- Nonlinear Systems o
Partial Differential tquations

Applications to Life and Physical Sciences




Contents

1 Positive Solutions for Systems of Two Equations 1

1.1 Imtroduction. . . .. .. .. ... .. 1

1.2 Strictly Positive Coexistence for Diffusive Prey-Predator Systems 4

1.3 Strictly Positive Coexistence for Diffusive Competing Systems . . 26

1.4  Strictly Positive Coexistence!for Diffusive Cooperating Systems . 55

1.5 Stability of Steady-States as Time Changes . . . . ... ... .. 74

2 Positive Solutions for Large Systems of Equations 111

2.1 Introduction. .. ... ... e e e e e 111
2.2 Synthesizing Large (Biological) Diffusive Systems from Smaller

Subsystems . . . . ... L 112

2.3 Application to Epidemics of Many Interacting Infected Species . 124
2.4 Conditions for Coexistence in Terms of Signs of Principal Eigen-
values of Related Single Equations, Mixed Boundary Data . . . . 143
2.5 Positive Steady-States for Large Systems by Index Method . . . 161
2.6  Application to Reactor Dynamics with Temperature Feedback . . 178

3 Optimal Control for Nonlinear Systems of Partial Differential

Equations 197

3.1 Introduction and Preliminary Results for Scalar Equations . . . . 197

3.2 Optimal Harvesting-Coefficient Control of Steady-State Prey-
Predator Diffusive Volterra-Lotka Systems . . . . . . ... . ... 210

3.3 Time-Pericdic Optimal Control for Competing Parabolic Systems 232
3.4 Optimal Control of an Initial-Boundary Value Problem for Fission

Reactor Systems . . . . . . ... Lo 258
3.5 Optimal Boundary Control of a Parabolic Problem . . . . . . . . 269

4 Persistence, Upper and Lower Estimates, Blowup, Cross-Diffusion
and Degeneracy 289
4.1 Persistence . . .. ... 289
4.2 Upper-Lower Estimates, Attractor Set, Blowup . . . . . . .. .. 309

xi



xii

CONTENTS

4.3 Diffusion, Self and Cross-Diffusion with No-Flux Boundary
Condition . . . . . . . . . .
4.4 Degenerate and Density-Dependent Diffusions, Non-Extinction in
Highly Spatially Heterogenous Environments . . . . ... .. ..

5 Traveling Waves, Systems of Waves, Invariant Manifolds, Fluids
and Plasma 391
5.1 Traveling Wave Solutions for Competitive and Monotone Systems 391
5.2 Positive Solutions for Systems of Wave Equations and Their

Stabilities . . . . ... L 415
5.3 Invariant Manifolds for Coupled Navier-Stokes and Second Order

Wave Equations . . . . . . . . . . . ... ..o 434
5.4 Existence and Global Bounds for Fluid Equations of Plasma

Display Technology . .-. . . . .. ... . ... ... ... 456

6 Appendices 481

6.1 Existence of Selution between Upper and Lower Solutions for
Elliptic and Parabolic Systems, Bifurcation Theorems . . .. . . 481

6.2 The Fixed Point Index, Degree Theory and Spectral Radius of
Positive Operators . . . . .. . . . .. .. 485

6.3 Theorems Involving Maximum Principle, Comparison and Prin-
cipal Eigenvalues for Positive Operators . . . . . . . ... .. .. 489
6.4 Theorems Involving Derivative Maps, Semigroups and Stability . 494

6.5 ng’l Estimates, Weak Solutions for Parabolic Equations with

Mixed Boundary Data, Theorems Related to Optimal Control,
Cross-Diffusion and Traveling Wave . . . . . . .., . ... ... 202
Bibliography 507
Index 525



