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ABSTRACT.

This work examines the possibility of slow homologous contraction of stars under quite
general physical conditions, and obtains the restrictions necessary on the relation between opacity
and sub-atomic energy generation, as also on the density temperature field. Some properties
of the stellar models that satisfy these conditions have been investigated; and a test with the
conditions shows the impossibility of such contraction by a strictly Cowling model.

§ 1. INTRODUCTION.

In the current theories of evolution of stars the slow homologous contraction
of stellar configuration plays an important réle. The different stages of evolution
are supposed to be attained by a stellar mass through contraction of this nature.

The possibility of such-.change was examined by L. H. Thomas (1930) several
years ago. He came to the conclusion that slow homologous contraction of stars,
in which there is no sub-atomic energy generation can take place only when the law
of opacity satisfies certain condition, Kramer’s opacity formula conforming to this
condition. Further, the density and temperature fields should be subjected to
additional restrictions. To all this must also be added the condition for the stability
of the entire configuration. In view of the definite knowledge about the generation
of sub-atomic energy within a star, which we now have at present, it is necessary
to examine the question of homologous contraction from this point of view again.
The object of this paper is a discussion of this problem. The addition of a law
of generation of energy complicates the original problem. Nevertheless, it is shown
that under very plausible assumptions (regarding the opacity of stellar matter and
generation of sub-atomic energy), quite definite conclusions can be reached. We
have not, however, made any attempt to consider the stability problem here.

§ 2. EQUATIONS OF HOMOLOGOUS CHANGE.

Thomas’s discussion of the problem is based on the idea that the acceleration is
negligible and the instantaneous configuration of the star is one of statical equi-
librium, so that the stellar mass at any time is subjected virtually to the equations
of mechanical equilibrium. The -infinitely slow disturbance of the mechanical
equilibrium is supposed to be brought about by thermodynamic causes. It is the
thermodynamic equations which contain the time dependent terms whose varia-
tion, however, is taken to be extremely slow. We adhere to the same concept in_

* Some results of this paper were reported at the Thirty-fourth Annual Session of the
Indian Bcience Congress and an abstract appeared in the Proceedings (Section—FPhysics, Sub-
section—Astrophysics).
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our present discussion, and write the general equations of the mechanical motion
(radial) as follows:

oP m
r--—4»n-rzam );_2 .. .. .. .. (1)
4 aa—7-;=1 O )

m being the mass enclosed within a shell of radius r.
The equation of energy is

; oF
T.S—;—%-l-e . .. . .. (3)
8 being the entropy, F, the rate of flux of energy, and e, the rate of generation
of sub-atomic energy per unit mass. With Thomas we neglect 7 in equation (1).
The total pressure is given by
P = RpT+aT4. . .. .. - (4)

The left hand side of equation (3) implies the rate of increase of heat energy within
a spherical shell of thickness d#, while the right-hand side stands for the increase
of energy in the shell due to net flux of radiation across the boundaries and the
sub-atomic generation of energy.

To these we add the following thermodynamic equations:

T.ds:dU+Pd(;1;>.. R (3

U=C’,,.T+1;-aT4. R ()

Also F is given by
_ _ 16x%c rt 0T+ o
— - 3 . k . am . .- ..
The seven equations, (1) to (7), are sufficient to determine the seven quantities
r, P, p, T, 8, F, U, as functions of m and ¢ (¢ and & being supposed known functions
of p and T) under given initial conditions. It is evident that a further restriction
on motion will make the problem over-determined, and consequently solutions can
exist only under special conditions.
The condition of homologous contraction (or expansion) can be introduced by
the equation:
r(m, t) = rg(m) . f(£) .. .. .. .. (8)
fl0)=1.

We shall now investigate what special conditions should be satisfied in order that
equations (1) to (7) may have solutions of the type (8).

Thomas proved that equations (1), (2), (4), (5), (6) will be consistent with (8)
onlv when the following conditions are satisfied.

