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Table 7. 1986 recommended values of the fundamental physical constants.

This list of the fundamental constants of physics and chemistry is based on a least-squares
adjustment with 17 degrees of freedom. ‘i’he digits in parentheses are the one-standard-deviation
uncertainty in the last digits of the given value. Since the uncertainties of many of these
entries are correlated, the full covariance matrix must be used in evaluating the uncertainties of

quantities computed from them.

Relative
uncertainty
Quantity Symbol Value Units (ppm)
GENERAL CONSTANTS
Universal Constants
speed of light in vacuum c 299792458 ms~! (exact)
permeability of vacuum Ho 4x x 1077 NA-?
=12.566370614... 10"TNA-2 (exact)
permittivity of vacuum € 1/poc?
=8.854187817... 10-2Fm™! (exact)
Newtonian constant G 6.67259(85) 10" m¥kg~'s™? 128
of gravitation
Planck constant h 6.626 0755(40) 10734 ]s 0.60
in electron volts, h/{e} 4.1356692(12) 10713 eVs 0.30
h/2x h 1.05457266(63) 10-34 Js 0.60
in electron volts, h/{e} 6.582 1220(20) 10" eVs 0.30
Planck mass, (ke/G)} mp 2.17671(14) 10~% kg 64
Planck length, A/mpc = (AG[c®)3 Ip 1.61605(10) 10-3% m 64
Planck time, Ip fc = (hG /%) tp 5.36056(34) 107445 64
Electromagnetic Constants
elementary charge e 1.602177 33(49) 10-1°C 0.30
e/h 2.41798836(72) 1014 A J! 0.30
magnetic flux quantum, h/2e o, 2.06783461(61) 10~ Wb 0.30
Josephson frequency-voltage ratio 2e/h 4.8359767(14) 10" Hz V! 0.30
quantized Hall conductance e*lh 3.874046 14(17) 10-3S 0.045
quantized Hall resistance, Ry 25812.8056(12) Q 0.045
hle* = bpoefa
Bohr magneton, eh/2m, up 9.2740154(31) 10-24JT-! 0.34
in electron volts, ug/{e} 5.78838263(52) 10~3ev T! 0.089
in hertz, pg/h 1.399624 18(42) 1019 Hz T-! 0.30
in wavenumbers, pp/hc 46.686 437(14) m-!'T-1 0.30
in kelvins, pp/k 0.6717099(57) KT™! 8.5
nuclear magneton, ehk/2m,, UN 5.050 7866(17) 10-27) T-! 0.34
in electron volts, un/{e} 3.152451 66(28) 1078 eV T! 0.089
in hertz, un/h 7.6225914(23) MHz T 0.30
in wavenumbers, gy fhe 2.54262281(77) 10" 2 m-t Tt 0.30
3.658246(31) 10K T-! 8.5

in kelvins, un [k
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fine-structure constant, %p,ce’/h
inverse fine-structure constant
Rydberg constant, 1m.ca®/h
in hertz, Rooc
in joules, Ry he
in eV, Rohef{e}
Bohr radius, a/47Roo

Hartree energy, €?/47€sao = 2Roohe

in eV, Ey/{e}

quantum of circulation

electron mass

in electron volts, mec?/{e}
electron-muon mass ratio
electron—proton mass ratio
electron—-deuteron mass ratio
electron-a-particle mass ratio

electron specific charge

electron molar mass

Compton wavelength, h/mec
Ac/2x = aao = a?/47R

classical electron radius, a?a,

Thomson cross section, (8x/3)r2

electron magnetic moment

in Bohr magnetons

in nuclear magnetons
electron magnetic moment

anomaly, g./pp — 1
electron g-factor, 2(1 + a.)
electron—-muon

magnetic moment ratio
electron—proton

magnetic moment ratio

muon mass

in electron volts, m,c?/{e}
muon-electron mass ratio
muon molar mass
muon magnetic moment

