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Introduction

A comprehensive evaluation of fundamental constants was 
first done by R. Birge in 1929.

Values of the fundamental constants are currently 
recommended every 4 years by CODATA.

The values are obtained by a least-squares adjustment.

The constants are expressed in terms of units of the 
International System of Units (SI).

The SI is likely to be redefined in 2018.

The uncertainties of many fundamental constants will change 
significantly as a result.
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Electron mass in various units



  

physics.nist.gov/constants
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Fundamental constants and the New SI

The fundamental constants are given in SI units.

Changes in the SI units will result in changes in the 
constants.

It is expected that the SI will be redefined in 2018 in terms 
of fundamental constants.

The change in the SI is motivated in part by problems with 
maintaining the kilogram mass standard.



  



  

Limitations of the current kilogram 
prototype definition

The prototype definition is not linked to an unchanging 
property of nature.

The mass of the international prototype appears to be 
changing relative to the mass of its copies.

The prototype and its copies appear to gain mass over time 
and lose mass when washed for use in comparisons.

The kilogram mass definition cannot be realized 
independently of the international prototype.



  



  



  



  



  

International System of Units (SI)
SI base units and symbols

− meter m (length)
− kilogram kg (mass)
− second s (time)
− ampere A (electric current)
− kelvin K (thermodynamic temperature)
− mole mol (amount of substance)
− candela cd (luminous intensity)

 Some SI derived units and symbols
− hertz Hz (frequency)
− newton N (force)
− joule J (energy)
− coulomb C (electric charge)
− volt V (electric potential difference)

 Non­SI units and symbols
− electron volt eV (energy)
− unified atomic mass unit u (mass)



  

New SI
In the New SI, the fundamental constants, c, h, e, k, N

A
, 

ν
Cs

, ... are given fixed numerical values.

Based on this definition, measurements can be made in 
terms of SI units.

The quantities represented by the traditional base units 
can all be determined from this definition, even though 
there is not a one-to-one correspondence between the 
constants and the base units.

The traditional set of base units determines all the units 
in the SI.

So assigning fixed values to the  fundamental constants 
c, h, e, k, N

A
, ν

Cs
, ... determines all the units in the SI.

The distinction between base units and other units is 
unnecessary.



  



  

Organization Chart

CGPM

CIPM BIPM

CCU + 9 Other CCs

CODATA Task Group on Fundamental Constants
IUPAP: International Union of Pure and Applied Physics
NMIs (NIM,, NIST, NMIJ, NPL, PTB)
Others

SI Brochure



  

SI Brochure



  



  

 Voltage:  Josephson effect

 Resistance:  Quantum Hall effect

 Current:

 Power:

Electrical measurements in the New SI



  



  

Relation between the Avogadro constant NA 
and the Planck constant h

 Rydberg constant definition:

 unified atomic mass unit u:

 Avagadro constant:



  "Silicon sphere for Avogadro project" by The Commonwealth Scientific
 and Industrial Research Organisation of Australia - CSIRO.



  



  

From
D.Newell 
(2014)



  

Unit Democracy

Base Units

Derived Units

Dimensionless Units

SI Units



  



  

Coherent units in the SI

(coherent)



  

Coherent units in the SI

(coherent)



  



  

Coherent units in the SI

(coherent)



  

Coherent units in the SI

(coherent)



  

Coherent units in the SI

(coherent)

(?)



  

cycles vs radians

cycles   1  vs  radians       1



  

Consequences for fundamental constants



  



  



  

Conclusion

The redefinition of the SI will result in many fundamental constants being 
either exact or having significantly smaller uncertainties.

A consistent treatment of coherent units in the SI will lead to modified units 
for some of the fundamental constants.



  

  Related Publications

Redefinition of the kilogram: a decision whose time has come Metrologia 42, 71 
(2005).  

IM Mills, PJ Mohr, T Quinn, BN Taylor, M Williams    

Redefinition of the kilogram, ampere, kelvin and mole: a proposed approach to 
implementing CIPM recommendation 1 (CI­2005), Metrologia 43, 227 (2006).

IM Mills, PJ Mohr, T Quinn, BN Taylor, M Williams

Defining units in the quantum based SI
Metrologia 45, 129 (2008).

PJ Mohr

Resource Letter FC-1: The physics of fundamental constants 
American Journal of Physics 78, 338 (2010).

PJ Mohr and DB Newell


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Who are they, anyway? Task Group Members for the 2010 Adjustment
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43

