arXiv:gr-qc/0212020 v1 4 Dec 2002

IMPLICATIONS OF A TIME-VARYING FINE STRUCTURE CONSTANT

Antonio Alfonso-Faus E.U.I.T. Aeronáutica, Spain

Much work has been done after the possibility of a fine structure constant being time-varying. It has been taken as an indication of a time-varying speed of light. Here we prove that this is not the case. We prove that the speed of light may or may not vary with time, independently of the fine structure constant being constant or not. Time variations of the speed of light, if present, have to be derived by some other means and not from the fine structure constant. No implications based on the possible variations of the fine structure constant can be imposed on the speed of light.

PACS numbers 04 04.60.-m

The strength of the electromagnetic interaction between photons and electrons is measured by the fine structure constant, α = e^2/(4πϵ_0ℏc). A time variation of this constant has been recently reported as a slow increase over cosmological timescales [1-4]. Non-standard cosmological theories have been proposed invoking a varying speed of light [5-8] or a varying electronic charge [9]. Using the entropy of a black hole [10] theoretical reasons have been proposed to favor a varying c over a varying e. However, we have already proved elsewhere [11] that the speed of light does not enter in the formulation of the fine structure constant. Hence no time variations of the speed of light can be inferred from time variations of the fine structure constant.

All constants of physics are gravitational, with a varying degree of importance, due to the fact that gravitation is present in all the Universe, and nothing can escape that. The Equivalence Principle, and therefore Local Lorentz Invariance (LLI) and/or Local Position invariance (LPI) [12], need not necessarily be violated by space and/or time variations of certain constants, like the fine structure constant, provided first principles are preserved, as the Action Principle for example. Preservation of Local Lorentz Invariance (LLI) as well as Local Position Invariance (LPI) [12], imply that it is necessary and sufficient for this preservation that the permittivity ϵ_0 and permeability μ_0 be both equal to 1/c [11]. Using a TH ϵμ formalism [12] one can implement the Einsteins Equivalence Principle and prove that a necessary and sufficient condition for both LLI and LPI to be valid is given by

ϵ_0 = μ_0 = (H_0/T_0)^{1/2}

1

2 Antonio Alfonso-Faus

for all events. Since the product ϵ_0μ_0 is equal to c^{−2}, then the above relation implies

ϵ_0 = μ_0 = 1 c Hence, in these units we can rephrase Maxwells equations [11] giving Coulombs law as F = ce^2/r^2 and for the fine structure constant α = e^2 4πℏ so that the speed of light does not explicitly enter in the constitution of the fine structure constant. The arguments using the entropy of a black hole to favor a varying c over a varying [10] e are then drastically changed, under LLI and LPI preservation, to favor a varying ℏ and/or e instead, and not c.

References

[1] Webb, J.K et al., Phys. Rev. Lett. 82, 884-887 (1999). [2] Songalla, A, & Cowie, L,L, Nature 398, 667-668 (1999). [3] Webb, J.K. et al. Phys. Rev. Lett. 87, 091301 (2001). [4] Murphy, M.T. et al. Mon. Not. R. Astron. Soc. 327, 1208-122 (2001). [5] Barrow, J.D. Phys. Rev. D 59 043515 (1999). [6] Magueijo J., Phys. Rev. D 62,103521 (2000).

[7] Belinchn J.A. & Alfonso-Faus, A., Int. J. Modern Phys. D, Vol 10, No. 3 (2001), 299-309.

[8] Sandvik, H.B., Barrow J.D. & Magueijo J. Phys. Rev. Lett. 88. 031302 (2002) [9] Bekenstein J.D. Phys. Rev. D 25, 1527-1539 (1982).

[10] Davies, P.C.W., Davies, T.M. and Lineweaver, C.H., Nature Vol. 418, 602-603, August 2002.

[11] Alfonso-Faus, A., Phys. Ess. Vol 13, No. 1 Mach 2000, gr-gc/0008009. [12] Will, C.M., Theory and Experiment in Gravitational Physics, p. 45-66. Cambridge Univ. Press, Cambridge, (1993)