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The interaction of quantum fields with material bodies typically results in a state of the

field which is mixed. This happens when the frequency dependence of the dielectric function

of the bodies can not be ignored. The average free energy and internal energy of the field

as well as Van der Waals/Casimir forces in such system have been extensively studied.

In this work we look instead at the full entropy content of the electromagnetic field due

to this interaction. Concretely, we consider the entanglement entropy of the field relative to

the dielectric material, defined as the full von-neumann entropy of the field density matrix

ρfield:

Sfield = −Trρfield log ρfield. (1)

Within a scalar field model, we discuss the effects of conductivity, spatial dispersion and

spatial separation on the field entropy. We compute Sfield analytically for homogenous

systems, and numerically for the a system of two parallel slabs.

Another entropy, which has been discussed extensively in relation to Casimir forces is

the so called “Casimir entropy”. This entropy has been discussed due to it’s interesting

behavior at low temperature, and as a possible guide to understanding the role of the zeroth

matsubara frequency contribution to the Casimir energy.

In this context, for two dielectric bodies placed in vacuum, the Casimir entropy is usually

defined via the thermodynamic relation SC = EC−FC

kbT
, where EC and FC are the Casimir

energy and free energy of two distinct bodies, obtained by subtracting reference energies

where the two bodies are infinitely separated.

We discuss the differences between full quantum mechanical entropy Sfield and the

Casimir entropy SC .
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