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Abstract

Nonlinear time-dependent Schrödinger equations (NLSE) model several important prob-
lems in quantum physics and morphogenesis. Recently, vortex lattice formation were
experimentally found in Bose-Einstein condensate and Fermi superfluids, which are
modeled by adding a rotational term in the NLSE equation. Numerical solutions have
been computed by using separate approaches for time and space variables. If we see the
complex equation as a system, wave methods can be used. In this article, we consider
finite element approximations using continuous Galerkin schemes in time and space by
adaptive mesh balancing both errors. To get this balance, we adapt the dual weighted
residual method used for wave equations and estimates of error indicators for adaptive
space-time finite element discretization. The results show how important is dynamic
refinement to control the degrees of freedom in space.
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†Departamento de Ingenieŕıa Matemática, CEMCC, Universidad de La Frontera, Temuco, Chile, email:

andres.avila@ufrontera.cl
‡Department of Mathematics and Natural Sciences, University of Kassel, Germany, email:

meister@mathematik.uni-kassel.de
§Department of Mathematics and Natural Sciences, University of Kassel, Germany,

msteigemann@yahoo.de

1



[2] M.H. Anderson, J.R. Ensher, M.R. Matthews, C.E. Wieman, and E.A. Cor-
nell, Observation of Bose-Einstein condensation in a dilute atomic vapor. Science 269
(1995), no. 5221, 198–201.

[3] X. Antoine and R. Duboscq, Robust and effcient preconditioned Krylov spectral
solvers for computing the ground states of fast rotating and strongly interacting Bose-
Einstein condensates, J. Comput. Phys. 258 (2014), 509–523.

[4] A.I. Avila, A. Meister, and M. Steigemann, On numerical methods for nonlinear
singularly perturbed Schrödinger problems. Appl. Num. Math. 86 (2014), 22–42.

[5] W. Bangerth, M. Geiger, and R. Rannacher, Adaptive Galerkin finite element
methods for the wave equation- Comp. Meth. Appl. Math. 10 (2010), no. 1, 3–48.

[6] W. Bangerth, R. Hartmann, and G. Kanschat, deal.II: a general-purpose object-
oriented finite element library. ACM Trans. Math. Softw. 33 (2007), no. 4, 4.

[7] W. Bangerth and R. Rannacher, Adaptive finite element methods for differential
equations. Lectures in Mathematics, Birkhäuser Verlag, Basel, Boston, Berlin, 2003.
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