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Statistical physics of many-body systems

e equilibrium
e non-equilibrium

Statistical properties may be tackled from
three levels

e Fundamental level

Solve microscopic equations of motion, such as
Newton, Hamiltonian, Heisenberg Egs..



Difficulties
* 100 many degrees of freedom
* microscopic initial conditions and boundary

conditions
* Irregular disturbance from environments

Here the time t Is microscopic.

e Quasi-fundamental level

Do not trace the motion of each molecule, and
consider only the time-dependent probability
distribution in phase space, p(p;i,d;,t)



Equations of motion

*+ Liouville’s eq.
* Boltzmann eq.

These eqs. can be solved only in simple cases,
such as dilute gases.

The time t Is mesoscopic.
e Statistical mechanics

* Equilibrium: Do not solve any egs. of motion,
but assume a form of o(p;,0i,©) = 2(Pi, ;)



* It can be tested by experiments
* It can be derived from eqgs. of motion Iin some
special cases.

More strictly, this Is the so-called ensemble theory.
The time t IS macroscopic.

* Non-equilibrium: one usually assumes certain
effective equations of motion, e.g., Monte Carlo
dynamics, Langevin eq., KPZ eq. etc

The time scale depends on the equations.



Non-equilibrium phenomena

 Dynamic relaxation

For example, t=0, the system is at high
temperature; t > 0, suddenly quenched to low
temperature. Obviously, properties and
observables are time-dependent.

e Dynamic transportation

The system is a stationary state, but with
‘current’, such as particle current, electric
current, energy current. It needs also dynamic
equations.



e Other dynamic systems.

For example, a system driven by macroscopic
external forces, or the external forces can not be
described by a Hamiltonian etc.

Dynamic fluctuations around equilibrium or
stationary states belong also to non-equilibrium
phenomena.

In our lectures, Monte Carlo simulations, and
molecular dynamics simulations based on
fundamental equations of motion are mainly used
to tackle the non-equilibrium dynamics.



Basics of Monte Carlo simulations
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Ludwig Boltzmann, 1844-1906
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The Monte Carlo Integral
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Metropolis&i%:

Metropolis (1915-1999)
the Paper was cited 7500 times from 1988 to 2003

T, (x> X)
:{W(x' )IW(X) W (X)<W (x)
1 W (x") =W (x)

- Min (L, W(x' )/W (x))

T(x>x)=S(x>Xx) T, (x—>X)
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B,
1. S(x—>x)="H4%

7. S (X X') = A X'e[X—¢&,X+¢&]
N X'e[x—¢g, x+¢]

MetropolisE I 7 ik
SERSAE W (x) oc e HONT

(e—(H (x)—H (x))/KT H (X’)> H (X)
1 H(x")<H (x)

T, (X —> x") =4

_ Mln (1’ e—(H (x')—H(x))/kT)
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