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ABSTRACT.

Certain physical properties of the partially degenerate model stars of masses 50, 40,
20, -1© and -06© are calculated for the central degeneracy ¢, = 0, 2 and 5, using Ware's
numerical integration of the differential equation for the partially degenerate standard model.
In the calculations account has been taken of both the radiative and the conductive opacities
at the centre of the star. The results show that the central stars of the planetar nebulae are
in partially degenerate state.

§ INTRODUCTION.

It has been suggested by Chandrasekhar (1939) that the supernova outburst
may result from the inability of a star of mass greater than M, (M; = 56 He 20)
to settle down to the final state of complete degeneracy without getting rid of excess
mass.  After the excess mass is blown off the star will, for the first time, be in a
position to develop a degenerate core. Minkowski's (1942) spectroscopic study
of the Crab nebula seems to support (handrasekhar's suggestion. His analysis
of the central star of the Crab nebula—the stellar ramanant of a supernova shows
that it is an object of extremely high surface temperature 7',~5x 105°C', high
density p~1-8 X 108 gm./c.c., and high luminosity L/Lg~3x104, but it has a small
radius B = -02B. It is a white dwarf in which degeneracy is incomplete.

The planetary nebulae, as for example the famous Ring nebula in Lyra, are
composed of a shell of tenuous gases at the centre of which is a small but exceedingly
hot star. The question whether these planetary nebulae result from supernova
explosion is as yet unanswered. If we accept Chandrasekhar’s suggestion, then the
central stars of the planetary nebulae are on their way to complete degeneracy.
It would, therefore, be interesting to investigate certain physical properties of
partially degenerate model stars for varying central degeneracy. Our calculations
seem to support the suggestion that the planetary nuclei are in partially degenerate
state.

§2. MATHEMATICAL FORMULAE.

Using Ware's (1944) results, the central temporature 7', and the central density
pe for a given central degeneracy i, are respectively given by
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where Fy(4) and ¥, Iﬂ(q/;) = §Fg5() are the well-known Fermi-Dirac functions, p, the

molecular weight of the stellar material and 8 the ratio of the gas pressure to the
total pressure,

The general quartic equation is .
-2 /1 B\ o
M = ~967x 1033, (Tf) [?éﬁi(%)ff#(&)} @

where M denotes the mass of the star. The value of the quantity in the square
bracket on the right hand side of (3) is tabulated in Ware’s paper (1944) for ¢ = 0,
2 and 5 (Py—>o0 for complete degeneracy, and y—>—o0 for complete non-
degeneracy).

The radius of the configuration is

000944 ¢
wBEO=RF

where the boundary value constant & depends on central degeneracy i, and is
tabulated in Ware’s paper.

R= (4)

§3. TeHE OraclTY, THE MOLECULAR WEIGHT AND THE LUMINOSITY.

In the transition region between non-degeneracy and degeneracy the radiative
opacity k, is of the same order of magnitude as the conductive opacity k. The
effective opacity k is taken to be

1 1 1
The expressions for the radiative and the conductive opacities were taken from
Marshak’s paper (1940). The concentration X, of the Russell mixture was assumed
to be unity; and the guillotine factor » was calculated, following Stromgren, for
different temperatures. For temperature 7'>>108°C and density p>10% gm./c.c.,
the scattering opacity k; predominates over the radiative opacity. The expression
for k; was taken from Morse’s paper (1940).

In order to know the conductive opacity accurately in the transition region,
it is necessary to know k, both on the non-degenerate and the degenerate side. For
a given temperature 7', Log %, is plotted against ¢, and the value is then read
from the graph. Curves of this type were plotted for different temperatures (as
has been done by Marshak, 1940).

In all our calculations we have used the value of y at the centre of the model
star. Assuming p = 2, as a first approximation, p, and 7. are known from equa-
tions (1) and (2). Knowing p_ the value of n at the centre is calculated following
Marshak (1940).

In calculating the luminosity of the model stars we use Eddington’s mass

luminosity relation, in which for ¥ we substitute the effective opacity at the centre
and 7 is taken to be equal to unity {since the energy generation is due to gravitation).

§4. The results of our calculations for the model stars of masses 50, 40,
2@, 1® and -05@ are given in the tables below for three different values of i, = 0,
2 and 5. It may be pointed out here that our calculated values for the surface
temperature T, and the luminosity L/Lg will be higher than the actual values
which the model stars would have for a given central degeneracy, since we have
taken the values of i and % at the centre of the star.
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Tasre 1. )
Yo=10
Mass Log * Log Log
M/® (1—8,) Logp, Log T, | Logk, Log k, L/L@ R/R® T,
5| 2-2126 4-73 838 1-46 .. 2-57 0-079 | 90,030
-4 | 2.1484 470 834 147 .. 2:40 0-075 | 83,660
2 | 36802 4-26 8-03 1:52 .. 1-58 0-083 | 49,580
-1 | 33204 3-98 779 0-43 . 0-02 0-082 | 20,300
* Wherever k, is unimportant compared to k&, the latter is used.
TABLE 2.
‘/’o =2
|
Mass Log 3 Log Log v
M/O (l”ﬁc) Log p, Log T, Log &, Log %, L/L® R/R@ r,
5 | 3-6128 5-31 8-44 1-45 0-52 202 0-041 91,110
-4 | 3-4190 512 | g 831 1-48 0-68 1-69 0-044 | 172,610
2 | 49982 475 803 1-52 0-88 0-92 0-047 | 45,300
-1 | 46570 4-47 7-80 044 1-08 1-43 0-046 | 19,400
W06 | 42034 405 7-50 1-03 1-44 314 0-050 8,831
TABLE 3.
Yo =25
Mass Log b 1 Log Log
MG (1—6,) Logp, | LogT, Log &, Log &, LiLg R/Rg T,
5 | 4-8902 579 842 1-45 1-64 1-48 0-023 | 89,540
4 | 46964 559 829 1-47 1-96 1-06 0:025 | 67,660
22 | 40942 4-99 7-89 1-58 0-24 1-50 0031 | 24,5560
.1 5-7500 4-71 7-66 0-87 0-48 2:54 0-030 | 14,240
‘05 | 53660 4:38 741 1-39 0-64 3-62 0-031 8,318

§5. CONCLUSION.

The results tabulated in §4 show that our model stars are extreme objects of
high density, high surface and central temperatures and high luminosity but have
small radii. They may be classified as blue dwarfs. From his spectroscopic study
of a large number of planetary nebulae, Page (1942) estimates the surface tem-
perature of the central stars to lie between 20,000 and 100,000. Though the masses
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of the planetary nuclei are not known accurately it is reasonable to assume them to
lie between ‘5@ and ‘1® (certainly much less than the mass of the central star
of the Crab nebula, which has been estimated by Minkowski to bel®). The planetary
nuclei are no doubt extreme objects, but are milder than the central star of the
Crab nebula. It would not be unreasonable to say that the preceding tables are a
fair representation of the physical characteristics of the planetary nuclei under
varying central degeneracy.

It is a pleasure to express my thanks to Prof. D. 8. Kothari for his very kind
interest in this work.
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