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2. Based on the zero-velocity curve analysis and the linear analysis 
you did in Part 1, characterize the spacecraft motion in the vicinity 
of L1 and in the vicinity of L4. Be clear about what each type of 
analysis let's you conclude. 
 
L1: The linear analysis is conclusive that L1 is unstable (a saddle 
point). The local state space structure has the 3 invariant subspaces 
E^u, E^s, and E^c as defined in HW 8. The behavior predicted by the 
linear analysis (superposition of 3 modes in general) is valid in a 
sufficiently small neighborhood of L1 for sufficiently small times. The  
zero velocity curves show that the possibility exists for orbits 
beginning in the neighborhood of L1 to connect to the vicinity of the 
earth and the vicinity of the moon. It cannot be concluded, however, 
from the zero velocity curves that connecting trajectories exist. 
 
L4:  The linear analysis predicts, in general, a superposition of 2 
periodic modes, and that periodic orbits can exist for certain initial  
conditions (ones that excite only one of the two modes). The zero 
velocity curves cannot rule out escape from the neighborhood of L4 
because L4 is a local maximum of - U. Therefore, the asymptotic 
behavior is undecided from the linear analysis and the zero-velocity 
curves. It could be investigated via numerical simulation. One could 
also use a Lyapunov function approach, but this approach has not been 
covered in our class. L4 and L5 have been proven to be locally stable 
equilibria. 
 
 
 
3 Consider the problem of transferring a spacecraft from a lunar orbit 
to an earth orbit. Assume a value for the Jacobi integral just large 
enough that the corresponding zero velocity curve indicates a pathway 
between lunar and earth orbits. Using backward and forward time 
integration from a point in the vicinity of L1, construct a potential 
transfer trajectory. The transfer strategy would then be to use a 
propulsive burn (energy increase) to get on this trajectory from lunar 
orbit and then a second propulsive burn (energy decrease) to get off it 
into an earth orbit. You only need to construct the potential transfer 
orbit. 
 
Here is the rationale for picking up a starting point. For backward 
integration trajectories will approach the stable manifold. One could 
take an initial condition near L1 and its stable manifold, picking the 
branch of the stable manifold that with backward integration will 
produce a trajectory leading to the moon. Then with forward integration 
the trajectory will approach the unstable manifold and hopefully lead 
toward the earth. Some experimentation may be necessary to find a good 
initial condition. 
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