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1. INTRODUCTION

The study of the problem of the internal constitution of the red giant stars
has received considerable attention in recent years. These stars, found to be
scattered rather irregularly in a belt which branches towards the right off the upper
region of the main sequence in the Hertzsprung-Russell diagram, are characterised
by high luminosities in spite of their comparatively low surface temperatures.
Since low surface temperature implies a rather small intensity of light emitted per
unit surface, the high luminosities can be understood only on the hypothesis of

extremely large dimensions. It was pointed out by Oplk that an increase in the
radius of a normal star might be obtained by assuming that the star has a central
convective core with a higher value of the molecular weight than the surrounding
radiative envelope. Hoyle and Lyttleton (1942), however, suggest that a large
extension in the radius is possible only if this non-uniformity in the composition
of the stellar material takes place somewhere in the radiative region of the star.
These authors also remark that the desired non.uniformity in the atmospheric
composgition may be brought about by the accretion of hydrogen from interstellar
space to the surface of the star. It is convenient for purposes of analysis to represent
this non-uniformity in the composition by & sharp discontinuity of the molecular
weight p, though in an actual case there will probably be a small transition zone of
continuously varying u. If however the accretion of hydrogen is solely responsible
for the non-uniformity in composition, as is contemplated here, the discontinuity
in g is indeed strictly sharp.

Hoyle and Lyttleton (1949), as well as Li Hen and Schwarzschild (1949) con-
structed a number of stellar models under the assumption that the model consists
of three parts: a central convective core, an intermediate radiative region with the
same chemical composition as that of the core, and an outer radiative envelope
composed purely of hydrogen and hence differing in composition from the rest of
the star. The inhomogeneity in chemical composition thus takes place at the
interface between the intermediate zone and the hydrogen envelope. Some of
these models also yield quite large extensions of radii, as demanded by the observa-
tions on red giants. None of these models, however, have been tested by reference
to an actual red giant whose mass (M), radius (R) and luminosity (L) are known
from observations; in other words, the models have not been used to determine the
composition, the central density and temperature of the star from a knowledge of
its L, M and B. TUnless a model conforms to this requirement, it must be regarded
as a tentative one. There is also another point in the construction of these models
which deserves some careful consideration. The opacity of the stellar material
has been assumed to be given by Kramers’ formula duly corrected for the guillotine
factor, in both the intermediate zone and the hydrogen envelope. This assumption
is not, however, free from objection in view of the fact that the opacity of a pure
hydrogen atmosphere is not given by Kramers’ law in the usual form,
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The purpose of the present paper is to examine whether a three phase stellar
configuration of the type discussed above can be built up with an opacity in the
outer region appropriate to highly ionised hydrogen, Kramers’ formula for opacity
being, however, retained to govern the structure of the intermediate radiative zone,
the central core as usual being in convective equilibrium. The model should also
be able to furnish complete information regarding the internal constitution of the
star from a knowledge of its three observable parameters, L, M and R. Further,
the possibility of constructing a two-phase configuration, namely, a configuration
with a central convective core surrounded by an envelope of pure hydrogen in
radiative equilibrium, has also been considered. It is found that a configuration
consistent with all the conditions of thermodynamic and mechanical equilibrium,
and with an energy output * of the prescribed amount, does not exist under the
assumptions involved. This conclusion leads one to believe that the outer layers
of a giant stay are probably not composed of hydrogen alone. An admixture in
guitable proportions of other elements, with hydrogen in the outer layers of the
star, may be regarded as an alternative hypothesis.

2. THE BASIC ASSUMPTIONS AND TEE STRUCTURE OF THE INTERMEDIATE ZONE

As outlined above, the stellar model has been assumed to consist of three zones
ag follows :—

(i) a central convective core within which almost the entire energy genera-
tion takes place,
(ii) an intermediate zone in radiative equilibrium having the same chemical
composition as that of the core, and
(iil) an outer envelope of pure hydrogen also in radiative equilibrium.