_ Pylm)

p = il (84)
. To(m)

T =20 B
= Tot (8B)
p=Pf}f:"’ S L 8o
=(3R_.0,,).f—’ . . ... (8D)
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where the suffix 0 indicates value at ¢ = 0 and f’ signifies df/dt. The equations of
this section were all given by Thomas.

§3. HoMOLOGOUS CHANGE UNDER SUB-ATOMIC ENERGY GENERATION. -

In order to facilitate our discussion we assume that %k and ¢ follow power laws
in p and 7' (the assumption being a plausible one), which we write thus:

k=K. (Ts) T=Y .. .. .. .. (9A)

e=C. (73) ™., .. .. .. .. (9B)
Po \*, —»
K.(_,[,—D'g) TU =k0

P
T C (T03) TOI‘ = €p.

Eliminating F between (3) and (7), substituting for £ and e from (9), and using
relations (8), (8A), (8B), (8D), which still remain valid, we obtain

In what follows we shall write

and

L. d (16w 1ot AT\ e
Ty.(3R—C,) 7 _f" - 5 % dm e (10)
To draw further conclusion from this we use the following:
Lemma. If
$1(m) . f1(t) = do(m) . fo(t) +da(m) . f5(¢) . - (1D

where ¢’s and f’s are (continuous and differentiable) functions of m and ¢ res-
pectively and neither of them vanishes, then either,

Case 1.

fit) =4 . fo(t) = B . f5(?)
and _

Py(m) = ?_gg_ﬁ_)_'_‘_ﬁ_a(ﬁ__m) ,
or
Ca.tlse II

@i(m)= A .dg(m) = B . dg(m)

and

fay =128 L 50
4 and B being constants.
The result is almost evident and is easily proved as follows.
Dnndmg (11) by ¢, and differentiating with.respect to m we obtain

dm( )fz <¢3) Sfs=0. .. . .. (114)
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L)

&)
6

The left-hand side being function of ¢ only, and right-hand side being function of m
only, both members must be constant. Hence

Case I. If

then

(12)

atlen

: A

f3 = const. fo = B - fe (say); .. .. . (13)
substituting in (11) and dividing by f; - ¢;, we have

1 ¢2+%¢3

=== — =4 NN .. . .. 14

A % (say) (14)
whence

fi=Afs=Bfs, .. .. .. .. .. (5
and

¢,=%2+%§. O ¢ 1)

Case 11 is identical with case I, only the ¢ functions now play the réle of the
functions f of Case I. Analytically, it corresponds to the condition

£(0)-

in (11A). Our lemma is thus proved.

Now coming back to our equation (10) and assuming 3R 3£ C,, this being main-
tained throughout this paper, we note that it is of the form (11), provided e 3£ 0
According to the lemma proved above we must have, either,

(I). f—:§=j7=};— . . s .. (17)
and
__]_.- i 16n2ac _7:95 dT'o4t €g .
To(3R—Cv)—Ao'd/'n( 3 'ko * dm) ‘-B';’ . (18)
or,
- _ 1 16dtac d [retdTed) _ &
(ID). T°(3R‘C”)"Z]'_:§_“'d4n(ko dm)fBl c .. (19)
and
I A1, B 2
FERE e e e @

In Case I we have from (17)
Ao = Bo, p=v
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and

PN
o

|

¥ R L 7Y

B~
~

p = v implies ke must be some power of p/T'8.
From (17A) we obtain, using f(0) = 1

fr=dA;. fwx@—w. .. .. .. (17B)

fr=dy.f2-" R O (o))
1

f=[(v—1)dgt+1""". R 6 & 1)

We can now confirm that our assumption of # being a small quantity of second
order is legitimate. If 4y is a small quantity of the first order, f* will also be so,
while f will differ only slightly from unity, so long as ¢ is small compared with 1/4,.
In that case #, which is proportional to f”, will involve Ag, and will be of the second

order.
Continuing our discussion of Case I, we note that Equation (18) imposes a

relation between T, Py (the values of T, and p, at £ = 0). To obtain Ty, Py as
functions of m completely we have to use equations (1), (2), and (4) with Py written

for P; and similarly for other variables. The equations in Py, £y, Ty, 7o will then be .

