A Note on the Numerical Solution of Fractional Schrédinger Differential Equations
A. Ashyralyev'?, B. Hicdurmaz>?*

!Department of Mathematics, Fatih University, 34500 Buyukcekmece, Istanbul, Turkey 2International
Turkmen-Turkish University, Ashgabat, Turkmenistan *Department of Mathematics, Faculty of
Sciences, Istanbul Medeniyet University, 34720 Istanbul, Turkey *Department of Mathematics, Gebze

Institute of Technology, Kocaeli, Turkey

Abstract

Many different equations are called by fractional Schrodinger differential equation (FSDE) until today.
In recent years, the FSDE which is derived from classical Schrodinger differential equation has received
more attention. This problem is solved by some numerical methods (see [2]-[5]). However, finite difference
method which is a useful tool for investigation of fractional differential equations has not been applied

to a FSDE yet. The present paper fills a gap by applying finite difference method to the following

multi-dimensional linear FSDE
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u(0,7) =0, z € Q,

u(t,z) =0, z €8
where 0 < a < 1. Here a,(z), = € Q and f(¢t,z) (t € [0,1], € Q) are given smooth functions and
ar(x) > a > 0. First and second orders of accuracy difference schemes are constructed for problem (1).
Numerical experiment on a one-dimensional FSDE shows the effectiveness of the difference schemes.

References

[1] Ashyralyev A., A note on fractional derivatives and fractional powers of operators, Journal of
Mathematical Analysis and Applications, 357(1), 232-236, 2009.

[2] Ashyralyev A., Hicdurmaz B., A note on the fractional Schrodinger differential equations, Kyber-
netes, 40(5/6), 736-750, 2011.

[3] Naber M., Time fractional Schrodinger equation, Journal of Mathematical Physics, 45(8), 18, 2004.

[4] Odibat Z., Moman S. and Alawneh A., Analytic Study on Time-Fractional Schrodinger Equations:
Exact Solutions by GDTMS, J. Phys.: Conf. Ser. 96 012066, 2008.

[5] Rida S. Z., El-Sherbiny H. M. and Arafa A. A. M., On the solution of the fractional nonlinear
Schrodinger equation, Physics Letters A, 372(5), 553-558, 2008.




