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Abstract

In this thesis initial value problem for dynamical astronomy was established
(to the first time) analytically and computationally using orthogonal curvilinear
coordinates.

The initial value problem was treated with its two basic formations: coordinates and
orbital elements.

For the analytical developments, expressions for the equations of motion, and the
orbital elements were established symbolically for any orthogonal curvilinear
coordinates. While for the computational developments, two algorithms were also
established, which are:

1- Algorithm for the initial value problem of J2 gravity perturbed trajectories
of the space dynamics in terms of orthogonal curvilinear coordinates.
2- Algorithm for the classical orbital elements for J2 gravity perturbed
trajectories in terms of orthogonal curvilinear coordinates.
The spatial case of the pure Kepler motion is also considered

Applications of the algorithms for the problem of final state prediction which is
important in targeting, rendezvous maneuvers as well for scientific researches, were
illustrated by numerical examples of some test orbits of different eccentricities.

The numerical results are extremely accurate and efficient in predicting final state for
J2 gravity perturbed trajectories as well as for the pure Kepler motion. Moreover, an
additional efficiency of the algorithms is that, one can reach the desired accuracy using
at most 70% of the number of steps that used for obtaining the reference final state
solution. By this reduction, the step size becomes larger, hence minimizing the
computational errors. Finally, the usage of the orthogonal curvilinear coordinates leads
to a wonderful  property which is, the variations of the transformed variables



(u;,u,,u,) during the orbit are very small in comparison to the corresponding

variations of rectangular variables(x,y,z), a property which produces more stable
numerical integration procedure.

It should be mentioned that, by using orthogonal curvilinear coordinates the
independent variables are only, changed which in turn produce transformations from
three dimensional Cartesian space to another three dimensional space.

Finally, as a byproduct, general symbolic expressions for the collisionless Boltzmann
equation of the stellar dynamics were also established and listed in Appendix A.



