From: physics.nist.gov/constants

Fundamental Physical Constants — Complete Listing

Relative std.
Quantity Symbol Value Unit uncert
UNIVERSAL
speed of light in vacuum C, Co 299792458 ms! (exact)
magnetic constant 1o 47 x 1077 NA—2
=12566370614. x 1077 NA—2 (exact)
electric constant Joc? £0 8.854187817. x 10712 Fm1 (exact)
characteristic impedance
of vacuum,/o/€o = mocC Zo 376730313461. Q (exact)
Newtonian constant
of gravitation G 6.673(10) x 10711 mikgls?2 15x10°3
G/hc  6.707(10) x 1039 (GeV/c?) =2 15x 103
Planck constant h 6.6260687652) x 1073*  Js 78x 1078
inevs 41356672716) x 101> eVs 39x 108
h/27 n 1.05457159682) x 10734 Js 78 x 1078
inevs 65821188926) x 10716 eVs 39x 108
Planck massgfic/G)1/2 mp 2.1767(16) x 1078 kg 75x 1074
Planck lengtti/mpc = (hG/c3)Y2  |p 1.6160(12) x 1073° m 75x 1074
Planck timdp/c = (hG/c®)1/2 tp 5.390640) x 1044 s 75x 1074
ELECTROMAGNETIC
elementary charge e 1.60217646263) x 10°1° C 39x 108
e/h 241798949195 x 104  AJ1 39x 1078
magnetic flux quanturh/2e g 2.06783363631) x 101> Wb 39x 108
conductance quantune? h Go 7.74809169628 x 10> S 37x107°
inverse of conductance quantum G, ! 12906403 78647) Q 37x10°°
Josephson constdrite/ h Kj 48359789819) x 10° Hz v—1 39x 108
von Klitzing constarft
h/e? = poc/2a Rk 25812807 57295) Q 3.7x107°
Bohr magnetorh/2me UB 927.40089937) x 10726 JT1 40x 1078
inevT1 5.78838174943) x 10> eV T! 7.3x10°°
us/h 13996 246 2456) x 10° Hz T-1 4.0x 1078
up/hc  46.686452119) m-1T1-1 40x 108
us/k  0.671713112) KT-1 1.7x 1076
nuclear magnetoei/2m; UN 5.0507831720) x 10727 JT1 40x 108
inevT1 3.1524512384) x 108  evT1 7.6x10°°
un/h  7.6225939631) MHz T-1 40x 1078
un/hc  2.5426236610) x 102 m-1T1-1 40x 108
un/k  3.658263864) x 104 KT-1 1.7x 1076
ATOMIC AND NUCLEAR
General
fine-structure constae/ 4w eghc o 7.297 3525387) x 103 3.7x107°
inverse fine-structure constant o1 137.035 999 7650) 3.7x107°
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Rydberg constant?mec/2h Ry 10973731568 54983 m-1 7.6 x 10712
RoC 3.28984196036@5) x 10° Hz 76 x 10712
R.chc 2.1798719017) x 10718 J 7.8 x 1078
Rxhcin eV 13605691 7253) ev 39x10°8
Bohr radiusx/4r Ry = 4 €gh?/ Mee? ag 0.529177208819 x 10710 m 37x10°°
Hartree energg?/4rcoap = 2Rsohc
= a?meC? En 4.3597438134) x 10718 J 78x 1078
in eV 27.211383411) eV 39x10°8
quantum of circulation h/2me 3.63694751627) x 104 m2s1 7.3x10°°
h/me 7.27389503253) x 104 m2s1 7.3x10°°
Electroweak
Fermi coupling constaft Gg/(hc)®  1.166391) x 10°° GeVv2 8.6 x 107
weak mixing anglé 6y (on-shell scheme)
SifOw = 3, = 1 — (Mw/mz)? sifbw  0.222419) 8.7 x 1073
Electron, €
electron mass Me 9.109 381 8872) x 10731 kg 79x 108
inu, me = Ac(e) u (electron
