coordinates the world “mean’ atomic

clocks based on the time held by around
200 high precision atomic clocks. Thus,
timeas we know it is stll subject to the
vagaries of statistics. Table 2 summarises the
main sequence of events in establishing
time standards.

The point about the scales of dme is that
absolute accuracy is required for astronomy
and modern communications technology. At
the same time, it is required that the noon
‘pip” of UT1 (close equivalent of Greenwich
Mean Time) occurs within 0-9 seconds of
noon aecordling 1o the averuge transit of the
sun. At present, leap seconds are being
added at the rate of typically one per vear —
reflecting the face that compared 1o the
Ephemeris day of 1900 —the mean solar day
of that year; the Earth is now rotating more
slowly. The formal year as we know it is only
reducing by around (-5 seconds per century.
Figure 6 indicates how leap seconds have
been added 1o the UTC since 1972, Planned
leap seconds are notified well in advance by
the BIH in Paris.

Awareness in Time: The
Tiirler Cosmic Clock

While rime is something that is being
charted with increasing accuracy, the
awareness of where we are in time — its
expression, as it were, of its passing is still
subject 1o human inventiveness. The Tider
Swiss watch company, founded in 1883, has

achieved by clocks through history.

Figure 5. Sequence of increasing accuracy
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Figure 6. Incidence of adding leap seconds to UTC since 1972.
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Photo 4. Main details of the Tirler
Clock of the Cosmos. (Courtesy Tiirler
Uhren & Jewelen 1883),

always maintained a high standard of quality
in watch design and manufacture. It was
fascination with the aur surrounding time
thar inspired the present head of the
company, Franz Tirler, 1o create a clock “of
unigue perfection’ —and ‘a work of art,
timeless and of lasting value”.

o turn these aspirations into reality was
tor take nine years of planning and
development. The end result is the Tiirer
Clock — a model of the cosmos. This clock,
whose main details are shown in Photo 4,
combines in a way all the previous clocks
that man has wied o build 10 describe
sidereal time, solar time, rotation of the
moon and the Platonic year of 25,794 vears
as the Earth completes one cycle of
precession about its axis. Thefour
components of the clock comprise the
Globe, the Perpetual Calendar, the
Planetarium, the Tellurion and the Horizon.

The Globe. shown in more detail in
Photo 3. provides a snapshot of the relative
rotation of the Earth, moon, sun and stars
as perceived from an outside observer
gazing in from the solar system. The
Perpetual Calendar provides the time in
hours and minutes and with four smaller
inner dials indicating the day of the week,
the dav number in month, the month and
the vear in decade century and millenninm.
Full correctons are implemented for leap
clays on 29th February and with dropping
leap day every 100 years and adding it again
every 400 years, in accordance with full
Gregorian calender.

The Planetarium encompasses the nine
planets of the solar system, from Mercury
with an orbit of 87 days, to that of Pluio of

247 vears. It provides, therefore, a
mechanical view of cosmic reality.

The Tellurion indicates with reference to a
maolel globe of the Earth, the positions of
the sun and moon and on the outer rim,
the position of the sun in terms of the
ecliptic. zodiac and month is displayed.

The Horizon is a novel represenmation of
the paths of the sun and the moon, as
visible at the location of the clock on the
physical horizon. Events are indicated in
terms of a 24+-hour clock showing local
meun solar tme.

The Swiss Watch
Industry

After suffering the destabilisation of the em
of the dollar quartz watch, the Swiss waich
industry. emphasising its skills in
crafismanship and quality; is still a major
industry: In 1994, for example, exports
totalled some SF 8 hillion. While companies
like Swaich have tried to recapture the mass
production market, a core of companies in
the famous Joux Vallew. including Audemans
Piguet. Blancpain. JaegerleCoulire, Daniel
Roth, Nouvelle Lemania, Dubois-Depmz and
Fili, maintain the highest standards of
quality and tradition. The focus of economic
activity to high value products tends,
therefore. to produce an economy which is
inherently swonger. The Gross Domestic
Product of Swizerland per person at around
$35,000 is over twice that of the UK.

The NPL Time Services

MSF 60kHz Time and Date
Code (Rugby clock)
This madio transmission is the principal
means of communicating time within the
TK. and broadcasts effectively UTC
Coordinated Universal Time, which is alwavs
within one second of Greenwich Mean
Time. With a transmitter power of 27kW, the
signal can also be received widely in western
and northern Europe. The carrier frequency
is maintined at 60kHz within one part in 10
Data from the clock is presented
second-byv-second with identification of
deails of seconds within minutes. The
modualaton used is simple on/off
modulation. Figure 7 indicates the normal
appearance of the identification of the
second 00 — effectively a minute marker and
appearance of subsequent seconds. The
modulation is rypically switched off for an
interval of 500ms. In addition, however,
other modulated information can fill this
slot — presumably; west data of some kind. In
eich of the following seconds, the first
100ms is always OFF and with the next two
intervals of modulation of 100ms, either ON
or OFF, thus assigning values to bits Aand B

Photo 5. Detail of the Globe of the
Turler Clocik. (Courtesy Tirier Uhren &

B

Jewelen

within the specific second. Data is primarily
contained with bits 17A 1o 514 of the time
signal within each second. Thus, from
switch on, as it were, the clock needs a
complete minute to recover all the dawm
from the transmission regarding time. dare,
etc. Therealier, the signal is principally
updating the second derails of the time.
Table 3 indicates the year coding uiilised
and Table 4, the month, day in month and
day of week.

Last but not least, the time in hours and
minutes is given by details as presented in
Table 5.

Bits 9B to 16B are used to indicate the
difference berween UTC and UTI (closely
equivalent to GMT) to the nearest 100ms in
range +800ms m -Si0ms.

NPL Truetime

NPL Truetime is a recently introduced time
service that allows compurter clocks to be
set within one fifiieth of a second by direa
telephone conaecton to the national time
scale maintained by NPL. This time
reference at NPL is itself based on an atomic
clock which is uself maintained within one
millionth of a second of Coordinated
Universal Time (UTC). Data is currently set
using V22 1,20(+baud standard with eight
dlata bits, no parity and one siop bits. Daia is
sent in stongs of charaeters which are
numbered 01, 02, ...77. More complete
deails are included in NPL information
sheet reference CETM h 099, Table 6
summarises key pammeters communicated
by NPL Truetime.

Figure 7.
Wavefarm

of Rugby clock
signals in the
first and
subsequent
seconds.

Second zero

Seconds
01-=60

Carrier on

Carrier off

Code Function
iTA Year » 80
isa Year x40
194 Year » 20
204 Year x 10
21a Year « B
225 Year x 4
234 Year x 2
244 Year x 1
Table 3. Year value decoding.
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Code Function

25A Month x 10
284 Month x 8

274 Month X 4

284 Month x 2

204 Meonth x 1

304 Day of Month x 20
314 Day of Month x 10
324 Day of Month x< 8
334 Day of month « 4
344 Day of month x 2
354 Day ofmonth x 1
384 Day of week x 4
37A Day of week x 2
38A Dayofwesk x 1
Table 4. Month, day of month,

day of week decoding (0 = Sunday).

Code Function
304 Hour x 20
“0& Hour x 10
414 Hour x 8
424 Hour x 4
A3A Hour x.2
14 Hour x 1

Minute x 40

484 Minute x 20
STA Minutz x 10
482 =8
492 % 4
504 &% D
514 Minute x 1

Table 5. Month, day of month, day of
week decoding.

References

dzy of week Monday = 1 —7 = Sunday

Week of year

DuT1 difference in 0-1 s=¢ UT1 and UTC
LEAP SECONDS announcement of perding laap sec
tulian Date Meodified Julisn Date — day value

Parameter Details

Date © YYYY-MM-DD format

Time htvmmiss formst

local time e.g., LAC+0 dunng GMT and UTC+ 1 dunng BST

week 01 contains first Thursday of year

A0S

Table 6. Key parameters communicated by NPL Truetime from 0891 number.

More complete details dre given in NPL
data sheet CETM h098. The number of NPL
Truetime is (0591) 516 333 and can only be
dialled from inside the UK. NPL Truetime
provides direct traceability to the National
Time Standard. There are a range of clocks
that detect Rughy time. One interesting
system provided by Timenet Lid. serves as
an add-in card 1 a PC 1o enable on line
time keeping to be achieved.

Interconnected Units

The definition of the metre is related o
1/299,792 458 part of a second and the vole
is defined in terms of the characteristic
frequency assodiated with a voltage that
appears across a Josephson junction in a
superconducting circuit. Thus, improving
the accuracy of time allows more accurnite
measurement of a range of related physical
parameters.

- -

Relativistic Effects
Just as it required clocks of improved
accuracy to detect the variations in the rate
of rotation of the Earth, so 100, it required
the development of clocks like the atomic
clock o detect relativistic effects. One such
effect relates to the relationship berween
the frequency of a photon of energy and
the gravitatonal field in which it is emitted.
If, at the surface of the Earth, a photon of
light is emined with a frequency fo, then at
a height one metre higher, the frequency
will be higher by one part in 10, This is
part of the general effect of gravity lowering
the energy of a quantum stite. Thus, there
is implied in this effect, the reference
height at which standard measurements are
made for the world’s set of atomic clocks.
This effect is a necessary Correction to
apply for atomic clocks held onboard
Global Positoning Satellites in
geostationary orbits round the world.

Also, there is an effect in respect of the

non-uniformity of the velocity of the Earth
round the sun — the very variation in orbital
speed that resulted in the Equation of Days
which corrected mean time against
apparent solar rime. This, coupled with the
variation in sun's graviational potential,
makes TAI run faster by about 6:6 parts in
10" at aphelion around July 3rd compared
to that at perihelion —around January 4th.
The effect of this in a whole year is around
3-3ms. These relativistic effects probably
are detecable and have 1o be correced for
in GPS technology.

Greenwich Meridian 2000

In the words of the 1884 International
Meridian Conference, the universal day ‘is
to begin for all the world ar the moment of
mean midnight of the initial merndian’.
This is taken as meaning thar the prime
Meridian at Greenwich is the point from
which the new millennium will begin.
The 1000 Day Counidown 1o the new
millennium began on Friday 4 th of April
1997 as indicated by unveiling of the
Accurist Millennium Countdown Clock
at Greenwich.

Summary

In the efforts of the individuals o
investigare and measure time can be traced
also the rise of the once supreme maritime
narion of Great Britain. The confusion over
the relevance of Greenwich in terms of the
celebration of the Millennium is no more
than an indication of the ignomnce of the
greainess of past days. Can you think what
the French would do in terms of
Millennium celebrations if the zero of
longitude ran through Paris?

Also, in response to the age old guestion,

“What time is i#t?" — a5 afterdinner
conversation, the reply could very well be
long in the extreme.

Longitude: the true story of a lone genius
who solved the greatest scientific problem
of bis time.

Dava Sobel, Fourth Estate, London, 1996.

Greenwich Time and ihe discovery
of the longitude,
Derck Howse, Oxford University Press, 1980,

Accurate measurement of time,
W M. ltano and N. F. Ramsey, Scientific
American, July 1993, 46-53.

Sun dials: Their theory and construction, |
A. E. Waugh, Dover Publications,

New York, 1973.

MSF 60ktz= Time and Date Code

(Rughy Clock),

published by NPL, reference CETM h 099.

The Léap Second,
published by NPL, reference CETM h 101.

Iz seairch of ancient astronomies,
edited by E. C. Krupp,
Chatto and Windus, 1979,

Reeper of Genesis,
Robert Bauval and Graham Hancock,
Mandarin, 1996.

The Mayan Prophecies,
Adrian G. Gilbert and Maurice M. Coterell,
Element, 1995.

Stwiss Queality Timing.
Spring 1996, SQP SA Elena Cicurel
(Tirler Clock).

Cold-ion optical clock is the funure of
calibration,

Oliver Graydon, Opro and Laser Europe,
March 1997, 3(:31. [

Points of Contact

National Physical Laboratory (NPL),
Electromagnetic and Time Metrology,
Teddington, Middlesex,

United Kingdom TW11 OLW.

Tel: (0181) 977 3222,

Fax: (0181) 943 6458,

National Maritime Museum,
Picture Library,

Greenwich, London, SE10 9NF.
Tel: (0181) 312 6631,

Timenet Lid.,

PO Box 35, Washington NE 38 7YZ.
Tel: (0191) 417 8288,

Fax: (0191) 419 3893.

Turler Uhren & Jewelen 1883,
Paradeplatz, CH-8001 Zurich, Switzerland.
Tel: (00411) 221 3838,

Fax: (00411) 221 1472,

Naval Observatory,
Washington DC.

Tel: (001) 202 762 1401
(time signal speaking clock).

The Antiquarian Horological Society,
‘New House', High Street, Ticehurst,
East Sussex, TNG 7AL.

tel 01580 200155

The Worshipful Company of Clockmakers,
Room 66-67, Albert Building,

49 Queen Victoria Street,

London, ECAN 4SE.

tel 01741 606 3030
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Diary Dates

Every possible effort has been made 1o
ensure thal information presented nere
5 comreet grios to publication, To awoid
disappointment due to late changes or
amendments, please contact evant
organisations to confirm datails.

May 1997

2 o 4 May. intemst Live, Earls Court,
Londan. Tel: (01B1) 848 1666.

12 May. Visit to the Technical Operations
Centre, BBC Transmussions, Wanwick,
Stratfort-upon-Avon and Bxstnct Radio
Society, Stratford-upon-Avon.

Tel: (01789) 740073,

13 to 14 May. Property Computer Show
Narth, Roval Armouries, Lesds.

Tel: (01273) 857800.