The model would thus have a single discontinuity of composition occurring
somewhere in the radiative region. In accordance with the usual convention, we
shall regard the perfect gas law as valid throughout the configuration and shall
ignore the influence of radiation pressure. Kramers’ law for photoelectric opacity
as modified by Li Hen and Schwarzschild (1949) to account for the variation of the
guillotine factor, will be adopted for the intermediate radiative zone, while an
appropriate opacity law for highly ionised hydrogen will govern the structure of
the outer envelope.

The equilibrium equations in the intermediate zone embodying the above
assumptions can be written down in the usual notations as

dP _ GM (r)

o S

aMr) _

2
7 dnrep .. - .. . (2

E-(*"T‘i):,—?m' .. .. . e (3

The opacity coefficient, according to Li Hen and Schwarzschild (1949), is given by
K == Kop¥ B T=55, with xo = 1025(14-X)(1-X—-7Y), .. o @
where X, ¥ denote respectively the hydrogen and helium contents in the material.

* The carbon-nitrogen cycle and the proton-proton reaction have both V:)een considered as
energy generating mechanisms in this connection.
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In terms of the dimensionless variables p, ¢, ¢,  (Schwarzschild, 1946) defined by

P=p%, T=t‘l~“kg%%~f,M(r)=qM,r=xR, . SN ()]
the equations (1)—(3) become
2L L L@
%=‘%—)x2, e W
Y . . ®
where
o=%(‘%¥)”($)m%. e e

Introducing the following substitutions in equations (4)—(6),
4 q ¢ i

A=1lo , ¥ =lo , T=log —, y=log —, .. .. (10

8 oy ¥ =108 - 7 =log 1, y =log - (10)

and assuming that the four constants with zero suffix can be chosen so as to satisfy
the three conditions

x3 18] 1-75
Do By, oy L LA
to%o tog, ty Lo

Li Hen and Schwarzschild (1949) re-write the equations in the forms

dA
log (—@)=¢—f—y, .. .. .. .. (12)
log (%/;) = A—7r—y+3y, .. . . .o (13)
log (— g—;) =175A=92r—y. .. .. .. (14

These equations are to be integrated outwards with starting values of the
variables appropriate to the conditions of fit obtaining at the interface between the
radiative zone and the convective core which is an Emden polytrope ofindex n = 1-5.
Since there is no discontinuity of composition across this interface, the homology
invariants

_ dlog M(r)

v=2820y

_dlog P l_dlogP
dlogr

dlogr’ nt: T dlog T

(15)

must be continuous across it. Using these conditions Li Hen and Schwarzschild
(1949) have integrated the equations (12)-(14) and given the solutions in tabular
forms. These solutions which depend on one parameter £, (£ is the independent
Emden variable, i.e., the radial distance for the polytrope n = 1-5) defining the
radius of the central convective core and chosen arbitrarily, determine uniquely
the structure of the intermediate zone.
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3. THE STRUCTURE OF THE HYDROGEN ENVELOPE

The structure of the hydrogen envelope is governed by equations (1), (2) and
(3), except that in equation (3) the opacity coefficient x has the value appropriate
to highly ionised hydrogen, viz.
u X
k=BPT 2, .. .. .. .. (16)

where B is a numerical constant and y; the ionisation potential of hydrogen. This
formula for the hydrogen opacity has been obtained by Wasiutinsky (1946) and has
been used by him to find an approximate * pressure-temperature relation in the
hydrogen envelope in the form

9 L _akt
P=\/mT4e BET, UG | ¢
where
3BL
* = 16macGM (18)

We shall now use equation (17) to calculate the temperature distribution in
this region.

Inserting the value of x from equation (16) in the radiative equilibrium
equation (3), and using the perfect gas law

P= "TH-pT,
one obtains
19 1
df' _ _ 3BL pH =% grP?
dr — 16nac k 2

which with the help of equations (17) and (18) can be written as
dT _ _ 4 gyell "B 1
dr 19 k Tr2’

An integration of this equation, taking u = § leads to

2 H(1l 1 ! 2a
= =) = 19T
IQGMI: (r ) JT e ar

2%
[Tem_lz_g%{log (Ba)+int

T
2 x\* 1 (2x1)31 }
+(T§1?T) zott\er) s toof) o 09

where T refers to the surface temperature of the star assumed to jbe non-zero to
avoid the divergence in the integral.

