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Abott 212, 249, 276
Acoustic cavitation
Activator 154
Allgower 256
Almost periodic 331, 396
Amplitude 29, 56, 60, 77-81, 95-96,
144, 269-270, 300, 345, 348, 350, 385,
418, 420
Analytical methods
Andronov 78
Animal coat 7, 153
Anticontrol 409
Antisymmetric 216, 238, 249, 281
Approximation, see Calculation

352

29-30, 357

Arclength 177, see also Parameteriza-
tion
Arnol’d 103

Arnol’d tongue 349-350, 356

Arnoldi iteration 47, 202-203

Asymmetry, see Symmetry

Asymptotically stable 11, 22, 34

Asymptotic state 21, 29, 146-147

Attracting basin  18-19, 34, 41,
96, 268, 390, see also Domain of
attraction

Attractor 11, 21, 26, 30, 45, 140, 322,
342, 381, 389-391, 393-395, 399-401,
404, 413414, 416, 422

Autocatalytic reaction 155

Autonomous system 8, 46, 59, 60,
121, 129, 296, 303-304, 309, 323,
345-346, 348, 392, 413-414, 423, 428

AUTO program package 305-306, 437

Backward differentiation formula 433

Backward integration 19, 344

Basin of attraction, see Attracting
basin

Beam 57-60, 64, 148, 266, 363

Beeler—Reuter model 144

Bellmann 123
Belousov—Zhabotinskii reaction 155
Bénard 85, 397

Bending of a beam or board 1, 5, see
also Buckling

Bendixson 30

Bernoulli differential equation 29, 50,
429

Bernoulli map 421

Bialternate product 207, 250

BIFPACK 437

Bifurcation (branching) 4-5, 58, 74,
396, 398

— blue-sky 160

— Bogdanov-Takens 360-361

— curve (critical boundary) 102, 114,

154, 158, 253-255, 274, 349, 360

— cyclic fold 142

— definition 57, 74

— diagram 3, 56, 81, 99, 103, 169,
368-371

— flip 322, see Period doubling

— fold 62, 67, 74

— generic 99-110, 371

— global 82, 299, 331

— homoclinic 82-83, 92, 361

— Hopf 76-83, 85-86, 92-99, 103, 106,
112, 114, 115, 118-123, 128, 131-132,
141-144, 155, 157, 160-161, 164-165,
195, 201, 205-206, 216, 240, 245,
250, 255, 260, 293-294, 320, 324-326,
328-332, 338-339, 342-344, 352, 355,
360-361, 371, 396, 400

— imperfect 249

— from infinity 274

— and isola variety 369-370, 383

— local 82

— multiple 67, 104, 251-252

— Naimark—Sacker 330, 355

— period doubling, see Period doubling
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— of periodic oscillations 82-83, — periodic 63, 77, 82, 97
316-332, 337-349 — stable 63

— pitchfork 64-71, 81, 82, 99-101, — stationary 63, 81
103-104, 106, 108-110, 114, 154, 173,  _ symmetric 63
210-211, 229, 232, 234, 236-238, _ trivial 64

240-241, 245, 249, 269, 280, 283,

Branching, see Bifurcation
317-318, 320, 325, 358, 366-367, 371

Branching system 154, 213-216,

- primary 74,285 218219, 227, 230, 245246, 248251,
~ saddle-node, sce Turning point 955, 259, 272-276, 283, 285, 203, 338
— secondary 74 34()’ 346’ ) ) ) ) )
- simple 66, T1 74, 215, 226, 228, Branch switching 171, 196, 213,

249, 316, 361-363, 366-36 231238, 243-245, 250252, 276, 278,
— space-dependent  283-284, 321 306

— stationary 75, 80, 103, 106, 110,
201, 212, 227, 242, 250, 252, 293, 326,
331, 335

— steady-state 75

— at Hopf points 339, 341-342
— undesired 192
— by unfolding 244

~ subcritical 6667, 93-94, 96-97, Branch tracing 171, see Continuation
142-143, 320 Brent 212

— subharmonic 323, see Period Bridge 148
doubhng Brown 212

— subtle 95, 324 Broyden update 40

— supercritical 64-67, 93-95, 97, Brusselator 155, 239, 260, 264266,
323-325, 330, 358 288, 300-301, 318-321, 323

