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The 24th General Conference on Weights and Measures (CGPM) * 
 Resolution 1 

On the possible future revision of the International System of Units, the SI 
 
The 24th CGPM,  
Considering 
 
• the international consensus on the importance, value, and potential 
benefits of a redefinition of a number of units of the International System 
of Units (SI), 
• that the national metrology institutes (NMIs) as well as the International 
Bureau of Weights and Measures (BIPM) have rightfully expended 
significant effort during the last several decades to advance the 
International System of Units (SI) by extending the frontiers of metrology 
so that SI base units can be defined in terms of the invariants of nature − 
the fundamental physical constants or properties of atoms, 
• that a prominent example of the success of such efforts is the current 
definition of the SI unit of length, the metre (17th CGPM, 1983, Resolution 1), which links it 
to an exact value of the speed of light in vacuum c, namely, 299 792 458 metre per second, 
 
 
* October 2011 





“The idea of referring all measurements to a unit of length 

 taken from nature was seized upon by mathematicians  

as soon as the existence of  such a unit and the possibility  

of determining it became known. They saw it as the only way to  

exclude all that was arbitrary from a system of measurement  

and to conserve it unchanged, so that no event or revolution  

in the world could cast uncertainty  upon it. 

They felt that with such a system, belonging exclusively to no  

one nation, one could hope that it would be adopted by all.” 





“One can reduce to three the units that seem most appropriate as the base; 

 

 the length of a pendulum, the quarter of the length of the equator and finally  

the length of a quarter of a meridian.  

 

The length of a pendulum has the advantage of being the easiest  

to   determine  and, in consequence, the easiest  to verify if some accident 

happens that renders it necessary.  

 

Furthermore, those who wish to  adopt this measure already adopted by 

another country, or having adopted   it wish to verify it,  would not   

obliged to send observers to the place  where  it was originally established. 

 

 In addition, the law of  the length of a pendulum  is well known,   

confirmed by experiment and can be used without fearing small errors.” 



The Metre and Kilogram of 
the Archives 
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In conformity with the law of the 18th Germinal an 3 (7 April 1795).     Presented on 
4th Messidor an 7 (22 June 1799) 

(made by) F. P. Lenoir 
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Label on the case containing the Metre 
of the Archives 
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In conformity with the law of the 18th Germinal an 3 (7 April 1795).     Presented on 4th 
Messidor an 7 (22 June 1799) 

(made by) F. Fortin 

Label on the case containing the Kilogram of the Archives 
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Relative standard 
deviation about the mean: 

5 ppm!  

Taken from Base du Système 
métrique by J-B Delambre 



The Metre and Kilogram of 
the Archives 
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The Second International Conference for the Measurement of Degrees in 
Europe 

Berlin October 1867 (the first having been in Berlin in 1864) 
 

The Conference made 10 Recommendations: 
 

1. On the need to compare standards of length and obtain new comparators 
2. Set up a special commission to oversee this 
3. Start research on the time variation of thermal expansion coefficients of standards 
4. In everyone’s interest to have a single system of weights and measures in Europe 
5. Recommends the metric system 
6. Recommends the metric system without change, opposes the metric foot 

7. Recommends the construction of a new European prototype of 
the metre to be based on the Metre of the Archives 

8. Construction to be entrusted to an international commission 

9. Recommends the creation of a European international bureau 
of weights and measures 

10. Recommends delegates to bring these Recommendations to the attention of their 
governments. 

 



The metre is equal to one ten millionth 
part of the quarter of the terrestrial 
meridian 

 
The kilogram is equal to the mass of a 
decimetre cube of water at the 
temperature of melting ice 

 

The quarter of the terrestrial meridian , 
deduced from the measurements of Pierre-
Francois Méchain and Jean- Baptiste 
Delambre, was: 
 
 5 130 740 toise du Pérou, thus 
 
1 mètre = 443,296 lignes of the toise du 
Pérou  
 
What was the definition of the metre? 
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Defined at 13o 
Réaumur equal 

to 16.25 oC 



The kilogram is the mass of one cubic 
decimetre of water at the temperature of 
melting ice. 
 
The kilogram is the mass of the Kilogram 
of the Archives. 
 
