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(1) How much irreversble is a process g — fhoo !
(2) Can a granular experiment test the FR?

Need “Entropy creation”: via F'T



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

(Ambitious — identification btwnn
Equilibrium and Nonequilibrium = ergodic)

+ reversibility, i.e. [°=1,15,=S_,1 — FT

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

Let o(x) = —divergence(x) and o déf () srB



S
Given T define p /1 f__ U( tm) dt
“dimensionless phase space contractzon 7 and

“patterns” t — @;(t), t € (—5,5), j = 1,.

P, (Fj(StCC) NSDj(t)ap>

— 6p0+7'—+—0(1)’ |p| <p>|<
P7-<Fj(Sta:)Nig0j(—t), —p)
P, = SRB probability; for all f, f;,pj,n =

P’T(p) — GC(p)T and C(_p) — C(p)_pa—f-a (n — O)

FT 1111
(Cohen,Evans,Morriss (exp) Cohen,G (theory)



Physics 7 (Experiment or Simulation).
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O, — Gauss for Ka = %Zz X?a = %kBTa Na
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Divergence

O'(X) = (exercize) = O'Q(X) + U(X)

D)o 3N,—1 _ da
UO(X) — ZZ:1 kgTa 3N, ZZ:1 kgTa

X\ U, 3N,—1
U(X) = i i S
If volume V¥ x R3¥ changes
o"(X) = 0o(X) +U - NZ

EPR,Ja 99: oo-thermostats, no K,-constraint



Assume U, bounded and thermostats efficient

limy 00 1 fo = [~ F(Y) u(dY), then
or=(0),=(00)+lim; o wz(a(ﬁ
CH — FT : ¢((—p) = ((p) —poy

Ut)—U(0)

p=po—+ = FT for po!

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

but o4 and py bear no more reference to ther-
mostats and have time scale of O(sur face)




Efficient thermostat 7



Def Irreversibility time scale for process II

de ’
£(X) = 0y(X) - N%

Quasi static 11 : F(t) = Fo+(1—e ) (Fo —Fp)
Stationary g evolves to u; and to fioe.

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

de f 2
T(ln) 1 fo ( €g>,usrb,t) dt



If quasi static 7(IT) = O(y tlogy~1) —59 (i.e.
— reversible)

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

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) = L&

— wh



Granular material (restitution 1 — ¢)
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)+ — energy entering below/above in time 7

g4 i T_"T1oy

dgf(Q—l— Q—) 1

0. of the order of the mean collision time
0 r measurable large deviations for p
0p scale for particle diffusion across g

0, scale for stationarity
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Idea: reach stationarity and then perform mea-
surement of p

0. < O0rr < 04,0p

for a time not too long. Seems possible

if 1 — e=restitution coefficient, § = O(¢~")
0. =O0(1), 0r = O(e!=P), 0, = O(e™1) > 6p

with 1 << 1 (fB=1—0p=0pg)

12



