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I. Introduction - An overall picture of star formation 

The existence of material in the immediate vicinity of young main 

sequence stars or even younger objects, protostars, still contracting 

and evolving towards the main sequence, is related closely to the de

tails of star formation. Although a number of individual idealized 

problems related to star formation have been well studied, our over

all understanding of how interstellar matter evolves into full fledg

ed hydrogen-burning stars can be deemed qualitative at best. The 

emerging picture is neither complete nor should it be considered the 

final answer as to how stars form. Let us summarize this picture by 

a list of "axioms", valid for star formation (SF) in the plane of 

our Galaxy. 

SF 1 Stars form preferentially in spiral arms. 

The concentration of giant HII regions and 0-B associations in re

cognizable spiral patterns requires that the regions of active star 

formation and the regions favourable to such be close by. SF 1 seems 

readily explainable (at least qualitatively) by the density wave 

theory of spiral structure developed by Lin and associates (see eg. 

Lin, 1971). A rotating disk of gas and stars develops ripples or 

waves in a coherent pattern which move relative to the gas. Inter

stellar matter flowing into these density waves is compressed, thus 

enhancing the probability of star formation - either by initiating 

a phase transition in the hot component of the interstellar gas 
4 2 

(T~ 10 K) whereby cold clouds (T«10 K) are produced and/or exist

ing clouds grow in mass (Biermann et al., 1972), or by simply in

creasing the density of existing clouds (Shu et al., 1972). Some of 

these clouds become gravitationally unstable; the ensuing collapse 

results in stars. 
4 

SF 2 Stars condense out of large molecular clouds (M fc 10 M ). 

SF 2 explains why infrared sources of colour temperatures less than 
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2 5 
100 K to 1000 K and of luminosities from 10 L to 10 L are found o a 
imbedded in dense molecular cloud complexes. Often correlated both 

with the positions of compact HII regions (Wynn-Williams and Becklin, 

1974; Brown and Zuckerman, 1975) and with OH and H20 masering spots, 

such infrared hot spots are to be interpreted as massive protostars 

or early type main sequence stars surrounded by dusty shells (Yorke, 

1977). SF 2 also explains why stars tend to form in localized groups 

(associations) . 

SF 3 A gravitationally unstable cloud will fragment into a 

number of smaller mass concentrations. 

A cloud starts to collapse when the gravitational forces of attrac

tion overcome the combined forces of internal gas pressure, magnetic 

fields, turbulence and rotation. Considering the gravitational bind

ing energy and the thermal kinetic energy only, one obtains minimal 

requirements to be satisfied in order to allow a gas cloud to collapse 

gravitationally (Jeans criterion): 

— ^ i ( ^ — ) 3 / 2 ( " H , ) - 1 / 2 (1) 
[10 M ] [60 K] [10 cm ] 

For the temperatures T and hydrogen number densities n found in 

typical interstellar clouds, the smallest unstable mass M is of the 
3 

order of 10 M . For the dense molecular clouds of SF 2, however, 
© 

the Jeans criterion is fulfilled by several orders of magnitude 

(ignoring magnetic fields, turbulence and rotation). There is also a 

minimum time scale for gravitational collapse. Ignoring now the inter

nal gas pressure and considering only gravity, one can calculate the 

free fall time scale tf f of a collapsing cloud: 

^1 =( P- )"1/2 (2) 

5 -19 -3 ' 
[2.1 103 y] [10 lsg cm J] 

where p is the gas density. Thus, although equation (1) tells us 

that dense, massive molecular clouds my be collapsing gravitationally, 

equation (2) indicates that this collapse should proceed non-homo-

logously. If the original cloud were to be somewhat clumpy initially, 

each of the higher density clumps (or fragments) satisfying the 

Jeans criterion will collapse more or less independently on a shorter 

time scale than the original cloud. The process of fragmentation is 

responsible for the fact that stars of masses between -'0.1 M and 
• 3 • 

~60 M , rather than 10 M„ stars, are formed in molecular clouds. 
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hydrostatic core 
to c o 
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c o 

freely falling envelope 

x«10 

Atsl 

Fig. 1. The temperature distribution in the vicinity of the 
shock front surrounding an accreting protostar is displayed 
schematically. Note the pre-heating of material in the freely 
falling envelope, the overshoot at the discontinuous shock and 
the relaxation zone, where the heat is radiated away. This 
schematic diagram was taken from Tscharnuter, 1976 by per
mission of author. 
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cloud; 2.) C regions, where C is ionized but H and He are not; 

