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1. Keywords: error control, adaptivity, free boundary problems, phase field and sharp interface models, multiscale modeling

2. Summary

Each semester the Isaac Newton Institute runs two programs in particular areas of the Mathematical Sciences. This term the Institute is running a program on Computational Challenges in Partial Differential Equations and another on Nonlinear Hyperbolic Waves; for details see http://www.newton.cam.ac.uk/programs/.

The workshop reported on here was the first of a series in the program on Computational Challenges. It had well over 50 attendees from all over the world. The conference program and speakers slides may be found at http://www.newton.cam.ac.uk/programs/CPD/cpdw01p.html  and http://www.newton.cam.ac.uk/webseminars/pg+ws/CPDW01/ respectively.  

                                                 3. Scientific Focus

The talks the first day focused on adaptivity and a-posteriori error control as applied to a variety of problems which could be modeled by partial differential equations and variational inequalities. The principal speakers were Rolf Rannacher of Heidelberg and Riccardo Nichetto of College Park. John Ockendon of Oxford gave a short presentation and led a discussion on emerging areas computational mathematics in industry. 

The focus on the second day was on mathematical issues which arise in the description of melting and solidification problems, grain boundary motions and material microstructure. The AD found Professor Elliott’s lecture particularly interesting; it dealt with three formulations of grain boundary motion: sharp-interface tracking, phase-field modeling which incorporates “higher order” physics into the problem description and replaces the idealized grain boundary by a diffuse interface, and finally the level set method of Osher and Sethian which extends the “Gibbs-Thomson” equation which normally holds only on the free or grain boundary to a more manageable partial differential equation holding in the whole domain occupied by the material. Professor Elliott contrasted the performance and predictions of these three formulations and showed how with some care in both the modeling effort the latter two descriptions of the grain boundary problem led to effective numerical algorithms where computations on the extended models need only be done in a neighborhood of the grain boundary. The advantage of the efficient phase-field and level set methods is they easily accommodate topological changes in the grain boundaries; a normal obstruction in the sharp interface                                    descriptions. 

                                                 4. Conclusions

This was the first workshop the AD had participated in at the Isaac Newton Institute. He found it to be extremely well organized. The Institute is part of a completely new Cambridge complex devoted to the Mathematical Sciences and in  terms of size and facilities this complex is truly unique. The Institute is now in its 11th year of operation and it sets the standard for conference and research  centers which bring together mathematical scientists for short and long term (up to 6 months) stays to work on focused research topics.

5. Contacts

Mark Ainsworth, University of Strathclyde, http://www.maths.strath.ac.uk/~aas98107
Charles Elliott, University of Sussex, http://www.maths.sussex.ac.uk/Staff/CME/   

  Endre Suli, OxfordUniversity, http://web.comlab.ox.ac.uk/oucl/people/endre.suli.html
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