13 1o 15 May, Technology Transfer
Exhibition, NEC, Samingham,

Tel: (0181) 302 8585,

20 w 22 May. Intemeat Warld, Olympia,
Londen. Tel: (01865} 388000,

26 May. Dscussion Night, Stratford-upon-
Avon and District Radio Socisty, Statford-
upon-Avon. Tel: (01789) 740073,

June 1997

June 1987, Bamsisy & Distict Amateur
Rzdio Club coach tnip to Friednchshalen
Hamifest, steying near isiand of Lindau for
6 nights. Further information frem Emie
GALUE, B Hikd Avenue, Cutdworth,
Bamsley, South Yorkshire S7T2 BRN.
Tel: (01226) 716339,
NMobie (0836) 748958,
2 to 5 June, CIRED — 1dth Intematonal
Elecincity Distibution Conference-and
Exhibition, ICC, Brmingham.
Tel: (0171) 344 5478,
3 to 6 June. UKCMG Annual Conference
and Exhibition, Rniera Centre, Torguay,
Tel: (01635) 32338
9 Jure. Tvo Metre Direction Finding
Competition, Stratford-upon-Aven and
District Radio Society, Stratford-upon-
Avon. Tel: (D1789) 740073.

181019 hune. Govemment Computing
and Information Manazement, Royal
Horticitursl Halls, London.
Tel: (0171) 587 1551,

18 1o 19 Nov. Wodkpiace 97, Olvmpa,
London. Tek: (0181} 910 7910,
23 hme. Technology Evening, Stratford-
upan-Aven and District Radfio Socisly,
‘Stratford-upon-Aven.

el (01789) 740073,

24 0 26 june. Database Expo, NEC
Bamingham. Tel: (01B1) 742 2828,
24 to 26 June. Networks '97, NEC
Barningham, Tet: (0181) 742 2838,
24 to 26 June. Software Development
7, NEC BEmingham.
Tel: (0181) 742 2828,

24 w 26 Juna, Systens 97, NEC
Birmingham. Tei: (0181) 742 2828,

28 Juna, Radio Rally, Longleat, Witishire.
Tel: (01707) 858015,

June 1997

7 July. Se=nth Intiemational Conference
on HF Ratio Systems and Technigues,
IEE. East Midiards Conference Centre,
Nottingham, Tel: (0171) 344 5469,

11 July, Fifth Intemational Conference on
Holographic Systems, Components and
Appbcations, Uniersity of Bath, Tel:
(0171) 344 5457,

14 July. Summer Socilt Bvening,
Stratford-upon-Avon and District Radio
Saciety, Sustiond-upon-Avon. Tel:
(01789) 740073.

28 July, Construction Competition,

Statford-upon-Avon ardd District Radio
Socisty, Siratford-upon-Avon,

01789) 740073.
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Piease send oatails of events for

i 1 "Dary Dates’ to: News Editor,
and Beyond, RO, Box 3,

gh, Essex 586 81U ore-mail to
swaddingtonfcix.cospul ink.co.uk.

What's On?
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TriMedia Takes Best
Multimedia Hardware Award
at CeBIT

Philips Semiconductors’ TriMedia TM-1000 media
processor Collected the “Best Mulimedia Hiardware
Award' at the CeBIT best of show awards in Hannover,
Germany. durng March. The TM-1000 media processor
brings broadeast quality video, multichannel audio
and photo realistic interactive graphics o the PC

For further deails, check:
http://wwea. semiconductors.philips.com.
Contact: Philips, Tel: +31 40 272 20 91.
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Intel Outlines How to Make
Money and Save Money
During Internet World Keynote

Making monev and saving money on the Internet
using the Connected PC was the theme of Intel's
keynote address at Inteenet World, US, in March. In his
presentation, Frank Gill, executive vice-president and
genen] manager of the Intemnet and Communications
Group at Intel, explored the opportunities for business
o both make money and save money by addressing
new capabilities, new markets and new customers
using the Connecied PC and the Internet.

During his presentntion before several thousand
Internet World antendees, Gill stated that the growih of
the Interner has been responsible for revinalising the
PC industy. The Conneced PC offers business the
oppartunity to fake advanmage of these changes in order
to deliver innovative marketing and senvice programs,
but he wamed that there is no ‘easy” money.

Gill demonstrated how emerging Internet
technologies, including many developed by Intel, are
enabling business (o create new opporunitics on the
Internet, Inside the corporte world, increased
efficiency via trining and network management ools
were explored. Ourside the corporate world. creative
new marketing programs and producs for financial
institutions and the music industey were highlighted.

“The Gold Rush to the Internet is over. The dme is
ripe now for getting down to business: Using
connected PCs combined with the Internet, businesses
can now add value in significant ways 1o offer
customers new products and new services. They can
reach down the wire and impac their clienis quickly
and direczly”, said Gill. “We are only at the beginning
of the development of these new business approaches
where both the customer and business will benefie.”

In conjunction with Intemet television company,
JamTV, Gill demonstmted the ahility of a fast growing
company 10 use innovative business models 1o reach
new customers and new markets in the exploding
music entermainment industry. The JamTV demo
utilised hybrid application technology o deliver
persondl, interadive computing 1o customers, A
demonstration with Weils Fargo Bank illustmied the
passibilities of a well established industry leader to
offer new banking services and products using Internet
telephony and streaming video echnologies.

For further detils, check: http: //ww. intel . com.

Comtact: Intel: (01793) 403000

RSGB Claims
Low Frequency Records

. Evo members of the Radio Sodety of Great Britain

(RSGB) have walked into the record books by setring
three new recortds: the first rveeway comtact on the UK
73kHz band: the first portable operation on the band;
and the lowest frequency on which an amatewr radio
contact has ever mken place anywhere in the woedd

Mike Dennison G3XDV and Peter Dodd G31DO
miade the hisoric comact over a 175m path. Deanison’s
mansmitter mn 20W input from his home szation in
Welwyn Gurden City, Hermfordshire, The antenna was a
300ft. loop, loaded with a series wned 5-3mH coik

Baxdd, who claims the first portable operation. mn
some TW input into 1 50ft. dipole, centre-londed with
approximately 3mH of inductance, paralleltuned with
4 VECUUIT Capacitos

Since the distance involved was less than one
rwentieth of a wavelengih, and the portable anrenna so
small, there seems to be plenty of opportunity for the
recornd to be broken in the near future.

For further detils, check: http://www.rsgb.org.

Contact: RSGB, Tel: (61707) 632015,
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Skin Cell Experiments Could
Plug Surgical Gaps

Methods of growing human skin on polvmer films was
just one of the papers presented ar the Institute of
Physics Arnual Congress in Leeds from 24 1o 27 March,

The skin cell experiments are being conduced by
tite Institure of Science and Technaology at
Loughborough University: The ideais that ifan
individual's skin cells could be grown guickly and
easily in this way, it would become possible 1o supply
surgeons with pieces of skins that could be used for
grafts or with clumps of cells that could be used 1o
plug small gaps where mumours had been removed

Dr Robest Bradley and research student, Clare
Tremlen. told the Institute of Physics Annual
Conference in Leeds how they are currently attempting
1o identify polymer surfaces that have the nght shape,
chemistry and energy w encourage skin cells w anach
themselves and multiply rapidly,

Envimnments that discoursge cell growth are also of
considerable intercst. Surfaces that are bio-*
incompatible with human cells would be verv valuable
for cardiovascular applications, for cample, where
surpeons do not wane cells 1o grow on a catheter or

other piece of equipment inserted in the hody:.
For further details, check: http://wwa.iop.org.
Conract: Institute of Physics, Tek: (0171) 470 4800,
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ndd it wouldn't have been only light
A\\Imh was excluded from the world

above. You wouldn’t have heard any
audible sounds from the surface and if
vou'd taken a VHF mdio with you, vou'd
have found thar all the familiar stations
would have been absent.

For a tourist on a trip of Wookey Hole.
this total isolation only adds 1o the
fascination of the subterranean realny. But
it's a different story entirely for members of
the cave rescue organisations who are called
out in the évent of potholing accidents.
Here. a means of commiunication with the
surface can sometimes mean the difference
berween life and death for a casualoy H your
only experience of the world of limestone
caverns is as a tourist, you may not realise
that it can ke many hours or even davs to
reach the extremities of the world’s larger
caves. Now, imagine that réscuers have
found an injured caver on the far side of a
collapse which they don’t have the
necessary equipment to remove. Sending
someone back to the surface may take many
howurs, by which time. the cisualty may have
died of exposure. But if you can ger word 1o
the surface immediately; there may just be a
chance of reaching him in time.

In this article, we're going to be
investigating how electronics can offer a
solutinn to cave communication. Specifically,
we'll look at low frequency induction,
earth-current communication, single-wire

by Mike Bedford

If you’ve ever been on a tourist trip inside a show
cave, you’ll probably recall a time when the guide
asked everyone to stand still while be turned the
lights out. For many people, this would bave been
the first time they’d ever experienced total darkness
and it would bave been just that — not a glimmer of
light would have penetrated the depibs.

telephones, and guide-wire communication.
But communication is only one application
of electronics 1o caving. Whereas the idea of
potholers packing electronic equipment
together with their ropes, ladders and lamps
muy seem an odd one 1o come 10 1erms
with — cavers are now using electronics 1o
assist them in photogmphing. surveving,
conserving. studying and documenting
caves. This article on cave communication
forms the first in a three-part series on cave
electronics, and in the remaining two parts,
we'll put many of these other applications
under the spotlight.

Ordinary Radio Won't
Work . ..

If you drive through a long road tunnel, or
even under a motorway bridge, vou'll
sometimes find that the car radio will fade
out. The simple explanation for this is that
radio waves are attenuated by conductive
media such as concrete or rock: In fact, the
amount of attenuation depends on the
conductivity of the medium and the
frequency of the radio waves. The fact that
the attenuation increases with the
conductivity of the medium will come as no
surprise. However, what fur fower people
apprecidte is that the attenuation also
increases with the frequency: In other
words, lower frequencies will penetrate the
ground more easily. Bxacily how low a
frequency you need depends on the

@) ELECTRONICS AND BEYOND June 1997

Field testing of commercial
single-wire telephone
equipment developed for
mine rescue purposes.




ep, and o penetrate this,
IO AT umt «Hz have bee
e're talking

just below the lon

1e areas of particular interest are offic

led the VLF (Very Low Frequency) band
which covers OkHz and the i_F (Low
Frequency) band which covers 30-300kHz.
The VF (Voice Freguency) h-jm{ which
covers from 300Hz 1o z
been used for non-speech communication
and for radio-location, as we'll see later
inthe s :

looks quite plausible until we siart
der the wavelengths at these
A frequency of 100kHz

corresponds to a wavelength of 3km and
down at 300Hz, the wavelength is 1,000km.
In order 10 be efficient, radio antennas need
tobea l't_.JSJ':ﬂjhlL‘ proporti §

we'd be talking in terms of s
ous antennas. This has been a maj
|m blem for the UK's radio amateurs using
the new 73kHz band and explains why
far, the longest distance communication
achieved is no more than about 5 miles. But
if the antennas pose a problem 1o radio
ateurs for aboveground use, the situat
is far worse in the confines of tiny cave
passages. Here, anyvthing much larger thana
whip antenna would be tomlly impractical,
vet this would be grossly inefficient for
iating at LF or VLE

. - » But Induction Will

» far, we've been thinking in terms of
conventional radio. Radio involves a ransfer
of electrromagnenic energy through free
space by a process called m(fmmm and is
the pro ich dominates at
ofaf avelengths from any
antenna. This is referred to as the far field
However, when we look much closer to the
antenna, we find something quite different.
In the so-called near field, we find
independent magnetic waves and electric
waves referred 1o as the iduction field and
the electrosiaiic field respectively.
induction field can be generated quite
cfficiently by feeding an electrical al into
a multi-turn loop. Since this can be £
smalier than a wavelength, this loo
promising as a means of cave
communication. However, unlike the §
ncid which decavs with the squ:

istance, the induction field obeys ¢
inverse cube relationship. In other worc
drops off very quickly as you move away
from the antenna as the |

vould . Hos

insurme mnmhk problem for cave

communication, since it is frequently

adequate o be able to communicate from

the cave 1o the closest point on the surface.

And as we've alre: 2 ire rarely
8 if hundred metres deep.
'1 ) <.mp|t s Ih{: ]1I1m iple of

WOPMALE Since no
e radio’

al into a loop and thereby sets up a
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Evaluation of a flexible antenna
wound inside a bicycle inner-tube.

magnetic field. At the receiver, an electrical
signal is induced in a similar loop by the
transmitted magnetic field. So, we can view
an induction communication system as
being similar in operation o that of a
transformer, albeit one with a particulariy
large separation between its primary and
secondary windings. Despite the fact that
real radio employs radiation whereas cave
radio works by induction, the design of the
transceivers are very similar

A small hand-held cave radio called the
Molefone was first developed about 15 vears
ago by Bob Mackin of Lancaster University
and is used exiensively by cave rescue
groups. More recent designs tend to use the
same principles — namely around 1040W of
SSB on arcund 80-120kHz — but make use
of more modern techniques and
components. However, although the
transceivers will be comparatively familiar to
any radio engineers, the loop antennas are
peculiar to cave radio and their design
poses a major challenge.

The amount of signal generated by an
induction loop antenna depends on its
magnetic moment which, in turn, depends
on the electrical current, the number of
wirns, and its cross-sectional area. Loops are
normally tuned to resonance at the
operating frequency in order to overcome
the inductance and hence maximise the
wansmitted current. So, designing a loop
antenna involves balancing a number of
factors. So long as the transmitter’s PA
remains constant, the thickness of the wire
would have 1o be increased o increase the
electrical current. This increases the weight
of the antenna which is another lactor
which has to be taken into account —
poriable equipment needs 1o be light. In
fact, when you consider the fact that the
induction field decavs with the cube of
distance, it is clear thar eight times the weight
of copper is needed to double the range.

Increasing the number of turns also
increases the weight, but this is only part of
the story.

