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3. Graphical analysis of orbits with the GCS and three dimensional
analysis
In this section we investigate some helical-like orbits which are obtained from the equation

R? = (;)2 + 7262, (68)

1+4¢€ cos (x0)

Fig. 1 develops the familiar circular helix into the elliptical helix as drawn. This figure
illustrates the Newtonian ellipse €=0.5, x=1. The conventional planar orbit occurs around a
mass M. The latter is assumed to move in the Z axis out of the plane and perpendicular to it.
The helical formula

Z=2,0 (69)

is used for illustration. A value of Z, = 0.1 is used throughout the section. The Cartesian X
and Y components are

X =1(0) cos(6), (70)
Y = r(0) sin(6) (71)
with

r(6) = 1+ec:s(x9)' (72)

This is a static elliptical helix.

Fig. 2 is a precessing elliptical helix with €=0.5, x=0.5. Fig. 3 shows a precessing elliptical helix
with €=0.5, x=1.2. Fig. 4 is the result of Fig. 3 with Z=0, i.e. a projection onto the X-Y plane.
Here the graph is reduced to the well know precession pattern.

Fig. 5 is a Newtonian hyperbolic orbit with €=1.2, x=1.0 around an object M that moves in
the Z axis according to Eq.(69). Fig. 6 shows the same orbit with Z=0 (projected). Fig. 7 is a
side view (X-Z plane).

A precessing hyperbola with €=1.2, x=0.3 is graphed in Figs. 8 and 9 (projection to X-Z plane
and three dimensional view). A completely new type of orbit emerges.



Fig. 10 is based on the above equations (69-72) with a variable x dependence
x = 0. (73)

It produces a hitherto unknown chaotic orbit projected onto the base plane in Fig. 11. The
chaotic orbit is therefore given by

o
1+ cos(62)

r(0) = (74)

A huge number of other new orbits is expected when the Z dependence is made more
complex than in Eq.(69).

Fig. 2. Periodic orbit, €=0.5, x=0.5.



Fig. 3. Precessing ellipse, €=0.5, x=1.2.

Fig. 4. Projection of ellipse of Fig. 3 to X-Y plane.



Fig. 5. Hyperbola, €=1.2, x=1.0.
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Fig. 6. Hyperbola, €=1.2, x=1.0, projection to X-Y plane.
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Fig. 7. Hyperbola, €=1.2, x=1.0, projection to X-Z plane.
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Fig. 8. Generalized hyperbola, €=1.2, x=0.3, projection to X-Z plane.

Fig. 9 Generalized hyperbola, €=1.2, x=0.3.



Fig. 10. Chaotic orbit with epsilon=1.2, x(6) = 6.
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Fig. 11. Projection of Fig. 10 onto X-Y plane.