* The variation of mass in the region under consideration has been ignored in this derivation.
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The mass distribution inside the hydrogen region can now be obtained as

Mr)= M+ J- dnr2p dr

R
T _uX
VLN 4n HJ 7t o BET 2 gy .. (20
\/190:

The integral in equation (20) is to be evaluated numerically by using the T'-r table
that may be constructed from equation (19).

4., TaE EQUaTioNs or Fir

At the interface (where the discontinuity in composition occurs) between the
intermediate radiative zone and the hydrogen envelope, the usual conditions for

the continuity of r, M(r), P and 7' expressed in terms of the dimensionless variables
in equation (10) lead to the following relations,

logR;Lo .. .. .. .. .. .. (21
¥, = log MU(rs) S £
. Wi )

GM* P
A2=10g{P2/(pom)}=logf,.. e .. (23)
0

= log {Tzl(tog%y—lf—l)}, e .. .. .o {24)

where the suffix 2 refers to the interface under consideration and u denotes the
constant molecular weight in the entire region interior to this interface. The four
constants %, ¢, Po, Lo are connected by equations (11). There is the further
condition of the continuity of L(r) across the interface, which may be obtained
thus—
The equations of hydrostatic and radiative equilibrium in the hydrogen envelope
give
d(3eT4) _ «L(r)
dP 4mcGM(r)’

which with the help of equation (17) may be written in the form

B ox
L(r) 1 16macG T2 - 37
= = €
M(r)y =n+1 3B P2

=

38 P2 ¢ \1V3BiT (25)

In the intermediate radiative zone, one similarly obtains
il = (d log P) __16macG T™5 M(r)
T \dlog T/ma  3xg Pp%7 L(r)

_ 16macG T ( k )°’75 (T)”‘ M(r)
——-——3K° P ;L—E—l P -jl—(r—)- . .. (26)

16mcGT2 --—(19 21 xl)
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Equality of l%?) from equations (25) and (26) therefore gives the desired condition
at the interface as
. X _ 25
(B ey = P {8 (2.8 % Ty @n
H H0.76K0(7L'-+ 1) 4 ' 38 sz Pg25 ? ot

where the suffix ¢ denotes the value on the inner side of the interface.

5. CONSTRUOTION OF THE MODEL

We have seen how with an assumed set of values for L, M and R, the structure
of the hydrogen envelope can be completely determined. The compilation of the
complete model may then be proceeded with with the help of the homology invariants
U and V. Starting with the definitions of U, ¥V and using equations (1) and (2),
one easily obtains

U _ 4r P
V=@ MO (28)
r
which shows that the ratio TJ; is continuous across the interface between the hydrogen

envelope and the intermediate radiative zone, i.e. across the surface of discontinuity
of p. Since the quantities occurring on the right of equation (28) can all be calculated

at any point inside the hydrogen region, the ratio % will therefore be known at

every point of it. Further, this ratio can also be calculated at any point of the
intermediate zone, corresponding to each of the tabulated solutions pfovided by
Li Hen and Schwarzschild (1949). Starting therefore from the surface of the star,
we follow the hydrogen envelope solution, terminate it at an arbitrary point rg,
and pass on to any chosen solution (from the tables of Li Hen and Schwarzschild)
of the intermediate zone characterised by its parameter ¢; and satisfying the con-

tinuity condition for % at the point r; where we break off the envelope solution,

Along any solution of the intermediate zone, the ratio % decreases steadily outwards.

