Contents

Introduction ....... .. .. .. . 1
1.1 Examples. . ... 2
1.1.1  An example from circuit theory ...................... 2
1.1.2 The nonlinear pendulum ............................ 4
1.1.3 The controlled inverted pendulum .................... 5
1.1.4  Satellite dynamics .. ..., 6
1.1.5 Population dynamics. .......... ... oo, 9
1.2 Initial-value problems .. ........ ... . .. .. . i 12
1.2.1 Continuous righthand side . ........... ... .. ... ... 13
1.2.2 Righthand side with discontinuous time dependence .... 16
1.2.3 Linear systems ................iuiiiiii.... 18
1.3 Related texts ...t 19
Linear differential equations ................................ 21
2.1 Homogeneous linear systems ............................... 22
2.1.1 Transition matrix function........... .. .. ... ... .. 24
2.1.2  Solution Space . ..........e.iiiiii 30
2.1.3  Autonomous SyStems . ............ciiiiiiiiiiiiiaaan. 33
2.2 Inhomogeneous linear systems............ .. ... ... ... ..... 40
2.3 Systems with periodic coefficients: Floquet theory ............ 43
2.4 Proof of Theorem 2.19 and Proposition 2.29 ................. 60
Introduction to linear control theory ....................... 65
3.1 Controllability ........... i 67
3.2 Observability ...........o i 81

3.3 Impulse response and transfer function ...................... 89



xii Ordinary Differential Equations: Analysis, Qualitative Theory and Control
3.4 Realization theory ....... ... ... 94

4. Nonlinear differential equations.......................... ... 101
4.1 Peano existence theory .......... ... .. . i 102

4.2 Maximal interval of existence ........... ... ... ... .. ... 106

4.3 The Lipschitz condition and uniqueness of solutions........... 115

4.4 Contraction-mapping approach to existence and uniqueness . ... 119

4.5 Periodic solutions ......... ... i 135

4.6 Autonomous differential equations ........... ... ... ... ... ... 138
4.6.1 Flows and continuous dependence .................... 138

4.6.2 Limit sets . ... 141

4.6.3 Equilibria and periodic points............. ... .. ... ... 145

4.7 Planar systems . . .. ..ottt e 151
4.7.1 The Poincaré-Bendixson theorem ..................... 151

4.7.2 First integrals and periodic orbits .............. ... ... 161

4.7.3 Limit cycles ... 164

5. Stability and asymptotic behaviour .............. ... .. . ... 167
5.1 Lyapunov stability theory .......... .. ... .. ... ... ... 168

5.2 Invariance principles . ...... .. .. .. i 176

5.3 Asymptotic stability ........ ... 182

5.4 Stability of linear systems ........ ... ... .. .. . .. 189

5.5 Nonlinearly perturbed linear systems........................ 193

5.6 Linearization of nonlinear systems .......................... 194

5.7 Nonlinear systems and exponential stability .................. 200

5.8 Input-to-state stability ........ ... .. ... i 201
5.8.1 Linear prototype .. ... ...t 202

5.8.2 Nonlinear systems . ............ooiiinin .. 203

6. Stability of feedback systems and stabilization .............. 215
6.1 Linear systems and state feedback ............ ... ... ... ..., 218
6.1.1 Eigenvalue assignment by state feedback .............. 219

6.1.2 Stabilizability of linear systems....................... 228

6.2 Nonlinear systems and feedback ............ .. ... .. .. ..., 230
6.2.1 Stabilizability and linearization ...................... 231

6.2.2 Feedback stabilization of smooth input-affine systems ... 233

6.2.3 Feedback stabilization of bilinear systems.............. 236

6.3 Lur’e systems and absolute stability ........................ 240

6.4 Proof of Lemmas 6.16 and 6.18.......... ... .. ... .. ... .. ... 251



Contents xiii
A, Appendix. ... ... 259
A.1 Linear algebra and matrix theory........ ... ... ... ... ... ... 259
A.2 Metric and normed SpPaces .. ...t 269
A.3 Differentiation and integration .............. ... . ... ..., 280
A .4 Elements of the Laplace transform .......................... 289
A5 Zorn’slemma . ... 292
Solutions to selected exercises from Chapters 1 —6 ............. 295
Bibliography . ... ... .. 327
Index . ..o 329



2 Springer
http://www.springer.com/978-1-4471-6397-8

Ordinary Differential Equations
Analysis, Qualitative Theory and Control
Logemann, H.; Ryan, E.P.

2014, Xlll, 333 p. 40 illus., Softcover
ISBEN: 978-1-4471-6397-8



	Contents



