LibreTextsm

10.1: Principles of quantum statistical mechanics

The problem of quantum statistical mechanics is the quantum mechanical treatment of an IN-particle system. Suppose the
corresponding N -particle classical system has Cartesian coordinates

qi,---, 3N
and momenta
b1,y P3N
and Hamiltonian
H= - i+U(q1 . s q3N)
' 2m,; L

Then, as we have seen, the quantum mechanical problem consists of determining the state vector |¥(¢)) from the Schrédinger
equation

H|¥(t)) = ih%l\l’(t»

Denoting the corresponding operators, Q1,---,Qsy and Pj,---, Psy, we note that these operators satisfy the commutation
relations:

Qs Bj] = ihId;;

and the many-particle coordinate eigenstate |g; . . . g3 ) is a tensor product of the individual eigenstate |q1 ), . . ., |gsn):

lg1---gsn) =|q1) -+ - [g3n)

The Schrodinger equation can be cast as a partial differential equation by multiplying both sides by {(gi. . . gsn|:

(@1 .- x| HT()) - 2q- . an|T())
3N 2 o2
h® 0 2 D
72 _2+U(‘Z1a--~aQ3W) ¥(q,--- @By, t) ZhE‘II(QI""’q?’N’t)
= 2mi g
where the many-particle wave function is (g, . ...,qsn,t) = (q1. .. qsn|¥(t)). Similarly, the expectation value of an operator

A=A(Q1,...,Q3N, Pr, ..., P3y) is given by

R 0 h O
(A) / dqi - dgsn¥® (g1, .-, @3n) (Qh BN, 30’7 Oan

)\If(ql,...,qu)
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