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Foreword

Dr Peter Thompson, CEO of NPL
Having an impact on some of the world’s
biggest challenges, every day
In our last issue, I shared the news of our re-launch, to forge a stronger link between lab
and market, and cultivate growth across areas the UK will most benefit from in the future.

Our continued commitment to our four focus areas: Advanced Manufacturing, Digital, Energy and
Environment and Life Sciences and Health, has seen us expand our support for UK industry,
academia and government.
From working with some of the UK’s most exciting SMEs to improve their processes and better service
their clients, to helping develop the skills needed for the future workforce, we have continued to help UK
manufacturing in becoming more productive and competitive. This is particularly important as 2018 marks the
Year of Engineering; an opportunity to reflect on and encourage the next generation of engineers.
As well as helping to get the most out of current technologies, we are working on bringing future ones
closer to market. Alongside partners, we pioneered the first demonstration of using highly accurate
optical atomic clocks to measure gravitation – a breakthrough that paves the way for more accurate
measurements of sea levels.
Earlier this year, I announced that I am leading a new national activity to
engage UK industry in emerging quantum technologies like this one, on
behalf of and alongside government colleagues. To help accelerate the
industrialisation of quantum, we want to ensure that business has a say in
future funding for the technologies that will transform their sectors over the
coming decades, and that research is focused on the innovations that offer the
UK the biggest opportunities.

Regardless of which industry
you're in, from oil and gas
to pharma, don't miss the
opportunity to have your say
on the future of quantum
technology funding.
npl.co.uk/talkquantum

We have continued to spearhead international efforts to tackle climate change,
hosting a conference on industrial methane emissions, and applying our
expertise in data science and standards to help better monitor climate change
from space. This work goes hand in hand with speeding the uptake of new
green technologies, working with industry to help them understand their impact on the environment,
and overcoming the barriers to uptake of new innovations that are better for our environment.

We are also furthering our work in helping to realise the vision of the UK Life Sciences and Health Strategy,
accelerating access to new diagnosis and treatment for patients, as well as unlocking new opportunities
with data and digital health. Our work on an engineered artificial virus that kills bacteria on first contact,
made headlines earlier this year, offering a potential to tackle one of the biggest global challenges:
antimicrobial resistance (AMR).

Take part in our Water Rocket
Challenge on 20th June at
NPL, where you can learn
about fundamental forces in a
fun, relaxed setting.
npl.co.uk/wrc

We were delighted to share our work with the US Ambassador to the UK,
Woody Johnson, who we welcomed recently to tour our world-leading
facilities.
Being open and transparent is something we take very seriously, and we
extend the invitation beyond dignitaries. By the time this is published, we
would have held our annual Open House, giving thousands of people from
our community and beyond the chance to come and see for themselves the
amazing work we do.
In June we will hold another of our exciting events, the annual Water Rocket
Challenge, which we are opening up to industry for the first time.

I hope to see many of you at these events, but whether you make it to any of these in person or not, the
following pages will continue that theme of openness, giving you a glimpse of what has been keeping us
busy over the last few months.
I hope you enjoy the tour!
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ADVANCED MANUFACTURING

WORDS BY ROB WOOLLIN BUSINESS DEVELOPMENT MANAGER, NPL NORTH OF ENGLAND

WORKING
TO REGAIN
THE WORLD
LAND SPEED
RECORD TITLE
Darkside Developments is a UK diesel tuning company based in Barnsley,
South Yorkshire, which specialises in tuning diesel engines for the likes of
Audi, Volkswagen, Seat and Skoda vehicles, so customers can get the most
from them. They also manufacture and export a wide range of bespoke tuning
products from around the world.

NPL.CO .UK
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NPL HAS RECENTLY SUPPORTED
DARKSIDE DEVELOPMENTS IN

their attempt to extract the best
performance from their engines, as
part of their goal to secure the world
land speed record title as the fastest
TDI in the world. In particular, the
company has looked to develop
CAD 3D models for their parts. These
models provide a more accessible
platform for their engineers to test
and manipulate their designs, without
having to physically manufacture each
part. This is particularly advantageous
when developing the engine cylinder
head ports, which is labour intensive
to modify and has also proven
difficult to make consistently
without automated guidance.
To help make the transition to a
3D modelling process worthwhile,
Darkside Developments worked with
our regional office in Huddersfield,
which specialises in dimensional
inspection and measuring of complex
components and assemblies, as well
as CMM programming, and bespoke
measurement training and consultancy.
Through working with us they were
able to draw on our resource of
measurement engineers, and breadth
of knowledge and understanding of
the production process, and have
also instilled confidence in the
standard created.

06
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By automating
the production
process the
standard of
the finished
product units
has significantly
improved
We helped to improve on Darkside
Development’s proposed process by
developing a ‘watertight CAD model’
for the relevant components, using
the GOM ATOS Core System.
Laser scanning the tried and tested
sample, the team created a specialised
point cloud by selectively scanning it.
This point cloud was then imported
into the software system, PolyWorks,
where the mesh from the point cloud
was idealised. PolyWorks then allowed
boundary curves from the mesh to be
created and formed, which were then
successfully built into CAD surfaces

ADVANCED MANUFACTURING

(nurb patches) and used to create a
‘watertight CAD model’ for use on the
shop floor.
As a result of this activity, Darkside
Developments has begun to automate
the standard production techniques
used to complete cylinder heads. By
automating the production process
in this way, and omitting handfinished techniques, the standard
of the finished product units has
significantly improved with each head
performing as well as the first.

“Working with NPL has been invaluable
in helping us to develop our production
processes. Through the knowledge,
skills and information provided by the
measurement engineers, we have gained
a higher confidence in the standard of our
products, which will allow us to continue to
provide our customers, old and new, with
the quality services that they deserve.”
RYAN PARKIN
CEO OF DARKSIDE DEVELOPMENTS

The work has also increased
throughput of all processes, allowing
Darkside Developments to re-work
more units in the same amount of
time without compromising quality
standards. This in turn has secured
profits and lead-time, and has meant
that Darkside Development’s customer
base continues to receive the high
quality service they expect and deserve.

NPL.CO .UK
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Training A
the shop
floor to
perfection

t the heart of many
manufacturing accreditations
lies the control of information,
of which people play a pivotal role.
Therefore, the effective training of
staff members is crucial to ensure
compliance.
NPL developed a bespoke training
package for a precision engineering
company, Currock Engineering,
as part of the Sharing in Growth
programme, to help them gain
industry accreditations and guarantee
the quality and safety of their parts.
Our team worked to identify any
weaknesses and provide valuable
advice on improvements, well ahead
of the auditors’ arrival. The team

08
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developed and implemented a series
of practical steps and theoretical
training workshops to help Currock
Engineering keep information transfer
across the shop floor in check.
The workshops outlined the
importance of the procedure
for the overall business, while
our consultancy led to the
implementation of a daily
checklist and ‘Top 10’ posters so
that employees were consistently
reminded of the appropriate
labelling and approvals processes.
As a result, Currock Engineering
achieved their necessary
accreditations with flying colours,
reaffirming their position as a trusted
aerospace manufacturer.

