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NPL’s secondary ion mass spectrometer,
a highly sensitive technique for investigating
the surface chemistry of samples, located
in the National Centre of Excellence in Mass
Spectrometry Imaging (NiCE‑MSI).
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An Introduction from Brian Bowsher
I am delighted to introduce our 2013 Annual Review. Although we continue to work
in a very challenging financial environment, the National Physical Laboratory (NPL),
as the UK’s National Measurement Institute, had an excellent year in terms of our
science, the growth of our third party revenue and the economic and societal impact
of our work.
NPL’s reputation is founded on our world‑class science
and we are publishing a record number of peer‑reviewed
papers in the most prestigious journals. We have been
in the vanguard of international work to underpin the
precision of the seven base units of the SI system, with
our research in 2013 setting the standard for precision
in temperature, time and electricity (page 20). In the
year, one of our Senior Fellows, Dr Alan Turnbull, was
elected as a Fellow of the Royal Society and our Chief
Scientific Advisor, Professor John Pethica, became a Fellow
of the Royal Academy of Engineering. Our academic
partnerships are very important to us and in 2013 NPL
hosted over 200 visiting researchers. We also recruited
over 100 members of staff, including nine apprentices
for our new Advanced Apprenticeship Scheme.
However, NPL is not only about great science, it is about
applying that science to make a difference to people’s
lives. Other highlights from 2013 include:
• The clearing of the site in preparation for NPL’s
Advanced Metrology Laboratory, which will enhance
the UK's capabilities in quantum, nano and materials
science. £4 million of funding was announced as
part of the government's commitment to Quantum
Technologies to furnish the new laboratory with
state‑of‑the‑art equipment, in recognition of the critical
role played by NPL’s Quantum Metrology capabilities
to a fundamental understanding of the science and
potential commercial opportunities.
• The opening of the second clinical linear accelerator at
NPL by Sir Mark Walport, Government Chief Scientific
Adviser. This represents the continuation of an excellent
partnership with Elekta and the UK is recognised
internationally as providing the most consistent and
accurate radiation dose across all its radiotherapy
centres as a result of NPL’s work.
• The development of NPLTime®, a resilient, traceable and
certified time distribution service for the financial sector
which will eliminate its reliance on GPS.
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• The launch of the Product Verification Programme and
NPL's subsequent selection as a key provider of the
ambitious Sharing in Growth programme – a contract
worth up to £4.4 million. This will enhance skills within
the UK's manufacturing sector, potentially adding
billions of pounds to the UK economy.
• The work to position NPL to play a leading role in the
€600 million European Metrology Programme for
Innovation and Research (EMPIR).
• The growth of our Measurement Services to a
£10 million business with customer satisfaction
approaching 90%.
• The increasing impact of the Centre for Carbon
Measurement at NPL (page 22), notably through
the EU Environmental Technology Verification (ETV)
programme and Climate Knowledge Innovation
Centre (Climate‑KIC).
As a result of these and other activities, NPL’s third party
work now accounts for 40% of the work of the laboratory,
growing by 13% in 2013.
At the end of 2012, David Willetts, Minister for Universities
and Science, in recognition of NPL's role as a critical
national asset, announced a different business model to
apply once the current contract with Serco is completed
in March 2014. He envisaged some form of long‑term
partnership between government and academia to own
and operate NPL. Whilst the details of this arrangement
are still being worked on, NPL remains fully committed to
delivering world‑leading solutions for our customers and
to sustaining our reputation for integrity, independence
and impartiality, built on great science that makes a
real impact.

Dr Brian R Bowsher
Managing Director

"NPL’s Advanced Metrology Laboratory
will enhance the UK's capabilities in
quantum, nano and materials science"
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NPL's Strategy
Our core mission is to deliver excellent and responsive science. This solidifies our
position as a world‑leading National Measurement Institute with international status
and influence. We apply our research for the benefit of the UK economy and society
as a whole, improving commercial efficiency, quality of life and the environment. Our
business is sustainable and we continue to grow our range of products and services
for government and industry.
Excellent Science
NPL's scientific mission is implemented by five distinct Divisions:

Acoustics &
Ionising Radiation

Analytical Science

Engineering
Measurement

Materials

Time, Quantum &
Electromagnetics

Within each of these Divisions are a number of smaller scientific groups that address specific areas of research. Technical work
is supported by the Programmes Directorate which manages activities such as business development, communications and
services, and sets the strategic direction of scientific projects.

International status and influence

}} NPL is involved in international work to underpin
the seven SI base units of measurement and is leading
the race to redefine the units of temperature, time and
electricity (page 20).

}} NPL scientists are recognised as leaders in their fields and
sit on over 800 committees or professional bodies, over
half of which are international in nature, enabling them to
shape the future of research at the highest levels.

}} NPL is participating in 89 projects of the European
Metrology Research Programme (EMRP), which
funds international collaborations between National
Measurement Institutes, industry and academia. This
includes 18 projects announced in the final call for
projects in 2013, of which NPL is leading seven.

}} Alan Turnbull, a senior NPL Fellow who leads NPL's
Electrochemistry Research, was elected a Fellow of the
Royal Society.

}} NPL has also played a leading role in formulating the
European Metrology Programme for Innovation and
Research (EMPIR), a proposed €600 million programme
to succeed the EMRP.
}} NPL collaborates with 75 universities and is working
on over 70 projects with 200 international companies and
government agencies to solve scientific challenges.
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}} Brian Bowsher, NPL’s Managing Director, was elected to
the Science & Technology Facilities Council (STFC).
}} John Pethica, NPL’s Chief Scientific Adviser, was elected
as a Fellow of the Royal Academy of Engineering.
}} Max Ryadnov, who leads NPL's Biotechnology Research,
was elected a Fellow of the Royal Society of Chemistry.
}} Jane Burston, Head of the Centre for Carbon
Measurement at NPL, discussed green growth at the 2013
Sustainable Innovation Forum in Warsaw, Poland.
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Excellent
Science

Impact

}} NPL is directly engaged with 11 of the 72 Centres
for Doctoral Training (CDTs) announced by the UK
government in 2013, which aim to train the next
generation of engineers and scientists.
}} NPL launched the Product Verification
Programme and was selected as one of the key
partners in the Sharing in Growth (SiG) programme,
part‑funded by the Regional Growth Fund and
supported by industry leaders, including Rolls‑Royce.
The contract is worth up to £4.4 million and will enable
NPL to support at least 55 companies. SiG will tackle
barriers to growth, boost exports and grow the number
of high‑value jobs in UK aerospace and manufacturing.
}} A new service called NPLTime® was launched, offering
the financial sector a certified precise time signal,
directly traceable to Coordinated Universal Time (UTC)
and independent of GPS. This removes susceptibility
to problems such as jamming and solar storms and
will help meet the ever‑increasing need for speed in
high‑frequency financial trading.
}} The opening of a second clinical linac facility at NPL
will provide excellent research opportunities to drive
forward the development of measurement science in
the area of radiation dosimetry. This facility will extend
the National Measurement System’s commitment to
improving the treatment of cancer.
}} NPL became the first National Measurement Institute
to launch an e‑Learning programme that provides
a range of measurement expertise to users via
computers, tablets and smartphones, giving them
access to training anywhere, at any time.
Find out more: www.npl.co.uk/e‑learning

