Computational Mathematical Modelling:

Chalmers Finite Element Center

Anders Bondeson, Claes Johnson, Mats Larson, Stig Larsson, Kenneth Runesson and Nils-Erik Wiberg

February 27, 2002

Research Programme

Introduction and overview

Computer-based modelling and simulation today offer new tools to science and technology in a process of automatization of computation complementing that of automatization of production behind the industrial society. Products may be developed and manufactured through computer simulation on time scales and at costs considerably smaller than using traditional techniques, and computational modelling is rapidly finding new applications in medicine, environmental sciences, economy and finance markets. At the heart of the new simulation techniques lie fields of Computational Mathematical Modelling CMM such as Computational Mechanics, Physics, Fluid Dynamics, Electromagnetics, Chemistry, Biology, Economy and Finance, all based on computational solution of systems of differential equations, combined with geometric modelling/CAD. The new technology of CMM crosses borders between traditional scientific and engineering disciplines, and is stimulating basic changes in both research, technical development and education.

Chalmers Finite Element Center Φ is an interdisciplinary unit at Chalmers formed in 1997 with SSF-support, joining forces of the groups of the proposers including Computational Mathematics (Johnson, Larson, Larsson), Solid and Structural Mechanics (Runesson and Wiberg) and Electromagnetics (Bondeson), with the goal of tackling central problems in CMM. Φ continues the strong tradition at Chalmers in the development and application of the finite element method as a general technique for the computational solution of differential equations, with focus on adaptivity with feed-back from computation to reach goals of optimization concerning both solution, modelling and computation. Φ conducts interdisciplinary research in CMM including a variety of academic and industrial cooperative efforts.

Φ has developed a new educational program in CMM from basic to graduate level, including a reformed mathematics education which is in operation since 2001 for all students of Chemical Engineering at Chalmers [9]. The interdisciplinary nature of the educational program is further exploited in cooperation with the School of Chemical Engineering in the pedagogical project “Integration of Mathematics, Chemistry, and Chemical Engineering”, which is the largest project funded within Chalmers Strategic Effort on Learning and Teaching C-SELT.

Φ is hosted by the new Department of Computational Mathematics (within the School of Mathematical Sciences), which was formed 2002-01-01 around the applied mathematics group behind Φ (Johnson-Larson-Larsson). Φ enjoys a 3 year grant of 2 mkr/year 2001-03 from the Chalmers Foundation showing the strong support to Φ from the President of Chalmers.

Φ cooperates closely with the new Fraunhofer-Chalmers Research Centre for Industrial Mathematics, where M. Larson serves as a scientific advisor, e.g. through joint participation in the EU-program Visicade (K. Samuelsson, O. Tullberg). Cooperation with the new Center for Process Engineering CPE at Chalmers is being developed, with momentum from both education and research.

The present proposal concerns the continuation and further development of Φ, where support from SSF is as important as in the formation in 1997. Φ plays a crucial role for the new Department of Computational Mathematics and the group of Computational Electromagnetics, and is of vital importance for Solid/Structural Mechanics. The mid-term evaluation of the SSF/NTM-program was very positive to Φ.

We now present topics of focused research starting with general aspects of finite element solvers and continuing with different specific applications. We emphasize the generality of the computational mathematical methodology and unity of approach for a wide range of applications, and the related necessity and effectiveness of a close cooperation between researchers with basis in mathematics and engineering science. The research topics belong to the fore-front of international research and play a central role for the groups involved.

We formulate our GOAL as automatization of CMM with respect to the key features of (i) modelling, (ii) discretization, (iii) meshing/error control, (iv) algebraic solution and (v) optimization.

We have shown that stabilized Galerkin finite element methods offer solutions to (ii), goaloriented a posteriori error estimation through duality offers solutions to (iii), multigrid and GM- RES offers solutions to (iv), gradient and quasi-Newton methods combined with duality offer solutions to (v), and we have done preliminary work on (i), indicating in particular that (i) may be given fresh attacks once (ii)-(iv) are handled. Altogether, (i)-(v) are coupled and our over-all GOAL is to optimize and automatize the coupled process (i)-(v). To reach our GOAL we have to develop methods and algorithms including implementation in computer codes.

This proposal concerns the further development of (ii)-(v) following lines of our previous research, and the new topic of computational modelling focusing on (i). We propose work on both basic mathematical aspects and different key applications in fluid/solid mechanics, electromagnetics and chemical engineering. The proposed projects will generally engage researchers with both mathematics and electromagnetics/mechanics/chemics background, as is made clear in the Project organization below. For web information on Φ and the groups involved, we refer to

www.phi.chalmers.se, including preprints and a list of publications, www.math.chalmers/cm,
www.am.chalmers.se, www.sm.chalmers.se, www.elmagn.chalmers.se/elmagn/CEMgroup.

Research Topics

A. Basic Tools of Adaptive Finite Elements

We have developed a general methodology for computational solution of differential equations based on stabilized space-time, continuous/discontinuos Galerkin finite element methods, including goal-oriented a posteriori error estimation through duality, GMRES/multigrid algebraic solvers, adaptive mesh generation, and coupling of mesh generation to CAD. Multi-scale computations on a hierarchy of meshes play an important role in both adaptivity and algebraic solvers. We propose further work on the crucial topics of software, multi-scale/subgrid modelling and optimization/identification, common to specific applications presented below:

A1. Software

We have invested considerable effort over the years (Levenstam/Samuelsson) to develop a software platform on the basis of our general methodology, which is now being materialized as the GNU-GPL licensed modular C++ adaptive solver DOLFIN (Dynamic Object-oriented Library for FINite Elements) by Hoffman/Logg available at www.phi.chalmers.se/dolfin. In particular, DOLFIN presents solutions to (i)-(iv), and thus in particular automatically generates codes for execution from differential equation input. We thus now have a software platform for frontline 3d simulations of complex systems and a very rich field of applications lies open. We propose further work on various aspects of DOLFIN including library of elements, adaptive selection of stabilization parameters, adaptive meshing, adaptive algebraic solvers, and coupling to pre/post processors Visicade (our EU-project) and GID (through our cooperation with CIMNE/Barcelona). Our goal is to develop DOLFIN into useful tool for research and education, and we have the necessary technology and man-power for this purpose.

A2. Multi-scale/subgrid modelling

A basic challenge in computational mathematical modelling concerns problems with subgrid (small scale) features, for which direct numerical simulation is computationally too costly, and subgrid modelling is necessary. An outstanding problem of this nature is turbulence modelling, se below, but the need for subgrid modelling arises in many important applications. A common problem is to estimate the quality of different subgrid models, which fits into our general framework of a posteriori error estimation through duality including errors from both computation and (subgrid)- modelling. Thus, by solving a linearized dual problem we may get information on computational errors from computational residuals and modelling errors from modelling residuals. We have in recent work shown that solving dual problems for 3d time-dependent problems is feasible, and thus our general methodology of a posteriori error estimation is applicable to complex problems. In particular, we expect to be able to predict subgrid modelling errors, where the subgrid modelling residuals are obtained by extrapolation from coarser scales with fine scale solutions as reference. This opens the possibility of automatically comparing the quality of different subgrid models, with corresponding automatic choice of a best model in a specific application. This is one of the two central problems of subgrid modelling, the other being the design of subgrid models. In both cases multi-scale computation using a hierarchy of different scales will play an important role, which fits into our general methodology. We thus seek methods to automatize subgrid modelling, where there will always be room for innovations in the design of subgrid models. We return to different specific applications below. We also propose to work on model reduction connecting to subgrid modelling, with now the objective of finding a coarse grid approximate model capturing certain gross features as well as possible.

A3. Optimization and Identification

We consider optimization problems where the solution (u, λ, p) ∈ V , with u the state, λ the costate and p the control, is characterized as a saddle point of a Lagrangian L(u, λ, p), or a stationary point satisfying L^′(u, λ, p)(v, μ, q) = 0 for all (v, μ, q) ∈ V, (1)

with L^′ the gradient of L and V a space of functions, corresponding to an equation of state, an adjoint equation of costate, and an equation expressing that the gradient with respect to the control vanishes. The problem (1) is extremely rich and includes both problems of optimal design and inverse problems, some of which are addressed below.

To solve (1) we use a Galerkin method to discretize in space-time and we use an optimization algorithm to compute a corresponding optimum (iterative method to solve (1)). We let h be a parameter defining the space-time discretization and and α an optimization parameter such as the a step length in a gradient method. In inverse problems we may also need to regularize and let ϵ be a regularization parameter. Altogether, we need to determine the parameters h, ϵ, and α as function of space-time during the computation. Following our general adaptive philosophy, we should determine these parameters from adaptive feed-back from the computation with the goal of finding the best combination to optimize the whole computational process. We propose to extend our a posteriori error estimation for adaptive determination of h to include as well α and ϵ. A main idea is thus to couple the adaptivity in h and ϵ to the optimization in α. For example, initiating optimization of the control p on coarse grids enable efficient global optimization, followed by local detailed optimization on the fine final mesh. In our full perspective, we also include adaptive selection of stabilization and modelling parameters.

B. Inverse Problems and Optimal design

B1. Inverse scattering

We have developed an adaptive finite element solver for 3d inverse scattering problems, where we reconstruct the location and geometry of unknown objects from measurements over time of scattered acoustic waves [1]. We couple automatic mesh adaptivity, with refinement of an unstructured mesh around the scatterer using a uniform mesh in the surrounding medium to improve efficiency, with optimization using gradient and quasi-Newton methods. This is an important basic type of problem arising in nondestructive testing of materials, ultrasound imaging, seismics and many other areas. We propose further work applying our inverse scattering solver to demanding concrete problems, partly in cooperation with the Dept. of Applied Mechanics (J. Niklasson). The coupling of mesh adaptivity to optimization opens a rich field of research. In particular we propose a study on the use of focusing waves to increase the information carried by the scattered wave. We also propose extension to electromagnetic waves.

B2. Reconstruction of source data

We propose to apply our adaptive solvers to elliptic reconstruction problems connected to Electrocardiograms (ECG) and Electroencephalograms (EEG), which give information of the electric activity of the heart or brain from noninvasive measurements on the chest or scalp. Mathematically, this involves computing a source (e.g. dipole) in a 3d Poisson type problem from measured boundary data of electric potentials and geometric information obtained by scanning. We propose to tackle this type of problem (which involves complex 3d geometry and adaptive meshing) with the indicated combination of (a) adaptivity, (o) optimization and (r) regularization.

B3. Inverse diffusion

We propose a study of the basic inverse problem of the backward heat equation where the objective is to determine an initial temperature from measurements of a final temperature, which arises in image restoration, geology, and oceanography. Again, the objective is to improve the efficiency by a systematic coupling of (a), (o) and (r) with key focus on the interplay between (a) and (r).

B4. Optimal design

We propose to apply our general methodology to optimal design problems of linear elasticity with the objective of determining material coefficients, shape, and topology to reach optimal performance described by some cost function (e.g. maximal stiffness). This topic couples to our VR-project joint with Applied Mechanics on Biomechanics. We also propose a study of optimal design of MEMS structures in cooperation with Imego, see www.imego.com. Our ongoing work on optimal design is presented in [10].

C. Computational Fluid Dynamics/Turbulence/Reactive Flow

We have developed (using DOLFIN) an adaptive solver for 3d transient incompressible flow including a posteriori error estimation through duality [6]. Our work shows in particular that a posteriori error control through duality is feasible also for complex 3d transient problems. We are now applying this solver to a variety of complex flows including studies of the basic problem of transition to turbulence in parallel flow. We are also tackling the the out-standing multi-scale/subgrid modelling challenge of turbulence modelling, which is the problem of modelling the Reynold’s stresses R^h_{ij} (u) = u^h_i u^h_j − (u_iu_j )^h, where u_i is the true velocity in the x_i-direction, and u^h_i an average of u_i over a scale h, or rather the corresponding forcing term F^h_i (u) = ∑ j ∂ ∂x_j R h ij (u) The Reynold’s stresses have the form of h-covariances and represent the influence on the scale h of scales finer than h (subgrid scales). In Dynamic Large Eddy Simulation DLES one seeks to model R^h_{ij} (u) or F^h_i (u) with feed back from computations resolving as many scales as possible. The basic models of DLES are turbulent viscosity models and scale similarity models, or combinations thereof.

C1. DNS of complex flows/transition to turbulence

We have computed the basic problem of transition from laminar to turbulent flow in 3d Couette and Poiseuille flow using Direct Numerical Simulation DNS (resolving all flow features without turbulence model) [7]. We have also developed a reduced ode-model for transition, including basic features of the transition process such as the Taylor-Görtler mechanism. We propose further work with a more detailed study of the transition process (finer mesh) with extensions to boundary layer flow. This work is essential for the study of turbulence modelling, since after transition we have a “real” turbulent flow, which we can subject to analysis, and which has not been artificially induced by introducing significant “turbulent noise” in inflow or forcing.

C2. Turbulence modelling

We have implemented DLES models in our flow solver, using in particular similarity models to directly model the individual forcing terms F^h_i (u) (or Reynold’s stress terms R^h_{ij} (u)). We have in earlier work tested such subgrid models for a variety of convection-diffusion-reaction problems with promising results [5]. In a similarity model we extrapolate an approximation F̂^h_i (u_h) of F^h_i (u) from computations of F^{2h}_i (u_h) and F^{4h}_i (u_h), where u_h is a computed solution with mesh size h. We seek to estimate the modelling residual, that is, the error in F^h_i (u)− F̂^h_i (u_h) by extrapolation from an approximation of the corresponding error with mesh size 2h of the form F^{2h}_i (u_h) − F̂^{2h}_i (u_{2h}). The basic idea here is thus to extrapolate the modelling error residual from coarser scales with finest-scale computations as reference.

We propose to continue our work on turbulence modelling implementing in particular mixed models combining selective Smagorinsky-type artificial viscosity models and similarity model based on extrapolation. With a mixed method we may model back-scattering (energy flow from small to large eddies) through the similarity model, and monitor dissipation avoiding excessive damping on coarser scales using a Smagorinsky-type viscosity operating on high-frequency components only. We propose to computationally estimate the modelling residuals by extrapolation as indicated, and then the modelling error by duality, with the objective of comparing models and finding a best model in a specific problem.

We are well positioned with all the necessary ingredients available (solvers, adaptive methods, subgrid models, personnel), to tackle a central problem in science and engineering.

C3. Computational Chemical Engineering/Reactive Flow

We propose extension to turbulent reactive flow in cooperation with our partners in CPE. This is a very rich field of research and application with the challenge of modelling h-covariances of convective terms of the form ∇ · (cu), with c a species concentration and u a flow velocity, or reactive terms in the form of products of factors c^α with c a concentration and α a stochiometric coefficient. We will follow the main direction given above of subgrid modelling of 3d turbulent flow using a combination of artificial viscosity and similarity models with computational estimation of modelling errors as indicated. Preliminary work is done in [5].

D. Computational Electromagnetics CEM

CEM has developed rapidly over the last 15 years with today a variety of applications ranging from optical and microwave components, antennas and microelectronic circuits, to electrical machines and generators EMC and electromagnetic detection. The main challenges concern accurate and efficient computation of electrically large systems with complex 3d geometry, such as machines and generators, complex circuit boards, or the radar cross section of an entire airplane.

We have developed the first stable time-domain hybrid method combining the FDTD (Finite- Difference Time-Domain) on a structured part of the mesh, with finite elements on an unstructured part using edge elements on tetrahedrons [14, 15]. The hybrid combines the high efficiency of the FDTD in regions of open space, with the superior modelling of complex geometry offered by finite elements. We avoid instabilities present in earlier hybrids, without resorting to numerical dissipation, by viewing FDTD as a finite element method with edge elements on a hexahedral grid, lumped by trapezoidal integration, and using a layer of pyramids to couple the hexahedrons and tetrahedrons, and thus achieve a curl-conforming representation of the electric field. The algorithm has been implemented in a C++ code, which is now equipped with ports and mode solvers for arbitrarily shaped waveguides, a Huygens surface to launch plane waves, near-to-far-field transformation and absorbing boundary conditions (sponge layer). It has been extensively used in radar cross section calculations, and recently it has been applied to optimize microwave circuits. Negotiations are underway with the Swedish car industry and the Swedish National Testing and Research Institute to apply the hybrid solver to EMC problems in vehicles, e.g., to resolve a small antenna by finite elements together with a more coarse-grained FDTD model of the entire vehicle. Our hybrid algorithm has also been implemented elsewhere, for example, in the GEMS (General ElectroMagnetic Solver) project at PSCI (Parallel and Scientific Computing Institute at the Royal Institute of Technology and Uppsala University).

In an ongoing ABB-supported project concerning electrical generators, we have developed a highly efficient solver for eddy current problems [16]. We use edge elements and both scalar and magnetic vector potentials, with an “ungauged formulation”, that strongly improves the convergence of iterative solvers, and mesh-adaptivity based on a posteriori error estimates using the grid generator developed by K. Samuelsson. We have found that hexahedral grids are better suited for eddy current problems involving thin layers of a skin depth. We also find significant advantages of hexahedral grids when the material properties are anisotropic.

We have also developed a least-squares solver for Maxwell’s equations using nodal elements and successfully applied the solver to industrial problems within the ABB-cooperation, [11].

We participate in the project SMART (Signature Modelling And Reduction Tools) supported by Saab Avionics, with the task of developing optimization algorithms for minimizing a radar cross section. We follow our general strategy for optimization here applied to Maxwell’s equations formulated in the frequency domain.

We propose the following topics of research continuing our earlier work:

D1. Adaptive methods for microwave and eddy current problems, Fast Multipole

We propose to develop an efficient h-p higher order adaptive solver for microwave and eddy current problems using edge elements on a combination of tetrahedral and hexahedral meshes to handle anisotropy, complex geometry and variable material properties. For eddy current problems we propose to implement a multigrid solver.

We propose to extend the solver to include subgrid models for thin wires and slots, which is needed for many EMC problems with small details, and study the accuracy of such models both theoretically and computationally. This project is strongly related to our VR-supported project in CEM.

We also propose to develop an integral equation solver using the fast multipole method (FMM) and related time-domain methods. Our experience from differential equation solvers for microwave problems indicates that time-domain solvers are more efficient than frequency domain solvers when broad frequency bands are involved. We expect the same to hold for integral equations.

D2. Optimization of electromagnetic devices

We propose to develop computational optimization in electromagnetics using the general methodology indicated above (gradient or quasi-Newton methods based on solving adjoint equations), which has been successfully applied for in particular problems of optimal shape or topology in solid mechanics, but so far has only rarely been used in electromagnetics. With such methods it should be possible to design e.g. antennas with prescribed radiation patterns and bandwidths, or microwave filters whose transmission coefficient are given functions of frequency, and many other devices with optimized features. The importance of this development for Swedish industry can be very high.

We are well positioned for developing optimization tools for electromagnetic design, e.g. with our hybrid code is a versatile tool for obtaining results over wide frequency bands, and we have preliminary results on shape optimization for Maxwell’s equations. We collaborate with the Microelectronics at Chalmers on optimization of microwave components, with Saab Avionics which partly funds a graduate student (Y. Yang) on RCS optimization, and for low frequency problems with Chalmers Power Engineering and ABB.

D3. Micro Electro Mechanical Systems MEMS

MEMS are currently developed for applications in sensing and microelectronics. A few applications are mature (e.g., quartz watches and ink jet printers), but MEMS technology is only beginning to develop. There is very little software available to simulate the coupled processes in MEMS and we propose to contribute to fill this gap.

We thus propose to develop simulation tools for MEMS using our entire platform for electromagnetics/mechanics/mathematics. One graduate student (E. Svensson) is funded by Imego,

www.imego.se, a research institute located on the Chalmers campus, developing MEMS products.

We plan to initiate further cooperation with Imego.

E. Computational Solid and Structural Mechanics

Computational Mechanics at Φ includes research groups at Applied Mechanics at the School of Mechanical and Vehicular Engineering (Runesson, Hansbo), and Structural Mechanics at the School of Civil Engineering (Wiberg). The coupling to the applied mathematics group (Johnson) is strong and dates back to the 70s with the rapid development of the finite element method as a general mathematical technique from pioneering work in Structural Mechanics. The cooperation has kept Chalmers in a leading position in the world of finite elements, with a combined strength on both engineering and mathematical aspects.

