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The Metre Convention

Meter Convention: 1875

CCs:  Consultative Committees

CCU: Consultative Committee for Units

CGPM: General Conference of Weights and Measures

CIPM:  International Committee of Weights and Measures

BIPM:  International Bureau of Weights and Measures



Quantities and Measurement Units 

Measurement units

Q = {Q} [Q]quantity

number

unit

t = 55.4   s

 (133Cs)hfs =   9 192 631 770. 5 (6) s-1

m = 10.1   kg

constant 
of nature

artefact

1 s = 
9 192 631 770

 (133Cs)hfs

Define a unit by fixing the numerical value of a constant of nature

uncertainty

material property 
measurem. prescription

defining constant

J. C. Maxwell 1870

t = 55.4 (1) s

m = 10.1(2) kg
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electric currenttemperature

amount of

substance

luminous

intensity

length

mass

time

SI: The International System of UnitsThe International System of Units: SI 

Base unitsEstablished in 1960: CGPM



Base units

Derived units

[v] = m s-1

[c] = mol m-3

Derived units with special names

Dimensions of quantities

 A set of coherent SI units

The International System of Units: SI 



Base units

Derived units with special names

Dimensions

 A global measurement infrastructure

• Intensity of light from an LED

• CO2 concentration in the air

• Creatinine concentration in blood serum

• Dose equivalent outside nuclear reactors

• ….

 Valid world wide

of qunatities

 A set of coherent SI units

The International System of Units: SI 



 A global measurement infrastructure

• 97 member and associate states

• 95 National Metrology Institutes (NMI)

• 150 Designated Institutes (DI)

• 4 International Organizations

 Valid world wide

Member participating in the CIPM MRA

Associate participating in the CIPM MRA

 Basis and condition sine qua  

non for world wide trade

The International System of Units: SI 

 97.6 %  of the world economy

President:

Prof. Dr Joachim Ullrich

Former President:

Prof. Dr Ian Mills

Executive Secretary:

Dr Estefania de Mirandes

Date established: 

1964, to replace the 

"Commission for the System of 

Units", set up by the CIPM in 1954

• provide advice about units of measurement

• develop the International System of Units (SI) 

• prepare the SI Brochure

CCU: Consultative Committee for Units 



Members

• International Astronomical Union [IAU]

• International Union of Pure and Applied Chemistry [IUPAC]

• International Union of Pure and Applied Physics [IUPAP]

• Commission internationale de l'éclairage [CIE]

• Committee on Data for Science and Technology [CODATA Task Group on Fundamental Constants]

• International Commission on Radiation Units and Measurements [ICRU]

• International Federation of Clinical Chemistry and Laboratory Medicine [IFCC]

• International Electrotechnical Commission [IEC]

• International Organization for Standardization [ISO]

• International Organization of Legal Metrology [OIML]

• Centro Español de Metrología [CEM], Madrid

• National Institute of Metrology [NIM], Beijing

• National Institute of Standards and Technology [NIST], Gaithersburg

• National Metrology Institute of Japan, AIST [NMIJ/AIST], Tsukuba

• National Physical Laboratory [NPL], Teddington

• Physikalisch-Technische Bundesanstalt [PTB], Braunschweig 

• Federal Agency on Technical Regulating and Metrology [Rosstandart], Moscow

Personal members

• Prof.  M. Himbert

• Dr T.J. Quinn CBE FRS

• Prof. I. M. Mills FRS

Ex officio

• Director of the BIPM

International unions

International 
commissions &
committees

Intergovernmental organizations 
or international bodies

NMIs

Personal and 

ex officio 

members

plus 15 to 20 

invited experts

CCU: Consultative Committee for Units 

21st meeting: 11 and 12 June 2013: 43 participants 
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SI: The International System of UnitsThe New International System of Units

arte-
fact

IPK

The mass of IPK might drift  an unsatisfactory situation!

1 s = 
9 192 631 770

 (133Cs)hfs

1 m = 
c

299 792 458
s

Correction: 35 µg !

