Good measurement provides structure, removes
chaos, reduces waste, ensures open and fair
markets, supports precision when required, and
saves lives, money and time.
NPL is the UK’s National Measurement Institute (NMI),
charged with developing and disseminating the
UK’s measurement standards; ensuring that they are
internationally accepted; conducting multidisciplinary R&D;
delivering impact through technical services for the public
and private sectors; and providing knowledge transfer and
advice between industry, government and academia.
Our mission is to provide the measurement capability that
underpins the UK’s prosperity and quality of life.
We will advance the UK scientific and technical foundation
for standards that enables equitable trade, supports
innovation, and delivers both economic and quality of
life impact for the UK. Our mission stands apart from, and
complements, academic and industrial organisations.
It provides a substantial part of the UK’s innovation
infrastructure, delivering science and technology and
addressing national needs. NPL is a world-leading NMI and
delivers this mission through its core National Measurement
System (NMS) work, competitively-won business, services
and knowledge transfer.

Cover image:
The laser used to interrogate a single ytterbium ion in an optical
atomic clock. See page 13 (Are the constants constant?) for more
on NPL’s work on optical frequency standards.
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An introduction from Brian Bowsher

An introduction
from Brian Bowsher
I am delighted to introduce our 2014 Annual Review. This year has been a momentous one for NPL with
shares in NPL Management Limited transferring from Serco to the Department for Business, Innovation
and Skills (BIS) as of 1 January 2015. In practical terms this means that BIS now owns NPL Management
Limited and we will operate as a government company. Amanda Brooks (Director Innovation, BIS) has
become a Non-Executive Director of NPL Management Limited and will also chair the Board until a new
Chair is appointed to replace Sir Peter Williams. I would like to record my thanks to Peter; he has been
a truly excellent Chair, bringing wisdom and experience from academic, government and business
perspectives. I have particularly valued his support and wise counsel and will always be grateful for all
his work in support of NPL.
2015 will be an interesting and exciting year for all of us. I expect our negotiations with the Universities
of Strathclyde and Surrey to result in a partnership agreement; we are excited by the prospects for closer
working, establishing an innovative Postgraduate Institute to train a new generation of ’industry‑ready‘
measurement scientists, building our regional centres and developing joint research activities. Although
this is an exciting period of change, NPL’s commitment to delivering science with impact is unchanged.
I would like to thank Serco for its stewardship of the lab since 1995. During this time NPL saw many
outstanding achievements, with a significant growth in science outputs as well as increasing our impact
and winning additional income. They leave us with a great legacy on which to build. 2014 was another
great year at NPL and we continued to deliver excellent science, grow its commercial revenue and
have a real impact on the economy, the environment and people’s lives. Our Chief Scientific Adviser,
Professor John Pethica, was knighted in the Queen’s Birthday Honours list 2014 for services to Science.
We passed the 2.5 million working hours without a lost time incident; maintained a high number of
peer‑reviewed science publications (with many papers in very prestigious journals); impressed the Treasury
with our work on measuring impact; and grew our third-party work to the point where it now accounts for
over 40% of our work (with a record £52 million non-National Measurement ‑System (NMS) orders).
We established three Centres in the year:
i.

 he National Centre of Excellence for Mass Spectrometry Imaging (NiCE-MSI) with
T
excellent partnerships with the University of Nottingham and the pharmaceutical
industry (notably GlaxoSmithKline);

ii.

 he Quantum Metrology Institute (QMI) with recognition at the highest levels of
T
government for NPL’s support to the defence sector and industry with excellent
partnerships with Dstl, Innovate UK and the Research Councils;

iii. T
 he Global Sensing and Satellite Centre of Excellence (GLoSS), in partnership with
Surrey, to exploit opportunities in space satellites and sensing.
The Centre for Carbon Measurement at NPL has continued to go from strength to strength, as evidenced
by the fact that non-NMS sales have grown by 150% in the last two years.
We grew our international links and I would highlight the successful agreement on the €600 million
European Metrology Programme for Innovation and Research (EMPIR) with NPL entrusted to manage this

04

© National Physical Laboratory

Annual Review 2014 | www.npl.co.uk

NPL Executive Team: (from left) Kamal Hossain, Nicola Anson, Robin Hart, Brian Bowsher, Jodene Young, Martyn Sené, Dennis Yates.

programme on behalf of the EU. We also delivered major programmes to time, specification and cost for
our sister National Measurement Institutes (NMIs) in China, India and Thailand.
In December, our government colleagues published the Science and Innovation Strategy. Its key themes
chime with NPL’s work, notably nurturing talent (opportunities for the new Postgraduate Institute),
investing in infrastructure (commitments to the QMI and NiCE-MSI), supporting research and catalysing
innovation (at the heart of NPL’s mission) and participating in global science and innovation (where NPL’s
network of 55 NMIs plays a pivotal role in supporting international trade). The success of the UK’s Science
and Innovation Strategy depends to a large extent on the performance of the UK’s measurement science.
NPL’s work on measurement supports each of the 11 sectors in the government’s Industrial Strategy, as
well as the ‘eight great technologies’ targeted for investment. It also underpins the network of Catapult
Centres that help businesses adopt, develop and exploit innovative products and technologies.
At a period of transition I would like to confirm the enduring values and principles that underpin NPL:
we remain committed to sustaining NPL as one of the top three NMIs in the world; to operate with
independence, impartiality and integrity; to deliver solutions for all our customers, and to work in
partnership with government, academia and industry to deliver the greatest benefit for the UK
and the world.

Dr Brian R Bowsher
Managing Director
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Science
Excellent science is at the core of NPL. It has been the foundation on which we have operated
since the year 1900.
NPL is a global leader in measurement science and a key international collaborator in
projects that develop new measurements to make and exploit new scientific discoveries.
The relationship between measurement and science is symbiotic. New measurements help
scientists probe the world around them with ever more precision, while new science helps
develop new measurement techniques.
The scientific output of NPL continues to increase. In 2014, 256 papers were published by
NPL scientists in peer-reviewed scientific journals. This continues a trend which has seen a
121% increase in published papers over the past decade. In the year NPL welcomed over
200 visiting researchers including guest workers, joint appointments and postgraduates.
Our new Quantum Metrology Institute, launched in 2014, aims to accelerate the
commercialisation of new products based on both existing and future platform quantum
technologies. This adds to our world-class science capability focusing upon solving real
problems that have an impact on all our lives.

