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• Committee on Data for Science and Technology (CODATA) –
was established in 1966 - is an interdisciplinary committee for 
ICSU, which works to improve the quality, reliability, management, 
and accessibility of data of importance to all fields of science and 
technology.

• CODATA Task Group on Fundamental Constants - established 
in 1969 - “to periodically provide the scientific and technological 
communities with a self-consistent set of internationally 
recommended values of the basic constants and conversion 
factors of physics and chemistry based on all of the relevant data 
available at a given point in time.”

• The Task Group sanctions the data selection and methodology of 
the adjustment of the recommended values of the constants.







physics.nist.gov/constants
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• Measurements show a serious disagreement
• The International Union of Pure and Applied Physics (IUPAP) has 

formed a Working Group of experts to advise future experiments and 
to attempt to explain the discrepancies.
• The National Institute of Standards and Technology (NIST) has taken

on a project to repeat the two most discrepant experiments (JILA and 
BIPM).  This work is in progress.



• In 1983, the SI was redefined so that the meter is the distance
traveled by light in 1/299792458 s. 
• As a consequence, the speed of light is exactly 299792458 m/s.
• A similar redefinition is expected to soon extend to other units in the

SI by an international agreement.
• This will have a significant impact on the values of the physical 

constants in the future.



The International System of Units (SI) is expected to undergo a 
revolutionary change on May 20, 2019.  After then, it will be 
defined by the statement: 



Why change SI units?

• The kilogram artifact is unstable.
• “Conventional” electrical units are not presently SI units.
• Current kelvin definition is based on isotope-dependent triple point of 

water.
• New SI definitions of the kilogram and kelvin are scalable.
• Fundamental constants have smaller uncertainties in the new SI.



Web resources 

NIST SI Redefinition Portal, US National Institute of 
Standards and Technology: 
https:/www.nist.gov/pml/productsservices/si-
redefinition-portal

https://BIPM Revised SI Download Area:
https://www.bipm.org/en/si-download-area/





Improved values of constants

Quantity	 Symbol	 Present		SI	
ur	×	10

9	
New	SI	
ur	×	10

9	

Planck	constant	 h 12	 0	

Elementary	charge	 e 6.1	 0	
Boltzmann	constant	 k 570	 0	
Avogadro	constant	 NA 12	 0	

Josephson	constant	 KJ 6.1	 0	

von	Klitzing	constant	 RK 0.23	 0	

Electron	mass	 me 12	 0.46	

Atomic	mass	unit	 mu 12	 0.46	

Mass	of	carbon-12	 m(12C) 12	 0.46	

Molar	gas	constant	 R 570	 0	

Faraday	constant	 F 6.1	 0	

Stefan-Boltzmann	constant	 σ 2300	 0	

Fine-structure	constant	 α 0.23	 0.23	
	



No uncertainty in energy conversions

Quantity	 Symbol	 Present		SI	
ur	×	10

9	
New	SI	
ur	×	10

9	

Planck	constant	 h 12	 0	

Elementary	charge	 e 6.1	 0	
Boltzmann	constant	 k 570	 0	
Avogadro	constant	 NA 12	 0	

E=mc2	energy	equivalent	 J	↔	kg	 0	 0	

E=hc/λ	energy	equivalent	 J	↔	m-1 12	 0	

E=hν	energy	equivalent	 J	↔	Hz 12	 0	

E=kT	energy	equivalent	 J	↔	K 570	 0	

1	J	=1	(C/e)	eV	energy	equivalent	 J	↔	eV 6.1	 0	
	



Timeline

• Data to determine values of the defining constants was due 
(published) by 1 July 2017.
• The CODATA Task Group on Fundamental Constants did a special 

least-squares adjustment to provide values for the defining 
constants.
• In August 2017, the Consultative Committee on Units 

recommended going ahead with the redefinition based on those 
constants.
• The International Committee on Weights and Measures met in 

October 2017 and decided to recommend going forward with the 
redefinition.
• Ratification to redefine expected at the General Conference on 

Weights and Measures, Versailles, France, November of 2018.
• Effective date expected to be 20 May 2019.





J. C. Maxwell, 1870 

Maxwell, J. C. 1870
Report of the 1870 BA
Meeting,  Notices and 
Abstracts of Misc. 
Comm., Mathematics and 
Physics, pp. 1-9

Yet, after all, the dimensions of our earth and its time of 
rotation, though, relatively to our present means of 
comparison, very permanent, are not so by physical 
necessity. The Earth might contract by cooling, or it might be 
enlarged by a layer of meteorites falling on it, or its rate of 
revolution might slowly slacken, and yet it would continue to 
be as much a planet as before. But a molecule, say of 
hydrogen, if either its mass or its time of vibration were to 
be altered in the least, would no longer be a molecule of 
hydrogen. If, then we wish to obtain standards of length, 
time, and mass which shall be absolutely permanent, we 
must seek them not in the dimensions, or the motion, or the 
mass of our planet, but in the wavelength, the period of 
vibration, and the absolute mass of these imperishable and 
unalterable and perfectly similar molecules. 



Max Planck, 1900

The two constants [h,k]… which occur in the 
equation for radiative entropy offer the  
possibility of establishing a system of units for 
length, mass, time, and temperature which are 
independent of specific bodies or materials 
and which necessarily maintain their meaning 
for all time and for all civilizations, even those 
which are extraterrestrial and non-human.

-- Max Planck, 1900

“Einstein and the Quantum,” A 
Douglas Stone, Princeton 
Univ. Press (2013)



Thank you for your attention.


