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Abstract

Gravity fields of the Moon and terrestrial planets are modeled by combining spherical
harmonics of various degrees/orders multiplied with the Stokes’ coefficients. These
coefficients have been estimated for several celestial bodies including the Earth using
tracking data of artificial satellites. The Kaula’s rule-of-thumb predicts that these
coefficients are inversely proportional to the square of the degree n of the spherical
harmonics. In this study, we confirmed that this is the case for the Moon, the Earth,
Mars and Venus. A larger celestial body is hotter inside and has stronger surface gravity,
resulting in smaller Stokes’ coefficients. Here we show that such coefficients obey a
simple scaling law, i.e. they are inversely proportional to the square of the surface
gravity of the body. The Moon has a strong dichotomy, i.e. the nearside has thin crust
and flat terrain, whereas the farside has thick crust and rugged terrain. Here we also
discuss how far such dichotomy may influence the scaling law.
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Fig. 1. (a) Root-mean-squares (RMS) of the Stokes’ coefficients (Eq. 1) as functions of degree n.
Colors show the Moon (green), Mars (red), Venus (yellow) and the Earth (blue). They align with the
slopes (lines show the models with the best-fit Kaula constants for individual bodies) designating the
Kaula’s rule-of-thumb, i.e. RMS is inversely proportional to n?. (b) Similar RMS plot for the farside

(red) and the nearside (blue) of the Moon.
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Fig. 2. Kaula constant K (Eq. 1) of five celestial bodies and their surface gravity (normalized by the
value of the Earth). This constant appears to scale with the inverse of the square of the surface gravity
(red line). For the Moon, we also plot two values of K estimated for the farside and the nearside
(smaller squares).
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