
https://economie.fgov.be 

World Metrology Day 
2018 

SI Revision process 
 

Hugo Pirée 
SMD-ENS National Standards 

24 May 2018 



https://economie.fgov.be 

• Brief history of the SI 
• The need for new definitions 
• New definitions 
• Physical constants in the new SI 
• Work for preparing the present redefinitions 
• Timing of the redefinition of the SI 



https://economie.fgov.be 

• Brief history of the SI 
• The need for new definitions 
• New definitions 
• Physical constants in the new SI 
• Work for preparing the present redefinitions 
• Timing of the Redefinition of the SI 



Brief history of the SI 

 22 June 1799 
creation of the decimal system and deposition of 2 platina 
standards representing the meter and the kilogram 

https://economie.fgov.be 

meter <> kilogram: 1 dm³ H2O at 4 °C = 1 kg 



Brief history of the SI 

 

 1832 
Gauss promoted strongly the application of this metric 
system together with the second (based on solar time) 

 

 1860s 
Maxwell and Thomson formulated the requirement for a 
coherent system of units with 

• base units 
• derived units 
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Brief history of the SI 

 1874 
the British Association for the Advancement of Science (BAAS) 

 introduces the CGS system based on the three mechanical 
units centimetre, gram, and second 

 using prefixes ranging from micro to mega to express 
decimal submultiples and multiples 
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1875: Convention of the Metre 

 Signed in 1875 by 17 nations, creating 

• the intergovernmental organisation Bureau International 
des Poids et Mesures (BIPM) 

• under the authority of the General Conference on Weights 
and Measures (CGPM) 

• and the supervision of the International Committee for 
Weights and Measures (CIPM) 
 

 Basis of international agreement on units of measurement 

 Construction of new prototypes for the metre and the kilogram 
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Brief history of the SI 



1875: Convention of the Metre 

now 59 Member States and 42 Associated States and Economies 
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Brief history of the SI 

Member participating in the CIPM MRA 
Associate participating in the CIPM MRA 



Brief history of the SI 

 1880s 
The sizes of the coherent CGS units proved to be 
inconvenient in the fields of electricity and magnetism. 
 
 Approval of a mutually coherent set of practical units 
 Among them were: 

• the ohm for electrical resistance 
• the volt for electromotive force 
• the ampere for electric current. 
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Brief history of the SI 

 1889 
1st CGPM: 

final decision on and start of 

• the new international prototypes of the metre and the 
kilogram (kept in Paris at the BIPM) 

• the astronomical second 
(the fraction 1/86 400 of the mean solar day). 

 

 CGS-system changes into MKS-system. 
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Brief history of the SI 

 1901 – 1921 – 1927 – 1939 – 1946 
New developments for the combination of electrical units 
with the MKS units. 

 1946 
CIPM approved the proposal of a four-dimensional system 
based on 

• meter 
• kilogram 
• second 
• ampere 

 
 MKSA-system 
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Brief history of the SI 

 1948 – 1954 
Research for temperature and luminous intensity units 

 

 1954 
10th CGPM approved the introduction of  

• the kelvin 

• the candela 

 MKSA + K + cd 

https://economie.fgov.be 



Brief history of the SI 

 1960 
11th CGPM gives the name 
 
International System of Units, with the abbreviation SI, 
 
to the system with 6 base units 

• second 
• meter 
• kilogram 
• ampère 
• kelvin 
• candela 
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Brief history of the SI 

 1960 
The second defined on a fundamental constant of nature 

 

The second is the duration of 9 192 631 770 periods of the 
radiation corresponding to the transition between the two 
hyperfine levels of the ground state of the caesium 133 atom. 
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Brief history of the SI 

 1960 
New definition of the meter 

The metre is the length equal to 1 650 763,73 wavelengths in 
vacuum of the radiation corresponding to the transition 
between the levels 2p10 and 5d5 of the krypton 86 atom. 
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Brief history of the SI 

 1971 
14th CGPM adds the mole as the base unit for amount of 
substance 

 SI-system with 7 base units: s, m, K, kg, mol, A, cd 

 

 1983 
The meter defined on a fundamental constant of nature, 
speed of light in vacuum 

 

