Contents

Part I Applications in Engineering

1 Micro-Electro-Mechanical-Systems (MEMS). . ... .............. 3
1.1 Derivation of the Basic Model and Its Variations . . ........... 3
1.1.1 The Elastic Problem. . ... ........ .. ... .. ......... 4

1.1.2 The Electric Problem . . .. .......... .. ... ......... 6

1.1.3 An Uncoupled Local Model . . . .................... 7

1.1.4  An Uncoupled Non-local Model . . .................. 9

1.2 Mathematical Analysis . ............. ... . ... ... 12
1.2.1 A Non-local Parabolic Problem .................... 12

1.2.2 A Non-local Hyperbolic Problem . .................. 47
References . . .. ... . . 61

2 Ohmic Heating Phenomena. . . ... .......................... 65
2.1 Ohmic Heating of Foods. . .. ........... ... ... ......... 65
2.1.1 Derivation of the Basic Model and Its Variations ....... 65

2.1.2  Local Existence and Monotonicity . ................. 69

2.1.3 Stationary Problem ............. ... ... ... ... .. .. 73

2.1.4 Stability . ... 79

2.1.5 Finite-Time Blow-Up. .. ......................... 85

2.2 A Non-local Thermistor Problem. . ... .................... 92
2.2.1 Neumann Problem . .......... ... .. ... .. ......... 92

222 Robin Problem ............ .. .. .. ... .. ... .. ... 95

2.2.3 Dirichlet Problem ................. .. .. ... ...... 98
References . . .. ... .. . . .. 106

3 Linear Friction Welding . . . .. ............... .. ... ......... 109
3.1 Derivation of the Model ... ........ .. .. ... .. .. ... ....... 109
3.2 The Exponential Case . . .. ............. .. 114

Xvii



XViii Contents

3.3 Numerical Results .. ......... ... ... ... ... ... .......
3.3.1 The Soft Material Case ..........................
3.3.2 The Hard Material Case . . .. ......................

References . . .. .. ... . . .. ...

4 Resistance Spot Welding . . . .. ............... .. ... ... .. .. ..
4.1 Derivation of the Non-local Model . ......................
4.2 The Mathematical Problem .. ...........................
4.3 The Numerical Scheme . . ... ......... ... ... ... .......
4.4 Stability . . . ..
4.5 Error Estimates. . ... ............ ... ... . .. ...
4.6 Numerical Experiments. . ..............................
References . . .. ... ... . . . .

Part I Applications in Biology

5 Gierer-Meinhardt System . . ... .......... ... ... ... ... ...
5.1 Derivation of the Non-local Model . ......................
5.2 Mathematical Analysis ... ............ ... ... ...

5.2.1 Global-in-time Existence .........................
522 ODE TypeBlow-Up ......... . ... ... .. ...
5.2.3 Diffusion Driven Blow-Up . .. .......... ... . ...
5.2.4 Blow-Up Rate and Blow-Up Pattern. . ... ............
References . . . ... ..

6 A Non-local Model Illustrating Replicator Dynamics . ......... ..
6.1 Derivation of the Non-local Model .......................
6.2 Mathematical Analysis . .. .......... .. ... ... ... .. ... ...

6.2.1 Local Existence and Extendability of Weak Solutions . . . .
6.2.2 Global Existence Versus Blow-Up . .................
References . . ... ...

7 A Non-local Model Arising in Chemotaxis . ...................
7.1 Derivation of the Non-local Model .......................
7.2 Mathematical Analysis . .............. .,

7.2.1 Preliminaries . ................. ... ... ...
722 Blow-UpResults........... ... .. .............
7.3 An Associated Competition-Diffusion System ...............
7.4 Miscellanea ... .......... .. . .
References . . ... ...

8 A Non-local Reaction-Diffusion System Illustrating Cell
Dynamics . ........... ... .
8.1 Derivation of the Non-local Reaction-Diffusion System ........
8.2 Mathematical Analysis ... ............ ... .. ... ...



Contents Xix

8.2.1 Preliminary Results . ............................ 255

8.2.2 Phase Separation . ................ ... ... . .. 259

8.2.3 Long-Time Behavior . ........................... 266

8.2.4 Decay Rate Towards the Steady States . .. ............ 271
References . .. ... ... . 289
Appendix . . ... ... 291



2 Springer
http://www.springer.com/978-3-319-67942-6

Mon-Local Partial Differential Equations for Engineering
and Biology

Mathematical Modeling and Analysis

Kawvallaris, N.; Suzulki, T,

2018, XX, 300 p. 23 illus., 7 illus. in color., Hardcover
ISBN: 978-3-319-67942-6



	Contents



