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Motivations: Rocks
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Wave propagation:



Temperature: thermal expansion, heat conduction:



Temperature: thermal expansion, heat conduction:



Motivations: Tunnels: an analytical solution method:
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Motivations: Plastics:



Motivations: Large-deformation elasticity + thermal expansion
+ plasticity: compatibility criterion:
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Motivations: Beyond-Fourier heat conduction:
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Commercial software: 1D wave propagation



Commercial software: 2D wave propagation



Self-developed numerical schemes: structure-preserving

e.g., symplectic methods and irreversible extensions

On the example of the planar elastic pendulum:



Nonsymplectic vs. symplectic in phase space: [J. Denker]



Symplectic Euler: (1st-order accurate)

Störmer–Verlet: (2nd-order accurate)



Structure-preserving: e.g.,

symplectic (preserving a 2-form)

preserving energy, momentum, angular momentum etc.

variational

Tools: e.g.,

backward error analysis

modified vector field: dz
dt

= f
(

z(t)
)

→ z̃(t + h) =Φh

(

z̃(t)
)

: dz̃
dt

= f̃
(

z̃(t)
)

shadowing: z(t0) → ẑ(t0)
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Hooke case:

rheological
case:

spacetime picture: time dependence
of energies:
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2 and 3 space dimensions:

different vector/tensor components:
centers, faces, edges, vertices



movie



Entropy production rate: discretizing a „raw”, not automatically
non-negative, form of it :



Cylindrical geometry:
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Loss of stability:



Conclusions:
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Conclusions:

symplectic and other structure-preseving schemes:

• direct realizations and extensions

• heuristic extensions (inspiration)

benefits of not eliminating degrees of freedom

benefits of quantities with a balance law

benefits of the spacetime view

benefits of strong mathematical results
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