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太陽系小天体研究：現状の理解と将来の展望
コンビーナ:石黒 正晃(ソウル大学物理天文学科)、中本 泰史(東京工業大学)、荒川 政彦(神戸大学大学院理学研究
科、共同)、安部 正真(宇宙航空研究開発機構宇宙科学研究所)
2018年5月23日(水) 17:15 〜 18:30  ポスター会場 (幕張メッセ国際展示場 7ホール)
本セッションでは、太陽系小天体（小惑星、彗星、惑星間ダスト、衛星、太陽系外縁天体など）に関する実
験、観測、探査、 理論、さらにサンプル分析による研究成果を広く募集する。特に、本年度ははやぶさ２探査機
の到着を間近に控え、探査天体（リュウグウ、C型小惑星）のリモートセンシング観測から、この天体に関する詳
細な情報が得られようとしている。こうした現状を踏まえ、様々な太陽系小天体に関する最新研究を持ち寄るこ
とによってこれまでに得られた知見を整理し、今後の展望を議論することを目的としている。
 

 

Evolution model of the lunar orbit with tidal resonance
of normal modes in the early Earth&#x27;s ocean

*元山 舞1、綱川 秀夫1、高橋 太2 (1.東京工業大学理学院地球惑星科学系、2.九州大学院理学研究院)
キーワード：月、海洋潮汐、初期地球
 
According to the Giant impact hypophysis when the Moon was formed very near the Earth (Hartman
&Davis, 1975), the tidal force would extensively generate dynamical interaction between the early Earth
and Moon. The Lunar orbit evolution is estimated using the perturbation theory of gravitational
potential (e.g. MacDonald, 1964, Kaula, 1964, and Lambeck, 1977). Although there are many studies
suggested the orbit evolution backward depending on time the present to the past, the initial period
evolution of the Earth-Moon system is obscurity. The energy dissipation is important factor to study the
evolution of the Earth-Moon system, it is estimated by the deformation of the Earth. In general, the
complicated response of the ocean has been calculated using numerical simulation (e.g. Abe and Ooe,
2001). However, the dependency of the effects of the Earth&rsquo;s ocean response has not
systematically been investigated for the early evolution. Since the early Earth after cooling of the
magma ocean is considered to have been covered almost entirely by the seawater, the ocean tide could
affect the early evolution of the Earth-Moon system as well as the solid Earth&#x27;s tide. Although
the potential of semi-diurnal tides (corresponding to spherical harmonics Y22) was much larger in the
ancient time, it would significantly be attenuated due to mechanical response of water motion (e.g.
Hansen, 1982, Abe and Ooe, 2001). In this study, we adopt a model of the constant-depth ocean with
bottom friction as the early Earth&#x27;s ocean (e.g. Abe et al., 1997). The basic equations of seawater
motion are well known as the Laplace&#x27;s tidal equations (LTE). The LTE of the free oscillation can
numerically be solved to give eigenfrequencies and eigenfunctions in function of the ocean depth and the
rotation rate of the Earth (Longuet-Higgins, 1968). Based on these normal modes, we obtained a semi-
analytical response function with bottom friction against the tidal force of the Moon. This response
function includes various parameters: the Earth&#x27;s rotation rate, the ocean depth, the bottom
friction coefficient, the Love number and load Love number of the Earth&rsquo;s deformation. The
response function in the present study shows good agreement with the numerical simulation result of
the tidal torque response of Y22 (Abe et al., 1997). Applying the response function of the semidiurnal
tide, it is found that resonance could sometimes occur for higher-degree normal modes for gravity waves
in the early Earth&#x27;s ocean, associated with rapid increase in the semi-major axis of the lunar orbit.
This temporal change might trigger a rapid decrease in the Moon&#x27;s rotation rate and also rapid
increase in tidal heating of the Moon. It is also implied that the possible resonance of diurnal tide could
occur as planetary wave, the effect of which is smaller than that of semidiurnal tidal resonance. We will
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discuss possible effects on the coevolution of the Earth-Moon system due to the tidal response in the
early Earth&rsquo;s ocean.