ADVANCED MANUFACTURING

Helping manufacturers
provide customer confidence

O

ur Manufacturer Measurement
Network (MMN) recently
worked with Cimpol, based in
Huddersfield, to develop a bespoke
solution to verify the performance of
their novel system, which has been
adapted to various applications such
as heat-seal coating for consumable
sachets, lamination of woven sacking
and food packaging barrier films.
In order to bring this innovation
to market, the company needed to
ensure it could meet highly accurate
standards. This meant developing
a method to evaluate the thickness
and evenness of the coating, despite
the difficulties of working with a soft

material, with a very flexible backing
at an order of one micron thick.
Just like many companies, Cimpol
also needed to move quickly with the
market. As NPL’s MMN specialises in
helping manufacturers across the
UK, the team was able to develop a
solution for Cimpol in just six weeks.
The resulting confidence brought
by this measurement solution
has secured new customers for
their technology – supporting the
company’s growth. They have secured
a deal with Uflex Limited – an Indian
multinational flexible packaging
company – to develop and refine

their technology for multiple costeffective and environmentally-friendly
applications.
The Manufacturer Measurement
Network was launched in 2016.
Designed to support manufacturers
with good precision measurement to
validate product quality.

For more information visit:

npl.co.uk/mmn
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APPRENTICESHIPS

IF THE UK MEANS
BUSINESS WE
NEED THE SKILLS
TO MEASURE
UP TO THE
COMPETITION
PHIL COOPER
HEAD OF TRAINING AT NPL
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UPSKILLING THE
MEASUREMENT WORKFORCE

AS THE UK MOVES AWAY FROM THE CUSTOMS
union and looks to appeal to new trading
partners, we will need to show how valuable
our goods and services are in the wider market.

Since 2016, NPL has led and chaired a Metrology
Trailblazer group, a consortium of 34 companies, to
develop the Metrology Technician Level 3 Standard.

Accurate measurements underpin how
businesses trade with one another and, with
£600 billion of goods and services sold in the
country every year based on their quantity
and quality, it is vital that measurement is
taken seriously.

The Trailblazer brings together a group of employers
who work together to design new apprenticeship
standards and programmes of learning that will
directly impact their workforce. This ensures that the
Standard incorporates the right knowledge, skills and
behaviours of an occupation within each sector.

In addition to bringing greater confidence and
trust to the supply chain, good measurement
can also lead to greater efficiencies and
reduced costs across all sectors, from
aerospace and automotive to energy.

Created by industry for industry, the Standard (along
with the Level 5 Standard, expected to be available Q4
2018) aims to increase the attractiveness of metrology
as a career path and help deliver a pipeline for new talent.

For instance, results from our recent report,
‘Product Verification: Growing UK Productivity’,
in conjunction with the Aerospace Technology
Institute, revealed that the benefits of good
measurement practice in aerospace alone
could be well over £2 billion a year to the
UK economy.

This is the first ever, government-approved,
apprenticeship standard, generally equivalent to two
A-level passes, to be introduced in the occupation
of metrology. Allowing for a more accessible route
into measurement across a wide range of industries,
including: advanced manufacturing, aerospace,
automotive, construction, energy, environment,
pharma and healthcare and space.

Despite the importance of measurement for
the UK economy, there is a worrying lack of
skilled STEM workers in industry, and up to
43% of all existing STEM vacancies in Britain are
already difficult to fill.

Earlier this year, we announced the launch of our
Metrology Technician apprenticeship curriculum,
a body of knowledge that training providers can
license to train apprentices that meet the Metrology
Technician Level 3 Standard.

According to the UK Commission for
Employment and Skills (UKCES), this is due to a
shortage of applicants with the requisite skills
and if this trend continues, UK businesses will
not be able to maximise their competitive
potential in the international arena.

EEF, the Manufacturer’s Organisation, has become
the first training provider to license our Metrology
Technician Level 3 curriculum for its industrial
apprentices, taking advantage of this curriculum
underpinned by the National Measurement Institute’s
(NMI) science base.

The UK needs to develop a solid foundation of
skilled workers who have the capabilities to
ensure the accuracy of measurement across all
industries. This will help to prove the worth of
our products and services not only here, but
across international markets too.

Our own apprentices are already benefiting from the
Metrology Technician apprenticeship curriculum and
– with 75% of managers in industry also stating that
they would use an apprenticeship in measurement
to recruit, train and develop their employees further –
there is no doubt this is something industry is ready for.
At NPL, all of our training portfolio aims to upskill the
workforce and has an applied industrial focus. If you
would like to learn more about our apprenticeships,
please get in touch: apprenticeships@npl.co.uk

NPL.CO .UK

11

DIGITAL

Measuring
		gravitation
										with
Optical
			Atomic 					
							Clocks
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Words by

Helen Margolis
Fellow in Optical Frequency
Standards and Metrology at NPL
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An optical atomic clock

can be used to measure gravity
potential differences between
specific sites. A clock in a stronger
gravity potential, like closer to the
surface of the Earth, will run slower
than a clock in a weaker gravity
potential, like that seen high above
sea level.
In 1955, NPL built the first caesium
atomic clock, enabling the length of
the second to be defined much more
precisely than using the motion of
astronomical bodies, and since this
historic landmark in timekeeping it
has continued to be a world leader in
this field.
Today the gold standard for clocks
is the optical atomic clock, utilising
the specific frequency at which a
laser resonates with an atom to keep
the clock ticking at a constant rate.
Usually, such delicate clocks have
been restricted to the lab. The best of
these are so accurate that they gain,
or lose, less than a second over the
entire lifetime of the universe.

Images courtesy of PTB
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Now, for the first time, alongside
the Physikalisch-Technische
Bundesanstalt (PTB) and the Istituto
Nazionale di Ricerca Metrologica
(INRiM), we have used one of the
only transportable optical atomic
clocks in the world to measure
gravitation.
Transporting these clocks is no
simple task. Moving one means
containing it within a vibrationdamped and temperaturestabilised trailer.
For this project, we took a
transportable clock developed at PTB
to the French Modane Underground
Laboratory (LSM), located 1,700 m
below a mountain top in the middle
of the Fréjus road tunnel. This clock
was connected to another clock, 90
km away in Turin, by a 150 km long
optical fibre link, set up by INRiM.
This connection enabled accurate
comparison of the two clocks.

The best of
these atomic
clocks are
so accurate
that they
gain, or lose,
less than a
second over
the entire
lifetime of
the universe.

DIGITAL

The team measured the gravity
potential difference between the two
clocks, and checking this against
the gravity potential difference
calculated using conventional
geodetic techniques revealed the two
measurements to be consistent. This
confirms that this technique can also
be used to measure gravitation.
The results, published in Nature
Physics, are the first from a
transportable optical clock used in
this way. With improvements to the
accuracy of transportable optical
clocks, this technique could become
powerful enough to resolve height
differences as small as 1 cm across
the surface of the Earth.

and Switzerland, each side used a
different ‘sea level’ to calculate the
required height of the structure.
The result was that one side was 54
centimetres higher than the other – an
inconvenient, and expensive, mistake.
This research demonstrates
that optical clocks can provide a
way to eliminate discrepancies
between measurements from
different countries, achieving
consistent national height systems
and eradicating this kind of
engineering error.

