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Abstract

Approximate analytic solutions have been found for the excited states eigenvalues of the anharmonic
potential x2+Ax8. In a previous publication, analytic approximation functions were determined for the
ground state eigenvalue of this potential [1]. However, the excited states are so important as the ground
states. Thus, here the analysis of this potential has been extended by including analytic approximations
for the first excited states with enough accuracy for most of the applications. Numerical calculations
can be performed to determine the eigenvalues for a given value of A, using for instance Borel-Pade
method or Hill determinants [2], but the aim now is to determine and analytic function for each excited
states good for any positive value of A. The problems with the excited states are rather different to the
case of ground state, but some general ideas are followed as those described in previous works [3].
Thus, the starting point is to find two expansions in A for each excited state, one good for small values
of A, and the other for large values. Later an analytic function in A has to be found, which will be as a
bridge between both previous expansions. This function will be a combination of rational functions
(quotient of two polynomials) and fractional powers. The way to determine the parameters of the
approximations for the first excited states will be described in detail, as well as their accuracy. Two
figures are including here corresponding to the results with second degree polynomials for the first
excited state. The first figure is for the eigenvalues as a function of A. The second figure is for the
relative errors also as a function of A. The maximum relative error is about 0.008, But most of the
relative errors are much smaller than that value. The largest error are for small values of A in a region
around the point with the maximum error.
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