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The Casimir force in the Schwarzschild metric
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Abstract. We propose an experiment to measure the Casimir force in the Schwarzschild metric
of the galactic centre. The method of calculation is summarized, magnitudes are calculated and
the measuring apparatus is described.
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Manifestations of the quantum field are phenomena such as the Casimir force, which is

C = − π2h̄c

240d4
(1)

for a pair of parallel conductors with a separation d [1]. General relativistic effects will
modify the force. The gap d will change in the presence of a mass, much as the Sun stretches
the Earth–Venus distance seen as an increase in the travelling time of light. The effect is
proportional to M/r . Alternatively, since the conductors are under stress there is an associated
energy–momentum tensor which is

〈T µν〉 = (
1
4ηµν − x̂µx̂ν

) π2h̄c
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where x̂µx̂ν are spacelike unit 4-vectors of the area normals of the Casimir surfaces [2]. ηµν

is the flat-space metric. 〈T µν〉 is traceless and divergence-free. We can use the tensorial
properties of 〈T µν〉 and the principle of general covariance to derive a quantitative expression
for the Casimir force in a Schwarzschild metric. Thus all partial derivatives are replaced by
covariant derivatives and ηµν by gµν .

In order to convert elements of 〈T µν〉 into measurable quantities we construct local
orthonormal vectors. The observer and apparatus are in free fall and momentarily at rest,
so their 4-velocity is a timelike unit vector; we equate this to the timelike Killing vector of
the Schwarzschild metric. The local orthonormal set is completed by constructing a set of
spacelike unit vectors, which is orthonormal to the timelike vector. The x̂µx̂ν are replaced by
the spacelike part of the local set, which is

x̂
µ
t = (−1/

√
g00, 0, 0, 0) x̂µ

r = (0, 1/
√

g11, 0, 0)

x̂
µ
θ = (0, 0, 1/

√
g22, 0) x̂

µ
φ = (0, 0, 0, 1/

√
g33).

(3)
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