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Fundamental Physical Constants Quantity



Symbol



Value



Unit



Relative uncertainty (ppm)



FREQUENTLY USED CONSTANTS m s−1 N A−2 10−7 N A−2 10−12 F m−1



(exact)



ε0



299 792 458 4π × 10−7 =12.566 370 614... 8.854 187 817...



G h h¯ e 80 me mp m p /m e α α−1 R∞ NA , L F R k



6.672 59(85) 6.626 075 5(40) 1.054 572 66(63) 1.602 177 33(49) 2.067 834 61(61) 9.109 389 7(54) 1.672 623 1(10) 1 836.152 701(37) 7.297 353 08(33) 137.035 989 5(61) 10 973 731.534(13) 6.022 136 7(36) 96 485.309(29) 8.314 510(70) 1.380 658(12)



10−11 m3 kg−1 s−2 10−34 J s 10−34 J s 10−19 C 10−15 Wb 10−31 kg 10−27 kg



128. 0.60 0.60 0.30 0.30 0.59 0.59 0.020 0.045 0.045 0.0012 0.59 0.30 8.4 8.5



σ



5.670 51(19)



10−8 W m−2 K−4



speed of light in vacuum permeability of vacuum



c µ0



permittivity of vacuum 1/µ0 c2 Newtonian constant of gravitation Planck constant h/2π elementary charge magnetic flux quantum h/2e electron mass proton mass proton-electron mass ratio fine-structure constant µ0 ce2 /2h inverse fine-structure constant Rydberg constant m e cα2 /2h Avogadro constant Faraday constant NA e molar gas constant Boltzmann constant R/NA Stefan-Boltzmann constant (π 2 /60)k 4/h¯ 3 c2



10−3 m−1 1023 mol−1 C mol−1 J mol−1 K−1 10−23 J K−1



(exact) (exact)



34.



UNIVERSAL CONSTANTS speed of light in vacuum permeability of vacuum



c µ0



permittivity of vacuum 1/µ0 c2 Newtonian constant of gravitation Planck constant in electron volts: h/{e} h/2π in electron volts: h/{e} ¯ Planck mass (h¯ c/G)1/2 Planck length h¯ /m P c = (h¯ G/c3 )1/2 Planck time lP /c = (h¯ G/c5 )1/2



ε0 G h h¯ mP lP tP



299 792 458 4π × 10−7 = 12.566 370 614... 8.854 187 817...



m s−1 N A−2 10−7 N A−2 10−12 F m−1



(exact)



6.672 59(85) 6.626 075 5(40) 4.135 669 2(12) 1.054 572 66(63) 6.582 122 0(20) 2.176 71(14) 1.616 05(10) 5.390 56(34)



10−11 m3 kg−1 s−2 10−34 J s 10−15 eV s 10−34 J s 10−16 eV s 10−8 kg 10−35 m 10−44 s



128. 0.60 0.30 0.60 0.30 64. 64. 64.



(exact) (exact)



ELECTROMAGNETIC CONSTANTS elementary charge magnetic flux quantum h/2e Josephson frequency-voltage quotient quantized Hall conductance quantized Hall resistance h/e2 = µ0 c/2α Bohr magneton eh¯ /2m e Page 1



e e/ h 80 2e/ h e2 / h



1.602 177 33(49) 2.417 988 36(72) 2.067 834 61(61) 4.835 976 7(14) 3.874 046 14(17)



10−19 C 1014 A J−1 10−15 Wb 1014 Hz V−1 10−5 S



0.30 0.30 0.30 0.30 0.045



RH µB



25 812.805 6(12) 9.274 015 4(31)



� 10−24 J T−1



0.045 0.34



Source: Journal of Research of the National Bureau of Standards, 92(2), March-April 1987.
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Fundamental Physical Constants Quantity in electron volts: µB /{e} in hertz: µB / h in wavenumbers: µB / hc in kelvins: µB /k nuclear magneton eh¯ /2m p in electron volts: µN /{e} in hertz: µN / h in wavenumbers: µN / hc in kelvins: µN /k



Symbol



µN



Value 5.788 382 63(52) 1.399 624 18(42) 46.686 437(14) 0.671 709 9(57) 5.050 786 6(17) 3.152 451 66(28) 7.622 591 4(23) 2.542 622 81(77) 3.658 246(31)



