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How much irreversible is a process pg — oo !
Question seems to require a notion of entropy

Entropy is naturally defined only for equilibrium

Recent controversial proposal is to define (only)
entropy creation and identify it with the phase
space contraction



&= f(x)

Chaotic Hypothesis: Motion on the attractor
can be regarded as “hyperbolic” (Anosov)
(Ruelle 73, Cohen-G 95)

(Ambitious — identification btwnn
Equilibrium and Nonequilibrium = ergodic)

Th If evolution s hyperbolic a statistics p of mo-
tion exists and is unique:

. T def
iy oo 7 fo F(Siz) = [y, u(dy) F(y)
“SRB distribution”. Admits a formal expression!

Extension to nonequilibrium of Boltzmann—Gibbs

2



+ reversibility, i.e. [°=1,1S;, =85_,I — FT

o(x) = —diverg(x) = —>_ Oy, fi(x) and o4 def (0)spp

and p = p(x /1 f__ G(Stx)dt

dimensionless phase space contractzon”. Then:

TH: FT If evolution hyperbolic+reversible then
p(p(z) € A) = e7 maxpea C(p)+O(1)

and

((=p) =C(p) —poy  |p| <p

(Cohen,Evans,Morriss (exp) Cohen,G (theory)
This is only an example of theorem. One more:



Fi(x),..., F,(x) even/odd: F;(Iz) = +F;(x)

“patterns™ t — @;(t), t € (=5,5), 7 =1,...,n

PT Fj Sta; ~ Qj 3
( (Sex) so(t)p) _ posT+O()

, |p| <p*
PT(Fj(StiB)NiSOj(—t)a—p

P, = SRB probability; for all f, f;,¢;,n = !

If o, — 0 7 = (Onsager reciprocity)

04(0B0)| A B=0 = 0B(040)| A B=0



Why is o(z) “entropy”? How to connect with
Physics ? (Experim. or Simul.). Example:

Ty
T2 X07X17°"7Xn

T3 qu;:—az'Uo(Xo)—Za 0iUq4(X0,X;)+F;

Xai:_aan, (Xa)_aan (X07Xi)_aa,xa

O, = Gauss for Ka = %Zz Xz2a = %kBTa Na

Qg = (exercise) = %

Wy, =— ZXa'aXaUa(XOaXa)a Wa = Qa = heat



Divergence

O'(X) = (exercize) = UO(X) -+ U(X)
oo(X) = 22:1 kg%a 3]3:[&:1 - ZZ:l kg%a
UX) =Y 0c 5oty 3

If volume V¥ x R3Y changes

ol'(X) = 00(X) + U — N%

EPR.,Ja 99: oco-thermostats, no K ,-constraint



Assume U, bounded and thermostats efficient

limy_, o + = fo = [~ F(Y) u(dY), then
or=(0),=(00)+lim; wz(a(ﬁ
CH — FT: ¢((—p) =¢(p) —poy

Ut -U ()

P=po—+ = F'T for po!

U(t);U(O) — 0 on large time scale ! (CvZ,BGGZ)

but o, and py bear no more reference to ther-
mostats and have time scale of O(sur face)




Efficient thermostat ?



Def Irreversibility time scale for process 11

de ’
£(X)Z 0y(X) - N%

Quasi static T1: F(t) = Fo+(1—e ) (Fo —Fp)
Stationary g evolves to p; and to fioe.

tsry.t = SRB parameters “frozen” at value taken
at time t. Let irreversibility time scale for 11

def 00 2
7'(11_[) — # 0 (<€t>ﬂt - <€g>,usrb,t) dt



If quasi static 7(II) = O(y~tlogy™1) —= oo (i.e.

v—0

— reversible)

If “Joule-Thomson” with vol. doubling at speed
w it is 7(II) = O(%)

w

If “Joule-Thomson” with volume suddenly larger
7(IT) =0

If “Joule-Thomson” with volume side from L to
L(1 + ) at speed w: 7(II) = £

wd
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