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The International System of Units (acronym: Sl) is founded on seven base units (meter, kilogram, second, ampere, kelvin,
mole, and candela) corresponding to seven base quantities (length, mass, time, electric current, thermodynamic
temperature, amount of substance, and luminous intensity). S| was formally established in 1960 by the 11th CGPM. It has
been revised from time to time in response to requirements of users and advances in science and technology. However,
the most significant revision is going to be done in November 2018 by the 26th CGPM. Four base units (kilogram, ampere,
kelvin, and mole) will be given new definitions linking them to exactly defined values of Planck constant, elementary
charge, Boltzmann constant, and Avogadro constant, respectively. In this paper, historical background for the revision of S|
is described and scientific principle of redefinition is explained. The procedure used to redefine meter from the speed of
light in a vacuum is used as an example. After this revision, uncertainties of many other fundamental constants will be
eliminated or reduced. From May 20, 2019 (World Metrology Day), the revised S| will come to practice.
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NOMENCLATURE

SI = International system of units

CGPM = General conference on weights and measures
CIPM = International committee for weights and measures
BIPM = International bureau of weights and measures
CODATA = Committee on DATA for science and technology
TGFC = Task group on fundamental constants

IPM = International prototype of meter

IPK = International prototype of kilogram

MeP = Mise-en-Pratique= Practical realization

NMI = National metrology institute

¢ = Speed of light in a vacuum

u, = Relative standard uncertainty

h = Planck constant

k = Boltzmann constant

e = Elementary charge

Na = Avogadro constant

XRCD = X-Ray crystal density

IAC = International avogadro coordination

CCM = Consultative committee for mass and related quantities

CCTF = Consultative committee for time and frequency
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Fig. 1 Relationships among the current SI base units
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Table 1 The CODATA 2017 adjusted values of 4, e, k, and N,

Quantity Value Uy
h 6.626 070 150(69) 10%*J s 1.0x 10
1.602 176 6341(83) 107" C 52x10°
k 1.380 649 03(51) 10 JK*! 3.7 x 107
Na 6.022 140 758(62) x 10* mol 1.0x 10

Table 2 The CODATA 2017 values of A, e, k, and N, for the
revision of the SI

Quantity Value
h 6.626 070 15 x 10*4] s
1.602 176 634 x 10° C
k 1.380 649 x 103 J K
Na 6.022 140 76 x 10% mol"'
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Table 3 Seven defining constants, their symbols, and their units

Defining constant Symbol Unit
Hyperfine transition Av Hz =
frequency of Cs
Speed of light in a vacuum c ms’'
Planck constant h Js=kgm?s
Elementary charge e C=As
Boltzmann constant k JK!
Avogadro constant Na mol”!
Luminous efficacy K Im W'=cd sr W

Av=9 192 631 770 Hz
Hz=s'=Av/9 192 631 770
s=9192 631 770 / Av
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Fig. 2 Relationships among the revised SI base units, which are
defined by their own defining constants
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Table 4 Fundamental constants and conversion factors whose
uncertainties are to be zero by the revision of the SI

Quantity Symbol Relation
Molar gas constant R =Npk
Faraday constant F =Npe

Stefan-Boltzmann constant o= (87°/60) K/ 2

Stefan-Boltzmann constant K; =2elh
von Klitzing constant Rx = hle?
Magnetic flux quantum D = hl2e
Conductance quantum Gy =2¢%h
Molar Planck constant Nah
First radiation constant ¢l = 2mhc?
Second radiation constant o = hclk
E = mc® Energy equivalent Jokg
E = hc/A Energy equivalent Jom!
E = hv Energy equivalent JeHz
E = kT Energy equivalent JoK

= 1(C/e) eV Energy equivalent  J<>eV

Table 5 Quantities which have new uncertainties by the revision of

the SI
Quantity Symbol u,
Magnetic constant Lo u L) = u, (Q)
Electric constant & ul&) = u: (@)
Molar mass of carbon-12 M(*C) u= 1y (NAD)
IPK m(K) 1.0x 103
Triple point of water Trpw 3.7x 107
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