NPL is one
of the

top

3

NMIs in
the world
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Super-resolution research highlight
NPL and the University of Cambridge have together developed a super-resolution imaging technique which
can achieve resolutions up to 10 times better than traditional optical microscopes. The technique, known as
‘localisation microscopy’ or STORM (stochastic optical reconstruction microscopy), works by using fluorescent
dyes to label molecules within cells. By allowing scientists to identify fine structures within cells and study
them in more detail, localisation microscopy, and other super-resolution techniques, could give new insights
into the smallest features of cells and improve how we understand and treat diseases. A paper published by
NPL and Cambridge on the technique was selected as a highlight of 2013 by the Journal of Optics. The work
builds on that of super‑resolution imaging pioneers Eric Betzig, Stefan W Hell and William E Moerner, who
were awarded this year’s Nobel Prize in Chemistry.
NPL is also working with a complementary technique known as SIM (structured illumination microscopy).
This can produce images with a less impressive resolution than STORM, at around double that of traditional
microscopes, but it works with a greater range of fluorescent dyes and is also far quicker, enabling dynamic
processes to be followed in live cells.

On the
edge of
graphene

© National Physical Laboratory

NPL researchers have discovered that the
conductivity at the edges of graphene devices
is different to that of the central material, a
finding which impacts the development of
the increasing number of graphene-based
electronic devices. Local scanning electrical
techniques were used to examine the local
nanoscale electronic properties of epitaxial
graphene, in particular the differences between
the edges and central parts of graphene Hall
bar devices. The work was conducted with
researchers from Royal Holloway, University
of London, Chalmers University of
Technology, INRIM and Linköping University.
Graphene is increasingly used in the electronics
industry and new devices will need to
accommodate these differences in conduction.
The results of this study are useful for
developing graphene nanoribbon devices, as
well as for looking at edge photocurrents and
the quantum Hall effect. The team is extending
its work by investigating these effects in
structurally different forms of graphene.

Find out more: www.npl.co.uk/graphene
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The following NPL publications have been highlighted for their scientific contribution in 2014:
A phase-field solidification model
of almost pure ITS-90 fixed points

Preparation and validation of fully
synthetic standard gas mixtures with
atmospheric isotopic composition
for global CO2 and CH4 monitoring

International Journal of Thermophysics
Matt Large and Jonathan Pearce

Analytical Chemistry

Differentially instructive extracellular
protein micro-nets

Paul Brewer, Richard Brown, Michael Miller,
Marta Doval Miñarro, Arul Murugan and
Martin Milton (with National Institute of
Standards and Technology, USA)

Journal of the American Chemical Society
Nilofar Faruqui, Angelo Bella, Jascindra Ravi,
Santanu Ray and Max Ryadnov
(with the University of Edinburgh)

Evidence for interacting two-level
systems from the 1/f noise of a
superconducting resonator

Standardisation of 223Ra by liquid
scintillation counting techniques and
comparison with secondary measurements

Jonathan Burnett, Ilana Wisby, Alexander Tzalenchuk
and Tobias Lindström (with Royal Holloway,
University of London; Laboratoire de Physique
Theorique et Hautes Energies, France; Rutgers
University, USA; Institute of Microelectronics
Technology and High-Purity Materials, Russia)

Applied Radiation and Isotopes
John Keightley, Andy Pearce, Andrew Fenwick,
Sean Collins, Kelley Ferreira and Lena Johansson

Principles of a new generation of
simplified and accurate watt balances

Frequency ratio of two optical clock
transitions in 171Yb+ and constraints on the
time variation of fundamental constants

Metrologia
Ian Robinson (with Bryan Kibble)

Physical Review Letters

Future development of
biologically relevant dosimetry

Rachel Godun, Peter Nisbet-Jones, Jonathan Jones,
Steven King, Luke Johnson, Helen Margolis,
Krzysztof Szymaniec, Stephen Lea and Patrick Gill
(with the University of Birmingham)

British Journal of Radiology
Hugo Palmans, Sebastian Galer, Giuseppe Schettino
and Peter Sharpe (with MedAustron, Austria;
Physikalisch-Technische Bundesanstalt,
Germany; Associação do Instituto
Superior Técnico para a Investigação e
Desenvolvimento, Portugal; Institute for
Radiological Protection and Nuclear Safety,
France; Istituto Nazionale di Fisica Nucleare,
Italy; Istituto Nazionale di Metrologia delle
Radiazioni Ionizzanti, Italy; Politecnico di
Milano, Italy; National Centre for Nuclear
Research, Poland; Instituto Superior
Técnico, Portugal; Technische Universität
München, Germany)

Find out more: www.npl.co.uk/publications
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Investigation of slice thickness and
shape milled by a focused ion beam
for three-dimensional reconstruction
of microstructures

10 year

s

Ultramicroscopy
Helen Jones, Ken Mingard and David Cox
(with the University of Surrey)
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At the time of printing, NPL had published an estimated 256 papers in peer-reviewed scientific journals in 2014.

Nature Communications

Image courtesy: iStockPhoto
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DNA double helix
measurements
Researchers at NPL and the London Centre for
Nanotechnology have applied atomic force
microscopy to a single molecule of DNA and found
significant variations in the well‑known double helix
structure. The origin of the observed variations in
the depths of grooves in the double helix is not yet
fully understood, but it is known that these grooves
act as keyways for proteins that determine to which
extent a gene is expressed in a living cell. Accurate
measurements allow us to observe the variations
in these keyways, which may then help determine
the mechanisms by which living cells promote and
suppress the use of genetic information stored in
their DNA.

Investigating bilayer graphene behaviour
NPL and collaborators have been working together to better understand the behaviour of bilayer graphene
patches, in order to develop simpler and cheaper quantum Hall devices for use in fundamental research
and industry. The research was carried out with the University of Cambridge, Chalmers University of
Technology, Lancaster University, Linköping University and Royal Holloway, University of London.
Epitaxial graphene grown on silicon carbide is often accompanied by small patches of bilayer graphene
which can have a detrimental effect on the quantisation of the quantum Hall effect. By combining transport
measurements, theory and scanning gate microscopy, the researchers found that these bilayer patches
behave in different ways depending on the carrier density (the density of free particles carrying an electric
charge) of the graphene and the magnetic field applied. For high carrier density samples the bilayer material
behaves in a metallic way, short circuiting the Hall voltage, while in low-density samples it behaves as an
insulator, acting as a guide for the quantum Hall edge states. These results greatly help the design of future
quantum Hall devices which work at higher temperatures and lower magnetic fields, making them easier to
use and cheaper to operate.

