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B RS e MR R AR B 2 S FLI W LR PR T ™, .
d(f) (33)
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Ea— M, =LEMEUE 2 BRI, EE 6a)—e) H, PUIE 1 W FLI BER R 248
oK, PUEREATFR; PuUE 2 ) FLI 20N K, ZRMM. v LUE B H K Lyapunov
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Application of Force Gradient Symplectic Algorithm to
External-restricted Three-body Problem with two Stars and

an Extroplanet

WANG Ya-ru!?, LIU Fu-yao!, WANG Ying!?, SUN Weil?,
ZHENG Jing-jing!?, XIAO Qian-qian'?

(1. Shanghai University of Engineering Science, School of Mathematics, Physics and Statistics, Shanghai
201620, China ; 2. Shanghai University of Engineering Science Center of Applications and Research of
Computational Physics, Shanghai 201620, China)

Abstract: The three-body system is not integrable, and can be chaotic in some circum-
stances. The description of chaotic motion depends on reliable numerical methods and chaos
indicators. Symplectic algorithms can keep Hamiltonian phase flow and overcome the prob-
lem that traditional algorithms have secular drifts in energy errors. Because of this, they
are the best integrators for studying the long-term dynamic evolution of the Hamiltonian
system. The Hamiltonian of an elliptic external-restricted three-body problem with two s-
tars and an extroplanet in the rotating centroid coordinate system contains the cross term
of coordinates and momentum, and explicitly depends on time variable. The Hamiltonian
system is no longer conserved, and the explicit force gradient symplectic algorithm cannot be
directly applied. Extending the phase space to transform the non-conservative Hamiltonian
system into a conservative Hamiltonian system, we can establish force gradient symplectic
algorithms. The standard fourth-order symplectic algorithm, the optimized fourth-order
symplectic algorithm, the optimized fourth-order force gradient symplectic algorithm and
the optimized fourth-order force gradient symplectic algorithm are independently used to
solve the elliptic external-restricted three-body problem. It is found that the accuracy of
the force gradient symplectic algorithm constructed in this paper is better than that of the
non-force gradient symplectic algorithm, and the accuracy of the optimized force gradient
symplectic algorithm is better than that of the symplectic algorithms without optimization.
The fourth-order optimized force gradient algorithm and fast Lyapunov index are used to
scan the phase space of the elliptic external-restricted three-body system, and the effects of

each parameter on the planetary orbit dynamic stability are obtained.

Key words: force gradient symplectic algorithm; elliptic external-restricted three-body

problem; extroplanet; chaos; dynamical stability
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