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frequent speaker on change management,
technology and defence science issues.
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BUCKS FOR YOUR BANG
WHAT DEFENCE RESEARCH
HAS DONE FOR YOU!
BY SIR JOHN CHISHOLM FRENG CENG FIEE,
IEE PRESIDENT 2005-2006, EXECUTIVE CHAIRMAN, QINETIQ
This story is about how in times of great
need the progress of technology is
accelerated by the energetic response of
scientists and engineers and by the scale of
resources made available to find entirely
new solutions. But this story goes on to tell
how much of what we take for granted in
the modern world springs from the
evolution of the technology platforms
thus created.
Watson Watt

Chain Home

Doing anything truly new is by definition
unpredictable. Virtually all new technology
platforms of any importance have been
subject to many false starts and blind alleys
as the innovators navigated their way
through the unmapped maze of new
invention. To sustain commitment and
resources through the innovation process
often requires a sufficiently compelling
need so that inevitable set backs and
disappointments are overlooked. There is
no more compelling need than that of the
first duty of any Government to defend its
people. We shall see how over several
eras the need for national defence has led
not only to the rapid advance of
technologies, but then to the flowering of
those technologies, once established, into
many of the products and services ordinary
people depend on and benefit from today.
This story illustrates a special case of three
important ingredients to technological
progress as it affects people and
economies today. First the old adage
‘necessity is the mother of invention’ is as
true now as ever. Scientists and engineers
respond magnificently to solving important
problems. Second any really profound
innovation is much more difficult than
imagined at the outset and requires an
‘early adopter’ with an urgent need to pull it
through its inevitable birth pains. And third
once a new technology platform has got to
the “tipping point”, where it is sufficiently
established for the risk of further

development to be greatly reduced, then
applications can blossom in many
beneficial and often unexpected directions.
I shall divide my story into five different
periods in the twentieth century during
which the science and engineering
community was engaged in responding to
all too real dangers. These are; the period
up to and including World War II; the Space
Race; the Cold War; Global Terrorism; and
the Future.
WORLD WAR II
Breakthrough in early warning
Ever since the Zeppelin raids on Britain in
World War I, Britain knew it was vulnerable
to attack from the air. In 1934 Robert
Watson-Watt, head of the Radio Research
Station near Slough was asked by the
British Air Ministry if he could produce a
radio ‘death ray’ to shoot down enemy
planes. He didn’t, but a year later he had
produced enough work on locating aircraft
by radio to propose the system we now call
radar (Radio Detection and Ranging).
Watson-Watt (a direct descendent of
James Watt), and colleague Arnold Wilkins
demonstrated the detection of a Handley
Page Heyford bomber some eight miles
away using the Daventry short wave radio
transmitter.
A prototype station followed at Bawdsey
Island Research station, Dorset, in 1937.
By 1939 Chain Home radar stations were
established across the south of England,
their cathode ray tubes showing the range
of aircraft up to 75 miles out to sea and
allowing their operators to locate the
position of approaching bomber raids
In Germany Hans Eric Hollmann built the
first radar station for detecting shipping in
1934, and his microwave work and 1935
book Physics and Technique of Ultrashort
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Part of the H2S group photographed
on the roof of the Preston Laboratory,
February 1945 (note – group
includes Bernard Lovell)