Unit



Relative uncertainty (ppm)



10−5 eV T−1 1010 Hz T−1 m−1 T−1 K T−1 10−27 J T−1 10−8 eV T−1 MHz T−1 10−2 m−1 T−1 10−4 K T−1



0.089 0.30 0.30 8.5 0.34 0.089 0.30 0.30 8.5



10−3 m−1 1015 Hz 10−18 J eV 10−10 m 10−18 J eV 10−4 m2 s−1 10−4 m2 s−1



0.045 0.045 0.0012 0.0012 0.60 0.30 0.045 0.60 0.30 0.089 0.089



10−31 kg 10−4 u MeV 10−3 10−4 10−4 10−4 1011 C kg−1 10−7 kg/mol 10−12 m 10−13 m 10−15 m 10−28 m2 10−26 J T−1



0.59 0.023 0.30 0.15 0.020 0.020 0.021 0.30 0.023 0.089 0.089 0.13 0.27 0.34



ATOMIC CONSTANTS fine-structure constant µo ce2 /2h inverse fine-structure constant Rydberg constant m e cα2 /2h in hertz: R∞ c in joules: R∞ hc in eV: R∞ hc/{e} Bohr radius α/4π R∞ Hartree energy e2 /4πεo ao = 2R∞ hc in eV: E h /{e} quantum of circulation



electron mass



Page 2



ao Eh h/2m e h/m e



7.297 353 08(33) 137.035 989 5(61) 10 973 731.534(13) 3.289 841 949 9(39) 2.179 874 1(13) 13.605 698 1(40) 0.529 177 249(24) 4.359 748 2(26) 27.211 396 1(81) 3.636 948 07(33) 7.273 896 14(65)



Electron 9.109 389 7(54) 5.485 799 03(13) 0.510 999 06(15) 4.836 332 18(71) m e /m µ m e /m p 5.446 170 13(11) m e /m d 2.724 437 07(6) m e /m α 1.370 933 54(3) –e/m e –1.758 819 62(53) M(e), Me 5.485 799 03(13) λC 2.426 310 58(22) žC 3.861 593 23(35) re 2.817 940 92(38) σe 0.665 246 16(18) µe 928.477 01(31) µe /µB 1.001 159 652 193(10) µe /µN 1 838.282 000(37) me



in electron volts: m e c2 /{e} electron-muon mass ratio electron-proton mass ratio electron-deuteron mass ratio electron-α-particle mass ratio electron specific charge electron molar mass Compton wavelength h/m e c λC /2π = αao = α 2 /4π R∞ classical electron radius α2 ao Thomson cross section (8π/3)re2 electron magnetic moment in Bohr magnetons in nuclear magnetons electron magnetic moment anomaly µe /µB − 1 electron g-factor 2(1+ae ) electron-muon magnetic moment ratio electron-proton magnetic moment ratio



muon mass



α α−1 R∞



0.020 10−3



ae ge



1.159 652 193(10) 2.002 319 304 386(20)



µe /µµ



206.766 967(30)



0.15



µe /µp



658.210 688 1(66)



0.010



mµ



Muon 1.883 532 7(11) 0.113 428 913(17)



10−28 kg u



0.0086



0.61 0.15



Source: Journal of Research of the National Bureau of Standards, 92(2), March-April 1987.
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Fundamental Physical Constants Quantity in electron volts: m µ c2 /{e} muon-electron mass ratio muon molar mass muon magnetic moment in Bohr magnetons in nuclear magnetons muon magnetic moment anomaly [µµ /(eh¯ /2m µ )] − 1 muon g factor 2(1+aµ) muon-proton magnetic moment ratio



proton mass



Value 105.658 389(34) 206.768 262(30) 1.134 289 13(17) 4.490 451 4(15) 4.841 970 97(71) 8.890 598 1(13)



MeV



m µ /m e M(µ), Mµ µµ µµ /µB µµ /µN aµ gµ



1.165 923 0(84) 2.002 331 846(17)



10−3



µµ /µp



3.183 345 47(47)