in Bohr magnetons,

in nuclear magnetons,
muon magnetic moment anomaly

[/ (eb/2m,)] - 1
muon g-factor, 2(1 + a,)
muon-proton

magnetic moment ratio

a 7.29735308(33)
a~! 137.0359895(61)
R 10973731.534(13)
3.2898419499(39)
2.1798741(13)
13.6056981(40)
a. 0.529 177 249(24)
E, 4.359 7482(26)
27.2113961(81)
h/2m, 3.63694807(33)
h/m.  7.27389614(65)
Electron
me 9.1093897(54)
5.485799 03(13)
0.510999 06(15)
m./m, 4.83633218(71)
me/m, 5.44617013(11)
m./mq  2.72443707(6)
me/m, 1.37093354(3)
—e/m, —1.75881962(53)
M(e),M, 5.48579903(13)
Ac 2.426310 58(22)
Xc 3.86 159 323(35)
re 2.81794092(38)
o 0.665246 16(18)
He 928.47701(31)
He/us  1.001159653193(10)
pe/un  1838.282000(37)
a. 1.159653 193(10)
Je 2.002319 304 386(20)
Be/Bu  206.766967(30)
delp  658.2106881(66)
Muon
m, 1.8835327(11)
0.113428913(17)
105.658 389(34)
m,/m, 206.768262(30)
M(p), M, 1.13428913(17)
B 4.4904514(15)
uu/us  4.84197097(71)
uu/un  8.8905981(13)
a, 1.1659230(84)
Gu 2.002331846(17)
bulpp  3.18334547(47)

ATOMIC CONSTANTS
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10-3

m—l

103 Hz
1018 ]
eV

1010 m
10-18 ]

eV
10"*m?s!
10"4m?s™!

103 kg
10~%u
MeV
10-3
104
10—+
104

loll Ckg-—l
10~7 kg/mol
1013
10713 m
10715 m
10~28 @2

10—26 JT-!

10~3

10-28 kg
u
MeV

10~* kg/mol

10-26 JT-!
1073

10~3

0.045
0.045

0.0012
0.0012
0.60
0.30

0.045
0.60
0.30

0.089
0.089

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
1%10~%
0.020

0.0086
1x10~%

0.15

0.010

0.61
0.15
0.32
0.15
0.15
0.33
0.15
0.15

7.2
0.0084



proton mass

in electron volts, mpc?/{e}
proton—-electron mass ratio
proton-muon mass ratio

proton specific charge
proton molar mass
proton Compton wavelength, h/m¢
AC,D/QT
proton magnetic moment
in Bohr magnetons
in nuclear magnetons
diamagnetic shielding correction
for protons in pure water,

spherical sample, 25°C, 1 — pup/pp

shielded proton moment
(H2O. sph., 25°C)

in Bohr magnetons
in nuclear magnetons
proton gyromagnetic ratio

uncorrected (Hz0O, sph., 25°C)

neutron mass

in electron volts, m,c?/{e}
neutron-electron mass ratio
neutron-proton mass ratio
neutron molar mass
neutron Compton wavelength, h/m,¢c

/\C‘n/ﬂr

neutron magnetic moment *

in Bohr magnetons

in nuclear magnetons
neutron-electron

magnetic moment ratio
neutron-proton

magnetic moment ratio

deuteron mass

in electron volts, mgc?/{e}
deuteron—-electron mass ratio
deuteron—proton mass ratio
deuteron molar mass
deuteron magnetic moment *
in Bohr magnetons,
in nuclear magnetons,
deuteron-electron
magnetic moment ratio
deuteron-proton
magnetic moment ratio

Proton

m, 1.6726231(10}
1.007276 470(12)
938.27231(28)

m,[m, 1836.152701(37)

my,/m, 8.8802444(13)

e/m, 9.5788309(29)

M(p), M, 1.007276470(12)
dcp,  1.32141002(12)

Xcp  2.10308937(19)

Hp 1.41060761(47)

up/up  1.521032202(15)

splun  2.792847386(63)

®H,0 25.689(15)

ul 1.41057138(47)

uifpus  1.520993129(17)

ullun  2.792775642(64)

o 26 752.2128(51)

To/2%  42.577469(13)

71; 26 751.5255(81)

v (2% 42.576375(13)

Neutron

ma, 1.6749286(10)
1.008 66 1904(14)
939.56563(28)

m,[/m, 1838.683662(40)

m,/m, 1.001378404(9)

M(n), M, 1.008664904(14)

Aca  1.31959110(12)

Xcm  2.10019445(19)

o 0.966 237 07(40)

ua/us  1.04187563(25)

dofun  1.91304275(45)