Percy Spencer

Frank Whittle & Hans von Ohain

Waves later became the basis of almost all
radar systems. In some ways, e.g. higher
frequency, the German work was more
advanced than the British, but the British
work was developed quicker – possibly
because our need was greater (the
Germans did not have much interest in air
defence at that time) and also because the
British succeeded in integrating the
technology into an effective command and
control system.
After the daring raid by British commandos
on a German “Wurzburg” radar site at
Bruneval, northern France, Britain relocated
its distinguished scientific team to Malvern
to escape retaliatory sabotage and bombing
and this has remained one of the UK’s
main centres, (first as TRE, then RRE, then
RSRE, then DRA, then DERA and now
QinetiQ Malvern). The first airborne
intercept radar came in 1940, followed
quickly by the powerful high frequency
Cavity Magnetron, a working prototype of
which was produced by John Randall and
Harry Boot at Birmingham University. The
device enabled British aircraft to pounce on
submarines before they could dive, a factor
helping to turn the tide in the Battle of the
Atlantic in 1943. This technology was
passed to the US where it was said of the
Magnetron that “when the Tizard Mission
brought one to America they carried the
most valuable ever cargo to our shores!”
Once radar was established in the military
its applications began to expand within the
civilian world. Radar detection of storms
started in the US in 1943; radar control of
civil flights started in Britain in 1946. And
that year Percy LeBaron Spencer of the
Raytheon Company accidentally discovered
the microwave oven.
‘Accidental’ because in working with a
magnetron he discovered the chocolate bar
in his jacket pocket had melted.
Spencer, a self-taught engineer, tried
another experiment. He placed an egg
next to the magnetron and watched it
explode. The metal box and microwave
power source subsequently became the
first microwave oven, although at 750
pounds it was a big as a refrigerator. Today
hundreds of millions of people throughout
the world can devote more time to chosen

leisure pursuits because of the convenience
of microwave cooking. What the
consequence is in terms of global culinary
skills is a different matter.
AIR SUPERIORITY
Air power was the decisive new military
capability of WWII, and height and speed
were the crucial ingredients to air
superiority. Physics limited what a propeller
driven aircraft could achieve. What was
needed, the scientists said, was the jet
engine. Theoretical models and prototypes
existed in laboratories in Britain and
Germany as war broke out but
development represented a major technical
challenge in design, manufacturing and
materials. Typically of major new
technology platforms there were many trials
and failures and jet fighters would not be
significantly deployed until the Korean War
in the early 1950s, with both sides in the
conflict using derivatives of an engine
designed by Sir Frank Whittle. But the
obvious importance of the project, once the
prospect of war became clear, kept it going
and eventually practical designs emerged.
In fact, Whittle was really only one of three
co-inventors of the jet engine, all working in
parallel. Hans von Ohain in Germany was
one. The third was Alan Arnold Griffith in
Britain, whose paper ‘An Aerodynamic
Theory of Turbine Design’ set the academic
standards for jet engines in 1926. The
axial flow gas turbine design in today’s
aircraft owes much to his designs.
Whittle was an RAF cadet when he wrote
an influential paper on future
developments in aircraft design in 1928.
His 1930 patent for a turbojet engine,
though, brought him little practical support,
and even generated hostility. His health
suffered, his patent expired and by 1935
he had almost lost hope.
But in 1936 Griffith started a programme to
test axial compressors for gas turbines at
Farnborough (another of the UK’s
continuing centres, which started as the
Royal Balloon Factory, and is now QinetiQ
Farnborough, having absorbed what was
once the RAE and NGTE), also in 1936,
Whittle formed Power Jets Ltd., initially with
backing from bankers Falk and Partners
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and, by 1937, “The Whittle Unit” was bench
tested. The success of Whittle and Griffith
provided a needed boost to the jet engine
concept, and Sir Henry Tizard, chairman of
the Aeronautical Research Committee,
authorised development work on the gas
turbine. The maiden flight of a British jet
aircraft was a Gloster Meteor in November
1943 using the Whittle centrifugal design.
Alan Arnold Griffiths

Whittle’s centrifugal compression design
was sent to the US government and in
1942 it powered the first US jet, the
Bell XP-59A.
The design was also the basis for
Germany’s Heinkel S3B and S8A jet
engines, few of which fortunately made it
into the air by the war’s end.

Lewis Fry Richardson

Colossus

John von Neumann

By the early 1950s jet engines were
becoming established in fighters. Although
the fledgling airline industry could never
have afforded the initial development of
the jet engine, the advantages of derivatives
of military engines were much more
apparent. It was Griffith’s gas turbine
design that found its way into the first
commercial jet, as DeHavilland ordered
axial flow “Avon” engines for the Comet 2
in 1954, initiating a new era of rapid and
affordable mass travel. It is hard to imagine
any other development that has so opened
the experience of ordinary people, in the
West at least, to different cultures in the
world at large.
THE COMPUTER REVOLUTION
The idea of using mechanical means to
speed calculation is as old as the abacus.
Charles Babbage conceived his Difference
Engine in 1821. But it was the urgent
military requirements of WWII that engaged
the brilliant minds and made available the
massive resources to make calculations at
unimaginable speeds for code breaking,
nuclear fission, radar-controlled air defence
systems, and weather forecasting.
It was, in fact, a weather forecaster whose
efforts at introducing mathematical
modelling to his profession gave a glimpse
of the difficulties of calculation without
computing help. Lewis Fry Richardson
published a paper on numerical forecasting
in 1922 that set out equations so long and