Increasing the number of urns without
also increasing the wire gauge will increase
the resistance and thereby decrease the
current. The other factor which affecis the
magnetic moment is the loop’s cross-
sectional area. In fact, for a given weight of

wire, the most efficient transmitting antenna

turns out 1o be a large single-turn loop.
However, we now come up against another
constraint —small multi-turn loops are far
more practical than large single-turn loops
in caves. And if this isn't enough balls 1o
eep in the air at once, we also have 1o
throw in the question of the Q-factor. If this
is too high, the antenna won't have
sufficient bandwidth for speed
communication and we could run into the
problem of the tuning drifting when the
loop is subjected to temperature variations.

Cave Proofing

Designing a cave radio and its associated
loop antenna poses quite a technical
challenge, even if it only has 1o work in the
laboratory: But, of course; this is not the
environment in which cave radios are used
and the real cave environment is far more
hostile to potentially delicate electronic
equipment. If I were to build a cave radio
for my own use, I'd carry it in a padded
waterproof box and handle it with kid
gloves when I opened the box to use the
radio. As such, there's a good chance that it
would survive, after all, I've been using a
35mm SIR camera underground for a
number of years without mishap.

However, being realistic, I know that it is
not reasonable to expect that cave rescuers
would treat a radio with the same sort of
respect. And even if they did, with the
utmost care, accidents do still happen.
Although I've been lucky with my camer, |
know many other people who've had some
expensive losses, So, cave radios must be
cave proofed. This means that they need o
withstand mud and water and they also
need o be sufficiently robust to survive
being dropped a couple of metres or
knocked against a rock face.

Demonstrating the need -
for waterproofing

in cave electronics,

Note also that the antenna
can be collapsed for transit.

Closely related are issues of ergonomics —
cave radios need to be small and light. This
is probably more ofa problem in the design
of the loop antenna than of the transceiver
irself. Although induction allows the use of
an antenna which is far smaller than a
wavelength, a loop diameter of one metre
still tends 1o be needed. Cerainly, we might
expect that improved transmitter and
receiver designs may allow this to be
reduced. butit's probabiy still going to be of
such dimensions that it'll be cumbersome w0
carry in cramped cave passages. 5o, a major
requirement is for a loop that can be folded
up for transit, vet be rapidly deployed for use.

Earth Current
Communication

If you're a regular reader of elecronics
magazines, there’s a good chance that
vou've réad articles on earth current
communicadon. Except for use on the front-
line during the First World War, there have
been few serious applications, but it tends
o remain popular amongst elecoonics
hobbyists due 1o its novelty value and the
fact that a licence is not required. Here's
how it works. Take a microphone and audio
amplifier as the transmitter but instead of
connecting the outpur to a loudspeaker,
atach it 1o a pair of copper rods driven into
the ground a few metres apart. Take another
audio ampiifier and a loudspeaker as the
receiver and here, connect a similar pair of
earth rods to its input. Although vou'll suffer
significanily from 50Hz mains hum
interference, you'll find thar this setup can
be used successiully over a distance of a few
hundred metres.

Most earth current experimenters have
restricied themselves to working above
ground, but if you put an earth current
transmitter on the surface and 1ake an earth
current receiver into a cave immediarely
below, vou'll find that the earth currents
also penetraie the ground o some
considerable depth. Despite the possible
difficulty of knocking earth rods into the
solid rock floor found in many cave
passages, and despite the perennial
problem with mains interference, this sort
of system has been used as a cheap and
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p a surface earth-current station.

cheerful method of cave communication. OF
course, it's comparatively easy to get rid of
the mains interference and this will have a
very significant impact on the range. Rather
than use a baseband (i.e., audio) mansmitter
and receiver, use an RF system. For reasons
we saw when we looked at induction radio,
the frequency will need to be in the VLF

or LF bands, so we'd end up with
transceivers virtually identcal to those used
as induction cave mmadios. Only the antennas
would be different — we'd have earth rods
instead of loops.

However, when we investigate further, we
find that RF earth current systems and
induction cave radios have even more in
common. So long as they're on the same
frequency, you'll find that you can receive
the signal generated by a surface earth
current transmitter using an inducton radio
with a loop antenna in the cave. Similarly,
vou'll find that a signal transmitted
underground using an induction loop cin
be received on the surface using an earth
current receiver, What this means, of
course, is that an earth current generies an
induction ficld in the ground and that an
induction field generaes an earth current.
Effectively, the section of earth helow the
ground rods is being made to act as a huge

John Hey, G3 TDZ, testing his LF
induction radio in Jug Holes, Derbyshire.

induction loop antenna. The obvious
advantage of this sort of hybrid system is
that the problem of using ground rods in
caves is eliminated, yet the advantage of
having a very efficient antenna (i.c., the
earth rods) on the surface is realised.

Single-wire Telephones
With the current generation of cave radios.
effective communication can only be
achieved at the maximum design depth if
the surface parmy is directdy above the
underground party. So, cave rescue
organisations make a point of knowing the
surface locations which correspond to
underground landmarks and are therefore
able to arrange to contact the rescuers
when they arrive ar these particular points.
Of course, this only applies to caves which
have been well surveyed. But what about a
rescue in a newly discovered cave? In this
case, using cave radios may be a very
hit-and-miss affair, and rescuers often fall
back on telephones. OK, this may not :
sound particularly high-tech compared 1o
induction radio and earth current :
communication, and there’s the undoubted
drawback of having 1o lay the line, but even
here, new developments are being made.

ustrating one of the problems
with using telephones underground
(wires can get tangled and broken).

The vast majority of telephones used for
cave communication are single-wire
relephones. Here, a single conductor is used
to connect the two sets, the earth making
up the return path. Otherwise known as the
earth-return telephone for obvious reasons,
the main advantage compared to a two-wire
telephone is thar the bulk and weight of the
wire is cut by half This is a major
consideration if vou're layving the line
through hundreds of metres of tortuous
crawling passages. Traditionally, single-wire
telephones have a meal case so that the
return earth path is made through the
operator’s body: The normal stance is with
the free hand making a firm contact with
the floor or the cave wall. However, more
recent developments have changed all that
and, in the process, brought ather
advantages. Single-wire telephones featuring
a very high impedance input are much
more tolérantof poor carthing, thereby
making them more suitable for use by non-
trained operators. They've been shown to
work even if the user is wearing dry cubber
boots and doesn’t touch the wall, in fact,
they've even been shown 1o wark if the
openior leaps into the air. OK, the need to
communicate whilst falling down a pitch is,
perhaps, low down on the list of priorities,
but it does lead to an interesting and useful
conclusion. The return path was obviously
being madec via the small capacitance
beiween the aperator and the ground. Let’s
take a look @t why this is useful.

A single-wire telephone system lends itself
to use by more than two parties. However,
there are practical difficulties. If there are
just two parties, then it is reasonable to
assume thar each will have a elephone
attached 1o the end of the line. However, a
third party would need to connect
somewhere in the middle of the line. Witha
conventional single-wire telephone, this
means stripping the wire. And if that
stripped section of wire is subseguently
allowed 1o trail in a pool of water, the signal
will leak o ground and communication be
lost. However, if a capacitive link o earth
provides a viable alternatve 1o a conductive
link, then perhaps the same applies o the
connection to the line. If users can wap into
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Laying of t.he. wire can be
a time-cgnsuming task.

) -mp thc wire. ("'1\c
communication experimenters have
recently conducted successful ¢
high impedance single-v
capacitive couplers.

However, the single-wire telephone
technique need nort be limited o b:
with its inevitable mains interference
problems. An RF carrier-based single-wire
elephone has a number of advantage
indeed, a system operating at about 30kHz
is currently under development for use in
min -ues. Additional benefits over the
audio approach include the of
capacitive- coupling to the line, and the fact
that capacitive repairs to broken lines can
ls»c made simply by ‘tving together’ the

oken enc

solution where indu
radio can't. Here, a
capacitive coupler
(foregrotnd in biue)
is being tested.
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Other Methods

Induct adio, earth current

communication and single-wire welephony

are noj {hc anly possible methods of cave
ation, indeed. many other

ted mil;;uu have been attempred and at

least one other method is regularly used

3efore induction \
tests with rransniitzing sound waves through
ere conducted by mining
zree of succe:

s dlemonsorated, a
as ¢l
3 u;hcr ITIr!'hl ds rely on
AOn ,1llul using more

VHF and UHF radio is particularly
inapp iate for penerrating the rock
between a cave and the surface, there has
been some experimentation with firing
signals along the cave passac

wr problem, of course, is that cave

are highly convoluted so
ation much bevond line
1o rely on some sorn

15 |‘JLLﬂ dL_Im_u:Ll although the
JP['!L.II (e} L the most

sful,

entional HE, VHF
ion with a guide-

the cave | ge. In

a way, this is similar to the single-wire

telephone approach. especially if we're

comparing with those telephones which use
an RF carrier. Cerainly, the same drawbacks

Firing VHF and UHF signals along
passages has not been particularly
effective, even wlth high g@ antennas.

t\
ry




Main caving
areas within
the UK.

apply, primarily that of having to lay and
muintain the line. However, at the higher RF
frequencies which tend to be used for
guide-wire communication (the 27MHz
Citizen's Band is a common choice). the
basic mechanism is quite different —
radiation mther than conduction is
predominant —and a far looser coupling to
the line is required. In practice, effective
communication can be achieved over many
hundreds of metres using unmodified CB
rigs by simply holding their whip antennas
close to the line.

A World of Darkness

It's a reasonable assumption that most
readers won't know a great deal about the
world beneath their feet. So, 1o put this
serics into context and, perhaps, to explain
why cavers find this world of darkness so
fascinating, here’s a bit of background
information. The map shows that the main
caving areas in the UK are Ireland — the
British areas most frequented by potholers
are the Yorkshire Dales, the Derbyshire Peak
District. South Wales and the Mendip Hills.
What drives many potholers is the hope of
finding a new cave, of going where no mun
has gone before. To other cavers, the
challenge is one of pitting themselves
against nature —many of the more difficult
caves require i high degree of skill, stamina
and endurance. Foryer others, the
fascination is simply one of experiencing
this harsh ver beautiful world of stalactites,
stalagmites, underground rivers and
waterfalls, of fossils and of strange rock
formations. Finally, there are those whose
interest is in some specialist discipline,
perhaps in researching cave hydrology;
biology or archacology. perhaps perfecting
cave photography; or perhaps developing

elecironic equipment for use by the
Caving comannin:

May people ask “which is the UK's longest
cave?”, “which is the deepest?”, or *which
has the largest chamber?”, but the figures
are in a consiant state of flux since cavers
are always pushing back the boundaries.
One of the most recently discovered caves
in the UK is Ogof Draenen in South Wales.
So far, 58.3km of passages have been
discovered, many of them boasting lavish
decorations, and new passages are being
found at the rate of 2km per month. But
pride of place for the longest cave in the UK
stifl goes to the Lancaster Hole/Ease Gill

With a guide-wire,
small hand-held amateur or CB rigs
can be quite effective.

Svstem in the Yorkshire Dales, with over
70km of known passages and many different
entrances.

Caves like those mentioned above are a
far cry from the sanitised environment of
the show cave with its electric lights,
hand-rils and concrete paths. If vou want
an introduction to a ‘real’ cave, 1o see
nature in the raw; then Gaping Gill, also in
the Yorkshire Dales, could provide vou with
that opporunity: Tvice a vear, local caving
clubs set up a motor-driven winch to lower
members of the public into its depths. This
cave is also one of superlatives. Your trip
into Gaping Gill will be via a 385-foot
vertical shaft from the surface, and you'll
land in the UK’s largest cave chamber —
supposedly large enough 1o house York
Minster — into which Britain’s allest
single-drop waterfall linds.

Caution
My aim in_writing this arricle is o
communicate some of my fascination of
caving. and in particular, my fascination with
the challenges of cave communication. My
hope is that some of vou will decide 10
experiment in this field and perhaps help 1o
develop improved cave radios. You could
even help save lives as a result of your work.
However, don't forget that caves are
potentially dangerous places — if it wasn't for
this fact, then there would be no need for
cave rescue groups and no need for cave
communication. I don't say this 1o frighten
you off, and most of the risks can be
virtually eliminared if you mke care. But if
vou're not an experenced caver, you
cermainly shouldn’'t go underground
unescorted. By all means, start
experimenting and carry out tests above
ground. but when the time comes for the
acid test, find some experienced cavers to
show you the ropes. Ideally; make contact
with CREG (see Further Information) and
perhaps attend one of their field meetings,
CREG members will share your interest in
electronics, whereas members of vour local
caving club probably won't have the slightest
inclination to help vou test a cave radio.

Further Information

If the idea of cave electronics appeals o
vou, a good first step would be to make
contact with the Cave Radio & Electronics
Group (CREG) of the British Cave Research
Association (BCRA). CREG is the world's
most active group dedicated 1o the
development of electronic equipment for
caving, with around 200 people subscribing
to its publications. The quarterly CREG ~

i Journal conmins a broad mix of practical

and theoretic articles and will keep yvou up
to date on what's happening in this
fascinating field. And if you're just starting
out in cave electronics, there's a wealth of
background information to be found in back
issues of the CREG Journal. For dewails and
an application form, send an SAE to: Bill
Pumvis, 35 Chapel Road, Penketh,
Warrington, WAS 2NG. You may also like 10
take a look at the CREG Web site at
http://wew.sat.dundee.ac.uk/~arb/creg.
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Festival 1370
£1994 The Hulton
Deutsch Collection.

Psychedelic
WAH PEDAL

o000 0OOCOOODPOOODOSDOECEPOPO BSOS

Design by Nigel Skeels
Text by Nigel Skeels and Robin Hall

originally published in the
October 1994 issue of Electronics the
Maplin Magazine, bas recently been
updated. Details of the changes are
included in this article so as to allow
existing projects to be modified and
brought up to date.

