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Welcome to the 3rd Newsletter of InK2 project!

This is the last InK2 newsletter before the historic and widely anticipated redefinition of the inter-
national system of units (the SI) takes place. On the 13–16 November 2018 the 26 th meeting of the
Conference on Weights and Measures (CGPM) will be held in the opulent surroundings of the Palace
of Versailles. It is expected that at the close of the CGPM meeting there will be an affirmative vote
on the resolution “On the revision of the International System of Units (SI)” ushering in the biggest
change to the SI since its inception in 1960. From that point on the seven base units of the SI will be
defined in terms of a set of fixed value fundamental (temperature, length, ampere, amount of sub-
stance, mass), atomic (time) and conventional (candela) constants. The redefined SI implementation
phase will then begin and run until World Metrology Day on 20 May 2019.

The research undertaken by the InK projects has made, and continues to make, substantial contri-
butions to the redefinition of the kelvin and fittingly concludes the same time as the redefined SI
implementation.

Looking back the first  InK project  ended with a workshop at  the UK’s  Royal  Society,  the modern
world’s first scientific institution. That workshop consisted of 16 presentations which were written
up in a special edition of the Philosophical Transactions of the Royal Society. I am pleased to report
that these papers are now freely available for download at the following link http://rsta.royalsocie-
typublishing.org/content/374/2064. The Royal Society are very pleased with the performance of the
volume as it  has already been cited more than 120 times and in their  words “is  one of  our best
performing issues in physics”.

Looking forward as the end of the second InK project approaches we are anticipating a number of
outstanding results in support of the kelvin redefinition. These will be contributions to the mise en
pratique for the definition of the kelvin (MeP-K-19), both through documented primary thermome-
try methods and support for the technical annexes through new low uncertainty values for T–T90

and T–T2000. These will be reported and deliberated on at the important Tempmeko/Tempbeijing
conference (10–14 June 2019). At that conference there will be a session dedicated to the InK2
project and a technical workshop focused on developing consensus values of T–T90 and T–T2000. In
the ensuing months work will continue culminating in submissions to the Consultative Committee
of Thermometry (CCT/29) which next meets in March 2020 at the International Bureau of Weights
and Measures (BIPM) in Sevres, Paris. That meeting will be the first occasion for the international
thermometry community to take stock of the operation of the redefined kelvin.

Finally looking to the future. The redefinition of the SI and more specifically the kelvin is the starting
point of the larger realisation phase of the redefined unit. National Measurement Institutes around
the world will be working to turn the redefinition into a reality. Within the Europe we have recently
proposed a project to the EMPIR Programme entitled “Realising the redefined kelvin” which, if suc-
cessful, will guide our first steps in this great endeavour.

I hope you enjoy this Newsletter and reading of the progress in the InK2 project. Please feel free to
pass it on to interested parties and if you know of people who may be interested in joining the
Stakeholder community please let me myself or the editor of this Newsletter, Ossi Hahtela, know.

Prof. Graham Machin,
InK2 coordinator
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Research highlights

T – T90 by primary radiometry

To ensure linkage among the independent, radiometric T – T90

measurements being done by the various partners, a set of zinc
(freezing point 692.68 K) and silver (freezing point 1234.93 K) fixed-
point blackbody cells was constructed by LNE-Cnam. The cells were
designed to be of a size suitable for installation in the furnaces
belonging to the different partners. One of each type of cell has been
circulated for measurement of T using the various absolute radiation
thermometry facilities. Comparison of the measurements using the
same cells will help to confirm consistency of the T measurements being
made in each of the laboratories. Additionally an aluminium fixed-point
blackbody cell (freezing temperature 933.47 K) has been circulated to
provide some information in-between the zinc and silver freezing
temperatures.

Graphs showing the melting and freezing of the Zn transfer cell, as measured by the NPL Near Infrared Radiation
Thermometer (NIRT3).

Single Pressure Refractive Index Gas Thermometry (SPRIGT)

TIPC-CAS has almost completed the three key technologies used in the single pressure refractive
index gas thermometry (SPRIGT) with the help from LNE-Cnam, namely high stable of temperature
regulation, pressure control and high-accuracy microwave frequency measurement, with results
much better than the design goals.

The cryostat cooled using a two-stage pulse-tube has realized ultra-high temperature stability at
temperature range of 5–25 K with the smallest instability about 0.021 mK with an integration time
of 0.8 s. The gas pressure has been measured by an absolute-pressure piston gauge and maintained
constant by a servo-loop at room temperature T = 298 K. High pressure stability of 0.0021 Pa at

The Zn cell constructed by
LNE-Cnam
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30 kPa and 0.0032 Pa at 90 kPa, corresponding
a relative uncertainty of 0.11 ppm (10-6) and
0.023 ppm, have been realized with an
integration time of 1.4 s by maintaining the
piston at a constant height.

The core element a quasi-spherical resonator
has been machined and closed successfully at
room temperature. It has been housed in the
cryostat and evacuated to determine the mi-
crowave resonance frequencies at tempera-
ture from 5 K to 25 K. High stability (0.01 ppb)
and low uncertainty (0.03 ppb) of resonant
frequency of TM11 mode has been realized at
8 K with an integration time of 3 hours (see
figure at right).

Doppler Broadening Thermometry (DBT)

New determinations of thermodynamic tem-
peratures have been performed by using Dop-
pler Broadening Thermometry, thus testing
the third generation spectrometer developed
at University of Campania Luigi Vanvitelli. The
apparatus is based on a pair phase locked ex-
tended-cavity diode lasers in the near infrared
spectral region, one of them being locked to a
self-referenced optical frequency comb syn-
thesizer. An important element of novelty, as
compared to the previous spectrometers, is
the use of a line doublet rather than an iso-
lated spectral line.