— symmetry-breaking 109 Buckling 57-60, 61, 64, 286-287, 352

— torus 329-332, 396 Burst 96-97, 113, 398

— transcritical 64, 67, 82, 103-105, Business cycles 122-123

108, 173, 195, 234, 240-241, 318, 321  Butterfly 375
— trivial 285-287

— Turing 149-155 Cable equation 139-140, 145

Bifurcation diagram 3, see Bifurcation  (alculation

Bifurcation set 102, 368, 370, 372-376, _ of amplitude  269-270, 300
378

) ) ) — of (simple) bifurcation points
Bifurcation test function, see Test 207-216, 248-249, 251, 270-272
.functlo.n ) — of eigenvalues 46-47, 200-203
B}rth Of limit cycles 7778, 318 — of emanating solutions, see Branch
Bistability 96-97, 136, 142-143, 160, switching
220 — of heteroclinic orbits 296-299

Eiaclﬁ—bﬁx. 3?7 Lo7 — of Hopf points 250, 255, 293,
ock elimination 338-340

Blood cell production 118-121 ~ of hysteresis points  251-255

ggfgji%vm;??x 197. 230 — of initial approximations 214-215,

Boundary conditions 47, 58, 263265, 2?‘3’273 339 %0 40, 200
267, 270-271, 280, 282-283, 288, — ot Jacobians - 392U,
206-298, 300, 306, 334, 346 — of Liapunov exponents 414-417
Boundary-value problem 251, 263— — of manifolds 253, 256
266, 268, 270, 276, 278, 280, 283, — of monodromy matrix 332-337
288, 292-294, 296, 305-306, 337, 339, — of period doubling 340-341
340, 342-343 — of periodic solutions 304-306, 342
Brain activity 396, 405 — of separatrices 19
Branch 56, 171, 231 — of test functions 206, 220-221,

— jumping 60, 191-192 275277, 337



— of turning points  209-210, 212-216,
246248, 249, 251, 255, 257258,
270-272

Cantor set 395, 402

Capacity dimension 401, 404

Cardiac cells, or pacemaker 350, 352,
396

Catalytic reaction
374

Catastrophe set 102, 368

Catastrophe theory 74, 357, 372-376

Cayley transform 202-203, 257

Cell mapping 391

Cellular automaton

Center 20-21, 380

— organizing center, see Organizing

Center manifold 79, 357, 379-383

255, 272-273, 294,

35-38, 155

Chaos 5, 30, 75, 385-421

— contraction of volumes 388-389,
409, 413-414

— control  405-409

— examples 392-396

— fractal dimension 400-405

— Liapunov exponents 409-417, 421,

423

— power spectra 418-421

— routes to chaos 396-398

— self-similarity 395

— sensitive dependence on initial data
390

— strange attractors, see Strange

Characteristic equation 14, 122

Characteristic exponent 315

Characteristic multiplier, see Multiplier

Chemical reaction, see Reaction

Chord method 40

Chua’s attractor 392

Circle group 110

Circle map 350, 356, 393, 398

Circuit matrix 309

Climate 351

Closed branch

Codimension

Coding 409

Collocation 42, 45, 47, 132, 336

Combustion 5, 7, 155, 351

Commensurate 349

Conduction 85

Conservative system 391

Contact equivalence 363-366, 370,
383

Continuation (branch tracing) 169-
198, 202-203, 207, 210-211, 224-225,

193, 269
361-368, 371

Index 475

231, 235, 252-253, 255-256, 264, 304,
306, 336, 339

Continuous stirred tank reactor, see
CSTR

Contraction of volume, see Chaos

Control of chaos 405-409

Control space 102

Controlling chaos 405409

Convection 85, 92, 351

Convergence 35, 39-40, 46-47,
187-189

Corrector 174, 184-189, 191, 231,
234-237, 243

Correlation dimension 404-405

Correlation integral 404

Coulomb 125

Coupled cell reaction

Crisis 160

Critical boundary 102, 114, see
Bifurcation curve

CSTR 9799, 106, 114, 164-165,
376-379

Cusp 101-102, 373-374

Cusp point 67

Cyclic fold bifurcation

Cyclic group 108, 434

Cylinder 31

238-239

318-319, 339

Damkohler number 97, 102, 164

Damped Newton method 39

Davidenko 177

Decomposition of a matrix 40, 187,
197, 221, 248, 259

Degenerate equilibrium 2021

Deist 172

Delay differential equation
341, 392

Demography 32

Determinant as test function 206

Determining equation 245, 250

Determinism in nature 386

Deterministic law 8, 157, 385

Deterministic risk  156-165

Deviation 10, see Perturbation

Devil’s staircase 351, 356

Difference quotient 289, 301-302, 399

Differential-algebraic equation 117,
131-137, 338, 434

Differential inclusion 129

Diffusion 149-154, 239, 264

Dimension 413

— box dimension 401

— capacity dimension 401, 404

117-123,
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— correlation dimension 404-405