The kg “as maintained” had to be corrected substantially!

Change of 
3.5  10-8
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material property

SI: The International System of UnitsThe New International System of Units

arte-
fact
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3.5  10-8

R
ep

ro
du

ci
bi

lit
y 

10
-9

1964 1970 1976 1982

-2,5

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

D
ev

ia
tio

n 
fr

om
 N

M
L-

re
fe

re
nc

e 
va

lu
e 

in
 µ

/



BI
ASMW
ETL
EIN
IMN
LCIE
NBS
NPL
NRC
PTB

NML

RK-90

QHE
today

2DEG

Ux

HU
I

I

B

0 2 4 6 8 10 12 14
0

3000

6000

9000

12000

15000

0

400

800

1200

1600

2000

 

R
xy

   ()

B    (T)

I = 10 µA, T = 0.3 K

i = 4

i = 3

R
xx

   ()i = 2

Sen

B

I

U
R  H

H :

The QHE has revolutionised electrical metrology

with tremendous effects: industry & innovation
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Some 10-8 do matter!

RK-90 = h/e2 = 25 812,807 Ω
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substance

lengthlength

electr. current 
temperature

amount of

substance

massmass

timetime

luminous

intensity

luminous

intensity

SI: The International System of UnitsThe New International System of Units

• CIPM Recommendation 1 (CI-2005)

• Resolution 12 of the 23rd CGPM

• Resolution 1 of the 24th CGPM

• Resolution 1 of the 25th CGPM 

Define units by fixing the numerical values of defining constants

…not a

good

situation!
…with the help of fundamental constants we 

have the possibility of establishing units of  

length, time, mass, and temperature, which 

necessarily retain their validity for all times and 

cultures, even extraterrestrial and nonhuman…
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…for all times and cultures…



The New International System of Units

…for all times and cultures……for all times and cultures…



…for all times and cultures…

The New International System of Units



The New International System of Units

The defining constants

* From the Draft Brochure

• A stable

• consistent

• and coherent set of units

• based on our present theoretical understanding of nature.



The New International System of Units

The SI  unit of time, the second

* From the Draft Brochure



The New International System of Units

The SI  unit of length, the meter

* From the Draft Brochure

* From the Draft Brochure



The New International System of Units

The SI  unit of mass, the kilogram

* From the Draft Brochure



The New International System of Units

The SI  unit of amount of substance, the mole

* From the Draft Brochure



The New International System of Units

A fundamentally improved concept!

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability



The New International System of Units

A fundamentally improved concept!

 Different realisations

“Silicon crystal”               “Watt balance”

• Key comparisons: safer, less correlation 

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability
sphere
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Realizing the kilogram and the mol!

..count the number of atoms in

a crystal sphere of enriched 28Si



Modified IDMS: virtual element approach

A. Pramann et al.  
Metrologia 48 (2011) S20-S25

New COXI setup a

- three samples: 28Si-material („x“) 
30Si-enriched („y“)
IDMS-blend („bx“)

- R(30Si/29Si) measured in x, y, bx

Si virtual element appoach

The Molar Mass

SiM
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New COXI setup a

- 29Si and 30Si treated as one element
in the matrix of all three Si isotopes

- three samples: 28Si-material(„x“) 
30Si-enriched(„y“)
IDMS-blend („bx“)

- only R(30Si/29Si) to be measured in 
x, y and bx

Si virtual element

27.9769680

27.9769685

27.9769690

27.9769695

27.9769700

27.9769705

27.9769710

PTB 2011 NRC 2012 PTB 2013 NMIJ 2013 NIST 2014 PTB 2014

M
/(

g
/m

o
l)

Molar Mass of "Si28" (Si28-10Pr11)Molar Mass of ‘Si-28 material’ (Si28-10Pr11)

(2011)           (2012)          (2013)           (2013)          (2014)            (2014)

urel(d220) ≤ 7·10-9

The Molar Mass

The most accurate measurement 
in chemistry ever!

