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ABSTRACT. The asymptotic inversion technique is developed, including
independent determination of the sound speed profile and frequency de-
pendence of the effective phase shift. Numerical results are presented.

Application of the asymptotic theory to the study of the solar five-
minute oscillations leads to the eguation

(1N /L) e =,

where ‘T, and "(2 are inner and outer turning points and L. (e"’i/z)z
This equatlon differ from those given by Unno et al.{(1979) in that we
use L. (@—:I-/Z)2 instead of £ (€+1) . It provides the significant impro-
venent of JWKB analysis in the central regions (Kemble, 1937; Langer,
1937). Because JWKB analysis is invalid near the surface, an addltlonal
phase shift must be added to the right-hand 51de of eq.(1). Since N?

in interior is usually small compared with w? » we have {(Gough, 1984)
n -
F(w)- -—-,_\{f(w) x _(UT) =R 5 w=w/L, )
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Here N (?) de..ctes buoya..cy frequency in the interior and the upper li-
its in ;ntegrals are taken to be the solar surface. If F(w) is known,
23. {3} can be inverted to determlne T as a function of C/'(

7 =Rg expi-—& ( - )méFJw (5)

(Brodsky and Levshin, '9"’9 Gough 1984). If "V(\W) is also known from
the expermen»al data, eq (4) can be mvarted to determine N 2('!) :

- ¢/’£ 1/24-\‘/ \
N ()= -,Kéeﬂ e/ e Qz dw/, (6
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The eq.(S) have been used by Christensen-Dalsgaard et al.(1985) for
the determination of the sound speed in the solar interior, using
Li=¢€ (é+1) and neglecting both the effects of buoyancy and the frequ-
ency dependence of o{ . For the calculation of dF/A\V from the
experimental data, they assumed the constant value of o which minimi-
zes the scatter of experimental data around a single curve F (%) .

Three terms in the left-hand side of eq.(2) contain the information
about the sound speed, buoyancy frequency in the interior and the struc-
ture of the outermost reflecting layers, respectively. Due to the diffe-
rent functional dependence on W and &), these terms can be determined
from the experimental data separately. Eigenfrequencies ), ¢ may be con-
sidered as distinct values of unique continuous function CA)(HWLJ . Then
AF(W) g Lo 2w/OL, L d ¥(w)

dw  lwrdw/in wr dw

%)
AV xLY 2(4)/9[.( 20 VR, (3o 2\ 3w | 0 P
aw '2(3w/9n)‘?>w/3n[‘% w)?mz @321-3,_. n3b+l"'bh LI5S
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L oed (s _.“3‘1417?"';%%? _ ;g_'\yz“y)

d\W/T w/dn R ' (9
If we neglect the effects of buoyancy, only the first terms in the
right-hand sides of eqgs.(7,9) appear. The eq.(7) provides a simple and
efficient way to calculate dF/dw , avoiding any reduction of the ex-
perimental data on to a single curve. It takes into account the frequen-
cy dependence of o , which can be calculated separately from eq.(9).

To test the inversion procedure, the standard solar model 1 of
Christensen-Dalsgaard (1982} have been used as a reference model. Its
eigenfrequencies were computed using a second-order difference scheme
with 1000 mesh points in Cowling approximation; the corrections due to
the gravity perturbation were then computed using the variational prin-
ciple. We estimate the resulting accuracy to be about 0.1 per cent at
higher frequencies and much better at lower frequencies. The computati-
one were done for the 481 frequencies of the same five-minute modes
with 0£1€200 as those of the experimental data we use (see below?}.

The derivatives Bw/an and ‘3(.0/31.. were computed directly from
the frequency table by central differences. Extrapolation to small valu-
es of W was similar to those used by Cristensen-Dalsgaard et al.(1985).

The results are shown in Fig. 1. They are improved significantly
when we take into account the finite values of N2(%) in the solar inte-
rior (curve 3). The results are further improved when the effects cf
gravity perturbation on the eigenfrequencies are taken into account
(the asymptotic theory is constructed in Cowling approximation). The
remaining difference between the results of the inversion and C? in th
model is close to the accuracy of our numerical computations.

Because the quality of the experimental data currently available
is insufficient to compute the second derivatives in frequency tables,
all further calculations were done neglecting the effects of bucyancy.

To test tha stability of the inversion procedure, the 10 mkHz
nocise was imposed on the eigenfrequencies (vertical bars in Fig.2).
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