3.) "hot spots" in molecular clouds of enhanced molecular line radia

tion, probably due to collisions with warm (T~100 K) dust grains; 

4.) H_0, OH and SiO maser sources; 5.) line profiles and dust absorp

tion features (combined emission and absorption); and 6.) infrared 

continuum radiation from dust heated by protostellar radiation and 

from free-bound emission. Only after most of the material in the enve

lope has either accreted onto the star or has been dispersed by radia

tion pressure and/or by a stellar wind can the protostar or young 

main sequence star be observed optically. 

In the following we wish to describe the structure and appear

ance of envelopes around protostars during the various evolutionary 

phases up to the time at which the central source becomes visible 

optically. 

II. Spherical Collapse 

a.) "Massive" versus "low mass" protostars. 

For several reasons it is convenient to distinguish between the evo

lution of "massive" (M £ 3 M ) and "low mass" (M < 1 M ) protostars 

and their envelopes. The basic differences are summarized as follows: 

1. Compared to the accretion time scale t = M /M, the 
ace core 

low mass protostellar core evolves rather slowly. When the low mass 

protostar first becomes optically visible, it is located near the 

lower end of its Hayashi track. It can contract only as fast as it 

transports energy from the interior to the surface and then radiates 

it away. Its final pre-main sequence evolution is governed by the 

Kelvin-Helmholtz time scale, equation (3). The more massive proto

stellar core, on the other hand, starts burning hydrogen before the 

accretion process stops and while a significant fraction of the 

mass is still in the obscuring infalling envelope. Thus, for part 

of its main sequence lifetime, the massive protostar should not be 

visible optically. 

2. Massive protostars cannot accrete all of the material in 

the original protostellar cloud - even in the most favourable case 

of no rotation, no turbulence, no magnetic fields - due to a variety 

of effects. According to Appenzeller and Tscharnuter (1974) the rapid 

compression of the protostellar core could lead to an overproduction 
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Fig.2. The results of calculations of the spherical collapse 
of protostellar clouds by several different authors is dis
played together on a plot of the "initial cloud mass" versus 
"final mass of the core". The results of Larson (1972b) are 
denoted by filled circles (•), Westerbrook and Tarter (1975) 
by filled diamonds (•), Appenzeller and Tscharnuter (1974) by 
an open square (D), Yorke and Krugel (1977) by crosses (+). 
Note that the formation of massive protostars is less efficient 
and the corresponding points therefore fall far below the dashed 
line for which the initial cloud mass is equal to the final mass 
of the resulting star. 
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<D CENTRAL CORE 

<2> ACCRETION SHOCK 

Q> DUST -FREE ZONE 

© RADIUS OF GRAIN 

MELTING 

(5) ICE-FREE ZONE 

© F A L S E PHOTO
SPHERE 

<3> RADIUS OF ICE 
MELTING 

Fig. 3. Schematic representation of the structure of a 
collapsing protostellar cloud after the formation of a 
central (accreting) core (see text). 

Fig. 4. Two possible model fits of the measured near infrared 
flux from the BN object. The two top curves represent the 
spectra of radiation coming from the "false photosphere" (see 
text), whereas the two bottom curves take into account the fore
ground extinction. The results were taken from Bedijn (1977) by 
permission of author. 
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has many parameters that can be adjusted to reproduce measured spectra, 

namely the optical properties of the grains and the density distribu

tion of the absorbing material. Then, by solving the equations of ra

diative transfer and heat balance of the grains simultaneously, one 

can determine both the radiation field (i.e. the infrared spectrum) 

and the temperature distribution in a self-consistent manner. 
-3/2 

By restricting himself to envelope density distributions of r 

only, Bedijn (1977) was able to model the X = 2 to 20u spectrum of 

several protostellar candidates. In Figure 4 we show an example of 

two such model fits of the point source in the Orion Molecular Cloud 1, 

first seen by Becklin and Neugebauer (1967) and since called the 

Becklin - Neugebauer object or BN object. The two upper curves repre

sent the spectral distribution of photons that leave the "false photo

sphere", assuming two different combinations of envelope and source 

parameters. By then allowing for foreground extinction (which includes 

the effect that the outer cloud regions should have in this wavelength 

range), the two lower spectra were obtained, which match closely the 

measured data. In this calculation Bedijn did not try to model the 

3.1u feature. Similar model spectra have also been presented by Finn 

and Simon (1977). 