The research covers a wide spectrum from material modelling to structures: We have developed constitutive models for large strain inelasticity [8], creep, damage and fracture [19]. Further we have developed adaptive computational methods for problems with localized failure and shear banding, using higher order continuum theory [20] (gradient theory and nonlocal theory) to model material micro structures. Current applications of high industrial significance concern high-temperature alloys, hard metals, stainless steel in ball-bearings, railway ballast, and railway steel in wheels and rail. Computational strategies for the fatigue life prediction of spot welds in car components, gas-turbine blades and railway components are under development. We have developed Arbitrary-Lagrangian-Eulerian (ALE) [4] techniques with application to fluid-structure interaction problems including large deflections and free fluid surfaces, with industrial applications to sloshing in fuel tanks. Another ongoing project concerns wave propagation along railway tracks.

We propose research on the following topics:

E1. Adaptive methods for nonlinear and time-dependent materials under large deformations

We propose to further develop our work on this topic with particular focus on the choice of relevant error measures of engineering significance such as the J-integral in fracture mechanics. We propose a similar study for coupled thermo-mechanical problem arising from impact loading, with an important technical application being the emerging manufacturing technology known as ”cold forging”. This subproject is part of a quite extensive collaborative effort between Chalmers and SKF.

We propose to develop our work in multiscale modelling of polycrystalline materials, in particular two-phase stainless steel, whereby the analysis of a Representative Volume Element (RVE) in 3D on the mesolevel is coupled to balance equations on the macroscopic level. The response of the RVE represents a homogenized macroscopic material response, thus avoiding an a priori explicit specification of a macroscopic constitutive model requiring elaborate calibration.

We also propose to further develop our modelling/computational work on gradient theory of (visco)plasticity to deal with size effects in material modelling such as those apparent from micro-hardness tests.

E2. Contact and fracture

We propose to develop new computational methods for problems of contact and fracture using Discontinuous Galerkin methods in space (following [3]) allowing slip and separation. Our interest will be focused on two types of contact: The first type is rolling contact with friction, with applications in railway mechanics. The second type of contact relates to the closing of macroscopic cracks under cyclic loading, whereby the crack surfaces come into contact and form an internal boundary. To develop robust adaptive finite element techniques for the modelling/computation of propagating cracks is of considerable engineering interest.

E3. Adaptive methods in dynamics

We propose to develop space-time continuous/discontinuous finite elements for nonlinear vibrating mechanical systems with adaptive error control of quantities of engineering interest such as amount of energy dissipation. An important application is wave propagation in connection with high speed trains on soft soil foundations creating shock waves.

Eigenvalue problems arise in, for example, vibration analysis, buckling analysis, and heat conduction, and there is a need for efficient solution techniques for large scale linear/nonlinear cases. We propose to develop adaptive methods for eigenvalue calculation and response simulation via mode superposition, based on suitable a posteriori error estimation, see [13].

E4. Coupled thermo-hydro-mechanical problems in porous media

Reliable computational methods for coupled thermo-hydro-mechanical behavior of a porous medium consisting of several phases are needed in civil engineering to make reliable life time predictions of roads, and railway structures. We propose to develop adaptive methods for such problems with full use of our arsenal of techniques. We also propose to further develop our work of level set methods for two-phase flow with sharp interfaces, allowing accurate tracking of interfaces on a fixed mesh.

E5. Biomechanics

We have recently initiated a research project on Computational Biomechanics based on support from a VR-grant. The project focuses on simulation of motion and dynamic load situations on various implants and prostheses, for instance, total knee or hip replacements, using an advanced finite element model. In particular, such computer simulations can be used to improve design and performance of the prostheses, leading to improved quality of life for the patient and economical savings. Key aspects include modelling of material properties of bone, remodelling of bone under load, complex geometries, and optimization. Industrial contacts with Integrum, see

www.integrum.se, has been established. We propose to support one graduate student in this area.

F. Computational Finance

This is a new booming area with strong connections to the numerical solution of (stochastic) differential equations. Φ is now supporting one graduate student (G. Foufas) in this area and we propose to develop our activity in this field in cooperation with the group of A. Szepessy at Nada/KTH.

Importance of proposed research for participating inst.

The Φ-cooperation on CMM has developed into a broad activity in both research and education of prime importance for all the groups involved. The SSF-support of Φ has been crucial and SSF-support will continue to be crucial in times when university funding is very sparse and resources for cooperative efforts are not given highest priority. Moreover, progress in the area of CMM today requires a a close cooperation of computational mathematics and sciences, for which the traditional department structure at Chalmers (and other universities) is not well suited. The need for an interdisciplinary unit in CMM is thus very clear, and Φ has an important mission to fill in both research and education. Negotiations are under way to create a joint mathematics/electromagnetics position for Prof. Anders Bondeson coupled to Φ, which reflects the new role of CMM.

References

[1] L. Beilina and C. Johnson An adaptive hybrid FEM/FD method for inverse scattering, to appear in Proc from from ENUMATH 2001. (Preprint 2002-5, Chalmers Finite Element Center).

[2] D.J. Estep, M.G. Larson, and R.D. Williams Estimating the error of numerical solutions of systems of nonlinear reaction-diffusion equations (with D.J. Estep and R.D. Williams), Mem. Amer. Math. Soc. 146 (2000), no. 696, 109 pp.

[3] R. Becker, P. Hansbo and R. Stenberg, A finite element method for domain decomposition with non-matching grids, (preprint 2001-15, Chalmers Finite Element Center).

[4] Hansbo P., A free-Lagrange finite element method using space-time elements, Comput. Methods Appl. Mech. Engrg. 188 (2000) 347-361.

[5] J. Hoffman, and C. Johnson, Dynamic computational subgrid modelling I and II, to appear in Comp. Meth. Appl. Mech. Engrg. (Preprint 2000-4, Chalmers Finite Element Center).

[6] J. Hoffman, and C. Johnson, Adaptive finite element methods for the incompressible Navier-Stokes equations, Agard/VKI course, to appear in Springer Lecture Notes, 2001. (Preprint 2001-18, Chalmers Finite Element Center).

[7] J. Hoffman, and C. Johnson, A computational study of transition to turbulence in shear flow, to appear in M3AS, (Preprint 2002-4, Chalmers Finite Element Center).

[8] Ekh, M. and Runesson, K., Modelling and Numerical Issues in Hyperelasto-Plasticity with Anisotropy, International Journal of Solids and Structures, 38 9461–9478, (2001).

[9] K. Eriksson, D. Estep, C. Johnson, Applied Mathematics: Body & Soul, Springer, to appear 2002, (www.phi.chalmers.se/education/books/em2000.html).

[10] K. Eriksson, M. Larson, Adaptive finite elements and optimal design, Preprint 2002-3, Chalmers Finite Element Center.

[11] M.G. Larson, R. Bergström and K. Samuelsson The LL* finite element method and multigrid for the magnetostatic problem, submitted (Preprint 2001-02, Chalmers Finite Element Center).

[12] P. Hansbo and M.G. Larson Discontinuous Galerkin methods for nearly incompressible elasticity by Nitsche’s method (with P. Hansbo), Comput. Methods Appl. Mech. Engrg., 191 (2002), 1895–1908.

[13] M.G. Larson A priori and a posteriori error analysis for finite element approximations of selfadjoint elliptic eigenvalue problems, SIAM J. Numer. Anal. 38 (2000), no. 2, 608–625

[14] T. Rylander and A. Bondeson, Stable FEM-FDTD hybrid method for Maxwell’s equations, Comput. Phys. Comm. 125, 75 (2000).

[15] T. Rylander and A. Bondeson, Stability of Explicit-Implicit Hybrid Time-Stepping Schemes for Maxwell’s Equations, J. Comput. Phys., accepted (2002)(Preprint 2002-03, Chalmers Finite Element Center).

[16] Y. Q. Liu, A. Bondeson, R. Bergström, C. Johnson, M. G. Larson, and K. Samuelsson, Eddy current computations using adaptive grids and edge elements, IEEE Trans. Magn., March 2002 (Preprint 2001-17, Chalmers Finite Element Center).

[17] Nahidh Hamid Sharif, Nils-Erik Wiberg and Mårten Levenstam: Free Surface Flow through Rock-Fill Dams Analyzed by FEM with Level Set Approach, Computational Mechanics, Num. 27, Issu. 3, pp. 233-243, (2001). (cf. Preprint 2001-06, Chalmers Finite Element Center).

[18] Nils-Erik Wiberg and Xiangdong Li: Adaptive Finite Element Procedures for Linear and Non-Linear Dynamics, International Journal for Numerical Methods in Engineering, Vol. 46, pp. 1781-1802, (1999).

[19] Larsson, R. and Runesson, K., Cohesive Crack Models for Quasi-Brittle Materials Derived from Localization of Damage Coupled to Plasticity, International Journal of Fracture, 69 pp-101-122, (1994/1995).

[20] Svedberg, T. and Runesson, K.,An Adaptive FE-Algorithm for Gradient Theory of Plasticity with Coupling to Damage,International Journal of Solids and Structures, 37 pp 7481-7500, (2000)

Proposed Budget and Financing

Personnel

The research personnel today associated with Φ are listed below together with corresponding department at Chalmers. For graduate students, the expected year for graduation is given.

Tenured senior researchers: Doc. M. Azadsadeh (Math), Prof. A. Bondeson (Electro), Doc. K. Eriksson (Math), Prof. P. Hansbo (Mech), Prof. C. Johnson (Math, director of Φ), Doc. S. Larsson (Math), Dr. P. Möller (Mech), Prof. K. Runesson (Mech), Doc. N. Svanstedt (Math) Prof. N-E. Wiberg (Structural Mech).

Non-tenured senior researchers (Assistant Prof. (forskarassistent)): Dr. M. Larson (Math), Dr. Y. Liu (Electro), Dr. K. Samuelsson (Fraunhofer-Chalmers), Adj.Prof. O. Tullberg (Struct. Mech), Dr. T. Svedberg (Solid Mech).

Graduate students: L. Beilina (Math 2003), R. Bergström (Math 2002), N. Eriksson (Math 2002), T. Ekevid (Struct Mech 2003), G. Engström (Struct Mech 2006,Chalmers) T. Hellström (Volvo TU/Math 2002), P. Heintz (Mech 2006), J. Hoffman (Math 2002), J. Hermansson (Mech 2003), P. Ingelström (Electro 2004), G. Foufas (Math 2005), F. Larsson (Mech 2003), R. Lillbacka (Mech 2006), A. Logg (Math 2003), A. Målquist (Math 2006), T. Rylander (Electro 2002), E. Svensson (Math, 2005), N. Sharif (Struct Mech 2002), Y. Yang (Electro 2003).

Leadership

Prof. C. Johnson, assisted by Dr. M. Larson, will be the director of the Research Program, including responsibility of allocation of resources to different research projects.

Project organization

We indicate here the primary researchers involved in the projects proposed above. The project leader is indicated by PL.

Inverse problems/Optimal Design A1,A3, B1-4: M. Larson (PL), K. Eriksson, C. Johnson, L. Beilina, A. Målquist, new grad stud.

CFD/Turbulence/Reactive Flow/Turbulence modelling A1-2, C1-3: C. Johnson (PL), S. Larsson, N. Svanstedt, J. Hoffman, A. Logg, new grad stud.

CEM A1, D1-2: A. Bondeson (PL), R, Bergström, P. Ingelström, M. Larson, Y. Liu, T. Rylander, Y. Yang, new grad stud.

MEMS A1,A3,D3: A. Bondeson (PL), K. Runesson (PL), M. Larson, S. Larsson, E.Svensson, new grad student.

Adaptive techniques for large deformations A1, E1: K. Runesson (PL), P. Hansbo, C. Johnson, F. Larsson, R. Lillbacka, new grad stud.

Computational modelling of contact and fracture A1, E2: P. Hansbo (PL), P. Heintz, M. Larson, F. Larsson, K. Runesson, new grad stud.

Biomechanics A1, E5: M. Larson (PL), J. Niklasson, and new graduate student.

Adaptive techniques in dynamics E4: N-E. Wiberg (PL), T. Ekevid, P. Hager, P. Kettil, new graduate student.

Coupled thermo-hydro-mechanical problems in porous media E5: N-E. Wiberg (PL), Johan Olsson, Gustav Engström, new grad student.

Computational Finance F1: M. Larson (PL), G. Foufas.

Budget

In the table below we present a preliminary allocation of resources indicating percentage of a full time and cost. No funding from SSF is requested for tenured positions. We expect to allocate from SSF 25% for Researchers and 50% for graduate students with complementing funding from Chalmers, VR, and industrial cooperation. The total cost for an Assistant Professor is approximately 800 kSEK per year and 500 kSEK per year for a graduate student. These figures are based on a total 2.25 overhead factor and salaries of 360 kSEK and 220 kSEK per year. The total overhead factor consists of department/university overhead (2.00) including social taxes and research group overhead (0.25) covering travel, computing, and other costs (including department/university overhead). In the table below we indicate the size of the SSF allocated resources as well as other sources of funding when known. For brevity we use the following notation: VR (Vetenskaps rådet), CTH (position at Chalmers including both research and teaching), CF (support allocated by the President of Chalmers from the Chalmers Foundation), Charmec (Research program in the Mechanics Department on railway mechanics).

Personnel Project Activity(%) Year 1 Year 2 Year 3 Researchers M. Larson ABCDEF 25 (VR, CTH) 200 200 200 Y. Liu D1-3 25 (EU, CTH) 200 200 200 New researcher A-E 25 (CTH) 200 200 200 Post Doc/Visitor A-E 25 (CTH) 200 200 200 PhD Students L. Beilina A1B1 50 (CF) 250 250 T. Ekevid E3 50 250 250 G. Foufas F1 50 (CF) 250 250 250 P. Heinz E1-2 50 (Charmec) 250 250 J. Hoffman A1C1-3 50 (VR) 250 F. Larsson E1E2 50 (VR) 250 250 A. Målquist B2-4 50 (CF) 250 250 250 Y. Yang D1-3 50 (CTH) 250 250 250 New student A1B1-4 50 250 250 250 New student A1C1-2 50 250 250 250 New student A1C3 50 250 250 250 New student A1C3 50 250 New student E1-5 50 250 New student E1-5 50 250 New student D1-2 50 250 250 250 New student D3 50 250 250 250 New student D3 50 250 250 New student A-F 50 250 Total 4050 4050 4050

Research Group Survey

A. Principal investigators and students

Principal investigators:

• Prof. A. Bondeson (Electro, Chalmers 60%, EU 40%), • Prof. C. Johnson (Math, Chalmers 100%), • Doc. S. Larsson (Math, Chalmers 70%, TFR 30%), • Dr. M. Larson (Math, Chalmers 50%, TFR/VR 40%, Fraunhofer-Chalmers 10%), • Prof. K. Runesson (Applied Mech, Chalmers 100%), • Prof. N-E. Wiberg (Structural Mech, Chalmers 100%).

Association and financing indicated. Graduate students:

• L. Beilina (Math, Johnson, 2003, VR 80%, KTH 20%), • R. Bergström (Math, M. Larson, 2002, ABB 50%, TFR 50%), • N. Eriksson (Math 2003, Johnson, Chalmers), • T. Ekevid (Struct Mech 2003, Wiberg, NGSSC 50%, Banverket 50%) • G. Engström (Struct Mech 2006, Wiberg, Chalmers 50%, VR 50 %) • T. Hellström (Volvo TU/Math, Johnson, 2002, Volvo TU), • P. Heintz (Mech 2006, Runesson, Charmec 50%, VR 50%) • J. Hermansson (Mech 2003, Hansbo, IVS 100%) • J. Hoffman (Math 2002, Johnson, VR 50% , Chalmers 50%), • P. Ingelström (Electro, Bondeson, 2004, VR 80% , Chalmers 20%) • G. Foufas (Math 2005, M. Larson, Chalmers), • F. Larsson (Mech 2003, Hansbo, VR 100%), • R. Lillbacka (Mech 2006, Runesson, VR 100%) • A. Logg (Math 2003, Johnson, VR 50%, Chalmers 50%), • A. Målquist (Math 2006, K. Eriksson/Johnson, VR 50% Chalmers 50%), • T. Rylander (Electro 2002, Bondesson, NGSSC 50%, LIFT 50% ), • E. Svensson (Math 2005, S. Larsson, ECMI/Imego) • N. Sharif (Struct Mech 2002, Wiberg, Chalmers), • Y. Yan (Math 2003, Larsson, Chalmers 100%) • Y. Yang (Electro 2003, Bondeson, Chalmers 100%).

Association, advisor, expected year of PhD and financing indicated.

B. Curriculum vitae for applicants Curriculum vitae: Anders E. Bondeson

born December 12, 1953 in Mariestad, Sweden.

Department of Electromagnetics Chalmers University of Technology S-41296, Göteborg Sweden phone +46-31-772 1578 fax +46-31-772 1725 email elfab@elmagn.chalmers.se

A. Professional preparation

1975-79 Ph.D. in Plasma Physics, Chalmers University of Technology, Göteborg. 1971-75 Master of Engineering (Technical physics), Chalmers University of Technology.

B. Appointments

1995/9 - present Professor of Electromagnetic Field Theory, Chalmers University of Technology. 1993/11 - 95/8 Professor of Theoretical Electrotechnics, Dep. of Technology, Uppsala University. 1988/4 - 93/10 Adjoint Scientifique at Centre de Recherches en Physique des Plasmas, Ecole Polytechnique Federale de Lausanne (EPFL), Lausanne, Switzerland.

1986/1 - 86/10 Invited Professor, EPFL, Lausanne, Switzerland 1982/6 - 85/12 Extra Professor of Theoretical Fusion Plasma Physics, Chalmers U. of Technology 1981/7 - 82/5 Assistant Professor, Physics Department, University of Maryland, College Park, Md. 1979/8 - 81/6 Research Assoc., Laboratory for Plasma and Fusion Energy Studies, U. of Maryland

D. Other merits of relevance to the project

Research Over 90 papers in refereed journals on magnetohydrodynamic stability, numerical methods and computation (MHD and Electromagnetics), Plasma Physics, gyrotrons (coholder of 4 patents). 29 invited talks at international conferences and workshops. Coordinator of EU work in MHD for ITER 1993-99.

Advisor to PhD/Lic. Theses E. Salinas, PhD 2001, Mitigation of Power-Freq. Magnetic Fields (coadvisor for CEM part) T. Rylander, Lic. 2000, Computational Electromagnetics, FEM-FDTD hybrid method D.H. Liu, PhD 1999, Computational MHD. Stability of 2D equilibria H.X. Xie PhD 1996, Resistive MHD instabilities in tokamaks Z.X. Jiang, PhD 1994, Hydromagnetic Stability studies of straight pinch configurations M. Benda, PhD 1993, Numerical study of the axisymmetric ideal MHD stability of EXTRAP

H. Lütjens, PhD 1992, MHD stability of internal kink modes in tokamaks: Application of an equilibrium code using bicubic finite elements R. Iacono, PhD 1990, Equilibrium and stability of rotating plasmas, MHD and guiding center results.

M Persson, PhD 1988, Resistive stability for rotating plasmas J. Sobel, Lic. 1984, Linear investigation of resistive tearing modes in cylindrical geometry. Currently advisor for 5 graduate students in Computational Electromagnetics and MHD

Committees Associated member SNRV (Swedish National Committee for Radio Science), section B Member NFR ”beredningsgrupp” 1994, NFR Physics Committee 95-00, VR ”beredningsgrupp” 01 Reviewed computational applications for US Department of Energy 2001, Science Foundation Ireland 2002, and, on numerous occasions, promotions at Princeton Plasma Physics Laboratories Specialist editor of Computational Electromagnetics for Computer Physics Communications 1998- 2001 Member EURATOM Fusion Physics Committee, 1995-2000 Member NFR Committee for Fusion Research, FFK 1995-2001 Board member, Chalmers Finite Element Center Φ Board member, Chalmers consortium for numerical computations

Awards John Ericsson Medal, Chalmers University of Technology, 1975.

Winner Svenska Dagbladets Matematiktävling (National mathematics cont. high-school students) 1970

Teaching Undergraduate and graduate courses in Electromagnetics at Chalmers, Uppsala and Maryland Univ.

Undergraduate and Masters Program courses in Computational Electromagnetics at Chalmers Undergraduate course in Optics at Maryland University Undergraduate and graduate courses in Plasma physics at Chalmers, Uppsala University and EPFL Graduate courses in Magnetohydrodynamics at EPFL and international workshops/summer schools

Curriculum vitae: Claes G. L. Johnson

born November 18 1943 in Mölndal, Sweden.