 
 
 
What was the definition of the kilogram? 
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The vault of the prototypes containing the International prototypes of the metre 
and the Kilogram plus their official copies. This was replaced by a modern safe in 

the 1990s Photo BIPM 



The International Prototype of the Kilogram K 

No. III of a set of three made by Johnson-Matthey in London in 1879, chosen as 
the one closest in mass to that of the Kilogram of the Archives  
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The storage and carrying case of prototype metres 

Photo BIPM 



James Clerk Maxwell,  

British Association for the Advancement of Science, Liverpool, 1870 



 “From the very beginning of the International Committee it has been 
 generally recognized  to be of fundamental importance to determine 
 the relation between the metric units and some basic fundamental  
constants that one can deduce from natural phenomena”. 

Extract from report of the 1891 meeting of the International Committee for 
Weights and Measures when it was decided to invite A.A. Michelson to come to 

the BIPM to measure the wavelength of the red light of cadmium in terms of 
the International prototype of the metre. 

 



Interferometer built  and used at the BIPM in 1892 by A. A. Michelson for the 
measurement of the metre in terms of the wavelength of the red radiation of 

cadmium 
1 metre = 1 553 164.13 λR 

Image BIPM 



 
 
 
 
 
 



Etalons used by Benoît, Fabry and Perot in their wavelength determinations. 



Image BIPM 

The constant volume gas thermometer used at the BIPM to establish the normal hydrogen 
scale between -25 oC and + 100 oC adopted by the International Committee in 1887. This 
was the first internationally agreed thermodynamic temperature scale. This was followed 

in 1927 by the first international practical scale, the ITS-27. 



As for electrical units, the story is well known 
 

International agreement began with the 1881 Paris Congress of Electricians which led 
up to the 1908 London Conference which adopted the international practical units. 
 
The main activity of the Consultative Committee for electricity created in 1927 and 
meeting many times in the 1930s, was the move from practical to absolute electrical 
units working in collaboration with the SUN  commission of IUPAP. 
 
 
As to which should be the base unit for electrical quantities, the ampere or the ohm, 
this was finally settled at the 10th General Conference in 1954 in favour of the ampere.  
 
 
 
 

 
 



 

 The new system, which is the one we have now, came into force on 1 January 1948 
with the ampere being defined so as to fix the value of the magnetic constant, μ0 at 4π 
x 10-7 N A-2  
 
In 1948 at the 9th General Conference the first moves were made, at the suggestion of  
IUPAP, to define formally an International system of Units. 
 
This finally came to fruition in 1960 with the adoption of the SI by the 10th General 
Conference.  
 
At this same Conference the metre was finally re-defined in terms of the wavelength 
of light and twenty three years later was again redefined in terms of a fixed numerical 
value for the speed of light. 

 
 



The unit of time, the second had been defined until 1954 as simply 
1/86 400 of the mean solar day. When this was shown in the 1930s and 
1940s not to be sufficiently stable it was redefined in 1954 as a fraction 
of the tropical year 1900, very much an astronomers definition!  
 
It resulted in the problems we now have with the leap second. 
 
The atomic definition we have today was adopted in 1967 by the 13th  
General Conference. 



In 1971, when introducing the definition of the mole to the 
14th CGPM, Jan de Boer said:  
 
Naturally, one might ask also in the case of the mole would it not be preferable to 
replace  the definition of the mole given here by a molecular one; but as in the cases 
of the unit of mass and of electric current this would require determinations such as 
the absolute counting of molecules or the measurement of the mass of molecules that 
are not possible with the required precision. 



and about electrical units: 
 
Here again one could imagine the elementary charge of the proton as 
the natural and fundamental electrical unit to serve as the base of a 
universal system of units; but in this case as well it is the requirements 
of metrology that render such a proposition impracticable for the high 
precision measurement of electrical quantities, 



and he added:  
 
As far as the unit of mass is concerned, the choice of an atomic 
definition, for example the mass or a proton or the unified atomic mass 
unit would seem natural; but such a proposal seems to me still a far cry 
from practical because of the necessity of determining to high precision 
the mass of the proton, 



 

 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 

Change in mass of Pt-Ir 
kilograms immediately 
after washing and 
cleaning using the BIPM 
procedure 



 
 
 
 
 
 



 
 
 
 
 
 



 
 
 
 
 
 

