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Abstract. Finite Calculus (FIC) is a procedure for deriving the governing equations in
mechanics assuming that the space-time domain where the balance laws are imposed has a
finite size. This is a key difference versus standard infinitesimal calculus which assumes that
the dimensions of the balance domain are of infinitesimal size [1].
The consequence of the FIC assumption is that the governing equations, i.e. the momentum
equations and their boundary conditions in fluid and solid mechanics, the mass balance equation
in fluid mechanics , etc, have additional terms that are a function of the dimensions of the
balance domain and the space and time derivatives of the classical infinitesimal equations [1-4].
The so-called modified governing equations have many interesting properties .Their analytical
solution includes that of the infinitesimal equations and additional solutions that in most
cases are negligible versus the "exact” infinitesimal solution. Moreover, the additional terms
introduced by the FIC assumption act as stabilization terms in the numerical solution of the
modified equations using the FEM or any other numerical method. In addition, the space
and time dimensions of the balance domain can be adjusted so as to yield the exact solution
at the nodes of a finite element mesh [1-7].
The paper presents an overview of recent developments on the FIC approach for solving a
variety of problems in computational mechanics with the FEM. In particular the following
problems are addressed:

e Convection-diffusion and convection-diffusion-reaction problems

e Incompressible problems in solid and fluid mechanics

¢ High Reynolds number flows

e Explicit time integration schemes for the transport equation with increased stability

and accuracy.

The merits of the FIC-FEM formulation for solving each one of the above problems are discussed.
Finally, examples of application showing the potential and advantages of the FIC technique are
presented.
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