hré‘fi—i’+r.m=0.. O 1 B
4w§p0%‘:_—_1 B ¢ )
P0=RP0T0+:1,—)aT3 . .. .. .. (23)
Ag. Ty (3R—Cy) =3% (1—6”;";“ -%-%") Feo (184)

These equations are co-variant with regard to transformations (8), (8A), (8B), (8C).
In case of (18A), 4,, is transformed as

4o
Hence the mass, density and temperature fields have the same structure at all
times (which is only & property of the homologous change), only the parameter, 4

changes from epoch to epoch.
In Case II, we have

] ]
(3R—C.,).To=fB‘-’I=g—].<q%) . Tk e 29
0

A=

J

which if b7£0, implies & polytropic relation between Py, and 7y. Moreover, the
initial distribution will then be determined by (21), (22), (23), and the first equality
of (19) which we rewrite here as:
1 4
16n%ac d (n, dTo)

T3 ‘dm\k dm
Hence the Case IT for 340 requires that (21), (22), (23), and (25) should hold good
for a polytropic relation between £, and 7.

3

4,.3R—-C,).Ty= (25)
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It is proved in the appendix that these conditions cannot be satisfied, and so
the case b0, has to be ruled out. We are then left with the case b = 0. (24)
then gives

C
4 1 » B 1 3R— 0‘,
b = 0, p=1 indicates generation of sub-atomic energy proportional to the tempera-
ture. Equations (21), (22), (23), (25) then determine the initial configuration while
J is obtained from (20), putting therein p == 1. The case € = 0 has not been included
in our discussion. The case was considered by Thomas without assuming a definite
law of opacity, like (9A). He showed that if € = 0, then for homologous motion
to be possible. :

Ic=f(-T’)—3):T'". N (16}

This includes (9A) as a particular case. Further, the initial distribution at any
epoch should be determined by equations (21), (22), (23) and (25); only k, in (25)
should then mean f(Po/Tg)TO' Y. The form of f(¢) is determined by Equation (17A).
Equations (21), (22), (23), (25) require four boundary conditions to determine the
configuration completely, and we can take the following as the boundary conditions:
r=0,%=0 when m =0, and 7 =0, p=0 when m =M (the total mass).
Thus the knowledge of M and 4, determines the configuration uniquely.

It may now be noted that the case eccT, can be treated exavtly in the same
manner. By transposing € ( = B.T') to the left-hand side in Equation (10) we find
that % must necessarily be of the same form as (9C). The same differential equations
and the same boundary conditions as before determine the configuration here also,
only f(t) is now given by

4y, B
ATPTT
instead of by (17A). ’

By comparing the results stated in the above two paragraphs we may conclude
that two stars of the same mass and having the same law of opacity, but with no generation
of energy in one, and generation € oc T' in the other, when contracting homologously will
pass through the same set of configurations though at different rates.

In what follows we summarise all the other results obtained in this section,
With restrictions (94), and (9B), a necessary condition for slow homologous contraction
of a star composed of perfect gas is: ’

Firstly, any one of the following conditions should be satigfied :

]
(1) ke = (Zl%) , 0 being any number ;

2)eocT;
(3) e =0.

Secondly, corresponding to every k and ¢ conforming to any of the above conditions a
definite distribution of mass, temperature and density should prevail, viz., those dis-
tributions given by (21), (22), (23) and (184) for case (1), and by (21), (22), (23) and
(25) for cases (2) and (3).

3B
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§4. CHANGE IN LUMINOSITY UNDER HOMOLOGOUS OONTRACTION.