Resolution 1 
The 24th General Conference on Weights and Measures (CGPM),  
Considering 
 
• the international consensus on the importance, value, and potential 
benefits of a redefinition of a number of units of the International System 
of Units (SI), 
• that the national metrology institutes (NMIs) as well as the International 
Bureau of Weights and Measures (BIPM) have rightfully expended 
significant effort during the last several decades to advance the 
International System of Units (SI) by extending the frontiers of metrology 
so that SI base units can be defined in terms of the invariants of nature − 
the fundamental physical constants or properties of atoms, 
• that a prominent example of the success of such efforts is the current 
definition of the SI unit of length, the metre (17th CGPM, 1983, Resolution 1), which links it 
to an exact value of the speed of light 
in vacuum c, namely, 299 792 458 metre per second, 



 
 
 
 
 
 

•that of the seven base units of the SI, only the kilogram is still defined in 
terms of a material artefact, namely, the international prototype of the 
kilogram (1st CGPM, 1889, 3rd CGPM, 1901), and that the definitions of the  
ampere, mole and candela depend on the kilogram, 
 
• that although the international prototype has served science and 
technology well since it was sanctioned by the  1st CGPM in 1889, 
 it has a number of important limitations, one of the most significant 
being that its mass is not explicitly linked to an invariant of nature and in 
consequence its long-term stability is not assured, 
• that the 21st CGPM in 1999 adopted Resolution 7 in which 
it recommended that “national laboratories continue their efforts to refine 
experiments that link the unit of mass to fundamental or atomic constants 
with a view to a future redefinition of the kilogram”, 
• that many advances have been made in recent years in relating the mass of 
the international prototype to the Planck constant h, by methods which 
include watt balances and measurements of the mass of a silicon atom, 



 
 
 
 
 
 

•that the uncertainties of all SI electrical units realized directly or indirectly 
by means of the Josephson and quantum Hall effects together with the SI 
values of the Josephson and von Klitzing constants KJ and RK could be 
significantly reduced if the kilogram were redefined so as to be linked to 
an exact numerical value of h, and if the ampere were to be redefined so 
as to be linked to an exact numerical value of the elementary charge e, 
 
• that the kelvin is currently defined in terms of an intrinsic property of 
water that, while being an invariant of nature, in practice depends on the 
purity and isotopic composition of the water used, 
 
• that it is possible to redefine the kelvin so that it is linked to an exact 
numerical value of the Boltzmann constant k, 
 
• that it is also possible to redefine the mole so that it is linked to an exact 
numerical value of the Avogadro constant NA, and is thus no longer 
dependent on the definition of the kilogram even when the kilogram is 
defined so that it is linked to an exact numerical value of h, thereby 
emphasizing the distinction between amount of substance and mass, 



 
 
 
 
 
 

•that the uncertainties of the values of many other important fundamental 
constants and energy conversion factors would be eliminated or greatly 
reduced if h, e, k and NA had exact numerical values when expressed in SI 
units, 
• that the 23rd General Conference, in 2007, adopted resolution 12 
in which it outlined the work that should be carried out by 
the NMIs, the BIPM and the International Committee for Weights and 
Measures (CIPM) together with its Consultative Committees (CCs) so that 
new definitions of the kilogram, ampere, kelvin, and mole in terms of 
fundamental constants could be adopted, 
• that, although this work has progressed well, not all the requirements set 
out in Resolution 12 adopted by the 23rd General Conference 
in 2007 have been satisfied and so the International Committee 
for Weights and Measures is not yet ready to make a final proposal, 
• that, nevertheless, a clear and detailed explanation of what is likely to be 
proposed can now be presented, 
 
takes note of the intention of the International Committee for Weights and 
Measures to propose a revision of the SI as follows: 



 
 
 
 
 
 

The International System of Units, the SI, will be the system of units in which: 
 