— embedding dimension 399

— fractal dimension 399-405, 421

— Hausdorff dimension 401

— information dimension 404, 414

— Liapunov dimension 404, 414

— of phase space 30, 323, 330, 392,
398-400, 413

— reduction of dimension 388

— of strange attractors 400

— topolgical dimension 400, 403

Direct method for calculating
bifurcation points 212, 219, 222—
226, 245, 250, 253-254, 293, 338,
340

Discontinuity 127-131, 338-339

Discretization 34, 223, 248, 289, 302,
336-337

Discretization error
277, 337, 395, 415

Dispersion 151-152

Dissipative system 388-389, 391, 410,
413-414, 422-423

Divergence theorem 30

Dobson-Chiang model 159

Doedel 304

Domain of attraction 11-13, 46, 135—
137, 216, 330, see also Attracting
basin

Double limit variety 370, 383

Double scroll 392

Drift of continents 85

Drift ring 330

Dry friction 124-130, 398

Duffing equation 14-15, 18-19, 31,
52, 5860, 191, 266-270, 300-301,
305, 345-346, 385, 392, 394, 396, 400,
402-403, 414

Dynamical system 8, 33, 37, 331, 396

180, 225-226,

Earth magnetic field 351

Ecological system 396

Eigenfunction 150, 290-291

Eigenspace 16, 22, 296-297

Eigenvalue 13-16, 19-23, 35, 42,
46-47, 77, 79-80, 82, 110, 112, 119,
131, 150-151, 200, 226, 286, 293, 297,
309, 312, 314-315, 328, 335, 337, 339,
354, 360, 379, 405, 411-413, 423,
426-427, 429, 431

Eigenvalue problem 13-14, 150, 285

Eigenvector 14-16, 19, 21-25, 35,
46-47, 49, 88, 110, 202, 215, 226, 255,

297, 309, 314, 339-340, 380, 411-412,

426, 429, 431
Electric circuit
Electric power generator

164, 204-205, 221, 324
Electroencephalogram 405
Elliptic functions 286

132, 217, 222
159-163,

Emanating solution 231, 235-238,
279, 286

Embedding

— of an equation 176, 230, 259

— of a flow 399, 416

Entrainment, see Phase locking

Epileptic seizure 405

Equilibrium 9, see Stationary solution

Equivariance 108-110, 114, 237, 240

Error estimate 208

Error tolerance 175, 189, 216, 279,
335, 391, 405, 416

Euclidian vector norm 425

FEuler buckling problem 103, 113-114,
286

Euler first buckling load 58

Fuler integration method 42-46, 114,
118, 166, 178, 291

Even function 279, 282, 301

Evolution equation 8, 288, 290

Excitable medium 35, 144, 146, 149

Extended system 181, 212-213, 251,
255, 264-265, 268, 272, 305, 333, 335,
338

Extrapolation 179, 209

Factorization, see Decomposition

Family of equations 21, 362

Fast Fourier transformation 418

Feasible range of parameters 157-158,
164

Fehlberg 432

Feigenbaum’s scaling law 325, 346

Filippov  129-130

Finite-element method 113

Fisher’s model 146-147, 167, 299

FitzHugh’s model 50, 112, 142-145,
147, 306, 318, 332, 344

FitzHugh-Nagumo model
147-149

Fixed point 34-35, 38, 41-42, 46, 52,
119, 291, 312, 314, 316-318, 321-322,
354-355, 387, 393, 405-406, 408, 422