Growing and sustainable business

}} There has been a 13% growth in NPL Commercial
Services sales in 2013.
}} NPL's Measurement Services business has grown
to £10 million per annum, and in 2013 provided
1,400 customers with 6,800 calibrations.
}} Over 100 new members of staff were recruited in
2013. An additional 217 people are now working in
partnership with NPL. This includes 15 consultants,
53 guest workers, 11 joint appointments, 94
postgraduates and 44 students.
}} NPL’s commercial work in the space sector has seen
significant growth in 2013. A series of new projects is
under way with organisations such as the European
Space Agency and UK Space Agency, SMEs, Large
System Integrators and academic groups. NPL also
provided input into the UK Space Innovation and
Growth Strategy, an ambitious plan to grow the UK's
space sector from around 6% of the £160 billion world
space economy to 10% of a space economy likely to
be worth £400 billion by 2030, while creating at least
100,000 high value jobs.
}} NPL welcomed its first intake of nine paid apprentices
onto the new Apprenticeship Scheme.
}} The NPL Academy saw 33 work experience students
attend NPL for one week to carry out projects,
build water rockets and get a feel for the world of
professional science.
}} NPL won the Royal Society for the Prevention of
Accidents Occupational Health and Safety Sector
Award for the second year running, proving a
consistent commitment to Health & Safety.
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Acoustics & Ionising Radiation
Acoustics | Radiation Dosimetry | Radioactivity | Neutron Metrology

The Acoustics & Ionising Radiation Division is made up of four groups, with a total
of 84 scientists plus three joint appointments with key partner organisations. The
Division has a significant impact on healthcare, through support for the delivery of
clinical ultrasound, radiotherapy and nuclear medicine; the environment, through
the measurement of noise from transportation and offshore underwater activities;
and the energy sector, through delivering calibrations and research important for the
operation, development and decommissioning of nuclear facilities.
Particular highlights from 2013 include the installation of a second clinical linac, as
part of an agreement with Elekta, which will further enhance the impact of NPL’s work
in support of radiotherapy (page 19). There have also been significant activities
in support of the UK government in terms of establishing best practice in the
measurement of underwater noise from offshore renewable energy systems.
Testing tiles for ultrasound treatment
A simple tool developed at NPL helps to visualise the
acoustic energy delivered by ultrasound treatment
heads, commonly used by physiotherapists to accelerate
the healing of tissue injuries. The heads vibrate in a
complex pattern, causing variations in acoustic pressure
and intensity over the area being treated. This can
result in ‘hot‑spots’ of excessive heating and even lead
to tissue damage. The NPL ‘imager tile’ has a layer of
thermochromic crystals that lose colour when heated
and regain it when cooled. When the treatment head
is applied to the tile for a 10 second period, a pattern
appears that represents the temperature distribution
generated. This in turn relates to the spatial distribution
of the acoustic intensity. The visual pattern will help alert
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physiotherapists to ‘hot‑spots’, allowing them to move
the head to smooth the intensity or reject it where it
could cause a patient more harm than good.

Next‑gen tool for loudspeaker design
NPL scientists have furthered their development of a
novel laser‑based measurement technique for mapping
sound propagation in air. The acousto‑optic technique
is a valuable tool for the design and testing of acoustic
products, including loudspeakers, speaker cabinets, and
acoustic absorbers and diffusors.
“NPL’s laser‑based acousto‑optic measurement
technique provides a rapid, reliable method of viewing
every aspect of loudspeaker dispersion. We are
delighted to have collaborated with NPL to pioneer
this highly innovative technique and we will apply this
ground‑breaking knowledge to further the development
of all our products.” – Peter Thomas, founder of high‑end
loudspeaker manufacturer PMC Ltd.
Find out more: www.npl.co.uk/pmc‑collaboration

Rotational radiotherapy audit completed
NPL scientists visited 37 UK radiotherapy centres from
Glasgow to Guildford to complete a National Rotational
Radiotherapy Audit with the Radiotherapy Trials Quality
Assurance Group, Royal Surrey County Hospital and
the Institute of Physics and Engineering in Medicine.
Rotational Intensity Modulated Radiotherapy is a relatively
new type of cancer treatment where a machine rotates
around a patient to deliver a dose of radiation to a
tumour. This type of radiotherapy has seen rapid uptake
because it offers reduced treatment times and spreads
out the unwanted dose to healthy tissue. The audit
was necessary to ensure the quality and consistency of
treatments and found that the vast majority of the centres
are doing an excellent job, while highlighting areas where
improvements could be made.

News in brief…
}} NPL scientists, in collaboration with researchers in
Belgium and Italy, published research that could help
provide a primary standard for dose measurements
of carbon ion beam therapy used to treat cancer. The
published paper was selected as a Featured Article in
the journal Physics in Medicine and Biology.
}} A state‑of‑the‑art camera capable of capturing
images at 330 million frames per second is being
used to study bubble dynamics at NPL. Bubbles
form and implode due to the presence of ultrasound
waves in water during a process known as 'acoustic
cavitation'. This can be exploited to sterilise medical
instruments, to clean computer chips or to assist
chemical reactions.
}} Paddy Regan, an expert in nuclear spectrometry
and nuclear physics, was appointed the UK’s first
Professor of Radionuclide Metrology as part of a joint
initiative between NPL and the University of Surrey.
This strategic initiative aims to address some of the
scientific challenges posed by the decommissioning
of old nuclear power stations and the construction of
new ones.
}} Gianluca Memoli won the Institute of Acoustics
Award for Promoting Acoustics, in recognition of his
sustained outstanding contribution in this area.
}} The Algaemax project, funded by the European
Commission under the Seventh Framework
Programme and part of the Research for SMEs (R4SME)
scheme, aims to reduce the amount of energy needed
to harvest algae, for uses such as livestock feeds
and pharmaceuticals. NPL is working to develop an
ultrasound‑based flow processor, which harnesses low
power sound to increase the concentration of algae
prior to harvesting and reduce processing costs.
}} NPL’s unique neutron production facilities hosted
a test of a new radiation survey system based on an
unmanned aerial vehicle (UAV). Project RISER (Remote
Intelligent Survey Equipment for Radiation) is funded
by the Technology Strategy Board and aims to reduce
the need for humans to enter potentially hazardous
environments to carry out tests at nuclear facilities.
}} NPL was commissioned by The Crown Estate to
carry out a study on the potential environmental
consequences of underwater noise emitted by wave
and tidal stream energy devices.
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Analytical Science
Environmental Measurements | Nanoanalysis | Gas & Particle Metrology | Biotechnology