• the ground state hyperfine splitting frequency of the caesium 133 atom 
Δν(133Cs)hfs is exactly 9 192 631 770 hertz, 
• the speed of light in vacuum c is exactly 299 792 458 metre per second, 
• the Planck constant h is exactly 6.626 06X ×10−34 joule second, 
• the elementary charge e is exactly 1.602 17X ×10−19 coulomb, 
• the Boltzmann constant k is exactly 1.380 6X ×10−23 joule per kelvin, 
• the Avogadro constant NA is exactly 6.022 14X ×1023 reciprocal mole, 
• the luminous efficacy Kcd of monochromatic radiation of frequency 
540 ×1012 Hz is exactly 683 lumen per watt, 
 
where 
(i) the hertz, joule, coulomb, lumen, and watt, with unit symbols Hz, J, C, lm, 
and W, respectively, are related to the units second, metre, kilogram, ampere, 
kelvin, mole, and candela, with unit symbols s, m, kg, A, K, mol, and cd, 
respectively, according to Hz = s–1, J = m2 kg s–2, C = s A, 
lm = cd m2 m–2 = cd sr, and W = m2 kg s–3, 
(ii) the symbol X in this Draft Resolution represents one or more additional 
digits to be added to the numerical values of h, e, k, and NA, using values 
based on the most recent CODATA adjustment, 



 
 
 
 
 
 

 c      =       299 792 458   m/s  
 

(c    =    983 571 056.4  ft/s ) 
     
 
                 
                            value of c      =              numerical value         unit 
 
          The value of c is a constant of nature.  
 
          1.  If we define the units independently, then we must determine the numerical value 

of c by experiment, and it will have an uncertainty.  That was the situation before 
1983, when both the metre and the second were independently defined.  

 
         2.  If the second is independently defined in terms of the frequency of the caesium 

transition, and we choose to fix the numerical value of c, then the effect is to 
define the metre *.  This is the current definition of the metre, since the change in 
1983.  The numerical value now has zero uncertainty.  

 
*or the foot or any other unit of length we might choose 

What does it mean to fix the numerical value of a constant? 
Let us take the velocity of light, c. 



 
 
 
 
 
 

h   =     6.626 0693 × 10-34   m2 kg s1 
 

                 
       value of h     =                numerical value                              unit 
 
 
                The value of h is a constant of nature.  
 
        1.   If we define the unit m2 kg s-1 independently, then we must determine    the 

numerical value of h by experiment, and it will have an uncertainty.  That is the 
present situation. 

 
        2.   If the metre and the second are already independently defined, and we choose to 

fix the numerical value of h, then the effect is to define the kilogram.  This is the 
proposed new  definition of the kilogram.  The numerical value will have zero 
uncertainty. 

   

Note:    J s  =  m2 kg s–1 



 
 
 
 
 
 

from which it follows that the SI will continue to have the present set of seven 
base units, in particular 
• the kilogram will continue to be the unit of mass, but its magnitude will 
be set by fixing the numerical value of the Planck constant to be equal to 
exactly 6.626 06X ×10–34 when it is expressed in the SI unit m2 kg s–1, 
which is equal to J s, 
• the ampere will continue to be the unit of electric current, but its 
magnitude will be set by fixing the numerical value of the elementary 
charge to be equal to exactly 1.602 17X ×10–19 when it is expressed in 
the SI unit s A, which is equal to C, 
• the kelvin will continue to be the unit of thermodynamic temperature, 
but its magnitude will be set by fixing the numerical value of the 
Boltzmann constant to be equal to exactly 1.380 6X ×10–23 when it is 
expressed in the SI unit m2 kg s–2 K–1, which is equal to J K–1, 
• the mole will continue to be the unit of amount of substance of a 
specified elementary entity, which may be an atom, molecule, ion, 
electron, any other particle or a specified group of such particles, but its 
magnitude will be set by fixing the numerical value of the Avogadro 
constant to be equal to exactly 6.022 14X ×1023 when it is expressed in 
the SI unit mol–1. 



 
 
 
 
 
 

further notes that since 
• the new definitions of the kilogram, ampere, kelvin and mole are intended 
to be of the explicit-constant type, that is, a definition in which the unit is 
defined indirectly by specifying explicitly an exact value for a well recognized 
fundamental constant, 
the existing definition of the metre is linked to an exact value of the speed 
of light in vacuum, which is also a well-recognized fundamental constant, 
• the existing definition of the second is linked to an exact value of a well defined 
property of the caesium atom, which is also an invariant of nature, 
• although the existing definition of the candela is not linked to a 
fundamental constant, it may be viewed as being linked to an exact value 
of an invariant of nature, 
• it would enhance the understandability of the International System if all of 
its base units were of similar wording, 
 
the International Committee for Weights and Measures will also propose 
the reformulation of the existing definitions of the second, metre and candela 
in completely equivalent forms, which might be the following: 



