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3 Numerical results and graphics

We give some examples for the cartesian coordinates and acceleration of several
types of planar orbits. The general formulae for the X and Y coordinates are
given in Eqs. (14, 15). For a hyperbolic spiral de�ned by Eqs. (18-21) the
functions X(r) andY (r) are plotted in Fig. 1. A logarithmic r scale has been
used to make the oscillations visible. Their exponential growth can be observed.

The coordinates of a precessing ellipse according to x theory are graphed in
Fig. 2 for ε = 0.5. Two values of x have been used: x = 1 (normal ellipse)
and x = 0.9 (strongly precessing ellipse). As can be seen, the X and Y values
start at the same point at r = rmin but x = 0.9 overshoots the normal ellipse at
r = rmax as expected. There is a cross-over point in the Y coordinates. In case
of parabolic and hyperbolic orbits (ε ≥ 1) the same formulae lead to unbound
states, see Fig. 3, with asymptotes.

The second subject of graphical representation is the acceleration, generally
given by Eq. (11). For a hyperbolic spiral this is
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which is graphed in Fig. 4, leading to a negative asymptotic behaviour for
r →∞. For the precessing and non-precessing ellipses, we �nd the well known
1/r2 behaviour for x = 1 and a curve of small deviations of higher order for
x > 1 (Fig. 5). In case of other conic sections (Fig. 6) there are di�ering
asymptotes for large r values.
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Figure 1: Orbit coordinates X(r) and Y (r) for a hyperbolic spiral.

Figure 2: Orbit coordinates X(r) and Y (r) for precessing and non-precessing
ellipses.
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Figure 3: Orbit coordinates X(r) and Y (r) for conic sections.

Figure 4: Acceleration for a hyperbolic spiral.
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Figure 5: Acceleration for precessing and non-precessing ellipses.

Figure 6: Acceleration for conic sections.
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