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Thermal and Dynamical Properties of a Protostar and Its Contraction
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Stellar Evolution in Early Phases of Gravitational Contraction

Chushiro HAYASHI
Department of Nuclear Science, Kyoto University, Kyoto

w7 &, T hOE—4EEds/dr<0 T
+RAE XA R TE
= (SchwartzschildD *t it 54 )

” CRetost o3t 5B BB Gl ds/dr=0

" AL s

1 I\.IIY\—Y - L UI-\-I-J-)IS

~
N

HREI ET. ZEE2XRED
AR FEE Eds/dr <0&
HHOTHY., ZBikEsnsd,

- LOS Te



WAAGLEEDZDHIERIE

"N
FITEELGRELD
EEEITEHFY LGN
€H~ opacity M
BUVRERFEDD

GM.,’ AR

1

int
2 R mmemm
&5 +3

[R5 2 RE TR REER
2> RIBEDHAFE., SLEZEEKTE

| wagE 0=




MITAX(FENKS LSz 2

Larson 1969
B r=d: o b= AR -1 AN =]
FRST (XU LAYERY Ly

AN
o |_ AN Totol mass = I My
NN Initial temp. = 10K 15
o} /O‘,%\\ Initial density = 107" gem?
N Free foll fime = 2X10%yrs
+1 |-
AN
Mol N qu%
e el
1
+3 =
+4 b \
\ do
5= \
+5 ] 1 1 1 |
40 38 36 34 F2
leg Te

_D&. 10%

Narita, Nakano, & Hayashi 1970
SR HICELLG TN GETE
R STE X Z RS

oS T
\
H
\
‘\':‘

EHSE D $1E 10Rsun EUSE D% 1000Rsun
PEASE 10Lsun FHAFE 1000Lsun

- Fﬂﬂ Eﬁqa' 7ﬁ§ﬁ< o



1M, 2 DHRE ED L

ZDHFIL19804F,
Winkler & Newman (AMRRAETE),
Stahler, Shu, & Taam (2D EILA—FDHLEER) [TXK>T RE

L T 1 L Ll L]

20F  qgos photosphere

R
Y

K %
1Y
"..I
Mlﬁk

i 1 1 1 1 1 1 1 | 1 1 1
42 40 38 36 34 32 30 28 26 24 22 20  Stahler et al. (1980)
010 Tetf)

MI2zAX(EF10L , DR ES
(LarsonlZiALMEER)



Ed)gﬂiﬁaﬁ Stahler 1983

FEENRTLEEREOENRENLSHRE LD E
(WAALGEEITH L TED THRIZESD)

I ! | |
10'5|\/|sun/T/r

3.5 ) i
'_; = - 6. !
= <
i 74712
1 S
2o

B E %5 2 ([EHRE £ THAE
MEERIDEIZTHT D

L [ I N S | | I
4.4 4.2 4 3.8 3.6
Temperature log.y (Tl

Palla & Stahler 1998



STAHLER, SHU, AND TAAM  Vol. 241

IV. DISCUSSION

With respect to the controversy reviewed in § I, our
investigation of the evolution of protostars obtains stel-
lar radii at the end of the main accretion phase which

are closer to the small values advocated by Larson
(1969, 1972), Appenzeller and Tscharnuter (1975), and

Winkler and Newman (1980a, b) than the very large
values obtained by Narita, Nakano, and Hayashi (1970)
and Westbrook and Tarter (1975). Nevertheless, our
study does not represent a break with Hayashi’s line of
work as much as a continuation of it. In particular, our
discussion of the opacity gap (§ IIg and Appendix)
reestablishes the central importance for protostellar
evolution of Hayashi’s insight concerning the existence
of a minimum temperature for gas photospheres. This
explains why our models approach the pre—main-
sequence tracks in the H-R diagram from the /eft (see
Fig. 7). We note that Hayashi’s “forbidden zone” should
be supplemented by the recognition that dust photo-
spheres have a maximum temperature governed by grain
destruction. The “forbidden strip” between Hayashi’s
rightmost boundary for gas photospheres and our /eft-
most boundary for dust photospheres represents what
we have called the opacity gap (see Fig. 6).
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