
DISSIPATION IN THE MOON: A REVIEW OF THE EXPERIMENTAL EVIDENCE 
AND PHYSICAL IMPLICATIONS 

R. W. King 
Massachusetts Institute of Technology 
Cambridge, MA 02139 U.S.A. 

ABSTRACT. Recent analyses of lunar ranging observations have revealed 
strong evidence of dissipation in the moon's rotation (Ferrari et al. 
1980; Cappallo et al. 1981). If interpreted as solid body friction, 
these results imply a tidal Q of about 25 (+5) at a frequency of one 
cycle per month. There is little evidence from other studies of the 
interior structure of the moon to support such a low solid-body Q. 
Yoder (1981) finds that turbulent fluid friction between the mantle 
and a core of radius ^300 km is a plausible mechanism to explain the 
observed dissipation. An iron or iron-sulfide core of this size is 
consistent with moment-of-inertia (Blackshear and Gapcynski 1977, 
Ferrari et al. 1980) and seismic (Goins et al. 1979) data, and is not 
excluded by conductivity data (Goldstein 1979). Stevenson and Yoder 
(1980) have proposed a model for formation of a solid iron inner core 
surrounded by a fluid iron sulfide layer of thickness 65 - 180 km. 

Comparison of lunar ranging observations with Eckhardt1s (1970, 
1981) semi-analytic theory of the lunar rotation suggests a 
significant free wobble and libration in longitude (Calame 1977, 
Cappallo et al. 1982). Neither moonquakes (Yoder 1981) nor the flux 
of meteorite impacts (Peale 1975) provides sufficient energy to excite 
the observed free oscillations if the damping mechanism is either 
viscous core-mantle coupling or solid-body friction with Q less than 
500 (Peale 1976, Yoder 1981). A recent possibly-observed impact, 
forming crater Giordano Bruno, could have stimulated the observed 
longitude libration but not the wobble (Calame and Mulholland 1978). 
On the other hand, fluid turbulence at the core-mantle boundary may 
account for both components of the observed free librations (Yoder 
1981). 

A complete review of this topic has been published recently by 
Yoder (1981). 

191 

O. Calame (ed.), High-Precision Earth Rotation and Earth-Moon Dynamics, 191-192. 
Copyright © 1982 by D. Reidel Publishing Company. 

https://doi.org/10.1017/S025292110000258X Published online by Cambridge University Press

https://doi.org/10.1017/S025292110000258X


192 R. W. KING 

REFERENCES 
Blackshear, W. T. and Gapcynski, J. P.: 1977, J. Geophys. Res., 82, 

pp. 1699-1701. 
Calame, 0.: 1977, "Free Librations of the Moon from Lunar Laser 

Ranging," in Scientific Applications of Lunar Laser Ranging, Ed. 
J. D. Mulholland, D. Reidel, Dordrecht, pp. 53-63. 

Calame, 0. and Mulholland, J. D.: 1978, Science, 199, pp. 875-877. 
Cappallo, R. J., Counselman, C. C , III, King, R. W., and Shapiro, 

I. I.: 1981, J. Geophys. Res., "Tidal Dissipation in the Moon," 
in press. 

Cappallo, R. J., King, R. W., Counselman, C. C. Ill, and Shapiro, 
I. I.: 1982, Celestial Mechanics, "Evidence for Lunar Librations 
Near Resonance" (abstract), 26, 145. 

Eckhardt, D. H.: 1970, The Moon, 1, pp. 264-275. 
Eckhardt, D. H.: 1982, Celestial Mechanics, "Theory of the Libration 

of the Moon," in press. 
Ferrari, A. J., Sinclair, W. S., Sjogren, W. L., Williams, J. G., and 

Yoder, C. F.: 1980, J. Geophys. Res., 85, pp. 3939-3951. 
Goins, N. R., Toksoz, M. N., and Dainty, A. M.: 1978, Proc. Lunar 

Planet. Sci. Conf. 9th, pp. 3575-3588. 
Goldstein, B. E.: 1979, Proc. Lunar Planet. Sci. Conf. 10th, 

pp. 2357-2373. 
Peale, S. J.: 1975, J. Geophys. Res., 80, pp. 4939-4946. 
Peale, S. J.: 1976, J. Geophys. Res., 81, pp. 1813-1827. 
Stevenson, D. J. and Yoder, C. F.: 1981, Lunar and Planet. Sci. XII 

(Abstracts), pp. 1043-1044. 
Yoder, C. F.: 1981, Phil. Trans. Roy. Soc. (London), "The Free 

Librations of a Dissipative Moon," in press. 

DISCUSSION 

Kovalevsky ,\ It is important to know that the two apparently incom
patible results of Calame and of Williams et al. can now be brought 
together by the theoreticians into a single model. 

Yatskiv : Would you explain the observational determination of Q ? 

King : The assumption is made that dissipation in the Moon acts as 
a slightly damped linear oscillator. Modelling the rotation with 
an elastic inertia tensor, retarded in time, a coefficient appears 
in the equation of motion for the lunar rotation that is the product 
of the second-degree Love number k2 and the time delay by which the 
elastic response is retarded. That product is the dissipation, and 
is directly related to Q through the linear oscillator analogy. The 
observational effect appears in the laser ranging data as an offset 
in the lunar spin axis. 

Kovalevsky : Is this Q for a specific frequency ? 

King : This model assumes that Q is inversely proportional to frequen
cy, and the value cited is appropriate to a monthly period. 
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