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Power's proposed Regenesys system,
which marks a major step forward in
the technology of energy storage;
Philips Research and Lithium-ion (Li-

ion) cell manufacturing; development at

Napier University in Edinburgh of low-
cost pyroelectric Infra Red Focal Plane
Array (IRFPA).

An Electrifying Centurx: The
Rise of Electronics 1900
In this second part, Gregg Grant
journeys back to 1925 when speech
could be heard across the World.

FET Principles & Circuits
Ray Marston explains FET (Field Effect
Transistor) basics in this opening
episode of this new 4-part series.
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Martin Pipe looks at how you can get
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recovering from the extended festivities. If we

were to offer a prediction for the new year then it
would have to be the demise of the analogue ‘world.’
We have speculated in the past about the future of
analogue, and present developments can only confirm
our bellef that the end is nigh. Already in Japan,
Pioneer are selling the first recordable DVD video
players, and we can expect to see them here later
this year. So with CDs, MiniDisks and MP3, we must
now be seeing the last days of analogue tape
recordings, and the move towards solid state
recording such as flash memory etc.
Within the next few years we must expect the end of
analogue TV. If you need any proof, then read
Multimedia - Selection & Storage by Reg Miles
featured on page 20. Reg believes we may all be
watching digital TV - whether we like-it-or-not! And if
you think that going to the cinema in the future will
still be an analogue experience, then you would be
wrong, for celluloid is also heading for the same fate
as tape. Hollywood will originate the ‘film’ - if we can
still use that word - in a true digital format, compress
and encrypt, and send via satellite link to receiving
theatres. The programme will be stored in a mass
storage system and then, via decompression/
decryption circuits, be convert back to a format that
can be projected by electronic projection equipment.
This system promises even better audio quality, plus
the end of film blemishes, scratches etc. Remarkably,
this is expected to bring about a 98% reduction in
‘screening’ cost compared to producing the celluloid
film per year for each screen.
Finally, if you are someone who loves all this technology
then Martin Pipe describes in a Technology Watch
Extra how you can get DAB-quality radio reception ‘on
the cheap,’ using a spare satellite receiver!
Congratulations to..
Trygve Andreassen of Norway who was the winner of
our Edison 3 competition featured in issue 144.

The new Millennium is with us, and we are, hopefully,

Britain’s Best Magazine for
the Electronics Enthusiast
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Intel
Introduces
New
Ghipset
for
Pentium I

Intel has introduced a
new chipset that optimises the
performance of Intel Pentium 111
processor-based PCs targeted at
the performance desktop
market segment. The Intel 820
Chipset brings new features and
capabilities to PC users including
a faster processor system bus,
superior memory capabilities
and enhanced graphics
functionality.

The Intel 820 Chipset
supports Direct RDRAM
memory technology and AGP +x

graphics support. Direct RDRAM

memory provides the memory
bandwidth necessary to obtain
optimal performance from the
fastest Intel Pentium 111

processors. delivering 1.6GB per

;. second of maximum theoretical
i memory bandwidth - twice the

peak memory bandwidth of
100MHz SDRAM svstems
Additionally, when used in

i conjunction with the Intel

Pentium 1l processor and Direct
RDRAM memory, AGP 4x
technology delivers improved
3D graphics performance by
allowing graphics controllers to
access main memory at more

: than 1 GB per second - twice

that of previous AGP platforms.
For further details, check:
<www.intel.com>
Contact: Intel
Tel: (01793) 403000

CacheFlow Integrates Caching
Appliances with Filtering

Software

CacheFlow has announced a
solution designed 1o allow
enterprises, educational
institutions and Internet Service
Providers (ISPs) to set and
enforce Web-usage policies,
boost Internet performance and

save on wicle area network

(WAN) bandwidth costs.
For further details, check:

<www.cacheflow,com>.
Contact: CacheFlow,

¢ Tel: (01753) 705175




GSM Chip-Set Brings High-Speed
Data Traffic to Cellphones

In advance of 3rd
Generation (3G) mobile
telecom systems, Philips is
delivering mobile data
technology that will enable
high-speed data transfer
over GSM phones.

Philips GSM chipset,
which is based on recently
acquired VLSI
Technology's OneC
baseband controller, will
be at the heart of a new
generation of mobile
phones that utilise the
General Packet Radio
Service (GPRS) for high
speed data transfer.

GPRS will enable data to

be transferred across the
wireless domain at much

faster rates, allowing improvement of several data
communication applications, such as fax. e-mail
and paging. It also represents the first step towards

3G

For further details
<www.semiconductor.philips.com>
Contact: Philips, Tel: +3140272 2091

Three Chips Stacked in One

Sharp has developed a three

chip stacked package (CSP)
aimed at the cellular
telephone and the
information and
communications handheld
terminal market.

The CSP uses thin silicon
wiafer lavers and modified die
and wire bonding. Three

individual chips are arranged

in a stacked structure within
a single package with the
result that products can be
made lighter in weight and
with reduced space requirements
for mounting chip packages.
For further details. check:
<www.sharp.co.uk>.
Contact: Sharp,
Tel: (0800) 262 958.

aynaptics Announces
Acquisition of Absolute

SBNsors

Synaptics has announced the
acquisition of Absolute Sensors,
based in Cambridge. The
acquisition propels Synaptics
toward its goal of expanding
into the handheld information
device market.

ASL, a spin-off of the
Cambridge-based company
Scientific Generics, brings its
technological competencies in
position sensing Lo Synaptics.
ASL's technology, SPIRAL. uses a
patented magnetically coupled
technology 10 sense the
position of a handheld pen
SPIRAL's high accuracy and
noise immunity, combined with

the benefits of being thin,
lightweight, and requiring very
little battery power. make the
system an ideal solution for
handheld device manufacturers.

The combination of ASL's
SPIRAL technology with
Synaptics’ versatile capacitive
touch sensing technology will
enable manufacturers in
numerous markets to develop
advanced products that
consumers can interact with
intuitively and easily.

For further details. check:
<www.absolutesensos.com>.

Contact: Absolute Sensors.
Tel: (01223) 875220.

Digital
Gamera for
the Weekend
Warrior

Fuji has ofticially unveiled its
DS-260 HD digital camera, a
rugged mega-pixel mocdel that
protects its inner workings with
a dust-proof, impact- and water-
resistant outer shell. This tough
exterior makes the DS-260 HD
an ideal choice for outdoor
enthusiasts who want to
capture their images
electronically

For further details. check:
<www. fujifilm.co.uk>

Contact: Fuji.
‘lel: (01234) 218388.

lomega Unveils
Digital Audio

Strategy

lomega has unveiled its broad
digital audio strategy, to help music
lovers access their favourite digital
music anytime anywhere.

New digital music formats like
MP3, portable music players and
the Intemet have created a
tremendous opportunity for
removable storage solutions. In
disclosing its new strategy, lomega
announced its next ZipCD product
and that Clik! drives will be featured
in MP3 players from several
manufacturers.

Zip, Jaz and Clik! disks also include
a unique serialisation feature,
which protects copyrighted music
when used with the Windows
Media Device Manager and Secure
Digital Music Initiative (SDMI)
devices and applications.

For further details, check:
<www , i omega . com>.

Contact: lomega, Tel: (0800)
973194.

intel Establishes
Wireless Internet

Technology Centre
in Sweden

Intel has announced the formation
of the Intel Wireless Competence
Centre in Stockholm, a global
centre of communications
technology development commonly
called ‘Wireless Valley’.

The Intel Wireless Competence
Centre will enable Intel and other
industry leaders to develop
technologies and products designed
to provide business people and
consumers with a wide range of
new applications surrounding high-
bandwidth, wireless Intemet
access.

Staffed by Internet,
communications and PC platform
experts, the Centre will serve as a
resource for Intel's worldwide
product groups and build upon
Intel's strong synergies with other
industry leaders. Inte! formed the
Bluetooth initiative in 1998 with
Ericsson, Nokia, IBM and Toshiba
after launching the successful
Mobile Data Initiative in 1996.
For further details, check:
<www.intel.com>.

Contact: intel, Tel: (01793)
403000.
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Start-Up Informal
Software
Redefines the
Desktop

A new start-up, Informal Software is
poised to dramatically after the way
consumers and business
professionals interact with PCs and
the way they communicate and
share information with others.