The Analytical Science Division is made up of four groups with a total of 105 scientists,
guest workers and students. The Biotechnology Group delivers high‑impact research
elucidating protein structure‑function relationships to underpin developments in
pharmaceuticals and healthcare. The Environmental Measurements Group provides
traceable, high‑quality pollution monitoring and services for government, regulators
and industry, and leads UK air quality monitoring networks, which assess atmospheric
pollutants and provide traceable inputs for climate models.
The Gas and Particle Metrology Group is one of the most experienced teams in its
field globally and makes measurements ranging from the composition of natural gas
to the performance of organic electronic devices. The launch of the National Centre
of Excellence in Mass Spectrometry Imaging (page 18) builds upon the world‑class
facilities of the Nanoanalysis Group, which measures the physical and chemical
properties of surfaces down to the nanoscale.
Antibiotics and anti‑antibiotics
NPL led a research team that carried out two studies into
how protein fragments in our bodies destroy harmful
bacteria ‑ potentially moving us a step closer to a new
generation of antibiotic treatment less prone to bacterial
resistance. The protein fragments, known as 'antimicrobial
peptides', prevent infection by identifying and disrupting
the structure of bacterial membranes, but little is known
about the precise mechanisms they use to carry out this
function. One study tried to better understand exactly
how these peptides work. Using nanoscale imaging,
computer simulations and protein design, the team
discovered a new mechanism by which antimicrobial
Annual Review 2013 | www.npl.co.uk

peptides rip holes in bacterial cells to destroy them.
In the second study the team explored the effect of
artificial peptide sequences designed to be antagonistic
towards antimicrobial peptides. These anti‑antimicrobial
sequences were shown to interact with antimicrobial
peptides to form inert molecular complexes. This
suggests they could be used as the basis of efficient
antimicrobial resistance mechanisms.

Gas sensing for clean environments
Honeywell Analytics manufactures and sells advanced gas
detection devices for ultra‑low level gas detection and
asked NPL to investigate the best methods of producing
reference standards for a series of problematic, reactive
substances. A project was set up to carry out the work
and, after conducting a thorough investigation, NPL
scientists were able to recommend the best methods for
generating the standards.
"We take the protection of people very seriously and
understand that small variations in reference standards
can have big consequences in the reliability, accuracy
and overall performance of our customers' safety
equipment. The work done by NPL will assist us in our
continued efforts to ensure the highest provision of
safety in environments where gas leaks may occur."
– Steve Forrest, Strategic Marketing Leader EMEAI for
Honeywell Analytics.

New collaboration with pharmaceutical giant
The National Centre of Excellence in Mass Spectrometry
Imaging (NiCE‑MSI) at NPL is working with major
pharmaceutical company GlaxoSmithKline on a project
called '3D nanoSIMS – world beating label‑free molecular
imaging’. The project team is developing a revolutionary
3D label‑free molecular imaging system with nanometric
spatial resolution, going beyond the micrometre
resolution imaging currently available. This new
instrument could help identify where drugs go at the

cellular level, answering long‑standing questions about
whether drug concentrations are sufficiently high in the
right places to have the desired therapeutic effects.
Find out more: www.npl.co.uk/nice‑msi

News in brief…
}} NPL conducted trials, commissioned by the
Department for Environment, Food and Rural
Affairs (Defra), on various methods of sampling and
measuring bioaerosols at composting facilities. As a
result of the initial work, NPL now offers a bioaerosol
monitoring service to quantify airborne spore levels of
the pathogenic fungus Aspergillus fumigatus.
}} A paper published by Richard Brown in the journal
Environmental Science: Processes & Impacts was
highlighted by the publication as a ‘HOT article’. The
paper proposes a new pollution modelling method
that is quicker and less complex than the current
system, and can predict missing data more accurately.
This is just one of 20 papers authored by Richard that
appeared in peer‑reviewed scientific journals in 2013.
}} A paper published by Paul Brewer on NPL’s silver/
silver chloride reference electrode work was awarded
the Cooperation on International Traceability in
Analytical Chemistry (CITAC) 'Best Paper in Metrology
in Chemistry Award'. This award is made annually
to ‘highlight remarkable papers in the field of
Metrology in Chemistry because of their important
scientific content’.
}} NPL worked with ReactivLab in a project to test the
batch quality of latex particles, supplied by a third
party, used in their diagnostics test for diseases in dogs.
Using techniques such as dynamic light scattering
analysis, NPL quickly identified the bad batches,
providing ReactivLab with confidence over the
reliability of their test.
}} NPL is investing over £1 million in a new mobile
instrument to remotely monitor airborne emissions.
The new mobile system will be based on Differential
Absorption Lidar (DIAL), which can provide rapid,
accurate measurements of emissions up to 3 km away
from industrial plants (page 18).
}} NPL has joined the Graphene Stakeholders
Association (GSA) as a lifetime member and will work
closely with the Association to promote the
responsible development of graphene,
graphene‑enabled technologies and their applications.
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Engineering Measurement
Optical Measurement | Temperature & Humidity | Mass & Dimensional | Measurement Services

The Engineering Measurement Division comprises four groups, with 92 permanent
staff and up to 40 other joint appointments, guest workers and postgraduate
researchers. The Mass & Dimensional Group realises the fundamental units of
length and mass, and solves a wide range of industrial problems. Nano‑dimensional
measurements support high‑value industries, while, at the other end of the scale,
in‑situ measurements of large‑scale assemblies support advanced manufacturing,
aerospace, space and big science. Earth Observation research supports climate
measurements across a number of areas, including quality assurance and satellite
sensor calibration. NPL's Measurement Services team provides over 2,000 traceable
calibrations every year to the highest achievable level.
In 2013, the Temperature team published the results of the world’s most accurate
temperature measurement (page 21), as part of the Boltzmann constant
redetermination, and its applied thermometry work develops measurements in
production environments, healthcare and energy generation.
Good vibrations at the European Space Agency
NPL developed devices for the European Space Agency
(ESA) to help improve measurements of micro‑vibrations.
Before any satellite is launched into space, each
component is tested for the mechanical vibrations
it produces. If these measurements are unreliable,
unexpected vibrations can disrupt other sensitive
instruments on board the satellite, potentially impacting
the performance of the entire mission. To help prevent
this, NPL built a device for ESA known as the ‘little shaker’.
This acts as a portable reference standard, producing
known vibrations for calibrating instruments at forces
Annual Review 2013 | www.npl.co.uk

ranging from 10 newtons (the weight of one kilogram) to
10 micronewtons (less than one tenth of the weight of an
eyelash). NPL has also produced a separate device for ESA
that isolates vibration, rather than producing it.

