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Foreword

Foreword
Amanda Brooks, Director of Innovation Research at the Department for Business,
Innovation & Skills (BIS)

It’s a real pleasure
to be invited to
contribute to
NPL’s newsletter.
As I write we are
finalising the Government’s new
science and innovation strategy
for publication around the time
of the autumn statement.
The Government has been consistently clear on its
vision - that it wants to make the UK the best place
in the world for science and business. It’s made
many commitments on science and innovation to
deliver against this vision, such as:
- investing £4.6 billion each year in science and
research
- developing the Catapult network, which
has drawn £1.4 billion of public and private
investment over 5 years
- providing one of the most competitive R&D tax
credit schemes
- introducing the patent box to make it easier to
protect and profit from new inventions.
But now is the time to look ahead, and set a
strategy for the longer term. The demand for this
for the business and academic community is quite
clear. As is the desire to build on the Government’s
work on industrial strategy, both from the
perspective of the 11 sector strategies and the
8 great technologies.
Several themes have consistently emerged during
the consultation on the strategy, particularly
three: collaboration, pace and agility. I wanted to
focus on just one here - collaboration.
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The need for greater collaboration is clear. Across
disciplines, between organisations, both academic
and business, and, of course, between them. But
the opportunities are also growing, not least
through the €79 billion opportunity provided by
Horizon 2020 to collaborate with counterparts
across Europe. This is particularly important
as the positive impact of collaboration is also
increasingly clear. BIS recently published new
research demonstrating this. (The research itself
was a collaboration - an NPL secondee, working in
Government Office for Science, on a joint project
with BIS and HM Treasury!) The research shows
that businesses that collaborate with the research
base to use innovation grant funding are over 70%
more likely to introduce new products, almost
60% more likely to use technical information
and 40% more likely to deliver process innovation.
So this really leaves me with one question. What
are we waiting for? Let’s grasp the opportunities
that there are to collaborate and reap the benefits!

Contents
Strength of growth in the UK Technology
and Innovation Sector .. . . . . . . . . . . . . . . . . . . . . . . . . . 03
Trusted time for a new age of financial
services.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 06
Bridging the Valley of Death. . . . . . . . . . . . . . . . . . 08
NPL’s input into UK Innovation. . . . . . . . . . . . . . . 10
From Innovation to Implementation. . . . . . 12
Finding innovative means of monitoring
our nuclear legacy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
Delivering measurement shaped
innovation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Strength of growth in the UK Technology and Innovation Sector

Study shows strength of
growth in the UK Technology
and Innovation Sector –
even during recession
Professor Richard Brook, President of AIRTO (the Association of Innovation,
Research and Technology Organisations) discusses a new study by Oxford
Economics that measures the importance of the sector.

At the time of writing a
wealth of new reports are
either imminent or have just
been published with one
common goal, to underline
the impact of the UK’s
innovation sector. The review
of the Government’s Science
and Innovation Strategy was published in the run
up to the Autumn Statement, and was preceded
by the publication of the Hauser Review of
Catapult Centres. Labour’s work on its Science and
Innovation policy emanating from a recent Green
paper is also due to be announced soon.
At the vanguard of these announcements is
an independent research study from Oxford
Economics that underlined the economic
contribution of the sector and its impact on
UK plc. The study, published in October 2014,
portrays a large and thriving technology and
innovation sector contributing significantly to
national capabilities and economic growth.

The sector has an employment multiplier of
2.4 so for every 100 people employed within it,
another 140 jobs are supported elsewhere in
the UK economy. If we include direct, indirect
and induced impacts, the sector supported an
estimated 140,000 jobs in 2012/13. To give this
some context, that is one in every 230 jobs in
the UK or the same as the total employment in
Milton Keynes.
The organisations that populate this sector
include Catapult Centres, other independent
Research and Technology Organisations (RTOs)
and many of the Government’s Public Sector
Research Establishments (PSREs), as well as
specialist private companies providing services in
this area and university enterprise departments.
Many are members of AIRTO.

