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Chapter I FromBrownian ratchettomolecularnota

If equilibrium is contagious Chapter
and leadsto Boltz noun

weight chap4 and time reversal symmetry how can weproduce

microscopicmotors persistentmotion as commonly observed in

biology

1 Cannot igle the lackofequilibrium isothermalmota

Hypothesis macroscopic system subjectto the lawsof thermodynamics
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Requiresheattomaintain temperature
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Cost Quo Efficiency n 1

When To TH n Do and one cannotextrait energy from a

single temperaturemacroscopicmotor ruled by equilibrium thermodynamics

Ida Maghi in a smallsystem fluctuations can help

2 thermal Ratchets

Smollukowsky Phys Z 13 1069 1912

Feynman Mecanics Chap 46 lectures on Physics
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life iiii.it
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mass
gas at temperature t

Ida Thegas
molecules randomly collide with

the paws which promotes clockwise cowl counterclockwise scan
notations of the axis

The ratchetallows forthe cur notationsof the gear but
prevents its counter clockwise notation

The overall system shouldthus rectifies the notionof the year

leading to an isothermal stochastic motor thatcan exertwah lift
the mass M



Problem itdoesnot wash Why

To make the gear
notate we need to lift the ratchetfrom

its rest angle Oeg up to

Iffy FÉ
the angle at which
releases the wheel

Vspid this requires an increaseof energy of the

spring which is then dissipatedoncethe

Lifts wheel has notated heats
up
the
spring

Thewholesystemequilibrate at temperature

Then the probability that the ratchetopens spontaneously is e P

whith is the same as the probability that the gasparticles
make

the wheel notate
The mass then mahs the gear go CCW on

average no motor except if Tspring T

Panondo Espanol Am J Phys 64 1125 19961

Conclusion No isothermalnotes in equilibrium

Symmetry breaking 0 n O symmetry as theasymmetricyear das is

notsufficient need tobreak time reversalsymmetry
to allow for a non vanishing steady state Jo current

Several different strategies
Nonisothermal systems

Two state system with transition rats between states thatdrive



3 Fluitimating dive Nottreated in class

Magnasco Phys Rev Lett 71 1477 19931

Seealso C R Acad Sci Paris E 315 p 1635 1039 19921

Model Brownian particle in an asymmetricpotential
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When TD E J J Fo Jl For

Q Underwhatconditions is 5 0

7 1 JC 11
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the system outof equilibrium ofmolecular notal

Break FDD with temporal caselations

plel fᵗds oft s past V until 209T r t with
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27h17 1 V E E Magnasco Phys Rev Lett 71 1477 19931

4 Molecularnotes

4 1 Introduction
Molecularmotor an protein capable of exerting a non zero average work

E kinesin dynein transport vesiclesalong microtubules

Myosin exert faces on actin filaments 1m

Q how is it possible
At thescale ofmolecular

motors
temperature

equilibrates in us
while motors step 1ms isothermalnotion
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Two statemodelbreaks detailed balance

State1 stray capting
State 2 weak coupling

V 2120
V A VEIN transition

I
111 171

Idea In each state the dynamics would relax to e
β V4 and

thus leads to vanishing current butthe transitions between the
states prevents that How

4 2 Modelanddynamics

We considerBrownian dynamics in eachstate and transitions at
rates w and w from 111 to Gl and 2 to i respectively

file probability to findthesystem in state i andatposition se at time t

Palette theprobe tofind thesystem at a at timewhateveritsstate

time evolutionof Piln.FI
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