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angular momentum and vanishing magnetic field. Some progress has been 
made in the understanding of the dynamics of rotating, non-magnetic 
axially-symmetric cloud collapse (2D-models). Very recently Scott and 
Black (1980) have published results of calculations concerning the 2D-
collapse of a non-rotating magnetic cloud. Though interesting by it
self, these models cannot deal with the presumably most important 
effect: magnetic braking of a rotating, collapsing interstellar cloud. 
In order to describe this process properly 3D-models are required. There 
exist estimates and simplified calculations for static magnetic confi
gurations (Gillis et al., 1974, 1979ab; Mouschovias, 1978; Nakano, 
1979), but no dynamical models are available. 

Table 1 

^ \ ^ symmetry 

physical ^ \ ^ 
input ^^\^ 

hydrodynamics + 
self-gravitation 

thermodynamics 

energy transport: 
radiative 

convective 

magnetic field 

multi-component 
flow 

thermonuclear 
burning 

spherical 

ID 

yes 

realistic 

yes, 
variable 
Eddington-
factor f 
yes 

-

yes 
gas-dust 

yes ) 

axial 

2D 

yes 

realistic 

yes, 
f=l/3 or 
radiative 
conduction 
no 

yes ) 

no 

no 

general 

3D 

yes 

isothermal 
adiabatic 

no 

no 

no 

no 

no 

covered by only one paper: 

) Scott and Black, 1980; ) Appenzeller and Tscharnuter, 1974 

Aside from technical difficulties, such as numerical stability 
and accuracy, the physics of gravitational collapse and subsequent 
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ID, 2D, AND 3D COLLAPSE OF INTERSTELLAR CLOUDS 239 

again a much denser hydrostatic inner core forms containing just a few 
tenths of a percent of the total mass. Time scale: about 100 yr. 
4. Mass accretion onto this second (stellar) core from a freely fall
ing envelope, matter passing through a strong accretion shock wave. 
Time scale: 2-3 initial free-fall-times. 

Starting out with a slightly Jeans-unstable mass of 1M0, a 
temperature T=10K and density p= 1.2x10-19 g/cm3, Winkler and Newman 
(1980ab) found the final radius and luminosity of the protostar to be 
*2 R0 and «1L0, respectively. In the HRD the star would appear at the 
bottom of the Hayashi track. By contrast, a much denser initial cloud 
(p = 7xl0-9 g/cm ) would collapse within a couple of years to a very 
luminous pre-main sequence star at the top of the Hayashi-track (Narita 
et al., 1970). There is, however, no observational support favoring 
such rapidly evolving protostars. 

log p , g cm 

Fig. 1. logp - log T diagram. Evolutionary track of the 
protostar's center (dashed line) and the maximum temperature 
layer off center (dashed-dotted line). Hydrogen is completely 
ionized above the Saha boundary and to the right of the pres
sure ionization boundary. Coulomb effects are important to 
the right and below the Coulomb boundary; electron degener
acy effects are important for a free election gas below and 
to the right of the degeneracy boundary (from Winkler and 
Newman, 1980b). 
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Fig. 3a-d. Equidensity contours and velocity field. Snap
shots of the 2D-sequence indicated in Figure 2 at two 
different cross sections: a,b - at 13 initial free-fall 
times (7.2x10.5 yr) and c,d - at about 100 initial free-fall 
times, when final hydrostatic equilibrium was reached. a,c-
cross sections in the equatorial plane; b,d - meridional 
cross sections (from Rfizyczka et al., 1980b). Numbers indi
cate the logarithms of the density for selected contours. 
The length of a velocity vector is proportional to the 
speed. 

where \ is an efficiency factor, co the local sound velocity and 1 a 
characteristic length scale, e.g. the thickness of the nebula - have 
shown that, starting out with a 3M0-cloud of about 8K and o(^l, 
(3 SJ10-4, £ = 0.2, one ends up with a rapidly rotating central "sun" 
of 0.51^ surrounded by a "solar nebula" containing only a few 10-3 [J\Q 

It extends from about 5x10^2 cm to 2.4x10^4 cm where the rotation is 
very nearly Keplerian. 2.5M0 are still farther outside in the collaps
ing outer envelope gradually feeding the Keplerian disk with matter. 
These calculations, details of which will be given elsewhere, indicate 
that 
1. transport of angular momentum by turbulent friction could have been 
a very efficient mechanism for the formation of our solar system about 
4.5 billion years ago, 
2. models concerning the origin of the solar system which start out 
with the Sun surrounded by a low-mass nebula obeying a Keplerian 
rotation law may be considered as a reasonable working hypothesis. 
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IV. 3D-M0DELS 

In the past three years 3D-models of collapsing gas clouds with 
rotation and vanishing magnetic fields have become available. The aim 
of these first generation of 3D-models is to study fragmentation pro
cesses in interstellar clouds on a physical basis. Bodenheimer et al. 
(1980) explored the time evolution of "blobs" embedded in a homogene
ous background to observe either damping or growth for a particularly 
chosen pair of the parameters o( and ft during the overall collapse. 
Another possibility is to begin with a perturbation in the initial 
velocity field (in general assumed be zero). Calculations made by 
R&zyczka et al. (1980a) starting out with a random velocity field 
indicate that fragments will grow, only if the original cloud contains 
several ten Jeans masses. Otherwise pressure effects would smooth out 
any initially developing non-homogeneity during the first free-fall-
time . 

Fig. 4. Model from Fig, 3c,d with a 10% azimuthal (2f-) 
mode density perturbation (at zero age), and its subsequent 
3D-evolution. All figures are cross sections in the equa
torial plane (from Rfizyczka et al., 1980b). 
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theoretical point of view. Indeed, we are rather restricted to explore 
single processes such as the stability properties of blobs or rings 
in a rotating cloud as a function of the initial conditions. It should 
also be emphasized that there exist no 3D-models for collapsing magne
tic clouds. In which way and to which extent magnetic fields will 
change our knowledge about cloud collapse is an open question. 
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