This extremely popular project,

EMC Compliance

he changes 1o this project
Tfurrn part of the overall
programme of EMC

compliance for project kits that
Maplin has been working on
since 1995 [perhaps the subject
of another article? — Ed.|.
Maplin is proud of its range of
project kits and takes its
responsibility for ensuring EMC
compliance seriously.

The changes that have heen
made to the Pschedelic Wih
Wah Pedal do not alter how it

¢ works or its performance in

use, but simply ensure that the
changing requirements of the
EMC directive continue to be
met. In particular, with the <
changes implemented, the unit
can now withstand an

i elecrrostaric discharge of at

least 8kV as defined in EN
50082-1. In reality this means
that in normal use it is very
difficuit 1o cause damage 1o the
unit through a build up of static
eleciricity on a user’s body.
A discharge of static elecidcity
could easily be applied 1o the
‘dry/effect” selector switch or
the PCB mounting bolt just by
picking the unit up. If this
discharge was of sufficient
magnitude and wis not
otherwise harmiessly diverted
to circuit 0V, damage to the
electronics might otherwise
be caused rendering the
unit inopenable — not what
you want just before a gig!

The Changes

¢ To provide a path to circuit OV

for static discharges, the PCB
mounting bolt, potentiometer
(RV4) and the “dry/effect’ switch
SW1 must be connected 1o the
chassis pin on the PCB in
addition to the previous metal
base-plate connection. To
facilitate this, a longer PCB
mounting bolt (M4 x 20mm
[IY17T] instead of M+ x 16mm),
owo extra shake-proof washers
(M= [BF43W]) and an
additional solder 1ag (M4
[LRG3T]) are now supplied in
the latest kits produced. The

¢ changes are illustrated in the

exploded assembly diagram,
Figure 4, and the wiring
diagram, Figure 5 — these
figures supersede those
published in the original

Powered from 9V PP3
battery or regulated
power supply

Regulated reference
to prevent low battery
voltage drift

Built-in compander to
minimise noise

Traditional Wah Wah
sound (without the
crackle)

Rich warm harmonic
content

Minimal adjustment

IC design, no
laborious coils to wind

Adjustable resonance
and range

Economically priced
with unbelievable
performance

PROJECT
RATING

magazine article and in Issue 2

: instructions supplied in

previous kits produced. These

i modifications can readily be
! carried out on existing units —
¢ many constructors will already
: have the necessary items in

their ‘spares” box.

If vou have any queries
relaring to this modification,
please conmc Maplin Technical

i Sales (see page 79 for contact
: details).

For the uninitinted, the sound

i effect of a Wah Wah pedal is
¢ synonymous with many

recordings of bands of the
seventies. For an example listen
to “Voodoo Chile” by Jimi
Hendrix; the rack opens with a
prime bit of wailing. The Wah

! Wah acts as a kind of tore boost
i control, and moving the pedal
: adjusts the frequency point at

which the boost occurs.

Power supply:

Current consumption:
Maximum boost @ 1kHz
Minimum freguency:
Maximum frequency:

SPECIFICATION

+9vDC
14-TmA
20dB
90Hz
20kHz
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Rhythm or lead guitar usually
play through the device. When
plaving rhythm, the pedal is
moved in time with the ‘strum’,
and when playing lead, exira
expressive abilities become
available enabling almost
‘infinite sustain’ without
screaming feedback.
Circuit
Description
The block diagram of the
Psychedelic Wah Wah Pedal is
given in Figure 1, this as well as
the circuit diagram in Figure 2,
will help illustrate how the
circuit operates. The input to
the Psychedelic With Wah is fed
to the input stage of IC1 an
LF331 op amp. This is a low-
noise |-FET device and is used
o buffer the input signal, thus
preventing the rest of the
circuit loading the input. There
is no gain in this part of the
circuit as seen by the direct link
berween the inverting input and
the output.

The nest stage in the drcuit
is 1C2 an NES71. This is set up
o compress the signal by the
ratio of 2 1o 1 before it is fed
into IC3 the EM13700 dual
tansconductance amplifier.
This is where the magic ukes
place, and is used here 1o
provide rwo voltage-controlled
tunahle peaks in the audio
band. This is achieved by
placing both parts of the
IMI3700 in serfes with cach
other. The voltage change is
obtained by using a 100k linear
pot; the wiper of this pot is
then connected o both of the
amplifier bias inputs via R19 and
R25. These mwo resistors could
be of the same value thus
causing both of the peaks o be
on top of each other, but this is
not what we are after, as the
overall peak would be o
narrow and not give us that
characteristic Wah Wah sound
that is so desirable. With this in
mind, the peaks are slightly
separated thus widening the
overall peak and is performed
by having different values for
R19 and R25.

The diode bias inputs are ted
to the supply rail via resistors

R17 and R20 both 15k, these
help o linearise the input stage
of the amplifier. Capacitors C15
and C16 also set the frequency
at which the gain occurs.

The gain of the first part of
the LM13700 is adjusted by
varying RV1, this is known as
the resonance control, by
increasing this, the effectis
more pronounced. The overall
zain of IC3 is determined
by RI5.

The final stage in the circuit is
to expand the signal back o its
original form, IC2 is again used
for this operation. The idea of
compression and expansion is
to prevent any noise from
being amplified in the system.
R6 seis the output impedance
of the unit and C6 is 1o ensure
HF stability.

PCB Construction
Construction of the Psychedelic
Wah Wah is firly
straightforward, refer to the
Parts List and 1o Figure 3 for the
PCB legend and track. The
sequence in which the
components are placed is not
critical. However; the following
instruction will be of use in
constructing the project. If vou
are new 1o project building
please refer to the
Constructors' Guide (XL79L)
which is included with the kit.

Fit the smaller componens
first, such as the resistors and
diode. noting correct polarity
for the diode. Next fit the wire
links which are made from wire
offcuts from the resistors. Fit
the capacitors next, making
sure that the electrolytic
capacitors and the @an@lum
capacitor are fitted the correct
way round. Next fit the PCB
pins into the relevant holes.
Identify the horizontal resistor
presets, fit and solder. Next,
install the regulator RG1,
making sure that its outline
conforms to the package
outline on the legend. Fit the 1IC
sockets, correctly orientating
them on the board noting that
the notch at one end matches
that on the legend.

Next fit the power socket
SK1, and the two jack sockets
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. Regulaicr B
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! | l
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Figure 1. Block diagram of the Psychedelic Wah Wah Pedal.
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Figure 2. Circuit diagram of the Psychedelic Wah Wah Pedal.
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Figure 4. Exploded assembly of the Psychedelic Wah Wah Pedal.

@D ELECTRONICS AND BEYOND June 1997




etct Ped

ocy o
Fcientiomaisr

. ﬁn.:L/ - -.
\(EIL ol ]

£73 Botiegy Cip

1 Y
S
"\::-"U-‘ Gresn EEURN

©

SW1 Switch

Hut on Swilc

M3
§ S3ider Tog

Rutber Foot/Screw

Bose Fidls

K2 L
{Cutnut)
=\
=1
BYO

Figure 5. Wiring diagram for
Psychedelic Wah Wah Pedal.
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} Sciger Tog

JK1 and JR2, Identify and fit the
ICs into the correct DIL sockets,
correctly orientating them so
that the notch on the 1Cs
matches those on the sockets.

Finally attach the bartery clip
making sure that the leads are
correctly positioned.

Once the PCB construction is
complete, check over your
work to ensure that all
components have been
correctly fitted and that there
are no short circuits caused by
solder bridges or splashes.
Finally; clean all the flux off the
PCB using a suitable PCB
cleaning solution.

Pedal
Modification

There are 4 number of
modifications required to be
made 10 the foot pedal box, -
refer to Figure 4 in the original
article or instruction leaflet for
box drilling and modifications.
Remove the existing cable
clamp and serew. Cut a hole for
the foot switch, and if necessary
remove any plastic obstruction
(where the original cable damp
was located). Drill a hole for the
autput socket, and also cut a
slot for the input socket, the
reason for the slot will become
apparent when the PCB is
fired. Next drill a hole for the
power socket. Remove the
variable resistor from the pedal
(it may be helpful 1o loosen the
white plastic runner). Carefully
take the split pin from the end
of the shaft and remove the cog

and the washer. Next place the
cog and washer onto the 100k
linear porentiometer supplied in
the kit. Figure 5a in the original
article or instruction leaflet
shows an exploded assembly
view of the potentiometer.
Lising the holes on the cog, drill
through the shaft of the
potentiometer and place the
split pin through the hole, next
bend the split pin in order 10
secure the cog to the shafi.
Now put the finished
potentiometer back into the
pedal and tighten up the lock
nut.

Before mounting the PCB in
position, cover the white
runner screw, with the strip
provided on the main base
panel label (KP70M), cut the
strip off and stick over the
screw; thus preventing contact
with the PCB and possibly
shorting out.

Next mount the PCB into the
case, refer to Figure 4 which
shows an exploded assembly
view: Fit one end of the PCB with
the jack socket into the hole on
the side and then slide the other
end into the slot provided.
Mount the PCB onto the spacer,
fit a shakeproof washer and bolt
in position. Discard the washer
from the footswitch, and mount
the switch in position. adjusting
it so that it will only come into
contact at the very end of pedal
travel (in order to switch it on
or off).

Referring 1o Figure 5 the
wiring diagram, connect up the
potentiometer, the switch and

the OV bonding wires. Lastly,
atiach one part of a pair of
Velcro pads 1o the battery and
the other part inside the box,
this is in order 1o secure the
battery in position.

Test and Set up
Well now that it is built, now
comes the nerve mcking
moment of iruth, adjust the
preseis as near 1o those in Figure
6 a5 possible, plug in a guitarand
give it a go (see Figure 5). Make
sure that the unit is switched 1o
effect and not 1o bypass. Ifit
doss notwork check for
misplaced components, dry

solderjoints, and solder bridges
berween tracks.

To set the correct rnge of the
unit the pedal must be pushed
forward 1o the end of its travel
(just before the switching point).
In this position the higher
frequendies are amplified. so
now (first checking thart vour
guitar is in tune!) play the
highest note. Whilst letting the
note sound adjust preset V3
(the high and low frequency
presets are shown in Figure 6) it
is correct when you hear the
note it its loudest point (just like
tuning in a radio). It may help
you o heur the effect by wurning
the resopance to full, this is
when RV1 is turned fully
clockwise. To set up the lower
frequencies, move the padal 1o
its lowest point and play the
lowest note (usually the open E
string), with this note sounding
adjust RV2, you will have 10
dedide if you want it to boom
out (ideal for Reggze music,
special effects and feedback) or
10 b more conventional 1o have
a more subtle bortom end.
Note, when adjusting RV2 the
sound may disappear, the level
that vou are looking for is just
before this point.

Before proceeding recheck
vour adjustments and realign if
necessarny: A typical frequency
response graph is given in
Figure 7.

The last setting to adjust is
the résonance, vou can turn it
down now unless of course you
want loads of lovely feedback.
This setting is again a1 mutter of
personal preference, for subtle
effects rurn RV anticlockwise,
for feedback turn clockwise.

To complete the project, fit
the baseplate panel label, this is

JK1

i

Resonance

PCB

Low Frequency Adjustment

High Frequency Adjustment

JK2

on the PCB.

Figure 6. The resonance, low and high frequency presets
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Figure 7. Typical frequency response graph.

supplied in the kit and available
separatelv (KP70M). Pee! the

backing paper off the label and
stick in position on the baseplate.

Operation

Figure 8 shows how the

conjuncrion with a guitr and
amplifier (plus optional power
supply if required). To operate
the device once it has been set
up, insert a jack plug into JK1
from a guitar ar some other

Psychedelic Wiah Wah is used in

Figure 8. Psychedelic Wah Wah Pedal used In conjunction with
guitar and amplifier plus optional power supply.

suitable electric instrument.
The plug connects the OV rail
to the bartery as well as
providing 2 signal patch.
Connect a lead from the Wah
Wik to the amplifier.

The main switch is then
operated by pushing the
foor-pedal as far forward as
possible, this determines

whether the signal passes
through without modification
(no effect) or with effect. Once
switched on, moving the pedal
back and forth provides the
Wah Wah effect.

So all you need now; are the
flared mrousers, psychedelic
shirt, afro hair style, and granny
specs to complete the image.

