Abstract of the Ph.D. Thesis:

Computation of radial wave functions by amplitude-phase methods

 

The main subject of the research is the numerical solution of the second order linear ordinary differential equation 
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 EMBED Equation.3  
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is assumed to be at least piecewise continuous and to satisfy the asymptotic formula
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 are given, 
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 Such a differential problem arises frequently in mathematical physics. In a lot of applications, the differential equation (*) has a regular singular point at 
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x

. All nontrivial solutions of (*) are oscillatory and they are called radial wave functions. 

In Section 1, based on the results of the asymptotic theory of ordinary differential equations, asymptotic formula of the solutions is given when 
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 tends to infinity. Certain subspaces of the solutions can be characterized in the neighbourhood of the regular singular point, as well. Earlier variants of amplitude-phase methods are described at the end of this section. 
In Section 2, a new variant of amplitude-phase methods is proposed for computing the radial wave functions of first kind. Unlike to the earlier variants, Pr(fer transformation is applied to the preconditioned solutions where the preconditioner is an appropriately chosen auxiliary function. An approximate boundary value problem for the so-called amplitude and shifted phase functions is posed on a finite interval, only. Statements concerning the smoothness of the functions in question are given. We accomplish this section with the details of the algorithm for the evaluation of the radial wave functions of first kind and with the answers to some questions arising in implementation. 
Section 3 contains error estimations of the amplitude and shifted phase functions for large 
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. The error estimations are reduced to the estimation of certain improper integrals. By considering the qualitative behaviour of the integrand, sharp estimates are constructed. These results make the choice of the right endpoint of a properly truncated integration interval possible. 
In Section 4, as an application of the error estimation and the method, an algorithm is proposed for computing the phase shift with any prescribed accuracy. Further applications of the amplitude-phase method are investigated in this section, too. Using the Wronskian determinant, the radial wave functions of first and second kind can be computed simultaneously. An important application of the amplitude-phase methods is the economical computation of integrals containing radial wave functions when the values of the integrands themselves become unnecessary. By deriving a higher order asymptotic formula for the radial wave functions, a solution is given for the problem ''how to get the numerical solution of higher accuracy?''. The efficiency of the amplitude-phase methods and the sharpness of the error estimates given in Section 3 are confirmed by appraising the numerical results in computation of several special functions: Airy functions, Bessel functions, Coulomb wave functions, parabolic cylinder functions. 
Finally, in the last section, numerical analysis of a practical problem arising in quantum physics, namely, the three-dimensional Schrdinger equation for the hydrogen atom in homogeneous electrical field is given. In the literature, this problem is frequently mentioned as Stark's effect. Numerical results are compared to those obtained by another method, as well.
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