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The fundamental theory of electron-photon interactions is quantum electrodynamics
(QED). In this seminar we first consider the coupling of a collection of non-relativistic
charged particles to an electromagnetic field, and apply the canonical quantisation
scheme to obtain the quantum electrodynamical Hamiltonian operator. This theory,
known as molecular QED [1-3], has been applied successfully to treat linear and
nonlinear absorption, emission and scattering of light by matter, as well as to
interactions between atoms and molecules. In the latter case coupling occurs via the
exchange of one or more virtual photons [4]. Specific examples to be presented
include resonance energy transfer (RET) [1,2], and its mediation by a third molecule
[5], and the van der Waals dispersion potential between two and three particles [6-9].
Results obtained for these interactions are valid for all separation distances outside
the charge overlap region, and include the effects of retardation. Asymptotically
limiting forms of the general results are shown to lead to the familiar Forster rate, the
London dispersion formula, the Casimir shift, and the Axilrod-Teller-Muto triple dipole
dispersion potential, as appropriate special cases.
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