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I 
ABSTRACT ¡ 

The variation in the guillotine factor having been taken into consideration, the chemical compositior ¡ 
of the sun has been determined on the assumption that it consists of hydrogen, helium, and some com- 
bination of oxygen and Russell mixture. The abundances of hydrogen and helium as functions of the ' 
“oxygen” abundance have been determined. , 

I. THE GUILLOTINE FACTORS 

1. Introduction.—By using both the mass-luminosity relation and the energy-genera- 
tion equation, M. Schwarzschild1 was able to determine the hydrogen and the helium con- 
tent of the sun on the assumption that the rest of the composition consists of Russel] 
mixture. Making the additional assumption that the chemical composition of the sun is 
uniform, Schwarzschild found a hydrogen-metal ratio which appears incompatible with 
the analysis of stellar atmospheres. 

By the introduction of a third parameter this discrepancy between theory and ob- 
servations might be partially removed. The additional parameter which may be used 
for this purpose is the abundance of elements of the oxygen group (C, AT, O, Fe, Né), 
The importance of such elements arises from the fact that at a temperature of 20 X 
106° K these atoms are beginning to be stripped to their bare nucleii, and their contribu- 
tion to the opacity will decrease very rapidly for increasing temperatures. Also, the 
analysis of stellar atmospheres would appear to indicate that the abundances of these 
elements are underestimated in the Russell mixture. 

In order to carry out an investigation of such stellar models, it was necessary, first oi 
all, to compute opacity tables for various combinations, by weight, of Russell mixture 
and oxygen. 

2. The method.—The calculations of opacity were carried out according to the theory 
and notation given by B. Strömgren.2 We then have 

(2) 2tt2 émeZ
2 

Xn = 
n2h2 

T) — D — D"-Di ° nkT 

Xjk T 

D(x) = D(xh xi+1) , 

{Xi, Xi + l) 
(ßixi) -<t>(xi+1) 

and 
D(Xi, x¿+1) 

T = Sr (xiy xi+1) . 

The results of these calculations are given in Table 1 for various combinations of oxy 
gen and Russell mixture. Some of these tables are incomplete, since only the values which 
were actually needed were computed. 

'Ap. /., 104, 203, 1946. 2Zs.f. Ap., 4, 118, 1932. 
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COMPOSITION OF THE SUN 311 

In order to determine the guillotine factors for any combination of oxygen and Russell 
mixture, it was necessary to compute tables for oxygen and Russell mixture separately 
(Tables 2 and 3) ; then, by a suitable combination of these two tables, the guillotine fac- 
tor for any combination could be computed. As an example, we have reproduced here 
sample tables for a combination of 60 per cent oxygen and 40 per cent Russell mixture 
for a temperature of 20 X 106° K. Table 4 was calculated by this method. It was found 
that an accuracy in the third decimal place in the Z>n’s could be reached; this is suffi- 
cient for our purposes. 

It is evident from Table 5 that the absorption edges for this particular combination of 
oxygen and Russell mixture are given by multiplying all the Z)n’s for Russell mixture by 
0.5 and adding 0.5 times the Z)n’s for pure oxygen. 

II. THE STELLAR MODELS 

3. Introduction.—We can derive some knowledge regarding the relative abundances 
of H, He, O, and Russell mixture if we assume that, according to the conditions found 
in the sun’s atmosphere, the Russell mixture is replaced by some combination of oxygen 
and Russell mixture. The assumptions made for these models are as follows: 

1. The composition (and consequently the molecular weight, ¡x) is constant throughout the star. 
2. The radiation pressure is negligible. 
3. The star consists of a convective core and an envelope in radiative equilibrium. 
4. The entire energy generation from nuclear sources occurs within the convective core. 

Since all the models are computed in exactly the same manner, we shall give the com- 
plete theory for only one model, namely, that for which the heavy elements are repre- 
sented by a combination of 60 per cent oxygen and 40 per cent Russell mixture. 