Oxford Economics estimates that the contribution
of the sector to the UK economy is in the range of
£32-36 billion - equivalent to 2.3-2.6% of total UK
gross value added in 2012/13. During this time it
was directly responsible for 57,000 jobs and each
employee generated £64,100 in gross value added
per year. To put the sector’s productivity in context,
this was 45% higher than the UK average in 2013.
Insights Beyond measurement
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Headline findings from the study reinforce the
scale and potential of the sector. AIRTO’s 50 plus
members alone employ over 40,000 scientists,
engineers and technical staff, comparable in
size to approximately twenty research-intensive
universities; and they have a combined annual
turnover in excess of £5.5 billion, considerably
larger than Germany’s network of Fraunhofer
Institutes. Other highlights show that through
the recession, since the last survey in 2006,
organisations in the sector have grown by an
average of 2.5% per annum; their historically
high level of productivity has been maintained
and has even increased slightly. Furthermore, the
sector’s organisations are playing an increasingly
important role in stimulating innovation through
their networks, in fostering co-location on their
campuses and in training postgraduates, much of
the latter in conjunction with universities.
The UK has superb research in its universities but,
as the previous Science Minister David Willetts
recently stated, there is “no policy to move
funding away from fundamental and curiositydriven research. The impact agenda is about
getting researchers to think about the potential
implications of their research, not to get them
to study something else.” This reflects a long
standing policy.
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So who is looking after the more immediate
applied research, innovation support and
technology application needs of businesses and
public services? While some companies can take
care of this for themselves and some university
researchers are motivated by this type of work,
most specialist scientific support and technical
assistance for business and public services comes
from the technology and innovation sector.
This is critically important, for research has
shown that innovative developments for most
businesses originate within their supply chains.
The capacity to turn such innovations into wealth
and social benefit therefore relies in no small
part on specialist support from the technology
and innovation sector. It is unfortunate that until
very recently the sector’s role has been poorly
recognised in science and technology policy.
Prior to the introduction of the Catapult Centres,
we have to go back several decades to find
programmes designed to support the activities
of the sector on any appreciable scale. And yet, as
the recent introduction of the Catapult Centres,
historical precedent and experience abroad
shows, an element of Government intervention
is essential for the inception, progression and
renewal of a nation’s capacity to apply new
technology.

Strength of growth in the UK Technology and Innovation Sector

“It is the role of the technology
and innovation sector to help
pull through new technology
into everyday use including,
in many instances, the fruits of
fundamental and curiosity-driven
research in academia”.

It is the role of the technology and innovation
sector to help pull through new technology
into everyday use including, in many instances,
the fruits of fundamental and curiosity-driven
research in academia. The sector comprises the
professional organisations and companies which
supply the essential specialist services required to
realise such innovations as successful value adding
products, services or processes in the commercial
marketplace or public service. There is a strong
emphasis on the practicalities of implementation.
As an example, AIRTO’s members provide access to
essential skills, experience, facilities, development
capacity and training, frequently culminating in
proving compliance with regulation and standards
and demonstrating performance at scale and the
benefits to end users. They add value, bringing to
bear the necessary combination of professional
attitude and approach, skill set, experience
and specialist facilities which they specialise in
providing. Such work is part of the progressive risk
reduction that has to take place between TRLs 3 and
7 on the Technology Readiness Level scale, whether
the original idea and technological innovation came
from a business or from academic research.
Client needs for these services vary by sector
and according to circumstance. Consequently
the various organisations that comprise the