We can calculate the change in the luminosity of a star which is undergoing
homologous change. It has been previously shown that in such a star for the case

&)

from Equation (18) we can obtain the relation

4
2qc 7, dT
A°’T°'(3R—0")=gﬁ(ljg_'7c%'ﬁfé)+e° .. .. (26)

Substituting from relations (8), (8A), (8C), (17A), and then integrating from m = 0
to m = M (the total mass of the star), we obtain

. M M
2 4
Ao .(33—00).f T.M:[E’;—i” rt ar +J c.dm.
0 0

! "k dm u

The first term on the right-hand side is — Fjs, where 5 means the rate of total flux
of radiation at the surface, and represents the luminosity of the star. So we obtain
from the above equation

F,, = (Total sub-atomic generation of energy)— f-;% (3R~Cy).T.M .. (1)
T being the mean temperéture of the star; but by (17A)
Ao _f_T_
PE=p=i=4 . . e

where A could mean the velocity of expansion at unit distance from the centre.
Hence we conclude that the Luminosity of a star undergoing slow homologous contraction
exceeds the total sub-atomic energy-generation by —4 .(8R—C,).T.m. We can also
directly verify that this last quantity is equal to the rate of decrease of total internal
(i.e. thermal as well as gravitational) energy, , of the star as follows:

Expressing the mean temperature 7' in terms of the gravitational energy ~#2
(Chandrashekhar, 1938), and replacing B by (C,—C,) we obtain

= _ 4 30,-40C,
Ao(3R—0.,)-T-M——3~-—C,;—:5;-- . .. .. (28)
Now,
E (total energy) = —{2 (gravitational energy) + U (internal thermal energy).
5 3C,—4C,
T T3(C,—0))°
Hence ?

M
dE __ 3C,—4C, [ y.m.dm f'
a 3(Cp"' v) 0 70.f .f )
_3C,—40, o Ao
3(0p— v) ._fv-l

=~ L L (29

which taken along with (28) verifies our result.
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§5. A PrOPERTY OF HOMOLOGOUS CHANGE.
Integrating (26) from m = 0, to m = m we obtain

m
- 16n%20c r¢ d7T4
1]

The corresponding equation in the case of equilibrium is obtained by replacing the
lefi-hand side by zero. The right-hand side represents the excess of net flow of
radiation, across a sphere enclosing a mass m, over the sub-atomic energy generation
within this mass. The left-hand side can be interpreted as increase (or decrease)
in equilibrium flux brought about by slow homologous contraction (or expansion).

This is an extension of & result enunciated by Milne (1930), viz., that every
element of mass of a star with no internal energy generation, while contracting
homologously gains an amount of heat proportional to the temperature of the element:
This generation of heat, however, is to be sharply differentiated from the internal
(or sub-atomic) generation of energy represented by e.

Now putting
Je.dm=E(m)*=M C .. (30A)
1} fv
we write
nimy = 20 M BE My L L. (0B

m o Eyf*
[where B = E(M)], an obvious result which we shall use presently.
Now, substituting

m E*
J e.dm=—ﬂ-'q(m)'m
0

in Equation (30) and dividing by (1), (remembering that # = 0) we get

3RO,
4

- A .T(m)_..———- ——————— 7 .. v (31)

here n means 5(m). (31) together with (1), (2), (4) may now be taken as equations
defining the configuration of a star (with given %, ¢, 4y, M) undergoing slow homo-
logous motion. It should be noted that 4 and & in (31) are parameters varying from
epoch to epoch. We write Equation (31) in the form

ars

d_P.=B.k.q—§.kT‘(m) O )]
where
o SE 1
= dmacy M
.. (324
;_3(33-—0,,)_ A (328)
- 4dnacy

* These K’s are different from the one occurring in the previous article.
t This B is entirely different from B occurring in § 3.
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L, which involves A, is a small quantity; hence T(m) in (32) may be taken to be the
equilibrium value of this quantity. B and { here are parameters depending on the
epoch ¢.

We shall utilise Equation (32) to deduce some result in the next article.

§6. A HOMOLOGOUSLY CONTRACTING MODEL IN THE NEIGHBOURHOOD OF THE
STANDARD MODEL.