The metre is the length of the path travelled by light in 
vacuum during a time interval of 1/299 792 458 of a second. 
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SI as it is now  
Brief history of the SI 

mass 

time 

electric current temperature 

amount of 
substance 

luminous 
intensity 

length 
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Over time metrologists realised that the definitions of the base 
units: 
• were only descriptions of how to realise the units, based on 

technical knowledge at the time of the definition 
• needed to be updated/changed each time an important 

technological step forward is made 
• are not consistent over a very long period of time 
Examples: 
• The earth slows down, so the second gets longer (-> Cs) 
• The international prototype of the kilogram seems to change 

over time 
• Risk of damaging or loss of the international prototypes 
 https://economie.fgov.be 

Need for new definitions 



In the present SI, the ampère, the mol and the candela depend 
on the kilogram, but: 
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Need for new definitions 

The IPK seems 
to drift…. 
 ampère? 
 mol? 
 cd? 



Requirements for the new definitions 
 
 Definitions need to be independant of the realizations of the 

units 
 The revised definitions will not need to be modified to 

accomodate future improvements in technologies to realize 
them 

 Based on on “things” that do not change over time 
 Fundamental constants of nature are considered not to 

change over a long period of time 
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Need for new definitions 



The new international system of units: 
 

 Builds the SI on the most stable things we know 
Fundamental constants of nature 

 
 Realize the SI units 
 at any place 
 at any time 
 by anyone 
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Need for new definitions 



The new international system of units: 
 

 Based only on 7 fundamental constants of nature 
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Need for new definitions 
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Base Units Symbols Most recent definition Physical 
constant? 

Second s Frequency of caesium 133 Yes 
Meter m Speed of light in vacuum Yes 
Kelvin K Triple point of water No 
Ampere A Force, distance No 
Mole mol Elementary entities in 

0,012 kilogram of carbon 12 
No 
 

Candela cd Intensity, direction, frequency, 
power 

No 

Kilogram kg Platina-Iridium cylinder No 

https://economie.fgov.be 

New definitions 

SI Units 1983 - 2019 
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Definitions – The second, s 

Up to now: 
The second is the duration of 9 192 631 770 periods of the radiation 
corresponding to the transition between the two hyperfine levels of the 
ground state of the caesium 133 atom. 

 
New: 

The second is the SI unit of time. It is defined by taking the fixed numerical 
value of the caesium frequency ΔνCs, the unperturbed ground-state 
hyperfine transition frequency of the caesium 133 atom, to be 9 192 631 770 
when expressed in the unit Hz, which is equal to s–1. 
 1 s = 9 192 631 770 / ΔνCs   
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Definitions – The second, s 
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Definitions – The metre, m 

Up to now: 
The metre is the length of the path travelled by light in vacuum during a time 
interval of 1/299 792 458 of a second. 

 
New: 

The metre is the SI unit of length. It is defined by taking the fixed numerical 
value of the speed of light in vacuum c to be 299 792 458 when expressed in 
the unit m s–1, where the second is defined in terms of the caesium 
frequency ΔνCs.  
 1 m = (c / 299 792 458) s 
  = 30,663 318… c / ΔνCs   
  
 



https://economie.fgov.be 

Definitions – The metre, m 
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Definitions – The kilogram, kg 

Up to now: 
The kilogram is the unit of mass; it is equal to the mass of the international 
prototype of the kilogram. 

 
 Not a real definition, only a way of how to realise the kilogram 
 Risk of unstabilities 
 Not a definition with long-time guarentee for stability 
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Definitions – The kilogram, kg 

Up to now: 
The kilogram is the unit of mass; it is equal to the mass of the international 
prototype of the kilogram. 

 
New: 

The kilogram is the SI unit of mass. It is defined by taking the fixed numerical 
value of the Planck constant h to be 6,626 070 15 × 10– 34 when expressed 
in the unit J s, which is equal to kg m2 s–1, where the metre and the second 
are defined in terms of c and ΔνCs.   
 1 kg = (h / 6,626 070 15 × 10–34) m–2 s 
                      = 1,475 521... × 1040 h ΔνCs/c2   
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Definitions – The kilogram, kg 
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Definitions – The ampere, A 

Up to now: 
The ampere is that constant current which, if maintained in two straight 
parallel conductors of infinite length, of negligible circular cross-section, and 
placed 1 m apart in vacuum, would produce between these conductors a 
force equal to 2 x 10–7 newton per metre of length. 
 