In the future, this technology could
even be used to monitor how sea
levels are responding to global
climate change, providing an insight
Optical clocks have the advantage
into seasonal and long-term trends
that they can perform measurements in ice sheet masses and overall ocean
at specific points, compared to
mass changes.
satellite-based measurements which
average the gravity potential over
distances of around 100 km.
Furthermore, the clocks enable more
consistent national height systems.
Currently, different countries use
different reference levels to look
at the Earth’s surface. Therefore,
despite using the same methods,
they can often get different results.
This can have disastrous
consequences. In 2003, during
the joint construction of a bridge
over the Rhine between Germany

NPL.CO .UK
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NPL and Colt partner
to provide a critical
timing service for
MiFID II compliance
Dr Leon Lobo

Strategic Business Development Manager, Time and Frequency, at NPL

I

n April, Colt Technology Services announced a new
distribution agreement with us to deliver precise
timing capabilities to financial firms utilising
colocation services. It enables firms to quickly and
easily comply with stringent MiFID II regulations, safe
in the knowledge that the signal will not be vulnerable
to mis-calibration, jamming or spoofing.
As the home of atomic time, we operate one of the
world’s most accurate atomic clocks, NPL CsF2, which
is accurate to one second every 158 million years. The
NPLTime® precision timing solution is an extension of
many decades of time dissemination expertise, giving
industry direct access to reliable timing straight from
the source.
MiFID II stipulates that all trading venues and their
members or participants record reportable events
with timestamps traceable to UTC. It also specifies that
any trading activity must be timestamped to UTC at
varying levels of accuracy and granularity depending
on the type of activity, the most stringent requirement
being 100 microseconds to UTC.
The high level of granularity of the NPLTime® timing
solution far exceeds the smallest 100 microsecond
level stipulated.
The Precision Time Protocol (PTP), based on the
Coordinated Universal Time (UTC) signal sourced
directly from our labs, is being integrated at the
network level, offering a consistent time across
multiple trading applications.
The solution is currently live in selected London data
centres and will be rolled out to other UK locations
according to customer demand.
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WORDS
BY

A
DR
PETER
THOMPSON,
CE0
OF
THE
NATIONAL
PHYSICAL
LABORATORY
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IN
ENERGY

DISCOVERY
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THE FIRST
QUANTUM
REVOLUTION
ENABLED US
TO MAP THE
WORKINGS
OF THE
WORLD IN
GRANULAR
DETAIL,
DISCOVERING
THE RULES
THAT FRAME
PHYSICAL
REALITY.

AS OUR UNDERSTANDING OF THIS SCIENTIFIC

field progresses, there is the distinct
possibility that it could provide
opportunities for developing the
next generation of technology that
could revolutionise every industry,
from global communications to
driverless cars.

The energy sector is a good example of
an industry that could be transformed
by quantum technology.
Quantum could open up an ultrahigh-definition window into the earth,
helping us to uncover vast and hidden
energy reserves.
Portable quantum gravity sensors
that measure the gravitational field
at the surface of the Earth to reveal
subterranean secrets, could both
revolutionise the maintenance of
underground energy pipelines, and
produce high-speed, non-destructive
methods of oil and gas exploration.

At the same time, this technology
could also dramatically lower the cost
and environmental impact of energy
exploration and enable us to find new
fossil fuel reserves at a speed and scale
that was previously unimaginable.
The emergence of quantum
technology in the area could not
be timelier. Although fossil fuels
are forecast to provide over half
of primary world energy in 2040,
research shows that oil firms are no
longer sufficiently investing in finding
new reserves, presenting a huge
potential problem for the future.

20
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Recent figures revealed a 12% drop in
investment in oil exploration last year,
with discoveries of conventional oil
falling to 2.4 billion barrels, half the
level of 2015, the year of the fewest new
discoveries since 1952.
Causes are complex, from the recent
collapse in crude prices deterring
investment in exploration, to the
high risk and cost of exploration in
challenging environments, such as the
quest for deepwater reserves.

QUANTUM
TECHNOLOGIES
HOLD
ENORMOUS
PROMISE FOR
A WIDE RANGE
OF SECTORS

As a result, future energy prices could
skyrocket as demand exceeds supply,
leaving the world facing power
shortages. Critically, it could lead to
an overreliance on inflexible power
sources such as wind and solar energy.

This could be dangerous because they cannot
be shamelessly scaled up or down to meet
fluctuating demand and only work when the
wind blows or the sun shines. Without new
investment in exploration, the International
Energy Agency warns that a supply crunch
could come as early as 2020.
The emergence of new quantum technologies,
not just for oil and gas but many other
industry sectors, is a success of the
government’s investment in the UK Quantum
Technologies Programme.
The recent Blackett Review argues that
industry, academia and government must
dramatically speed up the identification of
areas of quantum with economic benefit,
and that industry should also inject funds
into those promising areas to accelerate
commercialisation.
Part of the barrier may be that quantum
technology is based on advanced and
extraordinary physics at the very cutting edge
of science, which means it lacks the validation
needed to drive early investment.
Research into these applications of quantum
in sectors, like the oil and gas industry, will be
the focus of the national quantum activity that
I will be leading, alongside Innovate UK and
EPSRC, as well as other stakeholders in the UK
Quantum Technologies Programme. Together
we will align UK industry’s needs to the
potential of emerging quantum technologies.
The use of quantum technology for the
low-cost discovery of future energy reserves
could just be the tip of the iceberg. Quantum
technologies hold enormous promise for a
wide range of sectors, and could form a multibillion-pound industry here in the UK.
Making the most of this will require an
increasingly joined-up approach between
industry and government. We will work
to create the optimum environment for
public and private investment to turn these
opportunities into reality, and aim to give UK
businesses first access to disruptive quantum
technologies to drive international trade and
business growth.
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SMART
GRIDS
II
NEW MEASUREMENT
TOOLS FOR SMART
GRID STABILITY AND
QUALITY
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NPL has worked, as part of pan-European project, to develop
brand new measurement tools and instrumentation to help
accelerate the shift to the smart grid.

The energy
landscape
is changing
rapidly.
Just 10 years ago, more than 35% of
British electricity came from coal
power stations.1 Yet, in April 2017, for
the first time in 135 years, the country
went 24 hours without any coal being
burnt for energy – instead, nuclear,
gas and renewable energy sources met
100% of UK demand.2
The government’s recent Industrial
Strategy contains welcome moves
toward renewable energy sources
to curb road pollution and increase
air quality and, as part of this move,
they also made £400 million funding
available for an electric vehicle (EV)
charging infrastructure.

1
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We are already seeing the added
pressure to the grid. The result
is increased flicker (variation in
voltage magnitude), harmonics
(distortion of AC waveform) and
variation in frequency.
As renewables begin to dominate
in the next generation, the added
pressures could ultimately lead to
wide–spread blackouts if we do not
work quickly to strengthen the grid.
For instance, in the UK, a future with
EVs widely rolled out is a positive
prospect to mitigate roadside
pollution, but hooking 37 million cars
up to the electricity network would
create a huge strain on the national
grid and could leave hundreds of
thousands without electricity.
To prevent such issues, the grid is
made ‘smarter’ by measuring energy
flows across the network using
phasor measurement units (PMUs).

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/65896/1_20090729135638_e____dukes60.pdf
http://www.independent.co.uk/news/uk/home-news/day-without-coal-uk-135-years-energy-mix-happen-more-frequently-national-grid-a7696611.html

2
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As we make the move towards more
renewable energy sources as a primary
source of power, we are faced with
a growing risk of instability and
associated power quality degradation
to the grid.