d.) Examples of evolutionary calculations of massive protostellar 

clouds (50 M and 10 M ) . 
® © 

An attempt to extend the observation of BN type sources into the far 

infrared, X = 50y - 200u, has usually failed due to confusion with 

other far infrared sources. These BN sources are embedded in mole

cular clouds which often contain several compact HII regions, which 

are also strong emitters of far infrared radiation. At present the 

best possible angular resolution at 100y is about 20" to 30", where

as most BN type objects are located within 5" to 20" of other power

ful far infrared sources. 

Harvey et al. (1977) have recently presented a notable exception 

to the above: Located coincident to a near infrared, BN type object 

(studied in detail from X= 1 JJ to 20\i by Blair et al. 1977) in Sharp-

less 140, Harvey et al. have found a single far infrared source, at 

wavelengths ranging from X= 35u to 175y. The resulting double-peaked 

spectrum and scale size of S140 IR are quite similar to the predic

tions of structure (Yorke and Kriigel, 1977) and spectral appearance 

(Yorke, 1977) of massive protostellar envelopes. 

The fact that this BN type source is also a strong emitter in 
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Fig. 5. The spectra from a collapsing 10 M protostellar cloud 
during various evolutionary phases as described in table 1 and 
the text. 
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the far infrared finds its natural explanation in figure 2. Massive 

protostellar clouds are inefficient producers of stars. Much of the 

material does not fall onto the central core; it is located in an ex-

1 7 
panding shell at several 10 cm from the protostar. This shell ab
sorbs part of the near infrared radiation coming from the "false photo
sphere" and reemits it in the far infrared. 

What about the 10 M case indicated in figure 2? Here, 95 % of 
© 

the protostellar material did fall onto the protostar. What is its 

evolution and appearance? 

In table 1 several important aspects of a recent numerical cal

culation of an evolving protostellar envelope are given. The age of 

the core after it was first formed At, the core mass M c o r e » total 
luminosity L = L , , + L , the mass accretion rate of the core M shock core 
and the total visual extinction A are given for several models during 

a calculated evolutionary sequence. These models are labeled A, B, 

max L (at which the maximum luminosity was attained), C and D. Model 

D was a compact HII region (RHII ~ 5x10 cm) and a powerful far in

frared source. Without going into the details of these calculations 

at present, it should be noted that these calculations start from the 

initial collapse of a protostellar cloud and continue through the 

formation of an observable HII region. (The HII region was treated 

only approximately by always assuming ionization equilibrium.) In 

figure 5 we show the calculated spectra of models A, B and C. In 

model C the 10u feature is even seen in emission. Only about 1000 

years before model D did the ionization front leave the immediate 

vicinity of the accretion shock and travel as a weak R-type front 

through the surrounding envelope. This can be understood quantitative

ly if one considers the equilibrium size of a Stromgren sphere in a 

freely falling envelope. This can be easily calculated to be: 

-2, 

RHII " Rcore e xP 

( M J M I 
I ( core } ( _ ) ( , (5) 

L [7 M ] [10*' s '] [4x10 Ha y '] J o a 
where J is the number of ionizing photons emitted by the core and 

• -6 
accretion shock in one second. For large accretion rates (M»10 
M y~ ), R„xx is necessarily close to the core , everything else re-
0 nil . 

maining approximately constant. Every time M decreases by a factor of 

2, R „ T T / R is increased to the fourth power! when the inward flow ' m i core 
of material is stopped and reversed in the outer layers of the cloud, 

the mass accretion rate at the surface of the core diminishes quickly, 

allowing the ionization front to propagate outwards rapidly. 
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10 ' 10' 
RADIUS [cm] 