 Not a real definition, only a way of how to realise the ampere 
 Even not a realistic way of realisation 

• Infinite length? 
• Negligible circular cross section? 
• Setup in vacuum? 
 → Infinitally big equipment in outer space? 
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Definitions – The ampere, A 

Up to now: 
The ampere is that constant current which, if maintained in two straight 
parallel conductors of infinite length, of negligible circular cross-section, and 
placed 1 m apart in vacuum, would produce between these conductors a 
force equal to 2 x 10–7 newton per metre of length. 
 

 Ampere is about current, amount of electrical charge moving 
per second 
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Definitions – The ampere, A 

Up to now: 
The ampere is that constant current which, if maintained in two straight 
parallel conductors of infinite length, of negligible circular cross-section, and 
placed 1 m apart in vacuum, would produce between these conductors a 
force equal to 2 x 10–7 newton per metre of length. 
 

New: 
The ampere is the SI unit of electric current. It is defined by taking the fixed 
numerical value of the elementary charge e to be 1,602 176 634 × 10–19 
when expressed in the unit C, which is equal to A s, where the second is 
defined in terms of ΔνCs.  
 1 A = e / (1,602 176 634 × 10–19) s–1 

  = 6,789 686... × 108 ΔνCs e  
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Definitions – The ampere, A 
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Definitions – The kelvin, K 

Up to now: 
The kelvin, unit of thermodynamic temperature, is the fraction 1/273,16 of 
the thermodynamic temperature of the triple point of water. 

 
 Not a real definition, only a way of how to realise the kelvin 
 The thermodynamic temperature of the triple point of water 

depends on other factors as the composition of the water in 
the cell, pressure…   
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Definitions – The kelvin, K 

Up to now: 
The kelvin, unit of thermodynamic temperature, is the fraction 1/273,16 of 
the thermodynamic temperature of the triple point of water. 

 
 Temperature is about energy of molecules and atoms. 
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Definitions – The kelvin, K 

Up to now: 
The kelvin, unit of thermodynamic temperature, is the fraction 1/273,16 of 
the thermodynamic temperature of the triple point of water. 

 
New: 

The kelvin is the SI unit of thermodynamic temperature. It is defined by 
taking the fixed numerical value of the Boltzmann constant k to be 
1,380 649 × 10–23 when expressed in the unit J K–1, which is equal to 
kg m2 s–2 K–1, where the kilogram, metre and second are defined in terms of 
h, c and ΔνCs. 
 1 K = (1,380 649 × 10–23/k) kg m2 s–2  
          = 2,266 665… ΔνCs h /k   
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Definitions – The kelvin, K 

 



https://economie.fgov.be 

Definitions – The mole, mol 

Up to now: 
The mole is the amount of substance of a system which contains as many 
elementary entities as there are atoms in 0,012 kilogram of carbon 12. 

 
New: 

The mole, symbol mol, is the SI unit of amount of substance. One mole 
contains exactly 6,022 140 76 × 1023 elementary entities. This number is the 
fixed numerical value of the Avogadro constant, NA, when expressed in the 
unit mol-1 and is called the Avogadro number.  
 1 mol = 6,022 140 76 × 1023/NA  
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Definitions – The mole, mol 
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Definitions – The candela, cd 

Up to now: 
The candela is the luminous intensity, in a given direction, of a source that 
emits monochromatic radiation of frequency 540 x 1012 hertz and that has a 
radiant intensity in that direction of 1/683 watt per steradian. 

 
New: 

The candela is the SI unit of luminous intensity in a given direction. It is 
defined by taking the fixed numerical value of the luminous efficacy of 
monochromatic radiation of frequency 540 × 1012 Hz, Kcd, to be 683 when 
expressed in the unit lm W–1, which is equal to cd sr W–1, or cd sr kg–1 m–2 s3, 
where the kilogram, metre and second are defined in terms of h, c and ΔνCs. 
 1 cd = (Kcd/683) kg m2 s–3 sr–1  
      = 2,614 830... × 1010 (ΔνCs)2 h Kcd   
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Definitions – The candela, cd 
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Physical constants in the new SI 
More accurate than before 