Informal Software's first software
product, enotate software, tums
stylus-based devices, such as
3Com's PalmPilot, into an
indispensable tool for everyday
computing by tuming it into a
direct, real-time extension to the
BCy

With enotate, Informal Software is
allowing users to annotate text,
sketch ideas and draw directly onto
their PC just as they would with the
traditional pen and paper.

For further details, check:
<www.informal.com>.

Contact: Informal, Tel: +1 408

Lucent

Technologies'
Researchers
Announce World's
Fastest DSP

Twenty years after inventing the
world's first single-chip dignal signal
processor, researchers at Lucent
Technologies' Bell Labs have
developed the world's fastest DSP
operating at one volt.

DSPs are the key semiconductor
engines driving today's cellular
phones, high-speed modems and
other communications and
electronics devices.

The Bell Labs chips operate at
100MHz - the fastest processing
speed of any industry DSP
technology using only one volt of
power. The DSPs were made with
equipment available in today's
manufacturing facilities. Potentiat
applications include enabling
smaller and lighter cellular phones
with extended battery life.

The technology also could be
instrumental in packet voice and
data transport over wireless
phones, higher-speed Internet
surfing and video applications, as
well as digital audio broadcasts.

Typically, system-on-a-chip (SoC)
technology combines on a single
silicon chip, a number of
components that formerly had to
be implemented on separate chips.
The approach enables substantial
reductions in cost, power
consumption and size of integrated
circuits.

For further details, check:
<www.bell-labs.com>.

Contact: Lucent, Tel: +1 732 957
3870.

Compaq has Designs on Internet Appliance

Market

The iPaq is an Internet
appliance from Compagq that
provides the right features for
Internet-based computing while
still supporting mainstream
personal productivity
applications.

In addition, Compaq has
announced a new initiative to
deliver the Internet destination
for the business-to-cmployee
market. This Web site
destination will provide
supporting services and content
offered by American Express,
CMQG, Intel, Microsoft and
Siebel.

With its small, sleek,
innovative industrial design,
one-touch Internet access and
simple configuration choices,
Compaq iPaq is the first
business computer specifically
designed for companies moving
toward an Internet-based
computing model.

The future of Internet-based
commercial computing is the
rapid movement of business
processes and operations to the

Internet. What is now required
are products and services that
can take full advantage of the
Internet by providing access to
its content and services at any
time and from any location.
Compagq will continue to
expand the scope of Internet

products and deliver the
devices, appliances and services
required for Internet-based
commercial computing.

For further details, check:
<www . compag . com>.

Contact: Compagq,
Tel: (0845) 2704222,

Berkeley Transistor Breaks
Barrier for Chip Integration

Engineers at the University of
California (UC) Berkeley have
created a new type of
semiconductor transistor so
small that a single computer
chip can hold 400 times more
of the devices than ever before.

Details of the prototype
transistor, called FinFET, will be
presented for the first time at
the International Electronic
Devices Meeting in Washington
in December.

The breakthrough is due to a
change in the design of the
transistor ‘gate’, or switch. that
controls the flow of current in
the electronic devices. Trpically,
this gate is a flat conductor that

controls only one side of the
passage through which current
flows in a transistor.

This design is limited because
it cannot turn off the current
flow when the gate is much
shorter than its present length.

The new UC Berkeley design
uses a fork-shaped prong that
straddles both sides of the
current channel. This improves
control and reduces current
leakage so that the gate, and
thus the transistor, can be made
much smaller.

For further details, check:
<www . berkeley.com>.

Contact: UC Berkeley,

Tel: +1 510 642 6000.

\

Channel

Conventional device

FinFET transistor

Gate

Channel

Young Engineers
Micromouse Grand
Prix

Young Engineers has joined
forces with the IEE to create an
exciting challenge for 11 to 18
year olds — The Micromouse
Grand Prix 2000.

Teams of up to four have
been invited to build and race
their own robot cable of finding
its own way around a course at
high speed to take place in a
series of race days in 2000.

Entrants to the challenge will
have specialist support via the
Internet through the Young
Engineers Web site at
<www.youngeng.org> for
chassis, electronics, steering
control, digital and
programmable technology.

The Race Days will take place
in March 2000 with five
eliminator events to be held in
Birmingham, Glasgow, Swansea,
Stevenage and London. A
winner for each category for
team and individual will race
through to the IEE Micromouse
Grand Prix 2000 in July.

For further details, check:
<www .youngeng.org> or
<www.iee.org.uk>

Contact: IEE
Tel: (0171) 7240 1871.

@ ELECTRONICS AND BEYOND

February 2000



Cambridge Silicon Radio Makes

Bluetooth link

Cambridge Silicon Radio (CSR) has successfully
demonstrated a short-range, 2.4GHz radio link
using pure CMOS implementation of the radio
frequency circuits. The use of pure CMOS for such
a 2.4GHz radio represents a major step forward in
the drive to low cost wireless communications
systems such as Bluetooth.

It allows specialised, more expensive radio
frequency IC technologies to be replaced with the
mainstream standard CMOS integrated circuit
processes, allowing very low cost implementations

of digital radio communications.

The successful demonstration builds on CSR's
Bluetooth version 1.0 compliant baseband design
and marks a major milestone on the path 1o CSR’s
goal of supplyving customers with its single-chip
BlueCore 01 radio and baseband in the first
quarter of the year 2000.

For further details, check:
<www.cambridgesiliconradio.com>.

Contact: Cambridge Silicon Radlo,

Tel: (01223) 424167.

Pocket Watch is Set
for a World Record
Sale Price

Patek Phillipe’s Graves
Supercomplication timepiece was
expected to set a world record
sale price over £3 million when
auctioned at the beginning of
December at Sotheby’s in New
York. Commissioned in 1925 for
£10,000 by Henry Graves, a New
York bank magnate, the watch

took eight years to complete and
is considered the most
complicated timepiece ever
produced without the aid of a
computer.

For further details, check:
<www. sothebys.com>.

Contact: Sothey’s,
Tel: (0171) 293 5000.

Sound-Activated
Personal Robot
Unveiled by Probotics

A compact personal robot that
responds to sound has been
launched by Probotics. With a
string of claps, the Cye-sr robot
can be directed to carry coffee
and donuts to the dining room
or to vacuum the carpet, using
its optional wagon or vacuum
attachments.

Cye-sr is programmed to
respond to claps. After one
clap, Cye-sr beeps to let you
know you've got its attention.
To send Cye-sr 10 a destination,
clap to indicate where you'd
like it to go. For example, use
two claps to send it to the
kitchen, three claps to send it
to the living room and one clap
to come back to its home base
(charger).

Cve-sr can also be navigated
using the mouse on the PC,
which is linked to the robot via
wireless communications.

The compact Cye-sr (16 x 10
X 5in.) comes in vellow, orange
and black/neon green. Its 91b
rectangular body has two spiky
wheels, which enable it to move

around any room at a speed of
three feet per second.

Available immediately via the
Probotics Web site, Cye-sr costs
around £500. An optional
wagon attachment sells for £55.

For further details, check:
<www . personalrobots.com>.

Contact: Personal Robotics,
Tel: +1412 322 6005

AT}
Steve Zahm and Umberto
Milletti, two of DigitaiThink’s
three co-founders, have found a
creative solution to avoid
parking problems. They are
among the first wave of users of
the electric scooter, a modified
skateboard with motorcycle-like
handles and a battery-powered
motor, to shuttle between their
company’s offices.
For further details, check:
<www.digitalthink.com>
Contact: DigitalThink,
Tel: +1 415 625 4000.

Sharp Unveils
Worlds Lightest
Notebook

Sharp has unveiled the latest
model in the Actius line of
notebook computers, the Actius
PC-A800. The PC-A800, housed in
a durable magnesium alloy case,
features an advanced 13.3in. XGA
active matrix LCD display, a
366MHz Mobile Pentium Il
processor and a standard modular
CD-ROM drive that can be swapped
with a floppy drive.

Measuring just over one inch thick
and weighing only 4.71bs, the PC-
A800 marks Sharp's first entry into
the thin and light notebook
category and 1s the lightest
notebook with a 13.3in. display
and an integrated swappable CD-
ROM drive.

For further detaits, check:
<www.sharp.co.uk>.
Contact: Sharp,

Tel: (0800) 262 958.

lobjects Unveils
Portable Digital

Stereo Reference
Platform

Interactive Objects has developed a
portable stereo reference platform.
This platform provides a solution for
digital audio integration into a
variety of consumer electronics
systems, computer peripherals,
portable audio players or home
stereo systems. The reference
platform consists of the minimum
amount of hardware and firmware
needed for a full-featured digital
audio playback system and is
designed to adapt to technological
changes over time.