complex he imagined it would take 64,000
people seated in a vast hall to do the
calculations by hand.
By 1942 Germany’s U-boat wolf packs had
Britain close to being starved into
submission. It was vital to break their
Enigma codes that instructed the
submarines where and when to strike.
Arthur Scherbius’ Enigma machine was
widely used by German forces at the start
of World War II, but with the Germans
constantly modifying it the code breaking
team at Bletchley Park had the huge
mathematical challenge of developing a
machine to match its every move.
The need matched that of the decoders of
Lorenz ciphers, used by the German Army
Command, for which Thomas Flowers at
Bletchley Park developed Colossus, the
world’s first semi-programmable computer,
using ideas first conceived as a theoretical
possibility by Alan Turing while at
Cambridge in 1935. But without the
urgency and the resources, Turing’s brilliant
concepts might have lain fallow for
decades.
Across the Atlantic the Manhattan Project to
design a nuclear weapon before the Axis
powers also required huge mathematical
calculations. The project assembled a
veritable galaxy of scientific talent, amongst
them John von Neumann who devised
equations for implosion that could only be
solved numerically. He began working on
efficient processes for ordering the
calculations (originally achieved by corralling
scientists’ wives!) and steadily devised the
architecture we know today as the von
Neumann engine which underpins most
modern computers. Von Neumann
facilitated access to one of the first
automatic computers, the Electronic
Numerical Integrator and Calculator
(ENIAC), and he translated (i.e. compiled)
the mathematical procedures into a
language of instructions, to perform the
calculations. ENIAC was developed by the
University of Pennsylvania for the US army
to calculate ballistic trajectories, but the
calculations on half a million cards of data
for the hydrogen bomb proved a more
demanding and stretching task.
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Sputnik 1

Korolev

von Braun

Glennan

Back in Britain in 1946 Freddie Williams
and Tom Kilburn at Malvern developed the
Williams-Kilburn Tube, which itself formed a
vital component of early computers. At this
stage computers were still fast calculators –
in 1943 Thomas Watson, Chairman of IBM
is reputed to have said, “I think there is a
world market for maybe five computers”,
but a further significant military innovation
was to use them to automate processes.
America’s SAGE, the Semi-Automated
Ground Environment, was a landmark
project and was used by NORAD as an
automated control system for collecting,
tracking and intercepting enemy bombers.
The enormous resources deployed on
these projects eventually took the new
technology to a tipping point when
commercial systems began to become
viable. By the end of the decade,
commercial companies were seeking
military computer work, and in 1951
Ferranti Ltd took advances of the WilliamsKilburn tubes into the Ferranti Mark 1, the
world’s first commercially available
computer. In the US the even greater
resources devoted to national programmes
laid the foundation for the emergence of
the world’s dominant computer industry. It
is probably as impossible for a child of the
21st century to imagine life without
computers as a child of the 20th century
could conceive of life without books.
SPUTNIK AND THE RACE TO SPACE
On 4th October 1957, Americans were
shocked to find a 183 pound Soviet
satellite bleeping signals in space above
them, exposing their vulnerability to
observation and attack, and unable to
counter it. However with typical American
determination they made historic
commitments in response to Sputnik 1,
including; ballistic missile development, the
creation of the North American Space
Administration (NASA), long-range
surveillance and communication, and the
Advanced Research Projects Agency (ARPA,
later adding Defence to its title to become
DARPA, then back to ARPA, and more
recently DARPA again!), with an immediate
goal of developing anti-missile technologies
and a long range goal of staying
technologically ahead of all potential
adversaries.

