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Abstract The finite element method (FEM) is one of the most widely used computational methods in engineer-
ing. In this course, we introduce Lagrange—Galerkin (LG) methods for flow problems, which are FEMs combined
with the idea of the method of characteristics, and study theoretical background and key issues in the implementa-
tion. The LG method is based on an approximation of the material derivative(, i.e., the sum of time-derivative term
and convection term,) along the trajectory of the fluid particle (Lagrangian coordinates), and is natural from the
physical point of view. Moreover, the resulting coefficient matrix for the system of linear equations is symmetric
and identical, and iterative linear solvers for symmetric sparse matrices, e.g., the conjugate gradient method, can
be employed. We deal with flow problems governed by convection-diffusion, Stokes, Oseen, and Navier—Stokes
equations, and prove stability and convergence with error estimates of LG methods. The keywords of this course
are as follows: Finite element method, Lagrange—Galerkin method, first- and second-order in time, conserva-
tion of mass, stabilized FEM, and numerical integration. We plan to give this course in Japanese (but write on
blackboard in English). The grade will be decided based on the attendance rate and reports.