The probe laser frequency was continuously tuned over an interval of 6 GHz so that an acetylene
doublet could be observed, the two components being vibration-rotation transitions belonging to
C2H2 combination bands. Highly reproducible absorption spectra were recorded at the tempera-
tures of the triple point of water and at the gallium melting point. The isothermal cell was a home-
made multiple-reflection cell of the spherical Herriott type. The line doublet was selected with a
particular care in order to avoid the occurrence of collisional line-mixing effects. The clear advantage
of retrieving the gas temperature from a line doublet is related to the possibility to implement a
strong physical constraint in the spectral analysis procedure, the two lines sharing the same Doppler
width. This allows one to reduce significantly statistical correlation issues as well as the uncertainty
associated to the lineshape model.
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High stability in the microwave frequency
of the TM11 mode was realized by the
quasi-spherical resonator in the SPRIGT.

The 3rd generation DBT spectrometer.
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Double-wavelength radiation thermometer (DWT)

TUBITAK UME is developing a new double-wavelength radiation thermometer (DWT) specifically for
the radiometric temperature measurements traceable to synchrotron radiation. Currently a design
of optical and electronic parts of the DWT has been finished and the activities related to mechanical
design and manufacturing of the mechanical parts are still in progress. The DWT comprises of two
radiometric channels with two identical Si photodetectors, where one of the detectors is conjugated
with a broadband filter and the other with an interference filter (650 nm ± 10nm). As a broadband
filter a series of Schott glasses (from KG1 to KG5) were prepared and studied comparatively. As an
example, the curves below depict a comparative study of Size-of Source Effect (SSE) of a transfer
standard pyrometer (TSP-2) with these filters. Based on the results of these investigations, it was
decided to build the DWT on the base of KG5 glass and of the interference filter.

The SSE measurements of the TSP-2 without filter. The SSE measurements of the TSP-2 with filters.

At UME, an experimental campaign for the rela-
tive temperature measurements by means of a
DWT has started, where the transfer standard ra-
diation thermometer (TSP-2 pyrometer by
VNIOFI) with interchangeable detector heads is
adopted to DWT. One of  the detectors  is  conju-
gated  with  a  KG-5  (Schott)  broadband  filter  and
the other one with an interference filter (900 nm).
Measurements have been performed from 600 °C
to 1550 °C by using two different blackbodies (see
the figure at right). The analysis of these results
and the preparation of one journal and three con-
ference papers (will be presented in the TEMP-
MEKO 2019) are in progress.

An example of the of temperature measurement
results by means of DWT’s broadband channel
(the KG-5 filter and Si photodetector).
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Primary magnetic field fluctuation thermometer

The uncertainty for the direct determination of thermodynamic temperatures has been considera-
bly reduced by a factor of >2 in the range from 1 mK to 1 K. The primary magnetic field fluctuation
thermometer (pMFFT) developed at PTB uses planar detection and calibration coils allocated on two
silicon chips residing opposed to each other. The design of these circular, concentric coils has been
refined in several aspects. The resulting key improvement is the almost complete reduction of the
so far dominating uncertainty component related to the uncertainty of the distance of both chips
(or coils respectively). Now, for a given distance d between both coils, the mutual inductance M has
a local maximum, thereby making M insensitive to d. Nonetheless, both coils have quickly diminish-
ing field profiles as before due to their design as radial gradiometers.

Normalized field profile B(z,r) of the detection coil (ra-
dial first-order gradiometer in the plane z = 0).  The
calibration coil will be in the plane z » 2 mm.

Forthcoming events
· Final voting for the redefinition of the SI at 26th CGPM, 13th – 16th November 2018, Versailles,

France. https://www.bipm.org/en/cgpm-2018/
· EURAMET TC-T annual meeting, 9th – 12th April 2019, Turin, Italy

· InK2 closing project meeting, 9th – 10th May 2019 at PTB, Berlin, Germany

· New SI comes into effect on World Metrology Day, 20th May 2019.
http://www.worldmetrologyday.org/

· InK2 special session at Tempmeko/TempBeijing in June 2019, China.
http://www2.tempmeko2019.com/

· CCT workshop at Tempmeko/TempBeijing to agree the technical input into the MeP-K-19

· CIM2019 - International Metrology Congress, 24-26 September 2019, Paris, France.
http://www.cfmetrologie.com/en/events/international-metrology-congress

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’.

https://www.bipm.org/en/cgpm-2018/
http://www.worldmetrologyday.org/
http://www2.tempmeko2019.com/
http://www.cfmetrologie.com/en/events/international-metrology-congress
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InK2 Consortium and contact information:

Project homepage: http://www.vtt.fi/sites/InK2/
Project page at ResearchGate: RG/InK2 where you can follow the progress of the project and par-
ticipate in discussion related to the new definition of the kelvin and its future implementation.

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

SUN Università degli Studi della Campania Luigi Vanvitelli Italy

TIPC-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 UniCam-
pania

livio.gianfrani/at/unicampa-
nia.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

http://www.npl.co.uk/
http://www.cem.es/
http://inm.cnam.fr/
http://www.inrim.it/n/index.php
http://www.lne.eu/
http://www.ptb.de/cms/en.html
http://www.tubitak.gov.tr/en
http://www.vttresearch.com/
http://www.aalto.fi/en/
http://www.csic.es/home
https://www.univ-paris13.fr/en/
https://www.royalholloway.ac.uk/home.aspx
https://www.unina2.it/
http://english.ipc.cas.cn/au/
http://english.ipc.cas.cn/au/
http://en.nim.ac.cn/
http://www.vniiofi.com/
http://www.vniiofi.com/
http://www.vtt.fi/sites/InK2/
https://www.researchgate.net/project/EMPIR-joint-research-project-Implementing-the-new-kelvin-2

