
Biophysical
Aspects of
Coherence
and Biological
Order JIRf POKORNt

AND"TSU-MING WU

With 60 Figures
and 6 Tables

Springer



Contents

Preface • 9

1. Biological Order 11
1.1 Biophysical Mechanisms 11
1.2 Discussion about Experiments 16

2. Thermodynamic Aspects of Order 22
2.1 Closed Systems 22
2.2 Open Systems 25
2.3 Selforganization 28

3. Normal Modes 32
3.1 The Vibration Modes of a String 32
3.2 Vibrations in an Infinite One-Dimensional Chain of Identical

Particles 33
3.3 The Number of Vibration Modes '. 35
3.4 Equivalence of a Vibration Mode and a Harmonic Oscillator 36
3.5 Vibrations in One-Dimensional Chain with Particles of Two

Types 38
3.6 One-Dimensional Disordered Chain 40
3.7 Properties of the Cytoskeleton . . 46
3.8 Thermal Vibrations in Microtubules and Actin Filaments . . 50
3.9 Energy Supply to the Cytoskeleton - 54
3.10 Hamiltonian of Vibrating Particles in One-Dimensional

Chain 56

4. Quantum Mechanical Theory of Rate Equations 61
4.1 The Frohlich Rate Equation 61
4.2 Validity of the Microscopic Foundation of the Rate

Equation 70
4.3 Derivation of the Frohlich Rate Equation Using Green

Function Technique 72
4.4 Non-Linear Rate Equation 79
4.5 Power Relations 84



6 Contents

5. Energy Condensation 88
5.1 Steady State Solution of the Frohlich Rate Equation 88
5.2 Extinction of Energy Condensation 93
5.3 Computer Simulation of Energy Condensation 95
5.4 Frequencies of Coherent Vibrations 97
5.5 Models of the Frohlich System 98
5.6 Stability of the Steady State Solution 105

6. Coherence in Systems with Random Energy Supply 111
6.1 Feedback in the System I l l
6.2 Stochastic Differential Equation 113
6.3 Coherence in Systems with Negative Resistance 115
6.4 Coherence in the Frohlich system 118

7. Spectral Transformation of Energy 120
7.1 Manley-Rowe Power Relations 120
7.2 Energy Transfer Between Modes 125
7.3 Transfer of Energy in Frohlich Systems 127
7.4 Amplification of Electric Signals in Macromolecules 129

8. Oscillating Electric Field Generated by Living Cells 132
8.1 Source of the Oscillating Electric Field 132
8.2 Continuous Dipole Layer 134
8.3 Computer Simulation of the Generated Electromagnetic

Field 139
8.4 Spherical Model Cells 140
8.5 Ellipsoidal Model Cells 143
8.6 Energy Flow from a Cell 144
8.7 Electric Field Generated by Microtubules 145

9. Information Transfer Between Oscillation Systems 148
9.1 Interaction and Information 148
9.2 Energy Condensation, Probability and Information 150
9.3 Information Entropy in Coherent Systems 156
9.4 Communication Channel Between Coherent Systems 158

10. Interaction Between Vibration Systems 164
10.1 Frequencies of Interacting Oscillators 164
10.2 Interaction Forces and Energy . '. 166
10.3 Quantum Case of Interaction 167

10.3.1 Non-Resonant Case 168
10.3.2 Resonant Case 168



Contents . 7

10.4 Classical Case of Interaction 170
10.5 Approximate Relations for Interaction Energy 171

11. Heat Bath Coupling Effects 173
11.1 Decrease of Energy Condensation 173
11.2 Interaction Energy 178

12. Coherent States in Cancer Cells . 183
12.1 Phosphorylation of Proteins 183
12.2 Cancer Process 185
12.3 The Role of Protein Phosphorylation in Cancer

Mechanism - Hypothesis 190

13. Appendices 195
13.1 Heisenberg, Schrodinger, and Interaction Representations . . 195
13.2 Commutation Relations 197
13.3 The Adiabatic Hypothesis and Operator of Dynamic

Evolution . 199
13.4 Contour Integrals 200
13.5 Stochastic Differential Equation and Transients in Linear

Systems 204
13.6 Some Relations from Vector Analysis 207
13.7 Electromagnetic Field of the Electric Dipole 208
13.8 Probability and Information 210
13.9 Information and Physical Entropy 213
13.10 Channel Capacity Integral 214
13.11 Energy Flow from the Electric Dipole 215
13.12 Interaction of Two Oscillators 217
13.13 Screening in Conductive Medium 220
13.14 The Equilibrium Constant and Energy of Binding 223

Bibliography 225

Index 234