Flight dynamics 352

Flip bifurcation, see Period doubling

Flip-flop 132-137

144,



Floquet exponent 315

Floquet multiplier 314, see Multiplier

Floquet theory 309

Flow

— of an ODE 9, 379, 387392, 394,
399-401, 410-412, 414

— of fluids, see Fluid motion

— line, see Trajectory

Fluctuations 10

Fluid dynamics 351

Fluid motion 4, 85, 351, 353, 390, 396

Focus 17-21, 2627, 31, 50, 147, 380

Fold 372-374

— fold bifurcation
point

— fold line 102, 252, 360

Forced oscillation, see Oscillation

FORTRAN programs 414, 416, 437

Fourier series 29, 85, 341

Fractal 400

Fractal boundary 34, 41, 46, 403

Fractal dimension 399-405, 421

Frequency 29, 58-60, 331-332,
345-346, 348-349, 385, 396, 398, 400,
418-420

— frequency locked 349, see Phase
locked

Friction 125, 130, 388

Front wave 146

Function space

Fundamental solution matrix

62, 74, see Turning

283, 290, 321, 431
309, 411

Galerkin  291-292

Gap center 105

Gauss algorithm 40

Gauss integration 45

Generalized Hopf bifurcation 330

Generic 20, 367

Ghost solution 46, 52

Gierer—Meinhardt reaction 154

Ginzburg-Landau parameter 280

Glaciation cycle 351

Global results 12-13, 19, 26, 201, 342,
364

Glycolysis 396

Golubitsky 363

Gram—Schmidt orthonormalization
415

Gray—Scott model 155

Grobman 22, 379

Griewank 249

Group 108-110, 386, 434-435

Group orbit 110

Index 477

Growth model 123

Hamiltonian 50

Hammerstein equation 111

Hardening spring 59

Hard loss of stability 95-96, 98, 141,
143, 160, 342, 344

Harmonic excitation 345, 348

Harmonic oscillation, see Oscillation

Harmonic response 59

Harmonics 418

Hartman 22, 379

Haselgrove 172

Hassard 250

Hausdorff dimension 401

Heartbeat 7, 49, 352

Heaviside step 404

Hénon map 393, 403, 422

Hermite polynomial 334

Heteroclinic orbit 31, 144, 146-147,
296299

Hodgkin-Huxley model 138-144, 318

Homoclinic bifurcation 82, 92

Homoclinic explosion 92

Homoclinic orbit 31, 82-83, 88, 112,
144, 146, 296-299

Homogeneous reaction 319-321

Homogeneous state 145, 149, 151, 154

Homotopy 170, 174-176, 259

Hopf 78

Hopf bifurcation, Hopf point, see
Bifurcation

Horseshoe-map 389

Householder decomposition 221

Hurwitz determinant 207

Hyperbolic

— equilibrium 20, 22, 379

— fixed point 35

Hyperplane, hypersurface
364-365, 369, 426

362,

Hysteresis
— center 105, 108
— behavior 59, 61, 96, 99, 101, 105,

193, 217, 253, 274, 370, 374

— point 67, 103, 106, 108, 114, 223,
226, 229, 251, 252-253, 255, 365,
367-369, 371, 377-378

— variety 369-370, 377, 383

Identity matrix 426

Ignition 106, 224

Ill-posed problem 226

Implicit differential equation 132
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Implicit function theorem 70, 72-73,
131, 197, 430

Implicit integration method 42, 44-45

Incommensurate 331

Indirect method for calculating
bifurcation points 211-212,
222-226, 250, 252, 285, 338

Inertial manifolds 290-292

Information dimension 404

Inhibitor 154

Initial approximation, initial guess
170, 174-176, 178, 200, 214-216, 220,
231-232, 236, 243, 259, 264, 272,
274-275, 278, 294, 306, 339-340

Inset 18, 22, 83, 314, 432

Integral equation 111

Integration method 41-46, 300,
432434

Intermittency 398

Interpolation 48, 123, 169, 196, 203,
207-208, 210-211, 214, 234, 253,
257-258, 278, 334, 354, 408

Invariant curve 330

Invariant manifold, see Manifold

Invariant under a flow 387, 389-390

Inverse iteration, inverse power method
202, 215, 232

Irrational number 331, 350, 355

Irregular oscillation 5, 385, 400

Isola center 67, 104-105, 106-108,
252, 255, 367, 369, 371

Isolated branch 104

Isotropy group 109

Jacobian matrix 13, 20-23, 35, 3840,
50, 70-74, 77-80, 112, 119, 131, 150,
197, 200, 206, 213-216, 218-220, 230,
246, 248-249, 273, 285, 290, 297, 309,
316, 321, 332, 339, 360-361, 410