These enable supply and demand to
be managed, helping to reduce the
occurrence of power quality issues
and identify more quickly when issues
do occur. They are synchronised to GPS
and are key to the successful operation
and monitoring of the power network.
These techniques have been in use
on transmission networks for more
than 20 years. However, distribution
grids (the final stage of electrical grid
where electricity is distributed to our
homes) requires much smaller and
more accurate timing systems, and
significantly tighter margins to the
calibration of PMUs.
Through the Smart Grids II project,
these issues were addressed through
the development of a measurement
framework for PMUs.
The framework outlined the exact
calibration requirements and
associated transducers when used to
monitor the stability of distribution
networks where very small phase
changes are critical.
To measure the power quality, we
developed a power analyser to
measure the flicker, harmonics and
variation in frequency on the grid.
For the frequency response of voltage
transformers, Italian partners on this
project, Istituto Nazionale di Ricerca
Metrologica (INRiM), developed a
two-step procedure, using a digital
capacitance bridge, to calibrate
voltage transformers up to 2.5 kHz.

Before the technology was rolled out
on a national level, six NPL devices
were installed and tested on a smaller
demonstration site on the Danish
Island of Bornholm, in the Baltic Sea.

DIGITAL

Each device was strategically placed
to cover areas where power quality
disturbances were most likely to occur,
with a variety of locations picked to
take into account the urban, rural and
industrial spread over the island.

Added
pressures
could
ultimately
lead to
widespread
blackouts
if we do
not work
quickly to
strengthen
the grid.
The measurement campaign took
into account the effectiveness of
harmonics, phase angle, phase
shifts, transformers and power flow
for each of the locations. It also
provided an opportunity to test the
calibration of the instrumentation
and measurements in a real-world
environment, to ensure that they
met the requirements for future
energy needs.
The data gathered through this
campaign has led to a much more
in-depth the understanding of the
effect of power quality on the widerarea network, and grid planning
has also been improved through the
introduction and implementation
of new holistic management and
mitigation strategies.

The real-world testing of power
networks during the Smart Grids II
project has been critical to ensuring
robust measurements tools for the
planning and measurement of the
smart grid. This project has ensured
that the future renewable energy
sources can rely on a stable and highquality power supply, with no risk of
associated blackouts.
Read more about the Smart Grids II
project here: smartgrids2.eu/

NPL.CO .UK
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New quantum W
facility will
accelerate
industry access
to cutting-edge
technologies

e recently held a ‘breaking ground’
ceremony for the construction of our
new quantum facility, that will be a
centre for industry engagement and provide
technical support for industrial uptake of
quantum technologies.
The new building, on our main site in
Teddington, will offer industry access to
world-class capabilities and equipment to
support and drive the development, testing
and evaluation of new products based on
quantum technologies. Housing new stateof-the-art laboratories, the centre is due for
completion in early 2019, by construction
company M+W’s high-tech projects arm.
Measurement is crucial to realising the
benefits that quantum products can offer. It is
vital in translating complex scientific advances
into products with real world application.
Our new centre will help to deliver a worldclass underpinning measurement capability,
providing a unique environment for industry
to develop new quantum technologies.

26
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Uncovering the latest
innovation in photonics:
A diode made of light
Pascal Del’Haye, Principal Research Scientist at NPL, discusses the creation of an optical
version of a diode which transmits light in one direction only, and can be integrated in
microphotonic circuits, described in the journal Optica.

D

iodes are well known in electronic
circuits. They transmit electric current
in one direction but block the current
in the backward direction. Diodes are essential
components of nearly every electronic circuit
and are used, for example, in battery chargers.

These innovations are a small step towards
optical computing, which is still in the
distant future. However, being able to enforce
unidirectionality in light makes these
microresonators a versatile and practical
component for future photonics technologies.

To create an optical version of a diode we used
microrings that can store extremely large
amounts of light. The circulating power of the
small amount of light we sent into these glass
rings is comparable to the light generated by
the flood lights in a whole football stadium
– but confined into a device smaller than a
human hair. The light intensities enable the
formation of a diode via a light-with-light
interaction called the Kerr effect.

These diodes will, for the first time, open the
door to cheap and efficient optical diodes on
microphotonic chips, and will pave the way
for novel types of integrated photonic circuits
which could be used for optical computing.
They could also have significant impact on
future optical telecommunication systems, for
more efficient use of telecom networks.

Using microresonators in this way is a much
smaller, lighter and more practical way of
making light travel in only one direction
whilst addressing a major challenge been for
photonics researchers – to produce diodes that
don’t require large, bulky magnets.
Concept of the microring
diode. Light is transmitted
from ‘Input’ to ‘Output’
through a microring
resonator. Light-withLight interaction in the
microring blocks backwards
propagating light from
entering the ring.
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Year of
Engineering
2018 is the Year of Engineering, and March
marked International Women’s Day and
Apprenticeship Week.
Read two very inspiring stories about life as an NPL apprentice. Learn about their
experiences and their thoughts on getting more young people into STEM.
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INTERVIEW

WHY DID YOU DECIDE TO PURSUE AN
APPRENTICESHIP AT NPL?
I always thought that going straight
to university wasn’t the right route
for me – I was never fond of learning
from textbooks while I was at school.
So I decided to search for ‘science
jobs without a degree’ in Google, and
came across NPL apprenticeships,
which sounded perfect for me. I was
particularly attracted by the more
practical way of learning, rather
than just accumulating knowledge
in a classroom.

WHERE NEXT?

In September, I started a four year
integrated Masters course at the
University of Kent, studying physics
The apprenticeship really set me up for – NPL is sponsoring the degree. My
a positive future career in science. It
long term interest at the moment
really was the best time ever. Not long is medical physics but that could
after I started, Dr Nick McCormick,
change. I also like the nuclear side of
who I was working directly with
things. I am also keen to do a lot more
at the time, was telling me about
outreach to get more women involved
a conversation he was having with
in STEM.
Crossrail and the difficulties they were
having with non-invasive detection
DO YOU THINK APPRENTICESHIPS ARE AN
of defects below concrete. I asked if I
IMPORTANT WAY TO GET MORE YOUNG
could help, and the next thing I know
PEOPLE INTO STEM/ ENGINEERING?
I was collecting thermal imaging
cameras from Crossrail HQ.
Apprenticeships are a great way to
attract people that don’t have an
After a month of experimenting with no academic background. One of the
results I tried basic thermal techniques
barriers to STEM can be seen in kids
using just water. We presented this to
from a less privileged background
Crossrail and they were stunned. They
who aren’t expected to go to university
invited us to Tottenham Court Road
but just get a job and earn money.
Crossrail tunnel to test it. They loved it
Apprenticeships are ideal for them.
so much, they even nicknamed it the
‘Becky Method’.

WHAT WAS YOUR EXPERIENCE OF AN NPL
APPRENTICESHIP LIKE?

The apprentice
taking a
quantum leap

When Becky King was at
school, she never dreamed
that in a matter of years she
would be studying physics
at university, and yet, that’s
exactly where she finds
herself now.
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WHY DID YOU DECIDE TO PURSUE
AN APPRENTICESHIP AT NPL?

The apprentice
who became the
keeper of the
kilogram

Perdi Williams is now
an Assistant Research
Scientist, having joined
NPL as an apprentice
in 2015. She has since
been heavily involved in
developing the Kibble
balance, the key behind
the redefinition of the
kilogram.