ΔνCs  the unperturbed ground state hyperfine transition frequency 
of the caesium-133 atom is 9 192 631 770 Hz  

c  the speed of light in vacuum is exactly 299 792 458 m/s  

h  the Planck constant is exactly 6,626 070 15 × 10–34 J s  

e  the elementary charge is exactly 1,602 176 634 ×10–19 C  

k  the Boltzmann constant is exactly 1,380 649 × 10–23 J/K  

NA  the Avogadro constant is exactly 6,022 140 76 × 1023 mol-1 

Kcd  the luminous efficacy of monochromatic radiation of 
frequency 540 ×1012 Hz, is exactly 683 lm/W  
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Redifinition of the SI in which 

– the hertz (Hz), joule (J), coulomb (C), lumen (lm), and watt (W) 
are related to the units 
second (s), metre (m), kilogram (kg), ampere (A), kelvin (K), 
mole (mol), and candela (cd) according to  
Hz = s–1 
J = m2 kg s–2 
C = A s 
lm = cd m2 m–2 = cd sr 
W = m2 kg s–3 

 

– the numerical values of h, e, k, and NA are based on the most 
recent CODATA adjustment. 

 https://economie.fgov.be 

https://doi.org/10.1088/1681-7575/aa950a
https://doi.org/10.1088/1681-7575/aa950a


 

https://economie.fgov.be 



https://economie.fgov.be 

• Brief history of the SI 
• The need for new definitions 
• New definitions 
• Physical constants in the new SI 
• Work for preparing the present redefinitions 
• Timing of the Redefinition of the SI 



 Before 2007 
Experiments in the NMIs show that the kelvin, the 
kilogram, the mole and the ampere can be based on 
physical constants. Meaning that the definitions of 
these units can be dematerialised. 

 2007 
The 23rd CGPM recommends to persue the relevant 
experiments in the NMIs and the BIPM to evaluate if the 
kilogram, the ampere, the mole and the kelvin can be 
redefined using fixed values of fundamental constants, 
prepare new practical ways of realising them and initiate 
awareness campaigns. 
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Work for preparing the present redefinitions 



2011 – 2014 – 2018 
• International research in national metrology institutes, the 

BIPM and academic institutions goes on to obtain data 
relevant to the determination of h, e, k, and NA  
 

• Preparing the revision of the wording of the definitions 
 

• Acquisition of relevant data and their analysis by the 
Committee on Data for Science and Technology (CODATA) 
to obtain the required values of h, e, k, and NA 
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Work for preparing the present redefinitions 



2011 – 2014 – 2018 
• establishment by the BIPM of an ensemble of reference 

standards of mass to facilitate the dissemination of the unit of 
mass in the revised SI 
 

• the preparation of mises-en-pratique for the new definitions 
of the kilogram, ampere, kelvin, and mole 
 

• awareness campaigns to alert user communities as well as 
the general public to the proposed revision of the SI 
 

• preparation of the 9th edition of the SI Brochure that 
presents the revised SI in a way that can be understood by a 
diverse readership without compromising scientific rigour. 
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Work for preparing the present redefinitions 



Why defining the constants in nature with so many digits? 
 
Why not take the opportunity to define these constants in a 
more simple way (example: c = 300 000 000 m/s)? 
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Redefinition of the SI 



 The measured values in daily life, industry… should not change 
 

 If for instance c would be 300 000 000 m/s: 
 1 kilometer would become shorter worldwide 

1 new km = 0,999 31 actual km (± 70 cm shorter); 
 circonference of the earth would be 40 028 km 

instead of 40 000 km (± 28 km more). 
 

 So many digits are needed to keep the impact of the 
redefinition as small as possible. 
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Redefinition of the SI 
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 20 May 2018 – World Metrology Day 

Main launch date of the awareness campaign 
 

 13-16 November 2018 
It is expected that the CGPM at its 26th meeting will agree 
on the proposed changes to the SI. 
 

 20 May 2019 – World Metrology Day 
Proposed implementation date for the new SI to come into 
practice  
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Timing of the Redifinition of the SI 
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Questions? 
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The Last Artefact 
 
Movie about the kilogram 
 
Release 20 May 2019 
World Metrology Day – Start date of the new SI 
trailer and info on: www.thelastartefactfilm.com 
 

http://www.thelastartefactfilm.com/
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