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Casimir physics encompasses all phenomena that are due to quantum field fluctuations in
nontrivial backgrounds, which might be gravitational, curved space, electromagnetic (background
fields or dielectric materials). It grew out of Casimir’s remarkable discovery that parallel uncharged
conducting plates separated by vacuum feel a force of attraction because of zero-point fluctuations
in the vacuum [1] and of his work with Polder showing that neutral polarizable atoms experience
retarded interactions due to quantum fluctuations [2]. The field took off when Boyer, surprisingly,
found that a perfectly conducting spherical shell experienced a repulsive stress [3].

Sucn investigations continue to the present day, and applications are beginning to appear.
This special issue reflects some of the theoretical concerns that are being addressed. Bordag and
Pirozhenko consider a model of the photon field interacting with two slabs of matter, both represented
by scalar fields [4]. Milton and Brevik re-examine models, generalizing Boyer’s, in which the speed of
light is the same both inside and outside a sphere [5]. Deng et al. examine what happens when the
medium between the Casimir plates is anisotropic [6]. When the medium is non-uniform, represented
by an external scalar potential, Fulling, Settlemyre, and Milton propose a renormalization scheme
to deal with the divergences that result [7]. Fermi and Pizzocchero look at the effect on the vacuum
expectation value of the stress tensor due to a point δ-function singularity [8]. The implicit role
of dissipation in describing the Casimir energy is explored by Guérout, Ingold, Lambrecht and
Reynaud [9]. A gluing formula for calculating Casimir energies in very general piston geometries is
the subject of the work by Kirsten and Lee [10].

These representative works display the vitality of the field of Casimir physics. Theorists are trying
to extend Casimir’s simple configuration to more realistic and elaborate situations. In the process they
are discovering new problems in quantum field theory and resolving them in interesting ways that
will have implications in experimental science and in applications.
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