4. Equations of the model for the outside.—We have the usual envelope equations 

dP_ 
dr 

dM (r) __ 
dr 

Tr <í“r‘) - 

GM ( r) 
r2 

47Tp r2, 

L 

P , 

kop2T -3.5 

47TC r 

(6) 

(7) 

(8) 

where the various symbols have their usual meaning and r is the guillotine factor, which 
varies throughout the star. In order to be able to proceed with the problem, we must de- 
termine r as a function of the density and temperature ; but, since we have no knowledge 
of this distribution until the model has been computed, we must make a guess. In so far 
as there is not a great deal of difference in the guillotine factors as we pass along the 
sequence of tables that have been computed, it was decided to use the density-tempera- 
ture distribution as it had been computed for another model. For the 60 per cent oxygen 
and 40 per cent Russell mixture model we used the temperature-density distribu- 
tion as computed by M. Schwarzschild.3 This method proved successful. We then 
have p, T throughout the star, and also the hydrogen content X, so that we can com- 
pute logt> G{T)/Ne, Interpolation in the tables then yields r. 

A graphical method was used to determine the variation in r. The best two lines (see 
Fig. 1) were drawn through a plot of log r against log p, thus giving two forms for the 
guillotine factor, one for the outside and one for the inside. For the model under con- 
sideration we have, outside, 

r = 1.7266p-° 0126 , log p^ +0.0261 , (9) 
inside, 

r = 1.675 7p+0-4849 , log p ^ +0.0261 . (io) 
3 Op. cit., p. 205. 
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TABLE 1-Contimied 

25% Oxygen 75% Russell Mixture 100% Russell Mixture 

TxlO' 

0*625 
0.714 
0*833 
1*0 
1.25 
1.67 
2.0 
2.5 
3.0 
4.0 
5.C 
6.0 
6.25 
7.0 
8.C 
9.0 

10.0 
11.0 
12.0 
12.5 
13.0 
14.0 
15.0 
16.0 
16.7 
17.0 
18.C 
19.0 
20.C 
21.0 
22.0 
23.0 
24.0 
25.0 
26.C 
28.0 
30.C 

0.939 
0.S89 
1.026 
1.054 
1.069 
1.083 
1.086 
1.088 

0.542 
0.613 
0.631 
0.684 
0.745 
0.784 
0.825 
0.841 
0.655 
0.857 

284 
282 
326 
404 
426 
490 
562 

223 
194 
166 
146 
180 
289 

6 

0.293 
0.274 
0.264 
0.270 
0.213 
0.214 
0.189 
0.140 
0.104 
0.072 

oo 

0.236 
0.216 
0.204 
0.208 
0.165 
0.173 
0.143 

1.023 
1.026 
1.027 
1.029 
1.029 
1.030 
1.030 
1.031 
1.032 
1.038 
1.042 
1.050 
1.060 
1.071 
1.084 
1.098 
1.114 
1.147 
1.182 

0.476 
0.508 
0.564 
0.580 
0.628 
0.685 
0.722 
0.761 
0.777 
0.790 
0.791 
0.792 
0.793 
0.790 
0.788 
0.786 
0.786 
0.785 
0.794 
0.789 
0.794 
0.803 
0.814 
0.828 
0.844 
0.862 
0.905 
0.952 

283 
269 
293 
316 
374 
431 
498 
542 
578 
593 
605 
606 
608 
609 
606 
604 
603 
602 
599 
600 
601 
606 
,615 
,638 
642 
,662 
,685 
,738 
,798 

0.218 
0.184 
0.160 
0.138 
0.154 
0.219 
0.239 
0.302 
0.373 
0.419 
0.452 
0.467 
0.481 
0.483 
0.486 
0.491 
0.492 
0.492 
0.492 
0.491 
0.490 
0.491 
0.492 
0.497 
0.506 
0.520 
0.537 
0.560 
0.586 
0.648 
0.718 

0.320 
0.296 
0.279 
0.273 
0.246 
0.188 
0.162 
0.123 
0.097 
0.069 
0.115 
0.142 
0.163 
0.229 
0.302 
0.349 
0.381 
0.399 
0.415 
0.419 
0.424 
0.431 
0.435 
0.438 
0.438 
0.437 
0.437 
0.440 
0.441 
0.446 
0.455 
0.470 
0.489 
0.513 
0.542 
0.608 
0.684 

