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A b s t r a c t . We recently showed that Alfvén waves acting jointly with radiation pressure in 
Wolf-Rayet winds can possibly solve the momentum problem (dos Santos, Jatenco-Pereira 
and Opher 1993a, 1993b). In these analyses, however, constant radiation luminosity as a 
function of the distance to the star was assumed. We impose here conservation of the 
energy flux and examine the effect on the radiation luminosity. 
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1. In troduct ion 

The existence of stellar winds around early-type stars is now fairly well 
established. As demonstrated first by Lucy & Solomon (1970), the radiative 
momentum absorbed by UV spectral lines is able to initiate stellar winds, 
since the radiative line acceleration exceeds the gravity by a large factor. The 
first model to derive mass-loss rates, M , and flow speeds in good agreement 
with observations was that of Castor, Abbot & Klein (1975) (CAK). One 
of the major difficulties presented by the radiation driven wind theory is 
the momentum problem in Wolf-Rayet stars, which can be described using 
the rat io η = ( M Ü 0 0 ) / ( Z / * / C ) , where VQQ the terminal velocity and X* is 
the luminosity of the star. Barlow et al. (1981) found that for W R stars 
η ranges from 4 to 53. To get around the momentum problem one cannot 
simply appeal to a larger luminosity, because the values that are used cannot 
be near the Eddington limit (Cassinelli & van der Hucht 1987). 

Recently dos Santos, Jatenco-Pereira & Opher (1993a, 1993b) developed 
a model for mass-loss in W R stars, where both a flux of Alfvén waves and 
radiation pressure are important . This work indicates that Alfvén waves 
acting jointly with radiation pressure, provide energy and momentum for 
the wind with reasonable Alfvén wave fluxes and magnetic fields. 

2. T h e M o d e l 

The model studied is a fusion of the Alfvén wave wind model of Jatenco-
Pereira & Opher (1989a, 1989b, 1989c) ( JPO) and the radiation pressure 
model of CAK. We assume that a magnetic field exists in W R stars, and 
tha t the geometry of this field is similar to that of a solar coronal hole. 

We solve the equation of motion (i.e., Eq. (52) of Holzer, Fla & Leer 
1983), and use an effective escape velocity which takes into account the 
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CAK power index expressing the effect of all lines, possible nonsolar abun-
dances, and the finite size of the disk of the star (see Kudritzki & Hummer 
1990). We use a flux of Alfvén waves (ΦΜΟ) generated near the stellar sur-
face, Ä*, (possibly by the annihilation of twisted magnetic fields, e.g., Opher 
k Pereira 1986) as a mechanism (jointly with pressure radiation) of heating 
and accelerating the stellar wind, with a damping length, L. We study a 
damping process investigated previously by J P O , damping due to turbu-
lence. We impose conservation of energy flux, and examine the effect of the 
transformation of the radiation energy into the energy of the wind. 

3 . Results 

The parameters of the standard W R stars studied are: Ä* = 12 R©, Af* = 16 
M©, L* = 1 0 5 1 L 0 , rEdd = 0.214 and M = l O ^ ^ y r " 1 . We use a 
spherical symmetry for the open magnetic field lines and the initial damping 
length L ~ 10.0Ä*. 

The preliminary result of our investigation of the ratio of wind veloc-
ity to escape velocity as a function of the distance from the star, for ΦΜ0

 = 

6.0 Χ 1 0 1 1 erg c m - 2 s " 1 , shows that the terminal velocity of ~ 9 Χ 10 7 cm s _ 1 , 
for r « 300Ä*, is changed by only ~ 0.2%, taking into account the trans-
formation of the radiation energy into the energy of the wind. We conclude, 
based on this result, tha t the taking into account of the transformation of 
the radiation energy into the energy of the wind has only a small affect on 
the terminal velocity of the wind. 
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