Department of Mathematics Chalmers University of Technology S-41296, Göteborg Sweden phone +46-31-772 35XX fax +46-31-772 3595 email claes@math.chalmers.se

A. Professional preparation

Master of Engineering, Chalmers Univ. of Technology, 1969, Ph.D. in Mathematics, Chalmers Univ. of Technology, 1973, Docent in Numerical Analysis, Chalmers Univ. of Technology 1978.

B. Appointments

Assistant, Mathematics Dept., Chalmers Univ. of Techn. 1969-73, Instructor, Mathematics Dept., The University of Chicago 1974-76, Assistant Professor, Dept. of Computer Science, Chalmers Univ. 1976-80 Visiting Prof, Ecole Polytechnique, Paris, April-June 1976 Visiting Prof Universite Paris VI, April-June 1978 Professor of Applied Mathematics, Dept. of Mathematics, Chalmers University of Technology 1981- , permanent position Visiting Prof Mathematics Dept., Univ. of Michigan 1983-84 Visiting Prof Ecole Polytechnique, Paris, Oct-Nov 1987 Visiting Prof Ecole Polytechnique, Paris, Jan-June 1991 Visiting Prof Univ. of Stuttgart, Heidelberg, 12 months 1991-94 Visiting Prof Univ. of Pavia, Italy, Febr-March 1997 Visiting Prof CRS4, Sardinia, March-June 1997.

D. Other merits of relevance to the project

Editorial duties:

Computer Methods in Applied Mechanics and Engineering Mathematical Models and Methods in Applied Sciences

Services Director of Chalmers Finite Element Center

Advisor to Ph.D./Lic thesis(at Chalmers) U. Nävert, A finite element method for convection-diffusion problems, 1982 S. Waserbrot, Discont. finite element methods for plasticity problems, 1984 M. Asadzadeh, Num. meth. for neutr. trspt. and Vlasov eq., 1986 J. Lennblad, Adaptive methods for parabolic problems, 1989. A. Szepessy, Convergence of the streamline diff. fem for cons. laws, 1989. Robert Sandboge, Adaptive fem for reactive compressible flow, 1997 Mats Larson, Analysis of adaptive finite element methods, 1997. N. Eriksson, A study of transition to turbulence, 1998. E. Burman, Finite element methods for reactive two-phase flow, 1998. J. Hoffman, Adaptive Computational Subgrid Modelling, 2000. A. Logg , Multiadaptive Galerkin Methods for ODEs, 2001.

Awards Albert Wallins pris, Göteborgs Kungl. Vet.- och VitterhetsSamhälle, 1985 Humboldt Forschungspreis 1990.

Research 75 scientific articles on applied mathematics, partial differential equations, finite element methods and numerical analysis.

Books Numerical Solution of Partial Differential Equations by the Finite Element Method, Studentlitteratur/Cambridge University Press, 1987.

Computational Differential Equations (with Eriksson, Estep and Hansbo), Studentlitteratur/Cambridge University Press, 1996.

Applied Mathematics: Body & Soul 2002, I-III, (with Eriksson and Estep), Springer, 2002.

Current research contracts SSF : Chalmers Finite Element Center (Director) -01 NGSSC: Adaptive finite element methods for electromagnetics -01 VR: Multi-scale adaptive methods 02-04

Teaching experience A variety of courses in mathematics, applied mathematics and numerical analysis from beginning undergraduate to advanced graduate level.

Curriculum vitae: Mats G. Larson

born September 10, 1968 in Kungälv, Sweden.

Department of Mathematics Chalmers University of Technology S-41296, Göteborg Sweden

phone +46-31-772 3591 fax +46-31-772 3595 email mgl@math.chalmers.se

A. Professional preparation

Ph.D., Applied Mathematics, Chalmers University of Technology, 1997, advisor: Professor Claes Johnson, thesis: Analysis of Adaptive Finite Element Methods.

Tekn. Lic., Applied Mathematics and Certificate from the European Consortium for Mathematics in Industry (ECMI), Chalmers University of Technology, 1995.

M. Sc., Mechanical Engineering and Applied Mathematics, Chalmers University of Technology, 1991.

B. Appointments

Assistant Professor, Department of Mathematics, Chalmers University of Technology, Sweden, Oct. 1999 – present.

Scientific Advisor, Fraunhofer-Chalmers Research Centre for Industrial Mathematics, Sep. 2001 – present.

Project Leader, Institute of Applied Mathematics, Sweden, Jan. 2000 – Dec. 2001, project funded by ABB.

Post Doc. Fellow in the Mechanics and Computation Department at Stanford University (Prof. T.J.R. Hughes group), USA, funded by STINT. Oct. 1997–Sep. 1999.

Research assistant, Department of Mathematics, Chalmers University of Technology, Sweden, Jul. 1992–Sep. 1997.

D. Other merits of relevance to the project

Research

More than 30 papers and technical reports.

Grants

Computational Biomechanics, three year grant (02–04), 380 kkr per year, with Jonas Niklasson, from the Swedish research council.

Multiscale Computations, three year grant (02–04), 350 kkr per year, with Claes Johnson (principal investigator), from the Swedish research council.

Computational Wave Propagation, two year grant (Jul. 00–Jun. 02), 400 kkr per year, with Claes Johnson (principal investigator) and Jonas Niklasson, from the Swedish Research Council for Engineering Sciences.

Computational Mathematical Modelling, Two year grant (99–01), 400 kkr per year, from the Foundation of Strategic Research, with Claes Johnson (principal investigator).

Two year (97–99) Post Doc. Fellowship from STINT for research at Stanford University.

Advisor experience Advisor for Ph.D. candidates R. Bergström (Lic. 99, PhD expected 02) and G. Foufas (Lic. expected 02) at the Department of Mathematics, Chalmers, Sweden.

Coadvisor for Ph.D. candidates M. Lindberg, and J. Ivarsson at the Department of Mathematics, and P. Heintz at the Department of Applied Mechanics, Chalmers, Sweden.

Other experience Several extended international research visits. Most recently visiting scientist NASA Ames, USA, funded by RIACS, Aug.–Sep. 2001. Consultant for industry. Jul. 97–present.

Member of the Informal Steering Group of the Mathematics Department. Oct. 00–Dec 01. Member of Graduate Committee Jan. 02 – present.

Organizer of the Computational and Applied Mathematics Seminar (with Stig Larsson) , Chalmers. Reviewer for various academic journals.

Chalmers University of Technology, participated in pedagodical development of the Mathematics course program for the Masters Programs in Chemistry with Physics and Biology, Sep. 99–present. Military service in the Swedish army as mathematician and cryptoanalyst, Jun. 91–Aug. 92.

Curriculum vitae: Stig Larsson

born July 11, 1952, Värnamo, Sweden

Department of Mathematics Chalmers University of Technology S-412 96, Göteborg Sweden phone +46-31-772 3543 fax +46-31- 16 19 73 email stig@math.chalmers.se url www.math.chalmers.se/~stig

A. Professional preparation

MSc in Engineering Physics (“civilingenjör F”), Chalmers University of Technology, 1976 PhD in Mathematics, Chalmers University of Technology, 1985 (supervisor: Vidar Thomée)

B. Appointments

Assistant of mechanics, Chalmers University of Technology, 1974–1979 Assistant of mathematics, Chalmers University of Technology, 1979–1985 Visiting assistant professor of mathematics,University of Michigan, Ann Arbor, 1985–1987 Lecturer of mathematics, Chalmers University of Technology, 1987–1992 Associate professor (“docent”) of mathematics, Chalmers University of Technology, 1992–

D. Other merits of relevance to the project

Award Chalmers University’s award for teaching 1991

Fellowships and research grants Scholarship for graduate study from the Swedish Institute for Applied Mathematics (ITM), 1982– 1985 Half salary paid by a research grant from the Swedish National Board for Technical Development (STUF), 1988–1992 Half salary paid by research grants from the Swedish Research Council for Engineering Sciences (TFR), 1992–1998.

INTAS 1997–2000 “Perturbations of invariant sets in infinite dimensional dynamical systems” TFR 1998–1999 “Finite element methods for parabolic problems in science and engineering”. TFR 2000–2001 “Finite element methods for parabolic problems in science and engineering”. TFR 2000–2001, “Numerical modelling of viscoelastic materials using integro-differential equations” (with Mikael Enelund, Department of Solid Mechanics, Chalmers).

Research students Mats Boman, tekn dr 2000 Johan Ivarsson, tekn lic 1998, tekn dr 2002 Currently supervising three graduate students: Y. Yan, E. Svensson, and B. Hakberg

Administration Head of the Department of Computational Mathematics 2002–.

Project leader for the pedagogical project “Integration of Mathematics, Chemistry and Chemical Engineering” within the Chalmers Strategic Effort on Learning and Teaching C-SELT. Member of the TFR selection committee for applied mathematics 1999–2000. Coordinator of the educational program “Engineering Mathematics” 1992–1997, chairman of its steering committee 1997–.

Organizer of the Computational and Applied Mathematics Seminar (with M. G. Larson).

Curriculum vitae: Kenneth Runesson

born November 26, 1948, Moheda, Sweden.

Department of Applied Mechanics Chalmers University of Technology S-41296, Göteborg Sweden

phone +46-31-772 1501 fax +46-31-772 3827 email kenneth.runesson@me.chalmers.se

A. Professional preparation

M.Sc. in Civil Engineering, CTH, 1972 Ph.D. in Civil Engineering, CTH, 1978 Docent in Structural Mechanics, CTH, 1978

B. Appointments

1979-84 Research Fellow, Structural Mechanics, CTH 1979 Visiting Research Affiliate, Civil Engineering, University of Sydney 1981-82 Visiting Research Fellow, Civil Engineering, University of Sydney 1984-92 Associate Professor, Structural Mechanics, CTH 1987-89 Visiting Professor, Civil, Environmental and Architectural Engineering, University of Colorado at Boulder 1991-92 Acting Professor, Engineering Materials, LTH 1993- Professor, Solid Mechanics, CTH 1996-97 Visiting Professor, Civil, Environmental and Architectural Engineering, University of Colorado at Boulder

D. Other merits of relevance to the project

International scientific publications

75 published or accepted papers in international journals (reviewed), 7 papers under review, 74 papers published in books and proceedings of international conferences (reviewed).

Supervised graduate students

Main adviser of 6 Ph.D. dissertations at Chalmers University of Technology and coadviser (factual main adviser in most cases) of 8 Ph.D. dissertations at Chalmers University, University of Lund and University of Colorado at Boulder. Main adviser of 5 Tech.Lic. dissertations at Chalmers University and University of Lund.

Selected academic services

Editorial board member of 3 international journals (Int. J. Numerical Methods in Engineering, Int. J. Plasticity, Int. J. Numerical and Analytical Methods in Geomechanics). Reviewer for 12 international journals.

Opponent at 7 Ph.D. dissertations and 6 Tech.Lic. dissertations at Sweden, Denmark, Norway and Finland.

Member of examination committees for Ph.D. at 23 occasions in Sweden, Denmark, Norway, Finland, Germany, Holland, Spain and USA.

External reviewer for academic positions at several universities in Sweden, Denmark and USA. Member of the Board of the Swedish National Association for Mechanics (1995-2001). Member of the President’s Advisory Committe for Promotions and Academic Strategies at Chalmers University (1994-2000).

Chairman of the Board of Chalmers Finite Element Center (current).

Curriculum vitae: Nils-Erik Wiberg

born November 27, 1938, Vibyggerå, Sweden.

Department of Structural Mechanics Chalmers University of Technology S-41296, Göteborg Sweden phone +46-31-772 1970 fax +46-31-772 1976 email new@sm.chalmers.se

A. Professional preparation

1964, MsC in Civil Engineering, Chalmers University of Technology 1968, Techn lic in Structural Mechanics, Chalmers University of Technology 1970, PhD in Structural Mechanics, Chalmers University of Technology 1970, Docent in Structural Mechanics, Chalmers University of Technology

B. Appointments

1970, Research Assistant Structural Mechanics, Chalmers 1970 University Lecturer In Structural Mechanics, Chalmers 1972 Professor (half time) in Structural Mechanics, Chalmers 1978 Full Professor in Structural Mechanics, Chalmers, 1983- Head of department of Structural Mechanics, Chalmers, 1983-

D. Other merits relevant to the project

Research Author/co-author of 7 books in Structural Mechanics and FEM. Author/co-author of about 60 internationally published papers.

Selected services 1979-, Chairman of the Center of Computer Calculations at Chalmers, 1988-2000, Chairman of the Nordic Association in Computational Mechanics (NoACM) 1996-, Vice president of European Community for Computational methods in Applied Sciences (ECCOMAS) Arranged about 80 seminars of one day or more within the field of Computational Mechanics On Editorial board for 4 international journals.

Reviewer for a number of well established scientific journals (20 review articles/year). Member of President’s Advisory Committee for promotions and Academic Strategies at Chalmers University (2001- ) Member of Chalmers Faculty Committee (1992- ).

Supervised graduate students Main adviser of 12 PhD 6 TechLic dissertations at Chalmers University of Technology.

Further information

As can be seen above I have during all my professional work actively worked with transferring knowledge of computational techniques by writing several textbooks and arranging numerous courses and conferences directed to researches as well as industrial people. I have also created a very extensive international contact network by work in international organizations like ECCOMAS (European Community of Computational Mechanics in Applied Sciences) and NoACM (Nordic association of Computational Mechanics) where I have leading positions.

It is noteworthy that, during the last 20 years, 9 Professors and 4 University lecturers in various fields of mechanics at Swedish universities (CTH, KTH, LiTH, LuTH) received their Research Education from our department. This shows the impact by the Structural Mechanics group at Chalmers on the computational mechanics community within Sweden.

In spring 2000 the field of Computational Modelling and Simulation at Structural Mechanics was after a broad evaluation process appointed to be a center of excellence at the School of Civil Engineering, Chalmers. It was said that this is a field of priority for the School, it has a wellestablished co-operation internationally and with industry, and integration with VR-techniques was interesting.

C. Scientific output - group

PhD and Lic degrees 97-01

1. R. Sandboge (adv Johnson) PhD 1997. 2. M. Larson (adv. Johnson) PhD 1997. 3. E. Burman (adv Johnson), PhD 1998. 4. N. Eriksson (adv Johnson) Lic 1999. 5. R. Bergström (adv M. Larson) Lic 1999. 6. J. Hoffman (adv Johnson) Lic 2000. 7. A. Logg (adv Johnson) Lic 2001. 8. J. Ivarsson (adv S. Larsson) PhD 2002. 9. M. Boman (adv S. Larsson) PhD 2000.

10. E. Salinas (adv Bondeson), PhD 2001, (joint with Electrical Power Engineering). 11. T. Rylander (adv Bondeson), Lic. 2000. 12. D.H. Liu (adv Bondeson), PhD 1999. 13. H.X. Xie (adv Bondeson) PhD 1996. 14. Patrik Cannmo (adv Runesson) PhD 1997. 15. Lennart Mähler (adv Runesson) PhD 1999. 16. Thomas Svedberg (adv Runesson) PhD 1999. 17. Magnus Ekh (adv Runesson) PhD 2000. 18. Lars Jacobsson (adv Runesson) Lic 1999. 19. Fredrik Larsson (adv P. Hansbo) Lic 2001. 20. Joakim Hermansson (adv P. Hansbo) Lic 2001. 21. Ulrika Wendt (adv Samuelsson) PhD 1997. 22. Behzad Soltani (adv Samuelsson) PhD 1997. 23. Patrik Hager (adv Wiberg) Lic 1998. 24. Per Kettil (adv Wiberg) Lic 1999.

25. Sigurdur Ormarsson (adv Petersson) PhD 1999. 26. Mats Ander (adv Samuelsson) PhD 1999. 27. Per Kettil (adv Wiberg) PhD 2001.

28. Nina Lautersztajn-S (adv Samuelsson) PhD 2001. 29. Patrik Hager (adv Wiberg) PhD 2001. 30. Nahidh Hamid Sharif (adv Wiberg) PhD 2002. 31. Jonas Larsson (adv Wiberg) Lic 1997.

32. Peter Eriksson (adv Friberg) Lic 2000

33. Torbjörn Ekevid (adv Wiberg) Lic 2000.

34. Johan Olsson (adv Wiberg) Lic 2000.

35. Mats Svensson (adv Mattiasson) Lic 2001.

Renewal of basic and graduate education.

Φ has developed a new program for applied mathematics education from basic to graduate level including books and software, which is now used in the chemical engineering education at Chalmers, and is stimulating a reform from basic to graduate level to include modern tools of CMM in engineering courses. Further, Φ has developed a new interdisciplinary graduate education in CMM at Chalmers including international cooperation with Hannover and Barcelona with exchange of students. We expect new graduate students under the present proposal to this program. Φ also contributes to the NGSSC course program with an introductory finite element course, and has the ambition to extend to advanced courses.

Main publications group (10)

1. D.J. Estep, M.G. Larson, and R.D. Williams, Estimating the error of numerical solutions of systems of nonlinear reaction-diffusion equations, Mem. Amer. Math. Soc. 146 (2000), no. 696, 109 pp.

2. P. Hansbo and M.G. Larson, Discontinuous Galerkin methods for nearly incompressible elasticity by Nitsche’s method, Comput. Methods Appl. Mech. Engrg., 191 (2002), 1895– 1908.

3. T. Rylander and A. Bondeson, Stability of Explicit-Implicit Hybrid Time-Stepping Schemes for Maxwell’s Equations, J. Comput. Phys., accepted (2002) (Preprint, 2002-3, Chalmers Finite Element Center).

4. Y.Q. Liu, A. Bondeson R. Bergström, C. Johnson, M.G. Larson, and K. Samuelsson, Eddy current computations using adaptive grids and edge elements, IEEE Trans. Magn. (to appear, March 2002) (Preprint 2001-17, Chalmers Finite Element Center).

5. T. Rylander and A. Bondeson, Stable FEM-FDTD hybrid method for Maxwell’s equations, Comput. Phys. Comm. 125, 75 (2000).

6. J. Hoffman, and C. Johnson, Adaptive finite element methods for the incompressible Navier- Stokes equations, Agard/VKI course, to appear in Springer Lecture Notes, 2002, (Preprint 2001-18, Chalmers Finite Element Center).

7. L. Beilina (adv C. Johnson), An adaptive hybrid FEM/FD for inverse scattering problems, Preprint 2002-5, Chalmers Finite Element Center.

8. N.H. Sharif, N.-E. Wiberg and M. Levenstam, Free Surface Flow through Rock-Fill Dams Analyzed by FEM with Level Set Approach, Computational Mechanics, Num. 27, Issu. 3, pp. 233-243, (2001). (cf. Preprint 2001-06, Chalmers Finite Element Center).

9. N.-E. Wiberg and X. Li, Adaptive Finite Element Procedures for Linear and Non-Linear Dynamics, International Journal for Numerical Methods in Engineering, Vol. 46, pp. 1781- 1802, (1999).

