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Abstract
We formally develop a family of finite-difference shock-capturing schemes. This work also con-
siders the questions of convergence of finite-difference approximations towards the entropic weak
solution (correct shocks) of scalar, one-dimensional conservation laws with strictly convex and
nonconvex flux functions. The finite-difference scheme is extended towards the viscosity solution
of scalar, nonlinear multi-dimensional nonconvex (e.g., Buckley-Leverett) and convex (e.g., invis-
cid Burgers) model problems, which are presented and discussed. A new feature of the proposed
method is the tracing forward to deal with balance laws and hyperbolic problems instead of trace
backward in time over each time step interval. Indeed, we do not use approximate/exact Riemann
solvers, and we do not use upwind source term discretizations either. Thus, we have a simple and
fast Lagrangian-Eulerian solver for hyperbolic problems with discontinuous flux and stiff source.
Our approach is based on a space-time Eulerian-Lagrangian framework introduced in [1]. Numeri-
cal tests show the robustness and accuracy of the method for a wide range of non-trivial applications
available in the literature [2, 3, 4].
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