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Propagation of Light by Strong Electric Field in Born-Infeld Electrodynamics
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We study the propagation of an electromagnetic wave in a strong external electric field in Born-
Infeld electrodynamics considering the quantum effect. The interaction between the external elec-
tromagnetic field and the quantum fluctuation of vacuum causes an anisotropy of the vacuum
polarization. This can be represented as non-symmetric terms in the electric permittivity and mag-
netic permeability tensors. We derive the effective indices of refraction for the parallel and the
transverse modes from the condition for the wave equation, as derived from the Maxwell equations
reflecting the asymmetry, to have a non-trivial solution. The generalized Born-Infeld electrody-
namics with two parameter Sp and Bs reduces to the classical Born-Infeld electrodynamics when
Bp = Bs and the duality of the non-linear electrodynamics holds. However, the duality is broken
in quantum Born-Infeld electrodynamics where 8p # Bs. If we apply the result to light passing
around a charged black hole or an atomic nucleus, the path of light will be bent by the gradient of

the effective index of refraction, and the bending angle can be computed.
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