10. T. Svedberg and K. Runesson, An Adaptive FE-Algorithm for Gradient Theory of Plasticity with Coupling to Damage,International Journal of Solids and Structures, 37 pp 7481-7500, (2000)

Publications group 1998-

1. M. ASADZADEH, A Posteriori Error Estimates for the Fokker-Planck and Fermi Pencil Beam Equations, Math. Models Methods Appl. Sci. 10 no. 5 pp. 337-769 (2000)

2. M. ASADZADEH, Convergence of a Discontinuous Galerkin scheme for the Neutron Transport, Trans. Theory Statist. Phys. 30 no. 4-6 pp. 357-383 ( 2001)

3. N.Y. BABAEV S. LARSSON V. THOMEE, Long time behavior of backward difference type methods for parabolic equations with memory in Banach space, East-West J. Numer. Math. 6 pp. 185-206 (1998)

4. L. BEILINA, An Adaptive Hybrid FEM/FD for Inverse Scattering Problems, Chalmers Finite Element Center Preprint (2002)

5. R. BAUSYS P. HAGER and N.-E. WIBERG, Postprocessing Techniques and h-Adaptive Finite Element-Eigenproblem Analysis, Computers and Structures Vol. 79 Issue 22-25 pp. 2039-2052 (2001)

6. R. BAUSYS and N.-E. WIBERG, Adaptive Finite Element Strategy for Acoustic Problems, Journal of Sound and Vibration 226(5) pp. 905-922 (1999)

7. R. BERGSTRM, Least-Squares Finite Element Methods for Electromagnetic Application, Licentiate Thesis - Chalmers University of Technology Sweden (2000)

8. A. BONDESON, Basic methods and recent advances in Computational Electromagnetics, RVK 99 - RadioVetenskap och Kommunikation 99 -June 14-17 1999 Karlskrona Sweden (1999)

9. T. EKEVID M. XIANDONG N.-E. WIBERG, Adaptive FEA of Wave Propagation Induced by High-Speed Trains, Computers and Structures Vol. 79 Issue 29-30 pp. 2693-2704 (2001)

10. K. ERIKSSON and M.G. LARSON, Adaptive Finite Elements and Optimal Design, Preprint Chalmers Finite Element Center (2002)

11. P. HAGER and N.-E. WIBERG, The Rational Krylov Algorithm for Nonlinear Eigenvalue Problems, Computational Mechanics for the Twenty-First Century Ed. B.H.W.Topping Saxe-Coburg Publications ( Edinburgh UK pp. 379-402)

12. P. HAGER and N.-E. WIBERG, Error Estimation and h-adaptivity for Eigenfrequency Analysis of Plates in Bending, Computers and Structures Vol. 78 Iss. 1-3 pp. 1-10 (2000)

13. P. HAGER and N.-E. WIBERG, Adaptive Eigenfrequency analysis by Superconvergent Patch Recovery, Computer Methods in Applied Mechanics and Engineeering Vol. 176 pp. 441-462 (1999)

14. P. HANSBO and R. BECKER, Discontinuous Galerkin methods for convection-diffusion problems with arbitrary Peclet number, Numerical Mathematics and Advanced Applications: Proceedings of the 3rd European Conference - World Scientific pp. 100-109 (2000)

15. P. HANSBO R. BECKER and R. STENBERG, A finite element method for domain decomposition with non-matching grids, Chalmers Finite Element Center Preprint 2001-15 (2001)

16. A. HANSBO and P. HANSBO, An unfitted finite element method for elliptic interface problems, Chalmers Finite Element Center Preprint 2001-21 (2001)

17. P. HANSBO, A note on energy conservation for Hamiltonian systems using continuous time finite elements, Commun. Numer. Methods Engrg 17 pp. 863-869 (2001)

18. P. HANSBO and M.G. LARSON, A discontinuous Galerkin method for the plate problem, CAL- COLO (2002)

19. P. HANSBO and M.G. LARSON, Discontinuous Galerkin and the Crouzeix-Raviart element: Application to elasticity, Chalmers Finite Element Center Preprint 2000-09 (2000)

20. P. HANSBO and M.G. LARSON, A simple nonconforming bilinear element for the elasticity problem, Trends in Computational Structural Mechanics CIMNE pp. 317-327 (2001)

21. P. HANSBO and M.G. LARSON, A P2-continuous P1-discontinuous finite element method for the Mindlin-Reissner plate problem, Chalmers Finite Element Center Preprint 2001-22 (2001)

22. P. HANSBO and C. JOHNSON, Adaptive finite element methods for elastostatic contact problems, Grid Generation and Adaptive Algorithms: Luskin J. E. Flaherty and M. Bern eds. Springer pp 135-149 (1998)

23. P. HANSBO F. LARSSON and K. RUNESSON, Space-time finite elements and adaptive strategy for the coupled thermoelasticity problem, tech. report (2000)

24. P. HANSBO F. LARSSON and K. RUNESSON, On the computation of goal-oriented a posteriori error measures in nonlinear elasticity, tech. report (2000)

25. P. HANSBO, A new approach to quadrature for finite elements incorporating hourglass control as a special case, Comput. Methods Appl Mech. Engrg. 158 pp. 301-309 ( 1998)

26. P. HANSBO, A new approach to quadrature for Moving finite element methods by use of space-time elements: I. Scalar problems, Numer. Methods Partial Differential Equations 14 pp. 251-262 ( 1998)

27. J. HOFFMAN and C. JOHNSON, Adaptive Finite Element Methods for Incompressible Fluid Flow Error Estimation and Solution Adaptive Discretization in CFD - Lecture Notes in Computation Science and Engineering, Springer-Verlag - to appear (2002)

28. J. HOFFMAN and C. JOHNSON, A Computational Study of Transition to Turbulence in Shear Flow, Authors: Johan Hoffman and Claes Johnson Chalmers Finite Element Center Preprint 2002- 04 (2002)

29. J. HOFFMAN, Dynamic Subgrid Modeling of Convection Diffusion Reaction Equations with Fractal Coefficients, Multiscale and Multiresolution Methods - Lecture Notes in Computation Science and Engineering Springer-Verlag ( 2001)

30. J. HOFFMAN, Dynamic subgrid modeling of time dependent convection-diffusion-reaction equations with fractal solutions, International Journal for Numerical Methods in Fluids - to appear (2002)

31. J. HOFFMAN, Dynamic subgrid modeling I, Computer Methods in Applied Mechanics and Engineering ( submitted)

32. J. HOFFMAN, Dynamic subgrid modeling II, Computer Methods in Applied Mechanics and Engineering ( submitted)

33. J. HOFFMAN, Dynamic Subgrid Modeling of Convection Diffusion Reaction Equations with Fractal Coefficients, Conference Proceedings - Yosemite Educational Symposium for Multiscale and Multiresolution Methods - Yosemite USA (2002)

34. J. HOFFMAN, Dynamic subgrid modeling of time dependent convection-diffusion-reaction equations with fractal solutions, Conference Proceedings - ICFD Oxford England (2001)

35. J. HOFFMAN, Dynamic subrid modeling for time dependent convection-diffusion-reaction equations with fractal solutions, Chalmers Finite Element Center Preprint 2001-19 (2001)

36. A. JAUN K. BLOMQVIST A. BONDESON and T. RYLANDER, Iterative Solution of Global Electromagnetic Wavefield with Finite Elements, Comput. Phys. Comm. 135 74 (2001)

37. C. JOHNSON K. ERIKSSON and S.LARSSON, Adaptive finite element methods for parabolic problems. VI. Analytic semigroups, SIAM J. Numer. Anal. 35 pp. 1315-1325 (1998)

38. C. JOHNSON and D. ESTEP, The pointwise computability of the Lorenz system, M3AS 8 pp.

1277-1306 (1998)

39. C.JOHNSON and P. HANSBO, Adaptive finite element methods for elastostatic contact problems, IMA Volumes in Mathematics and its Applications 113 (1998)

40. C. JOHNSON, Adaptive finite element methods for conservation laws, Advanced Numerical Approximation of Nonlinear Hyperbolic Equations - Springer Lecture Notes in Mathematics 1697 (1998)

41. C. JOHNSON, Adaptive computational methods for differential equations, Proceedings from ICIAM99 - eds Ball and Hunt pp. 96-104 Oxford University Press (2000)

42. C. JOHNSON K. ERIKSSON and D. ESTEP, Applied Mathematics: Body Soul, Springer [to appear] (2002)

43. C. JOHNSON J. HOFFMAN and A. LOGG, Topics in Adaptive Computational Methods for Differential Equations, CEDYA 2001: Congreso de Ecuaciones Diferenciales y Aplicaciones (2001)

44. P. KETTIL and N.-E. WIBERG, Adaptive Design and Analysis of Structures an Integration of Tools, Design Optimization 1 pp. 440-464 (1999)

45. P. KETTIL and N.-E. WIBERG, Adaptive FE-analysis of Column Supported Reissner-Mindlin Plates, Computers and Structures Vol. 72 pp. 605-626 (1999)

46. M.G. LARSON and A.J. NIKLASSON, Adaptive finite element multilevel methods for semilinear elliptic boundary value problems, Numer. Math. 84 no. 2 pp. 249-274 (1999)

47. F. LARSSON and K. RUNESSON and P. HANSBO, Computation of goal-oriented error measures in space-time finite elements for viscoplasticity, Trends in Computational Structural Mechanics pp. 499-510 - W.A.Wall ( K.-U. Bletzinger and K. Schweizerhof (eds.) CIMNE)

48. F. LARSSON K. RUNESSON AND P. HANSBO, Time finite elements and error computation for (visco)plasticity with hardening or softening, Tech. Rep. ( 2001)

49. M.G. LARSON T.J.R. HUGHES G. ENGEL L. MAZZEI, A comparison of discontinuous and continuous Galerkin methods based on error estimates; conservation; robustness and efficiency, Proceedings of International Symposium on Discontinuous Galerkin Methods Vol 11 Springer Lecture in Computational Sciences and Engineering ( 1999)

50. M.G. LARSON and T.J. BARTH, A posteriori estimates for functionals in compressible fluid flow, Proceedings of International Symposium on Discontinuous Galerkin Methods Vol 11 Springer Lecture in Computational Sciences and Engineering ( 1999)

51. M.G. LARSON, Error growth and a posteriori error estimates for computations of periodic orbits in Hamiltonian systems using conservative schemes, Math. Models Methods Appl. Sci. 10 no. 1 pp. 31-46 (2000)

52. M.G. LARSON D.J. ESTEP R.D. WILLIAMS, Estimating the error of numerical solutions of systems of nonlinear reaction-diffusion equations, Mem. Amer. Math. Soc. 146 no. 696 109 pp. (2000)

53. M.G. LARSON and R. BERGSTRM, A dispersion analysis of Galerkin least squares methods for Maxwells equations, Proceedings of Waves 2000 conference - Santiago de Compostela - Spain (2000)

54. M.G. LARSON, A priori and a posteriori error analysis for finite element approximations of selfadjoint elliptic eigenvalue problems, SIAM J. Numer. Anal. 38 no. 2 pp. 608-625 (2000)

55. M.G. LARSON T.J.R. HUGHES G. ENGEL L. MAZZEI, The continuous Galerkin method is conservative, J. Comput. Phys. 163 no. 2 pp. 467-488 (2000)

56. M.G. LARSON and P. HANSBO, A simple nonconforming bilinear element for the elasticity problem, Trends in Computational Structural Mechanics Eds W.A. Wall et al. CIMNE ( 2001)

57. M.G. LARSON and A.J. NIKLASSON, A posteriori error estimation of functionals in elliptic problems: experiments, Preprint 2001-04 Chalmers Finite Element Center - Chalmers University of Technology Sweden [to appear in Math. Models Methods Appl. Sci.] (2001)

58. M.G. LARSON and P. HANSBO, Discontinuous Galerkin methods for nearly incompressible elasticity by Nitsches method, Preprint 2000-06 Chalmers Finite Element Center - Chalmers University of Technology Sweden [to appear in Comput. Methods Appl. Mech. Engrg.] (2000)

59. M.G. LARSON and P. HANSBO, A discontinuous Galerkin method for the plate problem, Preprint 2000-08 Chalmers Finite Element Center - Chalmers University of Technology Sweden [to appear in Calcolo 2002] (2000)

60. M.G. LARSON A.J. NIKLASSON, Conservation properties for continuous and discontinuous Galerkin methods, Preprint 2000-07 Chalmers Finite Element Center - Chalmers University of Technology Sweden (2000)

61. M.G. LARSON R. BERGSTRM K. SAMUELSSON, The LL* finite element method and multigrid for the magnetostatic problem, Preprint 2001-02 Chalmers Finite Element Center - Chalmers University of Technology Sweden. (2001)

62. M.G. LARSON R. BECKER P. HANSBO, Energy norm a posteriori error estimation for discontinuous Galerkin methods, Preprint 2001-11 Chalmers Finite Element Center - Chalmers University of Technology Sweden (2001)

63. M.G. LARSON and A.J. NIKLASSON, Analysis of a family of discontinuous Galerkin methods for elliptic problems: the one dimensional case, Preprint 2001-12 Chalmers Finite Element Center - Chalmers University of Technology Sweden (2001)

64. M.G. LARSON and T.J.R. HUGHES et al, Continuous discontinuous approximations of fourthorder elliptic problems in structural and continuum mechanics with applications to thin bending elements and strain gradient elasticity, ()

65. M.G. LARSON, A new error analysis for finite element approximations of indefinite elliptic boundary value problems, Department of Mathematics - Chalmers University of Technology () 66. M.G. LARSON, Introduction to a posteriori error estimates based on local problems, Chalmers Finite Element Center - Chalmers University of Technology Sweden (1999) 67. M.G. LARSON and R. BERGSTRM et al., Adaptive finite element methods in electromagnetics, ITM Report 1999:2 Chalmers Science Park Gothenburg Sweden (1999) 68. M.G. LARSON and A.J. NIKLASSON, Analysis of a nonsymmetric discontinuous Galerkin method for elliptic problems: stability and energy error estimates, Preprint 2001-13 Chalmers Finite Element Center - Chalmers University of Technology Sweden (2001) 69. M.G. LARSON and J. IVARSSON, Computational error estimation for parabolic problems, appears in Ivarssons PhD thesis - Chalmers University of Technology Sweden (2001) 70. S. LARSSON V. THOMEE L.B. WAHLBIN, Numerical solution of parabolic integro-differential equations by the discontinuous Galerkin method, Math. Comp. 67 pp. 45-71 (1998) 71. S. LARSSON and J.-M. SANZ-SERNA, A shadowing result with applications to finite element approximation of reaction-diffusion equations, Math. Comp. 68 pp. 55-72 (1999) 72. S. LARSSON N.Yu. BAKAEV and V. THOMEE, Backward Euler type methods for parabolic integro-differential equations in Banach space, RAIRO Model. Math. Anal. Numer. 32 pp. 85-99 (1998) 73. X. LI and N.-E. WIBERG, Implementation and Adaptivity of a Space-Time Finite Element Method for Structural Dynamics, Computer Methods in Applied Mechanics and Engineering Vol. 156 pp. 211-229 (1998) 74. S. LARSSON and S.Yu PILYUGIN, Numerical shadowing near the global attractor for a semilinear parabolic equation, Preprint 1998:21 Department of Mathematics - Chalmers University of Technology (1998) 75. S. LARSSON, Numerical analysis of semilinear parabolic problems, Published in The Graduate Students Guide to Numerical Analysis 98. Lecture Notes from the VIII EPSRC Summer School in Numerical Analysis - editors M. Ainsworth J. Levesley and M. Marletta - SSCM volume 26 Springer-Verlag pp. 83-117 (1999) 76. S. LARSSON D.A. FRENCH and R.H. NOCHETTO, Pointwise a posteriori error analysis for an adaptive penalty finite element method for the obstacle problem, Comput. Methods Appl. Math. 1 18-38 (2001) 77. S. LARSSON, Preservation of Strong Stability Associated with Analytic Semigroups, To appear in Collected Lectures on Preservation of Stability under Discretization - D. Estep and S. Tavener editors SIAM (2002) 78. Y.Q. LIU A. BONDESON R. BERGSTRM C. JOHNSON M.G. LARSON and K. SAMUELSSON, Eddy current computations using adaptive grids and edge elements, IEEE Trans. Magn. [to appear March 2002] () 79. Y.Q. LIU A. BONDESON R. BERGSTRM C. JOHNSON M.G. LARSON and K. SAMUELSSON, Eddy current computations using adaptive grids and edge elements, Proc. of Compumag - Evian July 2-7 ( 2001) 80. A. LOGG, A Multi-Adaptive ODE-Solver, Chalmers Finite Element Center Preprint 2000-02 (2000) 81. A. LOGG, Multi-Adaptive Error Control for ODEs, Chalmers Finite Element Center Preprint 2000- 03 / Oxford Univ Comp Lab Report 98/20 (1998) 82. A. LOGG, Multi-Adaptive Galerkin Methods for ODEs I: Theory Algorithms, Chalmers Finite Element Center Preprint 2001-09 (2001) 83. A. LOGG, Multi-Adaptive Galerkin Methods for ODEs II: Applications, Chalmers Finite Element Center Preprint 2001-10 (2001) 84. K. RUNESSON F. LARSSON and P. HANSBO, Space-time finite elements and adaptive strategy for the coupled poroelasticity problem, Proceedings Developments in Theoretical Geomechanics - Smith Carter (eds) Balkema Rotterdam pp. 193-213 (2000) 85. M. RUTER E. STEIN K. RUNESSON F. LARSSON and P. HANSBO, Strategies for Goal-oriented A Posteriori Error Measures in Nonlinear Elasticity, ECCM 01 Cd-rom Krakow ( 2001)

86. T. RYLANDER and A. BONDESON, Stable FEM-FDTD hybrid method for Maxwells equations, Comput. Phys. Comm. vol. 125 pp. 75-82 March (2000)

87. T. RYLANDER and A. BONDESON, Application of Stable FEM-FDTD Hybrid to Scattering Problems, To appear in IEEE Trans. Antennas Propagat. January (2002)

88. T. RYLANDER and A. BONDESON, Stability of Explicit-Implicit Hybrid Time-Stepping Schemes for Maxwells Equations, J. Comput. Phys. accepted (2002)

89. T. RYLANDER R. BERGSTRM M. LEVENSTAM A. BONDESON and C. JOHNSON, FEM algorithms for Maxwells equations, Conference Proceedings EMB 98 - Electromagnetic Computations for Analysis and Design of Complex Systems - November 17-18 ( 1998 - Linköping Sweden)

90. T. RYLANDER and A. BONDESON, Hybrid Method Combining FDTD and FEM for Maxwells Equations, Conference Proceedings RVK 99 - RadioVetenskap och Kommunikation 99 - June 14-17 1999 Karlskrona Sweden (1999)

91. T. RYLANDER P. INGELSTRM and A. BONDESON, Application of Stable FEM-FDTD Hybrid to Scattering and Antenna Problems, Conference Proceedings Antenn 00 - September 12-14 2000 Lund Sweden (2000)

92. T. RYLANDER and P. WALLER, Patch Antennas on Inhomogeneous Substrates, Conference Proceedings EMB 01 - Electromagnetic Computations Methods and Applications - November 14-15 2001 Uppsala Sweden (2001)

93. N.H. SHARIF and N.-E. WIBERG, Adaptive ICT-Procedure for Non-linear Seepage Flows with Free Surface in Porous Media, Communication in Numerical Mehtods in Engineering Vol. 18 pp. 161-176 (2002)

94. N.H. SHARIF N.-E. WIBERG and M. LEVENSTAM, Free Surface Flow through Rock-Fill Dams Analyzed by FEM with Level Set Approach, Computational Mechanics Num. 27 Issu. 3 pp. 233-243 (2001)

95. N.H. SHARIF N.-E. WIBERG and M. LEVENSTAM, Free Surface Flow Predictions by an Interface- Capturing Finite Element Technique, International Journal for Computational Civil and Structural Engineering Volume 1 Iss. 2 pp. 98-106 (2000)

96. N.-E. WIBERG and X. LI, Adaptive Finite Element Procedures for Linear and Non-Linear Dynamics, International Journal for Numerical Methods in Engineering Vol. 46 pp. 1781-1802 (1999)

97. N.-E. WIBERG R. BAUSYS and P. HAGER, Improved Eigenfrequencies and Eigenmodes in Free Vibration Analysis, Computers and Structures Vol. 73 pp. 79-89 (1999)

98. N.-E. WIBERG and X. LI Nonlinear Structural Dynamic Analysis by a Discontinuous Galerkin Finite Element Method, H.A. Mang and F.G. Rammerstorfer (Eds) IUTAM Symposium on Discretization Methods in Structural Mechanics pp. 115-122, 1999 ()

99. N.-E. WIBERG R. BAUSYS and P. HAGER, Adaptive h-version eigenfrequency analysis, Computers and Structures Vol. 71 pp. 565-584 (1999)

100. N.-E. WIBERG and P. HAGER, Error Estimation and adaptivity for h-version adaptivity, P. Ladeveze and J. T. Oden (Eds) Advances in Adaptive Computational Methods in Mechanics pp. 461-475 (1998)

D. Scientific output-individuals Anders Bondeson

1. D. Anderson and A. Bondeson, Parametric wave interactions in random media, Phys. Scripta (Sweden) 14, 324 (1976).

2. A. Bondeson, Influence of random inhomogeneities on parametric interactions, Phys. Scripta (Sweden) 15, 56 (1977).

3. D. Anderson and A. Bondeson, Stationary solutions of resonant three wave interactions involving growing and damped waves, Phys. Fluids 20, 1072 (1977).

4. D. Anderson, A. Bondeson, and L. Falk, Effects of growth-rate modulation on the nonlinear mode coupling between stable and unstable plasma waves, J. Plasma Phys. 18, 363 (1977).