For further details, check:
<www. fobjects.com>.
Contact: Interactive Objects,
Tet: +1 425 653 5505.

Sony and Palm

Collaborate on
Joint Development

Palm Computing and Sony are
collaborating to create a platform
for handheid consumer electronics
products with audio-visual
functionality. Under the terms of
the agreement, Sony licenses the
Palm OS operating system and
Palm Computing commits to
supporting Sony’s Memory Stick
storage and data exchange
technology as part of the Paim
Computing platform.

For further details, check:
<www .palm.com>.
Contact: Palm Compulting,
Tel: (0171) 365 9820.
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Transistor Design
From Lucent's
Labs May Turn

Silicon World on
End

Using a revolutionary design,
researchers at Lucent Technologies'
Bell Labs have produced the world's
smallest transistor using equipment
available in today's manufacturing
facilities. This new design may help
silicon chips continue their march
toward smaller and smaller
dimensions, and it has the
potential added benefit of nearly
doubling the processing speeds of
some chips.

The 50nm transistor - roughly
2,000 times smaller than the width
of a human hair - is known as a
‘vertical’ transistor because all of its
components are built on top of a
Silicon wafer and its current flows
vertically. In today's conventional
transistors, which typically measure
180nm, the current flows
horizontally and the transistors are
formed within the wafer itself.

For further details, check:

<www .bell-1abs.com>.

Contact: Lucent,

Tel: +1 732 957 3870.

Forrester Acquires

Fletcher

Forrester Research has acquired
Fletcher Research creating the
leading Intemet analyst house in
Europe. Founded in 1997, Fletcher
Research delivers its research and
analysis through a combination of
expert knowledge of the UK's new
media industry, cutting-edge
analytical and modeling techniques,
and high-quality data.

For further details, check:

<www . fletcherresearch.co.uk>.
Contact: Fletcher Research,

Tel: (0171) 631 0202.

National
Semiconductor

Announces Linux
Support for Geode
WebPAD

National Semiconductor has
announced that Infomatec will port
its custom Linux-based operating
system to the National Geode
WebPAD platform - a complete
hardware and software reference
design for a wireless Intemet
personal access device (PAD).

National's Geode WebPAD platform
is a reference design for a wireless
PAD that is optimised for Internet
browsing. Weighing less than three
pounds, the WebPAD tabilet is
about the size of a standard 8.5in.
x 11in. paper notebook and
features a simple touch-screen that
encourages user interaction.

For further details, check:
<www.national.com>,

Contact: National Semiconductor,
Tel: (01475) 633733..

Snnjy Discam Gamcorder Enables Instant
Random Access

Sonv’s latest digital video
recorder is a disc-based digital
device with video capture and
editing capabilities all in the
same unit. The MiniDisc (MD)
Discam digital camcorder
(DCM-M1), takes advantage of
MD technology to give
consumers the versatility and
convenience of instant random
access.

The MD Discam camcorder
records up 1o 20 minutes of
video, up to 4,500 still images
in MPEG?2 file format, and more
than four hours (260 minutes)
of recorded audio with three
digital still irhages in Interview
Mode. The image quality of MD
Discam video delivers more
than 400 lines of horizontal
resolution

MD Discam camcorder uses
MD Data 2 media, called MD
View (MMD-650A), which was
developed to handle the high
capacity video storage needs of
the MD Discam camcorder. It
holds 650MB of audio video re-
writable data. Building on its
developments in magneto-
optical technology, Sony
designed MD View to expand
the benefits of the MiniDisc
format (o a visual medium for

the first time.

Although not
the same format
MD View and
MiniDisc audio
media share the
benelfits of instant
random access
plavback, quick
and easy editing
and digital
recording.

Scene Shuffle
editing with the
MD Discam
camcorder is easy
and intuitive.
Users no longer
have 1o rewind or
fast forward
movics with Scene
Shuffle, because it
lets them do on-
the-spot editing.
On-screen controls
let users play, copy,
move, trim, or
erase scenes at the
touch of the stylus
o the screen

Changing the order of
scencs, crasing, copying and
more can be accomplished in
seconds. An index window on
the LCD screen shows the

starting image of each scene (o
let users mark each video
segment for editing.

For further details, check:
<WWW . SONny . com>.

Contact: Sony,
Tel: (0990) 111 999.

BT and Microsoft to Develop
Wireless Internet

BT and Microsoft have announced
an agreement to combine efforts in

developing world-leading mobile
internet and multimedia

applications and equipment, which

will lead rapidly to new types of

service with broad customer appeal.
The two companies have begun
the most extensive and ambitious

trial of wireless Internet services
ever, involving four of the
companies’ corporate customers

the BBC, Credit Suisse First Boston,
KPMG and Nortel Networks - and

business partner Telenor Mobil.
The trial, starting this month,
builds on a BT and Microsoft

agreement announced earlier this

vear to develop Internet, Intranet and corporate
data services for mobile customers around the
world. It will involve about 1,000 mobile phone

users in the UK and Norway.

Some of the tests will evaluate services that allow
users (0 send and receive e-mail as well as access
in real-time their Microsoft Exchange-based
calendaring, address list, personalised Web content
and online information services from their mobile

phones over established radio interfaces.

In support of this initiative, BT and Microseft
have signed development agreements with
France-basced Sagem SA and South Korea-based

Samsung Electronics, two of the world's lcading

: mobile equipment manufacturers. Both
companies have developed Web browser mobile
phone equipment for use in the trial.

For further details. check: <www.bt.com>.
Contact: BT, Tel: (0800) 309080.
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EXTENDED REALITY

Let There Be Light

The other day 1 dropped in on a friend of
mine who helps me now and then with
research for my books and columns. It was
a dull, overcast day and as we had some
papers o shuffle, he asked me 1o come
into the kitchen. “The light's beter in
there,” he said.

It certainly was, When [ walked into the
small room. | thought at first 1 was in a
conservatory. Yet there was no glass roof,
just two fourfoot fluorescent tubes in the
centre of the ceiling, They looked different,

somehow, and as my friend soon explained.

they were indeed different.

“Just a minute,” he said “I'll go and get
the file”. (He has files on everything under
the sun). While 1 waited. 1 looked at the
rows of postcards on the wall. The colours
really jumped off the wall at me. The bowl
of fruit on the sideboard might have come
straight out of a painting by Cezanne, their
greens and reds were so vivid.

The fills, 1 noticed was labeled ES. Light'
This, | learned stood for Full Spectrum, and
what was different about it was that its tube
was coated in a special way so as to make
the light coming from it very similar to
natural daylight.

“lt certainly fools the birds he said,” nif 1
leave the door open when it's on, they fly
in here all the time, thinking thev're still
outdoors.”

1 went home with a pile of photocopies
and brochures from the DuroTest company
in the U.S.A., who make the tubes, and Full
Spectrum Lighting Ltd (for their address.
sce the end of this page) who import them

into the United Kingdom. 1 was amazed by
what I learned about 4 tvpe of lighting |
had vagucly beard of without quite
knowing what it was, and confusing it with
those sunlamps that give vou an artificial
tan, which I had never bean tempred to ury
when | feel like getting a suntan. | get it
from the source!

I discovered that there are three different
ways of measuring light:
® Colour Temperature (CT). This refers to

the relative amounts of red (warm) and

blue (cooly in the light. Nawural daylight
is rated at about 5500 degrees Kelvin,

® Colour Rendidon Index (CRID. The scale
by which colour rendition accuracy is
measured against that of daylight, which

is rated at CRI 100.
¢ sSpectral Curve the proportion of each of

the colours that make up the visible light

spectrum

Some of the tubes vou buy in the shops
have a CT as low as 2100 and a CRI of 34,
while their spectral curve looks nothing at
all like that of the sun. often having large
peaks in the orange and vellow bands and
almost no ultraviolet at all. (No wonder so
many people hate fluorescent light!) The
Durolest products have the same C1 as
dav-light, a CRI of 100 also the same, and a
spectral curve that comes very close except
for having slightly less red and blue.

A good deal of research has been done
into the positive effects of FS light on
plants, animals and of course people from
newborn habies to residents of a
retirement home. Its benefits have been
shown to be considerable:

Hospitals use it for the carly detection
and treatment of jaundice in babies -
thereby saving them from possible mental
and physical retardation and even cerebral

In a carefully controlled test carried out
at Cornell University, it was found that it
helped improve student's visual acuity and
made them less likely to feel tired after
working for four hours non-stop.

