CODATA RECOMMENDED VALUES OF THE FUNDAMENTAL PHYSICAL CONSTANTS: 2022

NIST SP 961 (May 2024)

An extensive list of constants is available on the NIST Physics Laboratory Web site physics.nist.gov/constants. For numerical values a number in parentheses, if present, is the one-standard-
deviation uncertainty in the last two digits. For units with square brackets the full descriptions of [m]™* and [m] are cycles per meter and meter per cycle, respectively. For the first radiation
constant the full description of [m]? is m™2 (m/cycle)*.

Quantity Symbol Numerical value Unit Quantity Symbol Numerical value Unit
speed of light in vacuum c 299792458 (exact) m st muon g-factor —2(1 + ay) Ju —2.002 331 841 23(82)
Newtonian constant of gravitation G 6.67430(15) x 10~ 1 m?® kg™! s72? | muon-proton magnetic moment ratio o/ o —3.183 345 146(71)
Planck constant h 6.626 070 15 x 103 (exact) JHz ! proton mass mp 1.67262192595(52) x 10727 kg
ineVs 4.135667696... x 107 1° eV Hz ' in u 1.007 276 466 5789(83) u
h 1.054571817... x 1073 Js energy equivalent in MeV mpc? 938.272 089 43(29) MeV
ineV s 6.582119569 ... x 10716 eVs proton-electron mass ratio mp/Me 1836.152 673 426(32)
elementary charge e 1.602176 634 x 10712 (exact) C proton magnetic moment p 1.410 606 795 45(60) x 10726 J 7!
vacuum magnetic permeability 4rah/e?c m 1.256 637 061 27(20) x 10~° N A~2 to nuclear magneton ratio tp/ N 2.792 847 344 63(82)
po/(4n x 1077) 0.999 999 999 87(16) N A2 proton magnetic shielding correction 1—py,/up o7, 2.56715(41) x 107°
vacuum electric permittivity 1/uoc? €0 8.854 187 8188(14) x 10~ 12 Fm™! (H2O, sphere, 25 °C)
Josephson constant 2e/h Kj 483597.8484 ... x 10° Hz V! proton gyromagnetic ratio 2uy /h Yp 2.6752218708(11) x 108 s™t !
von Klitzing constant poc/2a = 27h/e? Rk 25812.80745. . Q 42.577 478 461(18) MHz T~
magnetic flux quantum 27k /(2€) D 2.067833848... x 1071 Wb shielded proton gyromagnetic ratio 2u/, /A oA 2.675153194(11) x 10® R
Bohr magneton eh/2m. B 9.274 010 0657(29) x 1024 JT-1t (H2O, sphere, 25 °C)
in eV T— 5.788 381 7982(18) x 10~° eV T 42.576 385 43(17) MHz T~
nuclear magneton eh/2my N 5.050 783 7393(16) x 10—27 JT1! neutron mass in u Mn 1.008 664 916 06(40) u
ineV T~ 3.152451 254 17(98) x 1078 eV T~ ! energy equivalent in MeV My c? 939.565 421 94(48) MeV
fine-structure constant e?/4meghc e 7.297 352 5643(11) x 1073 neutron-proton mass ratio M /Mp 1.001 378 419 46(40)
inverse fine-structure constant a! 137.035999 177(21) neutron magnetic moment fin —9.6623653(23) x 10727 JTt
Rydberg frequency a?mec?/2h = Ey,/2h cRo 3.289 841 960 2500(36) x 10*®  Hz to nuclear magneton ratio fin/ N —1.913 042 76(45)
energy equivalent in eV 13.605 693 122 990(15) eV deuteron mass in u mq 2.013553 212 544(15) u
Rydberg constant R 10973 731.568 157(12) [m~1] energy equivalent in MeV mac 1875.612 945 00(58) MeV
Bohr radius A/amec = 41t50h2/mce2 ao 5.291 772 105 44(82) x 1071 m deuteron-proton mass ratio ma/mp 1.999 007 501 2699(84)
Hartree energy a?mec? = e?/4nepao = 2(cRoo)h  Ej 4.359 744 722 2060(48) x 10718 J deuteron magnetic moment Ld 4.330735087(11) x 10727 JT!
in eV 27.211 386 245 981(30) eV to nuclear magneton ratio fa/ N 0.857 438 2335(22)
electron mass Me 9.109 383 7139(28) x 103! kg helion (®*He nucleus) mass in u my 3.014 932 246 932(74) u