5. D. Anderson, A. Bondeson, M. Lisak, R. Nakash, and H. Wilhelmsson, Nonlinear interaction involving zero energy waves, Phys. Scripta (Sweden) 17, 411 (1978).

6. J.C. Fernandez, G. Reinish, A. Bondeson, and J. Weiland, Collapse of a Korteweg-de-Vries soliton into a weak noise shelf, Phys. Lett. 66A, 175 (1978).

7. D. Anderson, A. Bondeson, and M. Lisak, A variational approach to perturbed soliton equations, Phys. Lett. 67A, 331 (1978).

8. D. Anderson, A. Bondeson, and M. Lisak, Transverse instability of soliton solutions to nonlinear Schrdinger equations, J. Plasma Phys. 21, 259 (1979).

9. D. Anderson, A. Bondeson, and M. Lisak, Stability analysis of lower-hybrid cones, Phys. Scripta (Sweden) 20, 343 (1979).

10. A. Bondeson, M. Lisak, and D. Anderson, Soliton perturbations: A variational principle for the soliton parameters, Phys. Scripta (Sweden) 20, 479 (1979).

11. D. Anderson, A. Bondeson, and M. Lisak, Soliton formation at critical density in laser-irradiated plasmas, J. Plasma Phys. 22, 339 (1979).

12. A. Bondeson, Transverse instability of Langmuir solitons, Phys. Rev. Lett. 43, 1117 (1979). 13. A. Bondeson, Perturbation analysis of single Langmuir solitons, Phys. Fluids 23, 746 (1980). 14. A. Bondeson, G. Marklin, Z.G. An, H.H. Chen, Y.C. Lee, and C.S. Liu, Tilting instability of a cylindrical spheromak, Phys. Fluids 24, 1682 (1981).

15. S. Riyopoulos, A. Bondeson, and D. Montgomery, Relaxation toward states of minimum energy in a compact torus, Phys. Fluids 25, 107 (1982).

16. A. Bondeson, B. Levush, W.M. Manheimer, and E. Ott, Multimode theory and simulation of quasioptical gyrotrons and gyroklystrons, Int. J. Electronics 53, 547 (1982).

17. B. Levush, A. Bondeson, W.M. Manheimer, and E. Ott, Theory of quasi-optical gyrotrons and gyroklystrons operating at higher harmonics of the cyclotron frequency, Int. J. Electronics 54, 749 (1983).

18. A. Bondeson, W. M. Manheimer, and E. Ott, Multimode time-dependent analysis of quasi-optical gyrotrons and gyroklystrons, Phys. Fluids 26, 285 (1983).

19. A. Bondeson, Linear analysis of the coalescence instability, Phys. Fluids 26, 1275 (1983). 20. A. Bondeson, Three-dimensional instability of magnetic islands, Phys. Rev. Lett. 51, 1668 (1983). 21. R.G. Kleva, J.F. Drake, and A. Bondeson, Coherent nonlinear destabilization of tearing modes, Phys. Fluids (Letter) 27, 769 (1984).

22. A. Bondeson and J. R. Sobel, Energy balance of the collisional tearing mode, Phys. Fluids 27, 2028 (1984).

23. A. Perrenoud, T.M. Tran, M.Q. Tran, C. Rieder, M. Schleipen, and A. Bondeson, Open resonator for quasi-optical gyrotrons: structure of the modes and their influence, Int. J. Electronics 57, 985 (1984).

24. A. Bondeson, Cascade properties of shear Alfvn wave turbulence, Phys. Fluids 28, 2406 (1985).

25. R.G. Kleva, J.F. Drake, and A. Bondeson, Coherent nonlinear destabilization of tearing modes: The effect of the mass flow, Phys. Fluids 28, 2478 (1985).

26. P.N. Guzdar, J.M. Finn, K.W. Wang, and A. Bondeson, The role of magnetic reconnection and differential rotation in spheromak formation, Phys. Fluids 28, 3154 (1985).

27. A. Bondeson, E. Ott, and T.M. Antonsen, Jr., Quasiperiodically forced damped pendula and Schrdinger equations with quasiperiodic potentials: Implications of their equivalence, Phys. Rev. Lett. 55, 2103 (1985).

28. A. Bondeson, Simulations of tokamak disruptions including self-consistent temperature evolution, Nucl. Fusion 26, 929 (1986).

29. A. Bondeson and M. Persson, Resistive tearing modes in the presence of equilibrium flows, Phys.

Fluids 29, 2997 (1986).

30. A. Bondeson and T.M. Antonsen, Space-charge instabilities in gyrotron beams, Int. J. Electronics 61, 855 (1986).

31. M.Q. Tran, A. Bondeson, A. Perrenoud, S. Alberti, B. Isaak, and P. Muggli, Multimode simulation of the frequency spectrum of a quasi-optical gyrotron, Int. J. Electronics 61, 1029 (1986).

32. F.J. Romeiras, A. Bondeson, E. Ott, T.M. Antonsen, Jr., and C. Grebogi, Quasiperiodically forced dynamical systems with strange nonchaotic attractors, Physica 26D, 277 (1987).

33. A. Bondeson, R. Iacono, and A. Bhattacharjee, Local magnetohydrodynamic instabilities of cylindrical plasma with sheared equilibrium flows, Phys. Fluids 30, 2167 (1987).

34. L. Chen, A. Bondeson, and M.S. Chance, Asymptotic stability boundaries of ballooning modes in circular tokamaks, Nucl. Fusion (Letter) 27, 1918 (1987).

35. A. Bondeson and M. Persson, Stabilization by resistive walls and q-limit disruptions in tokamaks, Nucl. Fusion (Letter) 28, 1887 (1988).

36. M. Persson and A. Bondeson, Wall locking and density limit disruptions Nucl. Fusion 29, 989 (1989).

37. A. Bondeson and R. Iacono, Ideal stability of cylindrical plasma in the presence of mass flow, Phys.

Fluids B1, 1431 (1989).

38. G. Vlad and A. Bondeson, Numerical simulations of sawteeth in tokamaks, Nucl. Fusion 29, 1139 (1989).

39. X. Llobet, K. Appert, A. Bondeson, and J. Vaclavik, On spectral pollution, Comput. Phys. Comm.

59, 199 (1990).

40. S. Alberti, M.Q. Tran, J.P. Hogge, T.M. Tran, A. Bondeson, P. Muggli, A. Perrenoud, B. Jdicke, and H.G. Matthews, Experimental measurements on a 100 GHz frequency tunable quasi-optical gyrotron, Phys. Fluids B2, 1654 (1990).

41. R. Iacono, A. Bondeson, F. Troyon, and R. Gruber, Axisymmetric toroidal equilibrium with flow and anisotropic pressure, Phys. Fluids B2, 1794 (1990).

42. M. Persson and A. Bondeson, Oscillating magnetic islands in a rotating plasma, Phys Fluids B2, 2315 (1990).

43. C. G. Schultz, A. Bondeson, F. Troyon, and A. Roy, Influence of triangularity and plasma profiles on ideal MHD beta limits, Nucl. Fusion 30, 2259 (1990).

44. A. Bondeson and G.Y. Fu, Tunable integration scheme for the finite element method, Comput.

Phys. Comm. 66, 167 (1991).

45. A. Bondeson, R. Parker, M. Hugon, and P. Smeulders, MHD modelling of density limit disruptions in tokamaks, Nucl. Fusion 31, 1695 (1991).

46. R. Paccagnella, A. Bondeson, and H. Ltjens, Ideal toroidal stability beta limits and shaping effects for reversed field pinch configurations, Nucl. Fusion 31, 1899 (1991).

47. H. Lütjens, A. Bondeson, and A. Roy, Axisymmetric MHD equilibrium solver with bicubic Hermite elements, Comput. Phys. Commun. 69, 287 (1992).

48. A. Bondeson and M.-N. Bussac, Stability of the n = 1 ideal internal kink for large aspect ratio Shafranov equilibria, Nucl. Fusion (Letter) 32, 513 (1992).

49. A. Bondeson, G. Vlad, and H. Ltjens, Resistive toroidal stability of internal kink modes in circular and shaped tokamaks, Phys. Fluids B4, 1889 (1992).

50. R.H. Weening and A. Bondeson, Beta limit of a completely bootstrapped tokamak, Comments on Plasma Phys. 15, 77 (1992).

51. H. Lütjens, A. Bondeson, and G. Vlad, Ideal MHD stability of internal kinks in circular and shaped tokamaks, Nucl. Fusion 32, 1625 (1992).

52. Z.A. Pietrzyk, A. Pochelon, R. Behn, A. Bondeson, P.-A. Duperrex, B.P. Duval, B. Joye, A.J.

Knight, B. Marchal, C. Nieswand, Density limits and disruptions in the TCA tokamak , Nucl. Fusion 32, 1735 (1992).

53. Z.A. Pietrzyk, A. Pochelon, R. Behn, A. Bondeson, M. Dutch, T.P. Goodman, M.Q. Tran, and D.R.

Whaley, Electron cyclotron resonance heating on the TCA tokamak, Nucl. Fusion 33, 197 (1993). 54. D.J. Ward, A. Bondeson, and F. Hofmann, Pressure and inductance effects on the vertical stability of shaped tokamaks, Nucl. Fusion (Letter) 33, 821 (1993).

55. T.M. Antonsen, Jr., and A. Bondeson, Effects of trapped thermal particles on the n = 1 internal kink mode in tokamaks, Phys. Rev. Lett. 71, 2046 (1993).

56. T.M. Antonsen, A. Bondeson, M. Roulin, and M.Q. Tran, Studies of self-consistent field structure in a quasi-optical gyrotron, Phys. Fluids B5, 3798 (1993).

57. T.M. Antonsen, Jr., and A. Bondeson, Influence of trapped thermal particles on internal kink modes in high temperature tokamaks, Phys. Fluids B5, 4090 (1993).

58. M. Benda and A. Bondeson, Numerical Study of the axisymmetric ideal MHD stability of EXTRAP, Phys. Scripta (Sweden) 48, 726 (1993).

59. A. Bondeson and D.J. Ward, Stabilization of external modes in tokamaks by resistive walls and plasma rotation, Phys. Rev Lett. 72, 2709 (1994).

60. A.Pletzer, A. Bondeson, and R.L. Dewar, Linear stability of resistive MHD modes: Axisymmetric toroidal computation of the outer region matching data, J. Comput. Phys. 115, 530 (1994).

61. Z.X. Jiang, A. Bondeson, and R. Paccagnella, Stability of current-driven modes in reversed field pinches with resistive walls and plasma rotation, Phys. Plasmas 2, 442 (1995).

62. D.J. Ward and A. Bondeson, Stabilization of ideal modes by resistive walls in tokamaks with plasma rotation and its effect on the beta limit, Phys. Plasmas 2, 1570 (1995).

63. M.S. Chu, J.M. Greene, T.H. Jensen, R.L. Miller, A. Bondeson, R.W. Johnson, and M.E. Mauel, Effect of toroidal plasma flow and flow shear on global magnetohydrodynamic modes, Phys. Plasmas 2, 2236 (1995).

64. H.X. Xie and A. Bondeson, Influence of parallel viscosity on tearing mode stability, Phys. Plasmas 2, 3335 (1995).

65. V.P. Pavlenko, V.V. Yankov, and A. Bondeson, Ship waves in rotating plasma in tokamaks, Phys.

Plasmas 2, 3341 (1995).

66. H.X. Xie and A. Bondeson, Toroidal stability boundaries for tearing modes in tokamaks, Phys.

Plasmas 3, 2423 (1996).

67. A. Bondeson and M. S. Chu, Inertia and ion Landau damping of Low Frequency magnetohydrodynamical modes in tokamaks, Phys. Plasmas 3, 3013 (1996).

68. H. Lütjens, A. Bondeson and O. Sauter, The CHEASE code for toroidal MHD equilibria, Computer Phys. Comm. 97, 219 (1996).

69. M.S. Chu, J.M. Greene, L.L. Lao, R.L. Miller, A. Bondeson, O. Sauter, B.W. Rice, E.J. Strait, T.S.

Taylor, and A.D. Turnbull, Resistive interchange modes in negative central shear tokamaks with peaked pressure profiles, Phys. Rev. Lett. 77, 2710 (1996).

70. C. Wahlberg and A. Bondeson, Stability analysis of the ideal m = n = 1 kink mode in toroidal geometry by direct expansion of the hydromagnetic equations, J. Plasma Phys., J. Plasma Phys. 57, 327 (1997).

71. O. Sauter, R. J. La Haye, Z. Chang, D. A. Gates, Y. Kamada, H. Zohm, A. Bondeson, D. Boucher, J. D. Callen, M. S. Chu, T. A. Gianakon, O. Gruber, R. W. Harvey, C. C. Hegna, L. L. Lao, D. A. Monticello, F. Perkins, A. Pletzer, A. H. Reiman, M. Rosenbluth, E. J. Strait, T. S. Taylor, A. D. Turnbull, F. Waelbroeck, J. C. Wesley, H. R. Wilson, and R. Yoshino, Beta limits in Long-Pulse Tokamak Discharges, Phys. Plasmas 4, 1654 (1997).

72. A. Bondeson and H.X. Xie, Stability of ideal and resistive modes in cylindrical plasmas with resistive walls and plasma rotation, Phys. Plasmas 4, 2081 (1997).

73. A. Bondeson, M. Benda, M. Persson, and M. S. Chu, MHD beta limits for tokamaks with negative central shear, Nucl. Fusion 37, 1419 (1997).

74. D.-H. Liu and A. Bondeson, Improved poloidal convergence of the MARS code for MHD stability, Comput. Phys. Comm. 116, 55 (1999).

75. A. Bondeson, C. G. Gimblett and R. J. Hastie, Resistive wall mode stabilization in toroidal geometry, Phys. Plasmas 6 (Letter), 637 (1999).

76. A. Bondeson, D.-H. Liu, F. X. Sldner, M. Persson, Y. F. Baranov and G. T. Huysmans, MHD beta limits for advanced scenarios on JET, Nucl. Fusion 39, 1523 (1999).

77. Perkins FW, Bondeson A, Buttery RJ, Callen JD, Connor JW, Garofalo AM, Gates DA, Harvey RW, Hegna CC, Hender TC, Huysmans GTA, Kamada Y, La Haye RJ, Pletzer A, Rosenbluth MN, Taylor TS, Wesley J, Wilson HR, Zohm H, Neoclassical islands, beta-limits, error fields and ELMs in reactor scale tokamaks, Nucl. Fusion 39, 2051 (1999).

78. M. S. Chu, L. Chen, L. J. Zheng, C. Ren, A. Bondeson, Effect of rotation on ideal and resistive MHD modes, Nucl. Fusion 39, 2107 (1999).

79. Section 2.4-2.4.3: Wall stabilization and resistive wall modes, pp.2280-2284 in ITER Physics Basis, Nucl. Fusion 39, 2137 (1999).

80. Y. Q. Liu and A. Bondeson, Active feedback stabilization of toroidal external modes in tokamaks, Phys. Rev. Lett. 84, 907 (2000).

81. ⋆ T. Rylander and A. Bondeson, Stable FEM-FDTD hybrid method for Maxwell’s equations, Comput. Phys. Comm. 125, 75 (2000).

82. C. Wahlberg and A. Bondeson, Stabilization of internal kink mode in a tokamak by toroidal plasma rotation, Phys. Plasmas 7, 923 (2000).

83. C. Wahlberg and A. Bondeson, Isothermal internal kink instability in a toroidally rotating tokamak plasma, Phys. Lett. A 271, 285 (2000).

84. Y. In, J. J. Ramos, A. E. Hubbard, I. H. Hutchinson, M. Porkolab, J. Snipes, S. M. Wolfe, and A.

Bondeson, Resistive n=1 modes in reversed magnetic shear Alcator C-Mod plasma , Nucl. Fusion 40, 1463 (2000).

85. Y. Q. Liu, A. Bondeson, C. M. Fransson, B. Lennartson, C. Breitholtz, Feedback stabilization of non-axisymmetric resistive wall modes in tokamaks. I. Electromagnetic model, Phys. Plasmas 7, 3681 (2000).

86. C. M. Fransson, B. Lennartson, C. Breitholtz, A. Bondeson and Y. Q. Liu, Feedback stabilization of non-axisymmetric resistive wall modes in tokamaks. II. Control analysis, Phys. Plasmas 7, 4143 (2000).

87. Y. In, J. J. Ramos, R. J. Hastie, P. J. Catto, A. E. Hubbard, I. H. Hutchinson, E. Marmar, M.

Porkolab, J. Snipes, S. Wolfe, G. Taylor, and A. Bondeson Identification of Mercier instabilities in Alcator C-Mod tokamak, Phys. Plasmas 7, 5087 (2000).

88. A. Jaun, K. Blomqvist, A. Bondeson, T. Rylander, Iterative Solution of Global Electromagnetic Wavefield with Finite Elements, Comput. Phys. Comm. 135, 74 (2001).

89. A. Bondeson, Y. Q. Liu, C. M. Fransson, B. Lennartson, C. Breitholtz and T.S. Taylor, Active feedback stabilization of high-beta modes in advanced tokamaks, Nucl. Fusion 41, 455 (2001).

90. C. Wahlberg and A. Bondeson, Stabilization of the Mercier modes in a tokamak by toroidal plasma rotation, Phys. Plasmas, Phys. Plasmas 8, 3595 (2001).

91. D. Gregoratto, A. Bondeson, M. S. Chu, and A. M. Garofalo, Influence of rotation profiles on stabilization of resistive wall modes, Plasma Phys. Controll. Fusion 43, 1425 (2001).

92. ⋆ T. Rylander and A. Bondeson, Application of stable FEM-FDTD hybrid to scattering problems, IEEE Trans. Antennas Propagat. (to appear, Feb. 2002).

93. ⋆ Y. Q. Liu, A. Bondeson R. Bergstrm, C. Johnson, M. G. Larson, and K. Samuelsson, Eddy current computations using adaptive grids and edge elements, IEEE Trans. Magn. (to appear, March 2002).

94. ⋆ A. Bondeson, Y. Q. Liu, C. M. Fransson, B. Lennartson, C. Breitholtz, Y. Gribov and V. Pustovitov, Physics and control of resistive wall modes, (invited paper at the 2001 APS-DPP Meeting) Phys. Plasmas, (to appear May 2002).

95. A. Bondeson, Y. Q. Liu, D. Gregoratto, Y. Gribov, V. D. Pustovitov, Active control of resistive wall modes in the large aspect ratio tokamak, Nucl. Fusion (accepted).

96. ⋆ T. Rylander and A. Bondeson, Stability of Explicit-Implicit Hybrid Time-Stepping Schemes for Maxwell’s Equations, J. Comput. Phys., accepted (2002).

97. R. Paccagnella, D. Gregoratto and A. Bondeson, Feedback control of resistive wall modes in reversed field pinches, Nucl. Fusion, accepted (2002).

Claes Johnson

1. Estimates near plane portions of the boundary for discrete elliptic boundary problems, Math.

Comp., vol. 28 Oct. 1974, 909-935.

2. On the Convergence of a mixed finite element method for plate bending problems, Numer. Math.

21, 1973, 43-62.

3. Convergence of another mixed finite element method for plate bending problems, Chalmers University of Technology, 1972.

4. Error estimates for a finite element approximation of a minimal surface, Math. Comp., vol. 29, 1975, 343-349 (together with V. Thomeée.

5. On finite element methods for curved shells using flat element, ISNM 27, Birkäuser Verlag, Basel und Stuttgart, 1975.

6. A convergence estimate for an approximation of a parabolic variationel inequality, SIAM J. of Numer. Anal., 13, Sept 1976, 599-606.

7. Existence theorems for plasticity problems, J. Math. pure et appl., 55, 1976, 431-444. 8. On finite element methods for plasticity problems, Numer. Math. 26, 1976, 79-84. 9. On Plasticity with hardening, J. Math. Anal. and Appl. 62(1978), 325-336. 10. A mixed finite element method for plasticity problems with hardening, SIAM J. Numer. Anal. 14, Sept. 1977, 575-584.

11. Analysis of a mixed finite element method for elasto-plastic plates (together with F. Brezzi and B.

Mercier), Math. Comp. 31, Oct. 1977, 809-817.