Male turkevs kept under the light have
retained their sexual potency while another
group housed in “cool-white” light lost
theirs. 1 wonder if this has implications for
office workers who spend all day in
unnatural light?

Puffins at a zoo in New York bred for the
first time after four vears soon after FS light
was installed.

It has proved invaluable for sufferers of
Seasonal Affective Disorder (SAD), a severe
form of depression that hits people in
winter and is thought to be caused by
overproduction of the melatonin hormone.
It can he suppressed by light, and FSL
supplies a wide range of light boxes to
cheer people up in the dark months.

I could give dozens more examples, but
the general picture is quite clear: FS light
does vou good and a good deal of other
kinds of light don't do vou anv good at all.
It's only natural, when vou remember that
humans evolved for thousands of vears
with no artificial light at all except various
kids of fire, lamps and torches. Electric light
is barcly a century old.

As carly as 1970, when fluorescent lamps
had only been on the mass market for
about 20 vears, a report published by the
Massachusetts Institute of Technology
stated, prophetically, that the effect of this
wis:

“...of potentially far greater significance
hiologically, since their spectra differ
markedly from that of the sun. Bue after
cons of conditioning to the natural star.
could man’s body adapt to the spectra and
colours of the new glass ones?”

The answer seems pretty clear no, it
couldn’t.

(FSL, Lincoln Road. Cressex Business
Park, High Wvcombe, Bucks, HP12 3FX.

Tel 01494 526051 or 448727).

Uri Geller’s latest book MindMedicine is
published by Element Books at £20.00, and
his novel Dead Cold is published by
Headline Feature at £5.99.

Visit him at www.uri-geller.com
and e-mail him at urigeller@compuserve.com

R
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his article describes a remotely
Tcomr()lled audio message player

system that consists of at least one
remote control handset and at least one
audio message plaver. On each handset,
there is a push to make button. The audio
message plaver allows users to record an
audio message, e.8. speech, which can be
replaved after the button on the handset is
pressed. The system is illustrated in Figure
1. The operating distance is approximately
70m inside buildings and approximately
300m over open ground.

The system can be can be configured for
many different applications. For example, in
a doorbell application, you could have one
remote control handset mounted outside a
house and a number of message plavers in
different rooms inside the house. If the
remote control is activated, the recorded
audio message will be played simultaneous
in different rooms.

The system utilises the FM radio
transmitter and receiver modules (TX2 RX2)

type-approved to the Radiocommunications
Authority specification MPT 1340 for use in

submit the project for final approval.

from Radiometrix Limited. The transmiuter is

the UK and in Europe, 5o avoids the need to

Dr Pei An describes audio message player system
based on the Radiometrix 418MHz
transmitter/receiver modules.

How It Works

Inside a remote control handset. the
encoder (HT-12E) converts the 12-bit
parallel data into a serial data form. All the
12-bits are treated as address. The serial
data is fed into a TX2 transmitter 0 FM
modulate the 418MHz (or 433MHz) radio
frequency carrier. Figure 2a shows the
principle of the remote controller.

Inside the message player, a FM radio
receiver module, RX2, demodulates the
radio signal picked up by the antenna. The

i demodulated serial data is fed into the

: serial-to-parallel decoder (HT-12F), which

i converts the serial data back to the parallel
i data (see Figure 2b). The address bits are

i compared with the pre-set bits of the

i decoder (12-bits), and if they match, the

i decoder flags an output line to indicate that
i avalid transmission is received. This line

triggers a solid state sound recorder to play

back the recorded message. The sound

recorder is a simple module that allows
users to record a message and then play it
back. The audio message is stored in its on-
board non-volatile memory.

Radiometrix Tx/Rx Modules

The Radiometrix radio transmitter and
receiver modules (TX2 and RX2) are very
easy to use, and make use of acoustic wave
(SAW) controlled FM radio transmitter and
receiver techniques, specially designed for
radio telemetry and tele-command applications.
The details of the modules are described in
the data sheets’

There are a variety of TX2/RX2 modules
that can be used with the present project,

and they are shown in Table 1.

‘Table 1 Variants of TX2/RX2 radio link modules

MESSAGE PLAVER

Parameters Description
Frequencies 418.00 MHz for UK use
433.92 MHz for
European use
5V (4-6V for TX2
and RX2)
3V (2.2V to 4V for TX2,
3 to 4V for RX2)
-A: TkHz baseband BW,

slow data up to

14 kbps

-F: 20kHz baseband BW,

fast data up to

40 kbps

Supply
voltages

RX data rate

Transmitter Module, TX2

i The pin functions of the transmitter are

given in Figure 3a. For the +5V and 433
MHez version, the operation voltage ranges
from 4 to 6V DC. The typical current

consumption is about 10mA at 5V, For the

+3V and 433MHz version, the operation

RN

Remote control handset

Radio signal is sent out
if the button is pressed

RADIO SIGNAL //\\%
0o
O Speaker O
O o O

Remotely-controlled audio message player

Figure 1. Remotely controlled audio message player system.
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™2
B

SERIAL ENCODED DATA TRANSMITTER
TO BE TRANSMITTED

PARALLEL-TO
-SERIAL DATA
ENCODER

;\\// CARRIER SIGNAL

ANTENNA

T a, Block diagram of the remote control handset

FM MODULATED RADIO

12-BIT PARALLEL DATA
(12 BIT ADDRESS)

Figure 2. Block dlagram of the
system.

compact but needs to
be optimised for the
exact wavelength in
use. The loop antenna
consists of a loop of
PCB track, which is
tuned by a variable
capacitor, The whip-
type antenna can be a
length of wire, a rod,
PCB track or various
combinations of all

FM MODULATED RADIO
CARRIER SIGNAL

three. Figure 5 shows
how the antennas are
constructed and

NA compares their
performances.

R

| RADIO RECEIVER
MODULE

The Receiver

|
1
SOLID STATE /

SOUND RECORDER

=

Microphone  Speaker

12 - 8T PRESET
SYSTEM ADDRESS

Module, RX2

The pin functions of
the receiver are shown
in Figure 3b. For the
+5V version, the
operating voltage range

b, Block diagram of the message player unit is from 4 to 6V DC

with a typical current

32 mm 3.8mm
>
12.0 mm
R i 12.5mm
T™X2 UHF Tronsmitter
pin spacing:
2.54 mm
20.32 mm
1=RFgnd
1 2 3 4 5 2 = RF out
00 000 3=Vee
L 4=0V
5§=TXD
5 holes of 0.7 mm dia.
pin spacing 2.54 mm

Figure 3. Radlometrix transmitter and receiver modules.

voltage is between
2.2V 10 4V DC with a
typical current
consumption of 6mA
at 3V, Digital data to be
sent (which should be
a CMOS logic level at
the same power
supply voltage) is fed
into Pin 5. An antenna
is connected to Pin 2.
The block diagram of
the module is given in
Figure 4a. There are
three possible
variations to the
transmitter antennd -
the helical type, the
loop type and the whip
type (see Figure 5). The
helical antenna is very

consumption of 13mA
at 5V, For the +3V version, the operating
voltage is between 3.0 1o 4.0V DC with a
typical current consumption of 13maA at 3.5V,
The digital output signal appears at Pin 7
(RXD), and is at COMS logic level. Pin 3 is
the Carrier Detect output, and may be used
to drive an external pnp transistor to obtain
a logic level carrier detect signal. If not used,
it should be connected to +5V. The block
diagram of the receiver is shown in Figure
4b. Any of the antenna previously described
in the transmitter section can be used with
the receiver.

Encoder, HT-12E

The HT-12E and HT-12F are CMOS LSI
encoder and decoder ICs that are designed
for transmitting and receiving digital code.
They have a wide range of operating voltage
from 2.4V up to 12V with a typical stand-by
current of 1A, An on-

RF OUT <: .—Il— fitter

<3 | vCC

N—

SAW
Stablised
Oscillator

I 20kHz 2nd order

fitter | 'J7

100K

GND E\ﬁ
Figure 4.
Internal block
dlagram of the
radlo link
modules. :’am

*—4 ] anp

a, Block diagram of the TX2 radio transmitter

2nd local

1
—1 Low pass H-@mmm

board oscillator is
provided in the ICs and
requires only one external
5% resistor. The Pin-out
and pin functions are
shown in Figure 6, with
typical applications for the
devices given in Figure 7.
Details of the operation of
the ICs are given at the
end.