Innovation Sector specialise in different types
of work and different areas of application; some
serve specific industries (e.g. automotive), others
provide expertise in particular technologies
(e.g. composite materials), others tackle
multidisciplinary challenges (Catapult Centres for
example) and some provide support for business
processes (planning, staff development, risk and
project management) in the particular context of
innovation. Their work is undertaken for clients
responding with the introduction of new products
to market pull, competitive pressures and evolving
regulation and also for those exploiting research
to create new offerings and markets for their
technology. Most members have varying degrees
of interaction with both private and public sectors.
The balance and type of involvement varies
from member to member according to need,
circumstance and how they are financed.
AIRTO helps members to stimulate innovation,
develop and exchange knowledge and best
practice and foster connections between business,
academia, finance and Government.
The Oxford Economics report is available at http://
www.airto.co.uk/news/innovation-report-2014.html
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Trusted Time for a new age
of financial services
Leon Lobo, Strategic Business Development Manager, Time & Frequency at
National Physical Laboratory
To a greater extent than ever
before, modern society is
dependent on the accurate
measurement of time.
While most of us rarely
deal with anything smaller
than fractions of a second,
critical elements of the UK’s
infrastructure now require
timing accuracy to the sixth decimal place. One
area where this is particularly important is the
high-frequency world of financial trading. In order
to ensure that all trades are legal, data packets
are timestamped as they move through different
financial networks. This can make the accurate
tracking of trades impossible when different
organisations implement time in different ways.
If the destination timestamping clock is slightly
ahead of the one at departure, for example, the
data will appear to travel backwards in time.
Without a single standardised clock, transactions
across locations and stock exchanges are almost
impossible to audit and any wrongdoing difficult
to detect.
In addition to these measurement errors, the
satellite signals that most institutions currently
rely on for their timing are extremely vulnerable
to interference. Part of the problem is that GPS
signals are very weak, reaching Earth with roughly
the same intensity as light coming from a lamppost
placed on the moon. This means that any signal
produced in the same frequency band will easily
drown them out, a disruptive technique known as
jamming. Portable jammers are extremely simple
devices that create broadband noise in the GPS
frequency range. Even though the power output
is only on the order of milliwatts, this is more than
enough to drown out the microwatt-level GPS
signal for an entire city block. More dangerous still
is GPS spoofing, which occurs when the signal is
effectively hijacked and replaced by one giving out
false information.
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NPLTime®
Improved technology is therefore required to
ensure that developments in trading technology
can be standardised, and to avoid costly
inaccuracies. To counteract the vulnerability of the
system, and to provide completely reliable time
references, the National Physical Laboratory (NPL)
used its expertise in maintaining the country’s time
scale for more than four decades to develop a new
service providing precise time over optical fibre.

Trusted Time for a new age of financial services
The service, called NPLTime®, delivers absolute
time, directly traceable to Coordinated Universal
Time (the international timescale), and certified via
a more resilient system than ever before, inherently
providing synchronisation at all points at which it is
provisioned. The signal is completely independent
from GNSS and the network is equipped with
a highly accurate back-up signal, provided by a
bespoke NPL caesium clock solution located at
a hub in Docklands. Should a fibre go down, this
system will still be able to provide the capability
required for over a month.

later on in Europe and North America, to receive
a time signal that cannot be disrupted by outside
interference and can be implemented using
existing infrastructure.

NPLTime® will therefore allow consumers to make
use of a reliable signal while feeling confident that
all their peers are using it as well. Embracing the
technology will ensure that infrastructure that is
of vast importance to our national economy is fit
for purpose as trading technology progresses and
trades are made in ever smaller periods of time.

Future applications for precise time

Intergence

“The global demand for higher degrees of time
stamp accuracy continues to grow,” said Emmanuel
Carjat, Managing Director, TMX Atrium®. “TMX
Atrium® is very pleased to enter into this agreement
with NPL to better equip our clients with the ability
to comply with various regulatory obligations
around the world.”

In addition to the pressing need for NPLTime®
in the financial sector, the system is equipped
to provide support across a wide range of other
industries. From telecommunications networks to
energy providers, and from media outlets to the
NHS, the ability to have a unified time signal will be
of tremendous benefit to the country as a whole.