12. On Shake-down (toghether with B. Mercier), C.R. Acad. Sc. Paris. T. 283 (27 Sept. 1976), Série A, 371-374.

13. An elasto-plastic contact problem, RAIRO Anal. Numer. 12 (1978), 59-74. 14. A finite element method for consolidation of clay, Computer methods in applied mechanics and engineering 16(1978), 177-184.

15. Some equilibrium finite element methods for two-dimensional elasticity problems (together with B.

Mericier), Numer. Math. 30(1978), p. 103-116.

16. On the coupling of boundary integral and finite element methods (together with F. Brezzi), Calcolo 16 (1979), no. 2, 189-201.

17. Some equlibrium finite elements methods for two-dimensional problems in continuum mechanics, Energy methods in Finite element analysis, ed. Glowinski, Wiley 1979.

18. A mixed finite element method for the Navier-Stokes equations, RAIRO Anal. Numer., 12(1978), p. 335-348.

19. On the coupling of boundary integral and finite element methods (together with J.C. Nedelec), Math.Comp. 35(1980), p. 1063-1079.

20. On the coupling of boundary integral and finite element methods (together with F. Brezzi and J.C.

Nedelec), in Basic Problems of Numerical Mathematics, Charles Univ., Prague, 1978. 21. A class of finite element methods for advection-diffusion problems with small diffusion, Technical report, Chalmers Univ. of Techn., 1979.

22. On finite element methods for optimal control problems, Part I, Technical report, Department of Computer Science, Chalmers Univ. of Techn., 1979.

23. On finite element methods for optimal control problems, Part II: Ill-posed problems, Technical report, Department of Computer Science, Chalmers Univ. of Techn., 1979.

24. Error estimates for some mixed finite element methods for parabolic type problems (together with Vidar Thomée), RAIRO Anal. Numer. 15(1981), p. 41-78.

25. Mathematical and numerical analysis of some problems in plasticity, Conference on “Functional Analysis in Plasticity”, Láncut, Poland, 1979.

26. Analysis of some finite element methods for advection-diffusion problems (together with U. Nävert), in Proceedings form “Conference on Analytical and Numerical approaches to asymptotic problems in analysis, Nijmegen, Hollan, June 9-13, 1980, ed. Axelsson, Frank, van der Sluis, North Holland 1981.

27. Finite element methods for problems in perfect plasticity using discontinuous trial functions (together with R. Scott), in Proceedings from “US-Europe Workshop on Nonlinear finite element analysis in Structural Mechanics”, Bochum, W. Germany, July 28-31, 1980, ed. Wunderlich, Stein, Bathe, Springer 1981.

28. Analysis of some mixed finite element methods related to reduced integration (together with J.

Pitkäranta). Math. Comp. Vol. 38(1982), p. 375-400.

29. Error estimates for some finite element methods for a model problem in perfect plasticity, Technical report presented at “Mathematical problems in Continuum Mechanics’, Trento, Italy, Jan. 12-17, 1981.

30. An analysis of the discontinuous Galerkin method for a scalar hyperbolic equation (together with J. Pitkäranta), Math. Comp. 46 (1986), no. 173, 1-26.

31. Finite element methods for convection-diffusion problems, Fifth International Symposium on Computing Methods in Engineering and Applied Sciences, INRIA, Versailles, Dec. 14-18, 1981.

32. Convergence of a fully discrete method for two-dimensional neutron transport (together with J.

Pitkäranta), SIAM J. Numer. Anal. 20(1983), 951-966.

33. Finite element methods for linear hyperbolic problems (together with U. Nävert and J. Pitkäranta), Computer Methods Appl. Mech. Engrg. 45(1984), 285-312.

34. Streamline diffusion methods for problems in Fluid Mechanics, to appear in Finite Element Methods in Fluids, Wiley 1985.

35. Streamline diffusion methods for the incompressible Euler and Navier-Stokes equations (together with J. Saranen), Math. Comp. 47(1986), no 175, 1-18.

36. Time discretization of parabolic problems by the discontinuous Galerkin method (together with V.

Thomée and K. Eriksson), RAIRO Model. Math. Anal. Numer. 19 (1985), 611-643.

37. An analysis of quadrature errors in second kind boundary integral methods (together with R. Scott), SIAM J. Num. Anal.26(1989), 1356-1382.

38. Error estimates for spatially discrete approximations of semilinear parabolicequations with nonsmooth initial data (together with S. Larsson, V. Thomee and L. Wahlbin), Math. Comp. 49(1987), no. 179, 25-38.

39. An adaptive finite element method for linear elliptic problems (together with K. Eriksson), Math.

Comp. 50(1988), 361-383.

40. Crosswind smear and pointwise errors in streamline diffusion finite element methods, (together with A. Schatz and L. Wahlbin), Math. Comp. 49(1987), 25-38.

41. Streamline diffusion finite element methods for incompressible and compressible fluid flow, IMA Vol Math. Appl. 12, Springer,1988.

42. An a posteriori estimate and automatic time step control for a backward Euler discretization of a parabolic problem (together with Y.Y. Nie and V. Thomée), SIAM J. Numer. Anal. 27(1990), no. 2, 277-291.

43. Convergence of a finite element method for a non-linear hyperbolic conservation law (together with A. Szepessy), Math. Comp. 49(1987), no 179, 25-38.

44. Error estimates and automatic time step control for nonlinear parabolic problems (together with K.

Eriksson), SIAM J. Numer. Anal. 24(1987), no. 1, 12-23.

45. On the convergence of shock-capturing streamline diffusion finite element method for nonlinear hyperbolic conservation law (together with P. Hansbo and A. Szepessy), Math. Comp. 54 (1990), no 189, 107-129.

46. Error estimates and adaptive time step control for a class of one step methods for stiff ordinary differential equations, SIAM J. Numer. Anal., 25(1988), 908-926.

47. Adaptive finite element methods for diffusion and convection problems, Comput. Methods Appl.

Mech. Engrg., 82(1990), 301-322.

48. The streamline diffusion finite element method for compressible and incompressible fluid flow. Numerical Analysis 1989 (Dundee), Pitman Res. Notes Math. Ser., 228, Longman Sci. Tech., Harlow, 1990.

49. Adaptive finite element methods for the obstacle problem, Math. Models Methods Appl. Sci., 2(1992), 483-487.

50. Flow-directed Gauss-Seidel iterative methods for stationary convection-diffusion problems, Preprint 1992-29, Dept. of Mathematics, Chalmers University of Technology, 1992.

51. A new approach to algorithms for convection problems bases on exact transport+projection, Comput. Methods Appl. Mech. Engrg., 100(1992), 45-62.

52. Adaptive finite element methods for small strain elasto-plasticity (together with P. Hansbo), in Finite Inelastic Deformations - Theory and Applications, D. Besdo and E. Stein, eds. Springer, Berlin 1992, 273-288.

53. Adaptive finite element methods for parabolic problems I: A linear model problem (together with K. Eriksson), SIAM J. Numer.Anal., 28(1991), 43-77.

54. Adaptive streamline diffusion finite element methods for compressible flow using conservation variables (together with P. Hansbo), Comput. Methods Appl. Mech. Engrg., 87(1991), 267-280.

55. Adaptive finite element methods in computational mechanics (together with P. Hansbo), Comput.

Methods Appl. Mech Engrg., 101(1992), 143-181.

56. Adaptive steamline diffusion finite element methods for stationary convection-diffusion problems (together with K. Eriksson), Math. Comp., 60(1993), 167-188.

57. Discontinuous Galerkin finite element methods for second order hyperbolic problems, Comput.

Methods Appl. Mech. Engrg., 107(1993), 117-129.

58. A new paradigm for adaptive finite element methods, in Proc. Mafelap 93, Brunel Univ., Wiley.

Comput. Methods Appl. Mech. Engrg., 107(1993), 117-129.

59. On computability and error control in CFD, Int. J. Num. Meth. in Fluids, 20(1995), 777-788. 60. Adaptive finite element methods for parabolic problems II: Optimal error estimates in L∞L2 and L∞L∞ (together with K. Eriksson), SIAM J. Numer.Anal. 32(1995), 706-740.

61. Adaptive finite element methods for parabolic problems III: Time steps variable in space (together with K. Eriksson), in preparation.

62. Adaptive finite element methods for parabolic problems IV: Non-linear problems (together with K.

Eriksson), SIAM J. Numer.Anal. 32(1995), 777-788.

63. Adaptive finite element methods for parabolic problems V: Long-time integration (together with K.

Eriksson), SIAM J. Numer.Anal. 32(1995), 1729-1749.

64. Adaptive finite element methods for parabolic problems VI: Analytic semigroups (together with K.

Eriksson and S. Larsson), SIAM J. Numer.Anal. 35(1998), 1315-1325.

65. Adaptive streamline diffusion finite element methods for time-dependent convection-diffusion problems (together with K. Erikson), to appear in Math. Comp.

66. D. Estep and C. Johnson, The pointwise computability of the Lorenz system, M^3AS 8(1998), 1277-1306.

67. Convergence of the discontinuous Galerkin finite element method for hyperbolic conservation laws (together with J. Jaffre and A. Szepessy), Math. Models and Methods in Appl. Sciences, 5:367–386, 1995.

68. Numerics and hydrodynamic stability: Towards error control in CFD (together with R. Rannacher and M. Boman), SIAM J. Numer. Anal. 32 (1995), no 4, 1058-1079.

69. On transition to turbulence and error control in CFD, Preprint 1994-26, Mathematics Department, Chalmers Univ. of Techn. 1994.

70. On error control in CFD (together with R. Rannacher), in Proc. from Conf. on Navier-Stokes Equations Oct 1993, Vieweg.

71. Adaptive error control for multigrid methods (together with R. Rannacher and R. Becker), Computing 55 (1995), no 4, 271-288.

72. C. Johnson, R. Rannacher, and M. Boman, Numerics and hydrodynamic stability: Towards error control in CFD, SIAM J. Numer. Anal. 32 (1995), pp. 1058-1079.

73. C. Johnson and A. Szepessy, Adaptive finite element methods for conservation laws based on a posteriori error estimates, Comm. Pure Appl. Math. XLVIII(1995), 199-234.

74. ⋆ K. Eriksson, D. Estep, P. Hansbo and C. Johnson, Adaptive methods for differential equations, Acta Numerica (1995), 1-50.

75. ⋆ K. Eriksson, D. Estep, P. Hansbo and C. Johnson, Computational Differential Equations, Cambridge University Press/Studentlitteratur, 1996.

76. D. Estep and C. Johnson, The pointwise computability of the Lorenz system, M^3AS 8(1998), 1277-1306.

77. P. Hansbo and C. Johnson, Adaptive finite element methods for elastostatic contact problems, IMA Volumes in Mathematics and its Applications, 113 (1998), 135-150.

78. ⋆ C. Johnson, Adaptive finite element methods for conservation laws, in Advanced Numerical Approximation of Nonlinear Hyperbolic Equations, Springer Lecture Notes in Mathematics 1697 (1998), 269-323.

79. C. Johnson, Adaptive computational methods for differential equations, Proceedings from ICIAM99, eds Ball and Hunt, 96-104, Oxford University Press 2000.

80. J. Hoffman, and C. Johnson, Dynamic computational subgrid modelling, to appear in Comp.

Meth. Appl. Mech. Engrg.

81. ⋆ J. Hoffman, and C. Johnson, Adaptive finite element methods for the incompressible Navier- Stokes equations, Agard/VKI course, to appear in Springer Lecture Notes, 2001.

82. ⋆ K. Eriksson, D. Estep, C. Johnson, Applied Mathematics: Body & Soul, Springer, to appear 2002.

83. Eddy Current Computations Using Adaptive Grids and Edge Elements, Preprint, Chalmers Finite Element Center, 2001 (together with Y. Q. Liu, A. Bondeson, R. Bergström, M. G. Larson and K. Samuelsson).

84. Topics in adaptive computational methods for differential equations (together with J.Hoffman and A. Logg), CEDYA 2001, Salamanca, Preprint 2001-20, Chalmers Finite Element Center.

85. An adaptive hybrid FEM/FD for inverse scattering problems (together with L. Beilina), Preprint 2002-2, Chalmers Finite Element Center.

86. A computational study of transition to turbulence in shear flow (together with J. Hoffman), Preprint 2002-1, Chalmers Finite Element Center.

Mats G. Larson

1. Adaptive finite element methods for viscous conservation laws in one dimension, Proceedings of the Ninth International Conference on Finite Elements in Fluids New Trends and Applications 1995, 1051-1058.

2. Discontinuous formation and desorption of clusters during particle adsorption at surfaces (with S.

Alladin, H. Andreasson and H. Nygren), Biophysical Chemistry 54, 1995, 211-218. 3. Adaptive methods for numerical solution of reaction-diffusion problems (with D.J. Estep, and R.D.

Williams), 12th Annual Review of Progress in Applied Computational Electromagnetics, 1996, 611- 618.

4. ⋆ Adaptive finite element multilevel methods for semilinear elliptic boundary value problems (with A.J. Niklasson), Numer. Math. 84 (1999), no. 2, 249–274.

5. A comparison of discontinuous and continuous Galerkin methods based on error estimates, conservation, robustness and efficiency (with T.J.R. Hughes, G. Engel, and L. Mazzei), Proceedings of International Symposium on Discontinuous Galerkin Methods, Vol 11, Springer Lecture in Computational Sciences and Engineering, 1999.

6. A posteriori estimates for functionals in compressible fluid flow (with T.J. Barth), Proceedings of International Symposium on Discontinuous Galerkin Methods, Vol 11, Springer Lecture in Computational Sciences and Engineering, 1999.

7. Error growth and a posteriori error estimates for computations of periodic orbits in Hamiltonian systems using conservative schemes, Math. Models Methods Appl. Sci. 10 (2000), no. 1, 31–46.

8. ⋆ Estimating the error of numerical solutions of systems of nonlinear reaction-diffusion equations (with D.J. Estep and R.D. Williams), Mem. Amer. Math. Soc. 146 (2000), no. 696, 109 pp.

9. A dispersion analysis of Galerkin least squares methods for Maxwell’s equations (with R. Bergström), Proceedings of Waves 2000 conference, Santiago de Compostela, Spain.

10. ⋆ A priori and a posteriori error analysis for finite element approximations of selfadjoint elliptic eigenvalue problems, SIAM J. Numer. Anal. 38 (2000), no. 2, 608–625 11. The continuous Galerkin method is conservative (with T.J.R. Hughes, G. Engel, and L. Mazzei) J.

Comput. Phys. 163 (2000), no. 2, 467–488.

12. A simple nonconforming bilinear element for the elasticity problem(with P. Hansbo), 10 pp, Trends in Computational Structural Mechanics, Eds W.A. Wall et al. CIMNE, 2001.

13. A posteriori error estimation of functionals in elliptic problems: experiments (with A.J. Niklasson), 20 pp, Preprint 2001-04, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, to appear in Math. Models Methods Appl. Sci.

14. ⋆ Discontinuous Galerkin methods for nearly incompressible elasticity by Nitsche’s method (with P.

Hansbo), Comput. Methods Appl. Mech. Engrg., 191 (2002), 1895–1908.

15. ⋆ Eddy current computations using adaptive grids and edge elements (with Y.Q. Liu et al) Preprint 2001-17, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, to appear in IEEE Transactions on Magnetics, March 2002.

16. A discontinuous Galerkin method for the plate problem (with P. Hansbo), Preprint 2000-08, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, to appear in Calcolo, 2002.

17. A P^2-continuous, P^1-discontinuous finite element method for the Mindlin-Reissner plate model(with P. Hansbo) Preprint 2001-22, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, to appear in Proceedings from Enumath 2001.

18. Conservation properties for continuous and discontinuous Galerkin methods (with A.J. Niklasson), Preprint 2000-07, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, submitted.

19. A discontinuous Galerkin method and the Crouzeix-Raviart element: application to elasticity (with P. Hansbo) Preprint 2000-09, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, submitted.

20. The LL^∗ finite element method and multigrid for the magnetostatic problem (with R. Bergström and K. Samuelsson), Preprint 2001-02, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, submitted.

21. Energy norm a posteriori error estimation for discontinuous Galerkin methods (with R. Becker and P. Hansbo) Preprint 2001-11, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, submitted.

22. Analysis of a family of discontinuous Galerkin methods for elliptic problems: the one dimensional case (with A.J. Niklasson) Preprint 2001-12, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, submitted.

23. Analysis of a nonsymmetric discontinuous Galerkin method for elliptic problems: stability and energy error estimates (with A.J. Niklasson) Preprint 2001-13, Chalmers Finite Element Center, Chalmers University of Technology, Sweden, submitted.

24. Continuous/discontinuous approximations of fourth-order elliptic problems in structural and continuum mechanics with applications to thin bending elements and strain gradient elasticity (with G. Engel, H. Garikipati, T.J.R. Hughes, L. Mazzei, and R.L. Taylor ) 109 pages, submitted.

Stig Larsson

1. S. Larsson, On reaction-diffusion equations and their approximation by finite element methods, Ph.D. thesis, Chalmers University of Technology, Göteborg, 1985.

2. C. Johnson, S. Larsson, V. Thomée, and L. B. Wahlbin, Error estimates for spatially discrete approximations of semilinear parabolic equations with nonsmooth initial data, Math. Comp. 49 (1987), 331–357.

3. S. Larsson, The long-time behavior of finite-element approximations of solutions to semilinear parabolic problems, SIAM J. Numer. Anal. 26 (1989), 348–365.

4. S. Larsson, V. Thomée, and N.-Y. Zhang, Interpolation of coefficients and transformation of the dependent variable in finite element methods for the nonlinear heat equation, Math. Methods Appl. Sci. 11 (1989), 105–124.

5. C.-M. Chen, S. Larsson, and N.-Y. Zhang, Error estimates of optimal order for finite element methods with interpolated coefficients for the nonlinear heat equation, IMA J. Numer. Anal. 9 (1989), 507–524.

6. S. Larsson, V. Thomée, and L. B. Wahlbin, Finite-element methods for a strongly damped wave equation, IMA J. Numer. Anal. 11 (1991), 115–142.

7. M. Asadzadeh, P. Kumlin, and S. Larsson, The discrete ordinates method for the neutron transport equation in an infinite cylindrical domain, Math. Models Methods Appl. Sci. 2 (1992), 317–338.

8. ⋆ C. M. Elliott and S. Larsson, Error estimates with smooth and nonsmooth data for a finite element method for the Cahn-Hilliard equation, Math. Comp. 58 (1992), 603–630, S33–S36.

9. D. Estep and S. Larsson, The discontinuous Galerkin method for semilinear parabolic equations, RAIRO Modél. Math. Anal. Numér. 27 (1993), 35–54.

10. M. Crouzeix, S. Larsson, S. Piskarëv, and V. Thomée, The stability of rational approximations of analytic semigroups, BIT 33 (1993), 74–84.

11. S. Larsson and J.-M. Sanz-Serna, The behavior of finite element solutions of semilinear parabolic problems near stationary points, SIAM J. Numer. Anal. 31 (1994), 1000–1018.

12. J. M. Sanz-Serna and S. Larsson, Shadows, chaos, and saddles, Appl. Numer. Math. 13 (1993), 181–190, Sixth Conference on the Numerical Treatment of Differential Equations (Halle, 1992).

13. S. Larsson, Nonsmooth data error estimates with applications to the study of semilinear parabolic problems, Preprint 1992–36, Department of Mathematics, Chalmers University of Technology, 1992.

14. M. Crouzeix, S. Larsson, and V. Thomée, Resolvent estimates for elliptic finite element operators in one dimension, Math. Comp. 63 (1994), 121–140.

15. C. M. Elliott and S. Larsson, A finite element model for the time-dependent Joule heating problem, Math. Comp. 64 (1995), 1433–1453.

16. S. Larsson, V. Thomée, and S. Z. Zhou, On multigrid methods for parabolic problems, J. Comput.

Math. 13 (1995), 193–205.

17. ⋆ S. Larsson, V. Thomée, and L. B. Wahlbin, Numerical solution of parabolic integro-differential equations by the discontinuous Galerkin method, Math. Comp. 67 (1998), 45–71.

18. ⋆ S. Larsson and J.-M. Sanz-Serna, A shadowing result with applications to finite element approximation of reaction-diffusion equations, Math. Comp. 68 (1999), 55–72.

19. N. Yu. Bakaev, S. Larsson, and V. Thomée, Backward Euler type methods for parabolic integrodifferential equations in Banach space, RAIRO Modél. Math. Anal. Numér. 32 (1998), 85–99.

