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Introduction
This is the first newsletter of the EMPIR project ‘Implementing the new kelvin 2’ (InK2). The three-
year project started in June 2016 and it is continuation to EMRP project ‘Implementing the new
kelvin’  (InK).  The  aim  of  the  InK  projects  is  to  lead  the  thermometry  community  to  a  successful
redefinition of the kelvin. In 2018, the CIPM will introduce the most fundamental change to the SI
system ever undertaken since its inception. The new SI will be based on defined values of
fundamental constants. This momentous change needs to be supported with research and
documentation to ensure a successful and effective redefinition takes place.

The InK2 project will focus on delivering primary thermometry results needed to facilitate the
redefinition of the kelvin in terms of the Boltzmann constant. In particular, robust T–T90 and T–
T2000 data is required to provide a complete thermodynamic temperature data set for the
implementation of the new kelvin by the time of the redefinition. In the longer term (mid to late
2020s), the results will be valuable for the potential new international temperature scale, the so
called  ITS-202x,  where  the  current  temperature  scales  (ITS–90  and  PLTS–2000)  are  likely  to  be
replaced by a combination of the new scale and at the temperature extremes with practical
primary thermometry.

To support the implementation of the new kelvin, the following scientific objectives have been set:

To determine T–T90 in  the range from ~430 K to ~1358 K using a variety of  techniques and
with a target standard uncertainty of 5 mK.

To determine T–T90 in the range from ~1 K to ~200 K using a variety of techniques and with a
target standard uncertainty of 0.5 mK.

To establish novel primary thermometry approaches to re-determine T and T–T90, to identify
and minimise systematic uncertainties.

To improve primary thermometers for the ultralow temperature regime 0.9 mK to around 1 K.

To contribute to new or improved international standards and to facilitate the take up of the
technology and measurement infrastructure developed by the project.

Every nine months a newsletter of the project will be distributed. Please forward this newsletter to your colleagues. To register for
this newsletter, send an email to ossi.hahtela/at/vtt.fi with subject ‘register InK2 newsletter’. Additional information on InK2 can be
found on the project homepage http://www.vtt.fi/sites/InK2/.
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Research highlights
A pressure controlled heat pipe system for T–T90

measurements  over  the  range  from  ~673  K  to  ~1358  K
has been installed at NPL, UK. The system consists of two
heat pipes, one containing potassium and one containing
sodium. Each heatpipe has an integral blackbody cavity
at one end and a number of thermometer wells for
accommodating calibrated platinum resistance thermo-
meters and/or gold-platinum thermcouples at the other.
Currently only the potassium half of the system is
operational, and this is undergoing testing and tuning to
improve the temperature stability. A stability of
nominally ±5 mK over a period of around 30 minutes has
been achieved.

Figure: The NPL pressure controlled heat pipe
system showing the potassium heat pipe.

The construction of the high-temperature cylindrical resonator is proceeding at NPL. One feature
of the design is that the acoustic and microwave waveguides are essentially straight. This has
simplified the comparison of experimental tests with theoretical models.

The perturbation caused by the acoustic waveguides has been modelled and measured using a
specially-developed apparatus in which the effective waveguide length could be altered remotely
by slowly driving a plunger down the waveguide. At each effective length, the perturbation to the
half-width and frequency of the resonator was evaluated. The comparison between measured and
modelled perturbations to our resonator appears to be compatible with our target uncertainty
estimates. The straightness of the acoustic waveguides should allow a reasonable modelling of the
way the thermal gradients along the waveguides affect the perturbations.

The straightness of the microwave waveguides has facilitated
an especially simple method of fabrication using standard
alumina tubes and stainless steel conductors. Our waveguide
design has been tested and found to have good broadband
transmission and stability at 700 °C.

Figure: The aluminium resonator of NPL shown in
relation to the Inconel pressure vessel. An additional
isothermal shield is being manufactured to fit in
between the resonator and the pressure vessel.
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NIM, China, is setting up a facility for high temperature
acoustic gas thermometry. The home-made antennas
working at high temperatures have been tested and
found to perform well. The new design of the acoustic
signal driver of couple PZTs has been fabricated. The
new transducer is anticipated to form larger signal to
noise ratio than the one previously used.

