Classical statistical physics - Gibbsian concept

example: gas of N particles with Hamiltonian H(p, q)

F 6N-dimensional phase space

equation of motion:  p; =

time evolution
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evolution of density in I'
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quantities e.g. energy



Classical statistical physics - Gibbsian concept

mean values in equilibrium  A(p, q) — (A)

time average ensemble average
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Isolated and closed system: fixed energy and particle number, ....

microcanonical phase space: system with fixed energy E, ....

* all states in phase space I' within the energy interval [E, E + 0E]
with same probability

* volume of microcanonical phase space w(E) : "number" of all configurations
in energy interval [E, E + §E]

density function

E<H(v)<E+SE < < B sE
Hamiltonian W(E) = Z o) = const <HW)<E+$6
H(V) ver 0 otherwise
vel

state of systems entropy: S(E) = kgln w(E)



Classical statistical physics - microcanonical ensemble

example: gas of particles with natural variables (E, V,N)

H(p,q) (p,q) = (P1,---,P3N+q1,---5G3n) in I

w(E) p(M) = const p( )=0
(9)

phase space volume

®(FE) = AN/ dpdq

e<H(p,q)

volume of microcanonical ensemble

Ay = L ) w(E) = An / dpdq
N7 N3N e<H(p,q)<E+SE
particlef "\ units dd

permutation  [h]=[pql=Js B E(SE
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composite systems of 2 subsystems:

(T e (E,V,N) E=Ei+E V=Vi+V, N=N+N,
connect the two systems — equilibriation
w(E,V,N) = > wi(E,V,N')wy(E-E,V-V',N-N)

\ (ElavvlaNl) (E2a‘/§aN2) / / 0<E <E

0<V'<V X
volume of total 0<N' <N

largest term dominates sum
wl(E(')’ VO’7N6)w2(E - E(,)a V- VE)”N - N(;)

microcan. ensemble

search the maximum

w1 (E', V', N'Ywy(E — E',V — V',N — N') o

OF' E'=E},V'=V],N'=N}
awl(E',V/,Nr)wz(E—,EI,V—V',N_N') —0 > — equilibrium

v BBV I=ViN'=N; conditions
Ow1(E',V!,N")wo(E — E',V —V',N — N’) —0

aNl E’=E6,V'=V0',N’=N6 )
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composite systems of 2 subsystems:

-

! T (E,V,N) E=E1+E, V=Vi+V, N=Ni+N,

connect the two systems — equilibriation
E;2=E-E, Vo=V -Vy Ny=N-—N|

\(ElthNl) (Ez,Vz,Nz)/

equilibrium
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