— accuracy 200

— evaluation 39-40, 200

— singularity 206, 216, 248, 251

Julia set 34, 41

Jump phenomena 59, 95-97, 104-106,
131, 157, 217, 220, 223-224, 338-339

— undesired, see Branch jumping

Kalecki 122-123

Kaplan and Yorke conjecture
Keller 276

Kernel of a matrix 427
Kirchhoff’s law 133, 217
Klopfenstein 172

414

Koch curve 423
Kuramoto—Sivashinsky
155, 301

Kutta 432

145-146, 148,

Landau conjecture 396

Langford 332

LAPACK 437

Laplacian 149, 223, 259

Laser 75, 351

Lattice of cells 36

Lattice dynamical system 37

Least squares 404

Leaved structure 395

Liapunov 22, 379

Liapunov dimension

Liapunov exponent
421, 423

Liapunov—Schmidt method 357

Limit cycle 26, see also Periodic
oscillation

Limit point, see Turning point

Limit set 386

Linearization 13, 22, 25, 35, 38, 121,
150, 213214, 219-220, 270, 272-273,
285-286, 292, 309, 312, 338, 379, 381,
407, 410, 414, 432

Linear stability 22, see also Stability,
local

Lines, method of 289

Liouville’s theorem 389

Local behavior 12-13, 22, 25, 142

Local results 19, 153

Local parameterization, see Paramete-
rization

Locking, see Phase locking

Logistic differential equation 32,
51-52

Logistic map 33, 37, 321-322,
392-393, 397, 422

Lorenz 326

Lorenz equation 23-27, 85-93, 109,
323-324, 351, 390-392, 400, 421

Lotka—Volterra model 50

LU decomposition, see Decomposition

404, 414
385, 400, 409417,

Macroscopic variable 10, 76
Mandelbrot set 34

Manifold 426

Manifold of solutions 18, 22-27, 132,

253, 255, 367-368, 372-375, 379-380,
405-407

— calculation 253, 256



79, 357, 379-383, 432
314, 379-381, 431-432,

— center

— invariant
437

— stable 18, 22-26, 88, 297, 380381,
405-407, 432

Manneville 398

Map 32-37, 52, 82, 114, 118, 321, 347,
350, 354-356, 392-393, 405, 409-410,
421-422

Marangoni convection 351

Maximum or minimum of a function
81, 94, 304

Measurements 10, 100, 398

Meteorological effects 351

Mobius strip 323

Mode 58, 93, 150-155, 291-292

Modeling 157

Monodromy matrix 307-310, 314—
315, 322, 328, 332-337, 340, 346, 413,

423

Moore 246, 248, 251
Morphogenesis 149
Muller 208

Multidiagram 370

Multiparameter model 102, 104, 177,
189, 357, see also T'wo-parameter
model

Multiple shooting 48, 276, see also
Shooting

Multiplicity of solutions 56

Multiplier 314-316, 328-329, 335-337

Nagumo 147

Naimark—Sacker bifurcation 330, 355

Nerve model 4-5, 50, 112, 123,
138-144, 147-148, 306, 323, 332, 344,
352, 396

Neville’s method 211

Newhouse 396-397

Newton method 34, 38-39, 42, 47, 52,
118, 166, 181, 185, 188-189, 197, 206,
212, 214-216, 221, 235, 246, 248, 260,
277, 343

