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Tidal response of the Moon provides crucial insight into the structure and rheology of the lunar
interior (Williams et al. 2013). The body deformation subject to forces raised by external objects,
most evidently Earth and the Sun, induces a variability of the gravitational field, which is
characterized by the Love number, k. This effect may, in turn, manifest itself over time in the
perturbed motion of orbiting spacecraft (Konopliv et al. 2013; Lemoine et al. 2013).
For an elastic body the response to the periodic excitation is instantaneous and relaxation times
resulting in phase lags of the response are thus neglected. In reality, the lunar interior exhibits a
degree of viscosity and dissipates energy through friction, in which case k not only varies with
frequency but also comprises an imaginary part that represents a phase lag in tidal response
(Williams et al. 2013).
Here, we investigate the signatures of the frequency-dependent Love number in the motion of a
lunar orbiter. We formulate the problem following Williams & Boggs (2015), and focus on the
variability of five Stokes' coefficients of the second degree effected by k2. The time-varying
components are expanded at given characteristic frequencies associated with (linear combinations
of) the Delaunay arguments. We make use of the Technical University Delft Astrodynamics
Toolbox (Dirkx et al., 2019; https://tudat-space.readthedocs.io/) to investigate the orbit evolution
of lunar orbiters, e.g., the Lunar Reconnaissance Orbiter (Mazarico et al. 2018), subject to the timevarying lunar gravitation. Meanwhile, we leverage the analytic theory of Kaula (1966) to illuminate
the impact of such specific yet minute perturbations, especially non-short-period variations of the
spacecraft orbit (Kaula 1964; Lambeck et al. 1974; Felsentreger et al. 1976).
A particular interest here is in the potential estimability of the frequency-dependent phase lag.
Following Dirkx et al. (2016), we conduct a preliminary study of the sensitivity of spacecraft orbit
adjustment to the said tidal effects. That is, we investigate if, under which conditions, and to what

degree, the signals in question will be absorbed by the adjustment of initial states or other
parameters, a consequence that will effectively prohibit the detection of the tidal effects. The
outcome is expected to shed light on the minimum criteria of their estimation and thus instructive
to real-world data analysis in the future.
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