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ABSTRACT

Infinite self-gravitating cylinders with pressure and dendty relat.ed the eqnadon P = constant
p*¥4" are considered; the isto the equilibrium distril { density, and gravi-
unonalpotcnﬁaLSoluﬁonsmdooedformmobuined fotn-O( md), mdn- o (isother-
lmlperiecttnt) Ithprovedthntfonll0< n < « the mass per tlcngthami the radius are finite;

form = = is finite, but the radius is not. Graphical and tabular material is in-
cludeduhomngthemnof vnthradms,and the variation of radius, mass per unit length, and half-
radius (radius within which hnl! the mass is contained) as a function of polytropic index n.

1. INTRODUCTION

Gaseous rings occur in a variety of astronomical contexts. Previous workers (cf., in
particular, Randers 1942) have pointed out that infinite cylinders provide the first term
of a natural series expansion in which one may develop the theory of the equilibrium of
such . However, in their detailed considerations, Randers and his predecessors
restricted themselves to incompressible cylinders and rings. For a theory of gaseous rings,
under the less restrictive assumption of polytropic or isothermal equilibrium, the theory
of self-gravitating cylinders, with an underlying equation of state

P« pt

provides a natural starting point. In this paper the equilibrium theory of such cylinders
15 developed; the extension to rings is considered in a following paper. Know edge of
rogxc and isothermal cylinders may also prove useful in other applications, e.g., in
the study of gaseous filaments or of spiral arms, where it would provide less i 1deaixzed'
models some which have been considered in the past,
On the formal side, the theory follows the classical expositions on polytropic and
isothermal (fas spheres by Emden (1907) and Chandrasekhar (1938); on this account the
theory need not be set out in too great detail,

II. POLYTROPIC CYLINDERS
a) The Equations of Equslibriuns
The equation of hydrostatic equilibrium is

vsB'=-1;vP, (1)

where B¢ is the gravitational potential within the cylinder and P and p are the pressure
and the density. As stated in the Introduction, we shall suppose that

P = K pl+l.ll @

were K, and n are given constants. Such a relation can represent a broad spectrum of
different possible conditions: # = 0 represents a homogenous liquid, n = § a monatomic

* National Science Foundation graduate fellow 1963, 1964,
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