9104.4)( Sirel Mu

excellent homogeneity of material9104.4)( Sirel Mu



The New International System of Units

A fundamentally improved concept!

 Different realisations

“Silicon crystal”               “Watt balance”“De Broglie” “Photon recoil”

• Key comparisons: safer, less correlation 

• Atomic masses 

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

)/( atomatom

atomatom

atomphoton

vhm

vmk

pp













The New International System of Units

A fundamentally improved concept!

 Throughout  the entire scale

• Acoustic gas thermometry

• Dielectric constant gas thermometry

• Doppler thermometry

• Noise thermometry

• Radiation thermometry 

 Different realisations

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

AGT

CVGT

SRT
Noise

25 mK @ 693 K…800 K (NIST)

goal: new project at PTB

realisation via fix points
commercialize…!?

 Innovation: research & industry

triggers innovation



The New International System of Units

A fundamentally improved concept!

 Base units are only a convention

 Electric units are “back in the SI”
• Consistency check of the whole system: 

- Si-kilogram Watt balance

- Quantum metrological triangle, …

 Throughout  the entire scale

 Different realisations

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

 Innovation: research & industry



The New International System of Units

A fundamentally improved concept!

 Better experiment  better realization

 Base units are only a convention

 Electric units are “back in the SI”

 Throughout  the entire scale

 Different realisations

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

 Innovation: research & industry

Provide traceability with an accuracy that is only 

limited by the most advanced to-date techniques

CODATA 2010: 4.410-8

CODATA 2014: 1.210-8

…the future?

Ensure continuity and practicability



The New International System of Units

8102.1)( eurel

A fundamentally improved concept!

 Better experiment  better realization

 Base units are only a convention

 Electric units are “back in the SI”

 Throughout  the entire scale

 Different realisations

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

 Innovation: research & industry

Ensure continuity and practicability

Establish the constants



The New International System of Units
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A fundamentally improved concept!

 Better experiment  better realization

 Base units are only a convention

 Electric units are “back in the SI”

 Throughout  the entire scale

 Different realisations

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

 Innovation: research & industry

Ensure continuity and practicability

Establish the constants
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NIST-3
revised and 

combined

IAC 2010
revised

NRC 2014
revised

IAC 2014CODATA 2010
not revised

„Avogadro“
Watt-Balance

• BIPM corrections 

included (not CODATA 

2010)

• Combination of both 

NIST Watt balance 

experiments

12310)74(857140022.6  molNA



The New International System of Units

A fundamentally improved concept!

 Better experiment  better realization

 Base units are only a convention

 Electric units are “back in the SI”

 Throughout  the entire scale

 Different realisations

 A set of “defining constants” 

establish the units in general

 Guarantees long-time stability

 Realisation everywhere  (Universe…)

 Innovation: research & industry

Ensure continuity and practicability

Establish the constants

7107.5)( kurel

…for all times and cultures…

Guaranteeing:

- long-time stability

- realization everywhere

- with ever-increasing accuracy as technology proceeds

- thus triggering innovation in science,  industry and technology





CCU: Consultative Committee for Units 

Why using the Planck-Constant 

• One of the most fundamental constants in physics (see also RK, KJ).

• Together with the electron charge and the speed of light, both fixed as well in the 

new SI, they form the fine-structure constant:

α =
𝑒2

2𝜀0 ∙ ℎ ∙ 𝑐
 QED coupling constant, QED is the most precise, generic theory in physics! 

 Describes all our everyday macro- and microscopic world apart from gravity.

• Brings electrical units consistently “back to the SI”. 

• Determined by macroscopic experiments  direct connection to the kg.

• Two very different macroscopic experiments 

 consistency check for RK, KJ

 key comparisons with essentially no correlation.



CCU: Consultative Committee for Units 

Why not using an atomic mass

• No fundamental constant (depends e.g. on gravity, many masses)

• You need to relate the macroscopic world: only the Avogardo experiment! 

 No key comparisons

 Correlations, danger of unknown systematic uncertainties

• But: better to understand?

number of atoms electron mass
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relative electron massspherem
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 Not really!