SPACE
Perhaps the Americans should not have
been so surprised. The Soviet Union had
formed the Central Committee for the
Study of Rocket Propulsion in 1924, with
Sergei Korolev and Valentin Glushko
designing the first Russian liquid-fuelled
rocket in 1933. America’s own Robert H
Goddard had launched the first modern,
liquid-fuelled rocket in 1926 and German
V2 rockets, designed by Wernher von
Braun, had come crashing down on
London at 3,500 mph in 1944.
It was Korolev’s team including German
engineers who put Sputnik and then Yuri
Gagarin into orbit in 1961. In America it
was von Braun who led the Jupiter,
Pershing, Redstone and Saturn rocket
programmes. Completing the Big Three
space triumvirate was Dr T Keith Glennan,
first administrator of NASA who, in 1958,
incorporated several federal space
exploration projects into the more
civil-orientated agency.
Britain focused more on scientific projects,
with Farnborough in 1957, using Black
Knight and Skylark rockets, starting to loft
scientific payloads into space. The British
programme never attracted full hearted
military commitment and the cancellation
of Blue Streak ballistic missile in the 1960’s
effectively marked the end of the UK’s
independent national ambitions in space.
The US/USSR space race pushed the
technology way beyond any conceivable
commercial use. But useful aspects of it
started to appear. TRANSIT, deployed in
1965 for precise navigation of ballistic
missile submarines, was the first
operational satellite-based navigation
system. The Global Positioning System
(GPS) which replaced it has graduated
from guiding precision weapons to being
an essential civil consumer product. GPS
has become used for seismic fault
monitoring, police radios, tracking of farm
animals, prisoners on parole, and navigation
for cars and boats. Military-driven space
satellites have also enabled development of
global TV, radio and weather satellites.
Europe’s new civil-controlled Galileo system
will further expand satellite navigation into
wider civilian markets.
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Satellite image of Hurricane
Katrina (2005)

Jack Kilby

Kruschev & Kennedy

Bill Lawson presenting during the
Queen's visit to Malvern

INTEGRATED ELECTRONICS
As early as the 50s the complexity of
aircraft and space applications were causing
designers impossible difficulties of
packaging and reliability. At Malvern in
1952, scientist Geoffrey W Dummer wrote
a paper envisaging semiconductor
electronic circuits without connecting wires.
Five years later he and the Plessey Co, gave
a public demonstration of that world – a
solid state circuit. But it was American Jack
Kilby who, without knowledge of Dummer’s
work, took the credit for inventing the
integrated circuit the next year.
Kilby was a new electrical engineer at
Texas Instruments in 1958 who had
not yet earned summer holiday rights.
Left to his own devices over the summer
he experimented and concluded that
semiconductors could provide a solution to
the problem of integrated circuit design.
Kilby and Texas Instruments thus opened
the way to its commercial development.
In 1959 Robert Noyce, one of the
co-founders of Intel, developed Planar
technology using silicon as an
insulator/protector/mask. Integrated circuits
were approaching the tipping point.
Minuteman 1 in 1962 used only discrete
components. By 1965 Minuteman
2 had 22 integrated circuits for its inertial
guidance computer. The same year,
Gordon Moore, also co-founder of Intel,
coined his Moore’s Law – then predicting
circuit densities would double every year
for 10 years. In the event they have thus
far doubled every eighteen months for 40
years. Today semiconductors are a $200
billion a year industry, with integrated
circuits in almost every modern
electrical device.
THE COLD WAR
The throwing up of the Berlin Wall in 1961
ushered in the Cold War. NATO faced
Warsaw Pact forces greatly superior in
number and armaments. Technology was
one of the few factors it could turn to, to
restrain the Warsaw Pact’s continued
expansion across Europe. The ability to
detect the enemy before being detected
provided just such a technological edge,
and Thermal Imaging became a key
ingredient, although it was not immediately
recognised as such.