Liquid lens shrinks laser measuring device
Lasers are widely used in many areas of science, industry
and medicine, and the quality of the beams they produce
needs to be measured to make sure they perform
correctly. Commercial measuring devices are available
but are slow, cumbersome and difficult to set up. NPL
developed a prototype to shrink these devices to a more
manageable size by using liquid lens technology, which
eliminates the need to physically move a lens when
focusing the laser beam onto a detector. This prototype
device has now been taken into production by UK‑based
SME Arden Photonics.
"By partnering with NPL and taking the BQM‑50 into
production, we can offer customers a more flexible and
usable solution, at lower cost than other products on
the market." – David Robinson, Managing Director of
Arden Photonics.

Ocean colour seen
Ocean colour is one of many measurements made by
Earth Observation satellites, and one of the most
challenging. Oceans absorb much more light than
continents, so the measurements need to be sensitive
enough to detect small changes in whatever light the
water reflects back to satellites and also checked regularly
against measurements made at sea. This post‑launch
calibration process is vital to ensuring the data collected by
the satellites is accurate. NPL is working to improve ocean
colour in‑situ measurements by investigating the sources
of uncertainty and improving the calibration of commercial
instruments. NPL is also involved in the calibration and
characterisation of 13 radiometers that are currently
operating at a measurement site in the Mediterranean Sea,
around 60 km off the coast of France.

News in brief…
}} A new NPL areal calibration set features eight
separate physical artefacts for calibrating measuring
instruments commonly used in industry to measure

State‑of‑the‑art facility in Huddersfield
NPL opened a new laboratory at the University of
Huddersfield’s 3M Buckley Innovation Centre. This new
laboratory is equipped with a wide range of the most
modern inspection equipment and will support the
development of complex, hard‑to‑measure parts such
as aero blades and engine components, as well as
medical components such as replacement joints and
plastic syringes. The opening of the new laboratory
provides easy access to NPL's world‑leading expertise to
companies based in Yorkshire and the north of England,
a region responsible for a significant proportion of
UK manufacturing.
Find out more: www.npl.co.uk/huddersfield

surfaces such as jet engine turbine blades.
}} NPL has developed a dynamic pressure sensor
calibration facility to provide increased confidence
in the high speed pressure sensors used in industrial
applications such as gas turbine and internal
combustion engine development.
}} Michael de Podesta, from the Temperature &
Humidity Group, wrote an article for New Scientist
magazine (issue number 2922) on the never‑ending
quest to reach absolute zero and how that journey
has exposed a world of scientific marvels.
}} NPL began working with the High Speed Sustainable
Manufacturing Institute (HSSMI), providing
extensive experience and facilities to test and
validate equipment related to HSSMI’s research into
sustainable, high speed manufacturing technology.
}} Technicians from Vestas, the world’s largest
manufacturer of wind turbines, undertook NPL's
Dimensional Measurement training course. This
helped them to evaluate new technologies and
processes, and identify how to implement the best
ones for the job.
}} Employees from Spirit AeroSystems completed
NPL’s Geometrical Dimensioning & Tolerancing
course to develop new skills for use in their jobs.
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Materials
Engineered Materials | Electrochemistry | Functional Materials | Materials Processing & Performance | Mathematics & Modelling

The Materials Division is made up of five groups with 110 specialist scientists. The
Division has a significant impact on the UK’s Advanced Manufacturing sector through
its non‑destructive evaluation (NDE) techniques for large composite structures
and electronics inspection techniques for on‑board in‑life monitoring. The Energy
sector benefits from research into conventional and renewable power generation
such as fuel cells, turbine blade coatings and solar photovoltaics, and work on the
modelling of corrosion and multi‑sensor networks is important for a range of other
industrial areas.
Particular highlights from 2013 include successful metrology projects which have led
to the development of high temperature capacitors for transport applications, a novel
method to print silver to fabrics, offering the possibility of low‑cost flexible electronics,
and important breakthroughs in the measurement and modelling of the growth of
cracks due to corrosion and other mechanisms.
New capacitors to improve electric vehicles
The Technology Strategy Board programme for Low
Carbon Vehicles funded NPL scientists and collaborators
to develop a new ceramic capacitor dielectric material
with a high energy density, for use in the power
electronics of electric and hybrid vehicles. The new
material is called 'HITECA' and operates with a stable
capacitance at temperatures of 200 °C and above.
This higher operation temperature reduces the need
for cooling and the associated extra weight of the
vehicles, increasing their efficiency and reliability.
HITECA capacitors could also improve high temperature
electronics in the aerospace, power, oil and gas industries.
Annual Review 2013 | www.npl.co.uk

Digital imaging for structural health

Unzipping DNA with the flick of a switch

NPL, Omnicom Engineering and Atkins are developing a
digital imaging system that provides a fast, efficient and
automated way to inspect civil engineering structures
such as tunnels and bridges. DIFCAM – Digital Imaging
for Condition Asset Monitoring – uses a technique called
'Digital Image Correlation' to compare high‑resolution
digital images of a structure. By spotting the differences in
images taken at different times, the system can recognise
the development of features such as cracks and defects.

A research team from NPL and the University of
Edinburgh invented a new way of controlling DNA
using electrochemistry. This could enable lab‑on‑a‑chip
technologies, as it removes the need for slow and
costly high‑temperature processing in the polymerase
chain reactions used in biotechnology to copy DNA
for sequencing and cloning. The team used a class
of molecules called 'DNA intercalators', which bind
differently to DNA depending on their chemical state,
altering the stability of the DNA strands. These molecules
are also electroactive, meaning that their chemical state
can be controlled with an electric current. With a flick
of a switch, the oxidation state of the molecules can be
changed ‑ resulting in the DNA strands to which they are
bound being zipped together or pulled apart.

“We are excited to be working with NPL scientists on
the DIFCAM project, using their expertise in materials
science and digital image correlation. DIFCAM has
been developed to meet the need for fast, efficient,
automated methods for visual inspection of assets over
time, reducing the subjective factors that are associated
with human visual inspections and reducing the need
for costly and dangerous access to remote or hazardous
infrastructure environments.” – Daniel Jonas, Head of
Innovation at Atkins.
Find out more: www.npl.co.uk/difcam

News in brief…
}} Water is one of the most common and extensively
studied substances on earth but its unique behaviour
has yet to be explained in terms of the properties

The future of wearable electronics

of individual molecules. Research from NPL, the

Scientists at NPL developed a way to print silver directly
onto fibres. This new technique could make integrating
electronics into all types of clothing simple and practical.
This has many potential applications in sports, health,
medicine, consumer electronics and fashion. The
technique involves chemically bonding a nano‑silver
layer onto individual fibres to a thickness of 20 nm. The
conductive silver layer fully encapsulates fibres and has
good adhesion and excellent conductivity. Silver also
has antibacterial properties, opening up opportunities
for medical applications such as wound dressings, face
masks and long lasting anti‑bacterial wipes, as well as
military clothing.

