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SUMMARY: Two spherically symmetric mass-distribution models - a special
case of the generalised Schuster density law and the generalised isochrone model
(both yield the same approximate density dependence on the distance in the outer
parts) - are compared. It is shown that in the interval of the relative second scale
length for the latter case of 0.5-0.6 the two mass distributions are almost identical.
Considering to advantages, i. e. disadvantages, of the formulae describing these
mass distributions this result can be of interest.

1. INTRODUCTION

There is a widely present opinion that the
mass distribution within main bodies of elliptical ga-
laxies, as well as of bulges and halos of spiral ones,
can be successfully approximated with models in-
volving spherical symmetry where in the outer parts
the density decreases as r−4 (r distance to the cen-
tre - e. g. Dehnen, 1993). However, unlike Dehnen’s
paper, the present one will deal with mass distribu-
tions having a maximum at the centre. Mass distri-
butions of such type are relatively well known. Two
good examples are the generalised Schuster density
law (e. g. Veltmann, 1961; Ninković, 1998) and the
generalised isochrone model (Kuzmin and Veltmann,
1973). With regard that each of them has its own
advantages a comparison seems reasonable and this
will be the subject of the present paper.

2. THE APPROACH

As well known the density formula for the case
of generalised Schuster law has the following form (e.
g. Veltmann, 1961)

ρ(r) =
ρ(0)

[1 + (r/r0)2]β
. (1)

Here r is, as said in Introduction, the distance to the
centre of the stellar system under consideration, ρ
is its density, r0 is the scale length, whereas β is an
arbitrary nonnegative number. In the present paper
the subject will be the particular case - β = i/2 (i a
nonnegative integer) - studied earlier by the present
author (Ninković, 1998). As said in that paper this
particular case has the advantage since the corre-
sponding surface density is easily found. Besides, the
density formula can be easily generalised to comprise
the axial symmetry (spheroidal geometry), where the
advantage concerning the calculating of the surface
density remains, no matter whether the projection is
done on the surface of symmetry (main surface) or on
a surface perpendicular to it. With regard to what is
said in Introduction a special case of the mentioned
particular generalised Schuster distribution is of in-
terest - i = 4 (also see Ninković, 1998). However,
there is another mass distribution (density formula)
also leading to the simple dependence ρ(r) ∝ r−4

in the outer parts. This is the so-called generalised
isochrone potential (Kuzmin and Veltmann, 1973).
Here only the expression for the density will be given
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Fig. 1. A comparison between two mass models - formula (1), i = 4, (solid line) and formula (2) r1/r0 = 0.58
(dashed line) - parameters ρ(0) and r0 are the same for both.
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0)3/2
. (2)

In this case there are two scale lengths r1 and r0,
whereas M is the total mass of the stellar system.

The advantage of mass distribution (2) is that
the expression for the potential is relatively simple,
i. e. it can be represented with algebraic functions,
unlike distribution (1), (e. g. Ninković, 1998). Due
to this the potential formula can be easily gener-
alised towards the axial symmetry. This is impor-
tant for the case of calculating the orbits of indi-
vidual stars. However, in the case of density for-
mula (2) it is impossible to obtain the surface density
expressed through elementary functions (for details:
Kuzmin and Veltmann, 1973) and the importance of
this quantity for many tasks is well known. There-
fore, a comparison of the two density formulae ((1)
and (2)) aimed at finding the cases of the highest
similarity is of interest.

3. PROCEDURE AND RESULTS

As well known, density formula (2), though
sufficiently simple for the outer parts (ρ(r) ∝ r−4),
in fact covers a wide spectrum of concrete mass dis-
tributions (Kuzmin and Veltmann, 1973; Ninković,
1998). For example, in the limiting case r1 = 0,
r0 different from zero, it is reduced to the classi-
cal Schuster density law and then, exceptionally, the
density behaviour in the outer parts becomes ρ(r) ∝
r−5, i. e. it coincides with the particular case of (1)
- β = 5/2. On the other hand, the case referred to
as limiting by Kuzmin and Veltmann (1973), them-
selves, i. e. r0 = 0, r1 different from zero, contains
a density singularity at the centre. This case was re-
discovered by Hernquist (1990). Therefore, the com-
parison is done for the same values for ρ(0) and r0

where the ratio r1/r0 is taken as the comparison pa-
rameter.
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Before starting this comparison it may be said
that the one of the corresponding total masses yields
their equality for r1/r0 = 0.535. Therefore, a good
agreement may be looked for in the vicinity of this
value for the comparison parameter. Indeed, within
the interval of [0, 10] (the unit is r0) the density
values resulting from formulae (1)-(2) show the best
agreement at r1/r0 equal to about 0.55. On the av-
erage the modulus of the relative density difference
(with respect to density values from formula (1)) is
equal to 2.8%. If the comparison is done over a larger
interval, the picture is somewhat changed. For ex-
ample, if it is [0, 100], then the best agreement is
achieved at r1/r0 equal to about 0.58. The modulus
of the relative density difference is on the average
about 2%. This is confirmed if the comparison is
done with the corresponding potentials. Therefore,
mass distribution (2) when the ratio of its scale pa-
rameters r1/r0 is between 0.5 and 0.6 resembles mass
distribution (1) (for the concrete case i = 4) very
much. This is illustrated in Fig. 1. In view of the
advantages, i. e. disadvantages, mentioned above
these distributions can be mutually interchaged and
in such tasks this resemblance is very important.

4. DISCUSSION AND CONCLUSIONS

The general idea of the present paper is to dis-
cuss the stellar systems where the mass distribution
can be successfully described by a density function

having a maximum at the centre and following ap-
proximately r−4 dependence in the outer parts. Two
different mass distributions (formulae (1) and (2))
satisfying these conditions are analysed. It is shown
that in the vicinity of a given relative value for the
second scale parameter one can find an intersection of
the two model families. This intersection can be used
for the purpose of mutual interchanging of these fam-
ilies for some tasks of stellar astronomy. It should be
borne in mind that family (1) allows us the surface-
density expression to obtain easily, whereas in the
case of (2) the potential is expressed by algebraic
functions and, with regard to this, is prospective for
generalising towards axial symmetry.
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Porede se dva sferno simetriqna modela ras-
podele mase - jedan poseban sluqaj uopxtenog Xus-
terovog zakona raspodele mase i uopxteni izohroni
model (oba daju istu pribli�nu zavisnost gustine
od udaǉenosti u spoǉaxǌim oblastima). Pokazuje

se da su u rasponu vrednosti relativnog drugog
karakteristiqnog rastojaǌa za drugi sluqaj od 0,5-
0,6 ove dve raspodele mase praktiqno identiqne.
S obzirom na prednosti, tj. nedostatke, formula
koje opisuju pomenute raspodele mase ovaj rezultat
mo�e biti interesantan.
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