
Chapter Introduction

1 1 What is statistical mechanics

20ᵗʰ century 3 scientific revolutions

quarten mechanics for the infinitely small 12022Nobelprize
on Bell inequalities

relativity for the infinitely duge 2017 NobelPrize an

gravitational wave

statistical mechanis with the infinitely caplex 11014
Nobelprize for neuralnetworks

In a Nutshell
statistical

Microscopic castifunts g
Complexemerging

behaviors

Rather smallnumber energence Very caplex macroscopic
of atas wald

Question Howdo we accountfor this

Mae is different PhilAnderson 1972

A large number of particles can self organize into statesof
matter with properties unmatched at the single particle level

ex Solid state can resistexternal faces



Does this mean thataccenting for this diversity is hopeless No
because

Different is often the same

Many emerging phenomena look alike

ex Hexagonal packing in honeycomb pineapple Giantcauseway all tissues

eye offlies1 etc
The recurrence of these patterns suggests the existence of
underlying organizing principles Deciphering them is thegoal

of statisticalmechanics

Mae can also be simpler
Poincaré 3 body problem is not solvable classicalmechanics with

few degreesof freedom is very hard
1m of air 1013molecules haribly complicated

But T 22 C P 1bar Humidity 50 are 3 members that

suffice to characterize pretty well these io de
gensoffreedom

emerging simplicity

Goalof statistical mechanics Identify themicroscopic details that an
useless eliminate them construct selfcontained thing that accounts

for the emerging properties of a system
Comments This is generic andmay apply

outsidephysics economy

epidemiology computer science sociology have researchfields at the

interface with statistical physics Here focus on particles



1 2 Equilibrium statisticalmechanics theensembleapproach
Mostlaws ofphysics are dynamical Maxwell's equations Einstein's equation

Schrodinger's equation etc

Very complicated PDEs thatpredictthe stateof a system given the

perfectknowledgeof its state at an earlier time

Two limitations

Measuring thestateof a system is very hard N 10

Solving theseequations is very hard

Ensemble approach

Do not even try this is useless

Instead characterize the probability to findthe system in a given state

Classicalsystem

N degrees offreedom 9 9N P Pal F p
Prepare the systemwith sae initialcondition let it evolve Repeat N times

91,811 914T.IE ie f M

Initial conditions notalways the same

5 tip to is theprobathatinitialcaditic is suchthat

9 k 0 E 99,9 dg pi t o pi pitdpi
evolution of trajectories

the proba that at time t

g q p t dP p d 91pity pi et pi pitipi



s pipit is the probability density to find glet Plf within a value JP

of 9 po at time t

Estoy we dropthe superscript write g qp t Here I p an

fixedposition manta while If PHI are solutions of Hamilton's equation

Avages Caride some quantity OfPip thatwe refer to as an observable

We define the averageof 0 at time t as

O t align O 941pital t

dadp O qp s pipit 121

Again in i qlet pile are trajectories while in a they are fixedvectors

If we have g gp t then we can predictthe value of COLD for

any
observable

Statisticalmechanics As t so the probability density f gp t

converges towards its steady state value Ss Pip s ain't

Equilibein statisticalmechanics Boltzmann Gibb others guessedwhat

Sss is for a wide class of systems



1 2 1 the microcanonical ensemble

Consider an isolated classicalsystem characterized by a tin in dependent

Hamiltonian H q p t

Dynamics IHI p et solutics of Étel pile If where

1 Tal p

The
energy E E H qiflp Iti is a constantofmotion

Eccl let ftp.p e 0 Chain rule

the dynamics takes placealmy the energy surface Pip's.t Hatp Elos

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


