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There are fundamental reasons to expect that spacetime, including both in Minkowskian and weak field, near-Earth
conditions, should fluctuate. As one approaches the Planck scale, active, or intrinsic, fluctuations are predicted to appear
because of the presumed quantum nature of the gravitational field, whereas passive, or induced, fluctuations originate
from the quantum matter field stress tensor [1, 2]. Similarly to the case of quantum electrodynamics (QED) [3], the suc-
cessful detection and characterization of such spacetime fluctuations, both via experimental and observational strategies,
represents possibly the most critical future falsification test for predictions from quantum gravity theories [4, 5].

A class of experiments of ever increasing sophistication [6, 7] to attract extreme interest in the last two decades
focuses on the Casimir effect [8], which is indeed a direct manifestation of fluctuations in the presence of boundary
conditions [9]. In QED, dispersion interactions between nearby boundaries have been so extensively demonstrated to
be dominant on the nanoscale as to have been assigned important roles in the design of nano-electro-mechanical systems
(NEMS) and nanostructures [10]. In the case of the Dirac and gluon fields in hadrons, the inertial equivalent of the Casimir
energy contribution plays a very important role and has been estimated at ~ 9% of the total particle mass in the MIT bag
model [11]. Importantly, both attractive and repulsive Casimir forces have also been demonstrated in classical stochastic
acoustic fields in which the cavity noise spectrum is not determined by the zero-point-field but is operator-assigned [12].

The question as to whether gravitational dispersion forces exist in Minkowski space — for instance, between bound-
aries or between gravitationally polarizable particles — seems quite natural by analogy to the above cases but it is, ap-
parently, a relatively recent research topic. The idea that two macroscopic parallel plane gravitational wave reflectors
should experience a mutual Casimir force is reported to have been suggested by Dirk Bouwmeester in the context of the
theoretical treatment of a mechanism for gravitational wave reflection in superconductors [13] and it was further explored
in more detail by Quach [14]. The gravitational analog to the Casimir-Polder and London-van-der-Waals forces has been
treated even more recently by Ford and collaborators [15]. The limitation of the former approach is that any mechanisms
leading to near-ideal gravitational wave reflection in superconductors are, for the moment, completely unverified and only
speculative; in the latter, gravitational Casimir-Polder forces are found to be negligible in realistic astrophysical systems.

However, additional connections exist between gravitation and electrodynamical dispersion forces pointing to promis-
ing novel strategies for spacetime fluctuation detection to be discussed in this presentation. In particular, the effect of
spacetime curvature on the Casimir force between parallel ideal reflectors has been analyzed in the weak field limit lead-
ing to theoretical confirmation that the gravitational equivalent of the negative Casimir energy manifests itself as a cavity
weight defect [16]. Quantitative estimates for realistic systems have inspired an ongoing experimental attempt to achieve
a dynamic detection of such a defect in superconducting Casimir cavities [17, 18]. Importantly, these theoretical results
have been more recently recovered by means of the effective refractive index interpretation of the gravitational field [19].
The same approach had been earlier validated by the present author [20] starting from the classical problem of the field of
an accelerated dipole [21] and by demonstrating that the gravitational equivalent of the London-van der Waals interaction
energy of two hydrogenic atoms manifests itself as a weight defect potentially detectable in cold atomic traps [22].

Since dispersion forces depend on the media within which the interacting boundaries or particles are immersed [8],
such a century-old optical medium analogy provides an initial intuitive motivation to search for the effects of gravita-
tional fluctuations on the behavior of electrodynamical dispersion forces both in space and time [23, 24, 25]. In this
paper, we shall consider the Maxwell equations in slightly perturbed Minkowski spacetime and we shall present detailed
calculations of intermolecular forces in time-dependent gravitational wave metrics also aided by Mathematica notebooks
and visualization tools. These results will be employed to illustrate the effects of stochastic gravitational wave fields on
dispersion forces and the possibility of experimental detection of such phenomena. A critical point will be the role of
“foreground” astrophysical and cosmological gravitational wave fields possibly contaminating tests of the fundamental
quantum nature of spacetime. Following up on arguments in favor of a “Gravity Probe C”” mission [26], suggestions for
highly sensitive Casimir force experiments to search for gravitational field fluctuations in space will also be presented.

Finally, we shall consider the epistemological meaning of future results from such experiments, whether positive or
null, and the logical connections between the Casimir effect and the quantum nature of any given field [27, 28].
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