The HT-12E encodes a

— 5] vee 12-bit of parallel data into

a serial data which is

r

|
|

SAW
band pass
RFIN D_II filtar lP“"’ “’;i""‘”
|

IF amp
demodulator |
J

1
2nd mix JL—I GKHxlow] +—

W e I_T

—3> oemct | transmitted upon receipt
of a low-going signal at the

Eyr—— — 6> aF Transmit Enable pin (-TE,
| Pin 14). The 12 bits of data
Bufler ! DATA consist of 8 bits of address

GND 2

18t mixer

—

=

(A0 to A7 connected to
Pin 1 to Pin 8) and 4 bits
of data (DO 10 D3

GND connected to Pin 10 to Pin

+

b, Block diagram of the RX2 radio recerver

.
— .
13. The external oscillator
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.5 MM IAMETER ENAMELE COPPER IRE CLOSE OUN ON 3.2 MM IA FORMER

418MHz: 26 tums, 433MHz: 24 turns

A, HELICAL TYPE

Pin 2 RF OUT
. 401 s.cm
Imm ide track inside area
Pni1 N
Capacitor 1.5- 5 pf
b, Loop type

ire, rod PC track or com ination
—@ Pin2 RFOUT
418MHz: 16.5 cm, 433MHz: 15.5 cm total from RF out pin

o

e

POWER ON

Stand-by moce

Yes

seral encoded data
ransmitted

senal encoded data
rransmitied agan

a Fiow chart of the operabon of the encoder

b Flow chart of the operation of ihe decoder

Figure 8. encoder/decoder operational flow chart.

¢, Whip type
Antenna performance chart Helical i Loop Whip

ULTIMATE PERFORMANCE VAR N, e

Ease of set-up NiVf N JIV

Size Vv vV v

Immunity to proximity de-tuning vV IV | S
Figure 5. Suitable antenna designs.
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2] o1 A6
:E]gz A7
0] 03

2] at0
1] 4
[10] 48

]
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Fl 1 [ FLFLFEELFEE

<
H

[e] =] 41 [=] [=] [<] [=] [~] [-]

a. Encoder HT-12E b Decoder HT-12F

Figure 6. Pin-out dlagrams for HT-12 ICs.

Start bt 1/3 bit

[T
N
|
12 BITS PILOT PERIOD |
L

|

12 bits code period (AD-A7.00-D3)

!

a. Data format for one code transnussion

Clock signal of
the encoder

JigigE s

One data brt ,

Encoded data format :
forlogic 1 .

J

3 W M B

1data bit

Encoded data format
for logic "0

b, Encoded data format for logic “ 1" and "0’

Figure 9. Encoded serlal data format.

—
Rado, nfra-red or - Radio intra-red or |
sound transmiter sound recerver
¥
Address seting Address setung
+Sv +5v
— {] % vaa 10 — ars m;
L d o -
o [E] % oscr [1e}—{Toeck . ] e} {ROSCH
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Figure 7. Typical HT-12 applications.

-
—0 O © REC
L o © PE
i
[ © PL
i © Vss
L
. © SP+
45v6v 1 SPK SP-
+ © Vce
m'e MlC'
R 0 MIC+
Microphone Lo yANNA
N
> © LED

LED

Figure 10. Typical connection of the QX-RD1 module.
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v A2 5 HT-12E e vee
g O/G A2 Osc .
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® O/O A SW3 Push to make v
€ +
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2 ‘ON' =0 1 | 12V battery
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I
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Figure 11. Circuit dlagram for the remote control handset.
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aan "
L= Solid state sound |2
15 | 16 177 |13 |12 n ‘°I A8 |ag |A10)A11
0SC1-2 VI D0 D1 D2 D3 recorder and replay
1 B
e 14 s | swe \\\OY N on -0 A3 1K —
2 DATA IN vce — OFF =1
Frane IC1 HF12F OFF SPK
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GND —
2 0 ke e ne s e ;E(]
DETECT {3 — 1] 2] 3] o] s[ 6] 7| @ +5V | i
RL1 10K
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1
[TV kd o 9
+5V
AF OUT .:_ —
DATA OUT \
AN
LC LED
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RADIO RECEIVER on | \0 \0 V0 \0 \0 \O O
MODULE ON =0
OFF=1  opf
+5V

Set system address
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— 00

Figure 12. Circuit dlagram of the message player.
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resistor is connected between Pins 15 and
16. The chosen values of resistance will be
given later (the details of this can be found
in the data sheet2). The serial data output is
from Pin 17. Pins 9 and 18 are connected to
the negative and the positive rails of the
power supply.

Initially, the HT-12E encoder is in the
stand-by mode. Upon receipt of a -TE signal
(low active), it begins a 4-word transmission
cvcle and repeats the cycle until the -TE
signal becomes high (Figure 8a). Each word
contains 2 periods: the pilot code period
and code periods as shown in Figure 9a.
The pilot code period has a 12-bit length
period and is at logic low. The code period
also has a 12-bit length period and contains
the serial encoded data. The logic levels * ('
and " 1" are encoded in the manner shown
in Figure 9b. The order of data bit transmission
is from AQ to A7, then from DO to D

Decoder, HT-12F

The HT-12F receives the 12-bit word and
interprets all the bits as the address. When
the received address matches the decoder’s
pre-set address, the Valid Transmission (V1)
output goes high. The VT output remains
high until the right code is no longer
received. The flowchart of operation is
given in Figure 8D. The serial data is input at
Pin 14. The external oscillator resistor is
connected between Pins 15 and 16. Pin 17 is
the valid transmission output. Pin 9 and Pin
18 are connected to the negative and
positive rails of the power supply.

External oscillation
resistor

The ICs require low tolerance 5% resistors.
The following table gives the resistance
values for 3kHz and 4.3kHz oscillator
frequencies for the encoder - the present
circuit is set at 3kHz. For other frequencies,
please refer to the manufacturer's data sheet®.

HT-12E (encoder)  HT-12F (decoder)

R F o R F o
1.1M 3 kHz 62k 150kHz
750K 4.3kHz 33k 240kHz

QX-RD1 solid state
sound recording module

QX-RD1 is a 20 second solid state sound
recording 1C’, that can retain the recorded
sound is retained after power is removed,
and offers superb sound quality.

The module is compact measuring just
45 x 25 x 15mm. To make a complete sound
recording and replaying device, requires
three switches (recording, re-play and stop),
one LED to indicate recording status, one
8Q speaker and one electret microphone.
The module requires a power supply from
4.5V to 6.5V DC. In record and replay
modes, current consumption is typically
25mA. In idle mode, the current drops to 0.5 uA.

| —

Pins Functions

RECORD, Record (low active)
PLAYE, Play (low active)
PLAYL, Stop (low active)
Ground

Speaker +

Speaker -

VCC (4.5 t0 6.5 V DC)
Microphone -

Microphone +

10 VANA not used

e i & Record LED indicator (Low to indicate)

OCO~NOOBWNE

The QX-R module is shown in Figure 10a.
The functions of the 11 pins are listed
below.

A typical connection of the module is
shown in Figure 10b. Press and hold the
RECORD button causes the module to
record sound. Users can now record speech
via the microphone. While recording is in
progress, the LED illuminates. Recording is
terminated either by releasing the RECORD
switch or after the maximum recording time
of 20 seconds is exceeded.

‘Toggle PLAYE button once (press the
switch and then release it) causes the
module to replay the complete recorded
sound - to stop, toggle the PLAYL switch.
Press and hold the PLAYL switch will play
from the beginning and release to stop.

Circuit of Remote
Control Handset

* _~ 9
Figure 13. Remote control PCB board.

Figure 2a shows the block
diagram of the transmitter

and Figure 11 gives the
circuit diagram. The
encoder, HT-12E, converts
a 12-bit address (address)
into serial data form. The
12-bit address is pre-set by
SW1 and SW2. The serial
data is available from Dout
(Pin 15). The -TE input
(lransmit Enable, Pin 14)
is set permanently low to
enable data transmission.
The serial data
generated by the HT-12E
encoder is fed into Pin 5 of

the TX2 radio transmitter,

Oo-o—

RADIO-ACTIVATED
Message
Player

TO SPK O

with the RF signal supplied

on Pin 2 of the module. In
this design, a helical-type
antenna is utilised.