-

PSYCHEDELIC WAH WAH PEDAL PARTS LIST

3A Hook-up Wire Blue 20cm (FA2TEH™
3A Hook-up Wire Yellow 20cm  (FA3GP)~
3A Hook-up Wire Orange 20cm  (FA3L)™
3A Hook-up Wire Green 50cm  (FA29G)
3A Hook-up Wire Brown 20cm (FAZ8F*
Single-anded PCB Pin

imm (0-04in.) 10 (FL24Bj=
Press Switch SPDT - | (FHS24)
M3 Solder Tag 1 (LRB4UY™

— M2 Solder Tag i (LR63T)=

M4 3 20mm Stes! Boit 1 Jyirm~
M4 Shakeproof Washer 3 (BFE3W)=

4 Stesl Nut 1 (JDBOQ)™
4BA 3 1/4in. Spacer = (FWV3)>
PCB i (GHE8Y)
Base Panel Labsl 1 (KPTOM)
Instruction Leafiet 1 (XU8aw)
Constnictors’ Guide 1 (XHT3L)

OPTIONAL (Not in Kit) 5

Regulated Mains Adapter 1 (YB23A)
SV PP3 Battery 1 (JY48D)
Double Screened Straight
Jack Lead 3 (YZ30H)
Neon Lead Gresn 1 (CC36P)
Necn Lead Pink 1 (CC37S)
MNeon Lead Orangs 3 {CC38R)
Guitar Lead 1 (CC38N)

RESISTORS: All 0-6W 1% Metal Film (Unless Specified)
At 10k 1 (MA0K)
R2,3 220k 2 (M220K)
R4 6800 1 {MBB0R)
RS 100k 1 (MA00K)
RG,12,14.2224 1k 5 (M1K)
R7,9,16,25 22k 4 (M22K)
RE8 18k 1 (M18K)
R10,11,18.21 4KT 4 (M4KT)
R13,17.20,23 15k 4 (M15K)
Ri5 5k6 % (M5K8)
R19 130k i (M130K)
R26 2200 1 (M220R)
RV1.2 220k Enclossd Presst 2 (UHOT7H)
RV3 1k Honzontal Enclosed Preset 1 (UHOOA)
RV& 100k Linear Potentiometer i (FWOSF}
CAPACITORS
Ci 220nF Monaolithic Ceramic 1 (RASOE)
C2,5,10,13 2u2F 100V Radial Bectrolytic 4 (FFO2C)
c3 10uF 50V Radial Electrolytic i (FFO4E)
C4,89,11,12 4uTF 63V Radial Eectrolytic H (FFO3D)
Cé 2n2F Ceamic 1 WX72P)
C7 47nF 16V Miniature Disc
Ceramic 1 (YR74R)
Ci4 18 100uF 25V Radial Electrolytic 2 (FFitM)
Ci5.16 330pF Ceramic 2 (WXE2S)
€i7,19 100nF 16V Miniature Disc
Ceramic 2 (YR75S)
c20 1uF 35V Tantalum 1 (WWBEEQ)
c21 1uF 100V Radial Electrolytic 1 (FFO1B)
SEMICONDUCTORS
IC1 LF351N 1 (WQ30H)
IC2 NES71IN ol (YY87U)
IC3 LMA3700N 1 (YHE4U)
AG1 LM3171LZ x| (RABTU)
D1 IN4001 1 (QL730Q)
MISCELLANEOUS
JK1 Sterso PCB 1/4in, Jack Sockst 1 (FJOSF)
JK2 Mono PCB 1/4in. Jack Sackst 1 (FICOA)
Foot Pedal Box 1 (XY28F)
PP3 Clip 1 (HF28F)
1in, Velcro Strip 1 Pair (FE45Y)"
PCB Mtg Power Sockst i (RK37S)
8-pin DIL IC Socket 1 (BLATD
16-pin DIL IC Sochket 2 (BL19V)
3A Hook-up Wire Black 20cm  (FAZBD)™

The Maplin ‘Get-You-Working” Senvice is available for this
praoject, see Constructors’ Guide or current Maplin
Catalogue for details.

The above items (excluding Optional) are available as a kit.
Order As LT43W (Psychedelic Wah Wah Pedal) Price £39.99
Pleaze Note: ltems in the Parts List marked with a = are
supplied in ‘package’ quantities (2.g., packst, stnp, resl, 8tc.),
see cument Maplin Catalogus for full ordefing information,

The fallowing new item (which is-included in the kit is also
available separately.
Psychedalic Wah Wah Pedal PCE Order As GH88V
Psychedelic Wah Wah Pedal Base Plate Panel
Order As KP7TOM
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"
BY THE POST OFFIGE

® 0009900000 DPOOFPFOPOPOGEOEOPOGIINODOOPINOEOPIOBDOOO

by Alan Simpson

The visible face of the Post Office may well be the
postman plodding bis round with sack attached. But
bebind the scenes, high technology moves are being
planned which will not only speed up traditional
services but will offer facilities more in keeping with
Cape Canaveral than with Mount Pleasant.

resemble a Winged Mercury, the
responsibility will clearly be the new
Post Office project, Genesis.

According to the Post Office, Genesis is a
project which could open the gateway 1o
offering exciting new technology-based
services — a project which is currently
being masterminded by the PO. and some
major IT companies. This in itselfisa
magjor achievement, with no less than 22
world class technology companies casting
rivalries aside 1o work together to create a
business information systems model for
the Post Office of the day afier tomorrow.

“Our aim is to embrace technology while
still providing services with a human fuce
1o millions of our customers throughout
Britain”, says PO. chief executive, John
Roberts. “This will be the biggest single
systems integration of company
information and systems anv business in
Europe has ever undertaken.”

“Nobody in British Industry has mackled
culture change by hringing so many
suppliers together to collaboraté on
something like this. For our more
sophisticated customers, we will be
looking at ways for them to be more
interactive with the Post Office in their
homes. We want to make technology the
future life blood of the Post Office.”

| f our future postman comes 0

i ’_/
-
i //
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of its customers throughout Britain.

TMrackandrace | Third party bill payimant |
Bamodad items The Post Difics accepts
can b2 lracked and procssses payments
through the mad i5 othar organizabions sich
systam and proct as phone, powér and

of defivery provided. water companiss

to the customar

Bamoded mad scannad
at post office counter

Custemar pre-ztivica of
parceis to ba tracked
processad by Post
Ofice

Bulk defvery items are
sorfed n an integrated
s processor which
records 3 frack

Stamps and other phaatelic products

Forzign exchange
crdered elactoncally
&nd then collected

from post oifice countar

Timed dafvery serices such a3
Datapost 10, 12, Parceforcs 24, Royal
Mai Special Defivery and Regsterad

Order any product suppiiad

by a third party for = post offica o =23
Elactronic mal, lelters tranamifted
slectronically 1o Royal Mad ars

pnnied, anveloped and defiversd o

tha required address or mafing kst

POSSIBLE FUTURE POST OFFICE SERVICES

The Post Office - one of the UK's major users of new tachnol

Mathods of seling prodcts

ogy providing customers at home and in business with a wide variety of quality servicas. Now,
with Project Genesis, The Post Office is probing how it can make even mote use of technolegy while still providing services with a human face to millions

Home shopping. Iy
Gaods ordsred from tome can ba packed,
fsbelied and dafivarad from Tha Past

Baroded mad scamned at desfnaten

Possible Future Post Office Services.

Offica’s own warshouss

Customers ondar froem Tha Post Offica
! by telephone; Infamet or misracive TV

Post Offes packs and isbdls goods
then devers on day and bm.

required or passas dalvary

nstrschon 1o appropriate rétadar

pastloapodc I
sle for processing

Graphe Em Fesl

Opportunity - and
Challenge

No one doubis that the Post Office has
many technological opportunities ready to
be examined. With e-mail and fax (not 1o
mention the burgeoning private courier
services) carving a niche in the traditonal
PO. business, the PO. might well be
considered negligent if they were not
conducting 4 farreaching review of services
for the future. New technologies must help
drive existing procedures enabling, for
instance, 4 guaranteed first thing next
morning delivery for leading UK business
centres and also help create opportunities
for a rapid response service in a variety of
applications:
@ Interactive access o many Post Office
services through domestic TV sets,
telephones; PCs and the Internet.

@ New clectronically-based products and
services, rapidly wilormade to individual
customer requirements and including
ordering of goods, distribution of
computer-generated letters and messages,
and payment of all kinds of bills.

@ Suitc-ofthe-art retail kiosks and cash
acceprance systems.

& Much more sophisticated track and trace
systems for letters and parcels with
CUSTOMEr deCess,

No More Postman Pat -
Now it’s High Tech Euro
Postman

As Dr Duncan Hine, director of technology
at the Post Office who is heading the Project

Genesis states: A fully integrated business
system gives the Post Office the potential 1o
become the most powerful “virtual’
company in Europe — a complex set of
networks putting enormous cothputing and
communications capability ar the fingertips
of the 190,000 staff in the Post Office Group.
We are blazing a trail that will enable us
rapidly to put into place some of the
biggest, futuristic concepis in the history of
The Post Office.”

Willesden distribution centre.
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Parceiforce delivery.

9am the next moring.
: In addition to Roval Mail, the PO. Group
¢ includes Parcelforce, the UK's leading
carrier operator, which handles around
400,000 parcels a day with a network which
certainly reaches where other nerworks fail
: to reach — 239 countries and 99:6% of the
> world’s population. Bar coding technology
i is used extensively; allowing a powerful
parcels tracking system across Europe.
There is also Post Office Counters — the
somewhart odd name given 1o the rewiling
network. Europe’s largest retail chain, serves
28 million customers each week from
almost 20,000 post offices with some 170
different services. The division is currently
. : engaged in 2 massive auiomation
For the Record § also some 112,000 red posting boxes dotted  ;  programme with the aim of computer
¢ around the Kingdom, servesdd by a vehicle : terminals being installed at every post office

The Post Office has an annual turnover aof

£6,200 millicin and alike st possal flect of nu{arl‘_.' 30,000. : o 3 in the l'li_'fr'.‘.'i_l_l‘k over [l_'!c- next l_'e\-.' yedrs.
antiodites vkt Dol s st :  Butas faras the RO. is concerned. thereis : M'V'tm‘.".hll_t‘- _3‘_U|‘-‘"~'”P“_““ services, whose
ilsuhi;;: = eate th;:; i hulc_ time 10 he 2 implacent. Already a rival  ; main service is collecting the TV licence fee,
. c i D N service is operating an early evening ¢ also provides customer management
government. In fct, the Post Offiee baasis collection for a guarinteed delivery before . ¢ services such as telemarketing.

that it has contributed an incredible £1,600
million to government funds since 1981.

Gouod for the government maybe, but less Franchise counter.
good for users having to pay regularly
increased prices. Despite the quantities
involved. The Royal Mail delivers 92-3% of
First Class letters on the day after posting.
When it comes to productivity, the BO.
also has an excellent record — nearly five :
times maore than the average productivity :
gain in service industries in the past wen year
period. Much of this gain has been achieved
thanks to the installation of OCR (Optical
Character Recognition) equipment in
sorring offices. These have the ability to
read nped or printed addresses at a rate of
up to 35,000 letters an hour. State-of-the-art
muchinery thea sorts mail up to 20 times
faster and more accurately than by hand.
Royal Mail handles some 70 million items of
mail 2 day and prides itself on delivering o
the door of all the UK’s 26 million addr
at a uniform price nationwide. There are
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SSL operator using the Trace 4000 optical character recognition (OCR) equipment.

The Project

Essentiully, Project Genesis is the blueprint
fora model Post Office Corporation, and is
probably the most ambitious project ever
undertaken by the Group in its 350 year
history. Iraims to integrate the dozens of
applications which run on its computing
systems so that its £200 million a year
investment in information technology can
be used to gredrest effect. The benefits of
integration are believed by the PO. to be
enormous. It would create a huge portfolio
of products and services available from all
the Group units, 1o which customers would
have immediate access from workplace or
home, just at the wuch of a bunon.

Recently, a Genesis model was set up
demonstrate the scope, power and
versatility of the design concept. This wok
the form of a representative set of
transaciions involving either placing orders
for products and fulfilling those orders ar
obtaining a service. There were four main
HANSaclons:

1. Electronic and tele-sales showed
various methods of selling a product where
the sale is processed using electronic dara.
Electronic Mail, a hyvbrid service in which
messages or leters are ransmitted with a
mailing list electronically to Royal Mail,
printed and enveloped at a production site
and delivered. Foreign exchange, enabling
customers 1o order and pay for foreign
currency electronically, subsequently
collecting it at a post office counter. CD
sales, represent any product sepplied by a
third party for the BO. 1o sell, warehouse
and distribute.

2. Third Party Bill Payment demonstrated
how the BO. accepts and processes
payments on behalf of other organisations
such as BT, gas, electricity and water users,
would have 3 different methods of
paymient: at a local post office; by
telephone via a Post Office call centre; or
payment by post to a PO. production site
for processing.

3. Track and Trace is designed 1o keep
close tabs on items going through the PO.
system. This can be achieved by having the

item barcoded at a colleciion post office or
within a bulk delivery system. where an
integrated mail processor records a track
and handles details for invoicing.

4 Home Shopping makes use of a Net
station accessing the Internet or from
interactive TV,

The Partnership

The key companies involved in the Post
Office Genesis partnership include Alcatel -
who are responsible for demonstrating the

automated capture by OCRMTT wansports

for a major hilling operation. BT have the
role of providing call centre and PABX
systems. The whole project leans heavily on
telephones and computers providing
screen-based telephony.

Bull Information Systems is the systems
integrator for the overall Genesis project.
The company has integrated the entire
Genesis model ac a local centre. In
particular, Bull has designed and built the
value-added processor, the hub of the daa
exchange, the wack and wace dambase, the
dara warehouse and specialist interfaces.

Compaq Computer are providing the
deskiop solution on which much of the
development work is centred. Hewlet
Packard are principally involved in the

installation of UNIX systems and priniers,
the shaping of electronic commerce and
web servers. The role of IBM was to show
how Internet and Intranet applications can
be supported and integrated into the
central system.

Masterminding all the elements of the
database was Oracle. The company
provided dam warehousing foran
Exccutive Information System, Electronic
Commerce through interactive TV and
maohbile agents for remote wireless
capability:

Overall, the Post Office sees several
major benefits flowing from the
implementation of Project Genesis. These
include a pracuical proof of concept —
showing how disparate hardware and
software components from over 20
differentsuppliers can be brought together
to provide a comprehensive Information
Systems platform for the business. Then,
there is the ability to formulate an
undersmnding of the cost implications of
implementing the Strartegy; and the
changes that will need 10 1ake place inthe
organisation to deliver it. Together with the
value of establishing common customer
records. common systems and 4 cohesive
technical platform across the Post Office.

However, The Post Office is not just
sitting back and waiting for Operation
Genesis 10 become operational. The
organisation is already deploying a new
core large scale nerwork built around ATM.
Drescribed as being probably the largest
deployment of ATM in the UK, the system
will provide integrated voice and data
services between 22 regional
communications centres and 180 mail and
parcels sorting offices at a budgered cost of

£4 million. This joint network development

is being part-funded by Alcatel Data
Nerworks who are supplyving the necessary
IGX switch. The Group is also making use
of BT"s Advanced Linkline call-handling
system, which enables Royal Mail's 52
million customers to call a single enquiry
number to check destination postcodes -
s0 helping on-time delivery, particularly
over peak periods like Easter and
Christmas.