These solutions have the further property, as will be evident from the integrations
of Li Hen and Schwarzschild (1949), that some of them (¢, <1-12009) show a
steadily increasing = outwards and ultimately behave like isothermals (n— o0),
while for others (£; >1-12009) n increases steadily at first, attains a maximum and
then gradually diminishes. These latter solutions will cease to be applicable for
a fit with the hydrogen envelope after » drops below 1-5. It appears therefore
quite possible that within the range of applicability of these solutions, they may not

be fitted on, as far as the continuity of the ratio ; is concerned, to the envelope

| 4
solution at an arbitrary point. When, however, the fit is possible, at the junction
of the two solutions, the variables ys, i, Az, 7, for the intermediate zone will all
be known and equations (21)-(24) will then fix up the values of the quantities
Zg, 9o, Po and ufy appropriate to the fit. It should, however, be observed that the
quantities g, ¢, Po thus determined must conform to the restriction

C=pat,.. .. o . .. (29
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imposed on them by the first two of equations (11). A suitable choice of the
position of the surface of discontinuity of g will enable one to secure this adjustment
without much difficulty. The condition

%

oo

in equation (11) then determines the value of ¢, which in conjunction with the
already known value of ut; would fix up the value of u, the molecular weight of the
material in the region interior to the hydrogen envelope. The composition para-
meters (viz. the hydrogen and helium contents) as well as the central density and
temperature are now to be found for the complete model. This is done as follows :—

The condition (Equation (11))

175

Opy
555

tO Zo

=1

determines €. Writing
2

F=m=fl(x,}’), .. . - (30)

where X, ¥ denote respectively the hydrogen and helium contents, equation (9) may
be put in the form

C=fX,Y,T,p, &) .. . .. (31
The energy-output equation will furnish another relation of the type
L=f(X,Y,T,p,¢&) .. .. .. . (32)

T., pc being the central temperature and density of the model sought. Finally
we have equation (27) which we rewrite in the equivalent form

0=F(X, Y, ¢, . .. .. .. (33

The four equations (30)-(33) therefore fix the values of the four quantities X, ¥, 7',,
pc and a set of physically admissible values, for these would complete the construc-
tion of the desired model.

It will be observed that the procedure adopted here involves two arbitrary
choices, viz. the position (ry) of the surface of discontinuity of composition and the
size (£,) of the central convective core.

6. TEHE ENERGY GENERATION LAw

While it may be generally admitted that the carbon-nitrogen cycle of Bethe is
capable of explaining the energy production in the main sequence stars, the corres-
ponding question for the red giants appears to need further investigation. We shall
here examine the réles of both the C—N cycle and the Proton-Proton reaction as
mechanisms of energy liberation in the red giants. The luminosities according to
the two processes are given by (Epstein (1950))

14
2:84x 107 1 43 r%1
LC = _0-.0_5§5'—‘ . E XGJ4P§T62 f 02352 df e .. (34)

0
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and
31

. 2 4} 7 7.9
Lr = "5339 X T, 8°¢" de, ce .. (3B)

2
2

_623x10% 1 U
w

0

where a4 is the relative abundance of N4 having the value 0:01, 6 the dependent
variable in the Emden polytrope of index 1-5, and 7, is expressed in millions of
degrees. The integrals in equations (34), (35) are to be evaluated numerically and
should become sensibly constant within the convective core. The integral in
equation (34) does indeed attain a nearly constant value at about &= 1-20, while
that in equation (35) does not become constant till almost the boundary of the
polytrope is reached. In other words the energy generating core in the P-P
reaction will be unusually large and this will have the effect of violating the equations
of fit which must necessarily hold at the junction of the intermediate radiative zone
and the hydrogen envelope. In fact we shall see that no model of the desired type
can exist with the core radius (£;) exceeding 1-20. It therefore follows that the
P-P reaction alone is incapable of accounting for the energy generation in a model
of the type considered here. Under the present assumptions therefore the C—N
cycle must be looked upon as the probable mechanism for the energy production
in the red giants.

