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Abstract

The propagation of electromagnetic waves in vacuum is considered taking into ac-
count quantum fluctuations in the limits of Maxwell-Langevin (ML) equations. For
a model of "white noise” fluctuations, using ML equations, the second order partial
differential equation is found which describes the quantum distribution of virtual pho-
tons in vacuum. It is proved that in order to satisfy observed facts, the Lamb Shift
etc, the virtual photons should be quantized in nonperturbed vacuum. For a model
of the reverse harmonic quantum oscillator, the quantum distribution of photons is
obtained precisely. It is shown, that the quantized virtual photons having negative en-
ergies, in toto (approximately 85 percent) are condensed on the energy level absolute
value of which is minimal. It is proved that the extension of Maxwell electrodynam-
ics with inclusion of vacuum quantum field fluctuations may be constructed on 6D
space-time continuum with 2D compactified subspace. The problem of propagation of
various types electromagnetic waves in vacuum is investigated. Their influence on the
refraction index of vacuum is studied.

References

1]

W. E. Lamb, Jr., and R. C. Retherford, ”Fine Structure of the Hydrogen Atom by a
Microwave Method”, Phys. Rev., vol. 72, 241 (1947).
P. W. Milonni, R. J. Cook and M. E. Goggin, "Radiation Pressure from the Vacuum:

Physical Interpretation of the Casimir Force”, Phys. Rev., A vol. 38, 1621 (1988).
R. L. Forward, ”Extracting Electrical Energy from the Vacuum by Cohesion of Charged

Foliated Conductors”, Phys. Rev., B vol. 30, 1700 (1984).
A. D. Sakharov, ”Vacuum Quantum Fluctuations in Curved Space and the Theory of

Gravitation, Dokl. Akad. Nauk. SSSR (Sov. Phys. - Dokl., vol. 12, 1040 (1968). See also
discussion in C. W. Misner, K. S. Thorne and J. A. Wheeler, Gravitation (Freeman, San

Francisco, 1973), p. 426.
T. W. Marshall, "Random Electrodynamics”, Proc. Roy. Soc., A vol. 276, p. 475 (1963).

T. H. Boyer, "Random electrodynamics: The theory of classical electrodynamics with

classical electromagnetic zero-point radiation”. Phys. Rev., vol. 11, p. 790-808 (1975).
B. Haisch, A. Rueda, and H. E. Puthoff, "Inertia as a zero-point-field Lorentz force”,

Phys. Rev., A vol. 49, p. 678-694 (1994).
86



A. Gevorkyan and Ar. Gevorkyan 87

[8] L. de la Pena, and A. M. Cetto, "The Quantum Dice: An Introduction to Stochastic
Electrodynamics”, Dordrecht: Kluwer (1996).
L. de la Pena, and A. M. Cetto, (”Contribution from stochastic electrodynamics to the

understanding of quantum mechanics”. arXiv: Jan 2005 quant-ph/05010114 Jan 2005.

[9] T. H. Boyer, ”A Brief Survey of Stochastic Electrodynamics,” in Foundations of Radia-
tion Theory and Quantum Electrodynamics, edited by A. O. Barut (Plenum, New York,
1980) See also the very readable account ” The Classical Vacuum,” in Scientific American,
p. 70 (August 1985)

[10] Jean-Luc Cambier, "Inertial Mass from Stochastic Electrodynamics” in: Marc G. Millis
(et al.): Frontiers of Propulsion Science. p. 423-454, American Inst. of Aeronautics and
Astronautics, Reston (2009).

[11] A.S. Gevorkyan, ”Exactly solvable models of stochastic quantum mechanics within the

framework of Langevin-Schreodinger type equation”, Analysis and applications. Eds. by
Barsegian G. and Begehr H., NATO Science publications, pp. 415-442, Kluwer, (2004).

Uwpuytijh LitupnphGwdhyuyui hwyygh wnGwo pywlmwjhG
Uwpuytijhunidh pymjuniwghwbbpp

U. Glunpgywb L Up. G-unpgjul

Udthnthnid

Lywlnwjhl qurwh wmbtumpjul powlwyitpnd Juynuip hptGhg Gipuwjwglimy k
wbin, npubtn wnyw GG EGGpgtwmphly wdbl mbuwly dwulhylbp L qup)umbph popnnilbnp:
UL funuptipny, quiynidp pGnipugpymd b phghjwlul swhtpny L junnigywopny, npp
Juquinuik, ppwguwuwyul LatpgtnhYy dhowywjpp, npp mtqtppnid pwthwlgnid £ wikGnipbp:
Gpt pywlwmwjhlG nw)wmh wmbumpnilip funnnpniGtph dhongny JuwpnnuGwp &)qphwn
(yupugptp tplnypGbpp, wyw Juynwdh hwnnmpniGatpp GdwG YhGehG pwlumwjhb
GopnuGwly wwwnwiwyh hwwnynipnGGophG: Uklp wnwohl wlqud wju fulnhpp
nhunwnpyt) Gp Uwpuyb—LwGdutl mhyh yquwunmwhwlwb nhpbpblGghw) hwjwuwpniiGtnh
powlwlyGpnd: “bw dbq hGwpwynpmipymb £ wnyt] Juinuimd® pjwlunwjhG pwpfudwb
hwdwp qupquglbp JwlnGwynp wbunmpjnl wnwlg oquuuagnpdobint fununnpniiGtnh
dtipnnGtinp: 4tpohl hwlquiwbpp hGwpwynpnipynil £ myt) dwlpwdwulnptl hbunwgnunby
Jwlynuih EiEyumpndwqGhuwlwl pununph yhdwlwgqpnipnilp b junmgyuopn: Uwulwyn-
pwybtiu gniyg £ mipjwo, np pJwlmwjhl Juynush Gpunnudp dwpuytiih LitupnnhGuwdihywjh
mpjuqond Guwpwaqpynud L Gpyne jpugnighy swhtipny, npnlp Yndywlmphyuguo Ga:
Upunwphl nupunmd qunbynn Juynish pJwlmwjhb puwpudwl hwiwp unmwgywo E dnllbip-
MuwGyh mhyh hwjwuwpmy b Juomgywo GG Juimdih ptljdwl gmighsGtpp: 8nyg L
npjwo, np Gpulp Junpnn GG thnfuytip wpnmwphlG npu)wh wanptignipjul nwy:



