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ABSTRACT. We present evolutionary calculations which show the tumbling in-
stability found in spherical stellar systems by Allen et al.(1992) also occurs in some 
initially oblate rotating systems. 

1. Introduction 

Allen et al. (1992) have recently presented calculations for spherical systems with 
some degree of rotation obtained by reversing the ζ component of angular momen-
tum, J z , of some fraction of the stars. These showed a non-axisymmetric instability 
which resulted in a slowly tumbling triaxial bar with ratio of major to minor axis 
being about 1.5. In view of the potential importance of this instability for explain-
ing the structure of elliptical and the bulges of spiral galaxies, we have extended 
these calculations to a variety of initially axisymmetric oblate rotating models to 
study the range of parameter space for which the instability occurs as well as the 
range of possible end states. 

2. Initial models 

The distribution function of the initial models was taken to be the sum of three 
components in the form 

/ = ci(£oi - 4- C 2 ( £ 0 2 - E + ω3ζ)η* + c3\Jz\k(E03 -

Here k, EQI, c,·, rii{i — l ,2,3)and ω are constants. This leads to a mass density in 
cylindrical coordinates (r, z) given by 

/ λ \ n2+3/2 
ρ = di(Eoi - ΦΓ+Ά'2 + d2 \e02 - φ - j + d3rk(E03 -

where di, i = 1,2,3 are new constants proportional to the c,· and φ is the gravita-
tional potential. The first contribution is that of an isotropic polytrope, and the 
second corresponds to a polytrope rotating with constant angular velocity ω. The 
Eoi are chosen to limit the extent of any contribution to a fixed fraction of the sur-
face equatorial radius and the di are chosen to fix the relative masses in the various 
contributions. The models which are invariant to reversing Jz for any number of 
stars are constructed by an iterative procedure and more details will be published 
elsewhere. As an illustrative example, we present evolutionary calculations for a 
model which contained | of its mass in the first component with the remainder in 
the third with k — 1, the first extending up to ~ of the full equatorial radius. The 
ζ component of angular momentum of | of the particles was then reversed. 

3. Numerical Results 

The initial axisymmetric model had an axial ratio of 1.35 and was followed for 
550 crossing times using the low noise numerical technique described in Allen et 
al (1990). Here the basic time unit of one crossing time Ξ 0AI(GMR~3)~1/2, 
M, Ä, and G being the total mass, equatorial radius and gravitational constant 
respectively. After about 150 crossing times the model developed a strongly triaxial 

383 

H. Dejonghe and H. J. Habing (eds.), Galactic Bulges, 383-282. 
© 1993 Kluwer Academic Publishers. Printed in the Netherlands. 

https://doi.org/10.1017/S0074180900123708 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900123708


384 

structure with ratio of major to minor axis of about 1.5. Figure 1 shows the axial 
ratios as a function of time. The rotating bar-like pattern had a period of 13 
crossing times initially but this increased to about 35 crossing times by the end 
of the run. The rotational velocity curve at the end of the run is shown in figure 
2. At this stage the model had ratio of maximum rotational velocity to dispersion 
velocity of about 0.5 and ellipticity of about 0.3, values which are typical of those 
found for bulges of spirals (Kormendy, 1981). There was some increase in the 
central condensation of the model the final density being oc r " 2 over about two 
orders of magnitude. 

Although this model exhibited a tumbling instability similar to that found in Allen 
et ai (1992) not all oblate rotating models show this instability. For example 
uniformly rotating isotropic polytropes seem to be stable. More details of this 
work will be published elsewhere. 
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