University of Edinburgh and IBM’s TJ Watson

Find out more: www.npl.co.uk/smart‑textiles

Research Center revealed a major breakthrough in
the modelling of water that could shed light on its
mysterious properties.
}} NPL has developed a novel technique for the
simultaneous measurement of the active catalyst
area in each cell in a polymer electrolyte membrane
(PEM) fuel cell stack. This diagnostic tool enables for
the first time monitoring of loss of catalyst surface
area throughout the lifetime of the stack. Fuel cells
is one of five energy technologies for which NPL
has been accredited as a Verification Body under
the EU Environmental Technology Verification (ETV)
pilot programme, a new scheme for companies
developing and commercialising innovative
environmental technologies.
}} Nigel Jennett has been appointed Visiting Professor
of Engineering at the University of Leicester, as part
of a developing collaboration between the NPL
Materials Division and the university.
}} NPL is leading the EMRP Nanostrain project, an
international collaboration which aims to deliver
highly accurate measurements of strain in materials
at the nanoscale, to help bring highly influential new
technologies to market in diverse sectors such as
microelectronics, ICT, 3D printing and sensors.
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Time, Quantum & Electromagnetics
Electromagnetic Technologies | Quantum Detection | Time & Frequency | Electromagnetic Measurements

The Time, Quantum and Electromagnetics Division is made up of four groups, with a
total of 100 scientists plus three joint appointments with key partner organisations.
The Division includes internationally‑leading research groups in the fields of atomic
clocks, frequency standards and quantum electrical metrology (page 21). Work
includes the development of characterisation techniques to support the use of
graphene in commercial applications, as well as in measurement standards based on
its unique properties. The Division is also responsible for the UK's national time scale
and increasingly for the distribution of time and other standards direct to users.
The Electromagnetic Measurements Group offers measurement and calibration
services for a wide range of technologies including satellite and mobile phone
transmitters, high performance measurement equipment and industry calibration
standards. Its research develops new measurements for future applications in
communications, space, smart grids and healthcare.
NPLTime®
A new service called NPLTime® was launched, offering
the financial sector a certified precise time signal,
directly traceable to Coordinated Universal Time (UTC)
and independent of GPS. This removes susceptibility to
problems such as jamming and solar storms.

Cold atoms for quantum technology
In order to study, and potentially use, quantum effects,
scientists need to cool down atoms close to absolute zero
using a combination of laser beams and magnetic fields.
A team from NPL, the University of Strathclyde, Imperial
College London and the University of Glasgow has used
micro‑fabrication technology to create a new type of
Annual Review 2013 | www.npl.co.uk

magneto‑optical trap that can deliver 10,000 times more
atoms than was previously possible. The trap is also the
first of its kind to reach temperatures down to a few tens
of microkelvin, just above absolute zero. The integration
of laser cooling and trapping into a compact package
will help reduce the size and complexity of devices
built on atom chips, accelerating the development
of experimental quantum technologies and the
miniaturisation of atomic measurement tools.

Graphene: realising the potential
Graphene is an ultrathin, flexible and conducting form
of carbon with many extraordinary properties, which
are either unique or surpass those of other materials.
NPL is working to build measurement capability and
international standards for graphene, and uses the
unique properties of graphene to develop new quantum
electrical standards.
• Collaborative research has developed a fast and
inexpensive optical tool for quality control of graphene
grown on silicon carbide. This will help ramp up the
production of graphene to the levels and perfection
required by the electronics industry.
• An important step has been taken towards
standardising important electrical parameters of
graphene such as surface potential and work function.
These standards are needed to understand the
properties of graphene to the required level for wider
commercial uptake.
• NPL has joined the Graphene Flagship consortium,
which received half a billion euros in funding from
the European Commission and will help advance
NPL's work on more accurate quantum standards
based on graphene. NPL is the only National
Measurement Institute represented in the large
international consortium.
Find out more: www.npl.co.uk/graphene

Comb comparison
A frequency comb is a device based on a femtosecond
pulsed laser that emits light at a series of equally‑spaced
frequencies resembling the teeth of a comb. These
devices are used to measure and compare the
frequencies of the next generation of optical atomic
clocks. Research presented at the 2013 European Time
and Frequency Forum has shown that two of NPL's
femtosecond frequency comb systems are able to
measure the ratio between different optical frequencies
to a fractional uncertainty as low as 3×10–21. This is more
than 100 times better than the projected uncertainty of
optical clocks.

Improving electron control
The strange features of quantum mechanics can be
accessed using single electrons as carriers of quantum
information. Research from NPL has revealed key details
about how electrons are ejected from electrostatic traps
and demonstrated that they can actually be detected
several micrometres away – a relatively far distance
from the source. The new measurement techniques,
described in Physical Review Letters, could contribute to
the design of electron pumps and possibly form part
of a future method of quantum information transport
using electrons.

News in brief…
}} NPL scientists have demonstrated how a technique
called 'terahertz time‑domain spectroscopy' could be
used to help spot fake clothing and combat textile
counterfeiting, which costs designers and retailers in
the UK an estimated £3.5 billion each year.
}} A collaboration with the Qian Xuesen Laboratory
of Space Technology in China and the Surrey Space
Centre at the University of Surrey has resulted in
a smart antenna with an electronically steerable
beam that can improve the capacity of wireless
communication networks significantly.
}} NPL is participating in the European Space Agency’s
Atomic Clock Ensemble in Space (ACES) mission,
which is due to launch a payload including two
atomic clocks onto the International Space Station in
2016. The UK government is also funding the lease
of a fibre link from NPL to the Satellite Applications
Catapult in Harwell, Oxfordshire.
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Around NPL
The NPL site in Teddington, south‑west London, features over 35,000 m² of laboratories
and offices, and has been home to excellent science since NPL was first established in
1900. Continued investment in new buildings, equipment and science centres keeps
NPL at the forefront of scientific research and allows it to deliver significant value to the
economy in the UK and beyond.
2013 has seen a number of high profile investments and plans secured to continue the
evolution of the site into a vibrant hub of science and technology, with state‑of‑the‑art
facilities and great historical significance.
University teaching facility

}} A new purpose‑built teaching area at NPL provides
space for up to 40 students and office facilities for
lecturers. The facility is used predominantly by St Mary’s
University College in Twickenham, which introduced
its first Applied Physics degree in September 2013. The
degree programme is designed to support students
in their future careers via a strong engagement with
high‑tech companies at the cutting edge of research
and development. The majority of the experimental
and project work undertaken by the students will take
place at NPL.

