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Foundation laid
for new rubidium
second
NPL’s first Rb-87 (rubidium-87) 
atomic fountain is currently under
construction. NPL has so far built and
optimised an intense source of cold
Rb-87 atoms to an efficient new
design.

Currently the most accurate clocks are
atomic fountain microwave frequency
standards based on the frequency of
the ground-state hyperfine transition of
the free-falling cold Cs-133 (caesium-
133) atoms. This is measured with
relative uncertainty as small as a few
parts in 1016; this level of accuracy is
limited mostly by the collisions
between the caesium atoms.

The main advantage of the Rb-87 atom
is that its cold collision cross-section is
smaller by almost two orders of
magnitude compared with Cs-133,
which suggests higher potential
accuracy of the Rb-87 standard. This
also makes it possible to operate the
Rubidium fountain with a larger
number of atoms than can be used in
the caesium fountain without being
limited by the collisions. This enables
statistical errors related to the finite
number of atoms used in the fountain
to be reduced and therefore the
stability of the rubidium standard 
is expected to be higher. 

A magneto-optical source of slow
rubidium atoms is used to load an
optical molasses trap (see figure). At
the moment this source of cold atoms
enables up to one billion Rb-87 atoms
to be prepared in just 100 ms, which is
a perfect starting condition for the
intense rubidium fountain. The upper
part of the fountain, which includes the
clock microwave cavity inside the
magnetically shielded tube inside a
constant magnetic field, is now under
construction.

Recently, the microwave transition in
Rb-87 was recognized as a secondary
standard for the SI second. Whether or
not the rubidium standard will in the
future become the primary standard,
many applications will benefit from its
higher accuracy and stability.

For further information contact 

Yuri Ovchinnikov, NPL, 

tel: 020 8943 6460 or by 

e-mail: yuri.ovchinnikov@npl.co.uk
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Improved frequency capability
contributes to the definition of
the metre

The DTI funds scientific research for
the National Measurement System. 
The formulation of the next NMS
programme for Time, Frequency and
the Metre began on July 5th with an
orientation meeting at the DTI.
Representatives from industry,
academia and other government
departments advised the DTI on topics
that could be included in the next
programme. Results from the
orientation are available on the
formulation website, where you can
also register interest, sign up to get
involved and comment on specific
proposals as they are developed
(www.npl.co.uk/formulation/time). 

Some proposals for the new
programme will build on recent

successes in development of an
operational atomic primary frequency
standard and a trapped-ion optical
frequency standards, including
applications in Time and Frequency
dissemination and Galileo. Important
aspects of the new programme will be
to develop optical secondary
representations of the second with the
aim to eventually redefine it, better
time transfer technologies necessitated
by the improved frequency standards,
and optical clocks developed as more
robust fully automated systems
capable of operation outside the
laboratory. In addition, the
development of femtosecond comb
technology has revolutionised
frequency metrology and the new
programme will increase activities in

this field and investigate new
applications of femtosecond combs.

A series of focus group meetings are
being organised which aim to define
the specific requirements for the
programme and this is one of the ways
you can get involved and influence the
future direction of research. Details of
these focus group meetings can be
found on the formulation website
which is updated weekly. In particular,
we are interested in receiving
comments from partners who would
like to collaborate on research projects
in the new programme.

For further information contact 

JT Janssen, NPL, tel: 020 8943 7014 or

by e-mail: jt.janssen@npl.co.uk

Your chance to influence research into Time,
Frequency and the Metre!

Leap seconds – an update
The Spring 2005 Time and Frequency
News included a report on a proposal
from the USA to remove leap seconds
from the international timescale
Coordinated Universal Time (UTC). If
the proposal were adopted, UTC would
be allowed to diverge by a steadily
increasing amount from Universal Time
(UT1), a timescale commonly known as
Greenwich Mean Time (GMT) and
which is based on the Earth’s rotation.

The UK Department of Trade and
Industry (DTI) has consulted other

Government Departments and some
interested parties that might be
affected by the proposal. It found no
support for the proposed change, and
strong support for the status quo. As a
result, the DTI has decided to oppose
the current proposal to remove leap
seconds from UTC.