Certainly; it looks like The Post Office is
determined not to miss the high tech post.

Dr. Duncan Hine, Post Office Director of Technology, behind the scenes g 11}
at Project Genesis — The Post Office’s vision of the 21st centurys

4
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Technical Information Services

Suppliers of all Service/Fault/Technical Books
76 Church St, Larkhall, Lanarks, ML9 1HE
N.B.: There is a £2.50 Post/Handling Charge on all orders
Send an SAE For Your Free Quote & Catalogue

We have the world's Largest Selection of

SERVICE
MANUALS

VCR CIRCUITS £8.00 CTV CIRCUITS £6.00
HELPING YOU TO FIGHT RISING COSTS
—-000----

GTY GIRGUIT GOLLEGTIONS
Imagine almost every Ferg' CTV circuit ever released from 1980's
{ill the present for £45.00, or Bush for £22, Hitachi £45,
Mitsubishi £38, Panasonic £30...etc...

Call for full list & prices of all 27 collections

TOP SELLING BOOKS

PRACT" VCR or TV REPAIR £16.95 each (or £30 for Both)

MICROWAVES: ENERGY & OVENS £12.95
Data Reference Guide(Chassis/Make/Model X-Ref’)  £9.95
EURO’ SCRAMB' SYS' (New 5th Edn,) £34.00

Buying,Selling & Servicing Used CTV/VCR/CD £9.95 each
IC DATA BOOKS - Various Titles, Call for List£12.95 each

We have 100's of Titles, send SAE for Full List

SERVICE MANUAL LIBRARY
BUY ANY MANUAL FOR £10.00
OR SWAP AT £5.00 EACH (plus £2.50 p+p)
Initial Joining Fee £69.95 (£20/annum, thereafter)
Hundreds of people, both Amature & Professional, have already
discovered exactly how efficient and cost-saving this library is,

even if you only use a handful of manuals each year.

=== -=-000-=- s
VisA

— NEW RELFEASES:

3.5" Disk Drives (instaliation & Circsi: £9.50

Data Ref' Guide on 3.5" Disk: £5.00

!DESIGNER COLLECTIONS!
AMATURE: 10 Service Manuals (as needed), Data Ref’,
Pract’ TV & VCR Repairs, Radio Repairs, Thorn Serv' Set,
any 3 CTV circ' collections. Now £180.00 £199-00
PROFESSIONAL: 20 Service Manuals (as needed), Data
Ref’, Pract’ CTV & VCR Repairs, Microwave:E&O, Radio
Repairs, Buy, Sell, Serv’ Set, Thorn Serv’ Set, any 5 CTV circ'

collections. Now £345.00 £370-69
MANUALS: 20 Service Manuals (as needed), and Datz Ref"
Guide, Now £185.00 £280-09

Phone our HOTLINES on:
01698 883334/884585

or FAX 01698 884825

The MICRO MODULE
ANEW LOW COST controller
chat gives you customisation

one off
+ VAT

Fo users of
PCs, 8051 &
68000

Cambridze Micrupreceanr
Srtems Limited

PARALLEL PORT I/0 FOR PCs

v Interface via parallel pori - no dismantling of the PC
required or internal slots used

v Can be used with Deskiops and Portables

v Screw terminals for all external connections, no
additional connector boards or ribbon cables required

v Can be used with most programming languages - full
1/0 sequence provided with drivers for Basic, C, Visual
Basic

v CMOS/TTL, Relay and opto isolated I/0, 12 & 8 bit A-D
and D-A, timer/counters, encoder interfaces

v Up to 16 cards on a single parallel port

Data Management Ltd

Tel: 01484 841016 Fax: 01484 685995
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AUDIO LEAD
GHEGKER

900900 ODEGEECEOODDOCOOE S O B
Design and Text by Tony Bricknell

Open any gigging musicians
cable-box and you’re bound to find a
bandful of ‘questionable’ leads - do
they or don’t they work? Or are they
Jjust wired incorrectly?

he problem is, there are
m T( nly so many vpes of
) X connectors, but an almost
Easy to build infinite number of ways to
interconnect them! Are those

No setting-up required balanced XLR-to-unbalanced jack
cables wired correcthy?
Easily and clearly Or are those suspect 5-pin
identifies DIN-to-DIN MIDI cables wired
interconhedﬁons ‘straight’, ‘mirrored’, or do they

just have a broken connection in
the cable?

So. much time is spent
rummuging through hoxes of
cables, trying each one out until
a working lead is finally found.
But what happens once the gig
has finished? The lead is thrown
back into the box with all its
friends, returning you o
square one!

on most types of
audio cable

APPLICATIONS

PA/Sound engineers
Gigging 'bands

PROJECT
RATING

Kit Available
Order as LU26D Price £19.99

tvpe of cable. However, what
happens when the label f&lls or
wears off?

Well. help is at hand! The
compact and rugeed audio lead
tester described here has been
designed 1o show
interconnections on the majority
of audio leads used at anything
from a home hi-fi ser-up through
to live venues. With pairs of
phono, 3-5mm & 6-:33mm (!
jack. XIR and 5-pin DIN
connectors, the wiring of almost
any cable can be clearly and
easily seen.

Working by sending a signal
out on exch pin of a connector,
routing it through the cible-
undertest, and refurning it o
the unit, the cable

Circuit Description
Reference to the block diagrum
shown in Figure 1 and the circuit
diagram of Fgure 2 will assist
with the understanding of the
following description of how the
circuit works.

The entire circuit is powered
from a 9V PP3 battery; with C1
and C2 providing, respecively,
low-and high-frequency
decoupling of the suppiy rail.

IC2, a tried-andested 555
multi-vibrator; is configured as
an equal mark-space ratio
astable oscillator with an output
frequency; set by R7 and C3. of
approximarely 1THz. This circuit
configuration was chosen in
preference 1o the more common

4.

No home or Those of us with the time interconnections are clearly ‘two resistors and capacditor’
professional studio is have probably developed displayed on two rows of LEDs — astable oscillator for no other
comple‘[e without one! labelling technigues that allow one showing the “sent’ pin, and resison than it saves on
us to instantly recagnise exach the other the ‘return’ pin. components!

For those who are interested
in the calculations: Capacitor €3
charges and discharges fromvio

C:E‘:‘::;;rs Py t!'l-.- output o'f [I}t 555, pin 3,
through R7. This mukes the
charge and discharge periods

ic2 Ouiput 1 | exactly the same,
Clock Generatar - Oulput 2 il o4 Lt =0693 % C3 X R7
Output 3 2 T %2 The total period of oscillation is
ic1 Qutput 4 % L theref ore .l\‘.‘it'c}!n\'. ol
Scsie Jouew = D 2 e R
¥ E —23; e component vilues chosen.
Cutput & 358 I b =1-386 % 0-0000047 X
Quiput 7 ¥ ¥ 120000 = (0-78 seconds,
Raset resulting in an operating
frequency of f=11t-.=1-3Hz

The clock ourput of IC2 is fed

into IC1, a decade counter. On
Figure 1. Block diagram. each clock pulse the active

autput is moved along one step
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—Output 1 to Output 2, Qutput
2 1o Output 3. etc. However, as
Output 7 is linked directly to the
RESET input of IC1, when the
active output s moved from
Output 6 1o Output 7, IC1 resets
and staris the cycle once again.
In addition. the active output of
IC1 at power up cannot be
guammntead but, by tving Output
7 to RESET, it can be ensured
that wherever IC1 powers up, it
will always (evenmally) issue
itself a RESET.

Outpuis 110 6 of ICT are
connecied o IC3, a Darington
Array. This drives the six LEDs
used 1o indicate which output is
active. The outputs of IC1 are
also connected, each through a
diode and current limit resistor,
to the connectors on the right-
hand side of the unit— labelled
‘OUT". To minimise bath the
number of LEDs and the
complexity of the project, all
input and all output connectors
are wired in parallel, see Figure
3. So, for example, when Qutput
S of IC1 is active, a signal is sent
to pin -+ of the 5-pin DIN
connector, pin 3 of the XLR
cannecior, ared the ring of the
jack connectors (both 3-5mm
and 6-35mm).

The lead under test is plugged
between a suitable ‘OUT”
connector and “IN" connector. As

=ich of ICT's outputs become
active. a signal is sent 1o the
‘OUT" connector, through the
cable, and back 1o the 1IN
connector. Each pin of the "IN’
connectors is wired identically 1o

the ‘OUT connectors, with the
return signals being buffered by
IC4 (a slightly different varant of
the Darlington Array, IC3).
before being displayed on LEDs
LD7 to LD12. Therefore,
plugging in a direct pin-to-pin >
pin DIN lead will result in LD6 &
LD12 illuminating. then ILDS &
LD11, LD4 & LD10, D3 & LD9,
LD2 & LDS, and finally D1 &
1.8 before starting all over again
at LD6 & LD12.

PCB Construction

The Audio Lead Checker is easy
to construct and requires no
spedial tools, setting up or
adjustment. The circuit is
constructed on @ three-part high
uality fibreglass PCB which has
a printed legend to facilitare
component pasitioning. I vou
are new 1o project building, refer

Assembled PCB.

ng soldering-af
inter-connectors CN1 and CN2.

minimum 1o avoid problems
when housing the project.

You may now fitthe LEDs ara
height of 17mm above the PCB
(from PCB 10 1op of LED,
12-5mm from PCB to bottom of
LED), see Figure 5. The best way
1o do this is 1o cut 4 thin strip of
card 12-5mm wide and place it
between the legs of the LEDs
and the PCB whilst they are
soldered in place. Note that the
cathode wire, which is the
shorter of the two, must
correspond with the “flat” side of
the LED symbol printed on the
PCB legend Take care not to

overheat the LEDs as they can
be very easily damaged. Once
the LEDs are fined, and afier
taking suirable anti-static
precautions, the IC’s can be
inserted into their holders.

Break off two six-pin sections
of right-angled pin-strip and
solder them to the ‘main’ PCB in
positions CN1a and CN2g, as
shown in Figure 6. Next, align
cach side PCB at 907 to the main
PCB before soldering it in place.
(It may be easier to stand the
PCBs up on their end for this.)
Initially only solder the first and
last pins then, after ensuring that
the PCBs meet at 907, solder the
remaining pins.

Now thread the PP3 banery
clip through the strain-relief
haole, and solder it to the PCB
pins marked BATT+ and BATT-
Cut the supplied red wire into
three equal lengths, using two of
the lengths 10 connect the
power switch to the PCB (don't
forget 1o insulate the wires at the
switch end with heat-shrink
sleeving), see Figure 7.

Now check vour work very
carefully, ensuring that all solder
joints are sound. It is also
imporiant that there are no
irimmed component leads
standing proud by more than
1mm (this is very important of
the Aght-angled conneciors CN1
and CN2).

to the Construciors’ Guide
induded with the kit for further :
information on component 3
identification and soldering i
techniques.

First start by breaking the PCB
into its three parts, and sand- or
file-flat the snap-off 1ags; This is
especially important along the
tap edge of the Transmit PCH'.
Insert and solder the
components ono the PCB
referring to Figure 4. Start by
inserting the twelve PCB pins,
and press them into position
using 4 hot soldering iron. When
the pins are heated in this way
very little pressure is required 1o
push them in place. Once the
pins are in position thev can be
soldered. Now fit the resistors,
diodes, capacitors, seven wire
links (made from off-cut
resistor/diode legs), IC sockets
(taking care 1o maich the notch
in the end of the socket with the
block on the legend), and SIL
resistor (matching the pin 1
designator to the outline on the
legend). Now fit and solder
sockets SK1 to SKS, ensuring
thar each one is pushed fzdly
home before soldering. All
companent leads should be kepit
as short as possible and the
height of the componenis above
the component side of the PCB
must be kept to an absolute

End view showing
daughterboards
square to
motherboard
PCB.
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Figure 2. Circuit diagram.
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Figure 5. Setting the

LED heights.

Figure 7. Wiring the
PP3 battery clip and
push-switch.
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Figure 6. Exploded PCB assembly.

N
T

Boxing and
Final Assembly

The remuaining wire should be

a I_T [} cut into equal length strips so
Um— O that you have two lengths of
& = each colour. Using the following
= | = | colour convention, solder each
| B | wire 1) the solder tags/buckets
=" on the rear of the XLR
: conneaors: Pin 1 —Brown, Pin 2
.fécﬂe‘,:e ; —Red, Pin 3— Dl"dﬂgt‘,

Case/Chassis — Yellow
A black plastic ABS box with
selfadhesive label is supplied to

house the PCB assembly:
However, the tmy of the box
must be drlled in accordance
with Figure 8. It may be

A Testing Time

It is now best 1o carry out the

basic rests on the unit before it is

housed, as this will make it

easier to identify and reciify any

faulis. The first test is for any
short drcuits. Using a
multimeter on the ohms range
and applying the test probes
either way around 1o the PP3
battery connector, you should

read open circuit (>20MQ). With
the positive probe connected 1o
BATT—+ and the negative probe

10 BATT-, pressing the power

= | I buton should vield a resistance
() == of >1kQ. If vour readings
_ i disagree greatly with these, then
55 Bettery ke carefully check your work for
cip misplaced components and bad
zolder joints.
13.5 13.5 20
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Figure 8, Box drilling. J le2al 1 |
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Figure 10. Exploded assembly.

necessary 1o use small hole
punches for the 020mm and
©v24mm hole. Once these two
large holes have been made, the
XIR connectors can be dropped.
in place, enabling the positions
of their fixing screws to be eusily
murked and drilled.

Having drilled the box,
chamfered the holes 1o remove
any burrs and removed all traces
of sward, apply the selfadhesive
label, see Figure 9. The label
is pre-punched and will ensure
the final appearance is :
professional even if the holes
are slightly irregular.

