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adatoms, 147 Carnot, S., 4
Ajdari, A., 13 catenanes, 155, 156
Alkemade, C., 5 cellular automaton, 112
anomalous diffusion, see diffusion chaotic layer, 136
Anti-symmetric function, 44 chaotic ratchet, 65, 90, 133
arrow of time, 4 chaotic sea, 69, 70
artificial motor proteins, 152-155 chemical potential, 6
artificial lever arm, 152 classical regime, 28
light-sensing building block, 152 coherency, 102
Astumian, R.D., 13 cold atoms, 117, 122
atomic force microscopy, 159 laser field, see laser field in cold atoms
ATP, 22,29, 30, 153, 155, 164 colloidal system, 107
hydrolysis, 29, 31, 164 contact potential, 7
synthase, 155 covalent bonds, 156, 164
current

Avena sativa, 152
average angular velocity, see rotational current
average velocity, see current

definition, 14, 42, 86

in a diode, 7

expansion in the driving amplitudes, 46, 47, 53, 57,
62, 64,74, 122-125, 128

reversal, 19, 72, 89, 112, 115, 133, 141, 143, 148

rotational, 50, 52, 53

shift symmetry under biharmonic driving, 20, 61, 96

suppression, see symmetry conditions for
suppression of motion

biharmonic driving, 19, 46, 47, 49, 50, 57, 61, 64, 65,
73,121, 124, 127, 132
current’s shift symmetry, 20, 61, 96
phase shift, 47, 50, 53, 62, 74, 123-126
split, 50, 51, 55, 57, 61, 130, 131
binding sites, 29, 155

Bloch waves, 94 depletion layer, 7

Boltzmann constant, 5, 98 detailed balance, 11

Boltzmann, L, 11 diffusion

Bose-Einstein condensates, 135 anomalous, 76, 78

Brillouin paradox, 4-6, 8, 27 normal, 40, 68, 76, 103, 111, 113

Brillouin zone, 183 diode, 4

Brillouin, L., 4 Alkemade’s, 5

Brown, R, 40 semiconductor, 7

Brownian motion, 14, 40, 107, 164, 168 directed motion, see current
diffusion, see normal diffusion DNA, 109, 113, 151, 152, 154, 164, 165
energetics, 97 DNA origami, 164
entropy definition, 99 dynamical localization, 91
second law of thermodynamics, 100 dyneins, 29
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efficiency, 11, 100

Einstein relation, 15

electron charge, 7

electron micrograph, 114, 115

entropic ratchet, see geometrical ratchet

entropy, 4
in Brownian motion, 99
equipartition theorem, 5, 28, 40, 98

feedback ratchet, see information ratchet

Fermi level, 6
Feynman ratchet, 9
Feynman, R.P.,, 9, 27

flashing ratchet, 13, 14, 24, 31, 32, 58, 82, 97, 102,

108-111, 113
Floquet modes, 93, 94, 95, 136, 182
Floquet theorem, 55, 93, 182

fluctuation—dissipation theorem, 15, 40, 44, 86, 98
fluorescence microscopy, 108, 110, 113, 154

fluorocarbons, 160, 161

Fokker—Planck equation, 23, 41, 55, 98, 99, 173

derivation, 171

forced ratchet, 13, 17, 24, 45-47, 49, 52, 54, 59, 64,
66, 69, 72,73, 86,92, 97, 100, 101, 112, 113,

121, 123, 130, 139, 142-146, 148
fractional Fokker—Planck equation, 77

game theory, 32

gating ratchet, 61

generalized central limit theorem, 76
genome analysis, 113

geometrical ratchet, 113

graphene, 147

H-theorem
for the Boltzmann equation, 11

for the Fokker—Planck equation, 42, 55
Hamiltonian ratchet, 68, 90, 92, 123, 133, 135
hydrogen bonds, 155, 156, 159, 160, 164

incommensurate, 64, 65, 125

information ratchet, 13, 20, 81, 100, 162, 163

1t6 calculus, 169
Josephson junction, 145

kb unit, 113

Kelvin, Lord, 4

kicked rotor system, 90, 133
kinesin-1, 29, 31, 154, 160, 164
kinesin-14, 153

kinesin-3, 31

kinesins, 29, 152, 160, 164
Kramers rates, 88

Lévy flights, 78
Lévy process, 77
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Lévy ratchet, 79, 103
lab-on-a-chip, 109, 154
Langevin equation, 8, 14, 15, 40, 41, 46, 48, 54, 77,
79, 85,97, 142, 168, 171
laser field in cold atoms
far-detuned, 117, 133
near-resonant, 117, 120, 121
liquid crystals, 158
load, 100
Lorentz force, 141, 142, 144, 147

