2022 CODATA RECOMMENDED VALUES OF THEFUNDAMENTAL
CONSTANTS OF PHYSICS AND CHEMISTRY

An extensive constants list is available at physics.nist.gov/constants.
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Quantity Symbol Numerical value Unit
*133Cs hyperfine transition frequency Avgs 9192631770 Hz
*speed of light in vacuum c 299 792 458 ms~!
*Planck constant h  6.62607015 x 10734 JHz!

h 1.054571817... x 1073 Js

*elementary charge e 1.602176 634 x 10~1? C
* Avogadro constant Na  6.02214076 x 10%3 mol !
*Boltzmann constant k 1.380649 x 10723 JK!
*luminous efficacy K.q 683 Im W1
electron volt (e/C) J eV 1602176634 x 1019 J
Josephson constant 2e/h K; 483597.8484... % 10° HzVv-!
von Klitzing constant 21th /e? Rk  25812.80745... Q
molar gas constant Nak R 8.314462618... Jmol ! K~!
Stefan-Boltzmann const. n2k%/(60h°c?) ¢  5.670374419...x107% Wm 2K*

*Defining constants of the International System of Units (SI).



Quantity Symbol Numerical value Unit
(unified) atomic mass unit 15m(**C) u  1.66053906892(52) x 10727 kg

Newtonian constant of gravitation G 6.67430(15) x 10~ 1L m3kg~ts?
fine-structure constant e?/(4meghc) a  7.2973525643(11) x 1073

inverse fine-structure constant ol 137.035999177(21)
Rydberg frequency a®meqc?/(2h) cRo  3.2898419602500(36) x 10'° Hz
vac. magnetic permeability 4nah/(e?c) uo  1.25663706127(20) x 1076 N A2
vac. electric permittivity 1/(uoc?) €0 8.8541878188(14) x 10712 Fm™!
electron mass me  9.1093837139(28) x 10731 kg
proton mass m,  1.67262192595(52) x 10727 kg
proton-electron mass ratio myp/me 1836.152 673 426(32)
reduced Compton wavelength h/(mec)  Xo  3.8615926744(12) x 10~  m
Bohr radius /(amec) ap  5.29177210544(82) x 107 m
Bohr magneton efi/(2m) pp  9.2740100657(29) x 10724 JT-!
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