Proton 1.672 623 1(10) 1.007 276 470(12) 938.272 31(28) m p /m e 1 836.152 701(37) m p /m µ 8.880 244 4(13) e/m p 9.578 830 9(29) M(p), Mp 1.007 276 470(12) λC,p 1.321 410 02(12) žC,p 2.103 089 37(19) µp 1.410 607 61(47) 1.521 032 202(15) µp /µB µp /µN 2.792 847 386(63) mp



in electron volts: m p c2 /{e} proton-electron mass ratio proton-muon mass ratio proton specific charge proton molar mass proton Compton wavelength h/m p c λC,p /2π proton magnetic moment in Bohr magnetons in nuclear magnetons diamagnetic shielding correction for protons in pure water, spherical sample, 25 ◦ C, 1 − µ0p /µp shielded proton magnetic moment (H2 O, sph., 25 ◦ C) in Bohr magnetons in nuclear magnetons proton gyromagnetic ratio uncorrected (H2 O, sph., 25 ◦ C)



neutron mass



Unit



10−4 kg/mol 10−26 J T−1 10−3



10−27 kg u MeV 107 C kg−1 10−3 kg/mol 10−15 m 10−16 m 10−26 J T−1 10−3



25.689(15) 1.410 571 38(47)



10−6 10−26 J T−1



µ0p /µB µ0p /µN γp γp /2π γp0 γp0 /2π



1.520 993 129(17) 2.792 775 642(64) 26 752.212 8(81) 42.577 469(13) 26 751.525 5(81) 42.576 375(13)



10−3



Neutron 1.674 928 6(10) 1.008 664 904(14) 939.565 63(28) m n /m e 1 838.683 662(40) m n /m p 1.001 378 404(9) M(n), Mn 1.008 664 904(14) λC,n 1.319 591 10(12) žC,n 2.100 194 45(19) µn 0.966 237 07(40) µn /µB 1.041 875 63(25) µn /µN 1.913 042 75(45) µn /µe



1.040 668 82(25)



0.32 0.15 0.15 0.33 0.15 0.15 7.2 0.0084 0.15



σH2 O µ0p



mn



in electron volts: m n c2 /{e} neutron-electron mass ratio neutron-proton mass ratio neutron molar mass neutron Compton wavelength h/m n c λC,n /2π neutron magnetic momenta in Bohr magnetons in nuclear magnetons neutron-electron magnetic moment ratio neutron-proton Page 3



Symbol



Relative uncertainty (ppm)



104 s−1 T−1 MHz T−1 104 s−1 T−1 MHz T−1 10−27 kg u MeV 10−3 kg/mol 10−15 m 10−16 m 10−26 J T−1 10−3 10−3



0.59 0.012 0.30 0.020 0.15 0.30 0.012 0.089 0.089 0.34 0.010 0.023



0.34 0.011 0.023 0.30 0.30 0.30 0.30



0.59 0.014 0.30 0.022 0.009 0.014 0.089 0.089 0.41 0.24 0.24 0.24



Source: Journal of Research of the National Bureau of Standards, 92(2), March-April 1987.
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Fundamental Physical Constants Quantity



Symbol µn /µp



magnetic moment ratio



Value 0.684 979 34(16)



Deuteron 3.343 586 0(20) 2.013 553 214(24) 1 875.613 39(57) m d /m e 3 670.483 014(75) m d /m p 1.999 007 496(6) M(d), Md 2.013 553 214(24) µd 0.433 073 75(15) µd /µB 0.466 975 447 9(91) µd /µN 0.857 438 230(24)



deuteron mass



md



in electron volts: m d c2 /{e} deuteron-electron mass ratio deuteron-proton mass ratio deuteron molar mass deuteron magnetic momenta in Bohr magnetons in nuclear magnetons deuteron-electron magnetic moment ratio deuteron-proton magnetic moment ratio



Unit



µd /µe



0.466 434 546 0(91)



µd /µp



0.307 012 203 5(51)