Let us find the configuration which can undergo homologous contraction under
the condition & = const., and ¢ = const. (i.e. p = 1).

In this case the equilibrium configuration (corresponding to { = 0 in (32)) is
known to be the polytrop n = 3. Let us therefore seek an approximate first order
solution of (32) in the form

P=,\T3+;.‘f(_f_) ¥

where A and { may vary with time. We shall obtain A in terms of B and other
parameters and also determine the form of $(7').

To the first approximation, Equation (32) can be written as (since = 1)
dP 4

m"*‘*“m'ﬂm’ e e (39

Substituting for P and p from (4) and (33) respectively, and then equating coeffi-
cients of £, we get

pET _ &
T sz-T(m) . . .. .. (35A)
and
R,\_!_lu_i 35B
3 7 Bk (358)

(35B) determines A, and 7'(m) being known (as it corresponds to the equilibrium
polytrop n = 3) (35A) determines ¢'(7"). Therefore ¢(7') also becomes deter-
mined in form. Thus the solution of (32) for the case k = const., and e == const.
becomes known. Further in this case » = 0, so by relation (30A): ¥ = E,, and B
is & time-independent constant, so also is A a8 is evident from (35B). Further from
(27A) and (32A) we obtain

£=54.f

= 3BR— 0,
0= _ daracy
and therefore fg is time-indepandent. Thus in the p, T relation (33), A is an absolute -
constant, while { slowly varies with time. We thus conclude that homologous
conﬁguratlons in the neighbourhood of the standard model have their p, 7' relations

governed by equations (33) and (35).

where

0

§7 ON A COMPARISON BETWEEN THE HOMOL.OGOUSLY CONTRACTING MODEL AND
A SPEOIAL SET OF EQUILIBRIUM MODELS.

Woe have seen that given ¥ and & the equilibrium configuration and the homolo-
gously varying configuration are given (in addition to a common set of equations)
respectively by:

VI "Gy A e (36B)
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and

1dr¢ 3 E 3(3R--C,) =

% IP = 7l -A4.T(m). .. (36H)
(36H) has only a small additional term on the right-hand side over that in (36E).
The quantity £ in (36H) and (36E) involves the same constant C, occurring in the
expression (9) for £. Suppose now we think C to be different in the above two
equations. In (36H) we consider the fixed value of C, appropriate to the physical
law. In this equation %, as also 4, will change from epoch to epoch (E = E,/f*,
- A=4d, f‘"l). In (36E), however, we shall suppose that for the moment K is
being calculated from (9) in which C is now a variable parameter. For different
values of this parameter, £ in (36E) will thus be different. We now ask the question
if in (36E) there exists a value E’ of ¥ corresponding to the value C’ of (the variable
parameter) O, such that this equation may lead to the same solution as (36H) at a
definite epoch at which £ of (36H) is calculated from the fixed value of C appro-
priate to the physical law, stated before. E and 4 of (36H) varying slowly with
time; our question means, if by changing F in (36E) (keeping the form of energy
generation formula (9B) the same, but varying only the constant factor C in the
formula) it is possible that the equilibrium equation (36E) may give the same con-
figuration as (36H) in which the right-hand side is slowly varying with time. A
positive answer to this question will mean that the successive configurations of a
homologously contracting star will be the same as a set of equilibrium configurations
obtained by quickening up or slowing down the process of energy generation uni-
Jormly throughout the mass (by only slightly changing the constant term C in the
energy generation formula).

This would require _
E'n = En—(3R—C,) X const X T

as a necessary condition.

From this it follows:
n o T
which leads to
' eccT
or

[ ]
(,;’Ts) T T,

This for b 3£ 0 implies a polytropic relation. Writing const. X T for ¢ in (18) we are
led to Equation (25) (with 7' written for T, etc.). Hence Equations (21), (22), (23),
(25) (with noughts dropped) will have a polytropic solution; but this has been shown
to be impossible in the appendix.