NiCE‑MSI

}} The National Centre of Excellence in Mass
Spectrometry Imaging (NiCE‑MSI) was established at
NPL in partnership with the University of Nottingham
to boost the application and impact of mass
spectrometry imaging techniques, which provide
powerful eyes on the molecular and atomic world.
Recent advances allow molecules to be imaged in 3D,
in real time and in ambient conditions, and for the
distribution of large biomolecules to be studied.
NiCE‑MSI also involves strategic partners at the
University of Oxford; University of Surrey; St George’s,
University of London; and LGC. NiCE‑MSI is working
on projects with major industrial collaborators,
such as GlaxoSmithKline and Samsung.

New DIAL system

}} NPL’s latest Differential Absorption Lidar (DIAL)
is a self‑contained mobile laboratory that provides
rapid, accurate measurements of airborne atmospheric
pollutants at ranges of up to 3 km. It can be used for
different applications including environmental impact
assessment, plume tracking from industrial plants and
measurements in hazardous areas.
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Water Rockets

}} The 2013 NPL Water
Rocket Challenge saw
over 50 teams build,
modify and launch
water rockets,
raising over £2,300
for the Shooting Star
CHASE hospice charity
in the process.

Bushy House – Open House

}} NPL was established at Bushy House in 1900 and
has grown around the original house and grounds in
the years since. In 2013 the doors of Bushy House were
opened to the public for two days as part of Open
House London and around 1,200 visitors took the
chance to see the historic building and gardens.

Advanced Metrology Laboratory

New linac

}} A second clinical linear accelerator (linac) has been
installed at NPL and a new facility to house it was
formally opened in December 2013, representing the
culmination of a unique partnership between BIS,
Elekta and NPL. NPL scientists use the linac to help
improve the dose measurements of radiotherapy
treatments for cancer patients.

}} The Advanced Metrology Laboratory will enhance
the UK’s capabilities in quantum technologies,
nanotechnologies and innovative materials, building
on NPL’s world‑leading expertise in these areas. The
new facility will house around 20 separate laboratories
specially designed for high precision measurement
science. These will provide a tightly controlled research
environment with stable temperature and humidity
levels, minimised interference from vibration (direct
and acoustic), and electrical and magnetic fields.

Road names

}} Many of the roads around the NPL site are named
after eminent scientists and senior managers who
worked at NPL over the years. These include Alan
Turing, whose work at NPL led to the development of
the Pilot ACE computer, and Louis Essen, who designed
the first accurate atomic clock at NPL in 1955, leading
to a fundamental shift in the way that we define time.
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Being a National Measurement Institute
www.npl.co.uk/being‑an‑nmi

NPL is the UK's National Measurement Institute (NMI) and one of the
top measurement laboratories in the world. With this position comes a
responsibility to ensure that our ability to measure remains ahead of the
needs of society, whether in science, industry or healthcare. NPL also liaises
with international standards organisations and NMIs from other countries
to ensure that measurements made in the UK are comparable to those
made all over the world.
The National Measurement Office, an executive agency of the Department
for Business, Innovation and Skills, is responsible for developing the UK's
National Measurement System and funding research delivered by NPL.
SI – redefined
The International System of Units, known commonly as the 'SI', provides a
framework for all modern science and technology. An international effort is
under way to develop a 'New SI' for the 21st century, in which the base
units are defined in terms of fundamental constants of nature, such as the
speed of light or the charge of a single electron. Linking measurement units
to these constants will ensure that the definitions do not need to change
again in the future, even in the face of rapid advances in technology.
Ground‑breaking work, undertaken over several years and reaching fruition
in 2013, has positioned NPL to lead the way in the redefinition of the units
of temperature, time and electricity.
Annual Review 2013 | www.npl.co.uk

the previous best measurement, while remaining
in agreement with it. Improved measurements of
optical clock frequencies are a key step towards a
future redefinition of the second, and other potential
applications of these clocks range from improved satellite
navigation to sensitive tests of fundamental physics.

Electricity

Temperature
In 2013, NPL performed the most accurate measurement
yet of the Boltzmann constant, which states how much
energy at the individual particle level corresponds to
each degree of temperature. The research used acoustic
thermometry to precisely measure the speed of sound
in argon gas, allowing NPL scientists to calculate the
average speed of the argon molecules, and hence their
average kinetic energy.
"When you touch an object and it feels ‘hot’ you are
literally sensing the ‘buzzing’ of the atomic vibrations.
The new definition directly links the unit of temperature
to this basic physical reality. Our measurement provides
a solid foundation for the redefinition of the kelvin
and degree Celsius directly in terms of the Boltzmann
constant.” – Michael de Podesta, NPL lead researcher.
The image above of Michael de Podesta, reflected in
the acoustic resonator used in the experiment, featured
on the cover of the August 2013 print edition of Physics
World magazine and was chosen as one of their favourite
pictures of 2013.

Time

A joint innovation from NPL and the University of
Cambridge could pave the way for redefining the
ampere, the SI unit of electric current. The research
team successfully produced the first single electron
‘pump’ made from graphene, the two‑dimensional
crystal of carbon. A single electron pump creates a flow
of individual electrons, emitting them one at a time
at a steady rate to create a well‑defined current. The
challenge is to create a pump that operates at a very high
frequency with very high efficiency.
Graphene is not the last word in creating an ampere
standard, with alternative methods being explored
by NPL and other laboratories. However, the unique,
structure of graphene enables faster operation of the
pump, overcoming a significant hurdle faced when using
more conventional materials.

Coherent redefinition
In the ‘New SI’, the seven base units will be linked to
fundamental constants, but the values assigned to these
constants are also linked to one another in intricate
ways. Due to these links, the redefinition of the ampere,
for example, can only proceed once research has been
completed into the redefinition of the kilogram, the only
SI unit still based on a physical artefact.
In 2013, progress was made in understanding the
differences between two possible routes to a new
kilogram and NPL scientists are now working on
a European collaborative project to ensure the
smooth transition to a new mass standard for science
and industry.