INRiM, Italy, is completing the construction of an apparatus suitable for RIGT (Refractive Index Gas
Thermometry) measurements between 45 K and ambient temperature. A new copper resonant
cavity has been designed and is currently under construction. It should be delivered by the end of
May 2017. The plan is to get results with the complete apparatus before the end of the year. In
the meanwhile, INRiM is testing the principle of technique in which two cavities are maintained at
the same pressure and different temperatures, by utilizing two
apparatus which were previously developed for an acoustic
determination of the Boltzmann constant. These tests should
provide results (i.e. T–T90 determinations) near ambient
temperatures. INRiM is also cooperating with PTB, Germany,
towards a determination of the compressibility of copper and
with LNE, France, for the realization of the new copper cavity.

Figure: Outer stages of a pulse-tube cryostat under
construction and test at INRiM. The cryostat will be
used for the determination of thermodynamic
temperatures using the RIGT technique.

Forthcoming events and project presentations & articles

Graham Machin, NPL, has written a popular level article "Towards the new kelvin" about the
redefinition of the kelvin. The article can be downloaded from ResearchGate.

6th Spanish Congress of Metrology 6-8 June 2017: invited presentation "The New Definition of
the Kelvin and Its Future Implementation" by Graham Machin and Dolores de Campo, CEM.
http://www.congresodemetrologia.es/

Metrologie 19–21 September 2017, Paris: invited presentation "The kelvin redefined" by
Graham Machin. http://www.cim2017.com/

InK2 project meeting on 7th December 2017, CNAM-LNE, St Denis, Paris.

EMPIR InK successor project workshop on 8th December 2017, CNAM-LNE, St Denis, Paris.

Final meeting of the Consultative Committee for Thermometry prior to the kelvin redefinition,
1–2 June 2017 at BIPM, Sevres, Paris. This will be the last CCT meeting before the redefinition
of the SI in 2018.
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Contact and further information
This is a newsletter about on-going work and development of the InK2 project, which is carried out
by the following partners/institutions:

Project homepage: http://www.vtt.fi/sites/InK2/

NPL NPL Management Limited UK

CEM Centro Español de Metrología Spain

CNAM Conservatoire national des arts et metiers France

INRIM Istituto Nazionale di Ricerca Metrologica Italy

LNE Laboratoire national de métrologie et d'essais France

PTB Physikalisch-Technische Bundesanstalt Germany

TUBITAK Turkiye Bilimsel ve Teknolojik Arastirma Kurumu Turkey

VTT Teknologian tutkimuskeskus VTT Oy Finland

Aalto Aalto-korkeakoulusäätiö Finland

CSIC Agencia Estatal Consejo Superior de Investigaciones Cientificas Spain

UP13 Université Paris 13 France

RHUL Royal Holloway and Bedford New College UK

UniNA2 Seconda Università degli Studi di Napoli Italy

IPC-CAS Technical Institute of Physics and Chemistry, Chinese Academy
of sciences

China

NIM National Institute of Metrology China

VNIIOFI
Federal State-Owned Unitary Enterprise All-Russian Research
Institute for Optical and Physical Measurements

Russian
Federation

Coordinator: Graham Machin NPL graham.machin/at/npl.co.uk

WP1: Measurement of T–T90 (430 K … 1358 K) Helen McEvoy NPL helen.mcevoy/at/npl.co.uk

WP2: Measurement of T–T90 (5 K … 200 K) Fernando Sparasci CNAM fernando.sparasci/at/cnam.fr

WP3: Novel Primary Thermometry Livio Gianfrani UniNA2 livio.gianfrani/at/unina2.it

WP4: Primary Low-Temperature Thermometry Jost Engert PTB jost.engert/at/ptb.de

WP5: Creating Impact Ossi Hahtela VTT ossi.hahtela/at/vtt.fi


