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Fig. 7. Closed-cycle mill proposed by Robert Fludd in 1618. Perpetual
power was offered by this means for areas where running streams did
not exist. Not until two centuries after Fludd’s death was it understood
that energy conservation made this sort of thing impossible.




Smoluchowski-Feynman Ratchet
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Fig. 46—-1. The ratchet and pawl
machine.

The Feynman Lecture on Physics, Vol. I
(Feynman, Leighton, & Sands, 1963)

D. Astumian, Scientific American
July, 2001




Adiabatic Piston

T1>Ty, ny<ny, P4=P;

Does the piston move?



Asymmetric Object

Does the triangle drift to the right?

No, it does not. (otherwise it violates 2nd Law)




Triangulita

Triangula




Feynman ratchet vs. Triangulita

Pawl exerts force on the system.

Momentum does not conserve.




Computer Simulations

Hard disk molecular dynamics simulation with
advanced list management algorithmes.

10,000 particles can be easily simulated on
a laptop computer.

Gas particle Brownian motor

Thermodynamic quantities: T;, €, N;, p,=N;/Q,(i=1,2)
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—— Triangula, single trajectory
Triangula, T =T,

Triangula, T -T,=1.8
— — Triangulita, T,-T,=1.8
Triangulita, T -T =-1.8
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Boltzmann-Master Equation

Velocity distribution of the motor
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Transition probability from V'to V.
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A perturbation expansion in € = MH

The lowest order

Liner Langevin Equation:

MV = — Z vV + L V 27k T

kaT 2m
Friction coefficient: = 4p; L \/ o9 / F;(0)sin*0d6
@&

) =6(t—t)

Gaussian white noise: (£(t)) =

Solution: (V) =0 Despite of the asymmetry in the object
it symmetrically diffuses without drift.




The Second Order
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Effective Temperature: Ter =Y 7T / > i

V)=0 it Ti=Ta=Tyyr or Fi(-0)=Flh),

ff
(V) =0  when €=1/77 = 50




Velocity of Triangula

(V)>0 when T,#T,

Velocity of Triangulita
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(V)=0 when T,=T,(V)>0 when T,>T,|(V)<O when
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Heat Conduction

Fourier's Law

Q10 = k(Th — T3)
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Linear Irreversible thermodynamics

Transport Coefficients

L, = il
YiTY,

J, =L X ,+L Xg

L,,=kT’

ﬂ Tl'kB T3/2
MY 2m [291+02(1+Sin90)]2

Jp=Lpy X y+Lpp Xy

L,z=Lg,=p,p,(1-sin’6,)

Thermodynamics Force

Onsager Symmetry
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The direction of heat transfer is determined by the direction of force.

Using a small force F, Q,<0 is possible.




—_
o
o
—

—
o
o
o

©
by
=]
2
©
o
@
ol
(S
o
|_

5000 10000
Time

15000

20000

— Theory

Simulation




Work done by triangle and bar







Conclusions

' A novel microscopic motor powered by the rectification
of thermal fluctuations is proposed

» Hard-disk molecular dynamics simulation confirms that
the model indeed generates work by rectifying thermal
fluctuation of gas molecules.

 An analytical theory correctly predicts velocity of the
motor and heat conduction.

'~ A novel microscopic refrigerator in which thermal
fluctuations themselves are harnessed to reduce the
thermal jitter in one part of the system is predicted
based on Onsager symmetry.

- Computer simulation confirms the Brownian
refrigerator.

' Both Brownian motors and Brownian refrigerators are
genuine microscopic machines (no macroscopic
equivalent).