Timekeeping today is based on highly stable atomic
clocks that can run continuously over many years. NPL
is developing and characterising a new generation of
optical atomic clocks based on laser‑cooled trapped
ions and atoms. These new atomic clocks will operate at
optical rather than microwave frequencies, improving our
ability to realise the SI unit of time, the second, by one or
two orders of magnitude.
In 2013, NPL scientists made a new absolute
measurement of one of these optical frequencies – the
674 nm optical clock transition in an ion of strontium
(88Sr+) ‑ which is nearly four times more accurate than
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Centre for Carbon Measurement
www.npl.co.uk/carbon‑measurement

Global climate change is one of the most challenging issues facing policy makers and
businesses today. The Centre for Carbon Measurement at NPL brings measurement
science to this challenging issue to provide critical support to the climate science,
policy and low carbon business communities.
The Centre continues to invest in areas where research at NPL can help improve
climate data, carbon markets and low carbon technologies. This has led to a
substantial increase in the number of scientific projects and staff working on climate
science and low carbon technologies at NPL.
Digitizing smart grids
Real‑time monitoring of the electricity grid is necessary
to minimise compromises and maximise efficiency.
Scientists at the Centre for Carbon Measurement
have developed a ‘digitizer’ that provides one of the
most accurate portable methods of making these
measurements. The digitizer samples measurements
of current and voltage about 25,000 times per second

and sends them to an analogue‑to‑digital converter.
It then carries out real time mathematical analysis
using NPL‑developed algorithms to calculate various
parameters relating to power quality. The system is
currently being used to support improvements in
power transmission across a new 255 km submarine
cable between Sweden and Poland, as well as in wind
turbine testing in Denmark. An independent report has
calculated a projected impact of over 800,000 tonnes of
carbon dioxide equivalent saved due to better planning
of the electricity grid.

Climate‑KIC Partner
The Centre for Carbon Measurement has been made
a partner of Climate‑KIC, one of three Knowledge and
Innovation Communities (KICs) created by the European
Institute of Innovation and Technology. Climate‑KIC
focuses on public/private partnerships and international
collaboration, and NPL has been involved in a wide
range of projects with partners including Veolia, Astrium
Services and National Grid.
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Fugitive methane emissions
While the quantity of methane in the atmosphere
is relatively small, its comparative impact on global
warming is high ‑ around 86 times that of CO2 over its
first 20 years. Consequently, methane has been targeted
for emissions reductions and is subject to increasing
regulation. The Centre for Carbon Measurement
at NPL is leading a European project called 'FuME'
(Fugitive Methane Emissions), with over €1.2 million
funding awarded by Climate‑KIC, that aims to help
industries detect and quantify their methane leaks. The
project will develop methane measurement services,
including modelling tools, a laser based open‑path
methane detection spectrometer and sensor networks.
Industry representatives Cuadrilla Resources, Veolia
Environnement and National Grid will provide sites and
operational expertise to the project.

Forest carbon estimates
NPL’s Trustable Data for Carbon, Science and Finance
(TruDAT) project was set up to address the uncertainty
in forest carbon data and understand the processes
needed to produce carbon estimates. Two tools were
developed, which will be available for use in a wide
range of climate‑related activities. The Centre for
Carbon Measurement will continue this work through
the Climate‑KIC‑funded project ‘FOREST’, which started
in 2013.

"The Centre for Carbon Measurement
at NPL has supported businesses large
and small with their innovations and in
some cases has even designed its own
emissions saving technologies."
Greg Barker,
Minister of State for Climate Change

"The Centre for Carbon Measurement
at NPL brings together academic
and business partners with government
and is designed to ensure that we
can have confidence in the
measurements we need to improve
our understanding of the global climate,
deliver policies for mitigating climate
change, and accelerate the development
of low carbon technologies."
David Willetts,
Minister of State for Universities and Science

EU Environmental Technology
Verification (ETV) Pilot Programme
The Centre for Carbon Measurement at NPL became
the first UK Verification Body for Energy Technologies
under the new EU Environmental Technology Verification
(ETV) pilot programme. ETV is a voluntary scheme that
provides verification from third party organisations for
companies developing and commercialising innovative,
environmental technologies.

Dynamic Demand Challenge Prize
The Dynamic Demand Challenge Prize, run by Nesta’s
Centre for Challenge Prizes in partnership with the
Centre for Carbon Measurement and the Department
for Business Innovation and Skills, aims to find new ways
of shifting electricity use to off‑peak times, reducing
carbon emissions and better responding to demands on
UK energy supplies. The finalists in the competition are
given the opportunity to test their ideas at the Centre for
Carbon Measurement’s world‑leading facilities.

Astrium Bus
The Centre for Carbon Measurement partnered with
Astrium Services to deliver a new emissions measurement
service to enable countries and cities to better quantify
their greenhouse gas (GHG) emissions. NPL set up sensors
at different points across London while the Astrium Bus,
which housed a mobile GHG sensor, was driven around
a fixed route. The bus was able to combine the various
measurements to build 3D maps of modelled emissions
sources over London.

23

NPL’s Global Outreach
NPL is a National Measurement Institute with international status and impact. We work
with companies, governments and other collaborators from all over the world and
employ a diverse workforce from over 40 different countries.

United States of America

}} Gareth Hinds presented the opening talk of the session
on electrochemical characterisation in the Fuel Cells
Symposium at the Electrochemical Society (ECS) in
San Francisco.

}} NPL and Metrologic Group carried out an interactive
measurement study at the 2013 Coordinate Metrology
Systems Conference in San Diego. The study looked
at how certain decisions made during and after
measurement can affect the final measurement result.

Canada

}} NPL Training has continued its global expansion with
the delivery of two Dimensional Measurement training
courses at Rolls‑Royce in Montreal.

France

}} NPL’s Environment team performed methane
surveys at landfill sites in France, using the Differential
Absorption Lidar (DIAL). DIAL is particularly well
suited to wide area surveys of diffuse sources and can
aid operational and infrastructure planning where
methane is captured for use as biogas fuel.
}} NPL helped CEA (Alternative Energies and Atomic
Energy Commission of France) measure high
temperature reference standards in one of their
research furnaces, which are used in studies to help
minimise the risk of nuclear accidents.

South Africa

}} NPL's John Nunn travelled to South Africa to help
train 17 physics teachers and donate a number of
laptops to a science centre. Financial support for the
trip was provided by the Institute of Physics (UK), the
South African Institute of Physics and the South African
Department of Science and Technology.
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United Kingdom

}} NPL has signed a Memorandum of Understanding
with the University of Edinburgh that will see scientists
from both institutes working collaboratively to develop
new and exciting research capabilities. There have also
been a number of biotechnology papers produced in
partnership. Collaborative research in biotechnology
with the university has already resulted in a number of
scientific publications.
}} NPL had two exhibits, about the redefinition of the
SI units of mass and temperature, at the 2013 Royal
Society Summer Science Exhibition in London.

Norway

}} NPL’s Environment team surveyed fugitive
hydrocarbon emissions from Oil and Gas Facilities in
Norway, using the Differential Absorption Lidar (DIAL).
The Norwegian Environment Agency recognises DIAL
emission surveys within their permit requirements.