10 

F ig. 6. The gas density P, the gas velocity u, and the mean 
velocity of the dust w are plotted versus the radius r in 
the 10 M protostellar cloud at the evolutionary phase D (see 
table 1 ind text). The parts of the cloud in which dust is de
pleted by 1000 with respect to the normal abundance is indicated 
by dashed lines. 
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Fig.7. The expression vLv = XL^ of model D (see table 1 and 
text) is plotted as a function of frequency v (and wavelength A) 
as "seen" by "observers" using different "beam widths" p as 
indicated. The net theoretical spectrum from the entire disk 
< 3.61 10'" cm is given by the dashed curve. 
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The velocity and density structure of the compact HII region 

are shown in figure 6. In the inner ionized regions the gas still 

has an r distribution (r < 10 cm) and the velocity is still 

roughly free fall, whereas further out in the cloud the density flat

tens and even increases. In these calculations the charge on the dust 

grains and the interaction between dust and gas is included when cal

culating the drift velocity of the dust through the gas. The size of 

the HII region is ~ 5x10 cm. Outside the HII region, the drag for

ces of the (almost) neutral gas are small and the drift velocity of 

the dust is several km/s. Dust is being blown outwards. Inside the 

HII region the dust is essentially frozen into the gas - but depleted 

by a factor of 10. Inside about 2x10 cm little dust is present, 

this having been swept clean by radiation pressure before the ioniza

tion front had been able to catch up to the outwardly moving dust. 

The total spectrum vL of the compact HII region (but not in

cluding the absorption and emission of the gas itself) is shown in 

figure 7. Here, the spectra are shown as seen by an "observer" using 

different "beam widths". From the expression vL = XL. one can direct-
V A 

ly compare the energy content at each frequency. One can easily see 

from figure 7 that about 10 times as much radiative energy is in the 

far infrared part of the spectrum as compared to the optical contri

bution, if one considers the radiation coming from the entire disk 

(r = 3.6x10 cm). Using a smaller "beam size" and considering the 

radiation coming from the center of the disk only, one "sees" the 

optical part of the spectrum only. The 2200 A feature is also observ

able in the spectra in figure 7. The spectral appearance depends on 

"beam size", because most of the far infrared radiation is produced 

in a dusty spherical shell outside of and in the outer parts of the 

compact HII region. 

e.) The spectral appearance of a 1 M protostellar cloud. 

In figure 8 we show the spectra of a 1 M collapsing cloud as calculat

ed by Bertout (1976) at various evolutionary times. The core mass 

corresponding to each spectrum is indicated. After the formation of 

the hydrostatic core and embryo star of 0.03 M , the protostellar 

cloud emits most of its radiation in the near and far infrared, peak

ing at about X = 20y. Later, when the central source first becomes 

visible optically, a double-peaked spectrum emerges, the optical ra

diation comes from the core and the near infrared from the surround

ing envelope. Because of the approximate treatment of the shock front, 
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Fig.8. The spectra from a collapsing 1 M protostellar cloud 
at various evolutionary times. The corresponding core mass at 
each time is indicated on the drawing. These spectra were taken 
from Bertout (1975) by permission of author. 
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t 
1km/s 

8 10,3cm 

Fig.9. Density contours and velocity vectors for one quadrat 
of the central condensed regions of a collapsing and rotating 
3 M0 protostellar cloud, after the formation of a ring (see 
text). Values for logp are as indicated. 

t i i t < i ' ' 

i t i i i / , < 

i t i 1 < I * « 

l I < " '6.275 

4 t * t t t ' v ~ i 

-15.870 

-15.465 \ 

•i^-^^^r »\ * * V 
^ ^ ^ \ 

» 
' 
. 

t 
Ikm/s 

8 10'5cm 

Fig.10. Same as figure 9, but a larger region is shown. 
The scale size has increased by a factor of 100 over the 
previous figure. 
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technique in order to follow the hydrodynamical evolution of central 

condensations in the form of a core and/or a torus. Such a technique 

has been employed to date by Tscharnuter, 1975 and Fricke et al. 1976 

only. Of course, all of these calculations require a large computer 

and are time-consuming as well as costly. 

The early collapse proceeds in a similar non-homologous manner 

as encountered in the spherically symmetric calculations. Even if the 

angular velocity of rotation is so large that centrifugal forces 

balance the gravitational forces of attraction in the outer regions 

of the cloud, a small region of highly condensed material forms near 

the center, chiefly due to the infall of material with low angular 

momentum near the axis of rotation. The exact structure of the high 

density region, however, varies from author to author and depends 

sensitively both on the initial conditions and numerical details of 

the method used. If the initial total angular momentum of the cloud 

is low, however, a central optically thick core can form before the 

centrifugal force becomes important and the evolution of the cloud is 

qualitatively similar to the spherical case. The (flattened) hydro

static core is surrounded by an accretion shock, which is stronger 

at the poles than at the equator. For values of the initial angular 

momentum higher than a critical value, the infall of material near 

the equator can be stopped and even reversed. The result is a flatten

ed accretion disk, where a shock front forms at the poles only. In 

some calculations a torus or ring forms in the equatorial plane; in 

some cases it does not. According to recent calculations by Tscharnuter 

the formation of a ring becomes more likely, the higher the initial 

total angular momentum of the cloud. Until proven otherwise, it seems 

reasonable to assume that under some circumstances a "ring instability" 