Figure 14. Message player PCB board.

The power supply is an
N-tvpe 12V alkaline battery (10mm diameter
and 28mm length, 33mAh capacity). The
voltage is regulated to +5V by a low-power,
low-drop voltage regulator, TC55RP500,
When SW3, a push-to-make switch, is
pressed, the caller unit starts to transmit the
code. This arrangement allows a maximum
battery power saving to be achieved. The
battery will last for at least 2300 calls.

Circuit of message player
The block diagram of the receiver is given in
Figure 2b and Figure 12 gives the circuit
diagram of the receiver. The radio frequency
signal is picked up by the antenna and is fed
into Pin 1 of the receiver module. The
demodulated signal is output from Pin 7. It

is then fed into the decoder.

The HT-12F decoder complements the
HT-12E encoder. The decoder receives the
serial data at Pin 14, checks for errors and
outputs the received dara if it is a valid
transmiission. The 12 bits of the received
data must match the pre-set address of the
decoder (set by SW1 and SW2 dip
switches). If the two addresses match three
times, the Valid Transmission output (VT,
Pin17) goes high. If not, the VT output
remains low.

SW4 is used to record sound, via an
electret microphone, and is held down
while recording is in progress, A small
speaker is used for playback.
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Again, the voltage is
regulated to +5V by a low- —

power, low-drop voltage AT
regulator, TC55RP500. The E— ), 5]
quiescent current of the g 0 )
message player is &=
approximately 20mA., rising RL1
a maximum current of 100m bt l
during playback. 2} Ca
uring playb Swa
- RL2
Construction o] m

The remote control handset

and the message player are
constructed on single-sided
PCB boards (Figures 13 and
14). The antenna of the
receiver is constructed using
piece of copper wire (see
Figure 5 for construction
details). The component
layouts are shown in Figure
15. Construction is straight
forward, and should work fit
tme, as no adjustment is
needed for either the
transmitter or receivers.

Radio-
communication L
Authority

ZMS
Q
G

o
R

BATTERY

x
Sw3 ‘—

I 0

V+ (5.5V - 10V)

rT SW3

&8 unfly

J

cm@_

SPK RLT lcg =
OF =

Sl |

_|
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MPT1340

The radio transmitter module is type-proved
to the RA MPT1340 for licence exempt use
within the UK for telemetry, telecommand
and in-building security, provided the
following requirements are met.

1.The transmitting antenna must be one of

the three variants given above (see Figure 5).
2.The transmitter module must be directly

and permanently connected to the

transmitting antenna without the use of
an external feed. Increasing the RF power

level by any means is not permitted

3.The module must not be modified nor
used outside its specification limits

4. The module may only be used to send
digital data. Speech or music is not
permitted

5.The equipment in which the module is
used must carry an inspection mark
located on the outside of the equipment
and clearly visible, the minimum
dimensions of the inspection mark shall
be 10 x 15 mm and the letter and figure

height must be not less than 2 mm. The

wording shall read: "MPT 1340 WT. LICENCE

EXEMPT"

6. The trimmer control on the module must
not be easily accessible to the end user.

This control is factory set and must never be

adjusted.

Failure to meet the above conditions
invalidates the modules' Type Approval.
Further information on MPT1340
specification issued by the RA (DTI) may be
obtained from the RA's library service.
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Data sheets for TX2 and RX2 are available
from Radiometrix Ltd. Tel: 44(0)1814281220.
Web site: www.radiometrix.co.uk Data
sheets for HT-12 series from Holtek. Web
site: www.holtek.com.twQX-RD1 solid state

HANDSET PARTS LIST

RESISTORS:

R1 1M 1% Metal Film Resistor
R2 100k Metal Film Resistor
R3 4K7 Metal Film Resistor

RL1 10k 8-way Resistor Array
RL2 10k 7-way Resistor Array

CAPACITORS
Cc1,2 22uF 16V Electrolytic
C3 100nF Ceramic Disc

SEMICONDUCTORS

IC1 HT-12E Encoder
Ic2 TC55RP5002EZB
LED Low Current LED

MISCELLANEOUS

TSW1i 8-way DIL Switch Array
SW2 4-way DIL Switch Array
SW3 Push Button Switch (push-to-make)
™ TX2 Transmitter

Battery 12V, N-size Battery
Holder  Battery Holder
AT Helical-type Antenna

sound recording/replaying module and its
data sheet are available from Intec

{ Associates Lid. Tel 44(0)1614779583.

 Technical support

Designer’s kit is available from the author.
The kit includes PCB boards and components.
Please direct your enquiry to Dr. Pei An, 11
Sandpiper drive, Stockport, Manchester SK3
8UL, Tel/Fax/Answer: 44-(0)161-477-9583. E-
mail: pan@ intec-group.co.uk

MESSAGE PLAYER PARTS LIST

RESISTORS:

R1 62k Metal Film Resistors
R2 Not Required

R3 1k Metal Film Resistor

RL1 10k 8-way Resistor Array
RL2 10k 7-way Resistor Array

CAPACITORS

€12 22uF 16V Electrolytic

C3 100nF Ceramic Disc

c4 100nF Ceramic Capacitor (in-line type)
SEMICONDUCTORS

IC1 HT-12F Decoder

IC2 TC55RP5002EZB

LED Low Current LED

MISCELLANEOUS

Swi 8-way DIL Switch Array

SW2 4-way DIL Switch Array

SW3 Toggle Switch

Sw4 Push Button Switch (push- o-make)

RX RX2 Transmitter Module

QX-R 20s Solid State Sound Recorder/
player Module

SK 2.1mm Power Socket

MIC Electret Condenser Microphone
SPK 8Q Speaker

AT Helical Type Antenna
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Introduction

The first year of the new millennium is the
centenary of Planck’s disclosure that
radiation is emitted from objects in packets,
or quanta, the revelation that began the era
of quantum theory. Quantum theory will be
at the heart of any "Theory Of Everything,
which if found will explain the existence,
form, interactions and future of all matrer
and forces. A "'Theorv Of Evervthing' is the
Holy Grail of theoretical physics, and
science is tantalisingly close o finding this
sacred theory, a theory that possibly even
includes an explanation of how a universe
can 'pop out’ of literily nothing. This three
part feature examines this Quantum World,
taking a journey that began over two and a
half thousand vears ago with the early
Greek philosophers.

Philosophical
Beginnings

Modern theoretical physicists are not the
first people to want to know about the
nature of matter and the reason for
everything; perhaps not surprisingly the
Greek philosophers had something (o say

named Thales was the first Western
philosopher to suggest an origin of the

about it. In the early sixth century BC a man

The Quantum

WORLE

-7

In part 1 - Fields and Waves - David Clark begins
with a look at the early scientific developments that
led to the first quantum theory.

form of apeiron. This must have been one
of the first logically argued theories that the
universe had a beginning and would one
day have an end.

Anaximander also seems to have been the
first person to suggest that the Earth was
not somehow supported by something
which prevented it talling through a void.
This was a big step forward in the understanding
of the cosmos, however, in order to believe
in an unsupported Earth he declared that
the Earth was at the centre of the universe
and at rest, a belief that like many other
early Greek ideas remained virtually
unchallenged for two thousand years.

Next Steps

Anaximander was followed in turn by
Anaximenes, who believed that air or mist
was the fundamental material from which all
mutter was made, rather than water or
apeiron. Anaximenes importance was that
he proposed a means by which one material
converted to another, which Thales and
Anaximander had not done. This theory said
that water and earth were made by the air

world that didn’t involve
myvths and legends. Inspired
by the discovery of fossils of
sea creatures miles inland, his

theory was that evenything Less dense
had come from water, not out T through.
‘rarefaction’

of the water as in modern
cvolutionary theory but that
water in its different forms
was the fundamental material
of which earth, sky, gods,
men, plants, creatures,
evervthing, was composed.

Figure 2. Anaximenes’ Conservation Of Mass

Heat and fire
Air
Water
and solid substances

through

i More dense
‘condensation’

Thales was succeeded by
Anaximander, possibly a pupil
of his, who is believed to have developed
the first theory of the cosmos - that is of the
universe as an ordered whole. He declared
that the cosmos originated with a fundamental
substance called “apeiron’ (see Figure 1).
meaning ‘unlimited,” which then broke
down into opposites such as hot and cold,
and dry and wet.