relative atomic mass times u) AB579911012) x 104 u 21x10°°
energy equivalent MeC? 8.187 104 1464) x 10~ 14 J 79x 1078
in MeV 0.510998 90221) MeV 40x 1078
electron-muon mass ratio Me/M,, 4.8363321015) x 103 3.0x 1078
electron-tau mass ratio Me/ M, 2.8755547) x 104 1.6 x 1074
electron-proton mass ratio Me/Mp 5.44617023212) x 104 2.1x 1079
electron-neutron mass ratio Me/ Mn 5.43867346212) x 104 22 x107°
electron-deuteron mass ratio Me,/ Mg 2.724437117(68) x 104 2.1x10°°
electron to alpha particle mass ratio Me/ Mg 1.370933561129) x 104 21x107°
electron charge to mass quotient —e/Me —1.75882017471) x 1011  Ckg! 40x10°8
electron molar maskiame M(e), Me 5.48579911012) x 10~/ kgmol! 21x107°
Compton wavelength/mec Ac 2.42631021518) x 1012 m 7.3x 1079
rc/2m = adg = @?/4m Ry Ac 386159264228 x 10°1° m 7.3x107°
classical electron radiugag le 2.81794028831) x 10715 m 11x 1078
Thomson cross section83)r2 Oe 0.665 245 85415) x 1028 m? 22x10°8
electron magnetic moment e —92847636237) x 1026 JT1 40x 1078
to Bohr magneton ratio e/ 1B —1.001 159 652 186@!1) 41x 10712
to nuclear magneton ratio e/ N —1838281966Q39) 21x107°
electron magnetic moment
anomaly|uel/us — 1 ae 1.159652186041) x 103 35x10°°
electrong-factor—2(1 + ae) e —2.002319304373B2) 41x 10712
electron-muon
magnetic moment ratio e/ 206.766 972Q@63) 3.0x 1078
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electron-proton
magnetic moment ratio e/ p —6582106875%66) 1.0x 1078
electron to shielded proton
magnetic moment ratio ue/% —658227595471) 11x 108
(H20, sphere, 25C)
electron-neutron
magnetic moment ratio e/ n 960.9205023) 2.4 x 1077
electron-deuteron
magnetic moment ratio e/ 1d —2143923 49823 11x 108
electron to shielded helién
magnetic moment ratio e/ 1, 864.058 25510) 12x 108
(gas, sphere, 25C)
electron gyromagnetic ratid2e| /7t ye 1.76085979471) x 1011 s1T1  40x108
Ye/2m 28024954011) MHzT-1 40x10°8
Muon, u™
muon mass m, 1.8835310916) x 10728 kg 84 x 1078
inu, M, = Ar(u) u (muon
relative atomic mass times u) .103428916834) u 30x 108
energy equivalent m,.c? 1.6928333214) x 10711 J 84 x 1078
in MeV 105658 356852 MeV 49x10°8
muon-electron mass ratio m,./Me 206768 265763) 3.0x 1078
muon-tau mass ratio m, /m; 5.9457297) x 102 1.6 x 1074
muon-proton mass ratio m,./Mp 0.112609517834%) 3.0x 1078
muon-neutron mass ratio m,./Mp 0.112454 507884 3.0x 1078
muon molar masslam, M(u), M, 0.11342891684) x 102 kgmol! 3.0x 1078
muon Compton wavelengtiym,c  Ac, 117344419735 x 101> m 29x 1078
Ac,/2m Ac, 1.86759444455) x 10715 m 29x 108
muon magnetic moment oy —4.4904481822) x 10726 JgT11 49x 108
to Bohr magneton ratio M/ 1B —4.84197085%15) x 1073 30x10°8
to nuclear magneton ratio M/ N —8.890597 7027) 3.0x 1078