© National Physical Laboratory

Find out more: www.npl.co.uk/graphene

Supporting DESI
mass spectrometry
Desorption Electrospray Ionisation (DESI) is a
powerful mass spectrometry technique that can
identify pharmaceuticals, explosives, proteins and
a range of biological materials. Researchers at NPL’s
National Centre of Excellence in Mass Spectrometry
Imaging (NiCE‑MSI) carried out an interlaboratory
study which compared DESI mass spectrometry
measurements from 20 laboratories in 10 countries,
examining repeatability and reliability and making
recommendations for future use. Studies such as
this are needed to establish a robust measurement
infrastructure and encourage wider uptake of this
powerful technique.
Find out more: www.npl.co.uk/nice-msi
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Quantum Metrology Institute
NPL has a long history in quantum science going back to the successful operation
of the world’s first accurate atomic clock 60 years ago. Today, NPL’s world-leading
research covers the latest generation of optical atomic clocks, a range of ion and atom
trapping techniques, quantum electrical metrology, quantum-based sensors, quantum
communications, and quantum materials, including graphene.
Building on this scientific expertise, NPL is establishing a Quantum Metrology Institute
(QMI) at its Teddington site, to be opened in late 2015. The QMI will work closely with
partner organisations, including quantum Centres for Doctoral Training (CDTs) and
the four new Quantum Technology Hubs at the universities of Birmingham, Glasgow,
Oxford and York recently funded from the £270 million government investment in
the UK National Quantum Technologies Programme. The QMI has received government
funding for new laboratories and capital equipment.
This new Institute will house NPL’s leading-edge quantum science and metrology
research and aims to provide the expertise and facilities needed for academia and
industry to test, validate, and ultimately commercialise new quantum technologies.
Professor Sir Peter Knight, Chair of the QMI at NPL and Past-president of the Institute
of Physics (IOP), said:
“[NPL’s] new Quantum Metrology Institute will provide a critical test bed that accelerates
the process of commercialising research. Through the QMI we can provide the
measurement validation that helps prepare products for market and gives businesses
and consumers complete confidence.”
NPL is already providing the measurement support that underpins quantum research
and accelerates the process of commercialisation. Earlier this year, NPL worked with
Toshiba Research Europe, BT and ADVA Optical Networking on the first successful
trial of Quantum Key Distribution (QKD) technology over a live ‘lit’ optical fibre network.
QKD, the next frontier of data encryption technology, uses quantum techniques
to transmit data securely by sending single photons in pulses along an optical fibre.
Researchers at NPL developed a series of measurements sensitive enough to detect
these individual photons, in order to verify the security of the system. This work
paves the way for more advanced research into QKD and the development of
practical security applications.
NPL’s innovative quantum work was featured at the Defence Science and Technology
Laboratory’s (Dstl) Quantum Timing, Navigation and Sensing Showcase, held at NPL
in May. The event aimed to accelerate the exploitation of quantum technologies for
highly accurate timekeeping and advanced GPS-independent navigation within the
UK defence sector and wider industry.
Find out more: www.npl.co.uk/qmi

© National Physical Laboratory
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Science

A new
model for
quantum noise
NPL research has updated one of the most
fundamental concepts in the physics of
quantum electronic devices - the standard
tunnelling model (STM). New measurements,
made over longer time scales than previously
possible, were found to contradict the
predictions of the STM. This suggests that
quantum devices, such as those used for
quantum information processing and detection
applications, are not necessarily best operated
at the extremely low temperatures and low
powers typically used.
To address the STM’s shortcomings,
NPL scientists and collaborators from
Royal Holloway, University of London,
LPTHE, Rutgers University and IMT RAS
proposed a new model, which includes
significant interactions between two‑level
quantum systems. As well as explaining
the measurements from this work, the new
model explains results of other recent studies
concerning qubits (quantum bits) - the building
blocks of quantum computing.

NPL’s
caesium
fountain

atomic
clock

is accurate to

1

© National Physical Laboratory

second in

158
million
years

Atomic
timekeeping
awards
The European Physical Society officially declared
NPL as the birthplace of atomic timekeeping,
recognising NPL as the place where the first practical
atomic clock was built - a landmark which has
changed global timekeeping and made modern
communications and location services possible.
The Council of the Royal Institute of Navigation
awarded the Duke of Edinburgh’s 2014 Navigation
Award for Technical Achievement to NPL in
recognition of its long‑term atomic clock
development programme.
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Are the constants
constant?
Scientists at NPL and Physikalisch-Technische
Bundesanstalt (PTB) in Germany have
improved the constraints on the time‑variation
of fundamental constants, by making
measurements of two optical clock transitions
in the same ytterbium atom. As well as testing
the laws of physics, this new measurement is
vital for a future redefinition of the second. The
resulting improvements in atomic clocks and
frequency measurement also have practical
applications including improved navigation,
timing and synchronisation.

2 parts in

Nick Ridler awarded
Fellowship and
Visiting Professorship
Professor Nick Ridler, of NPL’s Electromagnetic
Technologies Group, was awarded a Fellowship and
appointed as a Visiting Professor in the Faculty of
Engineering and Physical Sciences at the University
of Surrey. As part of the appointment, Professor
Ridler will continue his work with researchers in the
University’s Advanced Technology Institute, including
the establishment of a state‑of‑the‑art joint Nonlinear
Microwave Metrology Centre. The Centre will facilitate
collaborative research between the University and
NPL which will support the development of emerging
technologies such as 5th generation mobile networks
and the Internet of Things.

© National Physical Laboratory

(1017) per year:
changes in the
fine-structure
constant ruled out
by NPL and PTB

Dynamic calibration
of pressure sensors
using shock tubes
Scientists at NPL’s Dynamic Pressure Sensor Facility
have developed a plastic shock tube, working at
14 times the pressure of the atmosphere, which will
assist with research into improved car and aircraft
engines. The tube is made from PVC‑U tubing and
provides a low-cost, light and easily modifiable
basis for research into the dynamic characterisation
of pressure sensors. Providing pressure readings
within a nanosecond, the tube could be used
to aid the development of combustion engines,
which require accurate measurements of rapidly
changing pressures.
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Innovation
Science and innovation go hand in hand and NPL is proud to occupy the space in between
academic institutions and commercial organisations.
As an integral part of the UK’s innovation infrastructure, it is our job to help bridge the gap
between the scientific research carried out in laboratories and the innovative technologies
that go on to be used by millions of people around the world.
Over 60% of British Standards refer to measurement or testing. Measurement can
demonstrate the veracity of claims about novel products or technology characteristics
enabling the market to invest in further development. From test methods, to performance
assessment and industrial standards, measurement decreases development costs and opens
the door to new technologies.
To deliver this we work in partnership with over 75 universities worldwide and
2,000 companies. 59% of NPL’s projects are collaborative compared with 39% of the
Engineering and Physical Sciences Research Council (EPSRC) projects. NPL is also EPSRC’s
sixth most prolific industrial collaborator, after Rolls-Royce, GlaxoSmithKline (GSK), the
Defence Science and Technology Laboratory (Dstl), BAE Systems and Jaguar Land Rover.
We have strong links with our key accounts - Rolls-Royce, BP, GSK, the European Space
Agency (ESA), Dstl, all the government Catapult centres and national science and
innovation priorities including on emerging technologies - providing them with expertise
vital to the development of innovative products and services.

