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Time reversibility

lionville's equation is also time reversible

If slap f is solution of des ftp.dof ftp 8 then

so is g Gip't g 9 p tf E g Q F T with

Qlot E G F q p t p T gyp.tl tf t

Using the chain rule we find
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All in all des ftp 1 8 8ft s



BB GKY is also reversible
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Stair fiiiyeitttTheBBGKYis also reversible so it's notgoing to explain why the gas
relaxes toequilibrim

Good news We will solve both problems at the same time by driving
the Boltzmann equation
2 2 The Boltzmann equation
2 2 1 The relevant time scales
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Comment for V o def fi H o is a closed equation this is

the collisionfree Boltzmann equation studied in Pset 2

The difficulty is to deal with the right hand side



Relevant time scales

thefur evolution The macroscopic length time

scales are set by U g bandary caditions

E g
Pm

the timescale of the free evolution

of f t f H o corresponds to

crossing the box
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More generally fi HD i def t fine

If is the time scale over which f H malus f relax

Interaction teen similarly Staidpi off 8 3

whatare the relevant time scales

In a dilute gas
collisions are rare and sudden two

time scales
duration of a collision T with the particlesize

dn3A Eco 6 10 s 0,6 ps



But mostof the tire there are no collisions

time between collisias
Mep

In a time t a particle explore a volume Vitt Id it and

it thus encounters in V14 Id ith partials where n is the

gas density By definition mV Tapp 1 Emep farm
For the air in the classroom m P hist with

P 105N.mil T 300K n 1 2 10 s m leading to

Mep 1 3 10 10s

Then well separated time scales
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Boltzmann equation
Describe the evolution over a time I such that too CCT CLEMFP

collisias look instantaneous

are none randan events leading to smallvariations

to f


