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Analyses of LLR data strongly detects a signature
of dissipation in lunar rotation [1], [2], [3]. The
observed dissipation signature is a shift of pole of
rotation by only 0”.26, that is observed as a small
meter-sized monthly variation. The two possible
sources of dissipation are solid-body tides and
interaction at a liquid-core/solid mantle interface.
Yoder [1] was the first to propose dissipation is mainly
due to a core-mantle interaction, i.e. the core is
principally responsible for this offset and the coupling
is turbulent. As result, he has estimated the core radius
close to 330 km. Dickey et al. [4] derived Q=26.5
based on a tide-only model: inelastic deformation of the
mantle shape with amplitude proportional to the tidal
Love number k2 and phase determined by the solid
friction Q was considered.

From additional LLR data and an improved gravity
field from Lunar Prospector Williams et al. [3] have
found four dissipation terms, that can be explained with
the combined effects of tide plus core: 2/3 of the 0.''26
term comes from a tidal friction and 1/3 comes from
the CMB friction without considering the CMB
ellipticity. As result Q = 37 at one month was obtained.
Q increases for longer periods according to power law
representation Q = 36.8 (27.212 days/Period)–0.19 [3].
The inferred core radius has an upper limit 352 km for
iron and up to 374 km if sulphur is present.

There are reasons to view the Moon as a body with
a complex layered structure (Figure 1). The simplest
model describing the Moon is a three-layered one: solid
mantle / fluid outer / solid inner core. As result, four
modes in free rotation appear [5]. These are the
chandler wobble (CW), the free core nutation (FCN),
the free inner core nutation (FICN) and the inner
chandler wobble (ICW). The CW is a motion of the 
rotation axis of the Moon around its dynamical figure
axis due to the bulges of the Lunar body. It is the only
mode, which was already obtained from LLR-
observations [2]. The FCN represents a differential
rotation of the liquid core relatively the rotation of the
mantle. The FICN represents a differential rotation of 
the inner core with respect to the outer layers of the
Moon. The ICW represents a differential rotation of the
figure axis of the lunar core with respect to the rotation
axis of the Moon and is due to the equatorial bulge of
the inner core, having an excess of density with respect
to the liquid core. 

In a case of two-layer model the only chandler
wobbles and free core nutation may take place.  Periods
of these librations are [6]:
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A,B,C are the main moments of inertia of the whole
Moon and with indexes “m” and “c” – of the mantle
and core, respectively.

It is important, that the fluid core does not share the
rotation of the solid mantle: it can only weakly mimic
the precession mantle motion. The resulting few cm/sec
velocity difference at the core-mantle boundary causes
a torque and dissipation energy [7]. How are the
periods of free librations sensitive to the dissipation?

In this report we present the results of calculation of
the free libration periods for different values of the
dissipation coefficient R [8], which is connected to the 
qualitative parameter Q.

For the Earth the dependence of the free periods on
dissipation effects was derived on the basis of
Hamiltonian approach developed by J. Getino [8], [9].
For the Moon this technique may be adapted with
consideration of its resonance rotation. The Moon 
model composed of a rigid mantle and a completely
liquid iron core (with the density 7 gm/cm3) includes
the dissipation at the core-mantle boundary..

When dissipation is inserted the analytical
expressions of the CW and FCN may be written in the
form:
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The formula is taken with term of second order,
because in the first order there is no difference with the
case without dissipation.
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We have carried out the modeling using these
formulae in dependence on a core’s radius (from 
200 km to 600 km) for different sets of dissipative
coefficient R. Ellipticity of a core was taken

. The coefficient R corresponds to the 
viscose damping at the core-mantle boundary without
the effect of the electromagnetic coupling [8]. Taking
the various values of Q from LLR-analyses we have
calculated a set of R. The magnitudes of R are in the
diapason from 5 10

4104ce

22 – 3 1024 (erg sec).
The results of calculation of the CW- and FCN-

periods are presented on the Figure 2. As expected the
CW-period does not feel the dissipation: this is an 
internal process for the whole Moon and it should not
have an effect for these oscillations. But for the FCN
the strong correlation with the dissipation is observed
for core's radiuses Rc less than 400 km. This fact is 
very interesting indicator of internal processes, which
may be derived from observations.
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Figure 1. Geophysical cross-section of the lunar interior.
Data collected from different references, in particular, [10], [11], [12], [13]

Figure 2. The left diagram shows that the CW-period depends only on the core’s radius: all curves for different are
merged into one curve for different dissipation coefficient R. The right diagram presents the PFCN is feeling to

dissipation on the core-mantle boundary for small core’s radiuses.
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