£

Huge
return

£
££

Projects from the National
Measurement System show an
average return on investment of 1:19
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Novel electrode
boosts green
hydrogen research
Polymer electrolyte membrane water
electrolysers (PEMWEs) can be used to generate
hydrogen from renewable energy for energy
storage and low carbon transport applications.
Commercial PEMWE systems commonly show
a decay in open circuit potential following
shut-down, which has conventionally been
ascribed to catalyst degradation on the oxygen
electrode. Scientists from the Centre for
Carbon Measurement at NPL have developed
an innovative reference electrode and
demonstrated that the decay in cell potential
following shut‑down is in fact entirely due to
the hydrogen electrode. NPL is working with
ITM Power, the UK’s leading manufacturer
of commercial PEMWE systems, to apply the
technique to the study of catalyst durability and
the development of accelerated test protocols
for new catalyst materials.

NPL delivers

£634

million

Smart
textiles
collaboration

benefits
per year in

© National Physical Laboratory

to organisations through
measurement innovation

NPL and Coventry University have won a
Knowledge Transfer Partnership (KTP) award
from Innovate UK to develop smart textiles,
which could support numerous applications
across the wearable technology sector, in fields
such as healthcare, sports and the military.
The award brings together NPL’s Electronics
Interconnection Group and Coventry’s
Functional Materials Team to look at additive
techniques for applying conductive tracks
to a range of textiles. A key goal will be to
introduce conductivity onto the individual
fibres within the textile rather than coating the
whole surface. This could lead to circuit designs
being incorporated into clothing, making the
integration of electronics simple and practical.
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Augmented Reality
Augmented reality devices enable people to view the world around
them overlaid with data relevant to what they are seeing. The Adaptive
Optics team at NPL has been working in partnership with British company
Colour Holographic Ltd to make these devices a reality. Holographic
waveguides equipped with the technology are currently being marketed
for developers by Colour Holographic through their brand TruLife Optics.
The optic, which incorporates two holograms, offers several features for
augmented reality devices. Images can be displayed in high definition, full
colour and potentially 3D in the centre of a user’s field of vision, while the
transparency of the image leaves the user’s view of the world unobscured.
The optic itself is lightweight, 2 mm thick, and can be easily
mass‑produced for consumer and industrial applications. Colour
Holographic and NPL will work alongside developers of augmented
reality devices to provide customised, bespoke solutions to enable the
adoption of this technology. Future devices could be worn by surgeons
during operations, providing them with live health data from a patient, or
equipped with infrared capabilities to aid firefighters.
Jonathan Lewis, Chief Executive of Colour Holographic, said:
“The development of wearable augmented reality devices has been
curtailed by the lack of an optical component that allows for the genuine
overlay of high-definition, full colour and transparent images over the field
of vision. […] With the launch of our first commercially available optic, we
provide that missing piece in the augmented reality jigsaw puzzle.”
Following a competitive application process, the optical component was
chosen to feature at the new Digital Catapult Centre, opened by Ed Vaizey,
Minister for Culture, Communications and Creative Industries in 2014.
The optic has attracted global interest from developers across a wide
range of sectors. TruLife Optics have already engaged with more than
30 augmented reality device manufacturers around the world, and are
targeting sales of over 250,000 units in 2015.

© National Physical Laboratory

Recent innovations have resulted in the addition of infra-red holograms
to the optic, which can be used for eye tracking and eye accommodation
measurement. This development opens opportunities for multifunctional
wearable devices incorporating a hands-free two-way computer interface
for the user.

Innovation

Energy remote
control system
wins £50,000 prize

NPL’s impact on
its customers...

A smart heating controller that enables households
to better regulate energy demand has won the
£50,000 Dynamic Demand Challenge, run by
Nesta and supported by the Centre for Carbon
Measurement at NPL. Hestia, designed by the
Demand Shaper team from Exergy Devices Ltd,
could reduce energy consumption by 25%,
potentially reducing individual homeowners’
CO2 emissions by around 3 tonnes per annum and
saving around £200 a year.

Find out more: www.npl.co.uk/carbon-measurement

Developing the world’s
darkest material

Dr Mike King, NPL’s Economics Analyst, produced
an econometric analysis of the impact of public
spending on innovation - the first of its kind to
be carried out in the UK. Dr King conducted the
research while on secondment to the Department
for Business, Innovation and Skills (BIS),
and HM Treasury is looking at applying the
methodology to economic reviews in the future.
The research, published in the BIS Analysis Paper
Estimating the effect of UK direct public support
for innovation, showed that financial support
significantly increases innovation within SMEs; and
that the impact of financial support is amplified by
collaborating with universities and public sector
research establishments.

Sensitive imaging systems could achieve new levels
of range and sensitivity thanks to the development
of a new ‘super black’ material - Vantablack®. NPL
and Enersys’ ABSL Space Products division worked
alongside Surrey NanoSystems to produce the
revolutionary material, which can be applied to
lightweight, temperature-sensitive structures such
as aluminium, while absorbing 99.96% of incident
radiation, believed to be the highest amount ever
recorded. A major breakthrough in the application
of nanotechnology to optical instrumentation,
Vantablack® has virtually undetectable levels of
outgassing and particle fallout, removing a key
source of contamination in the sensitive imaging
systems used in space and air‑borne instrumentation.

© National Physical Laboratory

Innovative analysis
of innovation drivers

Testing organic
solar cells
NPL’s Electrochemistry Group and the Centre
for Carbon Measurement have been assessing
the performance of organic photovoltaics solar cells which use carbon-based electronics
- a technology which could potentially be a
cheaper, more efficient and flexible alternative
to today’s photovoltaic systems. NPL and
partner Eight19 have been testing organic
solar panels made on flexible plastic, flexing
them thousands of times to make sure they still
perform after bending.