The interactions between these basic
elements produced earth, water, air, mist
and heat. Heat in the form of rings surrounded
the whole cosmos, but this heat was only
visible through holes in the mist which
surrounded the heat rings, and these were
the stars. He also believed that the heat
would eventually evaporate the mist and
that finally everything would return to the

Earth
Hot and cold, water

Apeiron —» damp and dry, air — > Apeiron
light and dark, etc. mist
heat

Constituents The end

Fundamental __ Basic > of the — > of the
substance elements cosmos universe?
Figure 1. Anaximander's Universe

being made more and more dense, i.c.
condensed, and that if air was made less
dense, or rarefied, it became heat or fire.
See Figure 2.

The significance of this theory is that it
says that even though the form of the
material changes it is still fundamentally the
same thing, ie matter is conserved, the same
basic principle as the conservation of mass
and energy in modern physics.

From Greece To Italy

Around 540 BC the traveller and poct
Xenophanes took Anaximenes’ philosophy
with him from Greece to ftaly. He used his
poetry to express Anaximenes' philosophy
in a more generally comprehensible way
and used the theory, that matter is
conserved, to ridicule the widely held belief
in the Olympian gods and goddesses, who
were replaced by a single god who ruled the
whole universe, who had always existed and
who always would exist. It was believed that
this had to be the case since as all material is
a different form of a fundamental material,
nothing could initially be created from
nothing nor could anything ultimately be
destroyed completely to become nothing,
These views came to the attention of a
philosopher named Parmenides who added
an extra dimension to the theories. His
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love - force of attraction
strife - force of separation
basic elements - earth, air, fire water
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love
fire
air —_
water /
earth Strife
original state - beginning of
everything cosmos -
uniformly force of
mixed; force separation
of attraction enters
dominates

Figure 3. Empedocles Theory

fire
love +
air
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<
strife

the real world -

things come into
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disappear due to

the equiilibrium betweenn
the elements and

forces

radioactive decay.

Atomist ideas were passed on.

school of philosophy said that reality is
actually a matter of belief, the fundamental
materials supposedly making up all
observed matter for example don’t exist in
reality, they are merely ideas which enable
observed objects to be explained. This
apparent conflict between what is observed
and an underlying theory to explain it has
troubled some scientific and philosophical
minds ever since, including the twentieth
century physicist Schrodinger, an important
contributor to quantum theory, who
sometimes had difficulty accepting even his
own theories.

Elements And Forces

Parmenides philosophy was an important
concept, but it might be considered a
backward step in the search for an
explanation of the natural world. Other
philosophers continued to put forward
theories that would explain the complexity
of the natural world without the need for
the creation of material from nothing. About
a century after Anaximenes, a man named
Empedocles came up with another idea. He
expressed his theory that there were four
material elements, earth, water, air and fire,
which he called the *‘Roots Of Evervthing’
and two forces, which slightly unscientifically,
were called love and strife, representing
forces of attraction and separation.

The fundamental principle was that the
four elements and two forces were constantly
interacting, combining to form other
materials and decomposing back to their
elements, and through this things can come
into existence and disappear from existence,
but the elements themselves are never
destroyed or created. Another theory of
about the same time was that of Anaxagoras,
who declared that everything was composed
of infinitely small parts which in the
beginning were all in an even mixture. Then
some sort of ‘intervention’ deliberately set

these particles in motion which led to their
becoming the materials composing the
world. These basic ideas led to the next big
step forward; the rise of the Atomists.

Atomists

The term atom, from atomos meaning
indivisible, was coined by Democritus
around 430 BC. He was a follower of
Leucippus who is believed to have begun

the philosophy of
atomism, and between
them they came up with
the principle that the
physical world consisted of
empty space and atoms,
atoms being indivisible.
Perhaps due to the
influence of Parmenides it
was not so much a
scientific theory as a way of
explaining the natural
world and the appearance
of change. The Atomists
believed that there were
atom particles not only for
the elements of matter but
also for colour for
example, and even for the
human soul and attributes
of character and appearance.
There was of course
disagreement over these
ideas. Aristotle and Plato
rejected the ideas as they
simply could not accept
that the whole of reality
was built on small particles
which defined evervthing.
Demaocritus believed that
matter could move
through the vacuum of
space and that light was
rapid moving particles
travelling through a void -

Aristotle rejected even the idea of the
possibility of the existence of a vacuum.
Interestingly, some Atomists believed that
atoms were divisible, and even out of
Aristotle’s thinking had come the idea that
each kind of substance has its own
‘minimum nature’. This idea said that if the
minimum nature of a substance were to be
divided, it would become another substance
- two thousand vears before the discovery of

The Nature Of Things

Epicurus was an important man of ideas
living around 400 BC and it is through his
influence, which lasted over 800 years, that

Around 100

BC the theories came to the atention of the
Latin philosopher Lucretius, who was a poet
as well as a philosopher and like Xenophanes
before him used his talents to disseminate
his thoughts to a wider populatich. it is
because of his poem "On The Nature Of
‘Things’ that much is known of these ideas.
This epic poem extends to six books and

must have effectively been the *Theory Of

Evervihing' of the time. in the

first two

books the basic principles of atomism are
stated. In the third book the “atomic’ nature
of the soul is explained. The fourth book

describes the senses, thought and the
workings of the body, and the fifth describes

all a formidable piece of work!

how the cosmos was created and how life
evolved. The final book gives a description
of the workings of the earth and sky - all in,

|
Eiectron |
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- electron

Electrode
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>J
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Figure 4. Electrolysis - A major step forward in the proof
of the existence of atoms came at the beginning of the
19th century when it was shown that an electric current

broke water down Into hydrogen and oxygen.

Water
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Astronomy

In terms of understanding the nature of
matter, the theories of the atomists were
‘state of the art’ for nearly 2000 vears. Much
of ‘scicnce’ was effectively astronomy, an
attempt to account for phenomena such as
comets, meteors and eclipses, and to
understand the movements of stars and
planets, particularly relative to the Earth.
The study of the heavens, involving perhaps
most notably Galileo Galilei, led to the next
major step forward in scientific understanding,
the discovery that the Earth revolved
around the Sun. Describing the motion of
the planets around the Sun was one thing
however, but what was the mechanism
behind it? Problems of philosophy arose
again, and in the seventeenth century the
French philosopher Rene Descartes put his
mind to the problems of matter and motion,
which became known as mechanical
philosophy. Descartes could not accept that
bodies could act on each other through
empty spact, he thought all such interactions
must be the result of small particles
colliding, and under his guidance his pupil
Christiaan Huygens, the Dutch physicist,
formulated the laws which govern these
collisions, the rules for momentum and
energy, fundamental principles of vital
significance for modern quantum
mechanics.

Newton

Much of the
scientific
knowledge
accumulated up to
the end of the
seventeenth
century is held in
the publications of
Isaac Newton
whose three laws
of motion and his
work on light and
optics are the
basis of classical physics, or the physics of
the macroscopic world, and are primarily
based on deducing things from observation
rather than experiment. But the next century
saw an explosion in scientific investigation
and theory, theories about electricity,
magnetism, heat, light and chemistry, all
supposedly explained by deducing the
existence of particles causing these effects.
These theories involved for example atoms
as mathematical points surrounded by fields
of attractive and repulsive forces. However,
as ever, the philosophical dilemmas
wouldn’t go away. In the latter part of the
eighteenth century the influence of the
German philosopher Immanuel Kant, who
maintained that it wasn't acceptable to
believe in the existence of things that
weren't ‘observable’ to the human senses,
led to a change in focus onto the forces
occurring between objects rather than the
unexperienceable particles which compose
those objects. This brought about theories
of fields of forces which exist throughout
the cosmos and which therefore affect all
objects within their influence, ideas which
are the basis of field theory today.

. Electromagnetism

The nineteenth
century
showed the
beginnings of a
desire to find a
neat solution
which linked
together all the
forces of
attraction and
repulsion,
Hans Christian
Oersted, the
Danish
physicist and chemist, believed that the
discoveries by himself and his
contemporaries regarding chemical
reactions and electrolysis, electricity and
magnetism, heat and light, must all be
manifestations of an underlying effect.
Oersted, and Michael Faraday, the English
scientist, did much work on the connected
nature of electricity and magnetism, i.e.
electromagnetism, which resulted in
theories about fields comprising energy
‘spread out’ through a system rather than
concentrated in
the particles
making up a
system. Following
Faraday's work on
clectric and
magnetic field
lines, James Clerk
Maxwell produced
a theory of
electromagnetic
radiation, a theory
which was to lead to the law of heat
radiation. It was the failure of this theory
under certain circumstances that led Planck
to the basis of quantum theory.