[T TR 1.040 668 82(25)

pofp  0.68497934(16)

Deuteron

my 3.3435860(20)
2.013553214(24)
1875.61339(57)

mg/m, 3670.483014(75)

mafm, 1999007 496(6)

M(d), My 2.013553214(24)

Ha 0.43307375(15)

palue  0.4669754479(91)

palun  0.857438230(24)

palme  0.466 434 5460(91)

pafup,  0.3070122035(51)
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102" kg

MeV

107 Ckg™"
103 kg/mol
10~%m
107 m
10-3¢ JT-1
103

10—
10-% 371

10-3

104 s~1 T
MH:z T-!
104 s~ T-!
MHz T-!

102" kg
u
Mev

10~3 kg/mol
103 m
10-% m
10-3¢ 3T~
103

103

10?7 kg
u
MeV

103 kg/mol
10~ 311
103

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

0.59
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 Na,L  6.0221367(36) 102% mol™! 0.59
atomic mass constant
m, = Lm(**C) m, 1.6605402(10) 107 kg 0.59
in electron vcits, meyc?/{e} 931.494 32(28) MeV 0.30
Faraday constant F 96 485.309(29) C mol™! 0.30
molar Planck constant Nah 3.99031323(36) 1071% J s mol ™! 0.089
Nphe 0.119626 58(11) Jmmol~! 0.089
molar gas constant R 8.314510(70) Jmol™'K—! 8.4
Boltzmann constant, R/N, k 1.380658(12) 1023 JK-! 8.5
in electron volts, k/{e} 8.617385(73) 10~%eVK™! 8.4
in hertz, k/h 2.083674(18) 101°Hz K—! 8.4
in wavenumbers, k/hc 69.50387(59) m-!K-! 8.4
molar volume (ideal gas), RT/p
T =273.15K, p=101325Pa Van 22.41410(19) L/mol 8.4
Loschmidt constant, Na [Vn n, 2.686 763(23) 1023 m—3 8.5
T =273.15K, p= 100kPa Vi 22.71108(19) L/mol 8.4
Sackur-Tetrode constart
(absolute entropy constant), **
2 ¢ In{(2xm kTy/h?) kT, [po}
Ty =1K, p,=100kPa S./R  —1.151693(21) 18
P. = 101325 Pa —-1.164856(21) 18
Stefan-Boltzmann constant,
(x%/60)kY/h%? o 5.67051(19) 107*Wm™?K-* 34
first radiation constant, 2xhc? ¢ 3.7417749(22) 10~ W m? 0.60
second radiation constant, hc/k Ca 0.01438769(12) mK 8.4
Wien displacement law constant,
b= AmaxT =¢2/4.96511423. .. b 2.897756(24) 1073mK 8.4

* The scalar magnitude of the neutron moment is listed here.

The neutron magnetic dipole is

directed oppositely to that of the proton, and corresponds to the dipole associated with a spinning
negative charge distribution. The vector sum, pg = pp + gy, is approximately satisfied.
** The entropy of an ideal monatomic gas of relative atomic weight A, is given by

S =5, + 2RIn A, - Rin(p/p.) + 2R In(T/K).
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Table 8. Maintained units and standard values.

A summary of ‘maintained’ units and ‘standard’ values and their relationship to SI units,
based on a least-squares adjustment with 17 degrees of freedom. The digits in parentheses
are the one-standard-deviation uncertainty in the last digits of the given value. Since the
uncertainties of many of these entries are correlated, the full covariance matrix must be used in
evaluating the uncertainties of quantities computed from them.