Using M3 hardware, fit the
XLR connectors in place,
fullowed by the push-switch.
Now wire the XLR connecors o
pins 1 1o 4 on the Transmit and
Receive PCB's, as shown in
Figure 10 and Figure 11. :
Carefully ease the PCB into the  :
box and fix in place with the
0-35mm Jack socket 'nuwis’ (omit
the fibre washers). Using the
supplied “Quickstick Pad’, a PP3
battery (not supplied) should

now he affixed 1o the lid of

the box — ake care 10 ensure
the batery will not foul the PCB
when the box halves are
brought together.

If you experience difficulty in
placing the PCB in the box,
check carefully for tightly
rimmed component leads on
conneciors CN1, CN2, and
sockeis SK1, SK2, SK7 and SKS.

This completes the assembly
and testing of the project.

On The Road

Use of the project couldn't be
simpler — connect your ‘cable-
undertest between a suitble
‘OUT" and "IN’ connector,
depress the ‘ON’ button and
read out the connections on
the two rows of LED's,

Note thar the 5-pin DIN sockets
will also accept 3-pin DIN plugs,
and thar mono jack plugs can
be tested in the stereo jack
sockets — just remember that
the ‘ring’ and ‘sleeve’
connections will be connected.

Figure 11. Wiring the XLR connectors.
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Figure 13. Pin configuration of commoan audio connectors.

PROJECT PARTS LIST

RESISTORS All 0:6W 1% Metal fiim (Unless specified)

R1-6  Min Res 10k [ (M10K)
RT Min Res 120k 1 (M1201)
SIli  SiResistor 1k i (RA27E)
CAPACITORS _
cl GenElect 47UF 16V 1 (AUD1B)
c2 Minidisc 0.1uF 16V i (YR75S)
c3 Genblect 4.7uF 50V 1 (AUO5F)
SEMICONDUCTORS
(6% HCF40178EY 1 (OX09K)
Ic2 TS555CN 1 (RATBH)
Ic3 ULN 2004 A 1 (AD24C)
c4 ULN 2003 A 1 (AD93B)
LD1-12 Mini LED-Red- 12 (WL32K)
Di-6  1N4148 6 (QL80B)
MISCELLANEQOUS
16-pin IC Socket 3 (BL1SV)
8-pin IC Socket 1 (BL17T)
PP3 Battery Clip 1 (HF28F)
Box MBS 1 (YN4OT)
SK1,2 PC DIN Ski 5-pin A 2 (vxa1y)
SK3,4 Stereo PCB 1/din Skt 2 (FIO5F)
SK5,6 PCB 2.5 Sto Sw Skt 2 UM20W)
SK7,8 PCB Prono Ski 2 (HF99H)
Pl12  Pin'Strip 1x36 RA 05 (JWE0Q)
XLR Chassis Socket 1 (BWSOX)
XLR Chassis Plug 1 (BW924)
Pin 2145 10 Pins  (FL24B) %
M3 10mm Pozi Screw. 4 (LRSTM) %
Steal Nut M3 4 (IDB1R) *
Isoshiake M3 4 (BF44X) *

T/0.:2 Wire 10M Brown 10cm  (BLOZC) x
7/0.2 Wire 10M Red 30cm  (BLOTH) %
7/0.2 Wire 10M Orange  10cm  (BLOSF) *
7/0.2 Wire 10M Yeliow 10cm  (BL10OL) *

Heatshrink CP16 10cm  (BFB6T) %
Quickstick Pads 1 (HB22Y) %
Sub Min Push Switch Red 1 {IMATB)
Audio Lead Check PCB. 1 (GIB5V)
Audio Lead Check Label, 1 (KV20W)
Audio Lead Check Leafist 1 (Z20W)
Constructors Guide 1 (XH79L)

Tne Maplin ‘Get-You-Working” Senvice is available for this
project; see Constructors’ Guide or cumrent Maplin
Catalogue for details.

The above items (excluding Optional)
are available as a kit, which offers a saving over
buying the parts separately. Order as LU26D
(Simple Audio Lead Checker) Price £19.99

Piease Note: ltems in the Paris List marked with
@ % are supplied in ‘package’ quantities (e.g., packet,
strip, resi, etc.), see cument Maplin Catalogus for full
ordenng information.

The Tollowing new items (which are included in the kit)
are also avallable separately.
Audio L=ad Checker PCB Order As GIG5V Price £6.99

Audio Lead Checker Label
Order As KV20W Price £6.99
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Night Vision Scopes

by Moonlight Products

Until recently, night vision scopes, or image
intensifiers, were available solely to the military.
Any that were available on the consumer market

were either extremely expensive, of dubious quality
and reliability, or both. Now an American
distributor called Moonlight Products has made night
vision scopes more affordable and given them quality
assurance. They are available from a bigh street
Maplm Store or by mail order from Maplin MPS.

oonlight Products, was set up in
1992 after having developed from a

computer peripherals company
(Pacific Dara Producis). Moonlight were

! originally locking for innovative computer

products to market. What they found wasa
huge potential market for budgert night

vision eguipment. The removal of the Iron

Curtain meant that large quantities of night

i vision products were available from Russia —
¢ at a fraction of the cost of any that could be
i produced in the West.

Moonlight reasaned that with tough

i quality controls, something seriously lacking
¢ in stock Russian equipment, excellent

i marketing support (quality information

i sheets, instructions and packaging) and 2

top grade dealer/customer support
infrastructure, then night vision could
become a mass appeal consumer proposition.
The result is 2 company who, every vear,
have posted mult- million dollar sales, the
wurnover increasing by over 40% annually.
During 1996, a European HQ was
established in the UK 1o handle the
company’s distribution in Europe, Africa
and the Middie East. At the end of the year,
a Hong Kong office was set up, handling
Asian distribution, confirming Moonlight as
the largest worldwide supplier of affordable,

g branded consumer night vision systems.

Why choose a Moonlight scope? Quality,

i competitive pricing and peace of mind. With

sales growth as it stands, the company is set
to be around for a long time: you will get

¢ clear, undersiandable instructions in
: multiple languages; and, should something
i go wrong, there is & 1 Year Exchange

warranty and a UK-based technical/service

: support centre to help resolve the problem.

How Night Vision Works

Night Vision scopes and binoculars are

i electro-optical devices that amplify existing

light, allowing you to see in conditions oo

dark for the naked eye. Any available light

(photons) is collected by the objective lens
and focused on the image intensifier. Inside
the intensifier, a photocathode is ‘excited”

: by the light and converts the photon energy

into electrons. These electrons accelerite

i across an electrostatic field inside the

intensifier and strike 2 phosphor screen
(like a green monochrome TV screen)

i which emits an image that vou can see. It is

the acceleration of electrons which provides

i gain and enhances the image.

Nighr Vision sysiems improve your ability
to see in low-light conditions, but they

i cannot provide a useful image in complete
i darkness — there is no available light to

: amplify: To allow use in these conditions, an
i accessory infrared illuminator is required,

¢ the intensifier being sensitive to Infra Red

i sources.

Evaluating the
Performance of a Night

- Vision Scope or Binocular
¢ The darker the conditions and the more
i dismnt the subject. the tougher the job gets

for a Night Vision system. If the user needs

¢ 1o see fine details in the image, the jub gets

even tougher. Probably the three most

i important criteria when testing are: gain,

range and image quality.
Ultri-high gain systems with long range
capability and highly resolved images are

¢ impressive, but they come with huge price

tags. Luckily, more affordable Night Vision

¥ scopes and binoculars will allow you to see

@D ELECTRONICS AND BEYOND June 1997



Moonlight Min™
night

vision scope.

the subjects that interest you most:

nocturnal wildlife, boats, buoys or berthings,

or mavbe the source of that strange noise
behind the garage.

Unfortunately, it is difficult to choose a
Night Vision system by simply reading
technical specifications. Performance specs
are tough for most of us to understand and
even tougher to relate to real-world field
use. To properiy compare Two or more
Night Vision systems using technical specs,
vou must understand: gain, resolution,
spectal response, distortion, optical speed
and more. In addition, comparison of
specifications is only valid if test
instrumentation and methodology are
consistent and reliable. Thart is unlikely;
considering the number of sources for
Night Vision equipment around the world.
Consequently, the published specifications
for any Night Vision product tell you little
about how it compares to the competition.
More importantly, specifications won't tell
you how the produa might fill each of your
specific needs.

The miost valid way to evaluate a Night
Vision device is to try it under real-world
conditions. If this is not possible, buy from a
dealer who can give you quality advice and
possibly a dark room in which tw try the
product.

Urban and suburban areas have much
more ambient light than rural areas, so your
needs may be satisfied with a fairly
inexpensive device. In moorland/fenland or
forest, a more sophisticated device might be
called for, especially if greater range is
needed on moonless nights. If you intend to
use the device in total darkness, such asina
cave or sealed building, range is not an issue,
but you will need an infrared illuminator.

As mentioned above, gain, range and
image quality are ted together 1o define the
overall performance of a Night Vision
device. Here's how they contribute to the
utility of a scope or binocular:

@ Gain — Can you see vour subject in real-
world darkened conditions? The darker
the conditions, the harder it is for the
system to reader a clear image with
reasonable contrast. Additional gain is

equired as conditions grow darker and
for longer range. Further, the longer
lenses needed to magnify distant subjects
typically transfer light less efficiently than
sharter lenses and require even higher gain,

More gain is not automatically a good
thing. Populated areas aiways have an
atmospheric glow. Maost people don't realise
how bright their neighbourhoods are uniil
they use a Night Vision scope ar home. A

high-gain device might be suitable in

remote areas on overcast nights, butit's a

poor choice for use in urban or suburban

conditions where it can easily be overloaded
by artificial light sources. Even in isolated
locations without man-made light. a high-
quality, bur affordable (£300) Moonlight
monecular will provide impressive imaging
with a halfmoon and clear skies.

& Range — Can you see vour subject 200
feet away? Effective range is a balanced
function of the system’s gain, resolution,
image magnification and the amount of
ambient light available. While a powerful
lens will provide more image
magnification, it will also reduce the
amount of available light caprured. The
best effective mnge with most intensifiers
is achieved with a high-speed lens that
has minimal magnificadon (<35x). Higher
levels of ambient light dramatically
increase any device's range capability.
Just as more gain is required for longer
range in darker conditions. less gain is
required as conditons grow brighier.
While long-range capability will cermainly
benefit a wilderness search and rescue
operation, most consumers don't need
that level of performance. Most
applicatons are satisfied with systems
offering image magnification of 1% o 3x.

& Image Quality — High resolution, high
contrast with limited distortion and noise
contribute to a premium Night Vision
image. The phosphor display renders a
green monochrome image (the human
eve is particularly sensitive to green
contrasts) which is typically sharpest in
the centre and fuzzier toward the edges.

With higher resolution, you might identify
someone you know at 200 feet as opposed
to simply recognising a human figure.
Superior contrast allows vou to see dark
subjects against darker backgrounds,
Lower distortion renders a flatter, less
rounded image with crisper details.

- - -

Buying a Night Vision

-

Scope or Binocular

When vou shop for a Night Vision scope,

ask vourself how it will he used. Choose a

device with gain, range and image quality

suited to your application. If you plan to use
the device outside your home and you live
in a populaied area, select a scope with
moderate gain. Since most neighbourhoods
don’t affer the opportunity for long range
viewing. a short objective lens with minimal

magnification is appropriate. If vou need 1o

recognise people or read distant licence

plates, look for a scope with higher
resolving power.

Sporismen or professionals using Night
Vision in wilderness locations may consider
more gain and a slightly longer lens for
greater range capabilin: Security guards
intending to use Night Vision inside
buildings or warehouses will nieed nearfield
range capability and an infrared illuminator.
Once vou consider vour performance
needs, consider these factors as well:

@ Ergonomics — Size, weight and ease of
use are imporant considerations.
Lightweight devices are more
comforiable during extended viewing.
Since you will be using the device in the
dark, the switches and controls should
be paositioned logically and be easy to use.

& Practicality — IS the battery a size and
madel thar is commonly available? This is
important, especially if you use your
system in the field.

& Reliability — With proper care, modern
Night Vision designs are fundamentally
trouble-free. However, since the image
intensifier will eventually wear out with
use, huyers should weigh the risks
associated with buying used or
‘reconditioned” equipment. Old image
intensifiers cannot be restored o0 new
condition and it is impossible to
anticipate the life of a used wbe. Prior
abuse or exposure to bright light may
further compromise a tube’s
performance and life. Moonlight
Products supply only new Night Vision
systems that incorporate protection
circuitry which turns the intensifier down
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or off when exposed 1o bright light.
Moonlight's new intensifier tubes are
conservatively rated for 1,000 hours of
use under normal conditions. It should
ke noted, however, that any tube will
degrade and eventually fil under repeated
and prolonged exposure to bright light.

& Service —Is the product protected by a
warranty and is rechnical service
available? Moonlight's Night Vision is
covered by a 1 Year Exchange warranty
andl backed by a technical/service centre
ready to help.

& Price — Finally, consider how much you
want to spend. Night Vision systems range
from £179 to more than £10,000. While a
£2,000 Generation IT monocular might be
technically awesome. in all likelihood,
vour needs will be sarisfied with a quality
scope or binocular for under £500.

Moonlight Products Night
Vision Scopes - FAQs

Q. How far can I see at night?

A The distance you can see is a factor of the
muagnification of the lens and the amount of
available light. Moonlight's NV-100 has a
magnification of 2-4- which vields a
maximum relative viewing range of 300ft.,
the Mini (1-7x) 150ft., the 1400 Select

(1-7 %) 225ft. and the MPN30K Binoculars
(2:5%) 350t

Q. What if it is totally dark or 1 am indoors?
A The NV-100 and the Mini indlude an infrared
illuminator which can be used o see in
complete darkness. This illuminator casts a
light beam in the infrared spectrum (normally
invisible 1o the human eye) up o 100 fi. (about
40ft. in the Mini), improving the illumination

and clarity of the scene being viewed.