18
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Accelerating the
commercialisation of graphene
NPL and The University of Manchester have signed a Memorandum of Understanding (MoU) to accelerate
the commercialisation of graphene. This landmark agreement will see two world-leading organisations work
together on the development of graphene metrology, characterisation and standards vital to industry uptake,
with a view to establishing a Joint Centre of Excellence. This will see the UK become a leading authority on
graphene standards.
James Baker, Business Director of the National Graphene Institute at The University of Manchester, said: “The
metrology expertise based at NPL, paired with the world-class academics, state-of-the-art equipment and
facilities at The University of Manchester and the National Graphene Institute, allows for viable graphenebased products to come the marketplace sooner.”
NPL is continuing to develop the measurement techniques needed to characterise graphene, and recently
carried out a range of measurements for Haydale Graphene Industries plc, a UK company specialising in the
functionalisation of graphene and other nanoparticles.
Functionalising graphene is a vital step in the commercialisation process as it allows graphene to combine
with other materials such as polymers in composite materials. For Haydale, NPL characterised a type of
nanomaterial known as ‘graphene nano-platelets’ using two advanced measurement techniques: X-ray
Photoelectron Spectroscopy and Fourier Transform Infrared Spectroscopy. The combination of these
techniques provides comprehensive information about the chemical properties of the graphene samples.
Ray Gibbs, CEO of Haydale, said: “This type of test data, from a trusted and independent source such as NPL,
can be used to help us demonstrate the features of our product and the value of our business to potential
customers and our investor base.”
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Skills
As the UK’s National Measurement Institute, NPL has a duty to provide skills and expertise
to solve measurement problems and to disseminate measurement knowledge as far as
possible. Good measurement is a valuable skill and one that can bring real benefits to
organisations. It can help manufacturing companies cut their costs, saving on waste and
increasing energy efficiency.
This year, for the first time, the NPL website received over 1 million unique visitors. NPL
has continued to deliver National Qualifications in Metrology, attracting over 1,000 learners
a year, and the launch of our online learning suite in 2014 saw an additional 1,000 learners
benefiting from this new channel. NPL’s Product Verification Programme helped 45 high value
manufacturing companies to upskill staff and processes to ensure supply chains make
products right first time.
In-house we are delighted to have taken on our second cohort of apprentices, welcomed
another 44 students to the NPL Academy, run the Protons for Breakfast evening class for the
20th time, and supported five students to achieve their PhDs.
Finally, we continue to run an active educational outreach programme, helping to inspire
the next generation of scientists and engineers through our events, competitions and
downloadable resources. NPL staff engaged with 41,000 people at 234 different events,
ranging from national events such as the Big Bang Fair to visits to local schools.

NPL engaged with

41,000
people at

234
different national
and local events
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engaged with
NPL is

23/115
Centres for Doctoral
Training (CDTs)

funded by the
Engineering and Physical
Sciences Research Council (EPSRC)

Sending
Raspberry Pi
into space

New e-Learning courses

NPL and leading UK space organisations have
joined forces with European Space Agency
(ESA) astronaut Tim Peake (pictured) and
Raspberry Pi to offer students a chance to
devise and code their own apps or experiment
to run in space. Two Raspberry Pi computers
are planned to be flown to the International
Space Station (ISS) as part of Tim’s six-month
mission and both will be connected to a new
Astro Pi board, loaded with a host of sensors
and gadgets.

Dimensional Measurement: Measurement User
explores Dimensional Measurement’s relevance to all
stages of the engineering process, providing training
in the field’s fundamentals and underpinning topics
such as geometrical tolerancing and tolerance types.

NPL launched two new e-Learning courses in 2014,
providing trainees with access to NPL’s measurement
expertise anytime, anywhere.
Introduction to Measurement Uncertainty
reveals how risks are estimated, enabling good
decision-making in practical contexts, such as in
manufacturing and regulation, to maximise efficiency
and productivity.

Find out more: www.npl.co.uk/e-learning
© National Physical Laboratory

© Alex Rumford. info@alexrumford.com
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The Astro Pi competition will be open to all
primary and secondary school aged children
who are resident in the UK, and will be
supported by a suite of teaching resources that
are being developed by the European Space
Education Resource Office UK (ESERO-UK) and
Raspberry Pi.
Tim Peake said: “There is huge scope for fun
science and useful data gathering using the
Astro Pi sensors on board the International
Space Station. This competition offers a
unique chance for young people to learn core
computing skills that will be extremely useful in
their future. It’s going to be a lot of fun!”
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Product Verification Services for
UK Advanced Manufacturing
As the UK’s National Measurement Institute, NPL ensures that cutting‑edge measurement
science and technology have a positive impact in the real world. This impact is felt
nowhere more so than in manufacturing, where at least 10% of innovations are
driven by advances in measurement, and metrology can optimise the entire
manufacturing system, contributing to growth through increased productivity,
R&D efficiency and lower costs.
However, metrology in high value manufacturing can be complex and challenging, and
this can impede UK companies – especially small and medium-sized enterprises (SMEs) –
from competing effectively in global markets. Core to effective supply chain operations is
having complete assurance that manufactured products conform to the original design
specification – what we refer to here as ‘product verification’.
In 2014 NPL started to provide Product Verification Services to Sharing in Growth
UK Ltd (SiG) and the Civil Nuclear Sharing in Growth programme. These ambitious
programmes, supported by the Regional Growth Fund, aim to raise the capability
of 40 UK Aerospace and 10 Civil Nuclear manufacturing supply chain companies
respectively. NPL is carrying out a review of each manufacturer’s product verification
capability, starting with the Product Verification Health-Check, followed by an
improvement plan and then formal (accredited) and informal training to embed product
verification capability.
NPL’s expertise has helped these manufacturers improve their product verification
capability and led to significant bottom line improvements.
CW Fletcher & Sons Ltd, a precision parts manufacturer to the aerospace and nuclear
industries, was facing significant cost pressure from an increasingly competitive global
market. Conscious of the need to increase efficiency and reduce costs, the team at CW
Fletcher saw NPL’s Product Verification Services, delivered as part of Sharing in Growth,
as an offer of valuable support to which they otherwise wouldn’t have had access.
Following NPL’s recommendations – one of which should improve the company’s
application of measurement techniques to yield attractive savings – the company
is working to reduce lead times and increase throughput. John Walker, Engineering
Manager at CW Fletcher, said: “Through NPL’s Product Verification Services, we are
manufacturing with a higher degree of confidence and increasing efficiency to provide
more for our customers for the same cost.”

© National Physical Laboratory

During 2014, the NPL-led National Product Verification Programme (NPVP) has set out
to identify how to increase product verification capability and capacity in UK advanced
manufacturers. The NPVP Roadmap for UK Manufacturing has produced 10 ambitious
programme ideas that have the potential to significantly enhance best-in-class quality,
productivity and competitiveness in UK high value manufacturing.

© National Physical Laboratory

Skills

Apprenticeship accredited by
Royal Society of Chemistry
NPL’s Advanced Apprenticeship Programme has continued its success since being launched in 2013 with
another cohort of enthusiastic Junior Scientists. Over the 18-month rotational programme, endorsed by
the Institute of Physics, apprentices develop the knowledge and skills required of professional science
technicians. The programme has been accredited by the Royal Society of Chemistry, and students will now
be awarded the Registered Science Technician (RSciTech) standard on completion of the apprenticeship,
recognising their professional competence and achievements.
Ali Orr, Registrar at the Science Council which licences and promotes the RSciTech standard, said of the
scheme: ‘’We are fully supportive of this partnership with NPL, who will be delivering a high quality of training
for these apprenticeships, and hope to see more initiatives like this across the UK.’’

