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Revision of the International System of Units (SI) in terms of fundamental constants was achieved by the 26th General
Conference on Weights and Measures (CGPM) in November 2018. Four base units (kilogram, ampere, kelvin, and mole) of SI
were redefined by fixing the values of the Planck constant /4, elementary charge e, Boltzmann constant &k, and Avogadro constant
Na respectively. In this paper the scientific principle for redefining the kilogram from the Planck constant with the Kibble balance
is explained as an example. The revised SI takes effect on May 20, 2019.
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Fig. 1. Operational principle of the Kibble balance: F., and Fi,
mean an electromagnetic force and a mechanical force, respectively.
When the two forces are balanced, we can find out the mass
through two operational modes.
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Table 1. The CODATA recommended values and relative standard
uncertainties for the Planck constant from 1998 to 2014

Year The Planck constant 4 Relative standard
(unit: J s) uncertainty u,
1998 | 6.626 068 76(52) x 104 7.8 x10%
2002 | 6.626 0693(11) x 10 1.7 x 107
2006 | 6.626 068 96(33) x 107 5.0x10®
2010 | 6.626 069 57(29) x 10 44x10°%
2014 | 6.626 070 040(81) x 10 12x10°%
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Table 2. The CODATA 2017 adjusted values of 4, e, k, and N,

. Relative standard
Quantity Value .
uncertainty
h 6.626 070 150(69) x 10 J s 1.0x10?%
1.602 176 6341(83) x 10" C 52 %107
k 1.380 649 03(51)x 107 J K! 3.7 %107
Na 6.022 140 758(62) x 10* mol’! 1.0x 10
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Na 6.022 140 76 x 10* mol
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Table 4. Fundamental constants having no uncertainty by the
revision of the SI

Quantity Symbol | Relationship (s;rj:tl)tol)
Magnetic flux quantum ) =h/2e Wb
Conductance quantum Go =2¢%h S

Josephson constant K; =2elh Hz V!
Von Klitzing constant Rk =hnlé Q
Faraday constant F = Nae C mol
Molar Planck constant Nah | =Nah J s mol
Molar gas constant R = Nak J mol” K!
Stefan-Boltzmann constant = (¥60)k*/A ¢ | W m? K*
First radiation constant c =2nhc® W m?
Second radiation constant e = hclk m K
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Table 5. Quantities having new uncertainty by the revision of the SI

Quantity Symbol Value R?I?z:l:ais;?;d:rd
Mass of the international prototype of the kilogram m(x) 1 kg 1.0x10?%
Vacuum magnetic permeability o 4mx107 N A 23x 10"
Vacuum electric permittivity € 1/c*uy F m’! 23 %101
Thermodynamic temperature of the triple point of water Trow 273.16 K 3.7 %107
Molar mass of carbon 12 M(?C) 0.012 kg mol 45 %101

Table 6. SI derived units with special names and symbols which can be defined by the seven defining constants

Quantity SI derived unit | Special symbol | Avcs c h e Na k Ko
Frequency Hertz Hz u
Force Newton N u u u
Pressure, Stress Pascal Pa u . u
Energy, Work Joule ] u . u
Power, Radiant flux Watt w u . u
Electric charge, Quantity of electricity Coulomb C .
Electric potential difference Volt \Y% u . " .
Electric capacitance Farad F u u u u
Electric resistance Ohm Q u . . .
Electric conductance Siemens S u . . .
Magnetic flux Weber Wb u u u u
Magnetic flux density Tesla T u u u u
Inductance Henry H u u u u
Celsius temperature Degree Celsius °C u u u u
Luminous flux Lumen Im u . u u
Illuminance Lux Ix u . u u
Activity (of a radionuclide) Becquerel Bq u
Absorbed dose, Kerma, Specific energy (imparted) Gray Gy u u
Dose equivalent Sievert Sv u u
Catalytic activity Katal kat u u
E 2 o2A, AEErte] HolFuteg ekl goli iz =
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