20. ⋆ K. Eriksson, C. Johnson, and S. Larsson, Adaptive finite element methods for parabolic problems.

VI. Analytic semigroups, SIAM J. Numer. Anal. 35 (1998), 1315–1325 (electronic).

21. N. Yu. Bakaev, S. Larsson, and V. Thomée, Long time behaviour of backward difference type methods for parabolic equations with memory in Banach space, East-West J. Numer. Math. 6 (1998), 185– 206.

22. S. Larsson and S. Yu. Pilyugin, Numerical shadowing near the global attractor for a semilinear parabolic equation, Preprint 1998–21, Department of Mathematics, Chalmers University of Technology, 1998.

23. S. Larsson, Numerical analysis of semilinear parabolic problem, The Graduate Student’s Guide to Numerical Analysis ’98. Lecture Notes from the VIII EPSRC Summer School in Numerical Analysis (M. Ainsworth, J. Levesley, and M. Marletta, eds.), Springer-Verlag, 1999, pp. 83–117.

24. ⋆ D. A. French, S. Larsson, and R. H. Nochetto, Pointwise a posteriori error analysis for an adaptive penalty finite element method for the obstacle problem, Comput. Methods Appl. Math. 1 (2001), 18–38.

25. S. Larsson, Preservation of strong stability associated with analytic semigroups, Collected Lectures on Preservation of Stability under Discretization (D. Estep and S. Tavener, eds.), SIAM, 2002.

26. S. Larsson, A reformed mathematics education at Chalmers, Högskoleverkets kvalitetskonferens, Norrköping, September 25–27 2001

Kenneth Runesson

1. H. Alawaji, K. Runesson, and S. Sture. Integration of constitutive equations in soil plasticity under undrained conditions. ASCE, Journal of Engineering Mechanics, 117(8):1771–1790, 1991.

2. P. Cannmo, R. Mahler, and K. Runesson. A class of interface models for inelastic slip and separation coupled to damage - properties and numerics. accepted for publication in Mechanics of Cohesive- Frictional Materials, -.

3. P. Cannmo, L. Mhler, and K. Runesson. Modeling of interfacial viscoplastic slip coupled to damage in a polycrystalline microstructure. Computational Mechanics, 20:12–19, 1997.

4. P. Cannmo, K. Runesson, and M. Ristinmaa. Modelling of plasticity and damage in a polycrystalline microstructure. International Journal of Plasticity, 11(8):949–970, 1995.

5. M. Ekh and K. Runesson. Bifurcation results for plasticity coupled to damage with MCR-effect.

International Journal of Solids and Structures, 37:1975–1996, 1996.

6. M. Ekh and K. Runesson. Modelling and numerical issues in hyperelasto-plasticity with anisotropy.

International Journal of Solids and Structures, 38:9461–9478, 2001.

7. M. Enelund, L. Mhler, K. Runesson, and L. Josefson. Unified formulation and integration of the standard linear viscoelastic solid with integer and fractional rate laws. International Journal of Solids and Structures, 36:2417–2442, 1996.

8. L. Jacobsson and K. Runesson. Integration and calibration of a plasticity model for granular materials. International Journal for Numerical and Analytical Methods in Geomechanics, -.

9. B. Jeremic, K. Runesson, and S. Sture. A model for elastic-plastic pressure sensitive materials subjected to large deformations. accepted for publication in International Journal of Solids and Structures, -.

10. B. Jeremic, K. Runesson, and S. Sture. Object-oriented approach to hyperelasticity. International Journal of Engineering with Computers, 15:2–11, 1999.

11. B. Jeremic, K. Runesson, and S. Sture. Finite deformation analysis of geomaterials. accepted for publication in International Journal for Numerical and Analytical Methods in Geomechanics, 25:809–840, 2001.

12. H. Jin, K. Mattiasson, K. Runesson, and A. Samuelsson. On the use of the boundary element method for elastoplastic, large deformation problems. International Journal for Numerical Methods in Engineering, 25:165–176, 1988.

13. H. Jin, K. Runesson, and K. Mattiasson. Boundary element formulation in finite deformation plasticity using implicit integration. Computers and Structures, 31(1):25–34, 1989.

14. M. Johansson, R. Mahnken, and K. Runesson. Efficient integration technique for generalized viscoplasticity coupled to damage. International Journal for Numerical Methods in Engineering, 44:1727–1747, 1999.

15. M. Johansson and K. Runesson. Viscoplasticity with dynamic yield surface coupled to damage.

Computational Mechanics, 20:53–59, 1997.

16. T. Karlsson, M. Klisinski, and K. Runesson. Finite element simulation of granular flow in plane silos with complicated geometry. Powder Technology, 99:29–39, 1998.

17. M. Klisinski, N. Abifadel, K. Runesson, and S. Sture. Modelling of the behavior of dry sand by an elasto-plastic ’fuzzy set’ model. Computers and Geotechnics, 11:229–261, 1991.

18. M. Klisinski, Z. Mroz, and K. Runesson. Structure of constitutive equations in plasticity for different choices of state and control variables. International Journal of Plasticity, 8:221–243, 1992.

19. M. Klisinski and K. Runesson. Improved symmetric and nonsymmetric solvers for FE-calculations.

Advances in Engineering Software, 18:41–51, 1993.

20. M. Klisinski, K. Runesson, and S. Sture. Finite element with inner softening band. ASCE, Journal of Engineering Mechanics, 117(3):576–588, 1991.

21. F. Larsson, P. Hansbo, and K. Runesson. On the computation of goal-oriented a posteriori error measures in nonlinear elasticity. accepted for publication in International Journal for Numerical Methods in Engineering, -.

22. F. Larsson, P. Hansbo, and K. Runesson. Space-time finite elements and time-adaptive strategy for coupled thermoelasticity. accepted for publication in International Journal for Numerical Methods in Engineering, -.

23. F. Larsson, K. Runesson, and P. Hansbo. Time finite elements and error computation for (visco)plasticity with hardening or softening. accepted for publication in International Journal for Numerical Methods in Engineering, -.

24. R. Larsson and K. Runesson. Cohesive crack models for quasi-brittle materials derived from localization of damage coupled to plasticity. International Journal of Fracture, 69:101–122, 1994/1995.

25. R. Larsson and K. Runesson. Element-embedded localization band based on regularized displacement discontinuity. ASCE, Journal of Engineering Mechanics, 122(5):402–411, 1996.

26. R. Larsson and K. Runesson. Implicit integration and consistent linearization for yield criteria of the Mohr-Coulomb type. Mechanics of Cohesive- Frictional Materials, 1:367–383, 1996.

27. R. Larsson, K. Runesson, and K. Axelsson. Localization properties of a frictional material model based on regularized strong discontinuity. International Journal for Numerical and Analytical Methods in Geomechanics, 20:771– 783, 1996.

28. R. Larsson, K. Runesson, and N.S. Ottosen. Discontinuous displacement approximation for capturing plastic localization. International Journal for Numerical Methods in Engineering, 36:2087–2105, 1993.

29. R. Larsson, K. Runesson, and P. Steinmann. Finite element embedded localization band for finite strain plasticity based on regularized strong discontinuity. Mechanics of Cohesive-Frictional Materials, 4:171–194, 1998.

30. R. Larsson, K. Runesson, and S. Sture. Finite element simulation of localized plastic deformation.

Archive of Applied Mechanics, 61:305–317, 1991.

31. R. Larsson, K. Runesson, and S. Sture. Embedded localization band in undrained soil based on regularized strong discontinuity - theory and FE- analysis. International Journal of Solids and Structures, 33:3081–3101, 1996.

32. R. Larsson, A. Samuelsson, and K. Runesson. Numerical simulation of plastic localization using FE-mesh realignment. Progress in Computational Analyses of Inelastic Structures, CISM 321 (ed E. Stein), pages 79–114, 1993.

33. E. Macari-Pasqualino, K. Runesson, and S. Sture. Prediction of the response of granular materials at low effective stress levels. ASCE, Journal of Geotechnical Engineering, 120:1252–1268, 1994.

34. R. Mahnken, M. Johansson, and K. Runesson. Parameter estimation for a viscoplastic damage model using a gradient-based optimization algorithm. Engineering Computations, 15:925–955, 1998.

35. ⋆ A. Menzel, M. Ekh, P. Steinmann, and K. Runesson. Computational modeling of anisotropic damage coupled to plasticity based on the effective configuration concept. accepted for publication in International Journal for Numerical Methods in Engineering, -.

36. L. Mähler, M. Ekh, and K. Runesson. A class of thermo-hyperelastic-viscoplastic models for porous materials: Theory and numerics. International Journal of Plasticity, 17:943–969, 2001.

37. L. Mähler and K. Runesson. Constitutive modeling of cold compaction and sintering of hardmetal.

accepted for publication in ASME, Journal of Engineering Materials and Technology, -.

38. ⋆ L. Mähler and K. Runesson. Modeling of solid stage sintering of hardmetals using a mesomechanics approach. Mechanics of Cohesive-Frictional Materials, 5:653–671, 2000.

39. T. Muenz, K. Runesson, and K. Willam. Large strain plasticity analysis for kinematic hardening - an assessment of simple shear. accepted for publication in Computational Mechanics, -.

40. N.S. Ottosen and K. Runesson. Acceleration waves in elasto-plasticity. International Journal of Solids and Structures, 28(2):135–159, 1991.

41. N.S. Ottosen and K. Runesson. Discontinuous bifurcation in a nonassociated Mohr-material. Journal of Mechanics of Materials, 12:255–265, 1991.

42. N.S. Ottosen and K. Runesson. Properties of discontinuous bifurcation solutions in elasto-plasticity.

International Journal of Solids and Structures, 27(4):401–421, 1991.

43. D. Peric, K. Runesson, and S. Sture. Evaluation of plastic bifurcation for plane strain versus axisymmetry. ASCE, Journal of Engineering Mechanics, 118(3):512–524, 1992.

44. D. Peric, K. Runesson, and S. Sture. Prediction of plastic localization using the MRS-Lade model.

ASCE, Journal of Geotechnical Engineering, 119(4):639–661, 1993.

45. K. Runesson. Implicit integration of elasto-plastic relations with reference to soils. International Journal for Numerical and Analytical Methods in Geomechanics, 11:315–321, 1987.

46. K. Runesson, H. Alawaji, S. Sture, and K. Axelsson. Implicit integration in soil plasticity under mixed control for drained and undrained response. International Journal for Numerical and Analytical Methods in Geomechanics, 16:737–756, 1992.

47. K. Runesson, K. Axelsson, and M. Klisinski. Characteristics of constitutive relations in soil plasticity for undrained behavior. International Journal of Solids and Structures, 29(3):363–380, 1992.

48. K. Runesson and J.R. Booker. Finite element analysis of elastic-plastic layered soil using Discrete Fourier Series expansion. International Journal for Numerical Methods in Engineering, 19:473–478, 1983.

49. K. Runesson, S. Hansbo, and N-E. Wiberg. The efficiency of non-penetrating vertical drains.

Gotechnique, 35:511–516, 1985.

50. K. Runesson, M. Klisinski, and R. Larsson. Formulation and implementation of conditions for frictional contact. Engineering Computations, 10:3–14, 1993.

51. K. Runesson and R. Larsson. Properties of incremental solutions for a dissipative material - potential energy and stability. ASCE, Journal of Engineering Mechanics, 119(4):647–666, 1993.

52. K. Runesson, R. Larsson, and S. Sture. Characteristics and computational procedure in softening plasticity. ASCE, Journal of Engineering Mechanics, 115(8):1628–1646, 1989.

53. K. Runesson, R. Larsson, and S. Sture. Localization in hyperelasto-plastic porous solids subjected to undrained conditions. International Journal of Solids and Structures, 35:4239–4255, 1998.

54. K. Runesson and Z. Mroz. A note on non-associated plastic flow rules. International Journal of Plasticity, 5(6):639–658, 1989.

55. K. Runesson and L. Nilsson. Finite element modelling of the gravitational flow of a granular material. Bulk Solids Handling, The International Journal of Storing and Handling Bulk Material, 6(5):877–884, 1986.

56. K. Runesson, N.S. Ottosen, and D. Peric. Discontinuous bifurcations of elastic-plastic solutions at plane stress and plane strain. International Journal of Plasticity, 7:99–121, 1991.

57. K. Runesson, D. Peric, and S. Sture. Effect of pore fluid compressibility on localization in elasticplastic porous solids. International Journal of Solids and Structures, 33(10):1501–1518, 1996.

58. K. Runesson, M. Ristinmaa, and L. Mhler. A comparison of viscoplasticity formats and algorithms.

Mechanics of Cohesive-Frictional Materials, 4:75–98, 1999.

59. K. Runesson, A. Samuelsson, and L. Bernspng. Numerical technique in plasticity including solution advancement control. International Journal for Numerical Methods in Engineering, 22:769–788, 1986.

60. K. Runesson and M. Saran. A generalized Closest-Point-Projection-Method for deformationneutralized formulation in finite strain plasticity. Engineering Computations, 9:359–370, 1992.

61. K. Runesson, P. Steinmann, and R. Larsson. On localization in thermo-plastic solids subjected to adiabatic conditions. European Journal of Mechanics/Solids A, 18:557–579, 1999.

62. K. Runesson and S. Sture. Discussion of “Non-associated flow and stability of granular materials”, by P. Lade, R. Nelson and M. Ito. ASCE, Journal of Engineering Mechanics, 115(8):1845–1846, 1989.

63. K. Runesson and S. Sture. Stability of frictional materials. ASCE, Journal of Engineering Mechanics, 115(8):1828–1833, 1989.

64. K. Runesson, S. Sture, and K. Willam. Integration in computational plasticity. Computers and Structures, 30:119–130, 1988.

65. K. Runesson, H. Tgnfors, and N-E. Wiberg. Interaction problems in soil- structure mechanics with material nonlinearity. Computers and Structures, 12(4):581–592, 1980.

66. S. Sahlin and K. Runesson. The effect of pore water pressure on the strength of concrete subjected to impact loading and temperature gradients. ACI Journal, 79(4):251–256, 1982.

67. T. Stankowski, K. Runesson, and S. Sture. Fracture and slip of interfaces in cementitious composites, Part i: Characteristics. ASCE, Journal of Engineering Mechanics, 119(2):292–314, 1993.

68. T. Stankowski, K. Runesson, and S. Sture. Fracture and slip of interfaces in cementitious composites, Part ii: Implementation. ASCE, Journal of Engineering Mechanics, 119(2):315–327, 1993.

69. ⋆ T. Svedberg and K. Runesson. An adaptive FE-algorithm for gradient theory of plasticity with coupling to damage. International Journal of Solids and Structures, 37:7481–7500, 2000.

70. P. Steinmann, R. Larsson, and K. Runesson. On the localization properties of multiplicative hyperelasto-plastic continua with strong discontinuities. International Journal of Solids and Structures, 34:969–990, 1997.

71. S. Sture, K. Runesson, and E. Macari-Pasqualino. Analysis and calibration of a three-invariant plasticity model for granular materials. Ingenieur-Archiv, 59:253–266, 1989.

72. T. Svedberg and K. Runesson. On the simulation of microhardness at large strains using a gradient theory of plasticity. accepted for publication in International Journal of Forming Processes, -.

73. ⋆ T. Svedberg and K. Runesson. A thermodynamically consistent theory of gradient-regularized plasticity coupled to damage. International Journal of Plasticity, 13:669–696, 1997.

74. ⋆ T. Svedberg and K. Runesson. An algorithm for gradient-regularized plasticity coupled to damage based on a dual mixed FE-formulation. Computer Methods in Applied Mechanics and Engineering, 161:49–65, 1998.

75. N-E. Wiberg, M. Koponen, and K. Runesson. Finite element analysis of progressive failure in long slopes. International Journal for Numerical and Analytical Methods in Geomechanics, 14(9):599– 612, 1991.

Nils-Erik Wiberg (87-)

1. ⋆ Torbjörn Ekevid, Martin Xiangdong Li and Nils-Erik Wiberg: Adaptive FEA of Wave Propagation Induced by High-Speed Trains, Computers and Structures, Vol. 79, Issue 29-30, pp. 2693-2704, (November 2001).

2. Romaldas Bausys, Patrik Hager and Nils-Erik Wiberg: Postprocessing Techniques and h-Adaptive Finite Element-Eigenproblem Analysis, Computers and Structures, Vol. 79, Issue 22-25, pp. 2039- 2052, (September 2001).

3. ⋆ Nahidh Hamid Sharif, Nils-Erik Wiberg and Mårten Levenstam: Free Surface Flow through Rock- Fill Dams Analyzed by FEM with Level Set Approach, Computational Mechanics, Num. 27, Issu. 3, pp. 233-243, (2001).

4. Patrik Hager and Nils-Erik Wiberg: The Rational Krylov Algorithm for Nonlinear Eigenvalue Problems, in Computational Mechanics for the Twenty-First Century, Ed. B.H.W.Topping, Saxe-Coburg Publications, Edinburgh, UK, pp. 379-402, (2000).

5. Nahidh Hamid Sharif, Nils-Erik Wiberg and Mårten Levenstam: Free Surface Flow Predictions by an Interface-Capturing Finite Element Technique, International Journal for Computational Civil and Structural Engineering, Volume 1, Iss. 2, pp. 98-106, (2000).

6. Patrik Hager and Nils-Erik Wiberg: Error Estimation and h-adaptivity for Eigenfrequency Analysis of Plates in Bending: Numerical Results, Computers and Structures, Vol. 78, Iss. 1-3, pp. 1-10, (2000)

7. ⋆ Nils-Erik Wiberg and Xiangdong Li: Adaptive Finite Element Procedures for Linear and Non- Linear Dynamics, International Journal for Numerical Methods in Engineering, Vol. 46, pp. 1781- 1802, (December 1999).

8. Per Kettil and Nils-Erik Wiberg: Adaptive Design and Analysis of Structures an Integration of Tools, Design Optimization, 1, pp. 440-464, (1999).

9. Romaldas Bausys and Nils-Erik Wiberg: Adaptive Finite Element Strategy for Acoustic Problems, Journal of Sound and Vibration 226(5), pp. 905-922, (1999).

10. ⋆ Nils-Erik Wiberg, Romaldas Bausys and Patrik Hager: Improved Eigenfrequencies and Eigenmodes in Free Vibration Analysis, Computers and Structures, Vol. 73, pp. 79-89, (1999).

11. Nils-Erik Wiberg and Xiangdong Li: Nonlinear Structural Dynamic Analysis by a Discontinuous Galerkin Finite Element Method, in H.A. Mang and F.G. Rammerstorfer (Eds): IUTAM Symposium on Discretization Methods in Structural Mechanics, pp. 115-122, (1999).

12. Nils-Erik Wiberg, Romualdas Bausys and Patrik Hager: Adaptive h-version eigenfrequency analysis, Computers and Structures, Vol. 71, pp. 565-584, (1999).

13. Patrik Hager and Nils-Erik Wiberg: Adaptive Eigenfrequency analysis by Superconvergent Patch Recovery, Computer Methods in Applied Mechanics and Engineeering, Vol. 176, pp. 441-462, (1999).

14. Per Kettil and Nils-Erik Wiberg: Adaptive FE-analysis of Column Supported Reissner-Mindlin Plates, Computers and Structures Vol. 72, pp. 605-626, (1999).

15. Nils-Erik Wiberg and Patrik Hager: Error Estimation and adaptivity for h-version adaptivity, in P.

Ladeveze and J. T. Oden (Eds), Advances in Adaptive Computational Methods in Mechanics, pp. 461-475, (1998).

16. Xiangdong Li and Nils-Erik Wiberg: Implementation and Adaptivity of a Space-Time Finite Element Method for Structural Dynamics, Computer Methods in Applied Mechanics and Engineering Vol. 156, pp. 211-229, (1998).

17. Nils-Erik Wiberg, Fethi Abdulwahab and Xiangdong Li: Error Estimation and Adaptive Procedures Based on Superconvergent Patch Recovery (SPR) Techniques, Archieves of Computational Methods in Engineering, Vol. 4, No. 3, pp. 203-242, (1997).

18. Nils-Erik Wiberg and Fethi Abdulwahab: Error estimation with postprocessed finite element solutions, Computers and Structures, Vol. 64, No. 1-4, pp. 113-137, (1997).

19. ⋆ Nils-Erik Wiberg and Fethi Abdulwahab: Superconvergent Patch Recovery in Problems of mixed form, Communications in Numerical Methods in Engineering, Vol. 13, pp. 207-217, (1997).