muon magnetic moment anomaly
lu.l/(€h/2m,) — 1 a, 1.165916 0264) x 103 5.5x 10~/
muong-factor—2(1 + a,) O —2.002331832013) 6.4 x 10710
muon-proton
magnetic moment ratio o/ p —3.183 3453910 3.2x 1078
Tau,t~
tau mass m; 3.1678852) x 10°27 kg 16 x 104
inu,m; = A;(x) U (tau
relative atomic mass times u) .9D7 7431) u 16x 1074
energy equivalent m,c2 2.847 1546) x 10710 J 16 x 104
in MeV 177705(29) MeV 1.6x 10°%
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tau-electron mass ratio m./Me 347760(57) 16x 1074
tau-muon mass ratio m./m, 16.818827) 1.6 x 104
tau-proton mass ratio m./mp 1.8939631) 1.6x 104
tau-neutron mass ratio m;/mp 1.891 3531) 1.6 x 1074
tau molar mas$am;, M), M; 1.907 7431) x 103 kgmol 1.6x10*
tau Compton wavelengthy m.c ACit 0.697 7Q11) x 10715 m 16x 104
Ac.c/2m AC. 0.11104218) x 10715 m 16x 104
Proton, p
proton mass Mp 1.6726215813) x 102/ kg 79x 108
inu, my = Ar(p) u (proton
relative atomic mass times u) .OD7 276 466 88L3) u 13 x 10710
energy equivalent Mpc? 1.5032773112) x 10710 J 79x 1078
in MeV 938271 99838) MeV 40x 108
proton-electron mass ratio Mp/Me 1836152 667%39) 2.1x107°
proton-muon mass ratio Mp/ My, 8.8802440827) 30x10°8
proton-tau mass ratio mp/ M 0.527 99486) 1.6x 104
proton-neutron mass ratio Mp/ M 0.998 623 478 568) 5.8 x 10710
proton charge to mass quotient  e/my, 9.5788340838) x 10’ Ckg? 40x 1078
proton molar mas#la mp M(p), Mp 1.007 276466 86L3) x 102 kgmol! 1.3 x 10710
proton Compton wavelengtiymec  Acp 1.32140984710) x 10 m 7.6 x 107°
Acp/2m Acp 0.210308908616) x 10715 m 7.6 x 107°
proton magnetic moment Ip 14106066388 x 10726 JT11 41x 1078
to Bohr magneton ratio Mp/ 1B 1.52103220815) x 103 1.0x 1078
to nuclear magneton ratio p/ N 2.792 847 33729 1.0x 1078
protong-factor 2up/ N 9 5.585 694 67557) 1.0x 1078
proton-neutron
magnetic moment ratio p/ n —1.459 898 0534) 2.4 x 1077
shielded proton magnetic moment 4, 1.41057039959) x 10726 JgT11 42 x 108
(H20, sphere, 25C)
to Bohr magneton ratio Ip/ 1B 1.52099313216) x 103 1.1x10°8
to nuclear magneton ratio [p/ AN 2.79277559731) 11x 108
proton magnetic shielding
correction 1— pup/pup o 25.687(15) x 1076 5.7 x 1074
(H20, sphere, 25C)
proton gyromagnetic ratio;2,/ i Yo 2.6752221211) x 1C° s1T-1  41x108
Yo/ 21 42577 4825%18) MHzT1 41x10°8
shielded proton gyromagnetic
ratio 2up,/h Vo 2.6751534111) x 108 s11-1  42x108
(H20, sphere, 25C)
Yol 21 42576 3888198) MHzT-1 42x10°8
Neutron, n
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neutron mass Mn 1.674927 1613) x 1027 kg 79x%x 108
inu, my = Ar(n) u (neutron
relative atomic mass times u) .aD8 664 915 7665) u 54 x 10710
energy equivalent Mnc? 1.5053494612) x 1010 J 79x 1078