7. NvumErICAL RESULTS

It is now necessary to carry out numerical calculations according to the scheme
outlined in the previous sections in respect of some observed red giants. But,
unfortunately the observational data regarding masses of these stars appear to be
somewhat uncertain and of a very limited extent. However the best available data
seem to be provided by the red components of the two binaries, Capella and Zeta
Auriga. The direct observational value of four solar masses for the red component
of Capella has recently been called into question by Struve (1951), who ascribes to
it a mass value of about 2-7 in solar units. This new value also in its turn is not
free from uncertainty. :

For the red component of Zeta Auriga, a mass value around 15 solar masses is
furnished by observational data, This observational result is based on the deter-
mination of the mass function and the mass ratio, which latter appears to be quite
unreliable on account of a very limited range of observation. In view of these
uncertainties, we have adopted the earlier observed vdlues for the mass, radius and
luminosity of the red component of Capella for the purpose of calculations in the
present paper. Calculations for the red component of Zeta Auriga have not been
undertaken on the same ground of uncertainty.

The observed values (in solar units) for the red component of Capella are

log L = 2-08, log M = 0-64, log R = 1-02.
With these values the surface temperature 7's calculated from the formula

L 1
— = acT?,
4nR: 4 ¢

comes out to be T's = 4-79x 10~2 expressed in millions of degrees. The temperature
distribution inside the hydrogen envelope is now given by equation (19) and is shown
in Table I.

With the temperature distribution in Table I, the integral in equation (20) is
evaluated numerically, and the mass distribution obtained asin Table II. The values
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TasLE 1
Temperature distribution inside the hydrogen envelope
X 5
A 1-571 x 10

-6 r T -8
.10 5 B T.10

479 x10~3 1-0 1-00 479x10-3
1-0x10~2 0-912 0-90 126 x 10~2
0-1 0-755 0-80 6-25x10-2
0-2 0-667 075 10-25 x10~2
03 0-600 0-70 14-76 x 102
0.4 0-546 0-65 21-24 x 10~ 2
05 0-502 0-60 0-30
0-6 0-464 055 0-40
07 0-432 0-50 0-50
0-8 0-404 0-47 056
0-9 0-380 0-44 0-65
1-0 0-358 0-41 075
1-2 0-322 0-38 0-90
16 0-267 0-35 1:05
2-0 0-229 0-32 1-20

0:30 1-34

0-28 1-49

0-26 1:67

0-24 1-87

0-22 211

0-20 2-40

of p and 7', are then computed in some sample cases corresponding to arbitrary
choices inside the model of the position at which the composition changes, and the
size of the central convective core. These values are listed in Table IIT.

TasrE IT

Dastribution of mass inside the hydrogen envelope

M(r)

M
100 | 100
0-70 ‘ 1-00
0-50 0-9694
o4t | 00254
041 |  0-8906
0-38 0-8206
035 0-7096
0-32 0-5587
0-30 0-3580
0-28 0-2330
0-26 0-0346
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TasrLe ITT
The values of u and T in some sample cases corresponding to arbitrary choices of rg and §;

Tl z
Uz
U B _
£ % 7 (radius of I»'- 7108
convective
core)
0-32 0-7885 0-2043 0-288 1-90
0-35 0-3663 0-1694 0-339 2-09
1-1189 0-38 0-1804 0-1445 0-356 2-23
0-41 0-0857 0-1142 0-296 2-:08
0-44 .. .. .. ..
0-32 0-7865 0-2043 0-290 1-90
1-1204 0-35 0-3663 0-1695 0-344 2:11
0-38 0-1804 0-1461 0-375 2-36
0-41 0-0857 .. .. ..
0-32 0-7865 0-2044 0-292 1-91
1-1213 0-35 0-3663 0-1696 0-354 2:17
0-38 0-1804 01495 0-396 2:46
0-41 0-0857 . - ..
0-32 0-7865 0-2046 0-294 1-92
1:1250 0-35 0-3663 0-1714 0-360 2-21
0-38 0-1804 .. .. ..
0-32 0-7865 0-2075 0-302 1-97
11400 0-35 0-3663 .. . .
1-2000 0-32 0-7865

8. DiscussioNn or THE RESULTS

The missing figures in Table III imply that the equations of fit admit of
no solution in the corresponding cases, because along the relevant intermediate