0.263 
0.239 
0.226 
0.217 
0.162 
0.144 
0.109 
0.074 
0.000 
0.013 
0.014 
0.080 
0.102 
0.170 
0.245 
0.295 
0.328 
0.348 
0.368 
0.373 
0.379 
0.390 
0.396 
0.400 
0.402 
0.401 
0.402 
0.404 
0.406 
0.412 
0.422 
0.438 
0.458 
0.483 
0.513 
0.583 
0.662 

TABLE 2 

100% Oxygen 

Dn 

0.0315 
0.0553 
0.1253 
0.4998 
oo 
D(x) 

2k T 

0.0142 
0.0341 
0.1219 
1.3473 

3kT 

0.0154 
0.0374 
0.1331 
1.5228 

2.5185 2.7087 

4k T 

0.0159 
0.0383 
0.1377 
1.5997 

2.7916 

5kT 

0.0161 
0.0387 
0.1395 
1.6298 

2.8241 

6k T 

0.0162 
0.0389 
0.1402 
1.6411 

oo kT «hx) 

0.0162 
0.0390 
0.1406 
1.6477 • • • • • 

196.5 
196.5 

2.8365 2.8435 

78.05 72.56 70.39 69.58 69.28 69.10 
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TABLE 3 

Russell Mixture 

Dn D(x) 

2k T 3kT 4k T 5kT 6kT ookT ^(x) 'f =2kT 

0.0315 
0.0553 
0.0623 
0.0938 
0.1113 
0.1253 
0.1666 
0.2001 
0.2499 
0.3122 
0.3332 
0.3753 
0.4998 
0.5558 
0.7498 
1.000 
1.250 
1.500 
3.000 
5.000 

oo 

0.0047 
0.0114 
0.0072 
0.0037 
0.0180 
0.0410 
0.0094 
0.0087 
0.0683 
0.0450 
0.0218 
0.0380 
0.4490 
0.1306 
0.1029 
0.9935 
0.7408 
0.6971 
2.703 

17.60 

0.0051 
0.0123 
0.0079 
0.0041 
0.0196 
0.0448 
0.0103 
0.0096 
0.0754 
0.0499 
0.0242 
0.0424 
0.5076 
0.1486 
0.1198 
1.197 
0.9292 
0.9155 
5.026 

44.22 

0.0053 
0.0127 
0.0082 
0.0042 
0.0203 
0.0464 
0.0107 
0.0100 
0.0784 
0.0520 
0.0252 
0.0443 
0.5329 
0.1565 
0.1274 
1.295 • 
1.025 
1.034 
7.348 

99.80 

0.0054 
0.0129 
0.0082 
0.0042 
0.0206 
0.0470 
0.0108 
0.0101 
0.0795 
0.0528 
0.0256 
0.0450 
0.5433 
0.1596 
0.1305 
1.335 
1.066 
1.087 
8.857 

185.5 

0.0054 
0.0130 
0.0083 
0.0043 
0.0206 
0.0472 
0.0109 
0.0102 
0.0800 
0.0532 
0.0258 
0.0453 
0.5469 
0.1608 
0.1317 
1.350 
1.082 
1.108 
9.541 

271.2 

0.0054 
0.0130 
0.0082 
0.0042 
0.0207 
0.0473 
0.0109 
0.C101 
0.0802 
0.0533 
0.0259 
0.0455 
0.5492 
0.1614 
0.1324 
1.359 
1.091 
1.120 

10.05 
371.0 

0.0002 
0.0003 
0.0015 
0.0052 
0.0107 
0.0501 
0.0895 
3.048 

27.87 
196.5 

0.0001 
0.0012 
0..C037 
0.C055 
0.0394 
0.0394 
2.958 

24.82 
168.6 

1.277 
1.726 
1.857 
1.960 
2.953 
3.694 
4.391 
7.094 

24.69 

0.003 
0.002 
0.002 
0.013 
O.Cli 
0.674 
3.499 
6.829 

11.032 

TABLE 3-Continued 

D(x) 