. Gases

i While the physicists were working on
electricity, magnetism, light and heat, (the
‘imponderables,” or ‘unweighable”), the
chemists had been working on gases.
Lucretius' poem *On The Nature Of Things'
had been 'rediscovered’ in the fifteenth
century by a priest, Pierre Gassendi, who
tried to reconcile the existence of atoms
with the existence of God by saying that
God had created atoms. Twelve centuries
earlier Aristotle had rejected Democritus’
atomism because he would not accept that
a vacuum could exist; in 1638 Galileo professed
that a vacuum could indeed exist and
shortly afterwards Robert Boyle, using a
recently improved German air pump, began
working on air and gases using reduced
pressures. From this work Boyle decided
that all matter is made of solid particles
arranged into molecules; shortly afterwards
Newton himself expressed that he too now
believed in the theories of Democritus,
Gassendi and Boyle - there could have been
no greater recommendation of atomic
theory at the time!

Atoms And Molecules

Also during this period a great deal of work
was being done on chemicals, much of it by
means of reactions with electricity from the
newly available voltaic piles or batteries, and
gradually the atomic and molecular nature
of matter became understood. The work on
heat, temperature and heat transfer, which
had all been done and categorised before
the atomic and molecular nature of matter
was understood, now came to be explained
in atomic and molecular terms, and
additionally electrochemistry was giving
clues as to the charged nature of the atomic
particles of matter.

/ ‘Cathode rays’

Magnetic south pole

g

N

Figure 5. Electron Detection Apparatus - This dlagram shows the principle
behind the detection of the electron. J J Thomson discovered that cathode
rays were deflected by both electric flelds and magnetic flelds; the
deflection depended on both mass and charge, and this ratio was always /
constant. The first subatomic particle had been discovered!

Positively charged plate

Magnetic north pole

Negatively charged plate
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Energy And Light

In another area of investigation James
Prescott Joule established that heat is a form
of energy, and also that mechanical,
electrical and heat energy can not only be
interchanged but that overall energy is
conserved. Furthermore, it had been
established that heat can be ‘carried’ by
light; and so gradually all the theories about
energy, electromagnetism, light, heat and
atoms seemed to be coming together; one
man in particular can be considered to have
had a major influence on this convergence.

William Thomson

William Thomson, later Lord Kelvin, is
considered to be a genius of the nineteenth
century with the stature that Newton and
Einstein had in their own particular times.
His analysis of thermodynamics,
electromagnetism and his initial theories on
the electromagnetic nature of light which
led to James Clerk Maxwell's fundamentally
important electromagnetic theory of light
were the foundations from which Planck
‘invented’ quantum theory. Thomson's view
was that forces were caused by the movement
of invisible matter as opposed to the
prevailing one of light, heat, electricity and
magnetism being imponderable fluids.
Additionally, his study of all the different
areas of physics brought about the view that
the physical changes of all things were

Figure 6. The ‘Plum Pudding’ Atom
Model - The electrons are randomly
embedded throughout a volume of
positive charge, the negative charge
of the electrons balancing the positive
charge.

Radiation of
differing
frequencies

—

B

Figure 8. Blackbody Radlation -
Some stars are the closest
avallable approximation to a
blackbody le perfect radlator,
one that emits radlation with a
continuous frequency spectrum.
For experimental purposes a
cavity Is used; this Is heated so
that radlation Inside the cavity
reaches equlilibrlum, and
measurements are made
through a small ‘sampling hole’

related 1o energy changes. These two tenets
are the basis of quantum mechanics and
relativity, and part of Thomson's belief that
one day there would be a unified theory of
energy and matter.

Radioactivity And
Electrons

During the 1890s two discoveries smashed
for ever the concept of the atom as the
smallest, indivisible particle of matter. The
first was the discovery of radioactivity in
1896, and the second, in 1897, was the
discovery of the electron (sce Figure 5),
along with ‘positive rays,” positive ions
produced inevitably at the same time as
electrons, the smatlest of which became
called a proton.

Plum Puddings

With the discovery of radioactivity and
clectrons, the transmutation of one
substance into another, and the existence of
particles that could in wrn break down
other particles, it was realised that there
must be material even more fundamental
than the atom, and that the atom itself had
structure. Around 1900 the first strongly

Figure 7. The Rutherford Atom Model -
Rutherford established that the
positive charge had to be
concentrated In a highly dense but
small nucleus at the centre of the
atom, which he proposed was
surrounded by orbiting electrons.

accepted model for
the structure of the
atom was that of Sir
Joseph john
Thomson's ‘plum
pudding’. In this
model an atom was
believed to be a
sphere of positively
charged matter
with electrons
distributed uniformly within it. See Figure 6.

This model lasted until 1911 when the
maodel proposed by Ernest Rutherford was
accepted on the grounds of evidence gained
from experiments in radioactivity, and in
bombuarding elements with alpha particles.
‘The Rutherford maodel that replaced the
‘plum pudding’ consisted of a tiny (one ten
thousandth of the diameter of the whole
atom) positively charged nucleus surrounded
by the electrons moving around in a volume
of space or ‘nothingness’. See Figure 7.

It was to be another twenty vears before
another subatomic particle could be added
to this model; meanwhile work had been
continuing on another major puzzle of the
period, the blackbody radiation problem.

Blackbody Radiation

By 1879 it had been established that the
total amount of radiation emitted by a
blackbody (see Figure 8), one that can
absorb and emit radiation at all frequencies,
increased with temperature.

This seems obvious when thinking about
heat radiation. But heat is just a small part,
the infrared part, of the whole spectrum of
frequencies of electromagnetic radiation,
which includes radio waves, visible light,
and cosmic gamma rays. The German
physicist Max Wien did some work which
took into account the frequency of the
radiation, and found that within the range of
frequencies of radiation emitted there was a
frequency which gave out more radiation
than the others, and that as the temperature
increased the frequency at which this
maximum occurred also increased. This also
perhaps seems obvious when thinking
about heat - as a metal is heated its colour
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Figure 9. Discovery of neutrons - Neutrons were discovered by bombarding
berylllum with alpha particles. Neutrons have no charge and so weren’t detected
directly, but by exposing wax to the released neutrons protons were released
which, having charge, can be detected.

changes from red to orange to yellow,
colour corresponding to frequency of
radiation, yellow being a higher frequency
than red. The atomic nature of material was
by now accepted, as was the fact that heat
was a form of energy, and that motion and
energy were connected in that the vibrations
of atoms are a consequence of the energy
they possess. Combining these notions
classical physics concluded that the
radiation emitted by matter was a result of
charged particles of matter, the atoms,
oscillating at the frequency of the radiation
they emitted, and that the intensity of the
radiation increased as the frequency
increased. But this meant that for a
blackbody, the ultraviolet light frequencies
outside the visible light spectrum at the
high frequency end (just as infrared is
outside the visible light spectrum at the
low frequency end), should have a huge
amount of energy, and the radiation at still
higher frequencies should have virtually
infinite energy, which is impossible.

Classical physics had run out of ideas - a
new concept was needed.

Quantum Theory

Any oscillating system has its own natural
or resonant frequency which depends on
the properties of that system, for example,
the resonant frequency of a guitar string or
a pendulum depends on its length; the
shorter the length the higher the
frequency. Furthermore, an oscillating
system won't vibrate at other than its
resonant frequency unless it is an integer
multiple i.e. two, three, four etc. times that
frequency. In 1900 Planck suggested that
the particles composing matter could only
oscillate at these fixed frequencies, and
could only change between these fixed
frequencies by gaining or losing energy, the
amount of energy depending on the
frequencies involved. Using this idea the
theory matched the experimental results
perfectly - there was a limit to the radiation

Electrostatic
force holds

Strong nuclear

force holds

together ‘nucleons’
and molecules

strongest Is the electromagnetic force, and
Is gravity.

together atoms

Gravity holds
together planets
and galaxies

Figure 10. The Fundamental Forces - The strongest force Is the strong nuclear
force but it only acts at distances around the size of the atomic nucleus. The next

the weakest, but the furthest acting,

emitted instead of the infinite energy
predicted by classical theory. The discrete
changes in energy levels were called
packets, or quanta, and the integer
multiples were called quantum numbers.
The Quantum Era had begun!

Einstein

Einstein's name is synonymous with
relativity but he also had a significant
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