can be excited, whereas for perhaps slightly different conditions the 

ring instability may be damped. If a ring forms it will invariably 

fragment, the result being a multiple system. As an example of the 

appearance of a rotating protostar we show preliminary results of 

numerical radiation transfer calculations being conducted by Tscharnu

ter and Yorke. The density and velocity structure of a 3 M rotating 

protostellar cloud calculated by Tscharnuter in about 40 cpu hours on 

an IBM 360/91 is displayed in figures 9 and 10. In this cross section

al view the axis of rotation and symmetry is the left vertical axis. 

The equatorial plane which is assumed to be a plane of symmetry, is 

the lower horizontal axis. The contour lines depict lines of constant 

density. In figure 9 about 3 1/2 contour lines correspond to an order 

of magnitude change in the density. The scale of the drawing is 
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0° 

75° 

45° 

90" 

100 \i 

•1.6 1016cm 

Fig. 12. Theoretical contour maps at 100y, assuming different 
angles of inclination, 0° (pole-on). 45°, 75° and 90° (edge-on) 
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~75°~~90° 

10 n 
1.61016cm 

Fig. 13. Theoretical contour maps at 10u, assuming different 
angles of inclination. 
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8x10 cm along the equatorial plane by 6x10 cm along the rotation 

axis. In figure 10 about 2 1/2 contour lines correspond to an order 

of magnitude change in density. The size scale is 100 times larger 
15 15 

than the previous figure, 8x10 cm by 6x10 cm. The arrows indicate 

the direction and magnitude of the velocity, the scale for the veloci

ty vectors is shown. In the upper part of figure 9 close to the axis 

of rotation the (smeared out) accretion shock front and relaxation 

zone is clearly indicated by a bunching of contour lines and by the 

rapid change in velocity. The shock strength decreases further from 

the axis. The structure of a dense ring is also shown. This picture 

is like a snap-shot taken at a particular instant of time. The ring 

is not stationary, but is expanding towards higher latitudes. In a 

somewhat larger scale (Figure 10) the flattened nature of the cloud 

is demonstrated. 

Using the density and temperature distribution from Tscharnuter's 

calculations, it was possible to construct theoretical maps of this 

theoretical infrared source at various frequencies and angles of 

inclination. Some of the angles of inclination we used are indicat

ed in figure 10. At 30 and 100y the resulting map is shown in figure 

11 for the central area of size 1.6x10 cm squared. Scanning the 

source from outside inwards we reach a local maximum of flux density 

at about 2x10 cm. The density first falls, then rises again sharply 

at the center. The reason for the falloff is the melting of the grain 

mantels which is especially noticable in the far (100y) infrared. 

In figures 12 and 13 we present similar maps at 100 and 10p 

respectively at inclination angles of 0°, 45°, 75°, and 90°. 0° 

corresponds to a pole-on view and 90 is an edge-on view. At 10u the 

central source is visible only from pole-on to about 45 . For larger 

angles of inclination only the heated dust above and below the equator 

is observed. The equator itself acts as an absorbing disk. 
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D I S C U S S I O N of p a p e r by YORKE: 

KRAFT: How does the upper mass-limit change with Y (helium) and Z 
(metals) ? 

YORKE: I do not know how the upper mass limit should depend on Y. 
For a possible dependance on Z I refer again to Kahn's (1974) 
paper and my own numerical calculations. Kahn derived an ex
pression for the upper mass limit, under the assumption that 
when steady-state spherical accretion is no longer possible due 
to the effect of radiative acceleration on the grains, a star 
cannot grow in mass. The net effect was that a higher Z implies 
a greater influence of dust grains and thus a lower upper-mass-
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limit. This has important consequences with respect to the 
initial mass function as a function of the age of the Galaxy and 
therefore, with respect to galactic evolution in general. 

GAHM: Cohen and Kuhi have found a number of stars in the Cep IV 
association. They are of late-type and very luminous. The 
visual absorption is small. Do the present accretion models 
account for this situation? 