If you wish to comment on this subject

please contact John Lee of the DTI

National Measurement System

Directorate, tel: 020 7215 1416, or by 

e-mail: john.lee@dti.gsi.gov.uk

The recent development of a pair of
acetylene-stabilised diode laser
standards in the 1.5 µm optical
communications band has improved
NPL’s best frequency measurement
capability by more than a factor of
10,000 in this spectral region. This
means that NPL has been able to 
make a significant contribution to the
Consultative Committee for Length
(CCL) through its working group on 
the mise-en-pratique (the
recommendations on practical use) for

the definition of the metre. The work
has already generated considerable
industrial interest; NPL has received
several enquiries and has calibrated
1550 nm laser sources using the new
acetylene standards.

More information about work in these
and related areas can be found at 

www.npl.co.uk/optical_frequency_standards

For more information contact 

Helen Margolis, NPL, tel: 020 8943 6113

or by e-mail: helen.margolis@npl.co.uk

Femtosecond optical frequency
combs have already led to a
revolution in the field of optical
frequency metrology, enabling
optical frequencies to be connected
in a single step to the primary
caesium microwave standard. 

The comb technology provides
stable, well-defined, absolute
frequencies in the optical range, and
will enable research and product
development in a number of new
areas, including spectroscopy; laser
interferometery and distance
measurement; and secure
communications.

NPL are investigating the
metrological requirements across
such applications. In order to gain a
wider appreciation of the potential
uses of the comb technology, 
NPL would like to hear from
organizations that are looking to
develop products or services that
could exploit the advantages the
femtosecond comb provides.

If you are interested in guiding 

this research and would like 

to discuss practical applications 

and your future metrological

requirements, please 

e-mail femtosecondcomb@npl.co.uk

A brush with
the future



Scientists from NPL were among 24
teams exhibiting their work at the
Royal Society’s Summer Science
Exhibition from 4th to 7th July 2005.
This annual exhibition highlights
advances in science and technology,
exploring new developments and new
applications of cutting-edge research
being carried out in the UK. 

The NPL stand, entitled “Light years
ahead: keeping time with single ion
optical clocks”, was designed to show
how clocks based on absorption of
laser light by a single trapped ion could
supersede the best atomic clocks of
today.  Scientists from the team were
on hand to explain the potential
applications of such clocks, ranging

from improved satellite navigation
systems to tests of the fundamental
laws of physics.  An interactive
mechanical model of an ion trap,
where visitors could attempt to trap a
squash ball on a rotating saddle,
proved very popular. 

Over 3600 visitors from a wide range of
backgrounds attended the exhibition
over the four days, including: Fellows
of the Royal Society and their guests,
members of the public, schoolchildren
and teachers.

More information about the exhibition

can be found at www.sc1.ac.uk/

discover/exhibition2005.cfm

For more information contact 

Helen Margolis, NPL, tel: 020 8943 6113

or by e-mail: helen.margolis@npl.co.uk
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A technological revolution is about to
happen in our national
telecommunications infrastructure. For
most of us, whilst this change is as
significant as the migration from black
and white television, if managed
appropriately it will pass largely
unnoticed - the only effect will be more
and ever faster services and content
brought to us at continuously reducing
prices. This change is the move to the
Next Generation Networks (NGN),
fundamentally a move from time
division multiplexed (TDM) to Ethernet
(packet based) technology. For Ethernet
technology to be reliable it requires
tight synchronisation across the
network, otherwise the sent

information may not sorted into the
right order for the receiver leading to
lost or incorrect data.

For some applications, including
mobile telephone networks, this
change may have potentially
disastrous consequences if the
problems are not properly addressed,
in that it may lead to complete failure
of some telecom networks. Many
services also rely on the bit stream of
the TDM traffic to bring timing into
their connected applications and so
NGN may deny timing to any
connected applications and in some
cases affect local stability for radio
frequency purposes.

Experts are still divided on the best
way of moving forward and the
problems that it will bring if not
handled correctly. Chronos Technology,
a leading system integrator for
synchronisation and timing products,
has founded the International Telecom
Sync Forum (ITSF) an annual workshop
and symposium to discuss telecom
sync issues in general and provide a
platform to help to find a consensus for
moving forward, for more details
please visit www.telecom-sync.com

For further information contact 

Charles Curry, Chronos Technology Ltd,

tel: 01594 862200 or by 

e-mail: charles.curry@chronos.co.uk

More information, faster – getting it right

Light years ahead: the Royal Society’s Summer
Science Exhibition

There are concerns regarding the
vulnerability of Global Navigation
Satellite Systems (GNSS) which is
often used as the only position and
timing input to many applications
including navigation, vessel traffic
monitoring and casualty analysis. The
General Lighthouse Authorities are
therefore investigating a terrestrial
radio navigation backup, which should
be complimentary to GNSS and not
suffer from the same vulnerabilities.

