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Some Fundamental Constants

Newtonian constant of gravitation:
G = 6.67408(31) x 10~ m?3 kg~ s72 4.7 x 107°]

Avogadro constant:
Na = 6.022140857(74) x 10 mol™! (1.2 x 1078]

electron mass:
me = 9.10938356(11) X 103! kg [1.2 x 10_8]

Planck constant:
h = 6.626070040(81) x 103 J s [1.2x 1079

fine-structure constant:
o =1/137.035999 139(31) 2.3 x 1071°]

electron mass (in u):
me = 5.48579909070(16) x 104 u  [2.9 x 107]

Rydberg constant:
R, =10973731.568 508(65) m—1 5.9 x 10—12]



« Committee on Data for Science and Technology (CODATA) —
was established in 1966 - is an interdisciplinary committee for
ICSU, which works to improve the quality, reliability, management,
and accessibility of data of importance to all fields of science and
technology.

« CODATA Task Group on Fundamental Constants - established
in 1969 - “to periodically provide the scientific and technological
communities with a self-consistent set of internationally
recommended values of the basic constants and conversion
factors of physics and chemistry based on all of the relevant data
available at a given point in time.”

» The Task Group sanctions the data selection and methodology of
the adjustment of the recommended values of the constants.
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DEADLINE NOTICES (UPDATED)!
There will be an adjustment of the constants to provide the values for a revision of the International System of Units
(SI) expected to take place in 2018. To be considered for use in this adjustment, new results must be accepted for
publication by 1 July 2017.

The 2018 CODATA adjustment of the fundamental constants will be based on the revised Sl, which will significantly
affect the uncertainties of many constants. For data to be considered for use in this adjustment, they must be
discussed in a publication preprint or a publication by 31 December 2018.
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INTRODUCTION

Some of the most important results of physical science are embodied,
directly or indirectly, in the numerical magnitudes of various universal con-
stants, and the accurate determination of such constants has engaged the
time and labor of many of the world’s most eminent scientists. Some of these
constants can be evaluated by various methods. Each has been investigated
by various persons, at various times, and each investigation normally pro-
duces a numerical result more or less different from that of any other investi-
gation. Under such conditions there arises a general and continuous need for
a searching examination of the most probable value of each important con-
stant. The need is general since every physical scientist uses such constants.

1



Last Paragraph of Birge (1929)

It must be admitted that this is a very unsatisfactory way to leave the
situation in the case of the most important constants known to science. It is
to be hoped that before another year has passed, some if not all of these
difficulties will have been removed.



Some Fundamental Constants 2014 values
Compared to Birge 1929 values

Newtonian constant of gravitation:

G = 6.67408(31) x 10~! m3 kg—! s—2

G = 6.664(2) x 107 m? kg=! s72

Avogadro constant:

Na = 6.022140857(74) X 1023 mol
[1 x 1073]

Na = 6.064(6) X 1023 mol 1

Planck constant:

h = 6.626 070 040(81) X 10734 J s

h =6.547(8) x 1073 J s

fine-structure constant:
o= 1/137.035 999 139(31)

Rydberg constant:

[1 x 1073]

4.7 x 107°]
[3 x 1074]

1.2 x 1078]

(1.2 x 1078]

2.3 x 1071°]
a=1/137.29(11)  [8.0 x 1074

R, =10973731.568 508(65) m~*!

Roo = 10973 742(6) m™1

(6 x 1077]

5.9 x 10712]



fractional uncertainty in o

History of the fine-structure constant o
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History of the fine-structure constant o

scaled change in 1/a
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How are the most precise values determined?
¢ Fine-structure constant a [2.3 x 10719]:

— anomalous magnetic moment of the electron experiment /theory [2.4 x 10719]

AFE eB eB
s — & — 2(1 e c—
“ h (1+a) 2Me w Me
Ws — We
P ae(exp)

ao(th) = ae(QED) + ac(weak) + a.(had)
0 (QED) = C(2) 4.0 (2) + 09 (2) + (%)’ +.co0 (%) 4 ..

s s s s s

— atom recoil measurement [6.4 x 1071°]
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METROLOGY

Measurement of the fine-structure

constant as a test of the
Standard Model

Richard H. Parker,’* Chenghui Yu,'* Weicheng Zhong,! Brian Estey,' Holger Miiller->t

Parker et al., Science 360, 191-195 (2018) 13 April 2018

I ! I I I I [

Quantum Hall Effect-98

T

He Fine Structure-10

h/mC , StanfU-02
S

01N =1 ni

g-2, UWash-87 |- —
h/me, LKB-11 }
h/m Rb’ LKB-11 |- bl 02, HarvU-08 | o
g-2, HarvU-08 - N This Work | —
-1.9 -1.4 -0.9 -0.4 0.1 0.6
h/mCs, This Work - W (a:'1 /137.035999139 - 1) x 10Q
| | | | | ] |
-20 -10 0 10 20 30 40 50

(a”1/137.035999139 - 1)< 10°



Newtonian constant of gravitation G
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Newtonian constant of gravitation G

* Measurements show a serious disagreement

* The International Union of Pure and Applied Physics (IUPAP) has
formed a Working Group of experts to advise future experiments and
to attempt to explain the discrepancies.