In July 2014, Intergence, an independent IT
consultancy and Professional Services firm, signed
a distribution agreement with NPL to deliver
NPLTime® to end users.
Time and speed are essential in trading and at the
heart of Intergence’s service is a technology that
can process trades in microseconds. The company
currently provides high end networking solutions
and expertise for many financial power houses and
is the first managed service provider to invest in
this technology. Rob Smith, Chief Operating Officer
at Intergence, explains “There is a significant and
growing need in the financial sector for higher
degrees of timing accuracy and its resilience when
trading. Over the last few years we have seen
some high profile cases of mistiming in trades and
service cessation at major trading centres due to
synchronisation issues. Financial organisations
are also compelled by MiFID (Markets in Financial
Instruments Directive) to ensure best execution
and fairness in trading and heavy fines have been
exercised for non-compliance.”

“Embracing the technology
will ensure that infrastructure
that is of vast importance to
our national economy is fit for
purpose as trading technology
progresses and trades are made
in ever smaller periods of time.”

TMX Atrium®
Earlier this year, TMX Atrium®, TMX Group’s global
capital markets infrastructure provider, also signed
a distribution agreement to provide its customers
with a trusted timestamp at the distribution point,
which is fully compliant with the FINRA OATS 7430
timing traceability requirement. The provision of
NPLTime® on the TMX Atrium® network enables
the TMX Atrium® community, initially in the UK and
Insights Beyond measurement
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Bridging the Valley of
Death
Jonathan Lewis, CEO TruLife Optics

The UK has traditionally
struggled to translate its worldclass basic research into viable
commercial products. In 2013
the House of Commons Science
and Technology Committee
published a report warning that
this so-called ‘valley of death’
had grave consequences for the
UK economy, and was an area
where further investment was
urgently needed.
Navigating the innovation
pipeline remains a
complicated process, one
which many UK businesses
struggle to complete
successfully. We at TruLife
Optics are not alone in
having benefited in this
regard from a close relationship with NPL, an
organisation whose knowledge and experience
have proved invaluable for generations of
British SMEs.
Our latest collaboration with NPL has resulted in
the joint patenting of our new optical component,
an innovative technology designed to display
images in high definition, full colour, in perfect
focus and in 3D through the centre of a field of
vision. We developed the device alongside Simon
Hall, Lead Scientist in the Adaptive Optics group
at NPL and possessed of a tremendous breadth of
experience in this field.
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Our relationship with NPL has its roots in a
number of joint brainstorming sessions Colour
Holographic ran with Simon’s team on a medical
project back in 2009. The trust and mutual respect
gained from this shared undertaking has led to a
continued partnership with significant benefits
for all involved. When we developed the original
prototype of the optic, for example, we had
certain highly specific military applications in
mind. Simon and his team were able to highlight
the tremendous potential that existed in the
more general Augmented Reality market for
holographic technology, an area where both our
organisations have a rich history of innovation.
Given that both parties were investing their own
Intellectual Property into the project, it made
sense for us to work together. NPL’s brand and
access to business affairs and legal expertise
combined with our own specialist knowledge
yielded highly complementary skill sets. After
six months of joint work we filed the patent in
March 2013, and built up a unique team including
a number of NPL employees or consultants
who played crucial roles in helping develop the
technology.
While it might have been possible for us to bring
these skills together on our own, NPL’s influence
and reputation allowed us to assemble a team
much more quickly and efficiently than would
otherwise have been possible.
The breadth and depth of expertise at NPL’s
disposal is a tremendous asset for technology
SMEs. Their expertise allows them to immediately
assess the quality of an innovation, and alert
businesses if similar products are already under
development. They can also enable access to
their substantial and well-established network of
contacts, which allows for a bird’s-eye view of the
market into which one hopes to launch a product.

