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ABSTRACT

It is widely believed that gravitational collapse of stellar systems results in cuspy
mass profiles. In the potential field of a cuspy system, regular box orbits are de-
stroyed and replaced by boxlets and chaotic orbits, among which we can refer to
ban aara, fish and pretzel orbits. Miralda-Escudé and Schwarzschild (1989), and Jalali
and dezeeuw (2002) showed that only certain families of fish orbits are useful in the
cons txruction of self-consistent models. Tube orbits are universally anti-aligned with
the ecquipotential curves, and therefore, can not support equilibrium states in the
abse=rnLce of other orbit families. In their study of cusps without chaos, Sridhar and
Touwaraa (1997; hereafter ST) introduced a family of planar mass models that have
separable potentials of stickel form in parabolic coordinates. ST models host a con-
tinlaous family of regular banana orbits. But, Syer and Zhao (1998) showed by a
sem 1anal ytical method that these models are non-self-consistent. Is there any planar
mas s model with a separable potential that corresponds to a continuous family of
ellipptical orbits? In this study we attempt to answer this question through solving
Szebehely’s partial differential equation. We confine ourselves to the potentials of
the form U = r*P(6), which are relevant to scale-free models. Then, we choose
cert ain classes of orbits (like concentric elliptical orbits) and obtain an ordinary dif-
feremtial equation for P(#) and solve the reasulting ODE by numerical means,
We show that Szebehely’s equation does not lead to physical models when the orbit
fam il y is chosen to be f(z,y) = ¢%¢® + 42 (for concentric ellipses) and g(z,y) = 2—:}
(for co-apex parabolae). However, it is shown that Szebehely’s equation yields the
ST models when the orbit family is chosen to be a set of confocal parabolae.

We speculate that orbit families with separable potentials satisfy Szebehely’s equa-

tiomm &s the ST discs.
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