inu 5.485 799 090 441(97) x 10~4 u energy equivalent in MeV myc? 2808.391 611 12(88) MeV
energy equivalent in MeV mec®  0.510998 950 69(16) MeV shielded helion magnetic moment uy, —1.07455311035(93) x 10726 J 7!
electron-muon mass ratio me/my  4.83633170(11) x 1073 (gas, sphere, 25 °C)
electron-proton mass ratio me/mp  5.446 170214 889(94) x 10~* to Bohr magneton ratio uy/puB —1.158 671494 57(94) x 1073
electron charge to mass quotient —e/me —1.75882000838(55) x 10**  C kg™*! to nuclear magneton ratio uy /N —2.127 497 7624(17)
reduced Compton wavelength k/mec = aag Ao 3.8615926744(12) x 10713 m alpha particle mass in u Ma 4.001 506 179 129(62) u
Compton wavelength Ac 2.426 310 235 38(76) x 10712 [m] energy equivalent in MeV mec? 3727.3794118(12) MeV
classical electron radius aag Te 2.817 940 3205(13) x 10~ % m Boltzmann constant k 1.380649 x 10~ 23 (exact) JK!
Thomson cross section (81/3)r2 Oe 6.652 458 7051(62) x 10~ 2° m? Avogadro constant Na 6.022140 76 x 1023 (exact) mol !
electron magnetic moment e —9.284 764 6917(29) x 10~ 24 JT-! atomic mass constant &5 m(**C) =1 u My 1.660 539 068 92(52) x 10727 kg
to Bohr magneton ratio e/ —1.001159 652180 46(18) energy equivalent in MeV My c? 931.494 103 72(29) MeV
to nuclear magneton ratio pe/pN  —1838.281971877(32) Faraday constant Nae F 96 485.33212. .. C mol~?!
electron magnetic moment anomaly |pe|/ps—1  ae 1.159 652 180 46(18) x 1073 molar gas constant Nak R 8.314 462618 . .. J mol™t K~
electron g-factor —2(1 + ae) ge —2.002 319 304 360 92(36) in eV K1 8.617333262... x 107° eV K1
electron-proton magnetic moment ratio He/ —658.210 687 89(19) molar volume of ideal gas RT/p Vin 22.41396954 ... x 1073 m?3 mol !
muon mass in u my 0.113428 9257(25) u (T = 273.15 K, p = 101.325 kPa)
energy equivalent in MeV myc? 105.658 3755(23) MeV Stefan-Boltzmann constant n2k*/60h° 2 e 5.670374419... x 1078 Wm~2 K4
muon-electron mass ratio my/me  206.768 2827(46) first radiation constant 2mhc? c1 3.741771852... x 10716 [W m?]
muon magnetic moment iy —4.490 448 30(10) x 10~26 JT-1t second radiation constant hc/k ca 1.438776 877 ... x 1072 (m K]
to Bohr magneton ratio pup/pp —4.84197048(11) x 1073 Wien displacement law constant
to nuclear magneton ratio pu/pN —8.890 597 04(20) b= AmaxT = c2/4.965114 231... b 2.897771955... x 1073 [m K]
muon magnetic moment anomaly Cu x unit: A(CuKo)/1537.400 xu(CuKoy) 1.002076 97(28) x 10713 m
|l / (eh/2my) — 1 ay 1.165 920 62(41) x 1073 Mo x unit: A(Mo Kot )/707.831 xu(Mo Koy ) 1.002099 52(53) x 10~ 13 m
Energy equivalents
lm e =299792458 Hz (1 Hz)h/k=4.799243073... x 1071 K (1) =6.241509074 ... x 10'® eV (1eV)/c?=1.07354410083(33) x 10~ ° u
1 m Y he/k=1.438776877... x 1072 K (1 Hz)h =4.135667696... x 107 1% eV (1eV) =1.602176634 x 1071° J (1 kg)  =6.0221407537(19) x 10%¢ u
[l m ke =1.239841 984... % 107 eV (1 K)k/hc=69.50348004 ... [m~'] (1 eV)/hc=8.065543937 ... x 10° [m™!] (1 u) =1.660539 068 92(52) x 10~ 27 kg
;! *l]h/c =1.33102504824(41) x 107 *° u (1 K)k/h =2.083661912... x 10'° Hz (1 eV)/h =2.417989242... x 10'* Hz (1 u)e/h =7.5130066209(23) x 10'* [m~!]
(1 Hz)/c  =3.335640951...x 1072 [m~'] (1 K)k  =8.617333262... x 1077 eV (1eV)/k =1.160451812... x 10* K (1 u)e?  =9.3149410372(29) x 10% eV
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