 
 
 
 
 
 

•the second, symbol s, is the unit of time; its magnitude is set by fixing 
the numerical value of the ground state hyperfine splitting frequency of 
the caesium 133 atom, at rest and at a temperature of 0 K, to be equal to 
exactly 9 192 631 770 when it is expressed in the SI unit s–1, which is 
equal to Hz, 
• the metre, symbol m, is the unit of length; its magnitude is set by fixing 
the numerical value of the speed of light in vacuum to be equal to 
exactly 299 792 458 when it is expressed in the SI unit m s–1, 
• the candela, symbol cd, is the unit of luminous intensity in a given 
direction; its magnitude is set by fixing the numerical value of the 
luminous efficacy of monochromatic radiation of frequency 
540 ×1012 Hz to be equal to exactly 683 when it is expressed in the SI 
unit m–2 kg–1 s3 cd sr, or cd sr W–1, which is equal to lm W–1. 
In this way, the definitions of all seven base units will be seen to follow 
naturally from the set of seven constants given above. 



 
 
 
 
 
 

In consequence, on the date chosen for the implementation of the revision of 
the SI: 
• the definition of the kilogram in force since 1889 based upon the mass of 
the international prototype of the kilogram (1st CGPM, 1889,  
1889, 3rd CGPM, 1901) will be abrogated, 
etc, etc 



 
 
 
 
 
 

The General Conference on Weights and Measures 
further notes that on the same date 
• the mass of the international prototype of the kilogram m(K) will be 1 kg 
but with a relative uncertainty equal to that of the recommended value of 
h just before redefinition and that subsequently its value will be 
determined experimentally, 
• that the magnetic constant (permeability of vacuum) μ0 will be 
4π ×10–7 H m–1 but with a relative uncertainty equal to that of the 
recommended value of the fine-structure constant α and that subsequently 
its value will be determined experimentally, 
• that the thermodynamic temperature of the triple point of water TTPW will 
be 273.16 K but with a relative uncertainty equal to that of the 
recommended value of k just before redefinition and that subsequently its 
value will be determined experimentally, 
•that the molar mass of carbon 12 M(12C) will be 0.012 kg mol–1 but with a 
relative uncertainty equal to that of the recommended value of NAh just 
before redefinition and that subsequently its value will be determined 
experimentally. 
 
 



 
 
 
 
 
 

The General Conference on Weights and Measures 
encourages 
• researchers in national metrology institutes, the BIPM and academic 
institutions to continue their efforts and make known to the scientific 
community in general and to CODATA in particular, the outcome of their 
work relevant to the determination of the constants h, e, k, and NA, and 
• the BIPM to continue its work on relating the traceability of the 
prototypes it maintains to the international prototype of the kilogram, and 
in developing a pool of reference standards to facilitate the dissemination 
of the unit of mass when redefined, 



 
 
 
 
 
 

invites 
• CODATA to continue to provide adjusted values of the fundamental 
physical constants based on all relevant information available and to make 
the results known to the International Committee through its Consultative 
Committee for Units since these CODATA values and uncertainties will 
be those used for the revised SI, 
• the CIPM to make a proposal for the revision of the SI as soon as the 
recommendations of Resolution 12 of the 23rd General Conference 
are fulfilled, in particular the preparation of mises en pratique 
for the new definitions of the kilogram, ampere, kelvin and mole, 
• the CIPM to continue its work towards improved formulations for the 
definitions of the SI base units in terms of fundamental constants, having 
as far as possible a more easily understandable description for users in 
general, consistent with scientific rigour and clarity, 
• the CIPM, the Consultative Committees, the BIPM, the OIML and 
National Metrology Institutes significantly to increase their efforts to 
initiate awareness campaigns aimed at alerting user communities and the 
general public to the intention to redefine various units of the SI and to 
encourage consideration of the practical, technical, and legislative 
implications of such redefinitions, so that comments and contributions can 
be solicited from the wider scientific and user communities. 



Photo TJQ 



Photo TJQ 



Photo TJQ 



Photo BIPM 



Oxford 
University Press 
(New York) 2011 