When I was at school, I knew
I wanted to do science. My
grandad was a scientist and
he used to show me different
experiments, like putting
different salts in flames to
turn them different colours.
But during school, science
wasn’t what I expected it
to be – it was very much
memorising for an exam. If
I asked why certain things
happened, they would tell me
not to worry about it because
it’s not tested for. That’s just
not the way I learn.
I wanted to get on with my
own work and get stuck in
with science straight away.
Pursing an apprenticeship
allowed me to do something
meaningful and work on a
project that would matter to
people, and have fun!

WHAT WAS YOUR EXPERIENCE OF
AN NPL APPRENTICESHIP LIKE?
It was amazing – I learnt so
much, definitely more than I
would have at college, and the
people here are incredible.
It’s also made me realise
what I want to do with my
life – I’ve definitely found my
forte. I started working here
when I was 16. Since then,
not only have I learnt learn
amazing science, but I’ve also
transitioned into my adult life.
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It’s particularly exciting
because every day is
completely different. One day
I’ll be coding, the next day I’ll
be building and soldering, the
next will be experimenting in
the lab. On the outreach side,
I’ve done a talk on Women in
Science in Parliament, and I’ve
even opened a school. These
incredible experiences have
allowed me to talk about things
I’m really passionate about
On the science side of things,
I’ve done a lot of work on
measurement to make sure
our customers are happy. On
the Kibble Balance project, I’m
a tinkerer. If Dr Ian Robinson,
who leads the Kibble balance
research, has an idea, I try and
make it a reality. My crowning
achievement is making a box
– a stepper motor controller
which now operates the mass
lift on the Kibble balance. I
nicknamed myself the ‘Keeper
of the kilogram’ and it’s
caught on.

WHERE NEXT?
Now that I’m a scientist,
I think I need more
qualifications to back up my
competence so that I can be
as useful as I possibly can.
I love inspiring people and
telling kids that they can be
scientists, so I’d like to get
involved in more outreach.

DO YOU THINK APPRENTICESHIPS
ARE AN IMPORTANT WAY TO GET
MORE YOUNG PEOPLE INTO STEM/
ENGINEERING?
Definitely – there are people
who have worked here that
have been underestimated
at school and in academic
subjects, including me. It was
always a choice of going to
college and university, or not
doing anything. To go from
school to being a scientist
having an impact on the world
is incredible. If I had gone to
university and done physics,
I might have a more general
understanding of the area but
here I’ve been able to focus on
mass specifically, and that’s
the area I really love.

Complete the crossword
to win a prize!
1
4
5
6
8
11
12

Across
The SI Base Unit of thermodynamic temperature
After the expected redefinition, the kelvin will be defined using which constant
SI unit for time, defined by 9, 192, 631, 770 cycles of the radiation from a particular caesium-133 transition
SI units for luminous intensity, once known as ‘the new candle’
The International Prototype Kilogram is an example of this
Italian scientist who first proposed that the volume of a gas (at a given pressure and temperature) is
proportional to the number of atoms or molecules regardless of the nature of the gas.
SI unit represented by m

1

2
Down
1 After the expected redefinition, this SI unit will be
defined using the Planck constant

3

2 Used by Ancient Egyptians to tell the time

4

3 The amount of a constituent, in moles, divided by
the volume of the mixture
7 Distance defined in 1324 by Edward II as ‘the
length of three barley corns’

5

9 World Metrology Day is on the 20th of this month
10 SI unit for the amount of a substance
11 SI unit for electric current, which is a flow of
electric charge

6
7

8

9

10

11

12

Congratulations to the previous
winner of the Insights crossword
competition, Caroline Barwood!
She is a fourth year MSci Natural
Sciences student at the University of
Nottingham, and now also the proud
owner of a goody bag filled with NPL swag.

Scan and submit your completed crossword to
marketing_support@npl.co.uk to be in with a
chance of winning an NPL goody bag!
Remember, NPL staff are not permitted to enter the
Insights crossword competition.
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ENERGY AND ENVIRONMENT

Reducing the negative impact of noise on marine wildlife
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Words by Dr Lian Sheng Wang, Senior Research Scientist at NPL
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ENERGY AND ENVIRONMENT

Offshore wind power offers
arguably the best renewable
electricity source, as it’s
both sustainable and
relatively cheap.
The UK is the world leader in offshore
wind electricity, generating more
than any other country. With 30
offshore farms, the UK meets 5% of
its annual electricity requirements
through wind, and this is expected
to double by 2020. Almost 90% of
the world’s offshore windfarms are
in northern Europe, and the bulk of
them in the shallow North Sea.
Despite their sustainable nature,
the rapid growth and expansion of
windfarms does not come without
environmental impacts. Most
foundations for wind turbines are
steel mono-pile or tripod jacket
structures, with large diameter
piles. Percussive pile driving is
used to hammer the piles into the
seabed and some of the energy used
creates a high amplitude sound that
introduces significant underwater
noise into the ocean.
Sound travels much further in
water than through air. From
communication and navigation, to
hunting and mating calls, marine
animals depend heavily on sound for
life functions, so the impact of this
noise on marine life can be severe.
Anthropogenic underwater noise
is now recognised as a worldwide
problem and its effects on marine life
has been demonstrated in a number
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of ways, from hearing damage for
animals, to behavioural changes,
such as aversive flight from the area.
In the North Sea, the prospect
of rapid wind farm growth is a
particular problem for the 350,000
harbour porpoises that live its
relatively shallow waters.
The European Union’s Marine
Directive aims to better protect
the marine environment across
the region and achieve Good
Environmental Status of EU
waters by 2020. The directive sets
out 11 descriptors of what the
environment will look like when GES
is achieved; number 11 states that the
‘Introduction of energy (including
underwater noise) does not adversely
affect the ecosystem’.
This means that we have to be
able to monitor the noise levels
emitted from marine construction.
However, measuring underwater
noise is challenging and, until now,
unstandardised.
Different construction sites have
tended to use different measuring
equipment and ways of processing
data, making it difficult to compare
and align what others are doing.

The UK is
the world
leader in
offshore
wind
electricity,
generating
more than
any other
country.

ENERGY AND ENVIRONMENT

To combat this, we led collaborative
research on the measurement of
radiated underwater sound from
percussive pile driving. This led
to a new international standard –
ISO18405:2017.
We also harnessed more than 40 years
of expertise in underwater acoustic
measurement to set the benchmark
for noise mapping used in offshore
development projects. We worked
with the Crown Estate and major
developers to perform accurate
underwater acoustic measurements.
This work included predicting the
impact of underwater noise on marine
life by using acoustic propagation
models, or ‘noise maps’.

With the ability to better measure
noise from construction sites and
model their potential impact on the
environment, developers should be
better equipped to reduce negative
effects on marine wildlife and protect
our waters for years to come.

Typical Noise Map
Piling noise Propagation (2700 kJ)

Distance from pile (km)

The new standard gives guidance
on the appropriate measurement
equipment, how to deploy it, and
how to process collected data. This
will ensure that the data produced
by all marine construction sites is
meaningful, and authorities have
better oversight. This also means
that developers need to ensure that
the acoustic impact of development
work can be adequately assessed
and mitigated.