Bridging the Valley of Death
When your company’s IP is at stake, it is incredibly
difficult to engage in genuine collaboration
without feeling threatened. It was therefore very
reassuring to discover that one of NPL’s remits is to
help British industry, making them an incredible
sounding board for cautious businesses looking to
innovate in partnership.
NPL’s long history of assisting British businesses
means they are also able to give innovators a
great deal of confidence to go out and develop
and exploit their technology. The world of IP
protection can be a scary one for SMEs, and our
collaboration with NPL gave us a great deal of
confidence to go out and approach the market on
our own terms.
Since launching the product earlier this year,
we’ve had a great deal of interest from developers
of augmented reality systems across a wide range
of sectors. Much of the appeal arises from our
holographic techniques allowing users to overlay
information onto their normal line of sight so
that it interacts with their surroundings – an
entirely new procedure that complements and
potentially enhances the work already undertaken
by pioneers such as Google Glass and the Oculus
Rift Virtual Reality project. Our joint optic was
also chosen to be an exhibit at the Digital Capital
Showcase in London in November 2014.

We are currently looking to expand across
four key areas, including specialist fields such
as healthcare, defence and aerospace; nontraditional vehicle displays including motorcycle
helmets and others; and expanded field of view
technology for mobile phones and tablets.
One additional function we are currently
exploring is the use of optics to provide and
monitor an infra-red signal to the eye, enabling
an innovative near-field eye tracking with a wide
range of potential applications.
By providing a high-quality optical device that
can be easily integrated into a range of different
functions, we are committed to working with
anyone who is developing wearable augmented
reality devices, no matter where they are based
in the world. Our aim is not to compete with
the developers – but rather to supply a single
component that meets a diverse range of needs.
Five years on from our initial meetings with Simon,
there are a number of other ideas under discussion
between TruLife Optics and NPL that could still
come to fruition. Holography is a technology
that has been waiting a long time to find a
proper application, and together we have a true
understanding of its elegance as well as an insight
into its ability to solve problems that affect us all.
For more information go to www.trulifeoptics.com
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The UK’s biggest single investment in a disruptive technology
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Harnessing a new quantum effect
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From Innovation to Implementation

From Innovation to
Implementation
Constance Agyeman, Programme Manager at Nesta
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From Innovation to Implementation

As the UK’s innovation
foundation, Nesta aims to help
people and organisations bring
great ideas to life. We do this
by providing investments and
grants as well as mobilising
research, networks and skills.
An important step along this
path is the rigorous testing
of new technologies, both to
guarantee their viability as
well as to accurately quantify
their potential impact. The
measurement expertise
available at the National
Physical Laboratory (NPL) is
an extremely valuable resource in this process,
and one that is playing a key role as part of
Dynamic Demand Challenge, a competition run
by Nesta in partnership with the Centre for Carbon
Measurement at NPL, National Grid, Climate-KIC
and Imperial College London.
At present, a major challenge to the UK’s energy
security is the ability to effectively store and
distribute power across the country. With national
demand for energy dangerously close to catching
up on supply, it is crucially important that we
develop techniques to shift energy usage away
from peak times and lessen the strain on the grid, a
process known as Dynamic Demand.

In order to encourage innovation in this field,
the Dynamic Demand Challenge offers £50,000
to support and fund new technologies that
address this problem. 75 teams from across
Europe took part in this year’s competition, all of
whom were invited to a 36-hour Hackathon at
Imperial College London to further develop their
innovations. Five finalists were then chosen to
receive funding and expert guidance from the
Centre for Carbon Measurement to model the
potential of their devices to reduce emissions and
shift demand.
Where Dynamic Demand is concerned, enormous
national impact can sometimes rely on tiny
individual contributions multiplied out over
the UK’s 26 million households. The eventual
winner, for example, the Hestia smart controller
presented by a team from Exergy Devices, could
lead to an annual carbon reduction of
3.8 tonnes of CO2 per installation. If we assume a
60% penetration into electrically heated homes
by 2020, however, then the technology could
provide a peak demand-shifting capacity of
1.7GW; a level with real national impact.
Competitions such as the Dynamic Demand
Challenge rely on measurement expertise to help
bright minds navigate the path from innovation
to implementation. NPL’s experience in modelling
carbon emissions in electric systems was key to
determining which technology had the greatest
potential to reduce emissions, and helping
optimise the individual technologies along
the way.

