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I f a t some radius r = rj there is a jump of the density and composition then 
a simple asymptotic formula can be derived which gives ω, the oscillation 
frequency for large degree modes (Z » 1 ) . Using relations o f Gabriel and 
Scuflaire (1979) and taking into account the fac t that the oscillation ampli-
tude a t R < η or R > η is equal to τ* or r z multiplied by some functions 
only weakly dependent on Z, we obtain 

where g is the gravitational accelerat ion, and P i ( p e ) are the densities a t the 
lover (upper) sides of the layer in question. The comparison with the exact 
ω-values considered below shows that the asymptotic values are larger by 13, 
8.8, and 6 percents for Ζ equal to 5, 7, and 10, respectively. Because ω 
should be less than the maximum value of the Brunt - Väisälä frequency, we 
have for a finite thickness Δ of the jump layer and for finite Ζ that 
Ζ « 2 η / Δ . We have performed numerical study o f the above modes which 
may be called interior modes. The equilibrium model was similar to that stu-
died by Vandakurov (1984 a,b) but now we assume that a small iron-like core 
(as in Rouse's (1983) model) is present. We assume the hydrogen content in 
the core to be large enough for convection to occur. Above the core, there 
are the inhomogeneous convectively neutral zone ( η ^ r ± rn), the homo-
geneous radiative zone (rn * r ± r u ) , and the convective envelope 
( r u ^ r * R), whose structure have been taken from Spruit 's (1974) paper. 

The parameters of the model which has been calculated were not found 
to be appropriate enough to reproduce solar character is t ics . For instance, to 
get the right luminosity, the energy generation due to p-p reaction should be 
approximately 3 times larger than that following from the common formula. 
Therefore we shall not describe the model in detail , and only mention that 
the relative values of radius and mass of the core are equal to 0.047 and 
0.0092, respectively, and P i / p e = 2 .6 . This jump in the density is due to the 
change in the hydrogen and heavy elements abundances for which X| = 0.035, 
Zi = 0 .90, X e = 0 .63, and Z e = 0.2, while a t r > r n X = 0.7, and Ζ = 0.02. 
Besides, rn/R = 0.235, and ru/R = 0.789. 
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Figure 1. 

Figure 1 illustrates the unusual character o f the phenomenon of avoided 
crossing. Here a part o f the diagram σ2 - Ζ is shown where σ2 = R3cß/(GM) 
is nondimensional frequency squared. The numbers o f radial nodes are shown 
near the curves which join the σ2 corresponding to different Ζ-values. The 
frequencies o f the interior modes lie on the nearly straight line tending to 
cross the σ2 of p-modes. Note that the interior modes are unstable if 
5 * Ζ é 9 with the time of growth of the order o f the age of the Sun. 

Of course, the interior modes have very small amplitudes near the sur-
face . Nevertheless, one may hope that in their presence, some observable 
phenomena on the surface can occur due to interactions o f the interior 
modes with magnetic fields or due to some resonance mode coupling. 

REFERENCES 

Gabriel, M., Scuflaire, R., 1979: Acta Astron., 29 , 135. 

Rouse, C.A., 1983: Astron. Astrophys., 126, 102. 

Spruit, H.C., 1974: Solar Phys., 34 , 277. 

Vandakurov, Yu.V.: 1984a, Astron. Zh. 6 1 , 170. 

Vandakurov, Yu.V.: 1984b, Pis'ma Astron. Zh. 10, 873 . 

https://doi.org/10.1017/S0074180900157869 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900157869

