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A b s t r a c t . S tandard a sympto t i c descr ipt ions o f stellar p - m o d e s use l/ω as 

a smal l parameter ; either the degree ί is kept constant in the a s y m p t o t i c 

expans ions (e.g. Tassoul 1980) , or the parameter w = (JL + 1/2)/ω, wh ich 

specifies the pos i t ion o f the inner turning po in t (e.g. Voron t sov 1991) . A t l ow 

degree , due t o the s t rong effects o f gravity per turbat ions , these expans ions are 

k n o w n to p r o d u c e rather p o o r results, even w h e n deve loped t o higher order 

( R o x b u r g h and Voron t sov 1994) . Here, we e m p l o y an alternative a s y m p t o t i c 

expans ion , capab le o f p rov id ing much bet ter accuracy at low degree—with w 

as a smal l parameter instead o f l / ω , and test its d iagnos t ic capabil i t ies . 

The asymptotic eigenfrequency equation, which includes terms of order w2, is 

FoM + w2F2(u) ~ - [n + 1 / 2 + 1/4 + α(ω)}, 
UJ 

where η is radial order and α(ω) is the surface phase shift. When terms of order w2 

are neglected, the frequencies degenerate with respect to n + i/2\ the function Ε§(ω) 
is an effective acoustic radius. Small frequency separations are described by Ε2{ω)\ 

F 2 M ^ - ( n + - + - \ 2 , + 3 • 

After F2{u) has been measured and approximated by linear regression F2(u) ~ A + 
Βω, the surface term α(ω) in its combination with Fo(o;) can be inferred as 

F0(u) α(ω) ω i S 

+ 
ωι,η+ι - ω£ιη 2 4 

(2A + Βω), 
πω 

at frequency ω = (ωιιη+ι +ω^η)/2. Numerical results are illustrated by Figs 1 and 2. 
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Figure 1. Function β* {ω) inferred from the solar eigenfrequencies of degree i from 0 to 
3. The solid line shows a best-fit polynomial of degree 10. The prominent quasi-periodic 
variation with frequency is produced by the Hell ionization region 
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Figure 2. Fourier transform of the approximation residuals seen in Fig.l. The prominent 
peak at about 220 μΗζ is produced by the rapid variation of the sound-speed gradient at 
the base of the solar convection zone 
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