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Fig. 1. (color online) The distributions of (a) the effective gravitational acceleration and (b) the effective

temperature at the surface of the rotating single star (2 = 4.89 x 1073 s~1). x axis represents latitude

angle, and y denotes the quantity gerr and the effective temperature Tegr, respectively.
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Fig. 2. (color online) The distributions of (a) the effective gravitational acceleration and (b) the effective

temperature at the surface of the rotating single star (25 = 4.65 x 1072 s~1). z axis represents latitude

angle, and y denotes the quantity gesr and the effective temperature T, respectively.
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Fig. 3. (color online) In rotational binary model, when the star surface rotation angular velocity is 25 =

3.85x 1075 s~ ! and shear rate £2/62 = 1, the distributions of (a) the effective gravitational acceleration and

(b) the effective temperature at the surface of the primary star. ¢ represents longitude angle, 6 represents

latitude angle, z denotes the quantity gesr and the effective temperature, respectively.
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latitude angle, z denotes the quantity gesr and the effective temperature, respectively.
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Abstract

Rotation and tide are two important factors that have very important impacts on the stellar structure and evolution.
Based on the observational data of Achernar, we have derived the inclined pressure structure in a single rotating star
or as a member in the binaries. We have given the distributions of the physical quantities on the isobaric surface and
these distributions are derived from the Legendre series of expansions. We have also found the relationship between all
levels of perturbation potential functions (including rotational and tidal distortions) and the distributions of density and
pressure under the condition of inclined pressure structure. In particular, the gravitational darkening with the models
including the effects of rotation and tide is investigated. We have found that the critical ratio of equatorial radius to the
polar radius is consistent with the observations in rotating binaries better than that in single rotating model. The reason
is that the tidal force can make the polar radius shortened because the tidal force exerts an inward force to the two
polar points. However, the theoretical angular velocity in binaries is smaller than that observed. It is also shown that
the positive shear enhances the centrifugal force and decreases the mean effective gravitational acceleration and effective
temperatures whereas the negative shear plays a role to strengthen the effective gravitational acceleration. Moreover,
the solid body rotation has not been supported inside Achernar because magnetic fields have not been detected through
observations. Furthermore, the theoretical angular velocity in rigid rotation is higher than the angular velocity observed.
Achernar has a periodic variation of light curves due to mass outburst, which also supports differential rotation. A
positive shear indicates that the mass in accretion disks is falling to Achernar and the Achernar is spun up to critical
rotation according to current observations. By comparing the theoretical results with observations, it can be seen that
when the theoretical spin angular velocity of Achernar is 4.65 x 107° s™* and the positive shears £2/§% are 0.7851,
the temperature of the polar points is 16041 K and that of equatorial sphere is 12073 K. Relative errors between the
theoretical values and observations are less than 3% and are listed in the text. This model is the best and is the most

possible one for Achernar.
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