Ÿ =3kT Ti :4kT ^ =5kT t =6kT f =oo kT 

0.3753 
0.4998 
0.5558 
0.7498 
1.000 
1*250 
1.500 
3.000 
5.000 

1.306 
1.813 
1.962 
2.082 
3.279 
4.208 
5.123 

10.15 
54.37 

0.001 
0.002 
0.003 
0.012 
0.009 
0.577 
2.445 
3.101 

1.318 
1.851 
2.007 
2.134 
3.430 
4.454 
5.488 

12.84 
112.6 

• • • • 
0.001 
0.002 
0.002 
0.011 
0.009 
0.539 
1.933 
1.497 

1.322 
1.865 
2.025 
2.156 
3.490 
4.556 
5.644 

14.50 
200.0 

0.001 
0.002 
0.002 
0.011 
0.009 
0.524 
1.712 
0.843 

1.324 
1.871 
2.032 
2.164 
3.514 
4.596 
5.704 

15.24 
286.4 

0.001 
0.002 
0.002 
0.011 
0.008 
0.518 
1.629 
0.589 

1, 
1, 
2 
2, 
3, 
4, 
5, 

15, 
386, 

1325 .... 
,874 0.001 
,035 0.002 
,168 0.002 
,527 0.011 
,618 0.008 
,738 0.516 
,79 1.572 
,8 0.436 

6.150 3.294 3.104 2.760 2.548 

TABLE 4 

60% Oxygen 40% Russell Mixture 

D(x) 

f=2kT 'Ti H7 =3kT 71 |ÿ = 4k T Ÿ =5kT 'Ti t =6kT 71 Ÿ^ookT 7¿ 

0.4998 
0.5558 
0.7498 
1.000 
1.250 
1.500 
3.000 
5.000 

2.122 
2.137 
2.239 
2.736 
3.106 
3.454 
4.806 

13.60 

• • • • 
0.002 
0.002 
0.014 
0.013 
0.856 
5.164 

12.40 

2.260 
2.335 
2.395 
2.994 
3.458 
3.916 
6.429 

28.54 

• • • • 
0.002 
0.002 
0.013 
0.011 
0.755 
3.861 
5.907 

2.322 
2.400 
2.463 
3.110 
3.623 
4.140 
7.314 

57.71 

.... 
0.002 
0.002 
0.013 
0.011 
0.714 
3.176 
2.922 

2.344 
2.424 
2.490 
3.158 
3.690 
4.234 
8.662 

101.4 

0.002 
0.002 
0.012 
0.011 
0.699 
2.865 
1.663 

2.353 
2.434 
2.500 
3.175 
3.716 
4.270 
9.040 

144.6 

0.002 
0.002 
0.012 
0.011 
0.693 
2.746 
1.166 

2.359 .... 
2.440 0.002 
2.506 0.002 
3.185 0.012 
3.731 0.010 
4.291 0.689 
9.316 2.664 

194.8 0.866 

18.448 10.551 6.840 5.254 4.632 4.245 
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COMPOSITION OF THE SUN 317 

The formulae for the other models are given in Table 6. 
The envelope equations can now be reduced to a nondimensional form by the trans- 

formations 
r =R£ , p = poor , r=r09 , M (r) — M\f/ , (iU 

where 

Then we have 

where 

M 
Po 47^Æ3, To = 

d ( (T0) 

~~dí~ 

dQ 
dt 

y¡/(T 

T’ Tí 

“ e6-5£2 ’ 

pH GM 

k r 

# 
= ^2, 

3 koL 2.0126 
PO 

lÓTrac 1.7266r0
7-5^ 

(12) 

(13) 

(14) 

(15) 

TABLE 5 

60 Per Cent Oxygen and 40, Per Cent 
Russell Mixture 

Element Relative 
Weight 

Relative Contribu- 
tion to Opacity 

Z2 
o3— X Relative A 

Weight 

O  
o  
Na, Mg. 
Si  
K, Ca.. 
Fe  

24/40 
8/40 
4/40 
1/40 
1/40 
2/40 

0.5000 
.1667 
.1250 
.0416 
.0417 

0.1250 

5. Construction of the model.—Near £ = 1 equations (13) and (14) can be approx- 
imately integrated; for, in the immediate neighborhood of the boundary of the star, 
M(r) remains constant to a high degree of accuracy. Accordingly, letting \¡/ have its 
boundary value, which we shall denote by ÿ'i, equations (13) can be re-written in the 
form 

d(ae) ^103-5 J(04) 4<2(T20126 

Now let 

and 

d(04) 4<2<r1 .0126 

,60/4-0252 

41/2.0126Ç32/4. 0252 

dt 

$ 1 

£203 .5 (16) 