Graham Machin
joins EPSRC Strategic
Advisory Team

16
NPL has trained

Professor Graham Machin, who leads the Temperature
& Humidity Group at NPL, was appointed to the
Engineering and Physical Sciences Research
Council (EPSRC) Physical Sciences Strategic Advisory
Team, which advises EPSRC on research and training
strategy. As part of this team, Professor Machin will
assist the development and implementation of plans
to ensure the skills and research base are in place
to support the advancement of knowledge and the
future needs of business and society. At any one
time, EPSRC is supporting a portfolio of research and
training worth £2-3 billion.

apprentices

through its Advanced
Apprenticeship Programme
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Record attendance
at Open House
NPL enjoys few things more than sharing its
knowledge with the wider community. On World
Metrology Day, NPL opened over 40 of its laboratories
to the public, allowing visitors to explore the science
that goes on here. Around 4,000 people attended
the Open House event - a record number - including
Business Secretary and local MP, Vince Cable. In
addition to the day’s talks and demonstrations,
NPL staff had the chance to discuss their work with
visitors, whose enthusiasm and fresh perspectives
made the event a valuable experience for
everyone involved.

Guiding electrical
engineering and
underwater
noise measurement
NPL and the Institution of Engineering and Technology jointly launched the Beginner’s guide to
measurement in electronic and electrical engineering, which provides an introduction to measurement,
discussing the significance of good measurement and its relevance to electronic and electrical engineering.
Good measurement is crucial for a successful career in electronic or electrical engineering. This guide will help
engineers improve their measurement capabilities, and will be especially useful for electronic and electrical
engineering students.
Acoustical oceanography, sonar, geophysical exploration, underwater communications and offshore
engineering all require acoustic measurements. More recently, there has been an increased need to make
in situ measurements of underwater noise for the assessment of risk to marine life. NPL’s new Good practice
guide for underwater noise measurement presents best practice for in situ measurement of underwater
sound, data processing and the reporting of the measurements using appropriate metrics. The work carried
out to prepare the guide was supported by the National Measurement Office, Marine Scotland and
The Crown Estate.
NPL issued the following guides in 2014:
• The measurement of surface texture using stylus instruments (update)
• Beginner’s guide to measurement in electronic and electrical engineering
• Beginner’s guide to measurement in mechanical engineering (update)
• Good practice guide for underwater noise measurement
• CMM measurement strategies (update)
• CMM probing (update)
• Dimensional measurement using vision systems (update)
• The examination, testing and calibration of portable radiation protection instruments (update)
• Callipers and micrometers (update)
Find out more: www.npl.co.uk/guides
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Infrastructure
NPL is at the heart of the UK’s infrastructure of robust, accurate and traceable measurement.
Measurement needs for the UK are wide and complex and beyond the investment capability
of individual organisations. The investment made at NPL enables companies to trade, prove
innovation, ensure quality and demonstrate compliance.
Measurement is an important infra-technology - a technology that provides techniques that
can be applied to enable further innovation. These are typically technologies, supported
by government, which can be used by many organisations and widely applied. It has been
estimated that around 10% of all patents are related to metrology, supporting Foresight
Studies that show that at least 10% of innovations are driven by advances in measurement.

7,
00

0

Monitoring and measurement networks are also key components of a country’s
infrastructure: Earth Observation satellites, air quality monitoring, GPS, time systems - NPL is
involved in all of them. And measurement itself ensures the safe construction, operation and
maintenance of infrastructure, from structural health monitoring systems to the validation of
new and cleaner energy technologies.
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Measurement support
from NPL Huddersfield
NPL Huddersfield was established to expand NPL’s reach and provide easier access to its world-leading
measurement expertise, equipment and research in one of the UK’s most important manufacturing regions.
NPL Huddersfield specialises in dimensional inspection and measurement of complex components and
assemblies, CMM programming, and bespoke measurement training and consultancy.
Over the last year, NPL Huddersfield has worked with a large number of companies, including: UK shaving
and skincare company King of Shaves to measure the dimensions of the key features of one of its shaving
products; the Arms and Armour Research Institute to help identify a late 18th century French Cavalry
Officer’s sword; and TEi, a leading engineering construction organisation, to identify deformities in a
stainless steel bolt.

8
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Find out more: www.npl.co.uk/huddersfield

million
tonnes of

CO2

will be saved
by NPL projects
over a 10-year
period

NPL and Surrey
establish GloSS
NPL and the University of Surrey have combined their world-leading expertise in measurement innovation
and low cost satellite research and technologies to establish the Global Sensing and Satellite Centre of
Excellence (GloSS). The Centre is a team of research, engineering and business experts, who will give rise
to a new generation of technologies and trusted global information services, providing a link between
users, industry and the research community. GloSS will provide access to its technical capabilities to the
energy, water, oil and gas, climate and financial sectors, aiding services such as water and land management,
pollution and trace gas detection, structural health and asset integrity monitoring.
GloSS aims to ensure the UK plays a key role in the exploitation of new Earth Observation services,
contributing to the government’s drive to capture at least 10% of the global space market by 2030.

Find out more: www.npl.co.uk/gloss
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It’s about NPLTime®
Critical elements of the UK’s infrastructure, from global
communications to satellite navigation, surveying and transport
systems, are underpinned by the stable and accurate time scale
provided by atomic clocks.
Time is essential in financial trading, where globally-synchronised
clocks need to operate with microsecond or even sub-microsecond
accuracy. To ensure that trades are legal, data packets are
timestamped as they move through different financial networks. But
different organisations implement time in different ways, and without
a single standardised clock, transactions across locations and stock
exchanges are almost impossible to audit and any wrongdoing is
difficult to detect.
To address this problem, NPL has developed a new service, NPLTime®,
which provides a precise time signal, directly traceable to UTC and
independent of GPS, over optical fibre links. Through its trusted
timestamp, certified via a more resilient system than ever before,
NPLTime® ensures confidence and avoids costly inaccuracies.
Trading technology company Intergence became the first managed
service provider to invest in NPLTime®, signing a distribution
agreement with NPL in July. Intergence provide high-end networking
solutions and expertise for many financial powerhouses.
NPL signed a second distribution agreement with TMX Atrium, the
low latency infrastructure arm of TMX Group which includes the
Canadian Stock Exchange. The agreement will enable TMX Atrium to
distribute NPLTime® to its customers initially in the UK and later on in
Europe and North America.
Key to the development of services such as these is NPL’s expertise
in maintaining and improving the UK’s caesium fountain primary
frequency standard, NPL‑CsF2, which contributes to Coordinated
Universal Time (UTC) - the worldwide timescale used for global
communications, satellite navigation and time stamping of
financial transactions.
In January 2014, building on research from long-term collaborators
at Penn State University, NPL scientists were able to evaluate and
reduce uncertainties within NPL‑CsF2, improving its accuracy from
2.3 to 2 × 10–16. This new, lower uncertainty is equivalent to the clock
losing or gaining one second in 158 million years, making NPL’s
caesium fountain one of the most accurate clocks in the world.
As the UK’s home of precise time measurement, NPL continues to
develop ways of measuring time ever more accurately and improve
its trusted timescale, used as the basis for time across the country.
Find out more: www.npl.co.uk/npltime

