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J.L. Maŕın, J.C. Eilbeck and F.M. Russell
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 293
2 Deciphering the lines in mica . . . . . . . . . . . . . . . . . 294
3 Numerical and analogue studies . . . . . . . . . . . . . . . . 296
4 Longitudinal moving breathers in 2D lattices . . . . . . . . 299
5 Breather collisions . . . . . . . . . . . . . . . . . . . . . . . 302
6 Conclusions and further applications . . . . . . . . . . . . . 303

6.1 Application to sputtering . . . . . . . . . . . . . . . 303
6.2 Application to layered HTSC materials . . . . . . . 303

7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 304



xvi Contents

15 Scale Competition in Nonlinear Schrödinger Models 307
Yu. B. Gaididei, P.L. Christiansen and S.F. Mingaleev
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
2 Excitations in nonlinear Kronig-Penney models . . . . . . . 308
3 Discrete NLS models with long-range dispersive interactions 311
4 Stabilization of nonlinear excitations by disorder . . . . . . 316
5 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320

16 Demonstration Systems for Kink-Solitons 323
M. Remoissenet
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
2 Mechanical chains with double-well potential . . . . . . . . 325

2.1 Chain with torsion and gravity . . . . . . . . . . . . 325
2.2 Chain with flexion and gravity . . . . . . . . . . . . 329
2.3 Numerical simulations . . . . . . . . . . . . . . . . . 330

3 Experiments . . . . . . . . . . . . . . . . . . . . . . . . . . 331
3.1 Chain with torsion and gravity . . . . . . . . . . . . 331
3.2 Chain with flexion and gravity . . . . . . . . . . . . 332

4 Lattice effects . . . . . . . . . . . . . . . . . . . . . . . . . . 333
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . 334
6 Appendix . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335
7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 336

17 Quantum Lattice Solitons 339
A.C. Scott
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 339
2 Local modes in the dihalomethanes . . . . . . . . . . . . . . 339

2.1 Classical analysis . . . . . . . . . . . . . . . . . . . . 340
2.2 Quantum analysis . . . . . . . . . . . . . . . . . . . 341
2.3 Comparison with experiments . . . . . . . . . . . . . 344

3 A lattice nonlinear Schrödinger equation . . . . . . . . . . . 344
4 Local modes in crystalline acetanilide . . . . . . . . . . . . 348
5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . 354
6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355

18 Noise in Molecular Systems 357
G.P. Tsironis
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 357
2 Additive correlated ratchets . . . . . . . . . . . . . . . . . . 358
3 Current reversal . . . . . . . . . . . . . . . . . . . . . . . . 363
4 Synthetic motor protein motion . . . . . . . . . . . . . . . . 364
5 Targeted energy transfer and nonequilibrium fluctuations

in bioenergetics . . . . . . . . . . . . . . . . . . . . . . . . . 368
6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369



Contents xvii

V Biomolecular Dynamics and Biology 371

19 Nonlinear Dynamics of DNA 373
L.V. Yakushevich
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
2 General description of DNA dynamics.

Classification of the internal motions . . . . . . . . . . . . . 375
3 Mathematical modeling of DNA dynamics.

Hierarchy of the models . . . . . . . . . . . . . . . . . . . . 376
3.1 Principles of modeling . . . . . . . . . . . . . . . . . 376
3.2 Structural hierarchy . . . . . . . . . . . . . . . . . . 376
3.3 Dynamical hierarchy . . . . . . . . . . . . . . . . . . 377

4 Nonlinear mathematical models.
Solved and unsolved problems . . . . . . . . . . . . . . . . . 379
4.1 Ideal models . . . . . . . . . . . . . . . . . . . . . . 379
4.2 Nonideal models . . . . . . . . . . . . . . . . . . . . 380
4.3 Statistics of solitons in DNA . . . . . . . . . . . . . 380

5 Nonlinear DNA models and experiment . . . . . . . . . . . 381
5.1 Hydrogen-tritium (or hydrogen-deuterium) exchange 381
5.2 Resonant microwave absorption . . . . . . . . . . . . 382
5.3 Scattering of neutrons and light . . . . . . . . . . . . 383
5.4 Fluorescence depolarization . . . . . . . . . . . . . . 384

6 Nonlinear conception and mechanisms of DNA functioning . 385
6.1 Nonlinear mechanism of conformational transitions . 385
6.2 Nonlinear conformational waves and long-range effects385
6.3 Direction of transcription process . . . . . . . . . . . 386

7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

20 From the FPU Chain to Biomolecular Dynamics 393
A.V. Zolotaryuk, A.V. Savin and P.L. Christiansen
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 393
2 Helices in two and three dimensions . . . . . . . . . . . . . 394
3 Equations of motion for a helix backbone . . . . . . . . . . 397
4 Small-amplitude limit . . . . . . . . . . . . . . . . . . . . . 398
5 Three-component soliton solutions . . . . . . . . . . . . . . 400

5.1 3D case: solitons of longitudinal compression . . . . 402
5.2 2D case: other types of solutions . . . . . . . . . . . 404

6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . 405
7 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 407

21 Mutual Dynamics of Swimming Microorganisms
and Their Fluid Habitat 409
J.O. Kessler, G.D. Burnett and K.E. Remick
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 409
2 Bioconvection (I) . . . . . . . . . . . . . . . . . . . . . . . . 411



xviii Contents

2.1 Observations . . . . . . . . . . . . . . . . . . . . . . 411
2.2 Continuum theory . . . . . . . . . . . . . . . . . . . 412

3 Bacteria in constraining environments (II) . . . . . . . . . . 415
4 Possibilities for computer simulation . . . . . . . . . . . . . 417
5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
6 Appendix I: Statistical methods . . . . . . . . . . . . . . . . 423
7 Appendix II . . . . . . . . . . . . . . . . . . . . . . . . . . . 424
8 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425

22 Nonlinearities in Biology: The Brain as an Example 427
H. Haken
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 427
2 Some salient features of neurons . . . . . . . . . . . . . . . 427
3 The noisy lighthouse model of a neural network . . . . . . . 429
4 The special case of two neurons . . . . . . . . . . . . . . . . 430
5 Time-averages . . . . . . . . . . . . . . . . . . . . . . . . . . 433
6 The averaged neural equations . . . . . . . . . . . . . . . . 434
7 How to make contact with experimental data?

Synergetics as a guide . . . . . . . . . . . . . . . . . . . . . 440
8 Concluding remarks and outlook . . . . . . . . . . . . . . . 443
9 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . 444

Index 447


