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Stochastic processes
that cannot be described

by standard Langevin equations

* Adiabatic piston
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(mass of gas: m) M (piston’s surface: L on each side)
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how & why does the piston move?

Feynman (1963) : the fluctuations of piston transport "heat”
Callen (1985) : thermodynamics does not answer piston’ s motion



Simple example

Ideal 2D gas particles and a long triangle (moving along x ) &
v
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(i) Detailed balance:

V() = {-V(-1)}
=> No bias —

vV =0

The asymmetry is not captured by Langevin eq.
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M‘? = —V + /29kpT((t)
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(iii) @ — () : “Law of Large Number” (frequent but inefficient)
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Simple example

Ideal 2D gas particles and a long triangle (moving along x ) &
v
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constant force on fong sides \

(i) No bias:
V =0

(ii) Detailed balance:
{V(®)} =2 {-V(-1)}

The asymmetry is not captured by Langevin eq.

v
M =~V + V2ksT((1)
(LL
(iii) @ — () : “Law of Large Number” (frequent but inefficient)

=> constant force on the base (no fluctuations, no friction vs V)



variations

* Brownian ratchet
| Van den Broeck, et al. PRL 2004]
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(T.p) : Initial condition = Maxwell-Boltzmann distribution with density p=p/kgT



A class of phenomena that cannot be described by Langevin equation
+

Non-equilibrium steady state

Brownian
particle (M)

Y. g ;.

Reservoir I s Reservoir T~
gas (m) r=1 gas (m)




variations

TN L etc.

"Curie’s principle” => V £90
* no "how it moves",
* no mechanism
Conventional approach :
* case-by-case calculations to know "how"
* no physical explanations

Present talk : mechanism & generality



variations

Brownian ratchet

g — 0
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cancellation of forces
- on long sides
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Core model

* Cooled [warmed] piston
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Conventonal approach

Master/Boltzmann equation for P(X, V1)
OP(X,V,t) = -VIxP(X,V,t) = [V - IxU(X)]dvP(X, V,1)
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) Ii._-'.l : P

Tl

8% P(X,V,t)

with transition rate
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Core model: e

Strategy : decomposition of problem
(1) Energy dissipation
(2) Momentum transfer

(1) Energy dissipation — of purely mechanical system.
We should not confront the “origin of irreversibility” issue.
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Observation-| :

Dissipation depends on micro-parameters through

friction constants, ¥ and vy’ (weak coupling & lowest order in ~— < 1)

“u’

=» Langevin equation + Stochastic Energetics suffice

Healt:
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: Dissipation rate j{fﬁ} _ kT — kT
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Heuristic derivation of heat flow *’((1:{. (Parrondo,1996)

(i) Kinetic temperature
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(iii) Energy conservation: ') 4+ j{ =
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Core model: =
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(2) Momentum transfer L g avd 3% e L
Observation-ll :
Momentum transfer to 2" reservoir
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Core model:

(2) Momentum transfer deficit

What force (= momentum transfer)

Is on the energy-dissipating piston ?
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Energy dissipation : small

Momentum transfer : large

Energy dissipation : large

Momentum transfer : small

“Momentum transfer deficit
due to dissipation”



Principle of MDD

(2) Momentum transfer deficit

Estimation of momentum fluxes

e Equilibre
Uin = tYth

|1’f_':ut Uin | = Yih

Cross section: L
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Principle of MDD

(2) Momentum transfer deficit

Estimation of momentum fluxes
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Momentum transfer deficit
due to dissipation (MDD)



Core model: s

(2) Momentum transfer deficit
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“Energy absorbing surfaces receive less pressure than equilibrium”



Core model:

hindsight (B&h e RAEELTSHS) L%,
Conventonal approach (Boltzmann/master eq.)
.*
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Reflection:

The inverse logic has been used 1n gas kinetics
(ex. Qualitative Methods in Physical Kinetics and Hydrodynamics (V.P. Krainov))

(v,Vor. =0) — (v, V5 )

v

me

L v

knowledge of v and v’ = energy transfer fo internal energy
T

= Afiw = 50 =01 =€)+ (1+€)]
= [m
VM

c¢f. an exotic motion of macroscopic objects just in contact
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Applications

* Trapped adiabatic piston

[new]

Note: fixed wall =» no dissipation =»no MDD =>»no force



i) Find force F, . on piston 7.,
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Applications

* Adiabatic piston
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(I) Force on trapped adiabatic piston o 5¢° = e B
balanced by "spring" M ;
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(ii) Friction forces against
motionat V #£0 BRr % w ] 0 ™ E
da e o Clapp e
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Y ’Tr : friction constant of gas-piston coupling
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ﬁ> Velocity of adiabatic piston  T.pe o o ‘ y T P

Fypp — 4V =4V =0 o T guE



Applications

* Brownian ratchet
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reduced to adiabatic piston
In the 6 — 0 limit
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Applications

* What if
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In the 6 — 0 limit
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Applications

Radiometer at extremely high vacuum. (cf. Sano's talk)

=> the radiometer turns in the opposite direction,
by the mechanism of MDD. (Experiment in 1911.)



Applications

+ Inelatic triangle — non-trivial case
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e . restitution coeff. T, p : uniform Simplifications :

0<<l, (1-£) =<1

Two conseqguences of inelasticity
(i) absorption of gas’ kinetic energy (house- keepmg dissip.*)
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=» house-keeping mementum deficit 'i = pL' (hydrostatic)

S T i
(ii) modification of triangle’s CM kinetic energy (excess dissip.)
1l —e (e) _
kpTor = ——kpT o Jaissex = 37 (R8T =~ FnTen)

=» excess MDD => motion of triangle in MDD



Applications

+ Inelatic triangle — non-trivial® case
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house- keepmg heat
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i "hr::use keeping MDD
Force on the sides : Fright = ——pL + *pL.
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Forceonthe base: Flep = pL — 5 pL— .
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excess MDD

Fright 3 Flf_‘ft - '.]"F =0



Summary

Mechanism of adiabatic piston is simply understood.

Key notions :
Energy dissipation is determined at Langevin level (indep. of geometry).

Momentum transfer deficit is then determined by energy dissipation.

“Energy absorbing surfaces receive less pressure than equilibrium”

Problems:
Hydrodnamic boundary condition of heat-absorbing wall” (cf. ltami & Sasa)

Effect of boundary thermostats on NESS
Contact value theorem out of equilibrium
Optical or quantum analogues,... soret, radiometer ?




Applications

+ cf. Inelatic piston — trivial case
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e, ¢’ . restitution coefficients

Again
“Energy absorbing surfaces receive less pressure than equilibrium™
applies
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