CODATA RECOMMENDED VALUES OF THE FUNDAMENTAL PHYSICAL CONSTANTS: 2002

NIST SP 961 (Dec/2005) Values from: P. J. Mohr and B. N. Taylor, Rev. Mod. Phys. 77, 1 (2005).
A more extensive listing of constants is available in the above references and on the NIST Physics Laboratory Web site physics.nist.gov/constants.
The number in parenthesis is the one-standard-deviation uncertainty in the last two digits of the given value.

Quantity Symbol Numerical value Unit Quantity Symbol Numerical value Unit
speed of light in vacuum ¢, co 299 792 458 (exact) ms~?! muon g-factor —2(1 + ay) u —2.002 331 8396(12)
magnetic constant o 41 x 10~7 (exact) N A—2 muon-proton magnetic moment ratio i/ o —3.183345118(89)
=12.566370614... x 10~7 N A~? proton mass mp 1.67262171(29) x 10727 kg
electric constant 1/ugc? €o 8.854 187 817... x 10712 Fm™! in u 1.007 276 466 88(13) u
Newtonian constant of gravitation G 6.6742(10) x 1011 m?® kg™t s72 energy equivalent in MeV mpc? 938.272 029(80) MeV
Planck constant h 6.626 0693(11) x 10734 Js proton-electron mass ratio mp/me 1836.152 672 61(85)
in eV s 4.13566743(35) x 10712 eV's proton magnetic moment i 1.410606 71(12) x 10726 g T~
h/2m h 1.054 571 68(18) x 10734 Js to nuclear magneton ratio tp /N 2.792 847 351(28)
in eV s 6.58211915(56) x 10~ ¢ eVs proton magnetic shielding correction 1 — pu /pp o}, 25.689(15) x 1076
elementary charge e 1.602176 53(14) x 1071 C (H2O, sphere, 25 °C)
magnetic flux quantum h/2e Do 2.06783372(18) x 1012 Wb proton gyromagnetic ratio 2up /h Yp 2.67522205(23) x 108 s™to-t
Josephson constant 2e/h Ky 483 597.879(41) x 10° Hz V! Yp /2T 42.577 4813(37) MHz T~!
von Klitzing constant h/e? = poc/2a Rk 25 812.807 449(86) Q shielded proton gyromagnetic ratio 2, /h v, 2.675 153 33(23) x 10% st
Bohr magneton eh/2m. B 927.400 949(80) x 10726 JT71 (H2 O, sphere, 25 °C)
ineV T™1 5.788 381 804(39) x 10~° eV T 5 /21 42.576 3875(37) MHz T—!
nuclear magneton efi/2m,, UN 5.050 783 43(43) x 1027 JT-! neutron mass in u Mn 1.008 664 915 60(55) u
in eV T~ 3.152451259(21) x 1078 eV Tt energy equivalent in MeV mpc? 939.565 360(81) MeV
fine-structure constant e?/4mephc o 7.297 352 568(24) x 1073 neutron-proton mass ratio mn /mp 1.001 378418 70(58)
inverse fine-structure constant a~?t 137.035 999 11(46) neutron magnetic moment fin —0.966 236 45(24) x 1072¢ J T~
Rydberg constant a®mec/2h R 10973 731.568 525(73) m~?! to nuclear magneton ratio Bu/pN —1.913 042 73(45)
Rooc 3.289 841 960 360(22) x 10'° Hz deuteron mass in u mq 2.01355321270(35) u
energy equivalent in eV Roche  13.6056923(12) eV energy equivalent in MeV mac? 1875.61282(16) MeV
Bohr radius a/4MR ., = 4Tegh?/m..e? ao 0.5291772108(18) x 1071 m deuteron-proton mass ratio ma/mp 1.999 007 500 82(41)
Hartree energy 62/47'[6()(10 = 2R he = a’mec? Ey 4.35974417(75) x 10718 J deuteron magnetic moment Ha 0.433 073 482(38) x 10726 gt
in eV 27.211 3845(23) eV to nuclear magneton ratio fa /N 0.857 438 2329(92)
electron mass Me 9.109 3826(16) x 10731 kg helion (®*He nucleus) mass in u my 3.014 932 2434(58) u
in u 5.485799 0945(24) x 107*  u energy equivalent in MeV mpc? 2808.391 42(24) MeV
energy equivalent in MeV mec? 0.510998 918(44) MeV shielded helion magnetic moment s —1.074 553 024(93) x 10726 J 7!