.U .
zone solution defined by &;, the ratio v does- not attain the requisite value

before = drops below 1-5. This feature will be common to all intermediate
zone solutions defined by £;>1-12009, while for solutions with £ <1-12009,
the fit with an hydrogen envelope as far as the continuity of v is concerned,

4

can be obtained at any place inside the model. It is also easy to see that for
any intermediate solution of the former class (§,>1-12009), if the continuity

condition for g becomes invalidated at a particular point ry of the hydrogen at-

mosphere, it will become so at all points further outwards. For this family of
intermediate solutions therefore it has not been possible to extend the calculations

beyond (outwards) %= 0-38 roughly. For the latter class of intermediate
solutions (£; <1-12009), however, the fit equations can be solved even beyond



630 U. R. BURMAN: ON THE EXISTENCE OF

% = 0-38, but the computed values of p and T, will gradually diminish and render

the fitted solutions physically inadmissible. It has also been verified that for both
families of the intermediate solutions considered here, the initial value of the ratio

U
V b
corresponding quantity at any point given by % < 0:32 (approximately) inside

viz., the value on the surface of the convective core, is less than the value of the

the hydrogen envelope. This remark will not, however, be applicable to intermediate
solutions characterised by ¢, sufficiently smaller than 1-1189, but such small values
of £, will not be compatible with the hypothesis that there shall be no appreciable
energy generation outside the convective core. This shows that a fit of the hydrogen
envelope with the intermediate region cannot be obtained at a distance smaller
than 32 per cent of the star’s radius. A solution of the fit equations, if any, should

thus be sought for in the range 0-32 < % < 0-38. Tt is here necessary to emphasise

that the different solutions of the equations of fit constitute a two-parametric family,
as will be evident from Table ITI which shows that corresponding to a given position
of the surface of discontinuity of composition, there are more than one values for
the radius of the central convective core.

9. ImPoOSSIBILITY OF THE THREE-PHASE CONFIGURATION

The results in Table III have been presented graphically in Fig. 1, where p has

0-28 1 -
031 0-32 035 038 0-41 044 047 0-50
RafR ——

Fia. 1, The numbers alongside the curves refer to values of the radii of the
convective cores (£;) corresponding to the computed models. The point
marked ( x ) refers to £; = 1-1400.

been plotted against % It will be observed that the computed values of y cor-

responding to either a constant value of £; or a constant value of % are all less

than 0-5. These values of u are clearly physically inadmissible because for any
medium different from pure hydrogen the average molecular weight cannot drop
below 0-5. Any solution of the stellar equations that envisages a model of this
type must therefore be discarded as being contrary to physical reality. Moreover,
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the central temperatures of these models are found to be so low (2-3 million degrees)
that thermonuclear reactions involving energy releases can hardly occur under
such conditions. Even if it is admitted that the proton cycle of energy generation
is operative at these low temperatures, it will not be possible to account for the
high luminosity of the star unless & value of the central density in the neighbourhood
of 1012 gm./om 3* is permitted for the model. Such high values of the central
density would inevitably imply a breakdown of the perfect gas equation of state
which is the very basis of the present investigation.

There is no doubt that particular values for L, M and R appropriate to an
actual red giant star have been used in these calculations, but it has been verified
that the calculations are not quite sensitive to these L, M, R values. Furthermore,
the results do not also depend on the form of the energy generation law, viz. the
C-N cycle or the P-P reaction. In fact the opacity law for pure hydrogen which
prevents a rapid rise of temperature inwards from the surface of the star is res-
ponsible for these extraordinarily low central temperatures for the computed models.
A three-phase configuration with an outer atmosphere of pure hydrogen cannot
therefore be regarded as a possible model for the red giant stars.