Loran (LOng RAnge Navigation) is the
only operational system that can
operate as a backup to GNSS as it is
capable of providing an accuracy close
to that achievable by conventional
satellite systems, whilst maintaining
independent failure modes. 

The General Lighthouse Authorities 
of the United Kingdom and Ireland
commenced Loran trials from Rugby 
in June this year. Trinity House
Lighthouse Service, The

Commissioners Irish Lights and the
Northern Lights Board have negotiated
the loan of a Loran transmitter that has
been integrated into the current
European network of 8 base stations
and takes the place of the transmitter
at Loop Head, as part of the Lessay
chain.

For more information contact 

Dean Furber, The General Lighthouse

Authorities, tel: 01255 245000 or by 

e-mail: dean.furber@thls.org

General Lighthouse Authorities trial Loran

NPL staff supervising an

interactive model of an ion trap
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On 29th September, the Time and
Frequency Club and Pinpoint Faraday
held a joint meeting, attracting 
44 attendees from a broad range of
industrial sectors. Presentations came
from a mix of NPL staff and other
speakers on a range of topics from
development of the quantum standard
of the second, to upcoming issues
associated with changes in network
technology, and updates on GPS (both
in general and on Galileo specifically).

There was a chance for the attendees
to become involved with the
formulation of the next Time
Programme, which led to a lively
discussion and many interesting points
and thoughts being brought forward.
More details about the Time
formulation are available via
www.npl.co.uk/formulation/time/

The next meeting will be held on 
9th February 2006, covering

information and updates on 
Galileo, frequency standards for
telecommunications, a beginners guide
to Kelman Filters, and news from the
Time and Frequency group. 

If you would like to give a presentation

in any of these areas, or would like

more information, please contact

katherine.robinson@npl.co.uk or visit

the website at

www.npl.co.uk/time/userclub

Another successful Time and Frequency 
Club meeting

The advantages of being able to
establish your position on the planet
are well documented. Currently, the
most commonly used satellite
navigation system is the US
Department of Defence’s Global
Positioning System (GPS); this and the
similar Russian system called Glonass
are available globally for civilian use,
free of charge. These systems were
originally designed for military
purposes and when their services were
first offered to civilian users, they came
with deliberate performance
downgrading, although this has since
been removed.  

While GPS is generally reliable, it 
was not designed for safety critical
operations, and has no performance
guarantees. Within Europe, it was felt
that there was a strong case for a

global satellite navigation system
under civil control and tailored to the
civil markets; this became the Galileo
programme. 

Galileo will employ up to 30 satellites
in medium earth orbit at an altitude of
approximately 24,000 km; it will
transmit four navigation services, as
well as the time signal and supporting
COSPAR/SARSAT (Committee on space
research/Search and rescue satellite
aided tracking). Although it will supply
a global service, these individual
services will be aimed at particular 
user markets: for example, traffic
control at airports and harbours. 

Galileo will be at least as accurate 
as the proposed modernised GPS
system, but will also provide a
guarantee of continuous transmission,

high quality data and service liability. A
co-operation agreement between the
USA and EU is in place to make sure
that Galileo and the next generation of
GPS are interoperable.

NPL is actively involved in the
development of Galileo, contributing
expertise in accurate timing systems
and the effective development of
validated safety critical software to a
consortium lead by Helios Technology
in order to develop the Galileo Time
Service Provider. This will provide a
highly stable, traceable link between
Galileo System Time and the European
UTC(k). 

For more information contact 

John Davis, NPL, tel: 020 8943 7137 or

by e-mail: john.davis@npl.co.uk

European Global Positioning System – 
an introduction to Galileo

If you would like further information on any aspect of 
NPL Time Metrology, please contact:

Tel: 020 8943 6382 | Fax: 020 8614 0501 | E-mail: time@npl.co.uk

Enabling Metrology Division
National Physical Laboratory | Teddington | Middlesex | United Kingdom | TW11 0LW

Helpline: 020 8943 6880 | Fax: 020 8943 6458 | E-mail: enquiry@npl.co.uk
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