Nodal cycle 313

Node 15-18, 20, 31, 49, 62-63, 147,
299

Noise

Nonsingular matrix

Nonsmooth dynamics
338

Norm 425

Normal form 67, 78-80, 81, 325, 355,
358-361, 365-367, 379

395, 397, 400, 405, 415, 418-419
39, 426
123-131, 316,

Index 479

Normalization 178, 340

Null cline 9

Null space, null vector

Numerical differentiation
335, 343

Numerical integration

226, 248, 427
39, 200,

19, 26, 41-46

Odd function 279, 282, 301

OGY-method 405-408

Ohm’s law 133

One-parameter model
226, 252, 357

Orbit 8, see also Trajectory

Orbit of a map 33

Orbital motion 386

Oregonator 155

Organizing center 104-106, 108,
252-253, 255, 367, 375

— gap center 105

— hysteresis center 105

— isola center 105

Ortega 40

Oscillation 3

— aperiodic 385, 418

— chaotic 385

— damped 388

— forced 345-350, 392, 398

— harmonic 266-269, 346, 348, 388

— periodic, see Periodic oscillation

— quasi-periodic, see Quasi-periodic

— subharmonic 270, 346-347, 397,
400, 418

— ultraharmonic 346

Outset 18, 22, 83, 314, 432

Overflow 414

103, 108, 199,

Packages of computer programs 437

Parallel computation of two branches
237, 278, 339

Parameter 1-5, 2021, 72, 97,
101-102, 170, 180, 297-299, 367

Parameter chart 101-103, 106, 114,
158, 253, 349, 371, 378

Parameterization 174, 180-187

— via additional equation 181

— by amplitude 307

— by arclength 177-178, 182, 185,
187, 197

— by asymmetry 184, 340

— of corrector iteration 186

— by irregularity 243

— local 183-185, 187-188, 190-191,
197, 269, 306
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Parameter space 102, 368, 370, 373,
376

Parameter switching 72, 177

Partial differential equation (PDE)
85, 92, 144-146, 201, 216, 263, 288,
292, 294, 303, 336, 353

— of a beam 57-58

— evolution equation 288

— of heat and mass transfer 294

— Hopf bifurcation 292

— numerical solution 108

— of nerve models 140

— of temperature distribution 222-
223
— of reaction-diffusion type 149, 239

— Rayleigh—Bénard convection, see
Rayleigh-Bénard

— stability 289

Path following 171, see Continuation

Pattern 5-7, 37, 63, 85, 117, 144-155,
303, 351, 395-396

Period 28, 79, 82, 303-305, 323, 328,
340, 345, 400

Period doubling 82, 91-92, 103,
160-161, 280, 321-329, 332, 338, 340,
346, 349, 393, 397-398, 418, 422

Periodic branch 63

Periodic oscillation (limit cycle,
periodic orbit) 6, 26-31, 45, 51-52,
59-60, 76-83, 86-99, 110, 112, 119,
126-132, 141-144, 146, 155, 160-161,
190, 266-270, 279, 300-301, 303-355,
385, 387-390, 398, 400, 408-409, 411,
413, 418, 421, 423

Permutation 206, 238-239, 257

Perturbation (deviation) 2, 10-12,
96, 100-101, 103-104, 110, 114, 121,
151, 153, 221, 226, 233, 249, 252,
289, 307, 362, 390, 397, 406-407, 416

Phase condition 298, 304-306, 346,
353

Phase diagram 8, 33, 103

Phase locking 349-352, 356, 398

Phase plane 8, 19, 43

Phase space 26, 30, 88, 347, 391,
398-400

Pitchfork bifurcation
Bifurcation

Plane wave 148

Plant model 144

Poincaré 30, 78

Poincaré map 34, 307, 310-311, 347,
354, 392, 394, 396, 398, 405, 408, 422

64, see

Poincaré section 312-313, 347, 354

Poincaré set 394-395, 402

Polar coordinates 79

Pomeau 398

Po6nisch 249

Population model 123, 352

Power generator, see Electric power

Power law 401

Power method 4647

Power spectrum 418-421

Prandtl number 85

Predator—prey model 45, 50, 123, 352

Predictability 390-391

Predictor 174, 177, 185, 188, 200, 231,
278-279

— secant 179-180, 183, 191-192, 202

— tangent 177-178, 180, 182-183,
186-187, 190-192, 197, 232-238

— trivial 179, 202

Predictor-corrector method 173-174,
177, 202

Projection 88, 291, 318

Propagation speed 145

Pseudo arclength 182

Pulse wave 146

Pyragas method 408

QR method 46, 200-202, 337
Quasi—-Newton method 40, 188, 200,
248, 338
Quasi-periodic oscillation
348, 350-351, 418-419
Quasi-static 21