10. Tre Two-PHASE CONFIGURATION

It is now necessary to examine whether a two-phase configuration consisting
of a central convective core (a 3/2-polytrope) surrounded by a hydrogen envelope
in radiative equilibrium can serve as a possible model for a red giant. The dis-
continuity in composition occurs on the surface of the convective core and the
conditions to be satisfied here are

(%)=(%) .. (88

T =T8, .. .. o e .. .. (8)
sk TA\?
rﬁ(W;) N €. )
s T)\% 0
M(re) = 477'Pc (SWpGH E) (_52 375). » - (9

where the indices e and i refer respectively to the envelope and core side values on
the common boundary.
The energy output equation will furnish a relation of the form

(X Y. T,p,8)=0 .. .. .. (40)
and also there will be another relation analogous to equation (33) and of the form
F(X, Y, ¢)=0. .. . .. .. (4))

Equations (36)-(40) would enable one to determine the five quantities ¢;,
X, Y, T, and p, and equation (41) would serve as & check to test the correctness
of the fit.

Caleulations on exactly similar lines as in the three-phase configuration have
been made for the red component of Capella using the P-P reaction as the energy
generating mechanism and the results given in Table Iv.

* An actual application of formula (35) under assumed conditions Tc~4 millions, X~1,
p~0-5 leads to this result.
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Tasiy IV
Approzimate values of the central temperatures and densities for the two-phase configurations

£i

s (convective core Pe

= radius in .10-8

R Emden Te-10 {gm./cm.3)

variable)

0-70 3-60 13-0 1-5x107
0-60 3-50 6-8 2-5 x 1010
0-50 3-20 50 8:0x 1011
0-40 2-90 4-0 9-1 x 1012
0-30 I-11 1-6 1-5x 1017

It will appear from Table IT that the mass of the hydrogen envelope up to a
depth of about 30 per cent of the star’s radius may be regarded as negligibly small,
and under this circumstance a two-phase configuration with a convective core
extending beyond 70 per cent of the star’s radius would hardly have any physical
significance. Calculations in Table IV have not therefore been extended beyond
this range, The orders of the computed central densities and temperatures defi-
nitely indicate a breakdown of the perfect gas law, so that a two-phase configuration
in conformity with our basic assumptions cannot also serve as a red giant model.
The problem, however, of the existence of a red giant model (with no convective core)
in radiative equilibrium at the centre and having a hydrogen atmosphere also in
radiative equilibrium has not been attempted here for want of a lack of more detailed
knowledge regarding the integration of the radiative equations from the centre
outwards.

Lastly there remains the question whether it is possible to construct a red giant
model with pure hydrogen in radiative equilibrium throughout. The decisive
answer to this question requires numerical integration of the stellar equations for
the appropriate hydrogen opacity which is not available at the present moment,
but from the temperature distribution inside the hydrogen envelope we have con-
gidered, one may reasonably conjecture that the central temperatures of the
integrated models would be too low to account for the high luminosities of the red
giants. Moreover, there is also the difficulty of thermonuclear energy generation
in a pure hydrogen star.

Therefore the conclusion may be drawn that red giant stars cannot possess
atmospheres of pure hydrogen.

SuMMARY

This paper attempts to answer the question whether a three-phase configuration consisting
of a central convective core, an intermediate radiative zone (having the same chemical com-
position as that of the core) and an outer envelope of pure hydrogen also in radiative equilibrium,
can serve as a suitable model for a red giant star, whose mass, radius and luminosity are known
from observations. An opacity formula appropriate to highly ionised hydrogen has been used
for the outer envelope, while the usual Kramers’ law of opacity has been assumed for the inter-
mediate region. The central temperatures for the computed models satisfying all these con-
ditions are found to be extremely low (about 2-3 million degrees), so as to be totally inadequate
to account for the high luminosities of these stars by any of the known mechanisms of thermo-
nuclear reactions. A two-phase configuration consisting of a central convective core surrounded
by a radiative hydrogen envelope has also been considered in this connection. It is found that
here also the equations furnish no physically admissible solutions. .

Tt is, however, known that three-phase configurations can be built up with central tem-
peratures appropriate for thermonuclear energy generation, when Kramers' law of opacity is
assumed to hold throughout the model outside the central convective core. The different
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behaviour obtained in the present case is clearly to be attributed to the opacity governing the
structure of the hydrogen envelope.

It is thus reasonable to conclude that under the conditions envisaged here an atmosphere
of pure hydrogen is not compatible with the structure of a red giant star.
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