* The National Institute of Standards and Technology (NIST) has taken
on a project to repeat the two most discrepant experiments (JILA and
BIPM). This work is in progress.



Speed of light c

c = 299796(4) x 10°m/s  Birge (1929)
c = 2.99792458 x 10° m/s Current SI

* In 1983, the Sl was redefined so that the meter is the distance
traveled by light in 1/299792458 s.

* As a consequence, the speed of light is exactly 299792458 m/s.

* A similar redefinition is expected to soon extend to other units in the
SI by an international agreement.

* This will have a significant impact on the values of the physical
constants in the future.



The International System of Units (Sl) is expected to undergo a
revolutionary change on May 20, 2019. After then, it will be
defined by the statement:

The International System of Units, the SI, is the system of units in which

e the unperturbed ground state hyperfine splitting frequency of the
caesium 133 atom v is 9192631 770 Hz,

e the speed of light in vacuum c is 299 792 458 m/s,

/"o the Planck constant h is 6.626 07015 x 10—34 J s, )
e the elementary charge e is 1.602176634 x 10~1° C,

e the Boltzmann constant k is 1.380649 x 10~2% J/K,

\o the Avogadro constant N, is 6.02214076 X 1023 mol—!, Y

e the luminous efficacy K.4 of monochromatic radiation of frequency
540 X 102 hertz is 683 lm/W.



Why change Sl units?

* The kilogram artifact is unstable.
* “Conventional” electrical units are not presently Sl units.

* Current kelvin definition is based on isotope-dependent triple point of
water.

* New Sl definitions of the kilogram and kelvin are scalable.
 Fundamental constants have smaller uncertainties in the new SI.



Web resources

NIST S| Redefinition Portal, US National Institute of
Standards and Technology:
https:/www.nist.gov/pml/productsservices/si-
redefinition-portal

BIPM Revised S| Download Area:
https://www.bipm.org/en/si-download-area/
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Improved values of constants

Quantity Symbol Pr:rs:::)gSI ll:lrexwlgi
Planck constant h 12 0
Elementary charge e 6.1 0
Boltzmann constant 570 0
Avogadro constant Ny 12 0
Josephson constant K; 6.1 0
von Klitzing constant Ry 0.23 0
Electron mass m. 12 0.46
Atomic mass unit m, 12 0.46
Mass of carbon-12 m('*C) 12 0.46
Molar gas constant R 570 0
Faraday constant F 6.2 0
Stefan-Boltzmann constant o 2300 0
Fine-structure constant o 0.23 0.23



No uncertainty in energy conversions

Quantity Symbol P':S:r;:)gsl LI:exwl(S)!)
Planck constant h 12 0
Elementary charge e 6.1 0
Boltzmann constant k 570 0
Avogadro constant Ny 12 0
E=mc’ energy equivalent J < kg 0 0
E=hc/A energy equivalent Jem? 12 0
E=hv energy equivalent J <> Hz 12 0
E=kT energy equivalent J <K 570 0
1) =1(C/e) eV energy equivalent J < eV 6.1 0



Timeline

* Data to determine values of the defining constants was due
(published) by 1 July 2017.

* The CODATA Task Group on Fundamental Constants did a special
least-squares adjustment to provide values for the defining
constants.

* In August 2017, the Consultative Committee on Units
recommended going ahead with the redefinition based on those
constants.

* The International Committee on Weights and Measures met in
October 2017 and decided to recommend going forward with the
redefinition.

* Ratification to redefine expected at the General Conference on
Weights and Measures, Versailles, France, November of 2018.

* Effective date expected to be 20 May 20109.



Convention of the Meter 1875
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J. C. Maxwell, 1870

Yet, after all, the dimensions of our earth and its time of
rotation, though, relatively to our present means of
comparison, very permanent, are not so by physical
necessity. The Earth might contract by cooling, or it might be
enlarged by a layer of meteorites falling on it, or its rate of
revolution might slowly slacken, and yet it would continue to
be as much a planet as before. But a molecule, say of
hydrogen, if either its mass or its time of vibration were to
be altered in the least, would no longer be a molecule of
hydrogen. If, then we wish to obtain standards of length,
time, and mass which shall be absolutely permanent, we
must seek them not in the dimensions, or the motion, or the

Maxwell, J. C. 1870

mass of our planet, but in the wavelength, the period of Report of the 1870 BA
vibration, and the absolute mass of these imperishable and Meeting, Notices and
unalterable and perfectly similar molecules. Abstracts of Misc.

Comm., Mathematics and
Physics, pp. 1-9



Max Planck, 1900

The two constants [h,k]... which occur in the
equation for radiative entropy offer the
possibility of establishing a system of units for
length, mass, time, and temperature which are
independent of specific bodies or materials
and which necessarily maintain their meaning
for all time and for all civilizations, even those
which are extraterrestrial and non-human.

-- Max Planck, 1900




Thank you for your attention.