(17) 

(18) 
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Fig. 1.—The curves illustrate the variation in the guillotine factor as a function of the density. The 
full lines are the assumed distribution, and the dotted curves are computed from the integrations. The 
curves are /, 100 per cent Russell mixture; //, 50 per cent oxygen and 50 per cent Russell mixture; 
///, 60 per cent oxygen and 40 per cent Russell mixture; /F, 70 per cent oxygen and 30 per cent Russell 
mixture; V, 100 per cent oxygen. The ordinates are the values for I; for each of the other curves subtract 
the following amounts, //, 0.40; III, 0.80; IV, 1.20; V, 1.60. 
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COMPOSITION OF THE SUN 319 

Introducing these substitutions into equations (16) and making the further substitutions 

we have 

and 

£1.0063 Ztt6 

’ 

0.124803ms 4^ = 1.0047 18m- s2 

du 

du _ K z* 

dt~ 8 £2m2- 

(19) 

(20) 

(21) 

The solutions of equations (20) and (21), satisfying the boundary condition that z and u 
tend to zero simultaneously, are 

z2 = 0.945704m; 
1 4.229653m2 

1+ K 
(22) 

TABLE 6 

Outside Inside 

1.3753p-0-0404 

1.4962p-0 0404 

2.0854p+0*0007 

4.2658p+0-0348 

1.7274p+° 6046 

1.9063P+0-6045 

1.9588p+0-5444 

S.USôp+O'*™ 

Model 

100% Russell mixture  
50% oxygen 50% Russell mixture, 
70% oxygen 30% Russell mixture. 
100% oxygen  

The corresponding solutions for a and 0 are 

_ _ 0.48843 6w6-459307Ç5-962436 

^ ^5.962436 » 

_ u2Q2 (23) 

The solutions thus started will have to be continued by numerical methods. For this 
purpose it is convenient to introduce the variable 

1 
(24) 

and to re-write equations (13) and (14) in the forms 

d(o-Q) _ dip ^ cr 
da a 1 da a4’ 

and 
¿0_Ç(72-0126 

~cÜl~ 06-5 * 

(25) 

(26) 

6. Equations of the model for the inside.—When the point is reached at which log p = 
0.0261, it is necessary to use a new set of equations and to make a fit at the interface. 
We have, as before, equations (6), (7), and (8), except that r now has the form (10). 
By using the transformations 

p = poa zf=p0a; r =Ral =R£ , 

T=T0a-H=Toe ; M(r) = rzpot = M\p , 
(27) 
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320 MARJORIE HALL HARRISON 

equations (6), (7), and (8) become 

dUt) 

where 

dl 

dt 
Tf 

Qo = 

P ’ dl J ’ 

Qof' ,5151 

¿6-5/2 

7 r 1.5151 1.9547 ó KbL po a 

lÓTrac 1.6757rj-5^ 

(28) 

(29) 

(30) 

7. Construction of the model from the interface.—It was found that it was possible to 
use an analytical development to continue the integration across the interface, provided 
that very small intervals for the radius factor are used. 

Equations (28) can be re-written in the form 

d{ft) tt™ 

and 

Now let 

and 

d(ñ 4Q/°-5151’ 

d(t4) dÇo/1-5151 

/ 

dl 

^,60/3.0302 

4I/1.5151Q32/3.0302 " ’ 

¿3.5/2 

X V 
l~Qly ' 

M = 
^3 

ër 

(31) 

(32) 

(33) 

(34) 

Introducing these substitutions into equations (31) and (32) and making the further 
substitutions 

y = 
we have 

and 

M2’ 
£0.757550 

0.133065gX 
dX 
dS 
dS 

W ' 

0.806430g — X2 

M X2 

dl S g*P' 

Hence the solutions of equations (36) and (37) are 

0.529011g2 

X2 = 0.756124a; 
M 

(35) 

(36) 

(37) 

(38) 

The corresponding solutions for / and t are 

0.333043 g8.580291Q7.920269 
/ 

t7 .920269 

g2Q2 
(39) 