For b =0, u =1 leading to

e = const. X7
a3 & necessary condition.
To prove the sufficiency of this condition let us put:
e=C.T
in (36H) and
e=C".T

In (36E). Then the two equations will be identical if
¢’'=C—(3R-C,).A. .. .. . .. (37
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thus to every value of 4, corresponding to an epoch, there exists a value of C’,
which makes the Equations (36E) and (36H) identical and since the boundary condi-
tions are the same the equations will have identical solutions.

Hence we conclude that under resirictions of energy generation and opacity
represented by (9), it s only when e oc T, that the successive configurations of a homo-
logously contracting star will be identifiable with the equilibrium configurations obtained
by only uniformly speeding up energy generation throughout the star in a definite manner,

§8. THE POINT SOURCE MODEL,

We have so far dealt only with stars having continuous generation of energy.
We shall now consider the case of the point source model, i.e. & star in which e =0
everywhere except at m = 0, and

16a2ac r* are = —F
. 3 Tk 0m |y '

Substituting from (8), (8A), (8B), etc., we find that E . f" is independent of time,

also as

k= kof’
it follows:
kE = koEo . .o . . (38)

which is a necessary condition for a point source model being suitable for homologous
motion.

§9. HoMOLOGOUS CONTRACTION NOT POSSIBLE FOR THE COWLING MODEL.

We now come to the discussion of the possibility of homologous contraction of
the Cowling model with the law of opacity and energy generation given by Kramer’s
and Bethe’s law respectively.

Inside the core which is in convective equilibrium there may be transfer of mass
from one portion of the star to another. If we neglect the kinetic energy of this
mass motion as being of small order compared to other energies we can write the same
equation as (3) of §2, but we are to remember that here the value of ¥ cannot be
substituted from (7), as F is here not due to radiation alone but includes energy of
convection also.

The distribution of mass, density, and temperature within the core is assumed
to be given by that of a polytrop » = £, for which

Tocpt .. - S .. .. (89)

a-n(\:ld iiurther wo have the gas law (neglecting radiation pressure for the Cowling
model)

P = RpT, R C 7.

[ 4

this last equation replacing (4) of § 2. Y

Equations (1), (2), (39), together with (4A) determine P, p, 7', r within the core,
and when these are obtained S, U can be determined from (5) and (6).

If homologous contraction takes place we can deduce from (1), (2), (44), (5),
and (6) the relations (8A), (8B), (8C), (8D) (the same results will be obtained if we
use (4) in place of (4A), i.e. if we do not neglect radiation pressure).

Now substituting from (8A), ete., in (3) we get:

r__2

F
(33—00) -T~}-‘ = —-6—770+€
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integrating from m = 0 to the interface (denoted by i)

1

F, = J e.dm—(3R~C,) J}' J T.m

0 0

1 [ [

=J?‘I eo.dm——(3R—C,,).ﬁ Ty.dm. .. .o (40)
0

v
F;, denoting the flux at the interface, which should be the same whether the in-
terface is approached from inside or outside.

. We assume the energy production to be entirely confined within the convective
core. Outside the core where the equilibrium is radiative we have
-0 <161rzac ré 0T+

- £
- _3_.7;.am>_(3R-—0.,).T.f—-

Integrating this outside from interface ¢ to m, and writing, T'=Ty/f, etc., we obtain

1 (16n%ac gt dT,* B .
f"< " 'E,"dm>+F‘"(3R‘C")'f_2 To-dm .. (41)

Eliminating F; between (40) and (41), we get:

1

16n2ac 7'04 dT04 1 . 1 f’ "
3 .K. Tm .}‘—I’_}‘;J Go.m+(3R—'Cv) ‘ﬁ To.dm. . (42)
0 0

By the lemma proved in §2 we must have either of the following as a necessary
condition :

1) p=v
@) fmTo.dm=constxf‘Eo.dm.