20. Nils-Erik Wiberg: Super Convergent Patch Recovery - A key to quality assessed FE-solutions, Advances in Engineering Software Vol. 28, pp. 85-95, (1997).

21. Xiangdong Li and Nils-Erik Wiberg: Structural Dynamic Analysis by a Time-discontinuous Galerkin Finite Element Method, International Journal For Numerical Methods in Engineering, Vol. 39, pp. 2131-2152, (1996).

22. Nils-Erik Wiberg, Xiangdong Li and Fethi Abdulwahab: Adaptive Finite Element Procedures in Elasticity and Plasticity, Engineering with Computers, Vol. 12, pp. 120-141, (1996).

23. Nils-Erik Wiberg: Understanding the finite element method, in N-E Wiberg (ed): Advances in finite element technology, CIMNE, Barcelona, pp. 90-113, (1995).

24. Nils-Erik Wiberg, Fethi Abdulwahab and Saulius Ziukas: Improved element stresses for node and element patches using superconvergent patch recovery, Communications in Numerical Methods in Engineering, Vol. 11, pp. 619-627, (1995).

25. Nils-Erik Wiberg: On understanding and teaching of the finite element method, Communications in Numerical Methods in Engineering, Vol. 11, pp. 105-115, (1995).

26. Nils-Erik Wiberg and Xiangdong Li: A postprocessed error estimate and an adaptive procedure for the semidiscrete finite element method in dynamic analyses, International Journal of Numerical Methods in Engineering, Vol. 37, pp. 3585-3603, (1994).

27. Xiangdong Li and Nils-Erik Wiberg: A posteriori error estimate by element patch post-processing, adaptive analysis in energy and L2 norms, Computer and Structures, Vol. 53, No. 4, pp. 907-919, (1994).

28. Nils-Erik Wiberg and Xiangdong Li: Superconvergent patch recovery of finite element solution and a posteriori L2 norm error estimate, Communications in Numerical Methods in Engineering, Vol. 10, pp. 313-320, (1994).

29. Nils-Erik Wiberg, R. Bausys and Lingfu Zeng: Free Vibration of Reissner-Mindlin Plates Using a Linked Interpolated Mixed Element, Computers and Structures, Vol. 52, No. 5, pp. 979-986 (1994).

30. Nils-Erik Wiberg, Fethi Abdulwahab and Saulius Ziukas: Enhanced Superconvergent Patch Recovery incorporating equilibrium and boundary conditions, International Journal of Numerical Methods in Engineering, Vol. 37, pp. 3417-3440, (1994).

31. Nils-Erik Wiberg and Xiangdong Li: ”Superconvergent Patch Recovery of Finite Element Solution and a Posteriori L2 Norm Error Estimate”, Communication in Numerical Methods in Engineering, Vol. 10, pp. 313-320, (1994).

32. Nils-Erik Wiberg and Xiangdong Li: ”A Post-Processing Technique and an a Posteriori Error Estimate for the Newmark Method in Dynamic Analysis”, Earthquake Engineering and Structural Dynamics, Vol. 22, pp. 465-489, (1993).

33. Alf Samuelsson, Nils-Erik Wiberg and Lingfu Zeng: ”The Effectivity of the Zienkiewicz-Zhu Error Estimate and two 2D Adaptive Mesh Generators”, Communications in Numerical Methods in Engineering, Vol. 9, pp. 687-699, (1993).

34. Nils-Erik Wiberg and Fethi Abdulwahab: Path Recovery based on Superconvergent Derivatives and Equilibrium, International Journal for Numerical Methods in Engineering, Vol. 36, pp. 2703-2724, (1993).

35. Lingfu Zeng, Nils-Erik Wiberg, Xiangdong Li and Y. M. Xie: ”A Posteriori Local Error Estimation and Adaptive Time-stepping for Newmark Integration in Dynamic Analysis”, Earthquake Engineering and Structural Dynamics, Vol. 21, pp. 555-571, (1993).

36. Xiangdong Li, Lingfu Zeng and Nils-Erik Wiberg: ”A Simple Local Error Estimator and an Adaptive Time-stepping Procedure for Direct Integration Method in Dynamic Analysis”, Communications in Numerical Methods in Engineering, Vol. 9, pp. 273-292, (1993).

37. Nils-Erik Wiberg, Lingfu Zeng and Xiangdong Li: ”Error Estimation and Adaptivity in Elastodynamics”, Computer Methods in Applied Mechanics and Engineering, Vol. 101, pp. 369-395, (1993).

38. Nils-Erik Wiberg and Fethi Abdulwahab: ”An Efficient Postprocessing Technique for Stress Problems Based on Superconvergent Derivatives and Equilibrium”, Numerical Methods in Engineering ’92, Elsevier Science Publishers, 8 pp, (1992)

39. Lingfu Zeng, Nils-Erik Wiberg, Xiangdong Li and Y.M Xie: ”A Posteriori Local Error Estimation and Adaptive Time-Stepping for Newmark Integration in Dynamic analysis”, Earthquake Engineering and Structural Dynamics, Vol. 21, 555-571, 31 pp, (1992).

40. Lingfu Zeng and Nils-Erik Wiberg: Adaptive h-p procedures for high accuracy finite element analysis of two dimensional linear elastic problems, Computers & Structures, Vol. 42, pp. 869-886, (1992).

41. Lingfu Zeng, Nils-Erik Wiberg, and Lars Bernspng: An adaptive finite element procedure for 2D dynamic transient analysis using direct integration, International Journal for Numerical Methods in Engineering, Vol. 34, pp. 997-1014, (1992).

42. Lingfu Zeng and Nils-Erik Wiberg: Spatial mesh adaptation and semidiscrete finite element analysis of linear elastodynamic problems, Computational Mechanics, Vol. 9, pp. 315-332, (1992).

43. Alf Samuelsson and Nils-Erik Wiberg: Finite element adaptivity in dynamics and elastoplasticity”.

Volume ”The finite element method in the 1990’s, Springer-Verlag, 11 pp. (1991).

44. Nils-Erik Wiberg, Matti Koponen, Kenneth Runesson: Finite Element Analysis of Progressive Failure in Long Slopes, International Journal for Numerical and Analytical Methods in Geomechanics, Vol. 14, pp. 599-612, (1990).

45. Hao Jin and Nils-Erik Wiberg: Two-dimensional mesh generation, adaptive remeshing and refinement, International Journal for Numerical Methods in Engineering, Vol. 29, pp. 1501-1526, (1990).

46. Lingfu Zheng and Nils-Erik Wiberg: A generalized coordinate method for the analysis of 3D tall buildings, Computers & Structures, Vol. 33, No. 6, pp. 1365-1377, (1989).

47. Nils-Erik Wiberg, Lingfu Zheng and Harald Tgnfors: Numerical methods in structural dynamics.

Adaptive FE-procedures, Building Journal, Vol. 37, No. 9, VEDA, pp. 697-701, (1989).

48. Xi-Reng Zhou and Nils-Erik Wiberg: Boundary element analysis for dynamic response of vibrating foundation, Acta Mechanica Solida Sinica, Vol. 1, No. 2, pp. 159-168, (April 1988).

49. Nils-Erik Wiberg: Adaptive and hierarchical weighted residual and least squares time integration of convection diffusion problems, Comm. in Appl. Num. Meth., Vol. 4, pp. 499-507, (1988).

50. Nils-Erik Wiberg and Peter Möller: Formulation and solution of hierarchical finite element Equations, International Journal of Numerical Methods in Engineering, Vol. 26, pp. 1213-1233, (1988).

51. Ragnar Larsson and Nils-Erik Wiberg: Stability of elastic plane frames including soil-structure interaction, Computers and Structures, Vol. 29, No. 5, pp. 845-858, (1988).

52. Olof Friberg, Peter Möller, Daniel Makovicka and Nils-Erik Wiberg, ”An adaptive procedure for eigenvalue problems using the hierarchical finite element method”, International Journal for Numerical Methods in Engineering, Vol. 24, pp. 319-335, (1987).

E. Present Activity and Financing

Computational Mathematics

Researchers:

C. Johnson (100% Chalmers) M. Larson (50% Chalmers, 40% TFR/VR, 10% Fraunhofer) S. Larsson (70% Chalmers, 30% TFR) K. Eriksson (100% Chalmers) N. Svanstedt (100% Chalmers) Graduate students:

L. Beilina (80% VR, 20% KTH) R. Bergström (50% TFR, 50% ABB) G. Foufas (100% Chalmers) N. Eriksson (100% Chalmers) J. Hoffman (50% VR, 50% Chalmers) A. Logg (50% VR, 50% Chalmers) A. Målquist (100% Chalmers) E. Svensson (100% Imego) Y. Yan (100% Chalmers) Granted financing:

1. VR-621-2001-2765, Multiscale adaptive methods 455 kSEK/year 2002-2004 2. VR-621-2001-2730, Computational biomechanics 494 kSEK/year 2002-2004 3. ViSiCade (subcontracted to Fraunhofer-Chalmers total: 154.214 Euro during three years). 4. Φ-support Chalmers Foundation 650 kSEK/year 2001-03 No support from SSF presently. The present proposal is closely connected to 1-2. The proposed support corresponds to 50 % of expected total research support.

Applications:

1. NGSSC, Inverse problems, 500 kSEK total over 2002-2005.

Computational Electromagnetics

Researchers:

A. Bondeson (60% Chalmers, 40% EU) Y.Q. Liu (60% Chalmers, 40% EU) Graduate students:

P. Ingelström (grad. stud 80% VR, 20% Chalmers) T. Rylander (grad stud) 40% NGSSC, 20% NTM, 20% VR, 20% Chalmers) Y. Yang (100% Chalmers) S. Isaksson (AB coadvisor) (50% NGSSC, 50% LIFT) D. Gregoratto (Fusion, Computational MHD, 80% VR, 20% Chalmers) Financing:

No support from SSF presently The present proposal is closely connected to 1-5. The proposed support corresponds to 25% of expected total research support.

Contract Subject Amount kSEK Until 1 VR 621-2001-3498 Adaptive and optimization methods 650 2004-12 2 Saab Avionics - SMART Radar Cross Section Optimization 350 2004-6 3 Chalmers School of EE Seed money for CEM 1000 2002-12 4 Chalmers Foundation support for Φ 450 2003-12 Table 1: Granted research resources for CEM

Agency Subject Amount kSEK Period 5 Vinnova Hybrid comp for EMC in cars 220 2002-2004 Table 2: Applications in CEM

Contract Subject Amount kSEK Until 6 NFR F 5102-1288 MHD project 75 2002-12 7 NFR F 5102-20005658 MHD grad. Student 347 2002-12 8 EU Fusion 715 2002-12 9 NFR F 5102-20005659 Fusion 396 2002-12

Table 3: Granted external contracts, fusion research

Computational Solid Mechanics

Researchers:

K. Runesson (100% Chalmers) P. Hansbo (100% Chalmers) T. Svedberg (100% Vinnova-Raufoss) Graduate students:

P. Heintz (Charmek, Chalmers) R. Lillbacka (VR) F. Larsson (VR) J. Hermansson (IVS) Granted financing:

1. VR, Meso-mechanics, 494 kSEK, 2002-2004 2. VR, Adaptive FEM for large deformation, 494 kSEK, 2002-2004 3. Charmec, Methods for contact and crack formation, 450 kSEK, 2002-2003 4. Vinnova and Raufoss, Fluid structure interaction, 839 kSEK, 2002-2003 5. Φ-support Chalmers Foundation, 450, 2001-2003 6. IVS, Acoustics of fluid-structure interaction, 600 kSEK, No support from SSF presently. The present proposal is closely connected to 1-4. The proposed support corresponds to 30% of expected total research support.

Computational Structural Mechanics

Researchers:

N.E. Wiberg (100% Chalmers) O. Tullberg (25% ITBOFF, 25% EU) M. Ander (100% Chalmers) K. Mattiasson (20% Volvo) U. Wendt (50% Chalmers, on leave) M. Connel (50% EU) P. Kettil (50% SBUF) Graduate students:

G. Engström (50% VR, 50% Chalmers) T. Ekevid (50% NGSSC, 50% Banverket) N. Sharif (100% Chalmers) J. Olsson (50% Vägverket, 50% SBUF) S. Woksepp (100% ITBOFF) M. Svensson (70% Volvo, 30% VR) E. Omersphaic (100%, Volvo) L. Lu (100% Stipend) Granted financing:

1. Road Mechanics- Finite element modelling of Roads (Vägverket) 600, 0. 2. Road Mechanics- Finite element modelling of Roads (SBUF) 500, 275. 3. Road Mechanics- Coupled analysis (VR) 494, 494. 4. Wave propagation under high speed trains (Banverket) 525, 770. 5. Nonlinear wave propagation (TFR) 462, 0. 6. PARAMIX- Asphalt mixtures (EU) 391, 411. 7. Applied Virtual reality (IT Bof 2002) 449, 204. 8. Φ-support from Chalmers Foundation) 450, 450. 9. NGSSC (Ekevid) (TFR) 181, 10. VISICADE- Coupling CAD-FEM-VR (EU) 650, 0. 11. FEM-simulering av fogning (VR) 293, 293.

Figures are research support (in kSEK) during year 2002 and 2003. No support from SSF presently. The present proposal is closely connected to all listed projects. The proposed support corresponds to 10 % of expected total research support.

F. International cooperation

We have close cooperation since many years with e.g.

Prof. Rannacher in Heidelberg, Prof. Wriggers/Stein/Stephan in Hannover, Prof. Miehe in Stuttgart, Prof. Steinmann in Kaiserslautern, Prof. Hughes in Stanford, Prof. Suli in Oxford, Prof. Estep at Fort Collins Prof. Pitkäranta in Helsinki, Prof. Winther in Oslo, Prof. Nedelec in Paris, Prof. Brezzi in Pavia, Prof. Onate in Barcelona, Prof. Scott in Chicago. Prof. Carey in Austin.

We also have collaboration on MHD codes with MIT, Princeton Plasma Physics Laboratories and EPFL.

With joint participation mathematics/structural mechanics we are partners of the EU project ViSiCade on scientific/industrial modelling/visualization which started in Dec 2001, which we have partially subcontracted to Fraunhofer-Chalmers (K. Samuelsson).

We have formed a joint PhD program together with the Universities of Hannover and Barcelona with exchange of students starting the Fall 2002 (special support from DFG).

We have excellent possibilites of supporting students under the ECMI-program in cooperation with Fraunhofer-Chalmers Research Centre for Industrial Mathematics.

G. Industrial contacts

Φ has established a close cooperation with Fraunhofer-Chalmers Research Centre for Industrial Mathematics and a cooperation with the new Chalmers Center for Process Engineering is being developed, both connecting to industry. In particular, the connection to the Fraunhofer-Chalmers Centre provides a new platform for conducting industrial research as well as a natural channel for transfer of knowledge and technology to industry. We are very enthusiastic about these possibilities.

Φ is cooperating with industrial partners on finite element solvers for electromagnetics (ABB) and fluid flow (Volvo TU, Raufoss), radar (Saab Avionics), mechanics (SKF, Alstom Power, Sandvik Steel), structural mechanics (Skanska, NCC, Volvo, Scania). We expect our industrial cooperation to expand as our computational platform develops.

Description for the Public

The roots of the Industrial Revolution leading into the Industrial Society goes back to the Spinning Jenny and Watt’s Steam Engine both from 1769, representing automatization/mechanization of production. Today the Industrial Society is developing into the Information Society, which is based on automatization/mechanization of computing performed by computers, which are electronic machines for transmitting/receiving and handling Information in digital form as strings of 0s and 1s. Documents of words, pictures, movies or music can now be brought to digital form and be transmitted/duplicated/manipulated and retrieved on a computer screen, and the whole World is suddenly connnected through an Internet.

The World of Simulation is booming in science, technology, society, and entertainment industry, from computer-simulations of the collisions of two stars, the weather over Scandinavia the next 24 hours, the crash of a newly designed car only existing in the computer, electronic games and computer-animated movies, to the computer tomography at the hospital giving pictures of your brain, all of it boiling down to computing on strings of 0s and 1s representing e.g. pixels of an image. These are all examples of Computational Mathematical Modelling CMM, which essentially concerns solving systems of differential/algebraic equations.

For example, a weather forecast by SMHI is made by modelling the atmosphere (pressure, temperature, wind speed and direction, moisture, clouds) as a system of partial differential equations over a certain area (or the whole globe) expressing fundamental balance laws of physics at each point for mass, heat and forces and then discretizing these equations on a computational mesh subdividing the volume of atmosphere into a finite number of pieces or finite elements to get a system of equations for the computer to solve. The solution then gives a prediction of the evolution of the atmosphere from measured values of the temperature and wind velocity at the start of the simulation. This process of computational modelling is subject to errors in data, modelling and discretization and we all know that predicting the weather over say Göteborg more than a couple of days ahead (or less) may be very difficult, although a very powerful super-computer is used by SMHI.

Chalmers Finite Element Center Φ is an interdisciplinary unit at Chalmers formed in 1997 with support from the Foundation for Strategic Research, joining forces of groups from Computational Mathematics, Solid/Structural Mechanics and Electromagnetics with the goal of tackling central problems in CMM. Φ continues the strong tradition at Chalmers in the development and application of the finite element method as a general technique for the computational solution of differential equations, now with particular focus on adaptivity with feed-back from computation to reach goals of optimization concerning both solution, modelling and computation.

The GOAL of Φ is to develop advanced tools for computational simulation of complex systems in solid mechanics (e.g. crash of a car), fluid mechanics (e.g. turbulent flow), electromagnetics (e.g. electromagnetics waves for cellular telephones or electromagnetic fields in a Volvo S80), chemistry (formation of molecules and proteins through chemical reactions), and other applications. Φ also supports a reform program for mathematics education bringing together symbolic mathematics (formulas) with computational mathematics (numbers). For an overview of the activity of Φ and examples of different simulations, see www.phi.chalmers.se/presentations/phi.

In more technical terms the GOAL of Φ may be described as automatization of the following elements of CMM: (i) discretization, (ii) meshing, (iii) solving algebraic equations, (iv) optimization, (v) modelling. The finite element method gives a solution to (i), by feed back from the computation we can determine the right mesh to keep the discretization error within a given tolerance and thus solve (ii), by using very efficient multigrid methods we can approach (iii), using efficient optimization algorithms we can approach (iv), and with (i)-(iv) in hand we can approach the over-all problem of (v), e.g., the outstanding problem of turbulence modelling.

Strategic Impact

Computational mathematics coupled with the power of modern computers lie at the foundation of the emerging Information Society based on automatized computation and digital techniques. The crucial role of computational modelling in Swedish industry is expressed in the Brain Power slogan of ABB representing a shift from heavy production industry to sophisticated high-tech IT: design a new virtual car or mobile telephone ready for the production line, or simulation and testing of products and systems on-line by the customer. Recently, financial markets have brought inflated IT-dreams back to a reality, but the impact of the IT-revolution tomorrow will most likely go way beyond the dreams of today.

To remain internationally competitive in this development, Swedish industry needs qualified scientists and engineers well trained in computational modelling and capable of developing and exploiting state-of-the art software. This requires high quality research and a modern education from basic to graduate level including new computational tools on a solid basis of mechanics, physics and engineering disciplines.

The new information technology gives mathematics a stronger role in the education than ever, and a reform of the mathematics education to include the modern tools of computational mathematics will stimulate a reform of courses in science and engineering in the same direction. The new technology also stimulates interdisciplinary work since the true power comes from an interplay of computational mathematics and science/applications: the qualified engineer and scientist must be able to master both advanced computational tools and applications. Further, basics and principles become more important as traditional design tools lose power, and research is again brought in direct contact with basic education, as during the industrial revolution.

Φ builds on interdisciplinary research and education combining computational mathematics and applications. The research of Φ has international impact and covers important parts of the field of computational mathematics/applications. The educational reform developed at Φ includes an interdisciplinary graduate program in CMM, and a new engineering mathematics program from basic to master level.

The combined interdisciplinary research and educational program at Φ can play an important role in assisting Swedish industry and research to remain competitive by contributing the following key elements:

1. Research at the international front-line giving access to latest technology and attracting top students.

2. Training of interdisciplinary PhDs capable of developing and spreading state-of-the-art computational modelling in science and industry.

3. Reform of undergraduate education in science and engineering to include modern tools of computational modelling and form a broad basis for 1 and 2.