\f/2 * 

It is convenient'to introduce the variable 

b = (40) 

and to re-write equations (28) and (29) in logarithmic form. 
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COMPOSITION OF THE SUN 321 

8. Fitting at the interface.—Now the conditions at the interface are that the values of 
the temperature, pressure, and mass should be identical. The constants a and Qq can 
be determined from equations (27) and (39). The integrations can then be continued 
inward by means of equations (28) and (29). It is thus seen that for any specified Q the 
equations can be integrated, starting from the boundary and going inward. However, 
as we go along such a solution, a point is generally reached at which the radiative gradient 
breaks down. This point, where the convective gradient sets in, is defined by the place 
where the effective polytropic index, 

lA/6-5 

Qo/1,5151 1 ’ 
(41) 

becomes -f. The solution interior to £t- must be described by a Lane-Emden function 03/2. 
For an initially arbitrary choice Ç, the solution obtained by the integration cannot be 
fitted to 03/2. The condition that the fit be made determines Q and hence Qo. Now the 
conditions at the interface are that the values of the temperature, pressure, and mass of 
the core should be identical at the interface, along with the condition that the effective 
poly tropic index n attain the value 1.5 at the interface. 

TABLE 7 

Model log Q log Qc 0i 

100% Russell mix- 
ture  

50% oxygen  
60% oxygen.... 
70% oxygen. . . . 

100% oxygen.... 

■4.9968 
4.9968 

■5.1310 
-4.9888 
■4.7526 

■4.7081 
4.7081 
4.7017 
4.4075 
4.3496 

2.6748 
2.6748 
2.6680 
2.6812 
2.6468 

0:3762 
.3762 
.3844 
.3685 

0.4099 

0.1011 
.1011 
.0996 
.0908 

0.0846 

0.0970 
.0970 
.0943 
.0893 

0.0984 

0.8305 
.8305 
.8272 
.8367 

0.8439 

262.5 
262.5 
251.9 
317.5 
418.0 

Introducing the homology invariant quantities u and v, defined as in Chandrasekhar’s 
Stellar Structure (pp. 146 ff.), we have for the conditions at the interface 

and 

47r/>e ( r,) r\ 

Me ( r¿) 
tt, 

5 riTe ( r¡) k 

(42) 

(43) 

where e refers to the envelope and i to the core. 
All calculations were carried out logarithmically to six decimal places. When the 

point was reached at which the radiative gradient broke down, u and v were calculated. 
For the regions of the star inside r = rt the British Association Mathematical Tables 
(Vol. II) were used. 

9. Results.—From the integrations we find the values given in Table 7. We must have 

From equation (44) we obtain 

Also, since 

and 

we find 

(7C = 334.9 . 

M 
P = Po 

Pc POffc ) 

pc= 111.6p . 

(44) 

(45) 

(46) 

(47) 

(48) 
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Moreover, 

or 

and 

or 

Finally, we have 

MARJORIE HALL HARRISON 

a&i = Kdl^df2 

i: = 0.0251 

acQ = Kal/3 , 

0,= 1.210 . 

pc = 111.6p , 

rc=ro0c = 27.98 X 106 

R ’ 

pc = 15 7.5 
M 
R*' 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

where M and R are expressed in solar units. 
10. Mass-luminosity equation.—If the eigenvalue Q found by the integration is intro- 

duced into equátion (15), we obtain the mass-luminosity relation. The expression for 
the mean molecular weight p is 

I=2X + f F + H1-X-F), (56) ; 

where X is the hydrogen content and Y the helium content. We also have 

/c0 = 3.90 X 1025 (l+X)(l-X - F). - (57) 

Expressing L, Af, and R in solar units and introducing the above expressions for p and 
ko, we have for the mass-luminosity equation 

^5.4874 
[2X + fF + i(l-X - Y)Y-m + X)(l-X- Y) =1.76-g^. (58) 

11. Energy-output equation.—The second equation necessary for the determination of 
X and F is derived by integrating the energy production over the entire core. The rate 
of energy generation by the carbon cycle is given by 

Eh ^ X p / T V7 

X F)0.3 5 80 V2X10V ~topT ' (59> 

where 

E = 4 X 10"5 ergs = total energy released per cycle ; 

mu = 2 X 10-23 gm = mass of one N14 nucleus ; 

¿ = 4 X 106 years = time for a complete reaction if p = 80,r = 2Xl 07°X, and X 
= 0.35 ; 

h = 0.02 = carbon plus nitrogen content of the Russell mixture . 

