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1) We considered a generalization of Routh’s reduction for Lagrangian systems to the case of implicit
Lagrangian systems in the context of the Hamilton-Pontryagin variational principle, by which we
developed implicit Lagrange-Routh equations. Associated with the Hamilton-Pontryagin
variational principle for the implicit Lagrange-Routh equations, we clarified the Routh-Dirac
reduction.

2) We studied the design of fast and efficient Mars escape trajectories for Martian Moons eXplorer in
the three-body system using chemical and electric propulsion. Using electric propulsion soon after
Mars escape injection done by chemical propulsion, it was clarified that the all-three-body method

consumes less fuel than patched three-and-two-body method.
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