in MeV 939565 33@39) MeV 40x 108
neutron-electron mass ratio Mp/Me 1838683 655@40) 2.2x 107°
neutron-muon mass ratio mp/m,, 8.892484 7827) 3.0x 1078
neutron-tau mass ratio mp/m; 0.528 72286) 1.6 x 1074
neutron-proton mass ratio Mn/Mp 1.001 378418 879 5.8 x 10710
neutron molar maskiamy, M(n), Mn, 1.0086649157&5) x 103 kgmol! 54 x 10710
neutron Compton wavelengtym,c ~ Ac.n 1.31959089810) x 10°®* m 7.6 x 107
Ac.n/2m Ac.n 0.210019414216) x 101> m 7.6x 1079
neutron magnetic moment Un —0.9662364023) x 10726 JT11 2.4 x 1077
to Bohr magneton ratio tn/ 1B —1.0418756325) x 103 2.4 %1077
to nuclear magneton ratio Un/ AN —1.9130427245) 24 %107
neutrong-factor 2un/un On —3.826 085 4%90) 24x 107
neutron-electron
magnetic moment ratio Un/ e 1.040668 8225) x 103 2.4 x 1077
neutron-proton
magnetic moment ratio Mn/ip —0.684979 3416) 24 %107
neutron to shielded proton
magnetic moment ratio n/ g —0.684 996 9416) 24 x 1077
(H20, sphere, 25C)
neutron gyromagnetic ratid2n|/A  n 1.8324718844) x 10° s1T-1  24x107
Yn/2m 29.164695870) MHzT-1 24x1077
Deuteron, d
deuteron mass Mg 3.3435830926) x 10~27 kg 79x 108
inu, mg = Ar(d) u (deuteron
relative atomic mass times u) .35532127@35) u 17 x 10710
energy equivalent MgyC? 3.0050626224) x 10°10 J 7.9x 1078
in MeV 187561276275) MeV 40x 108
deuteron-electron mass ratio Mg,/ Me 3670482955Q78) 2.1x10°°
deuteron-proton mass ratio Mg/ Mp 1.999 007 5008341) 2.0x 10710
deuteron molar masi§ia my M(d), Mg 2.0135532127@35) x 10°3 kgmol! 1.7x 10710
deuteron magnetic moment “d 0.43307345718) x 10026 JT11 42x10°8
to Bohr magneton ratio nd/UB 0.466 975 455660) x 103 1.1x10°8
to nuclear magneton ratio d/ N 0.857 438 228494) 11x 108
deuteron-electron
magnetic moment ratio Ud/ e —4.66434553750) x 104 11x 108
deuteron-proton
magnetic moment ratio Hd/ Mp 0.307012208&5) 15x 108
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deuteron-neutron
magnetic moment ratio nd/Mn —0.4482065211) 24 x 1077
Helion, h
helion mas® mh 5.006 411 7439) x 1027 kg 79x 108
inu, my = Ar(h) u (helion
relative atomic mass times u) .04 932234 686) u 28 x 10710
energy equivalent MK C2 4.499538 4835) x 10710 J 7.9x 1078
in MeV 28083913211) MeV 40x 108
helion-electron mass ratio Mp/Me 5495885 23812) 2.1x10°°
helion-proton mass ratio Mh/Mp 2.993 152658 5(03) 3.1x 10710
helion molar mas®amp M(h), M, 3.0149322346@6) x 102 kgmoll 28x 10710
shielded helion magnetic moment I —1.07455296745) x 10726 JT11 42x10°8
(gas, sphere, 2%C)
to Bohr magneton ratio /1B —1.15867147414) x 1073 12x 1078
to nuclear magneton ratio M/ N —2.127 497 7185) 1.2 x 1078
shielded helion to proton
magnetic moment ratio W/ tp —0.761766 56812 15x%x 1078

