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Born 10 October 1731
Hice, Kingdom of Sardinia

Died 24 February 1810 (aged T8)
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Charles-Augustin de Coulomb

From Wikipedia, the free encwclopedia

Charles—Augustin de Coulomb (French: [kuld]: 14 June 1736 — 23 fugust 1806) was a Fremch phyzicist. He was best
known for developing Coulomb” =z law, the definition of the electrostatic force of attraction and repulsion, but also did

important work on friction. The 51 unit of electric charge, the coulomb, waz named after him.

Charles—Augustin de Coulomb

Portrait by Hippolyte Lecomte

Born 14 June 1736
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Reports on Progress in Physics http://iopscience.iop.org/article/10.1088/0034-4885/68/1/R02/pdf

The mass of the photon

Liang-Cheng Tu?, Jun Luo®* and George T Gillies?
Published 23 November 2004 = 2005 IOP Publishing Ltd
Reports on Progress in Physics, Volume 68, Number 1

2. General theory of massive photon electromagnetism
3. Implications of a photon mass
3.1. The dispersion of light
3.2. The Yukawa potential in static fields
3.3. The longitudinal photon
3.4. Special relativity with nonzero photon mass
3.5. AB and AC effects with finite photon mass
3.6. Monopoles and the photon mass
3.7. The Casimir effect for massive photons
3.8. Photon mass and blackbody radiation
3.9. Other implications


http://iopscience.iop.org/article/10.1088/0034-4885/68/1/R02/pdf

3.2. The Yukawa potential in static fields

(V> —u2)p = -2 (3.7)
€0

For a point charge p(r) = Q4(r), and equation (5.25) yields a Yukawa or Debye type of
potential,

0
ey PRy (3.8)

and the electric field becomes

E(r) = -2 (l ¥ ﬂ) exp(—i, 7). (3.9)
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Table 1. Upper bounds on the dispersion ol the speed ol light in dilferenl ranges ol the
electromagnetic spectrum, and the corresponding limits on the photon mass.

Wavelength (energy or

Author (year) Type of measurement frequency) range % Limits on my g
Ross et al (1937) Radio waves transmission  20-120m 0.05 5.9 x 10~
overland
Mandelstam and Papalexi Radio waves transmission  230-345m 7w 104 50x 10 %
(1944) over sea
Al'pert et al (1941) Radio waves transmission 300450 m Tx10%  25x10%
OVeCr S¢a
Florman (1955) Radio-wave interferometer  172.8 MHz—10' Hz 1073 5.7 x 10~
Lovell ef al (1964) Pulsar observalions on 0.54 pgm—1.2m 4% 1077 16x 0%
four flare stars
Froome (1958) Radio-wave interferometer 72 GHz 33x 1077 43 x107%
Warner ef al (1969) Observations on Crab 0.35-0.55 um 50x 1007 52 %1074
Mebula pulsar
Brown et al (1973) Short pulses radiation eV-GeV 1.8x107% 1.4x10¥
Bay et al (1972) Pulsar emission Microwave to ultraviolet 1 x 10~20 3 x 1074
Schaefer (1999) Gamma ray bursts 50x10°-1.2 x 10 Hz 6.6 % 10717 42 % 1074
(GRB9807T03)
Gamma ray bursts 72x 108 48 % 10"Hz 631072 6.1 x 107
(GRBY30229)

pir= N



Table 2. Results of experimental tests of Coulomb’s law and the photon rest mass.

Author (year) Experimental scheme Deviation g Limits on m,, g
Robison (1769) Gravitational torque on a 6 x 1072 4 x 10740
pivot arm
Cavendish (1773) Two concentric metal shells 2 x 1072 1 x 1074
Coulomb (1785) Torsion balance 4 x 1072 ~10~%
Maxwell (1873) Two concentric shells 5x 107 1 x 10~4
Plimpton and Lawton (1936)  Two concentric shells 2x 1077 3.4 x 1074
Cochran and Franken (1967) Concentric cubical conductors 9.2 x 10712 3 x 1079
Bartlett ef al (1970) Five concentric shells 1.3 x 10713 3 x 10746
Williams et al (1971) Five concentric icosahedrons 274£3.) x10°'1° 1.6 x 1074
Fulcher (1985) Improved result for Williams”  (1.0+1.2) x 1071® 1.6 x 107¥
experiment
Crandall (1983) Three concentric icosahedrons 6 x 10717 8 x 10748

Ryan er al (1985)

Cryogenic experiment

(1.5+1.4) x 1074

FE e IR, RGPS




Table 3. Summary of upper limits on the photon mass as obtained by extra-terrestrial methods