Q. What type of batteries does it ke and
how long will they last?

AL The NV-100 and MPN30K require two
standard AA batteries. the Mini two AAAs and
the 1400 Select one PR3 (9V). Banery life is
approximarely 120 hours of normal use or 12
hours of continuous use with quality alkaline
batteries.

Q. I can see black spots through my scope.
What are they?

A. There are two possible causes of these.
The first. dirt or debris on the surface of the
lens elements, can usually be cleaned away
with a gquality lens deaner. The second cause
is cosmetic blemishes within the image
intensifier. These are normal artifaces of the
manufacruring process and do not affect the
performance or reliability of the device.

Q. Why should 1 buy a pair of Night Vision
binoculars? And why are they so much more
expensive?

A. Generally, Night Vision binoculars offer
higher magnification and light amplification
than monocular scopes. The extra cost is
due to the fact that they consist of not one,
but two, image intensifiers.

Q. What are the uses of night vision products?
A Night vision products can be used
enhance a range of outdoor activities and
hobbies. Some of the most popular uses
include:

Wildlife Observation — observe badgers, foxes,
deer, owls and other nocturnal wildlife in
their natural habitar withour disturbing them.
Boating — see at night when berthing or
when someone falls overboard.
HomeProfessional Security — investigare
disturbances without being seen.
Fishing/Hunting, Camping/Caravaning,
Walking/Hiking, Livestock
Observation/Security.

Q. Are there different levels of night vision
technology?

A. Night vision devices are divided into

Generation | — Uses light amplification as
described above. The majority of
Moanlight's ringe are Generation | devices.
Prices start around £179.

Generation [ — Incorporates a microchanne!
plate (a cross-section of 4 fibre optic bundie)
to enhance gain by focusing the light on the
phosphaor screen. The high cost of
producing the microchannel plate means
that Generation II devices start around 900,
Generation I - Uses a gallium arsenide
photocarthode. Again, uses a microchannel
plate. Generation 111 is currently restricted to
military use. Prices start around £3.500.

Q. What happens if | use the scope in daylight
or 4 bright light shines on the scope at night?
A Direct exposure to bright light is not
recommended as it will decrease the life of
the device. However, should a bright light
shine directly at the lens of Moonlight's
product mnge, the scope will auromatically
switch itself off.

X-Files — Weird and Wacky
uses for Night Vision

A man living in the remote desert of Arizona
uses them to catch scorpions in his bed at
night. Apparently, they scatter like
cockroaches if you put on the light.

Studying embryos in Emu eggs with the
use of an IR illuminator.

Paranormal investigations. In the UK, they
are used by the Association for the Scientific
Study of Anomalous Phenomeha (ASSAP).

UFO spotting. Allows the easy identification
and disqualification of aircraft, eic.

Photographic darkrooms use them with
IR illuminators to check equipment while
films are being processed — normal films are
not sensitive to IR light.

Electricity companies can use them to
inspect power lines for arcing or sparks.

Bar research. especially in caves.

Ranchers in the US observe cows calving
at night — apparently; light bothers them.

Night paintballing, skateboarding,
mountain biking and orienteering!

Allows sufferers of retinal pigmentosis
(causes poor to non-existent night vision) to
see at night. !

See the range of Night Vision equipment
available from Maplin on page 528 of the

Maplin MPS Catalogue.
three groups: B Catalogue
| At Bt 1% ety P tor Srun M“‘--m;—u /“ .
e o == = 5
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MOONLIGHT PRODUCTS -
TOP SELLERS

=
MOONLIGHT

Moonlight 1400 Select™ Night Vision Scope

€ Impressive Night Vision performance at an economical price
@ Bright optics with a wide field of view

€ Excellent choice for first time buyer

Mini™ Specifications:

Image magnification: 1-7x%

Dimensions (Lw.h): 231 x 99 x 11-9%cm
Weight: 1-3lbs. (0-58kg)
Batieries required: 1 x8v

Field of view: 237 (minimum)
Eyepiece adjustment: =4 diopters

Relative viewing range: ift. (0-35m) to 225it. (69m)
Objective lens focal length: 58mm

Objective lens aperture: 20

Moonlight Mini™ Night Vision Scope

@ Slesk, miniaturised design — only 5-5” long

@ Siips easily into a pocket, briefcase or purse

@ Built-in short range IR illuminator for use in total darkness
Mini™ Specifications:

Image magnification: 1-7x

Dimensions (l,w.h): 14 x 4-4 x 7-6¢cm
Weight: 8-6oz. (0-24kg)
Batteres required: 2 x AAA

Field of view: 377 (minimum)

Eyepiece adjustment: +5 diopters

Relative viewing range: 8ft. (2-43m) 1o 150f. (46m)
Objective lens focal length: 26mm

Objective lens aperiure: 12

Moonlight NV-100 Compact™ Night Vision Scope

@ Tremendous Night Vision performance at an economical price

€ Optimum blend of light amplification, magnification and
compact size

@ Includes detachable, zoom IR illuminator for use in
total darkness .

NV-100 Compact™ Specifications:

Image magnification: 2-4x

Dimensions (l,w,h): 19-3 % 89 x T-1em
Weight: 1-9lbs. (0-86kg)
Batteries required: 2 % AA

Field of view: 157 (minimum)
Eyepiece adjustment: =4 diopters

Relative viewing range: 1-1 ft. (33-5cm) to 300it. (91m)
Objective lens focal length: 58mm
Objective lens aperture: 20

Moonlight MPN30K™ Night Vision Binoculars
@ Bright light amplification

¢ Quality optics with 2-5x magnification

@ Rugzed construction for travel and outdoor use
MPN30KTM specifications:

Image magnification: 2:5x%

Dimensions (l,w,h): 20:1 x 14 x 9:1cm
Weight: 2-5lbs. (1-1kg)
Battenes required: 2 x AA

Field of view: 157 (minimum)
Eyepiece adjustment: +5 diopters

Relative viewing range: 15 ft. (4-6m) to 350t (107m)
Objective lens focal length: 45mm
Objective lens aperiure: f1-5

measurably
better value

The TTi range of testand ™S
measurement instruments
offers unrivalled value for money. ~

More than B0 products are available including bench
power supplies, multimeters, counters, logic analysers,
signal generators, spectrum analysers and more.

All TTi products are designed and manufactured here in
the U.K. and are backed by a level of quality and technical
support that few competitors can match.

The TG120 and PFM1300 are both available from Maplin.
For details and prices of the full TTi range, contact our
sales desk. ]

TIT|/

Measurably better value

Thurlby Thandar Instruments Limited
Glebe Road, Huntingdon, Cambs. PE18 7DX
Tel: 01480 412451, Fax: 450409, e-mail: sales@itinst.co.uk

THURLBY THANDAR INSTRUMENTS
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LIGHTING

by Kevin Hopcroft

The first effects lighting appeared long
before discos started. Before the war, it was
discovered that if you shine a light on a ball

covered with mirrors, you get one beam off every

mirror when it rotates (see Photo 1).

vy earliest recollection of a mirror
I was in the 1942 film
Casablanca, with Humphrey

Bogart. So, when discos came along in the
late sixties, the mirror ball was the first
effect to adopred. Red bulbs provided
general lighting, and this gave a warm glow
to the room. There would also be a

spotlight with a spinning wheel in front of it.

A hole in the wheel, provided a strobe
effect. Soon after that, an “Ultra Violer
phatographic lamp , which made white
things glow in the dark, was quickly
transferred into the discos. Then some
bright spark found that you could see ladies
underwear glowing straight through their
clothes. Unfortunately, it also made
evervbody's teeth glow green as well!

The first real dedicated disco lights were
invented in about 1968 when someone
decided to control lighting using electronics
(Transistors and Thyristors in those days,
no silicon chips) —the idea was to flash
lamps 1o different frequencies, originally
three channels. Basically, one lamp would
flash in time with the bass frequency, one in
time with the middle and one in time with
the treble. For the first time, sound-to-light
had arrived.

Apart from a brief period of popularity for
the ‘oil wheel’, from 1968 to about 1973,
sound-to-light was king! It soon progressed
from 3-channel 1o 4-channel, using bass,
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i lower middle, upper middle and treble.

¢ However, sound-to-light had a basic

¢ problem; whilst the lights were following
i the music and reaciing to different

i frequencies, the human eye had great

i difficulty in relating the visual effect to the

music. It was just o complex.




Photo 2.

The NJD EURO 4E Sound
Chaser (Stock Code DWE2S).

Photo 4. The NJD EURO 65 6-channel switch panel

(Stock Code DW59P).

|

Photo 3. NJD Pin Spot lamps.

Get on Down ...

In 1973, a new idea was born. Instead of
flashing each channel 1o a different
frequency, the new way was to make the
lights only react to the bass beat lighting
each channel in turn (e.g., first bass beat =
light channel one, next bass beatr = light
channel two, next bass beat = light channel
three, next bass beat = light channel four,
next bass beat = back 1o channel one, eic.)
This gave an easy and dramatic
sound-activated effect that the eye could

asily follow; and the Sound Sequencer or
Sound Chaser was born. This is still the
most popular way of controlling ordinary
spot lamps for effects lighting and can be
found in the Maplin Catalogue (e.g., EURO
4E —see Photo 2).

The next big change occurred in about

1978, with the arrival of the ‘Smoke

fachine'. The Smoke Machine brought a
whole new dimension to lighting and for
the first time, produced 3D effects. Instead
of just seeing the lamps fashing, provided
ou used the right kind of lamp, you could
see the whole beam passing through the air.
This heralded the reign of the *PIN SPOT’
(PAR30), with a narrow concentrated beam
{Stock Code BE28F), as in Photo 3. Ordinary
pot lamps (PAR38, R95, eic.) produced only
a soft flood and could not give the effece
needed in smoke, but the PAR36 Pin Spot
was perfect (It's also the right lamp for use
with mirror balls). Sound Chasers were used
to create stunning effects, sequencing and
patterning Pin Spots in smoke.
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Photo 6. NJD Microbeam 100 ‘Intelligent
Scanner' unit (Stock Code PD97F).

Jock Makes Light Work

Uniil now. every effort had been made o
make the lighting interpret the sound, but
things were afoot to change that! The Pin
L was now incorponiated in motorised
effects. these effects either spun the lamps —
the Helicopter, or swept them from side-to-
side — the Scanner, The job of twrning these
stunning ¢t n at the right moment
became the job of the DJ, along with playing
the records, and in higger night clubs, they
even employed a ‘Light Jockey™ (aew job!).
With this came the requirement for more
technology; there had to be ways of
switching these effects on and off at the
right moment whenever the DJ required,
without all the clicks and bangs through
the sound system that you would gerwith
1 switches, and so the Switch
Panel joined the market (See EURO 68,
Photo ).
The Pin Spot ruled supreme uniil the
early eighties when a new invemtion hit the

Photo 5. The NJD Blitzer
Flower Effect generator-
(Stock Code DW56L).

@0 ELECTRONICS AND BEYOND June 1997

market, the Flower Effect. The principle of
this was 1o produce muirtiple beams, created
from a mirror ball, and force them in one
direction through 2 lens. The beams could
be individually coloured and made to spin

n time with the music. These Flower effects
were verv expensive at first and only the
largest clubs could afford them. These days,
technology has progressed so far that they
are now small and cheap enough 1o be
afforded by the mobile DJ and are even
brighter and more exciting that the originals
(See BLITZER, Photw 3).

As you can probably see, Disco Lighting
has been a steady progression of modern
technology combined with eardier ideas.
Incorporated are three eadier principles,
Multiple beams of the mirror ball, 3D ‘in air’
beam projection and sound activation.




. = « To the Dance Floor

The next step was the maost dramatic and
would not have been possible without our
friend the Silicon Chip! Until now, the DJ's
control was limited to swiiching effects on
and off or choosing the pauern for the
| Chaser to flash the lamps. At last, the

d be given a free reign 1o let his
imagination run riot. In 1990, Intelligent
Lighting hit the market.

Intelligent Lighting worked on a new
Send a beam through a colour
BO") then
project it onto a mirror which was fixed 1o

principl
filter and a shape (called a*

wo motors (one which moved the mirror
left and right (X) and one which moved the
mirror up and down (Y)) which could be
controlled by the DI. This allowed the DT to
se the colour and shape of the beam

Photo 7, Typical effects produced
by the Microbeam unit.

-

Photo 8. Spectacular lighting effects created by the NJD DATAMOON

‘Intelligent Flower! unit,

and move the floor projection to anywhere
in the room. Originally named the
Intelligent Scanner, its name has gradually
changed to that of its unintelligent
predecessor, ‘the Scanner’, just to confuse
vou! (Be careful when buying!) This
revolutionary invention was incredibly
expensive at first but like all thi :
been simplified and miniaturised and is now
easily affordable (see MICROBEAM 100,
Photo 6, and its effects — Photo 7).

with intelligence came the need to
control these new effects, and a whole new
svstem was adopied called DMX.
dozens of connecting wires to

s savedl
e lighting
effects. Instead of sending a control voltage
to the effect, the new system sends digial
signals around the circuir, called DMX. Each
effect is plugged directly into the mains and

contains it's own microprocessor which can
decode the DMX and ollow the DJ's
instructions. This means that only one wire
needs o be sent from the DMX controller
to the first effect — all subsequent effects are
just linked together from the first in a "Daisy
Chain’. The effect, being ‘semi-intelligent’,
knows whether the information it is
receiving is for it or is to be passed on ©
the next effect in the chain, clever eh!
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. . . and Boogie!

L suppaose the final step in the s
inevitable. In 1994, NJD Electron
Nottingham, inv