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Study on the mechanisms for collective motions of molecular and astronomical
systems based the methods of many-body problems
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Understanding the fundamental mechanisms for collective motions of many-body

systems, ranging from the microscopic molecular systems to macroscopic astronomical systems, Is a
significant challenge in modern science and technology. In this study, we have tackled this issue
utilizing the methodologies of nonlinear dynamics, statistical mechanics, and differential geometry.
As a result, we have developed novel dynamical models for the rotary motions of biological
molecular motors and the formation of higher-order structures of DNA. We have also uncovered a
dynamical mechanism for driving the dissociation of atomic clusters in terms of the competition
between collective internal forces. As to the macroscopic astronomical systems, we have designed
fuel-efficient transfer trajectories for space missions between the Earth and the Moon by using
resonant gravity assists and invariant manifolds of periodic orbits.
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