
1 2 1 the microcanonical ensemble

Microcanonical hypothesis For a sufficiently complex system the energy
surface is visiteduniformly engodically All configurations with

the same energy are visited with equalprobability

Microcanonicalmeasurefor discrete systems
Classicalisolatedsystemdescribedby a setof configurations 93 Then if the
systemis atenergy E its microcanonical distribution is

PE Y 8H19 E t

where ICE is the number ofconfigurations of energy E

day is the KROENECKER delta suchthat day 1 if a b da so otherwise

Continuas systems there are mathematical subtleties to generalise i to centimas

space that we will see in chapter3 Essentially Pe because a probability

density and S E is the area of the energy surface of energy E

Microcanonical entropy

SLE is a normalization castant suchthat PE 9 1

S E varies with N E typically exponentially so that it is better

measuredusing Boltzmann mino canonical entropy

Sm E hp hr E with k 1.380649 1523 J K



Microcanonical temperature

The variations of Sm r with E an quantifiedbythemicrocommical

temperature In ʰ

Comments

Is 11 simple Yes As simple as it gets

Q1 Is 1 practical Not really computing a CEI is a combinatorics challenge

Qs Is i useful Yes No We can engineer isolated systems ultrahigh

vacuum butmost systems are not isolated needto account forenergy
exchange fluctuations

How to generalize i to open systems Use information thing

1 2 1 The principle of minimal in formation
É't

Environment
The environment

IIIC them to imposes fluctuations

p anond E 9 Eo

What P A should we use Two constraints

P 91 1 ECG P 9 to

JAYNES 19571 We should use P 91 that satisfies andhas

no other biases Use information theory



Sharon information theory 119481 Consider a distribution P that

characterizes the resultofsampling a random variable n E 1 N

Q Canwe characterizethesurprisespinoneshouldfeelat observing a given sample n
a If p n 1 S pin 0 since there is no surprise

b S pml decreases as p m increases

c The surpriseof independentevents should addup

If p n_me plm pma then s playmi s plait S p ma slab scarsb

S plus plan

Sharon atbtc s plus h h ppmwith h 0

Shaman entropy the average surprise of a distribution is called Sharon

entropy
Ss s plait plathip a

Gibbsentropy 119061 Gibbs proposed a definitionofentropy differentfrom

that of Boltzmann so his P a h Pca

Fa the mico canonicalensemble

Sg E his decay E
M decalE

Fyffe
h rte his hale



Boltzmann Gibbs Shannon entropy coincide exactly in the

micro canonicalensemble

1 2 3 The canonical ensemble

Jaynes idea is that tominimize the biasesof P G we shouldmaximize

its surprise constrainedto satisfying PCal 1 Ela P191 Eo

Use Lagrangemultiplgens define

FP 9 luple a 1 P191 β Eo P 9 Eca

Lt'smaximize with respect to Pca

Fpip Mp 9 1 α pece o p q é
α
e pecai

Normalization fixes a through e e β Z where z

is called thepartitionfunction

β is then fixed by requiring E Eo Elalé
9

dpZ

Eo Op ln Z B

All this shows that the canonical distribution P 9 éβE 9

is the least biased distribution such that ECG Eo with β

determined through Eo dpluZβ



Comments

This can begeneralizedto other constraints see Pset 1

This is nice but an ignorance does not determine the laws ofnature

Sam Edwards generalizedthis to granularmedia doesnot work

perfectly If you try to apply this to active matter e.g bacterial

suspensions thisfails honibly
need alternate derivations

1 1 4 Conservedquantities statistical independenceofmacroscopic values
Landon lifschitz statisticalmechanics

lionville's equation

Hamiltoniansystem comprising Nparticles with positions manenta

9 pi 11
whose dynamics read

i.it ii ii if iI i i
The initialcondition is sampledfrom same distribution

g 97pi s pi to s aiipil.tl





limville's theorem g pile pile t is castant along a trajectory

Chain rule

s icepile t des 91 pi p s.tt s H 0

Landan's trick

Ing is additive Two subsystem S qipi S 92 pi that

are very large have weak carelations S 97,97pipi p pillslapel

lusion hs the 1

The
energy is the only

otheradditivecastantof notion

bug α E let's call p the proportionality castat

Boltzman weight aituallymancaplicated g 151ˢᵗ

This is a second appealing justification of the Boltzmann weightfor

subsystems Stillnot a derivation kinetic thing of gases