Left shows what a typical noise
map looks like and clearly identifies
the region where the noise may
exceed the agreed threshold levels
for impact, for the area around the
pile. Key features of the marine
environment, such as water depth,
sediment density, and surface
conditions, all affect how the sound
propagates and must be taken into
account during the installation of
the wind farm.

Distance from pile (km)
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Working with industry to pave
the way for electrification

S

ustainable use of energy is one of the
greatest challenges facing the world
today. In the UK, a major transition from
fossil fuels to renewable energy is underway,
driven by the need to cut greenhouse gas
emissions and mitigate air pollution in
urban areas.
Developments in battery technology are key
to realising the widespread electrification
of transport and grid-scale energy storage
required for a future run on sustainable
energy sources, which has been highlighted
as a major priority in both the UK Industrial
Strategy, and the UK Measurement Strategy.
As such, there is an urgent need to address any
potential barriers faced by the industry and the
measurement challenges that underpin them.

The report outlines several high priority
challenge themes; starting with the need to
establish robust quality control during the
manufacturing process, through to developing
diagnostics that can help identify failed or
failing cells within a battery pack and the use
of predictive models for battery performance
and lifetime.
The report also considers the need to establish
standards for the safe use of batteries, as well
as how to recycle and reuse battery materials
for future use.
NPL is leading the way in addressing these
needs by developing the measurement
infrastructure and diagnostic techniques
to support the development and
commercialisation of high energy
density batteries.

In consultation with industry, academia and
government, NPL has released a report, ‘Energy Download the report:
transition: Measurement needs within the
npl.co.uk/energy-transition
battery industry’, which prioritises the key
measurement challenges that need to be
tackled to facilitate the uptake of high energy
density batteries in the UK.
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NPL leads
international
event to improve
the monitoring of
industrial methane
emissions

M

easuring methane emissions is a significant
challenge, as there are a huge number of
potential sources. In the oil and gas sector,
for example, gas pipelines can be tens of
thousands of kilometres long, some facilities are in
remote areas making accessibility a challenge, and
emissions might be sporadic – occurring when specific
processes are running rather than continuously.

Improving the accuracy, availability and usability
of methane measurement techniques will make it
easier to reduce emissions. This is essential if we
are to achieve challenging global target to reduce
greenhouse gas emissions.

To support industry in overcoming this challenge,
we chaired the Industrial Methane Measurement
Conference in Antwerp, Belgium, in November 2017.
The event brought together international stakeholders
from industry, academia and regulatory bodies to
compare capabilities, discuss challenges and review
emerging technologies for monitoring methane.

For more information on our events go to:
npl.co.uk/events

The success of this event has led to NPL planning a
follow-on conference in May 2019.
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Words by Michael Adeogun,
Head of Life Sciences and Health at NPL

THE
MEASURE
OF LIFE
38
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EMENTS
The vision of the life sciences industrial strategy
and the role of measurement in realising it
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As the UK’s National Measurement
Institute, we are playing a key role in a
number of areas to ensure measurement
can help government and industry grasp
the opportunities the Strategy offers to
advance UK R&D to benefit the economy
and society.

Accelerating access
A key theme of the Strategy is increased
collaboration between the NHS and industry,
to accelerate the adoption of new treatments.
Through the measurement infrastructure
we are working to identify and engage with
medical imaging companies to improve their
competitiveness, support access to new markets,
and help them deliver higher revenues and
create more jobs. We are also working with NHS
England in a Knowledge Transfer Partnership
Programme to enable healthcare scientists to
build long-term partnerships between clinical,
research and industry teams and speed up the
identification and dissemination of high-value
new approaches to improving patient outcomes
and increasing efficiency through collaboration.
Closer working partnerships are also critical
in tackling challenges such as late stage drug
attrition and adopting a ‘failing fast’ approach –
which is beneficial for industry and patients alike.
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It takes the pharmaceutical industry 10-15 years
and more than $1bn to develop a drug to clinical
trial stage. Of the four development phases, the
Phase II clinical programmes have the lowest
success rate, with only approximately 30% of
developmental candidates advancing to Phase
III. An improved measurement infrastructure
could ensure that the drugs that will go on
to fail are eliminated much earlier in the
development process.
Multi-disciplinary partnerships are also
important in discovering new diagnosis
and treatment methods. For example, we
are working on a multi-disciplinary project,
funded by Cancer Research UK, to map a ‘Google
Earth’ of cancer, with the aim to understand
the molecular make-up different tumours in
unprecedented detail. This work will help to
revolutionise the prevention, diagnosis and
treatment of cancer.

LIFE SCIENCES AND HEALTH

Fostering growth
The Life Sciences Industrial Strategy
encourages the growth of start-ups, and the
expansion of manufacturing in the UK. It
announced £146 million to help fund new
manufacturing centres for vaccines, cell and
gene therapy and medicines manufacturing,
in addition to announcing increasing R&D
investment to 2.4% of GDP.
An important aspect in supporting growth
is reproducibility of research, which is vital
to achieving scientific consensus earlier to
accelerate the uptake of discoveries. Standards
provide certainty in the consistency of the
product performance, which is crucial when
deciding which products are commercialised
by industry.
We are working with SynbiCITE at Imperial
College London, in collaboration with LGC and
NIBSC, to establish a new £7 million virtual
lab to help the UK synthetic biology industry
improve the manufacturing and adoption of
new products through standardisation.
We are also working with Ingenza and the
University of Plymouth, through an Innovate
UK grant, to discover, screen and validate
new classes of antimicrobials to tackle
antimicrobial resistance, a problem that
could cause up to 10 million deaths each year
by 2050.
The project will use a class of antimicrobials,
called epidermicins, which naturally target
superbugs like MRSA, and enhance the
antimicrobials’ efficacy and range of bacteria
they can kill.

Good measurement is vital
to achieving the aim of
the Life Sciences Industrial
Strategy: to advance
UK R&D and benefit the
economy and society
Data and digital health
Digital health is a key part of the Strategy. The
UK is unique with the long-term data sets from
the NHS, which can be used help to find trends,
co-morbidities and effectiveness of treatments
to improve healthcare. We are working in this
area by exploring how metadata in medical
datasets might be stored at a machinereadable level, to make this information more
accessible for analysis.
We are also developing data standards to
ensure data integrity, accelerate its use in
critical applications like healthcare and drug
development, and ease the integration of
non-medical datasets, such as those from
wearables, into a clinical setting.
We are part of a multi-disciplinary consortium
shortlisted to Cancer Research UK’s second
round of Grand Challenges which has
proposed to identify changes in people’s
behaviour through bringing together medical
and non-medical data that will allow the
earlier detection of cancer.
The vision of the Life Sciences Industrial
Strategy, and the process initiated through
the Life Sciences Sector deals, is to make the
UK a world leader in this sector – and this
should be welcomed. To get there, progress
is required across the research, technology,
manufacturing and regulatory landscapes, and
measurement is critical to achieving this.
We look forward to working with partners
in industry, academia and government to
realising this vision.
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A
FIRST-IN-CLASS
PIPELINE
OF ANTIBIOTICS

INSPIRED BY VIRUS
ARCHITECTURE
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WHEN THE
FIRST
ANTIBIOTIC,
PENICILLIN,
WAS
INTRODUCED
WIDELY IN
THE 1940S,
THE IMPACT
WAS NEARMIRACULOUS.