Winners Hestia developed a smart heating control product for electrically-heated homes that performs scheduled
demand shifts, reducing costs for homeowners and allowing electricity suppliers to better manage demand
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Finding innovative means of monitoring our nuclear legacy

Finding innovative means of
monitoring our nuclear legacy
Mike James CSci CChem FRSC, Head of Technical at Sellafield Ltd
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Finding innovative means of monitoring our nuclear legacy

Sellafield Ltd is the body
responsible for safely delivering
decommissioning of the UK’s
nuclear legacy. It also manages
fuel recycling and low, high
and intermediate level nuclear
waste activities on behalf of
the Nuclear Decommissioning
Authority (NDA).
The Sellafield site has been operational since 1940
when it was used as a Royal Ordinance Factory
supporting the war effort and has been a nuclear
facility since the early 1950s.
It is now home to an array
of interdependent nuclear
facilities and operations.
Under the ownership of
Nuclear Management
Partners (NMP), Sellafield
is safely delivering nuclear
decommissioning, waste management and
commercial operations. By continually raising
its performance the company will achieve the
Nuclear Decommissioning Authority’s vision
to become the site and workforce of choice for
potential new missions.

such as expansive corrosion of wastes inside or
formation of corrosion outside the drum.
A variety of techniques are available to
monitor the drums. Sellafield has analysed the
effectiveness of each processes, working with
relevant partners to measure the impact of each.
These are outlined below.
High Resolution Thermal Imaging of Waste
Packages
Sellafield worked in partnership with NPL to
develop an unshielded thermal imaging camera
capability to scan radioactive ILW packages for
internal heat sources.
Although these images have revealed previously
undetected features, enhanced detail was needed
to enable improved monitoring and detection of
chronological variations in thermal output of the
waste packages.
Over a year NPL and Sellafield Ltd researched
ways to improve the process: measurement
repeatability, sensitivity and confidence. They
discovered that this is not a straight forward
procedure due to the challenging measurement
environment and object of interest.

To achieve this, Sellafield needs to seek innovative
means to progress decommissioning and cleanup, deliver high hazard reduction and encourage
high standards in health, safety, security, and
environmental performance.

Due to the large amount of measurement data
produced image analytics are one approach to
improve image capture. Another is to improve the
physical arrangement of the camera and lens in a
shielded IR camera. These design considerations
enhance the camera operational life by protecting
it from radiation and improves observed IR images
by fixing the field of view, alignment to source and
reduction of self reflection.

Monitoring drums of nuclear waste

Lock in Thermography

Operational Intermediate Level Waste (ILW)
includes material such as fuel element cladding,
contaminated equipment and radioactive sludge.
ILW comes from current commercial activities as
well as historical operations and risk and hazard
reduction work.
ILW is grouted into 500 litre drums to make it
suitable for long term storage. However, the ILW
drums may be stored for some years before a site
for a new Geological Disposal Facility (GDF) in the
UK is identified and built.

An associated application of IR technology is Lock
in Thermography (LiT), which is currently being
developed by Sellafield Ltd with NPL.
Initially used for non destructive testing of
composite materials, LiT uses phased IR imaging
to construct images of subsurface features. The
technique can also be applied to infrastructure
items and there is the potential for this technique
to be applied to both materials examination (such
as corrosion determination) and on infrastructure
items.