Relative
Quantity Symbol Value Units  uncertainty
(ppm)
electron volt, (¢/C)J = {e} J eV 1.60217733(49) 10-19J3  0.30
(unified) atomic mass unit, u 1.6605402(10) 10-2 kg 0.59
1u=m, = Lm('2C)
standard atmosphere atm 101325 Pa (exact)
standard acceleration of gravity gn 9.80665 ms~3 (exact)
‘As-Maintained’ Electrical Units
BIPM maintained ohm, Qg9—Bpj
1p1as = 069—81(1 Jan 1985) (QBiss 1- 1.563(50)X10_6 Q
= 0.999998437(50) 0 0.050
dQes~
Drift rate of Qeo—pi —%—"1 —0.0566(15) ulfa —
BIPM maintained volt, Vie—BI 1-7.59(30)x10"% V
Vye—p1 = 483594 GHz(h/2¢) = 0.99999241(30) V 0.30
BIPM maintained ampere, ABiss 1-6.03(30)x10"¢ A
ABIPM = V76—BI/QG9—BI = 099999397(30) A 0.30
X-Ray Standards
Cu x-unit : xu(CuKa;) 1.00207789(70) 1073 m 0.70
A(CuKa,) = 1537.400xu
Mo x-unit : xu(MoKa,) 1.00209938(45) 1073 m  0.45
A{(MoKa,) = 707.831xu
A A 1.00001481(92) 10°9m 0.92
A(WKay) =0.209100 A*
iattice spacing of Si a 0.54310196(11) nm 0.21
(in vacuum, 22.5°C), *
dazo = a/\/B daao 0.192015540(40) nm 0.21
molar volume of Si, Va (5i) 12.0588179(89) cm®/mol  0.74

M(Si)/p(Si) = Noa¥/8

* The lattice spacing of single-crystal Si can vary by parts in 107 depending on the preparation
process. Measurements at PTB indicate also the possibility of distortions from exact cubic

symmetry of the order of 0.2 ppm.
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Table 9. Energy conversion factors.

To use this table note that all entries on the same line are

column applies to all of the values beneath it.
Example: 1eV = 806544.10 m™!

equal; the unit at the top of a

J kg m~! Hz
e 1 1/{¢) 1/{hc) 1/{h}
1.11265006x10~'7 5.0341125(30)x10%¢  1.50918897(90)x103%3
g= ) , (c/h} (/)
8.987551 787x 10'¢ 4.5244347(27)x10'!  1.356391 40(81) x10%°
T {h/c} . {c)
1.9864475(12)x1073%  2.2102209(13)x10~*? 299792458
lHoe (M) {h/c*} 1/{c} )
6.6260755(40)x10™%  7.3725032(44)x10~%!  3.335640952x10~°
Ke &) (/&) {k/hc} {k/n})
1.380658(12)x10~2* 1.536189(13)x10~*° 69.50387(59) 2.083674(18) x10'°
leve {9 {e/e*) {¢/he) {e/h)
1.60217733(49)x10~**  1.78266270(54)x107%% 806 554.10(24) 2.41798836(72)x10"*
S L {m.} {mac/h} {muc’/h}
1.49241909(88)x10-1°  1.6605402(10)x10727  7.51300563(67)x10**  2.25234242(20)x10%*
Lhartree = {2Rechc} {2Roch/c) {2Ro} {2Rosc)
4.3597482(26)x107'*  4.8508741(29)x107*% 21947 463.067(26) 6.5796838999(78) x10'3
K eV u hartree
13= ViF) 1/{e} 1/{mc*} 1/{2Rohc}
7.242924(61)x10%?  6.2415064(19)x10"® 6.7005308(40)x10° 2.2937104(14) <107
1kg= (/K {c*/e} 1/{m.} {c/2Rooh}
6.509616(55)x10%®  5.6095862(17)x10%* 6.0221367(36)x103¢ 2.0614841(12) x10%*
Im-te  (helk) {hee) {h/mec) 1/{2Re)
0.01438769(12) 1.23984244(37)x10~%  1.33102522(12)x10~"*  4.5563352672(54)x10~°
vz (/R (h/e} (h/mic®) 1/{2Rooc)
4.799216(41)x10~'"  4.1356692(12)x10~**  4.43982224(40)x10-?*  1.5198298508(18)x10~'®
1IK= 1 {k/e} {k/m.c*) {k/2Roohc}
8.617385(73)x10~% 9.251140(78)x10~ 14 3.166 829(27)x10~¢
v (/R . {e/mec) {¢/2Roohc)
11604.45(10) 1.07354385(33)x10~®  0.036 749309(11)
fu= {mec?/k) {mec¥fc) 1 {muc/2Roch}
1.0809478(91)x10"®  931.49432(28) x10° 3.42317725(31)x107
Lhartree = (2Roohc/k) {2Roohcfe) {2Rooh/myc) .
3.157733(27)x10% 27.2113961(81) 2.92126269(26)x10~*
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