Image courtesy: iStockPhoto
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New laser lab on wheels
to reduce emissions
The Environmental Measurements Group and the Centre for Carbon Measurement at NPL have launched
a new mobile laboratory to detect and measure emissions that are harmful to the environment. The DIAL
(Differential Absorption Lidar) facility is a sophisticated laser-based system that provides rapid, accurate
measurements of airborne emissions. It is a completely self-contained mobile laboratory that can be shipped,
or driven, to wherever it is needed.
The new, next-generation facility was built following a £1 million investment by NPL and support for the
underpinning science from the National Measurement Office. DIAL will be used around the world to
quantify and visualise emissions from industrial sites, informing operational efficiency improvements,
reducing losses and supporting research and policy developments. Innovative developments include greater
detection sensitivities that offer more accurate results, and a flexible system that enables operators to switch
between the types of pollutants being measured.
David Mackay, Chief Scientific Advisor to the Department for Energy and Climate Change (DECC), said:
“The UK plays a leading role in emissions monitoring, as can be seen by the demand for NPL’s DIAL facility
around the world. We still have a way to go to significantly cut emissions, but having a state-of-the-art facility
that can provide precise data quickly, is a very helpful step towards this goal.”
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TRUTHS moves closer to launch
More than £1.25 million is to be invested in the proposed satellite calibration system, TRUTHS. The Traceable
Radiometry Underpinning Terrestrial- and Helio-Studies (TRUTHS) mission aims to provide the data needed
to reduce uncertainty in climate forecasting and its realisation is one of the long-term objectives of the Centre
for Carbon Measurement at NPL.
A new grant from the UK Space Agency, together with investment from NPL and Airbus Defence and
Space, will contribute to the development of a new, optimised, version of the Cryogenic Solar Absolute
Radiometer (CSAR). CSAR is the key component of the TRUTHS mission and measures the energy incident
on the Earth from the Sun, a vital piece of information when analysing the Earth’s climate. As the heart of the
TRUTHS mission’s innovative in-flight calibration system, CSAR will also enable a step change improvement in
the accuracy of Earth viewing sensors.

Supporting new
pharmaceuticals
for cancer therapy
The first pharmaceutical based on an
alpha‑emitting radioisotope was licensed for
cancer therapy in 2013. Alpha emitters have
the potential to be a very effective form of
treatment, as the short range of alpha radiation
means that the radiation can be targeted on
a tumour while minimising the damage to
surrounding healthy tissue.

Image courtesy: iStockPhoto

The new radiopharmaceutical product is called
Xofigo™ and it is based on an isotope of radium
(223Ra). Radium has similar chemical properties
to calcium; radium is preferentially absorbed
in the tumour as cancerous bone cells absorb
large amounts of calcium as they divide. A
higher radiation dose is therefore delivered to
the tumours than to healthy tissue.
NPL’s role is to support nuclear medicine
departments in checking the quantity of 223Ra
being administered to patients, to ensure that
the treatment is effective and safe. The first
steps (completed in 2014) were to develop
a new primary standard (a difficult task, due
to the complex decay and chemistry of 223Ra)
and to cross-check the standard using several
methods. NPL is currently working with
scientists from the manufacturer, Bayer, to
ensure that accurate measurements are made
in the clinics.
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International
NPL is part of a worldwide network of NMIs with global influence. We have a key role in international
agreements with equivalent institutes abroad, making the UK a significant player in developing
international measurement standards while also representing UK interests. We currently sit on
834 committees or professional bodies, 56% of which are international. We also contribute to the
Mutual Recognition Arrangements whereby institutes worldwide recognise the validity of each
other’s calibration and measurement certificates.
We actively partner with international organisations and other NMIs around the world. In the past
year, major projects with both China and India have come to fruition. International customers now
account for 38% of our competitively-won business, representing 62% of the total value. This year
also sees the change from the European Metrology Research Programme (EMRP) to the new
€600 million European Metrology Programme for Innovation and Research (EMPIR) which NPL
played a pivotal role in securing.
Most importantly, we aim to remain a top three NMI worldwide, maintaining the influence
and reputation that this brings to the UK.

NPL’s
customers
came from
over

30

different
countries
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Atomic force microscopy
at NPL India
Jason O’Neill, Andrew Yacoot and Simon Reilly of the Mass & Dimensional Group have installed a metrological
atomic force microscope (MAFM) at the National Physical Laboratory of India (NPLI). The installation was
the culmination of a three-year project to build, design and install the instrument at the facility in New Delhi.
Atomic force microscopy is a powerful technique used to generate topographic images of a surface at atomic
resolution. NPL’s expertise in atomic force microscopy led to the design of an MAFM which exceeded the
specified uncertainties by an order of magnitude after installation. Exploitation of nanotechnology depends
upon the reliable and accurate measurement of nanoscale properties, and the instrument will enable NPLI to
take part in international comparisons of AFM measurement.

New experiment
to aid mercury
emissions
legislation
A new experiment, designed by NPL and the
Joint Research Centre - Institute for Research
Materials and Measurements (JRC-IRMM),
will help meet emerging requirements for
measuring pollutants from automotive exhaust
emissions. More exacting emissions and
ambient air regulations for mercury have been
introduced as the detrimental effects of this
element on human health and the environment
have been increasingly recognised. Enforcing
this legislation depends on the accurate and
traceable measurement of mercury vapour
in air; however, there has been much debate
over the most accurate way of defining the
mass concentration of mercury vapour at
saturation in air.

Tackling Grand
Challenges
with metrology
The European Metrology Research Programme
(EMRP) funds collaborative research projects to meet
Grand Challenges such as Health, Industry, Energy
and the Environment, and to progress fundamental
measurement science throughout Europe and the
rest of the world. NPL is involved in 18 EMRP-funded
projects which commenced in 2014 and is leading
seven of these.