Until then, there is a clear need to monitor the
drums and establish if harmful processes are
occurring both inside and outside the drums,
Insights Beyond measurement
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Magnetic permeability
The application of magnetic permeability is at
an early stage and progress has been made with
the understanding of the magnetic requirements
of the test head and the underpinning science
of the test. Work has been ongoing over three
years to prove the principle, define the test
procedure and evaluate the performance of
the measurement technique within simulated
operating environments.
Comparison of contact force measured using a
range of four magnets
By using the correct type, shape and strength of
magnet, marked changes in the contact break
force with strain induced in stainless steel can be
measured, giving an indication of the state of the
drum wall at that point of contact.
This should make it possible to determine the
drum wall’s condition and indicate whether any
drums need re-working. By making multiple
measurements over and around a drum wall an
indication of strain could be gained such as a
global, point or in a more complex incremental
mechanism leading to annular strain.
The device is intended to give a high-confidence
economical guide to the condition of the drum
wall rather than an absolute measurement of
strain or thickness. The magnets used affect
the performance of the test both in terms of
strength and shape. Some Finite Element Analysis
(FEA) investigating the distribution of magnetic
flux densities for different magnet shapes has
been carried out as shown on the left for a cone
and below as a sphere. This has reduced the
measurements’ dependence on both magnet
alignment and the shape of the surface being
inspected.
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Further work is planned to allow the deployment
of the device along with other measurement
technologies over the surface of a drum.
Sellafield’s commitment to finding innovative
means of addressing the country’s nuclear
legacy can be seen in its achievements in waste
management. The company has passed 2 million
man hours without a lost time accident for the
whole of the Waste Effluent and Disposition
Directorate. It has also recycled more than 3,000
tonnes of metal from its Sellafield Ltd site and the
volume of Low Level Waste taken from the site to
the Low Level Waste Repository has continued on
a four year downward trend.

Innovation in fundamental measurement

Innovation in fundamental
measurement
Robin Hart, Director of Programmes, NPL

As the UK’s national
measurement institute,
NPL has a responsibility to
ensure its measurement
techniques consistently push
the boundaries of what is
possible. This involves not
only establishing best practice
guidance, but also innovating in
areas of fundamental metrology
which rarely get the attention
they deserve.

as electrons orbiting the atom move between
two different energy states. New types of atomic
clock, operating at optical frequencies, have the
potential to achieve higher accuracies much more
quickly than their microwave predecessors.
Such optical atomic clocks are currently being
developed at NPL using a number of different
atoms and ions, one of which is the ytterbium ion.
What makes the ytterbium ion unique is that it
has two such transitions that can both be used as
optical frequency standards.
As well as its potential for practical applications
in the fields of navigation, timing and
synchronisation, these new measurements can
also help improve our understanding of the laws
of physics.

These innovations not only
contribute to our scientific
understanding, but play an
important role in supporting
UK industry. As a new
BIS report analysing the
innovation performance of
UK firms makes clear, NPL’s
measurement related innovations have provided
businesses with substantial financial benefits. The
report estimates an average of £634 million p.a.
generated for NPL’s industrial partners through
measurement-related innovations in which our
expertise played a vital role.

Probing the fundamental laws of physics
One particularly important area of NPL’s work on
metrological innovation is the attempt to redefine
the second, the SI unit of time which underpins
virtually every aspect of modern life. The second
is currently defined using a microwave ‘pendulum’
found in caesium atoms, related to the frequency
of electromagnetic radiation absorbed or released
Insights Beyond measurement
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Optical transitions such as those in the ytterbium
ion have different sensitivities to variation in
the fine structure constant, which relates to the
strength of the electromagnetic force. If the fine
structure constant were increasing over time, as
has been proposed by some cosmologists and
astrophysicists, one of these transition frequencies
would get smaller and one would get larger. This
means that by measuring these transitions, we can
test the theory that the fine structure constant is
changing.
Scientists at the National Physical Laboratory (NPL)
and at Physikalisch-Technische Bundesanstalt
(PTB) in Germany have used these techniques to
improve the constraints on time-variation of such
fundamental constants. In results published in
Physical Review Letters, the researchers showed
that the fine structure constant must be changing
by less than two parts in 1017 per year. These
measurements have also resulted in a near-threefold improvement in the constraint on the
present-day time-variation of the proton-toelectron mass ratio.
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Providing support to industry
Developments in metrology can also have farreaching impacts in industry. A notable example
of this is the Quantum Metrology Institute (QMI)
soon to be established at our Teddington site.
This new Institute will cover all of NPL’s leadingedge quantum science and metrology research
and provide the expertise and facilities needed
for academia and industry to test, validate, and
ultimately commercialise new quantum research
and technologies. By bringing together industry
engineers, academic researchers, and NPL scientists
in a highly collaborative environment, it is hoped
the QMI will play a key role in the creation of a UK
industry based on quantum technologies.
The QMI will build upon NPL’s proven ability to
provide measurement support that underpins
quantum research and accelerate the process of
commercialisation. For example, NPL recently
worked with Toshiba Research Europe and BT
on the first successful trial of Quantum Key
Distribution (QKD) technology over a live ‘lit’
fibre network. This work paved the way for more