INFECTIONS
WHICH WOULD
PREVIOUSLY
HAVE CAUSED
A GREAT
NUMBER
OF DEATHS
COULD BE
SIMPLY AND
CHEAPLY
TREATED.

WORDS BY

DR MAX
RYADNOV

SCIENCE LEADER IN
BIOMETEOROLOGY AT
NPL
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The increasing use of antibiotics has
encouraged micro-organisms to evolve
effective ways around these powerful
medicines, leading to widespread
antibiotic resistance. For example,
resistant bacteria can adapt to stop the
passage of an antibiotic through their
membranes, pump it out of their cells or
chop it into pieces.
Further to this, the uncontrolled use of
antibiotics in agriculture, and overprescription of antibiotics in clinic has
allowed numerous microorganisms
(bacteria, fungi) to develop resistance
to every antibiotic we have at our
disposal today.
Nowadays, antibiotic resistance is the
world’s single most pressing health
issue. Every year, more than 700,000
people die as a result of drug-resistant
infections. Almost 200,000 people die
every year from multidrug-resistant
tuberculosis alone.
Resistant infections are more difficult
and more expensive to treat, if they
can be treated at all, and this problem
is forecast to get much worse. By 2050,
it is estimated that antimicrobial
resistance will be responsible for more
deaths than cancer.
A future without effective antibiotics
would result in routine infections,
causing distress and death at rates that
society has not seen since the medieval
times. New antibiotics are hard to
come by, and more infectious agents
are quickly developing resistance to
the few effective compounds that we
have left.
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EVERY YEAR, MORE THAN 700,000
PEOPLE DIE AS A RESULT OF
DRUG-RESISTANT INFECTIONS
We are in desperate need of novel
methods to discover new classes of
antibiotics. Synthetic biology, a field
combining engineering principles
with biological understanding, is one
of the most promising avenues being
explored to address this need.
This discipline brings biological
structures and mechanisms into new
uses. It relies on a modular process
combining various biomolecular
components with desired properties
to create bespoke construct.
Recently, in collaboration with UCL,
we have adapted synthetic biology
principles to engineer an artificial
virus that kills bacteria on first
contact. The results were published in
Nature Communications.

This new virus is built to the same
geometric arrangement as the bodies
of naturally occurring viruses, known
as polyhedral capsids. The capsids
of the synthetic virus act as 20-nm
hollow spherical ‘drones’ that, upon
recognising bacterial cells, attack their
cell walls. This causes perforations in
bacterial cell membranes; irreparable
large holes, through which the
contents of the bacterial cell leak out.
Bacteria shrink in the process and die
in a matter of minutes.
This mode of action takes on a
bacterial cell as a whole, and makes
it virtually impossible for bacteria
to develop a matching mechanism
of resistance.

LIFE SCIENCES AND HEALTH

WE ARE IN
DESPERATE
NEED OF
NOVEL
METHODS TO
DISCOVER NEW
CLASSES OF
ANTIBIOTICS
Resistance against traditional
antibiotics can be achieved with
minor single-gene mutations,
whereas, the attack of this synthetic
virus cannot be tackled by any of the
known resistance strategies. To be
effective against membrane-targeting
viruses, bacteria may require a radical
restructuring of their cell walls to
resist the direct attack.
Importantly, because the synthetic
virus can be assembled from different
building blocks, the number and
choice of design is virtually unlimited.
For this reason, the virus offers an
entire new class of antimicrobial
agents, which could hold the secret to
overcoming antibiotic resistance.
Interestingly, even though the virus
kills bacteria on contact, it inflicts no
damage on surrounding human cells.
Instead, it is capable of entering
specific human cells, acting as an
‘intracellular delivery vehicle’, where it
then introduces genetic material into
live cells.

A good example of this is gene therapy,
which aims to replace diseased
genes with this kind of ‘vehicle’.
This means that the synthetic virus
could have powerful implications for
genetic treatments as well as for the
destruction of bacteria that might be
present inside cells.
The work is an exemplar of the impact
we are generating through a virtual
lab being established with Imperial
College London, to underpin a joint
Centre for Engineering Biology,
Metrology and Standards.
This new lab is developing a toolbox
of materials and methods aiming
to improve the reproducibility of
biological research and technologies,
which is helping to bring innovative
and robust solutions for healthcare
and life sciences industry to
the market.
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Enabling
gold
standard
cancer
care
46
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One in two people
born in the UK
after 1960 will
be diagnosed
with cancer in
their lifetime,
with 330,000 new
cancer diagnoses
every year; a
number that is
growing by around
2% per annum.
NPL.CO .UK
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Whilst UK cancer
survival rates
have generally
increased over the
years, advances often
lag behind those
of other European
countries. We have
seen significant
improvements in UK
survival rates in areas
like breast, prostate
and testicular cancer,
however there are
some other cancers
like lung, pancreatic,
brain and oesophageal
cancers where there
has been much less
progress made.
The UK was second
only to Bulgaria for the
worst five-year survival
rates for lung cancer
and even UK survival
rates for breast cancer
are a decade behind
countries including
France and Sweden.

The underlying causes
The Independent Cancer Taskforce noted that
only 10% of cancer cures are achieved by drug
treatment and the NHS has rightly pointed
out that the key problem goes beyond a need
for more investment in drugs with often a
modest impact on life expectancy. There is
now a need to focus on better prevention,
earlier diagnosis and access to innovative
new treatments in order to make significant
improvements in survival rates.

Accelerating adoption

The Cancer Strategy for England recognises
that, other than in a few leading centres, the
UK is slower to adopt new innovations than
other countries. This is the case even where
those innovations are clearly cost-effective
or were developed within the UK’s own
health system.
One of the critical ways of enabling rapid and
widespread adoption of new diagnosis and
treatment innovations is by ensuring that
their performance, safety and effectiveness
can be measured and optimised in what is
necessarily a conservative community.
In radiotherapy, dosimetry is used to measure
and ensure this performance. The need
for standardisation and improvement of
dosimetry for preclinical radiotherapy studies
has been identified by research funding bodies
and is a key priority of The National Cancer
Research Institute’s working group on clinical
and translational radiotherapy (CTRad).
The impact of improvement of preclinical
dosimetry has also been highlighted
worldwide with a recent survey reporting
that only 7% of radiobiological studies are
supported by sufficient dosimetry to allow
the work to be interpreted, repeated and valid
comparisons to be made.
We are working in collaboration with the
University of Hull and Xstrahl to advance
the standardisation of pre-clinical quality
assurance (QA) and dosimetry procedures
traceable to national standards, to help
prove performance.
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There is now a need
to focus on better
prevention, earlier
diagnosis and
access to innovative
new treatments
The solution
We play a key role in supporting
the UK medical physics community
through the design, construction and
calibration of specialised equipment,
alongside the development of
guidance to ensure rigorous and
consistent dissemination of dose
quantification into the clinic.

We launched our Metrology for
Medical Physics Centre earlier this
year, which seeks to further improve
cancer diagnosis and treatment,
working with hospitals, academia
and industry partners to support the
safe and effective implementation of
optimised, cost-effective technologies.

A recent review of data we’ve collected
over the last 20 years has shown how
the combination of these factors have
assisted in considerably reducing the
variability of the dose delivered across
the nation.

