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Cover image:
The original caesium atomic clock pictured in 1960 
(designed in 1955) in-situ in the Standards Division.

Timetable
10:30 Registration - tea and coffee available

11:00 Welcome and unveiling of commemorative plaque

Dr Brian Bowsher, Managing Director, National Physical Laboratory

Professor John Dudley, President, European Physical Society

Professor Sir Peter Knight FRS 

11:30 Lecture

‘Time – past, present and future’ by Ray Essen (son-in-law of Louis 
Essen) and Professor Patrick Gill (Head of time at NPL)

12:30 Lunch

13:30* Lecture programme

Peter Whibberley – 
Time scales

Leon Lobo – 
NPLTime®

Laboratory tours

See map

14:30* Laboratory tours

See map

Lecture programme

Peter Whibberley – 
Time scales

Leon Lobo – 
NPLTime®

15:30 Close - please return to NPL reception for tea and coffee  
before leaving 

* due to limited space in the laboratories we are splitting the afternoon session - repeating the 
lecture programme and laboratory tours to allow everyone to enjoy both.



EPS Historic Sites Award
The European Physical Society (EPS) 
Historic Sites Award commemorates 
places in Europe that are important for 
the development and history of physics 
through their association with an event, 
discovery, research or body of work that 
has made an exceptional contribution 
to physics.

The National Physical Laboratory (NPL) 
has been awarded this historic site status 
as the European birthplace of atomic 
timekeeping.

Atomic timekeeping
NPL has a long history of time research. 
In the 1950s, scientists working at NPL 
developed a new type of clock that 
represented a revolutionary advance 
in timekeeping. 

Louis Essen designed the clock and 
in 1955, together with John Parry, he 
constructed it at NPL. It was the world’s 
fi rst working caesium atomic clock and 

it paved the way for a new and better 
defi nition of the second, based on the 
fundamental properties of atoms. 

Eventually replacing the astronomical 
second, Caesium Mk.1 kept time more 
accurately than any other clock in 
existence. Whereas time scales based on 
the Earth’s period of rotation varied by one 
second every few years, this decreased to 
just one second in 300 years for Essen’s 
atomic clock.

In subsequent years, Essen used the NPL 
caesium clock to measure the relationship 
between the caesium frequency and the 
astronomical second, leading directly 
to the redefi nition of the Système 
Internationale d’Unités (SI) second in 1967 
in terms of the caesium frequency. 

Atomic clocks have steadily been 
improved over more than fi fty years. A 
new form of atomic clock is now used, 
called the caesium fountain. Caesium 
fountains are about 500 000 times more 
precise than Essen’s clock, having an 
accuracy equivalent to just 20 picoseconds 
(20 trillionths of a second) over one day.Louis Essen FRS

Original caesium atomic clock, 1955



UTC and NPL
As the UK’s National Measurement 
Institute, NPL has a vital role in maintaining 
the UK’s realisation of the international 
time scale UTC. NPL’s caesium fountain, 
NPL-CsF2, is one of the most accurate 
clocks in the world. It is the reference for 
the national time scale, UTC(NPL), and 
contributes to UTC, which is calculated 
at the Bureau International des Poids et 
Mesures (BIPM).

In order to provide an uninterrupted 
time scale, NPL has seven continuously-
operating atomic clocks: four hydrogen 
masers and three commercial caesium 
clocks. The hydrogen masers are more 
stable than the caesium clocks, so they 
form the basis of the time scale. One of 
the hydrogen masers acts as the UTC(NPL) 
clock, and is the ‘master clock’ upon which 
the UK’s time is based. To make sure that 

it is keeping accurate time, this maser is 
regularly checked against the caesium 
fountain standard.

The other masers are used as backup 
clocks, in case the primary maser fails. All 
of the clocks are constantly compared to 
the primary UTC(NPL) clock to check for 
any diff erences, allowing a faulty clock to 
be identifi ed immediately. The UTC(NPL) 
time is also compared to the UTC(k) time 
scales in other measurement institutes 
worldwide via time transfer links. 