CCU: Consultative Committee for Units 

Why not using an atomic mass

• No fundamental constant (depends e.g. on gravity, many masses)

• You need to relate the macroscopic world: only the Avogardo experiment! 

 No key comparisons

 Correlations, danger of unknown systematic uncertainties

• But: better to understand?

• Metrology serves high-tech industry, economy and society

• More than 60 % of economy depends on quantum mechanics

The new SI, sometimes called “quantum SI”

perfectly serves these needs !



The New International System of Units

constant constantnow nownew new

Relative uncertainties of constants in the new SI in parts in 10-8



Towards the New SI: CCM roadmap



• Present 9th edition of SI Brochure in French and English to the CGPM in 2018.

March 2014: Suggest to the CIPM to invite CCs to read and comment on the 

present version of the first three chapters of the SI Brochure by March 2015.

February 25th to 26th, 2015: Meeting of CCU WG on “dimensionless quantities”

June 14th to 15th, 2015: Comments and CCU WG suggestions will be

considered during a meeting of the Brochure Drafting Group,  

June 14th to 16th, 2016: CCU meeting to approve a close-to-final version of the 

9th edition of the SI Brochure, including units for dimensionless quantities, the 

policy for truncating the numerical values of the defining constants, the texts of

the mises en pratique, new developments, etc.

September 5th to 7th 2017: CCU meeting to approve the final draft. 

1) deciding about the fixed numerical values of the defining constants (rounding), 

2) deciding upon the final version of the complete 9th SI Brochure,

3) creating the wording of a Draft Resolution to be provided to the CIPM

November 2018: 9th edition of the SI Brochure is ready in French and English 

CCU: Consultative Committee for Units 



Towards the New SI

• 31 August 2015 and 1st September 2015: CODATA TGFC meeting for 2015 (BIPM)

• 14 - 16 June 2016: 22nd CCU meeting with the aim of discussing the content of the complete 9th SI 

Brochure including units for dimensionless quantities, the policy for truncating the numerical values of 

the defining constants, the texts of the mises en pratique, etc.

• 16 July 2016: CODATA TGFC meeting for 2016 (CPEM’2016 Ottawa)

• 1st July 2017: closing date for data to be adjusted by TGFC in order to prepare the redefinition

• 1st September 2017: TGFC provides the adjustment to CCU

• 5 - 7 September 2017: 23rd meeting of the CCU with the aim of 1) deciding about the fixed 

numerical values of the defining constants (rounding), 2) deciding upon the final version of the 

complete 9th SI Brochure, and 3) creating the wording of a Draft Resolution to be provided to the 

CIPM (for the Convocation of the CGPM 2018) on the redefinition.

• Mid-October 2017: CIPM meeting, discussion of the CCU proposals and approval of the Draft 

Resolution for the Convocation

• 1st July 2018: TGFC closes for the first fit of the constants under the New SI, this fit will be the official 

CODATA fit for 2018 having occurred 6 months earlier than usual 

• CGPM 2018: redefinition with the vote of the Resolution, push-button for publication of the definitive 

9th SI Brochure, and for the publication of the corresponding CODATA TGFC adjustment 



CCU: Consultative Committee for Units 

Future scan (2013-2023) 

• Convince the academic, scientific and economic communities of the 

need to depart from artefacts and prototypes.

• Review the membership composition of CCU with the CIPM in order to better 

involve its stakeholders in the discussions, and attain their support.

• Advice on the accuracy and consistency of the defining constants to ensure a 

smooth transition from the present to the “New SI”. 

• Providing advise on the numerical values of the defining constants.

Challenges for the time beyond 2018 include:

• Monitor developments and provide advice concerning ever-improved optical

clocks and the implementation of these results in the definition of the SI second. 

• Consider whether to systematically include physiologically weighted quantities.

• monitoring upcoming mises en pratique in discussions with the CCs and 

increasingly with the stakeholders, in particular with standardization organizations.

 (133Cs)hfs =   9 192 631 770. 5 (6) s-1


