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Since some of the earliest evolutionary calculations it has been found 
that post main sequence stars become red giants (e.g. Sandage and 
Schwarzschild, 1952). However the exact physical processes that lead 
to and determine the rate of redward evolution are not completely 
understood. 

We hypothesized that the redward evolution might be due to an increase 
in radiation pressure somewhere in the star that causes the layers 
above it to be pushed outward, resulting in an expanded envelope and a 
cooler surface temperature. If the radiative luminosity somewhere in 
the star approached the Eddington limit, the outer layers would obvi
ously expand. However, due to the presence of gas pressure, the criti
cal value for expansion would be somewhat less than the Eddington 
limit. 

We define the ratio of the radiative luminosity to the critical 
Eddington luminosity 6, where 

M , Lrad(r) Lrad(r) K ( r ) 

° U ; ~ L . (r) ~ 4TICG M(r) * crit 

Presumably, then, when 6 somewhere in the star reaches some critical 
value, 6 , the layers above it will expand. 

We found that the maximum value of 6 increased with the initial mass of 
the star, which is understandable since p = (P /P) decreases and 
radiation pressure plays a larger role (see TaBle 1). In massive 
stars, (M. > 15 Mft) a sharp increase in 6 appeared shortly after hydro
gen exhaustion in the core. The position of the increase coincided 
with the base of the convective shell which is associated with hydrogen 
burning shell. Also, this behaviour coincided with a change in sign of 
the slope of dr/r (the change in radius) as the contraction slowed and 
began to turn around due to the increased radiation pressure (see 
Figure 1). 
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Figures la and b. Plotted are p, 6 and dr/r x 100 versus mass fraction 
q for a 15 Mfl main sequence and post main sequence models. The upper 
solid curve is p and the lower solid curve is 6. The dotted (center) 
curve represents dr/r x 100. 
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Figure 2. The log of the radiative luminosity plotted versus mass 
fraction q for 15 Mfl models. The solid line shows the luminosity 
profile for the main sequence model (log T f f = 4.503) while the dashed 
line represents the post main sequence profile (log T f f = 4.261). 
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Table 1 

M . 
1 

40 M 

15 M° 
15 M! 
15M 
15M 
15 M® 

9 M® 
6 M 0 

° ' 6 M 0 

( X . , Z . ) 

( 0 . 7 0 , 0 . 0 2 ) 
( 0 . 7 0 , 0 . 0 2 ) 
( 0 . 7 0 , 0 . 0 2 ) 
( 0 . 7 0 , 0 . 0 2 ) 
( 0 . 7 0 , 0 . 0 2 ) 
( 0 . 6 9 , 0 . 0 3 ) 
( 0 . 7 8 , 0 . 0 2 ) 
( 0 . 7 9 9 , 0 . 0 0 1 ) 
( 0 . 7 8 , 0 . 0 2 ) 
( 0 . 7 0 , 0 . 0 2 ) 
( 0 . 7 4 9 , 0 . 0 0 1 ) 

Mave (1° V y r ) 

0 . 0 
2 . 3 
0 . 1 1 
0 . 0 
0 . 0 3 2 
0 . 0 1 1 
0 .020 
0 . 0 6 0 
0 . 0 
0 . 0 
0 . 0 

6 max 

0 .652 
0 .536 
0 .440 
0 .369 
0 .363 
0 .346 
0 . 3 1 4 
0 .309 
0 .110 
0 .05 
0 .001 

In stars with a high mass loss rate, when the mass of the hydrogen 
exhausted core exceeds some critical value, the peak in 6 disappears 
and the star contracts and returns to the blue. 

In low and intermediate mass stars the peak (though much smaller) in 6 
still appears and also coincides with the base of the hydrogen burning 
shell. However in intermediate mass stars undergoing blue loops, the 
peak in 6 does not disappear (or even become smaller). We must con
clude that in these stars radiation pressure does not play a critical 
role and that gas pressure may be much more important. 

The increased energy generation due to the combination of the contrac
tion of the hydrogen exhausted core and ignition of the hydrogen 
burning shell leads to a sharp rise in the radiative luminosity (see 
Figure 2). We are investigating further how the physical conditions 
(i.e. pressure, temperature, density) in the interior cause this and 
how they affect the rate of redward evolution and subsequent blueward 
evolution in massive stars with high rates of mass loss. 
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