Innovation in fundamental measurement
advanced research into QKD, the next frontier of
data encryption technology. Prior to the trial NPL
developed a series of measurements sensitive
enough to detect individual particles of light
(photons), which it used to independently verify
the security of the system.

to support the UK life-science sector. As a centre
for innovation in this domain, the IPI will also share
techniques with other market sectors where such
techniques could be of use, such as consumer
products, printed electronics, plant and food
science, and engineering.

Work has already begun on refurbishing and
extending laboratories within NPL for future
use in quantum technologies, with the aim
being to formally open the QMI in late 2015.
The new facility will include a range of new
capital investments funded from a £4 million
capital budget for quantum technologies at NPL,
announced as part of the overall government
investment in the field.

Innovation breeds innovation

The metrological work undertaken at the
QMI will help establish standards and provide
verification and validation essential to the uptake
of new technologies. Professor Sir Peter Knight,
Champion of the QMI at NPL and past president
of the IoP, said “through the QMI we can provide
the measurement validation that helps prepare
products for market and gives businesses and
consumers complete confidence.”

It is only by continuing to ensure the quality of
measurement techniques used in the UK that
science and industry can feel supported in their
fields of endeavour. The true value of metrological
innovation cannot be measured.

By innovating in fundamental areas of metrology,
NPL is laying the foundations for scientists,
engineers and healthcare practitioners to innovate
in their turn. NPL currently works in partnership
with over 200 firms on different research projects,
with our industrial partners – of whom 74% are
SMEs – having an increased innovative capacity as
a consequence of direct collaboration.

Revolutionising Healthcare
Another area where NPL is leading on the
innovation of metrology is in the field of medical
imaging. Imaging technologies are developing
at an extraordinarily rapid pace, thanks to
the development of super-resolution optical
techniques capable of showing cell dynamics, and
mass spectrometry which can provide images of
the location of drugs in tissue and cells.
Such imaging technologies are important across
the whole pharmaceutical R&D, manufacture
and supply chain from understanding at
a fundamental biological level to product
development. The demands for real-time,
ambient, nanoscale analysis and quantification
are driving technique innovation.

“The QMI will build upon
NPL’s proven ability to provide
measurement support that
underpins quantum research
and accelerate the process of
commercialisation.”

The new Institute of Pharmaceutical Imaging (IPI)
to be opened at NPL will be a centre of excellence
in this field, combining state-of-the-art and next
generation instrumentation with world-class
scientific expertise to support the pharmaceutical
and medical device industries.
Over the coming years, the IPI will provide a
globally leading UK based facility for imaging,
advancing the frontiers of measurement capability
and training scientists in advanced measurements
Insights Beyond measurement
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National Physical Laboratory
NPL is a world-leading centre for the
development and exploitation of
measurement science, technology,
related standards, and best practice
in a diverse range of technical areas
and market sectors. As the UK’s
National Measurement Institute, our
capabilities underpin the UK National
Measurement System (NMS), ensuring
consistency and traceability of
measurements in support of UK
and overseas customer interests.
We aim to provide world-class
science and engineering with
economic, social and environmental
benefits to the UK.
National Physical Laboratory
Hampton Road
Teddington
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