Netherlands

}} NPL is a long term partner and supplier for the
European Space Agency (ESA) metrology innovation
and quality systems improvement and implementation.
Currently, NPL is working on projects including: timing
for the Galileo satellite navigation system; optical
atomic clocks for space; micro vibration and micro
thrust measurements; and Earth observation and
climate studies calibration and validation.

China

}} NPL and the National Institute of Metrology (NIM),
China, have a long‑standing history of working
together and in 2012 signed a Memorandum of
Understanding, paving the way for future joint
ventures, collaborations and exchange of staff. The
first significant outcome is a collaboration to develop
an antenna metrology facility at NIM. Resulting from
many bilateral visits and secondments of NIM staff to
NPL, the project will establish an antenna extrapolation
range facility at NIM’s campus, which will enable
the calibration and characterisation of antennas
used in mobile telecommunications and satellite
communications. This capability is essential to many
industry sectors and should facilitate both
UK exports and Chinese imports through common
quality standards.

Poland

}} Jane Burston, Head of the Centre for Carbon
Measurement at NPL, joined a host of economists,
climate change scientists and global leaders from
business and finance to discuss green growth at
the 2013 Sustainable Innovation Forum, which ran
alongside the UN Climate Change Conference (COP19)
in Warsaw.

Australia

}} NPL helped the Brien Holden Vision Institute introduce
best practice in the quality assurance of its product
verification capability. The Brien Holden Vision Institute
is dedicated to the advancement of eye care research,
education and industry, and is one of the world's
leading research and development organisations
supporting the consumer optics industry.
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Publication Highlights
The following NPL publications have been highlighted for their scientific
contribution in 2013:
A low‑uncertainty measurement
of the Boltzmann constant

Gigahertz quantized charge pumping in graphene
quantum dots

Metrologia

Nature Nanotechnology

Michael de Podesta, Robin Underwood, Gavin Sutton, Peter Harris
and Graham Machin (with Cranfield University; Scottish Universities
Environmental Research Centre; and EffecTech UK Ltd)

Malcolm Connolly, Steven Giblin, Masaya Kataoka, Jonathan Fletcher and
JT Janssen (with the University of Cambridge and Lancaster University)

Consistency in reference radiotherapy dosimetry:
resolution of an apparent conundrum when Co‑60
is the reference quality for charged‑particle and
photon beams
Physics in Medicine and Biology
Hugo Palmans (with Stockholm University, Sweden; University of
Applied Sciences, Gießen, Germany; Particle Therapy GmbH, Germany;
and Bureau International des Poids et Mesures, France)

Charge Qubit Coupled to an Intense Microwave
Electromagnetic Field in a Superconducting
Nb Device: Evidence for Photon‑Assisted
Quasiparticle Tunneling
Physical Review Letters

Nanoscale imaging reveals laterally expanding
antimicrobial pores in lipid bilayers
Proceedings of the National Academy of Sciences
of the United States of America
Paulina Rakowska, Santanu Ray, Alice Pyne, Baptiste Lamarre, Jascindra
Ravi and Max Ryadnov (with University College London; University of
Oxford; University of Edinburgh; Freie Universität Berlin, Germany; and
IBM TJ Watson Research Center, USA)

No increase in global temperature variability
despite changing regional patterns
Nature
Valerie Livina (with the Centre for Ecology and Hydrology; University
of East Anglia; University of Exeter; and King Abdulaziz University,
Saudi Arabia)

Tobias Lindström (with Chalmers University of Technology, Sweden)

Cuckoo search algorithm: a metaheuristic approach
to solve structural optimization problems
Engineering with Computers
Xin‑She Yang (with Tafresh University, Iran, and the Iran University of
Science and Technology)

Electronically Coarse‑Grained Model for Water
Physical Review Letters
Vlad Sokhan and Jason Crain (with University of Edinburgh and the
IBM TJ Watson Research Center, USA)

Phase Space for the Breakdown of the Quantum
Hall Effect in Epitaxial Graphene
Physical Review Letters
JT Janssen and Alexander Tzalenchuk (with the University of Oxford;
Chalmers University of Technology, Sweden; Linköping University,
Sweden; and Centre National de la Recherche Scientifique, France)

Quantitative ultrasonic computed tomography
using phase‑insensitive pyroelectric detectors
Physics in Medicine and Biology
Bajram Zeqiri and Christian Baker (with the University of Florence, Italy;
Cardiff University; and University Hospitals Bristol NHS Foundation Trust)

At the time of printing, NPL had published an estimated 275 papers in peer-reviewed scientific journals in 2013.
Find more publications at: www.npl.co.uk/publications
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Contact

NPL publishes a series of guides that aim to
improve measurement understanding and
technical abilities across the UK and the rest of
the world.
In 2013, NPL teamed up with the Institution of
Mechanical Engineers to produce and publish
the Beginner's Guide to Measurement in Mechanical
Engineering, which is predominantly geared towards
mechanical engineering students.

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

NPL published six additional Good
Practice Guides:
The beginner's guide to humidity measurement

Switchboard 020 8977 3222
www.npl.co.uk/contact

Stephanie Bell

The beginner's guide to temperature measurement

Keep in touch with us

Richard Rusby

Sign up to receive regular updates:
www.npl.co.uk/keep‑in‑touch

Calibration of the metrological characteristics of
Coherence Scanning Interferometers (CSI) and Phase
Shifting Interferometers (PSI)

Follow NPL on Twitter:
www.twitter.com/npl

Claudio Giusca and Richard Leach

Become a Facebook fan:
www.facebook.com/npldigital

Calibration of the metrological characteristics of Imaging
Confocal Microscopes (ICMs)

Subscribe on YouTube:
www.youtube.com/npldigital

Claudio Giusca and Richard Leach

Follow NPL on LinkedIn:
www.linkedin.com/company/
national‑physical‑laboratory

Calibration of the metrological characteristics of contact
stylus Instruments
Claudio Giusca and Richard Leach

Co‑ordinate measuring machine
measurement uncertainties
David Flack

All NPL guides are available to download for free:
www.npl.co.uk/publications/guides

On 7‑8 November 2013, NPL hosted a conference to
mark the 20th anniversary of the publication of the
Guide to the Expression of Uncertainty in Measurement
(GUM), the primary document regarding uncertainty
evaluation in measurement science. NPL is editorially
responsible for the GUM, which is currently being
revised, and leads work on a series of supplements to
expand on issues not originally covered by the guide,
such as measurement modelling.
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Hampton Road
Teddington
Middlesex
TW11 0LW
Switchboard 020 8977 3222
www.npl.co.uk/contact
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