(in temporal order).
Author (year) Physical phenomena investigated Bounds onomy, g
De Broglie (1940) Dispersion of starlight (binary stars) 8 x 10—
Bass and Schridinger (1955)  External fields (geomagnetic fields) 2% 107Y7
Yamaguchi {1959) Scale of hydro-magnetic turbulences in Crab Nebula 4x10 %
Gintsburg (1963) Altitude-dependence of massive photon 3= 10
geomagnetic fields
Patel (1965) Dispersion of hydromagnetic waves 4% 10
(in Earth’s magnetosphere)
Goldhaber and Nieto (1968)  External fields (geomagnetic fields) 4% 10
Altilnde-dependence of massive photon (8-10) = 10~18
geomagnetic fields
Feinberg (1969} Dispersion of starlight (NPO532) 1~
Williams and Park (1971) Dissipation of large-scale magnelic lelds in Galaxy 3.4 % 106
Goldhaber and Nieto (1971)  Stability of plasma in Galaxy 4x10°%
Byrne and Burman (1972) Re-examination of Williams and Park’s resulis 4 % 107

Byme and Burman (1973) Stabilily of plasma in Galaxy (for hot intercloud medium) 1072
Stability of plasma in Galaxy (for cool intercloud medium) 4 x 10—

Lowenthal (1973) Gravitational defection for radio source 3C 270 7 = 10—

Hollweg (1974) Dispersion of hydromagnelic waves 1.3 = 107%
{in interplanetary medium)

Davis et al (1975) External fields (Jovian magnetic ficlds) 8 x 1074

Byme and Burman (1975) Mean mass density of the galactic disc 10 3

Barnes and Scargle (1975)  Dispersion of hydromagnetic waves (in Crab Nebula) Ix 1073 x 1073

Chibisov {1976) Analysis of the mechanical stability of the magnetized gas 3 x 107%0

de Bernardis et al (1984) Investigation on the spectral behaviour (2.0+0.1) x 10 ¥
ol the cosmic background dipole anisolropy

‘1schbach et al (1994) External fields (geomagnetic fields) 1x 10 %

Ryutov (1997) Analysis of the solar-wind magnetic fields 104

Croldhaber and Nieto (2003)  Stability of plasma in Coma cluster 102

Accioly and Paszko (2004)  Gravitational defection of radio waves 1040

H 1960 AR, RICFH N 25 H 56 55 FR 1,
B R EH O T — B i




Electronvolt: EF4R

Measurement Unit S| value of unit
Energy eV 1.602 176 6208(98) = 10719
Mass eVic? | 1.782 662 =107 kg
Momentum eVic | 5344 286 x1072% kg-m/s

Temperaiure eVikg | 1.160 4505(20) x 10* K
Time AlfeV | 6582110 =107 18 g
Distance AcleV | 1.97327 =107 m

B AR B
In physics, natural units are physical units of measurement based only on universal
physical constants. For example, the elementary charge e is a natural unit of electric

charge, and the speed of light c is a natural unit of speed.
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The Nobel Prize in Physics
1906

loseph lohn
homso

Prize share: 1/1

The Nobel Prize in Physics 1906 was awarded to ].J. Thomson "in
recagnition of the great merits of his theoretical and experimental
investigations on the conduction of electricity by gases".
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The Nobel Prize in Physics
1923

Robert Andrews
Millikan

Prize share: 1/1

The Nobel Prize in Physics 1923 was awarded to Robert A. Millikan
“for his work on the elementary charge of electricity and on the

photoelectric effect”.
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2.4 MeV 1.27 GeV 171.2 GeV

2/s u 2/s C s Protc\>\n Neutrq\n

up cham top

4.8 MeV 104 MeV 4.2 GeV

-Y3 -3 S -3

down strange bottom
The Nobel Prize in Physics RCUEIGGell [ e1 {1

Baryon

Lifetime:

>10*years (proton)
=15 minutes (neutron)
<10 "°seconds (others)

NEW DISCOVERY FROM JULICH
Dibaryon

Lifetime:
<10 *#seconds

FAMILIAR STATES

Meson
Lifetime:
<10 seconds

RECENTLY DISCOVERED

Murray Gell-Mann
Prize share: 1/1 Tetraquark

Lifetime:
<10 seconds

The Mobel Prize in Physics 1969 was awarded to Murray Gell-Mann
"for his cantributions and discoveries concerning the classification

‘ Quark . Antiquark  €=>» Interaction

of elementary particles and their interactions".
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a = 0.001 159 652 181 78(77) Hd ¥& E—é%ﬁ

The QED prediction agrees with the experimentally measured value to more than 10 significant
figures, making the magnetic moment of the electron the most accurately verified prediction in the
history of physics. (See precision tests of QED for details.)

The current experimental value and uncertainty is:[=!

a = 0.001 159 652 180 73(28)

The Nobel Prize in Physics
1965

\

Sin-Itiro Tomonaga Julian Schwinger Richard P. Feynman
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 1965 was awarded jointly to Sin-Itiro
Tomonaga, Julian Schwinger and Richard P. Feynman "for their
fundamental work in quantum electrodynamics, with
deep-ploughing consequences for the physics of elementary
particles”.
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6.67 x 10-11x9.11x 10~31x 1.67 x 10727 /(5.3 x 10~11)2
=3.7 X 107%* kg

9 x 10°x1.6x 10719% 1.6 x 10719/(5.3 x 10711)?2
=0.8x 1077 kg
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