The integration over the core gives 

L 

M 
top Tc

17 

52 ‘ 
(60) 
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The energy-output equation can then be written in the form 

[2X + ÍF + ÍU-X- F)]17 5419M19 

(1 -X- F) X LR20 (61) 

III. DISCUSSION OF THE MODELS 

12. Summary of the results.—The main features of the models are summarized in 
Tables 8 and 9. 

TABLE 8 

Model Pc rcxio-e ^interface ^interface 

Weight 

H He Metals 

100% Russell mixture.. 
50% oxygen  
60% oxygen  
70% oxygen  

100% oxygen  

163.1 
163.1 
157.5 
196.2 
253.6 

19.83 
19.74 
20.12 
19.85 
18.92 

0.5024 
.5024 
.4710 
.4534 

0.4666 

0.9652 
.9652 
.9478 
.9484 

0.9672 

0.715 
.712 
.719 
.687 

0.594 

0.54 
.54 
.53 
.59 

0.77 

0.36 
.35 
.37 
.30 

0.12 

0.050 
.082 
.080 
.094 

0.110 

0.050 
.028 
.020 

0.016 

TABLE 9 

Numbers 
Model 

100% Russell mixture 
50% oxygen  
60% oxygen  
70% oxygen  

100% oxygen  

H/He H/O /7/Metals 

6.0 
6.17 
5:73 
7.87 

25.7 

173 
108 
106 
105 
112 

373 
677 
914 

1234 

In so far as there is an uncertainty in the half-life of X14 used in the energy-generation 
equation, we have used two values, namely, 4 X 106 and 1 X 106 years. This results 
in another set of abundances, which are shown in Table 10. 

TABLE 10 

Model 

Weight 

77 He Metals H/He 

Numbers 

H/O /7/Metals 

100% Russell mixture. 
50% oxygen  
60% oxygen  
70% oxygen  

100% oxygen  

0.675 
.671 
.675 
.645 

0.559 

0.598 
.605 
.597 
.653 

0.845 

0.338 
.328 
.343 
.279 

0.085 

0.032 
.050 
.048 
.058 

0.070 

0.032 
.017 
.012 

0.010 

7.08 
7.38 
6.96 
9.36 
39.8 

299 
194 
199 
180 
193 

645 
1228 
1716 
2253 

The temperature-density distribution throughout each model is shown in Table 11. 
It is readily seen from Figure 1 that the variation in the guillotine factor as computed 

from the temperature-density distribution determined from the integrations agrees very 
well with the formulae for r. 
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With regard to Figure 2, the undetermined portions of each curve were established 
by determining the hydrogen and helium content for other combinations of oxygen and 
Russell mixture. It was found that one of the integrations for another mixture could be 
used for this purpose if the constants in the formulae for r were suitably changed. 
It should be noted, however, that this method cannot be applied if it is necessary to 
change the exponent of p or to move the lines in a horizontal direction. 

Fig. 2.—The curves illustrate the variation in the hydrogen and the helium content for various 
combinations of oxygen and Russell mixture as shown in Tables 8 and 10. The ordinates represent the 
percentage of hydrogen or helium, and the abscissae represent the percentage of oxygen in the mixture 
of oxygen and Russell mixture. 

? 
TABLE 12 

13. Conclusions.—Table 12 was compiled by Dr. J. L. Greenstein from spectroscopic 
results. Comparing these values with the values determined from the integrations, we 
find a fairly good agreement for the H/He and #/metals ratios for a mixture of about 
70 per cent oxygen and 30 per cent Russell mixture; however, our oxygen abundance is 
perhaps a little too high. This high value of the oxygen abundance follows even if we 
assume that the metals are composed of 100 per cent Russell mixture. An important con- 
clusion we may draw now is that there is no divergence in the absolute abundance of 
hydrogen and the important H/He ratio as determined from stellar atmospheres and the 
theory of the internal constitution. 

It is again a pleasure to record my indebtedness to Dr. S. Chandrasekhar for his help- 
ful advice. 
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