(2) is obviously absurd as the upper limit on the left is arbitrary, and (1) cannot
also hold for the following reasons. For Kramer’s law

P
kocTa.6
we have to put
v=1,

go that in order to satisfy condition (1) we must have

by
e(x(Ti) .T

(it being assumed that the generation of energy takes place only within the con-
vective core). This is absolutely inconsistent with Bethe’s law of energy generation,
which can well be represented by the law

eocpT®

where 2 may range from 15 to 19; we have to put b =1. It is moreover absurd,
as for b > } the generation would decrease with rise of temperature.
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When the generation overflows the core we have Eguations (3) and (7) holding
for a portion outside the core, whence the conclusion u & v can be drawn as in §3,
or € oc T, both of which are excluded by the above arguments.

Thus a Cowling model is not suitable for homologous contraction irrespective of
whether the generation of energy is entirely confined within the core or overflows if.

In conclusion I desire to express my grateful thanks to my professor, Dr. N. R.
Sen, for suggesting the problem and also for his constant interest and many helpful
discussions.

APPENDIX.

We shall prove that the equations

Po=0C.T; . .. 1)
4 4
_16n%ac d (7, 4T,
Ao'(gR_O”)'TO_T'ER<k_O“% (2)
dP,
T dmetyem @)
dnrs Podrg =dm .. .. .. .. (4

where Py, Py, Tq are connected by the relation :

Py=RpTo+1alTy .. .. .. .. (5
cannot have a physically possible common solution.
Proof: Dropping noughts we get from (3), (4), (1) and (5)

1 d 44 3-u dT "
F.d—f{é“2[(n+l)+»§—T ]d—§}=——T .. .. (6?
‘where
¢=+vB.r
4mrre
o
From (1), (5), (2) and (4)
1 d AdT nt1
§7d_§<§2T E)=b‘T ‘e - o (7
where
3K (**2

A=3—n—na+$3atv

« and v being as given in formula (9) of § 2.
Eliminating d27'/d¢2 between (6) and (7) we get

wt2-A 5-A "

s (n41).b. 7Ny A
dr 5 8
%)= 8

(n+1)4+%4 A=3+n).T" "
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At this stage let us note the following as necessary conditions for a possible solution :
(i) As from (3) and (4)

2 dP

- - 48 g a) 9T
Y-m—-—;-'g;——'fz{R(”"'lH'?,C'T '}

“dr

-

but as {m)r — o must be finite (being the total mass of the star)

[rz {R(n+1)+§g : T3-“} 4z

Cdr T=0
@
dr Jr_o

().
dé J1-0

(_i_T_ 2
dé
T2n—-6 T=0
must be positive and finite.

(ii) (dT/d¢)2 = 0 for some finite positive value (7' = T') of T. We shall now
show that (8) cannot satisfy these conditions. We shall prove that in order to
satisfy (i) 5> 0; so that all terms in the numerator of the R.H.S. of (8) become
positive; so that no positive value of 7' can make d7'/d¢ vanish ; so that (ii) cannot
be satisfied. Proof of 4> 0: Case I n < 3.

To satisfy (i)

is finite; so that for n» <3
must be finite; that is,

must be positive and finite.
Forn>3

either (1) A=n+2 and A <5
or 2)A<n4+2 and A =5
or B)A=n+4+2and A=5
(2) gives n > 3 and (3) gives # = 3. So they are ruled out. For (1) we get

2

EE T=0 A n+2
S b>0.
Case II. n=3. ’
To satisfy (i)
A=35.
so that
dT\2 b
@, =a>0
(df)r—o 5~
. b>0.

Case ITI. n> 3.
dT\2
(3?) (n+1)b. T5-"+%4- b.T8-A-ny e

2n—6
T (n+1),\T»-3+%4(,\—3+n)
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here to satisfy (i)
either (1) 8—A—n=0 and A <5
or 2 A=5 and 8—A—n>0
or 3 A=5 and 8-A—n=0.
Cases (2) and (3) are I:uled out as they give n << 3 and » = 3 respectively. For (1)

{_1_._@2 __b _b_,
T8 \dt) (r_o A~34n 5~

Thus proving that -
b>0

in all cases and thereby establishing our theorem.
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