THERMAL IMAGING
Credit for the technology rightly goes to Bill
Lawson, who persevered through 1958
even when his project for a Cadmium
Mercury Telluride (CMT) detector was
cancelled because of ‘lack of military
significance’. Lawson persisted and the first
real time thermal images were seen at
Malvern in 1966, in 1976 he and his team
were awarded the Rank prize for their
outstanding contribution in the field of CMT
detection.
A British Thermal Imaging programme was
started with government impetus the next
year, leading to a Queen’s Award for
technological achievements in 1983.
Military imagers were expensive, involving,
for example, low temperature cooling
systems, but the fact that difficult physics
had been overcome to produce them
encouraged those involved to explore
whether cheaper ones, that didn’t lose too
much quality, could be made for greater
distribution to soldiers? It required a
different approach, using lesser capable
ceramic thermal detectors, but the
irrepressible Ernie Putley at Malvern made
significant contributions through the 1960s
and 70s. In 1975 pyroelectric detectors
were first applied to burglar alarms. Rex
Watton led the pyroelectric videcon
programme which led to the first firefighting thermal cameras These thermal
cameras achieved worldwide sales, and are
still in use with British forces.
In civil use thermal imagers have proved
invaluable in burglar alarms and many
motion detection activated products
including those deployed in police
helicopters and power line maintenance.
BATTLEFIELD INFORMATION
When facing a numerically superior enemy
one of the most potent tools available to
even out the odds is information and its
use. But in the 1960s, with new
generations of jet fighters and military
vehicles requiring to communicate more
information in smaller spaces, a key military
need was for high quality, lightweight
displays.
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Ernie Putley

Seiko 06LC with Field
Effect Mode (FEM), LCD, 1973

ARPANET_BBN IMP Team

The Liquid Crystals Display (LCD) story in
the UK is different to the others in this
paper because from the start there was
also a commercial dimension. In the late
1960s Malvern found itself (temporarily)
outside the MoD and in the new Ministry of
Technology. The initial work was sponsored
by the then Minister, as was similar work in
the US and Japan, as part of a global race
to find a replacement technology for the
Cathode Ray Tube. But it was Swiss
scientists Martin Schadt and W Helfrich who
invented the twisted nematic (TN) effect in
1970, which was a real breakthrough in
terms of liquid crystal display. Prof George
Gray of the University of Hull built on these
initiatives with his patented series of
compounds known as cyanobiphenyls.
Others including Prof. Peter Raynes (then at
Malvern) made fundamentally important
refinements.
After the return of Malvern to MoD the
work continued including sponsorship in
1979 of amorphous silicon TFT with a
liquid crystal device which went on to
become the dominant technology for high
quality flat panel displays. In 1982 the
passive-drive STN mode was invented at
Malvern, enabling high volume products
like PDAs and mobile phones. However,
unlike the Thermal Imaging story there was
never an industrialisation programme in the
UK, and the really important work of
making manufacturable products, such as
the early Seiko watches, occurred
predominantly in Japan. That is where the
tipping point was reached and today, LCDs
are so ubiquitous they are expected to be a
$50 billion worldwide industry in 2006.
WHERE THE INTERNET CAME FROM
The 1950s fear of a massive nuclear attack
led ARPA to initiate work on a highly
resilient integrated communications
network which became known as ARPAnet.
Established in 1969, it was largely the
concept of BBN Co vice president Joseph
Carl Robnett Licklider, known simply as Lick,
whose protégé at ARPA, Lawrence Roberts,
held the first practical design session of
Licklider’s networking concept in 1967, and
demonstrated packet switching in 1969. In
1970 ARPAnet connected 20 military sites
using a packet switching contract with BBN.

In 1973 the first email programme was
written by Ray Tomlinson at BBN, with
Malvern providing one of the first ARPAnet
connections outside the US. Queen
Elizabeth II sent out the first British email
from there in 1976.
University researchers were amongst the
first to recognise the value of the
technology platform that had been created.
After splitting from ARPAnet, innovation
flourished and in 1979 USENET was
created by graduate student programmers
at the University of North Carolina. At
CERN in Switzerland, Briton Tim BernersLee developed HTML (hypertext mark up
language), HTTP (hypertext transfer
protocol) and URLs (universal resource
locators), thus creating the World Wide
Web.
In its short life the pace of the internet’s
adoption has eclipsed all other technologies
that preceded it and is reducing the world
to a time-negligible Global Village. Indeed,
in 2005 CNN declared the internet the No.
1 innovation of the past quarter century.
MOBILE COMMUNICATIONS
I have said that information is a crucial
battlefield advantage and that implies not
only communications but mobile
communications. So it is not surprising that
the military have long been innovators in
this field. What might be a surprise to new
readers in this field is to find that the first
patent for today’s platform technology was
filed by a Hollywood actress and an avante
garde composer in 1942.
Frequently quoted as saying, “any girl can
be glamorous - all you have to do is stand
still and look stupid”, the beautiful and
intelligent Austrian-born Miss Hedy Lamarr
– previously married to an Austrian arms
maker – joined with maverick composer
George Antheil to invent a new type of
radio guidance system for torpedoes. It
used a modified player piano, synchronised
to a transmitter, to constantly change radio
frequencies and thus avoid jamming by the
enemy.
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Tim Berners-Lee (1984)

