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Selection of Coordinate System for Perturbed Equations of
Motion in Restricted Three-body Problems

SHEN Xin-he!?3,  WANG Wen-leil'??, XU Xue-qing®?,
ZHOU Yong-hong!??, LIAO Xin-hao?3

(1. University of Chinese Academy of Sciences, Beijing 100049, China; 2. Key Laboratory for Planetary
Sciences of CAS, Nanjing 210008, China; 3. Shanghai Astronomical Observatory, CAS, Shanghai 200030,
China)

Abstract: This investigation discusses different expressions of motion orbit against the re-
stricted three-body problems (RTBP), with two-selected coordinate system: (1) Coordinate
system with central celestial body and mass center of perturbed body as the origin; (2) Non-
inertial coordinate system with central celestial body as the origin. As the orbital energy E
of moving celestial body is positive or negative, we can determine the perturbed functions
should be described by elliptical or hyperbolic orbit element. For convenience, this work give
a critical relation discriminant with the semi-major axis and eccentricity. Results show that
the stable elliptical orbit of inertial coordinate system, could not be described by the elliptical
orbit element of non-inertial coordinate system, in case of big mass of the perturbed celestial
body. So the elliptical orbit of inertial coordinate system should be represented by hyper-
bolic orbit element. Finally, this study find the up problem could be solved in the Jacobi

coordinates, and a perturbation function expansion formula for any moving area is derived.

Key words: restricted three-body problem; elliptical motion; Jacobi coordinate system; per-

turbation equations of motion
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