Magnasco, M.O., 13
Maxwell’s demon, 21
Maxwell, J. C., 21
median, 80
microtubule, 29, 30, 154
mitochondria, 29
mixed phase-space, 68
molecular elevator, 160
molecular motors, see motor proteins
molecular muscle, 160
molecular shuttle, 160
motility assays, 154
motor
definition, 100
efficiency, see efficiency
proteins, 22, 25, 28, 109, 151-153, 155, 162, 164,
see also artificial motor proteins
rotary, 9, 155, 157-159, see also rotational current
synthetic, see synthetic molecular motors
muscle contraction, 29, 31, 155, 160
myosin-I, 152
myosin-1I, 31, 152
myosin-V, 29, 32
myosin-VI, 112, 152
myosin-XI, 153
myosins, 29, 112, 152, 160, 164

nanotechnology, 25, 27, 151

noise strength, 15, 40, 77, 168, see thermal
fluctuations

non-thermal fluctuations, see Lévy-stable white noise

normal diffusion, see diffusion

optical lattice, 117, 120-122, 126, 127, 130, 133, 135,
137
2D setup, 130
linLlin, 118-121
optical potential, 110, 111, 117, 120, 121
optical tweezers, 110
overdamped regime, 18, 51, 55, 57, 60, 61, 63, 73,75,
77,79, 81, 142, 168, 173, 174
definition, 15, 53

p-n junction, 7, 8

paradoxical games, 32

Parrondo games, see paradoxical games
Parrondo, J.R., 32
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particle separation, 113

Péclet number, 103

phospholipids, 113

polyelectrolytes, 113

processive, 31, 164

Prost, J., 13

proteins, 152

pulsating ratchet, see flashing ratchet

quantum interference, 91
quantum ratchet, 85, 139

dissipative, 85

Hamiltonian, 90, 92, 133, 135
quasienergies, 93, 136, 182

avoided crossing, 95, 136
quasimomentum, 94
quasiperiodic driving, 64, 65, 123-129, 133
quasistatic regime, 11, 102

ratchet and pawl system, 10

ratchet potential, 14, 17, 31, 32, 45, 47, 56, 58, 66, 67,
69, 72, 73,79, 82, 86, 90, 107, 109, 113, 135,
139, 143-145, 147

rate equation, 88

recoil velocity, 122

reduced probability density, 42, 175

regular islands, 69

reversible ratchets, 102

ribosome, 166

rocking forces, 18

rocking ratchet, see forced ratchet

rotational current, see current rotational

rotaxanes, 159-163, 166

sawtooth potential, 18, 81, 82, 107, 143
Schrodinger equation, 93, 182
second law of thermodynamics, 4
Brillouin paradox, 4
in Brownian motion, 100
Feynman ratchet, 9
Maxwell’s demon, 21
Seebeck effect, 8
Seebeck, J., 8
semiconductor, 4, 7, 8, 139
shift-symmetric function, 44
silicon chip, 109
silicon wafer, 114, 115
Sisyphus cooling, 118, 120, 130
Smoluchowski equation, 54, 173, 174

Smoluchowski, M., 9
spatially asymmetric potential, see ratchet potential
spatially asymmetric system, see ratchet potential
spatially symmetric system, 19, 20, 47, 49, 51, 52, 56,
59, 63, 64, 65,92, 101, 111, 119, 121, 130, 131,
134, 143
definition, 59
spin currents, 147
split biharmonic driving, see biharmonic driving, split
stall force, 101
Stark shift, 119
Stratonovich calculus, 170
stroboscopic observation, 66
superconductor
vortices, 112, 141, 143, 145
Symmetric function, 44
symmetry conditions for suppression of motion
1D overdamped systems, 57, 58
space inversion, 43, 45, 47, 48, 60, 61, 65, 95, 128
time reversal, 43, 45, 46, 49, 60, 65, 90, 95
permutation of space coordinates, 52
synthetic molecular motors
linear, 159, 160, 162-164
rotary, 155, 157, 158

thermal fluctuations, 11, 28, 29, 87, 156

rectification of, 3, 5,9, 11, 17, 19, 32, 50, 80, 100,
151

thermocouples, 8

tilted ratchet, see forced ratchet

time-evolution operator, 183

time-shift invariance, 59, 61-63, 65, 95

titanium oxide, 113

translation operator, 94

triharmonic driving, 125

tunneling, 85, 89, 141, 145

Van Kampen, N.G., 5

Volta potential, 7

vortices, see superconductor vortices and rotational
current

white noise, 14, 40, 48, 76, 168
Lévy-stable, 76-79

Wiener process, 168, 173

Wiener, N, 168

work function, 6

Zeeman sublevels, 119
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