This collaborative experiment, performed as
part of the EMRP PartEmission project, has
produced fully SI traceable results, and the
determined values are expected to underpin
a future international agreement on how to
accurately define the mass concentration of
mercury vapour at saturation in air.

Find out more: www.npl.co.uk/emrp

33

on
eritaIlnternational

Annual Review 2014 | www.npl.co.uk

Antenna range in China complete
Following two years of design, construction, installation, validation and training, an NPL project to install
an antenna extrapolation range at the National Institute of Metrology (NIM) in China is finally complete.
Extrapolation ranges provide the high accuracy antenna standards essential for applications such
as satellite communications and Earth remote sensing. Since opening a new campus in Changping,
north‑west Beijing, NIM has been keen to improve its microwave antenna measurement facilities through
collaboration with NPL.
Over the course of the project, the NPL team made multiple site visits, produced over 300 design drawings
and manufactured and tested hundreds of parts. In addition to the hardware supplied, the project also
included the provision of software, procedures, validation and training.
The extrapolation range is a chamber lined with radiation absorbing material in the form of foam
pyramids, loaded with carbon particles. This forms an essentially reflection-free environment in which to
test microwave antennas. The measurement system comprises a computer-controlled carriage that moves
on a precision rail guidance system to vary the separation between the antennas, while recording the
received power. The data obtained can then be processed to obtain the gain and polarisation properties of
the antenna under test.

NIM attached great importance to the project, and many directors and experts from government, research
institutes, universities and industry have been invited to visit the new facility. Every visitor highly praised
the collaborative achievement. “The extrapolation range greatly improves China’s national microwave
measurement standards, and is a new highlight in NIM infrastructure construction,” said Mr Wu Fan,
Director of the Division of Electronics and Information Technology at NIM.
It’s hoped that the delivery of the extrapolation range project marks the start of a fruitful partnership
between NPL and NIM, and a symposium to promote future collaboration between the two institutes is
currently being planned for April 2015.

Image courtesy: National Institute of Metrology, China

The equipment was shipped to China in January and, following installation by NPL’s Engineering Services,
the newly-completed extrapolation range is producing excellent results. The performance of the precision
rails, an essential part of the extrapolation range, is much better than expected, leading to very low
uncertainties in antenna parameter measurement, along with optimised system configuration.

International

Time for the world’s
largest telescope
NPL is part of the international consortium working to design and build the Square Kilometre Array (SKA), one
of the largest scientific endeavours in history. Using hundreds of thousands of radio telescopes, the SKA will
enable astronomers to monitor the sky in unprecedented detail and survey the entire sky thousands of times
faster than any system currently in existence. The project takes its name from the total collecting area of the
radio antennas, spread across thousands of kilometres of the Australian outback and southern Africa, which
will eventually comprise the telescope.

© National Physical Laboratory

NPL’s contribution to the project is the design of the SKA time scale. The most demanding part of the time scale
specification relates to the timing of pulsars - rotating neutron stars - over periods up to 10 years. For this, the
SKA time scale will need to be capable of tracking Coordinated Universal Time (UTC) with an offset known to
within 10 nanoseconds over at least 10 years. These measurements will allow the most challenging tests yet of
general relativity in strong gravitational fields, together with the further study of gravitational waves.

Encouraging innovation in
environmental technologies
The Centre for Carbon Measurement at NPL has been successfully operating as a Verification Body for
Energy Technologies under the new EU Environmental Technology Verification (ETV) pilot programme. The
internationally-recognised scheme supports the commercialisation of innovative, environmental technologies,
building buyer confidence through trusted, high quality performance data and facilitating their uptake within
the market.
NPL provides independent and credible verification activities that ensure the environmental performance
claims of an Energy Technology are valid. As part of the programme, NPL scientists have been working on the
verification of an environmentally-friendly lighting system to improve animal welfare at poultry farms. Animals
see light differently to humans, with certain wavelengths causing them distress. Agrilamp™ is a light designed
for farms to improve stress levels amongst animals. NPL’s state‑of‑the‑art facilities allow the system to be tested
for its effects on animals as well as humans, in addition to assessing its safety and energy efficiency.

36

Annual Review 2014 | www.npl.co.uk

A strain on
battery life
As the technology behind smartphones and other compact electronic devices grows more powerful, the
demand it places on batteries increases. New transistor materials are needed that use less power and extend
battery life to avoid limiting performance. Transistors made from piezoelectric materials - those which change
their shape in response to an applied voltage - could operate at one-tenth of the voltage of those currently
used, consuming 100 times less power as they do so. But the measurement framework to better understand
how these materials work and how they can be exploited is lacking.

Image courtesy: iStockPhoto

The EMRP Nanostrain project has been set up to develop traceable measurements of strain at length scales
down to 1 nm. Led by NPL, the project is bringing together public institutions from across Europe, supported
by global industry leaders including IBM, to drive innovation in next generation electronic devices.

European Metrology
Programme for Innovation
and Research launched
Following on from the success of the European
Metrology Research Programme (EMRP) is the
European Metrology Programme for Innovation and
Research (EMPIR), which was launched in February.
The €600 million programme was approved by
the European Commission and Parliament, and
NPL has been awarded the contract for supporting
its implementation. Kamal Hossain, Research &
International Director at NPL and EURAMET
Chairman, led negotiations with the Metrology
Authorities of 28 countries and the EC to deliver the
new programme.

Optical radiometry
in Thailand
NPL is currently undertaking a major project to
supply the National Institute of Metrology in
Thailand with an optical radiation measurement
system, enabling the accurate characterisation of
detectors used in a wide range of applications, from
environmental measurements to the pharmaceutical
industry. The supplied equipment includes a
cyrogenic radiometer system, similar to those used
by many NMIs as the basis for optical radiation
scales; a measurement system to characterise optical
radiation detectors for spatial uniformity and linearity
of response; transfer standard detectors and light
sources; and temperature measurement systems.

NPL published papers with
international institutions from

37

Contact NPL

National Physical Laboratory
The National Physical Laboratory (NPL) is the UK’s National Measurement Institute.
At the heart of our mission is delivering impact by disseminating research and
measurement best practice and traceability for the economic and social benefit
of the nation.
National Physical Laboratory
Hampton Road
Teddington
Middlesex
TW11 0LW
Switchboard 020 8977 3222
www.npl.co.uk/contact

Keep in touch with us
Sign up to receive regular updates:
www.npl.co.uk/keep‑in‑touch
Follow NPL on Twitter:
www.twitter.com/npl
Become a Facebook fan:
www.facebook.com/npldigital
Subscribe on YouTube:
www.youtube.com/npldigital
Follow NPL on LinkedIn:
www.linkedin.com/company/national‑physical‑laboratory
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