Hedy Lamarr

The ubiquitous cell phone

Twin Towers (11th September 2001)

Miss Lamarr patented it and offered the
device to the US government. But they
failed to show any interest, preferring Miss
Lamarr to campaign for War Bonds at
$25,000 a kiss. The patent expired in the
1950s, when Sylvania ‘rediscovered’ it,
called it Frequency Hopping Spread
Spectrum and put it to use during the 1961
Cuban missile crisis. Spread spectrum has
developed further and is now vital to antijamming systems for military
communications, data links and for mobile
phones, and wireless internet links. Miss
Lamarr never got a penny, but 55 years
and five marriages later she did receive an
Electronic Frontier Foundation award for the
invention.

Hand held ‘walkie talkies’ used by the
increasingly mobile military formed the
basis of hand held communications from
WWII, from which the combat net radio
(Clansman in the UK) began to transform
battlefield communications using rapidly
deployable radio relay and complex digital
switching. In parallel, AT&T in America
came up with the concept of geographical
blocks of car radio communication in 1947,
forming an interconnected cellular network.
But it was not until 1973 that Dr Martin
Cooper, vice president of Motorola, placed
the first handheld call, and it took another
ten years to bring the 16 ounce DynaTac
phone into commercial service at $3,500
each.
Today the world’s largest cellular network
operator is Vodafone which sprung from a
military communications company Racal
Communications, run by Gerry Whent. In
1982 he persuaded Racal’s founder Ernie
Harrison to let him bid for one of the new
UK licences based on the fact that this was
a technology they understood. The rest is
history.
GLOBAL TERRORISM
None of us will forget the appalling image
of the burning and collapsing Twin Towers
in New York. The reality of the divided
globe and an enemy able to circulate freely
in our midst and strike at will became
chillingly clear to all of us.

With terrorists often using the same modes
of dress, transport and communication as
millions of innocent citizens, there has
been a rapidly-rising demand for new
security and observation technology.
Finding out who is saying what has long
been a key tool of security forces but today
they face a massive increase in the volume
of traffic that needs analysis, with greater
sensitivity to the risk of missing vital
intelligence.
SPEECH RECOGNITION
Quiet and steady advances in the technical
recognition of human speech have been
underway for military requirements for
many years – lately driven by the increasing
need of fighter pilots to ease their heavy
workload by using voice commands rather
than pushing buttons. The first and largest
major Speech Understanding Research
programme for a computer system was
started by ARPA in 1971, encouraging
Lenny Baum of Princeton University to
share his Hidden Markov Modelling (HMM)
approach to speech recognition. Another
approach through the ARPA programme
came from Drs Jim and Janet Baker at
Carnegie Mellon University, who set up
their own commercial company, Dragon
Systems, in 1984.
By 1988, a year after British Telecom
claimed the world’s first demonstration of
instantaneous translation of speech; Dragon
had a (D)ARPA-funded, PC-based discrete
speech recognition system, boasting an
8,000 word vocabulary. In 1997 Dragon
had Naturally Speaking, continuous speech
system with a 23,000 word vocabulary.
Today we are close to the tipping point in
this technology and there are second
generation devices such as Applied Data
Systems’ Phrasalator, used by US troops in
Iraq. Civil applications are being found in
call centre, doctors’ surgeries, voiceactivated computer games and
communication devices.
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SECURITY AND OBSERVATION
What of the terrorist hiding a weapon or
bomb under his coat? The front line of
conflict has moved closer to the civilian
world at airports, government buildings, and
even sports stadiums.