Strontium ion optical clock

Caesium fountain



A UK-wide time service
NPL’s time scale, UTC(NPL), is distributed 
through three main methods. The fi rst, 
and most widely used, is the MSF time 
service. This is a radio signal, broadcast 
at 60 kHz, based on a caesium clock at 
Anthorn radio station from where the 
signal is transmitted. This clock, in turn, 
is monitored through a time transfer link 
to NPL as well as comparison of the MSF 
signal received at NPL with NPL’s clocks, 
to make sure that it is accurate. A large 
number of radio-controlled clocks receive 
the MSF signal all over the UK and beyond.

NPL also off ers a dial-up Telephone Time 
Service (TTS) and an Internet Time Service 
(ITS) using the Network Time Protocol 
(NTP), for keeping computers synchronised 
with NPL’s clocks. A new service to provide 
time over optical fi bre links to fi nancial 
institutions, telecoms companies and 
others is currently being rolled out.

Future of time
As well as keeping time for the whole 
of the UK, NPL carries out a broad 
programme of research in time and 
frequency metrology. This cutting-edge 
research aims to improve timekeeping 
accuracy even further.

A major activity is the development and 
characterisation of a new generation 
of optical atomic clocks based on laser-
cooled trapped ions and atoms, which may 
eventually lead to a future redefi nition of 
the SI second. Potential applications of 
these clocks range from improved satellite 
navigation systems to sensitive tests of 
fundamental physical theories.

Other areas of current research include 
the development of compact and user-
friendly frequency standards for industrial 
applications and unique algorithms for 
processing clock data to generate the most 
stable reference time scales achievable. 

Ion trap

NPL-CsF2



The National Time Scale
Module 4, First fl oor (F4-L22)

NPL looks after a group of seven continuously-operating atomic clocks that form the national 
time scale, known as UTC(NPL). The time scale is compared with other national time scales 
around the world by our time transfer systems and provides the reference for the MSF radio 
time signal and our other time services.

Caesium Fountain Clock
Module 4, Ground fl oor (G4-L20)

In 2011, the NPL Caesium Fountain Clock was declared the most accurate long-term 
timekeeper in the world. It, along with a handful of others, is used to realise the SI defi nition 
of the second and contribute to International Atomic Time and Coordinated Universal Time – 
the worldwide timescale needed for global communications, satellite navigation, power grid 
synchronisation and time-stamping of fi nancial transactions.

Optical Atomic Clocks
Module 4, Ground fl oor (G4-L16)

All clocks rely on an oscillator that ‘ticks’ at a constant rate. We are developing next-generation 
atomic clocks that use laser light as this oscillator. The frequency of the laser is referenced to a 
quantum transition in a single atom, trapped in a vacuum and cooled to within a thousandth 
of a degree above absolute zero. These clocks are aiming to measure 1 second to 17 decimal 
places – better than the accuracy of the caesium clocks that currently realise the defi nition of 
the SI second.

Femtosecond Combs
Module 4, Ground fl oor (G4-L15)

NPL’s three femtosecond optical frequency combs are used to measure the frequencies of 
our optical atomic clocks, relative to the caesium fountain primary standard, and to compare 
optical clocks operating at diff erent  frequencies. We are also investigating other applications 
of femtosecond combs such as in low noise microwave synthesis, transmission of ultra-stable 
frequency references over optical fi bre networks and spectroscopy.

Time and Frequency Displays
Module 4, Ground fl oor (G4-A5)

NPL is the home of the UK time scale and our scientists are developing ways to measure time 
increasingly more accurately. Come and fi nd out more about the science and technology 
behind our atomic clocks and why we need these incredibly accurate methods of timekeeping. 

Open Laboratory Guide

Module 4, First fl oor (F4-L22)

Module 4, Ground fl oor (G4-A5)

Module 4, Ground fl oor (G4-L16)

Module 4, Ground fl oor (G4-L20)

Module 4, Ground fl oor (G4-L15)
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www.npl.co.uk
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