We will undertake research and share
our expertise with government,
business and society to help
enhance healthcare and improve
quality of life for cancer patients in
the UK and across the world.

In more recent times, groundbreaking measurement research
has been undertaken to support
innovative treatments where these
complex systems require novel
approaches to measurement to
ensure continued consistency of the
dose delivered to the patient.

Ultimately, the solution to
variations in cancer mortality rates
among countries and regions is to
create global ‘gold standards’ for
everything from the methodologies
underpinning cutting-edge research
to the methods of diagnosis and
treatment patients receive. Only
then can we ensure research,
diagnosis and treatment is the best
it can be, for everyone.

We are continuing to broaden
this role to further enable the
rapid, efficient and widespread
adoption of advanced technologies,
thus supporting NHS England’s
cancer strategy to be delivered
and will support improvements in
patient outcomes.
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SPOTLIGHT

HAVE A BLAST
AT OUR ANNUAL
WATER ROCKET
COMPETITION!
From school teams in the afternoon, to company
teams, adult enthusiasts and youth groups in the
evening (as well as rocket-making workshops), the
NPL Water Rocket Challenge is a great day out for
all the family.

For the first time, we are also opening up the evening
session to teams from industry – for a team-building
activity that’s difficult to forget! All you have to do is
engineer your own rocket powered by water and air,
and try and launch yours the furthest.
In addition to some stiff competition, there will be
food and entertainment, as well as an opportunity to
learn more about the forces that make our world go
round. At our site in Teddington, next to the beautiful
Bushy Park, it’s set to be a fantastic evening.
So, whether you want an excuse to compete with
your colleagues, or are simply up for an engineering
challenge, register for our Water Rockets competition
on the 20th June 2018.
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WATER ROCKET CHALLENGE

Wednesday 20 June 2018
Gates open at 6:00 pm
Competition starts at 6:30 pm
NPL Sports Ground, Teddington, TW11 0EB (Queens Road gate)

npl.co.uk/wrc

Enter a team, join a workshop (limited spaces) or come and watch. (Entry fees apply.)
Spectators welcome - on purchase of programme (£2). All proceeds to charity.
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World Metrology Day, taking place on 20 May, will see the
measurement community come together to raise awareness
of an anticipated revision of the International System of
Units (SI).
We will be kicking off a year-long campaign called
The Measure of All Things to tell the story of measurement,
the SI units and their role in our lives.

The SI

Founded in 1960, the SI is a globally
agreed system of measurements.
As we become more and more reliant
on advanced science and engineering,
the importance of the SI grows - not
just in manufacturing and trade, but
in our everyday lives too.
It is necessary to ensure that our
everyday concepts of measurement,
whether a metre or a second,
remain comparable and consistent
worldwide. As we develop our
ability to measure properties more
accurately, the standards we measure
them against must also keep up.
Originally, the system of measurement
began life as physical artefacts and
were defined by objects such the
length of a standard bar, or the weight
of standard object.
Measurement operated this
way until the second half of the
twentieth century, when two
insights led us to change the way we
define a standard quantity.
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The first insight was that definitions
of the base units should no longer
rely on physical artefacts, removing
danger that the artefact could be lost,
damaged or change over time. The
second insight was that a number
of ‘natural constants’ were more
stable than the existing definitions or
artefacts. Together these two ideas led
to the concept of basing our system
of measurement on these naturally
constant quantities.
In 1968 the second was re-defined
as the time for a specific number of
oscillations of an atom of caesium-133.
Atoms of caesium-133 always oscillate
at the same frequency and so this
frequency – the rate of ‘ticking’ of the
clock – is always the same.

THE MEASURE OF ALL THINGS

Revision

The global measurement community anticipates that a revision to the SI
units will be agreed in November 2018, when the General Conference on
Weights and Measures (CGPM) meets in Paris, from 13-16 November.
In line with this, from World Metrology Day 2019 we will redefine the ampere,
the kilogram, the mole and the kelvin in terms of constants of nature.

1. The kilogram – will be defined by the Planck constant (h)
2. The ampere – will be defined by the elementary charge (e)
3. The kelvin – will be defined by the Boltzmann constant (K)
4. The mole – will be defined by the Avogadro constant (NA)
This will mean, for the first time we will see all base units in the SI dictated by
constants of nature, which will ensure that the definitions remain constant
and future proof and can be checked anywhere in the world.

Get involved

Measurement underpins industry, and is vital for having reliable
information on issues such as climate change, pollution and medical
diagnostics. Expertise in this field is crucial for future innovation and
productive industry.
So whether you work directly with the SI, or are keen to learn more
about the role of measurement in your work and life, get involved with
The Measure of All Things campaign.

See more about the events that we’ll be at, and the activities
we’ll be running at npl.co.uk/measureofallthings
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Events
2018

Here are just some of the events we will be at over the
next few months. Come and see us!

May

21 -25

June

20

Temperature & Humidity Course
2018
NPL, Teddington, UK

2- 8

August

2- 11

September

3- 6
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24

GSE Champions event
GOScience event
NPL, Teddington, UK

The 61st Marine
Measurement Forum (MMF)
NPL, Teddington, UK

Water Rocket
Challenge
NPL, Teddington, UK

July

October

23

13- 18

Royal Society Summer Exhibition
Royal Society, London, UK

Royal Air Tattoo
Cirencester, Fairford, UK

Bluedot Festival
Jodrell Bank, Macclesfield, UK

Eisedffod
Cardiff, UK

IMEKO World Congress
of the International
Measurement Confederation
Belfast Waterfront, Belfast,
Northern Ireland, UK

16

11- 14

20- 23

British Science
Festival
Hull University, Hull, UK

New Scientist
Live
ExCel Centre,
London, UK

31- 1Nov

Green Great Britain
Innovations Day
NPL, Teddington, UK

Advanced Engineering
2018
NEC, Birmingham, UK

November

9

16- 19

December

4
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22

Quantum Showcase
QEII Centre, London, UK

The Skills Show
NEC, Birmingham, UK

3rd Thermocouples Users and Manufacturers Conference Showcase
NPL, Teddington, UK

23
Bushy House Open
House
NPL, Teddington, UK

NPL is the UK’s National Measurement Institute, providing
the measurement capability that underpins the UK’s
prosperity and quality of life.
From new antibiotics to tackle resistance
and more effective cancer treatments, to
unhackable quantum communications and
superfast 5G, technological advances must be
built on a foundation of reliable measurement
to succeed. Building on over a century’s worth
of expertise, our science, engineering and
technology provides this foundation and helps
to make the impossible possible. We save lives,
protect the environment and enable citizens
to feel safe and secure, as well as support
international trade and commercial innovation.
As a national laboratory, our advice is always
impartial and independent, meaning consumers,
investors, policy makers and entrepreneurs can
always rely on the work we do.
Based in Teddington, south-west London, NPL
employs over 500 scientists and is home to 388
of the world’s most extensive and sophisticated
laboratories. NPL also has regional bases across
the UK, including at the University of Surrey,
the University of Strathclyde, the University of
Cambridge and the University of Huddersfield’s
3M Buckley Innovation Centre.

Contact us
Like what you’ve read or want to find out more?
Get in touch at contactus@npl.co.uk
Tweet us @NPL
Message us on Facebook at npldigital
Find us on LinkedIn at linkedin.com/company/national-physical-laboratory
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