331, 345,

Railway bogies

Range of a matrix
249, 427

Rank of a matrix 72-74, 173, 178,
197, 215, 226227, 230, 426427

Rank-one update 200, 277

Raphson 39

Rayleigh—Bénard problem 85,
396398

Rayleigh number 85, 102

Reacting medium 146

Reaction

— with autocatalytic step 342

— Belousov—Zhabotinskii 155

— Brusselator, see Brusselator

— catalytic, see Catalytic reaction

— chemical 323, 351, 397

— continuous stirred tank reactor, see
CSTR

78, 97, 132
73-74, 227-230,



— of coupled cells 238-239

— exothermic 223

— of Gierer—-Meinhardt type 154

— homogeneous 319-321
— isothermal 6-7, 325-327, 419-420

Reaction—diffusion problem 31, 35,
149-155, 239, 288

Reddien 249

Reduction principle 382

Reflection 108, 279, 434-435

Regularity 243, 252, 260, 341, 385

Regularization 251

Relaxation oscillation 343

Repellor 142, 342

Resonance 331, 349-350

Response diagram 56, see Bifurcation
diagram

Rest point 9

Retarded equation 123

Return map 312, see Poincaré map

Rheinboldt 40, 249, 256

Risk 2, 156-165

Risk area 164

Risk index 161-165

Roose 255

Root finding 208

Rdossler system 392

Rotating spiral or wave 148

Rotation 108, 434-435

Rotation number 146, 349

Rounding error 10, 19

Routes to chaos 396-398

Ruelle 396-397

Runge’s method 42-45, 52

Runge-Kutta-Fehlberg method
41-46, 432-433

Sacker 330

Saddle 16-20, 31, 49, 62-63, 82-83,
88, 91, 136, 147, 296, 299, 405-406

Saddle cycle 313-314

Saddle-node 62, 131, 331, see Turning
point

Saftey margin  158-159

Sampling 415, 418

Scalar measure 55-56, 69-70, 94

Scaling 206, 213

Scaling law of period doubling 397

Schaeffer 363

Schmidt 256

Schwetlick 249

Secant to the branch, see Predictor

Index 481

Secondary Hopf bifurcation 330, 396,
400
Second-order derivatives 74, 222,

228-229, 248, 359, 377

Sefor 172

Selectivity 236-237, 243, 245, 278,
280

Self-organization 76

Self-similarity 395

Semiconductor 396

Semistable 318

Semitrailer 4, 352

Sensitive dependence on initial data
390-391, 395, 421

Sensitivity analysis 164, 221

Separation of variables 150

Separatrix 18-19, 21, 52, 96, 136

Set-valued function 127, 129

Shift map 421

Shooting method 47-48, 52, 276-277,
300, 314, 334-336, 338-339, 437

Silnikov connection 31

Similarity assumption 63

Simplicial methods 172

Simulation 26-29, 140-141, 289,
341-344, 437

Singular Jacobian, see Jacobian

Singularity 14, 48, 71-79, 132, 206,
215-216, 221, 226-230, 276, 335, 361,
366-378, 383, 427, 431

Singularity theory 357, 363-371

Singular set 368

Sink 11, 136-137

Sliding mode 130

Slip mode 125

Slowly varying amplitude

Smale 389

Smooth 117, 123, 127, 173, 204, 344,
421, 425, 429, 431

Snapping 60, 61

Soft loss of stability 95, 343

Software 414, 416, 437

Space-clamp dynamics 140

Space-dependent bifurcation
321

Spatial oscillation 303

Spatial pattern, see Pattern

Spence 246, 249

Spike 96, 141, 146

Spiral 7, 17, 21, 51, 155

Spiral cycle 313

Spline 269, 300

Spurious solution 46, 392

29-30

283-284,



482 Index

Stability
385, 389

— exchange of stability 64, 66, 77-78,
94, 195, 320-322

— of fixed points
405-409, 422

— gain or loss 3, 66, 77, 87, 91, 93-94,
98, 137, 142, 152-153, 157, 160, 190,
200, 293, 314-331, 336, 338, 342-344,
352, 398

— limited claim of stability results
12-13

— local stability 12, 22, 202, 204

— of periodic oscillations 28, 82, 87,
91-94, 307-337, 342, 344, 398

— of stationary solutions 11-13,
15-18, 20-27, 49-51, 58, 60, 62,
64-65, 77, 85-87, 93, 98-99, 102,
111-112, 119-122, 128, 135-137, 140,
142-143, 147, 149-153, 155, 159-161,
195, 199-200, 202-204, 268, 274, 290,
306, 318, 320, 339, 342-343, 379-383,
389-390, 405-409

Stability chart 102

Stabilization = 405-409

Stable 11, see Stability

Stable branch 63

Stable manifold, see Manifold

Standing wave 144

State space, see Phase space

State variable 8

Stationary bifurcation
Bifurcation

Stationary branch 63

Stationary solution (equilibrium)
4-27, 30-33, 35, 38, 45-46, 49-51, 55,
58, 6064, 68, 74-83, 85-87, 92-97,
111-112, 199, 288, 296297, 358, 360,
379-383, 387, 390, 400, 411, 413, 423,
431-432