YORKE: I do not know. 

DZIEMBOWSKI: The problem that worries me about dynamical calculations 
is the presence of instabilities in the case of negligible pressure. 

YORKE: By assuming spherical symmetry one "forces" the material to 
move radially and only one "fragment" can occur at the center of 
the cloud. In axially symmetric calculations one can see if any 
fragmentation is taking place; if so, then rings should occur, as 
the only manifestation possible of a gravitational instability. 
In non-rotating axially symmetric calculations conducted by 
Larson in 197 2, he did not find any rings in models with the 
same initial conditions as his earlier spherical calculations. 
Also, Tscharnuter (1975) did not find any rings in slowly ro
tating clouds - although such rings have occurred in the calcul
ations by a number of authors of faster rotating clouds. The 
3-D calculations to date are quite crude and inconclusive. 

One should note that all these calculations include pressure. 

DE LOORE: 1. You have shown a diagram relating the cloud mass and 
the final core mass, and you have told that a 150 M_ cloud 
generates only a 36 M_ star. Can you derive an upper limit for 
the stellar mass? 

2. For the evolution of a 10 Mj cloud you take into account 
accretion. Are these net accretion rates or are there also 
included losses of matter by stellar winds? 

YORKE: 1. This diagram of initial protostellar cloud mass versus 
final mass of the star is certainly suggestive that the process of 
star formation becomes less efficient as one considers higher 
stellar masses. The fact that the results from all authors 
fit well in this qualitative interpretation - even though the 
details of their calculation varied widely - lends some support 
to this hypothesis. It is not possible to extrapolate the 
results to a "turnover", that is, an absolute upper mass limit 
of stars. The results of Kahn (1974), who calculated the 
largest accretion rates possible in an infalling, steady-state, 
absorbing envelope, show that for masses larger than about 
60 M no steady-state accretion is possible. 

2. The accretion rates for the 10 M_ protostellar clouds are 
the result of mass infall only. Mass loss from stellar winds 
was not taken into account. Stellar winds could become important 
during the late stages of the calculation only - simply because 
of the high density and high ram pressure of the infalling 
material. Because the free-fall velocity at the stellar surface 
is also the escape velocity, one can directly compare accretion 
rates with a hypothesized mass outflow of say 10 fL/yr to see 
that a stellar wind will not stand a chance, until the late 
stages. 
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STEPIEN: Did you include turbulence in your computations, and if 
not, don't you think that there can be profound changes in the 
presented picture if you include it? 

YORKE: No, turbulence was not included in the spherical computations 
and I do not expect profound changes in the qualitative evolution. 
In Tscharnuter's hydrodynamic calculations, turbulence is included 
in the energy equation and the equation of angular momentum trans
fer in the following sense. Without any angular momentum transfer 
one has difficulty forming stars in a rotating cloud with too 
much angular momentum. This "angular momentum problem" can be 
exemplified if one considers the fact that in our solar system, 
even though the greatest fraction of the mass is in the sun, it 
only contains a small fraction of the angular momentum. How was 
the angular momentum transferred out of the central regions? 
Tscharnuter has included in his code a term allowing for the 
transfer of angular momentum, which in the results I showed had 
not yet become important. Of course the importance of this 
term is sensitive to the amount of viscous turbulence assumed. 

SHERWOOD: 1. Why do you say that the BN object is pre-MS and not 
post-MS? 

2. Don't your calculations describe equally well the OH/IR 
source OH 26.5 + 0.6 believed to be a Mira type LPV? 

YORKE: 1. I never did claim tha t the BN object was pre-main 
sequence. I f i t i s a young object then I claim i t would have 
to be a hydrogen-burning s t a r with an almost f r e e - f a l l envelope. 
The e x c e l l e n t model f i t s by P . J . Bedijn (1977) assuming a f ree-
f a l l envelope i s sugges t ive but c e r t a i n l y not conclus ive . 

2. Perhaps. The r a d i a t i v e t r a n s f e r c a l c u l a t i o n s in the I R 
continuum depend only on the d i s t r i b u t i o n of absorbing mater ia l 
around a c e n t r a l source (and of course on assumed gra in proper
t i e s ) , and not on the ve loc i t y f i e l d . I t i s pos s ib l e t h a t dif
fe ren t type ob jec t s have s imi l a r IR continuum spec t r a . 
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