(gas, sphere, 25C)

shielded helion to shielded proton
magnetic moment ratio Ih/ p —0.761786 131833 43x10°°
(gas/HO, spheres, 25C)
shielded helion gyromagnetic
ratio 2up|/h " 2.03789476485) x 108 s1T1  42x108
(gas, sphere, 25C)

v/ 2 32.434102%14) MHzT-1 42x10°8
Alpha particle
alpha particle mass My 6.644 655 9852) x 10~27 kg 79x 108
inu,m, = Ar(a) u (alpha particle
relative atomic mass times u) .001 506 174710) u 25x 10710
energy equivalent M, C2 5.9719189747) x 1010 J 79x 1078
in MeV 37273790415 MeV 40x 108
alpha particle to electron mass ratio  my/me 7294299 50816) 2.1x10°°
alpha particle to proton mass ratio Mg/ My 3.972599 684611) 2.8x 10710
alpha particle molar mad$am, M(a), M, 4.001506174710) x 1072 kgmolt 2.5x 10710
PHYSICO-CHEMICAL
Avogadro constant Na, L 6.0221419947) x 1023 mol~1 7.9x 1078
atomic mass constant
my = 5m*2C) =1u my 1.660538 7813) x 102/ kg 79x%x 108
=103 kg mol-¥/Na
energy equivalent myc? 1.4924177812) x 10710 J 7.9x 1078
in MeV 93149401337) MeV 40x 108
Faraday constatitNa e F 96 485341539) Cmoll 40x108
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molar Planck constant Nah 3.99031268830) x 10710 Jsmot? 7.6 x 10°°
Nahc  0.1196265649®1) Jm mol? 7.6x 1072
molar gas constant R 8.31447215) JmortK—1 17x10°6
Boltzmann constariR/Na k 1.380650324) x 1023 JK1 1.7x 1078
inev K1 8.61734215) x 10°° eVK1 1.7x 1078
k/h 2.083664436) x 1010 Hz K1 1.7 x 106
k/hc 69.5035612) m1K-1 1.7x10°6
molar volume of ideal gaRT/p
T =27315K, p=101325kPa Vi 22.41399639) x 103 m® mol—1 1.7x10°°
Loschmidt constania / Vim No 2.686 777%47) x 10%° m—3 1.7 x10°6
T =27315K, p =100 kPa Vi 22.71098%40) x 1073 m3 mol—1 17x 1078
Sackur-Tetrode constant
(absolute entropy constaft)
5 + In[(2rmyk T1/ h?)¥2kT1/ po]
T1 = 1K, po = 100 kPa S/R —1.151704844) 3.8x10°°
T1=1K, po = 101325 kPa —1.164867844) 3.7x10°
Stefan-Boltzmann constant
(w2/60)k%n3c? o 5.67040Qq40) x 108 Wm2K“4 7.0x10°
first radiation constant/zhc? c1 3.7417710729 x 10716 wm? 7.8x 1078
first radiation constant for spectral radian¢&2 ¢y 1.19104272293) x 10716 wWmZsrl 7.8x 1078
second radiation constaint/ k o 1.438775225) x 102 m K 1.7 x 106
Wien displacement law constant
b = AmaxT = C2/4.965114231. b 2.897 768651) x 103 m K 1.7x10°°

a See the “Adopted values” table for the conventional value adopted internationally for realizing representations of the volt using the Joseph-
son effect.

b See the “Adopted values” table for the conventional value adopted internationally for realizing representations of the ohm using the quantum Hall
effect.

¢ Value recommended by the Particle Data Group, Caso et al., Eur. Phy8(134J, 1-794 (1998).

d Based on the ratio of the masses of the W and Z bosaggmz recommended by the Particle Data Group (Caso et al., 1998). The value for
sinZGW they recommend, which is based on a particular variant of the modified minimal subtr@t8pscheme, is S%W(Mz) = 0.2312424).

€ The helion, symbol h, is the nucleus of thide atom.

f This and all other values involving; are based on the value of, ¢2 in MeV recommended by the Particle Data Group, Caso et al., Eur. Phys.

J. C3(1-4), 1-794 (1998), but with a standard uncertainty @90MeV rather than the quoted uncertainty-63.26 MeV, +0.29 MeV.

9 The numerical value df to be used in coulometric chemical measurements is 98484 76) [7.9 x 10_8] when the relevant current is measured

in terms of representations of the volt and ohm based on the Josephson and quantum Hall effects and the internationally adopted conventional values
of the Josephson and von Klitzing constalits gg and Rk _gg given in the “Adopted values” table.

N The entropy of an ideal monoatomic gas of relative atomic ndass given byS = S + %’R In Ar — RIn(p/po) + %R In(T/K).
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