U.S. Special Forces soldier uses
Phraselator (Iraq, 2003)

Revealed, the hidden gun

Malvern’s first passive millimetre wave
imager, the Green Minnow, was
demonstrated in the 1950s but it was too
big and insensitive for practical use. It was
not until Alan Lettington and Roger
Appleby, working with Thorn EMI,
developed the MITRE imager in 1992 that
the technology had better performance and
smaller bulk and its ability to see through
fabric could be exploited.
The application of MMW/Terahertz sensors
is still in its infancy, but while scanners have
been in operation at British ports for some
years, terahertz radiation is proving valuable
for medical imaging and biotechnology as
well as surveillance.
THE FUTURE
So far this story has been about the brilliant
people and major development
programmes that have led eventually to
products and sources that have
transformed modern life. Is this just an
historical phenomenon, or is the dynamic
of defence and security invention going to
go on throwing up inventions to change
our lives? I have no better a crystal ball
than the next man, but there are plenty of
programmes now in motion that have that
potential.

QinetiQ's two seat VAAC
(Vectored-thrust Aircraft
Advanced Control) Harrier

ROBOTICS
Military use of robotics in the UK has
developed from the first self-propelled
torpedo in 1860 to bomb-disposal robots
of the 1970s (engineered by scientific
teams then at Chertsey and now at
Farnborough). Now, semi-autonomous
Unmanned Combat Air Vehicles (UCAVs)
have dropped precision weapons in Iraq
and Afghanistan. QinetiQ demonstrated
automatic landing of a Harrier jump jet on
board a ship which opens the prospect of
regular autonomous carrier landings.

In an effort to develop technologies that
would allow unmanned vehicles to run
routine supply missions automatically to
troops in the front line, DARPA offered a $1
million prize to anybody who could run a
completely autonomous robot vehicle over
150 miles of rough Mojave Desert in ten
hours. In the first race in 2004 none of the
15 teams came close. Most crashed and
only one got as far as 7.5 miles.
The second Grand Challenge in October
2005 however, offered $2 million to the
winner, and this time 23 teams competed.
To the considerable amazement of many,
four vehicles completed the 132 miles in
less than ten hours. The winner – a VW
Toureg – did it in less than seven hours.
The door to robot vehicles appears to have
been opened. Military demand for robotic
vehicles to do the dull, dirty or dangerous
work will undoubtedly grow and the
technology platform thus established can
expect to migrate to all sorts of new
products into popular use over the next 20
years.
DATA MINING AND INTELLIGENCE
It is virtually impossible for any human
activity in the Western world to avoid
having a digital trace – emails, phone calls,
receipts, etc. There is no better way of
dealing with terrorism than to detect and
deflect the perpetrators before they act.
That is why all Western nations are
interested in the burgeoning techniques of
data mining. These remain relatively crude
at this time but the importance of the need
will certainly improve them. From the
technology platform that emerges one can
imagine whole new families of products
available to facilitate business and
private life.
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Stanford Racing Team's
winning vehicle

Advances in Brain Sciences

THE BIO REVOLUTION
AND BRAIN SCIENCE
Perhaps the most exciting new area of all
relates to understanding better how
humans work. Aids to help human
performance have boomed dramatically in
recent years, often driven by military needs
to be better than the enemy, or to perform
at all under adverse conditions. Recently,
both DARPA and QinetiQ have initiated
research to measure and analyse brain
function in near real time to enable
individuals to cope with high-workload
tasks, with the operator viewed as a key
system component in a ‘Cognitive Cockpit’.
Integrating brain activity with analysis of
behaviour in real time has encouraged the
operator’s intent to be inferred, possibly
leading to an ability to predict behaviour
that could, for example, open up
possibilities for the prevention of accidents.
Ultimately one can envisage sensors to
replace or enhance human ones,
processors to assist human functions and
activators driven by brain signals to speed
response or repair injury.

CONCLUSION
This story has been about how scientists
and engineers have been stimulated by the
pressing need to find solutions to urgent
problems. Sometimes the problems are so
hard that whole new technology platforms
need to emerge with great difficulty to
meet them. But once these platforms have
passed the tipping point then many new
applications in numerous unexpected areas
can blossom. The problems I have focused
on in this story are those thrown up by the
continuing needs of defence. Defence
research has a proud record in meeting
these needs and in doing so has often
opened the way to providing new and
different benefits to the community at large.

John Chisholm
October 2005
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