Relative uncertainty (ppm) 0.24



10−27 kg u MeV 10−3 kg/mol 10−26 J T−1 10−3 10−3



0.59 0.012 0.30 0.020 0.003 0.012 0.34 0.019 0.028 0.019 0.017



PHYSICO-CHEMICAL CONSTANTS Avogadro constant atomic mass constant 1 m(12 C) m u = 12 in electron volts: m u c2 /{e} Faraday constant NA e molar Planck constant molar gas constant Boltzmann constant R/NA in electron volts: k/{e} in hertz: k/ h in wavenumbers: k/ hc molar volume (ideal gas) RT / p T = 273.15 K, p = 101 325 Pa Loschmidt constant NA /Vm T = 273.15 K, p = 100 kPa Sackur-Tetrode constant (absolute entropy constant)b 5 2 3/2 kT / p ] 1 0 2 + ln[(2πm u kT1 / h ) T1 = 1 K, p0 = 100 kPa T1 = 1 K, p0 = 101 325 Pa Stefan-Boltzmann constant (π 2 /60)k 4 /h¯ 3 c2 first radiation constant 2πhc2 second radiation constant hc/k Wien displacement law constant b = λmax T = c2 /4.965 114 23...



NA , L



6.022 136 7(36)



1023 mol−1



0.59



mu



1.660 540 2(10) 931.494 32(28) 96 485.309(29) 3.990 313 23(36) 0.119 626 58(11) 8.314 510(70) 1.380 658(12) 8.617 385(73) 2.083 674(18) 69.503 87(59)



10−27 kg MeV C mol−1 10−10 J s mol−1 J m mol−1 J mol−1 K−1 10−23 J K−1 10−5 eV K−1 1010 Hz K−1 m−1 K−1



0.59 0.30 0.30 0.089 0.089 8.4 8.5 8.4 8.4 8.4



Vm n0 Vm



0.022 414 10(19) 2.686 763(23) 0.022 711 08(19)



m3 mol−1 1025 mol−3 m3 mol−1



8.4 8.5 8.4



S0 /R



–1.151 693(21) –1.164 856(21)



σ c1 c2



5.670 51(19) 3.741 774 9(22) 0.014 387 69(12)



10−8 W m−2 K−4 10−16 W m2 mK



b



2.897 756(24)



10−3 m K



8.4



F NA h NA hc R k



18. 18. 34. 0.60 8.4



NON-SI UNITS USED WITH THE SI electron volt, (e/C) J = {e} J (unified) atomic mass unit 1 1 u = m u = 12 m(12 C) Page 4



eV



1.602 177 33(49)



10−19 J



0.30



u



1.660 540 2(10)



10−27 kg



0.59



Source: Journal of Research of the National Bureau of Standards, 92(2), March-April 1987.
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Fundamental Physical Constants Quantity



standard atmosphere standard acceleration of gravity



Symbol



Value Standard values 101 325 9.806 65



atm gn



Unit



Pa m s−2



Relative uncertainty (ppm)



(exact) (exact)



X-RAY STANDARDS Cu x unit: λ(CuKα1 ) ≡ 1537.400 xu Mo x unit: λ(MoKα1 ) ≡ 707.831 xu Å∗ : λ(WKα1 ) ≡ 0.209 010 0 Å∗ lattice spacing of Si (in vacuum, √ 22.5 ◦ C)a d220 = a/ 8 molar volume of Si M(Si)/ρ(Si) = NA a 3 /8 BIPM maintained ohm �69−BI �BI85 ≡ �69−BI (January 1, 1985) Drift rate of �69−BI BIPM maintained volt V76−BI ≡ 483 594.0 GHz (h/2e) BIPM maintained ampere ABIPM = V76−BI /�69−BI



Page 5



xu(CuKα1 ) xu(MoKα1 ) Å∗



1.002 077 89(70) 1.002 099 38(45) 1.000 014 81(92)



10−13 m 10−13 m 10−10 m



0.70 0.45 0.92



a d220



0.543 101 96(11) 0.192 015 540(40)



nm nm



0.21 0.21



cm3 /mol



0.74



Vm (Si) 12.058 817 9(89) “AS-MAINTAINED” ELECTRICAL UNITS �BI85 d�69−BI /dt



1–1.563(50)×10−6 = 0.999 998 437(50) –0.056 6(15)



� µ�/a



0.050



V76−BI



1–7.59(30)×10−6 = 0.999 992 41(30)



V



0.30



ABI85



1–6.03(30)×10−6 = 0.999 993 97(30)



A



0.30



Source: Journal of Research of the National Bureau of Standards, 92(2), March-April 1987.
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