electron-muon mass ratio me/my  4.83633167(13) x 1073 (gas, sphere, 25 °C)
electron-proton mass ratio me/mp  5.4461702173(25) x 107 to Bohr magneton ratio uh /B —1.158671474(14) x 1073
electron charge to mass quotient —e/me —1.75882012(15) x 10! C kg™?! to nuclear magneton ratio wh/uN —2.127 497 723(25)
Compton wavelength h/mec Ac 2.426 310 238(16) x 10712 m alpha particle mass in u mq 4.001 506 179 149(56) u
Ac/2M= aag = o*/4TR Ao 386.159 2678(26) x 107 m energy equivalent in MeV mac? 3727.37917(32) MeV
classical electron radius aag Te 2.817940 325(28) x 10~ 1° m Avogadro constant Na, L 6.0221415(10) x 1023 mol !
Thomson cross section (811/3)r2 Oe 0.665 245 873(13) x 10728 m? atomic mass constant 11—2771(120) =1u my 1.660 538 86(28) x 10727 kg
electron magnetic moment Le —928.476 412(80) x 10726 JT71 energy equivalent in MeV myc? 931.494 043(80) MeV
to Bohr magneton ratio pe/pus  —1.001159 652 1859(38) Faraday constant Nae F 96 485.3383(83) C mol ™!
to nuclear magneton ratio fe/pN —1838.28197107(85) molar gas constant R 8.314472(15) J mol=t K1
electron magnetic moment anomaly |pe|/uB —1 ae 1.159 652 1859(38) x 1073 Boltzmann constant R/Na k 1.3806505(24) x 1023 JK!
electron g-factor —2(1 + ae) Jo —2.002 319 304 3718(75) inev K1 8.617 343(15) x 10~° eV K1
electron-proton magnetic moment ratio te/pp  —658.2106862(66) molar volume of ideal gas RT/p Vin 22.413996(39) x 1073 m? mol~!
muon mass in u my 0.113 428 9264(30) u (T =273.15 K, p = 101.325 kPa)
energy equivalent in MeV myc? 105.658 3692(94) MeV Stefan-Boltzmann constant 12 k*/60R%c? o 5.670400(40) x 1078 Wm—2 K™*
muon-electron mass ratio my/me 206.768 2838(54) first radiation constant 21hc? c1 3.74177138(64) x 1071¢ W m?
muon magnetic moment m —4.49044799(40) x 10726 j T~ second radiation constant hc/k co 1.438 7752(25) x 10~2 m K
to Bohr magneton ratio pp/pB —4.84197045(13) X 1073 Wien displacement law constant
to nuclear magneton ratio pu/pN —8.890 596 98(23) b= AmaxT = ¢2/4.965114 231... b 2.8977685(51) x 1073 m K
muon magnetic moment anomaly Cu x unit: A(CuKay)/1537.400 xu(CuKay) 1.00207710(29) x 1073 m
]/ (e /2my) — 1 ay 1.16591981(62) x 1073 Mo x unit: A(Mo Kay)/707.831 xu(MoKa;) 1.00209966(53) x 1013 m
Energy equivalents
(Im YYe = 299792458 Hz (1 Hz)h/k = 4.7992374(84) x 10~ K (1)) = 6.24150947(53) x 108 eV (1 eV)/c? = 1.073544171(92) x 1072 u
(1 m™Yhe/k = 1.4387752(25) x 1072 K (1 Hz)h = 4.13566743(35) x 10715 eV (1eV) = 1.60217653(14) x 10719 J (1 kg) = 6.0221415(10) x 10%% u
(I m YHre =1.23984191(11) x 1076 eV (1 K)k/he = 69.50356(12) m ! (1 eV)/hc = 8.065 544 45(69) x 10° m~* (1 u) = 1.66053886(28) x 10727 kg
(1 m~Yh/c = 1.3310250506(89) x 107 '° u (1 K)k/h = 2.0836644(36) x 10*° Hz (1 eV)/h = 2.41798940(21) x 10'* Hz (1 u)e/h = 7.513006 608(50) x 10** m~*!
(1 Hz)/c = 3.335640951...x 107? m~! (1 K)k = 8.617343(15) x 107° eV (1 eV)/k = 1.1604505(20) x 10* K (1 u)e? = 931.494043(80) x 10° eV