Steady state 21, 264, 288, 292, see
also Stationary solution

Steady-state bifurcation, see Stationary
bifurcation

Step control 174, 184, 187-196, 276

Step length, step size 41-46, 174, 178,
180, 184185, 187-191, 195, 200, 201,
203, 208, 211

Sticking phase 125

Stick-slip 125-129

Stiff equation 42, 128, 432-433

Stiffness of a beam or rod 1, 57, 124,
286287

1-3, 5, 7, 171, 190, 288-292,

34-36, 52, 312, 322,

75, see also

Stochastic bifurcation 353

Strange attractor 390-391, 394-396,
398, 400, 403, 405, 409, 414, 422

Stream function 92

Stretching of a set 389, 409, 411

Stroboscopic map 347, 394

Stroboscopic points 395

Structural stability 103, 110

Student migration 33, 52

Subcritical, see Bifurcation

Subharmonic bifurcation, see Period
doubling

Subharmonic mode 29

Subharmonic oscillation, see Oscillation

Sun surface 85

Superconductivity 280-281

Supercritical, see Bifurcation

Supporting symmetry 279-282, 301

Surface 256, see also Hypersurface,
Manifold

Surface tension 85

Suspended cables 352, 396

Swallowtail 374-375, 383

Switching branches, see Branch
switching

Symmetric branch 63

Symmetric vector 216, 249

Symmetry 58, 6466, 69, 87-88, 92,
100, 103-104, 108-110, 114, 136-137,
154-155, 184, 216, 221, 237-238,
240-241, 243, 249, 260, 268270, 276,
278-283, 301, 340, 367, 434-435

Symmetry breaking 237-238, 240-
241, 243, 249, 260, 278-280, 283

Synchronization 349-350, 409

Takens 360, 396-397

Tangent field 83

Tangent to a branch 54-55, 227228,
232, 238

Taylor expansion 80, 182, 308, 358,
379, 407, 431

Taylor experiment 397

Temperature distribution 222

Temporal oscillation 303

Test function 158, 164, 203-212, 214,
220222, 230, 234-235, 249, 251-252,
257-258, 274-277, 337-338

Thom 372

Three-point boundary-value problem
280, 307

Threshold value 2, 142, 149

Time series 32, 398-400, 405, 416, 418



30-31, 349, 354, 413, 418
329-332, 341,

Torus

— bifurcation into torus
396

Tracing a curve or branch 54, see also
Continuation

Trajectory (flow line) 8, 10-11, 15,
18, 26, 30-31, 45, 47, 49, 83, 94, 296,
307, 343, 386-387, 390, 404, 410,
415417, 423, 431

Transient behavior
414, 422

Transversality hypotheses 79-80, 87

Trapezoidal method 45, 433-434

Traveling wave 145-149

Triangulation 256

Trigger circuit 217-220

Truncation 80, 93, 150, 290291, 296,
355, 358, 397, 405, 414

Turbulence 390, 396

Turing bifurcation 149-155

Turning point 61-63, 67-75, 82, 96,
98-106, 114, 131, 154, 159-160,
170-171, 173, 177-178, 180-184, 190,
192-193, 195, 204-206, 209-210, 212,
215216, 219-224, 229, 240, 245,
248-249, 251-253, 255, 257258, 261,
264, 268, 274, 283, 287, 293, 316-319,
335, 339, 360, 363, 366-373, 379

— definition 74

Two-parameter model
158-159, 252-256

21, 28-29, 399,

101, 104-105

Index 483

Ultraharmonic 346

Umbilic 376

Unfolding 103, 244, 363-367
Universal unfolding 364-365
Unstable 11, see Stability
Updates 40, 200

Van der Pol equation 27-29, 43-45,
50, 52, 114, 347-350, 388, 392, 396,
421

Variational equation
410411

Vector norm 425

Verhulst 32

Vieta 112

Voltage collapse

Volume contraction

Von Karman 352

309, 340,

163164
388, 413-414

Watt steam engine 352
Wave equation 144

Wave number 150

Waves 7, 31, 144-149, 155
Weakly unstable 336
Weather forecast 390
Werner 216, 249
Winding number 349, 356

Yorke 414

Zeeman 372

Zs cyclic group 108, 434






