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7.2: General Distribution Functions and Correlation Functions

We begin by considering a general N-particle system with Hamiltonian

N 2
H: _1+U(1~1,...,7-N)
i=1 2m

For simplicity, we consider the case that all the particles are of the same type. Having established the equivalence of the ensembles
in the thermodynamic limit, we are free to choose the ensemble that is the most convenient on in which to work. Thus, we choose
to work in the canonical ensemble, for which the partition function is
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Q(N,V,T) = /d3di3Nre—ﬁZ?iv1 = e PUlrL-rx)
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The 3N integrations over momentum variables can be done straightforwardly, giving
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where A = fLﬂm is the thermal wavelength and the quantity Z is known as the configurational partition function

ZN = /dm oo d’r’NeiﬂU(Tl’”"TN)

The quantity
e—PU(r1, )

dry---dry = P(N)(rl, cee,ry)dry - dry
Zn

represents the probability that particle 1 will be found in a volume element dr; at the point r, particle 2 will be found in a volume
element dry at the point rs,..., particle N will be found in a volume element dry at the point ry. To obtain the probability
associated with some number n;SPMIt;N of the particles, irrespective of the locations of the remaining n+1,...,N particles, we
simply integrate this expression over the particles with indices n+1,...,N:
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P(")(rl, P ,'pn)d'pl P d'pn = — |:/drn+1 P d,,.Ne*ﬂU(T‘ly"',T‘N) drl “ee drn

N
The probability that any particle will be found in the volume element dr; at the point r; and any particle will be found in the
volume element drs at the point 5,...,any particle will be found in the volume element dr;, at the point 7, is defined to be

N!

P(")(rl, ceeyr)dry - dry, = mp(n)(rh ey rp)dry - dry,

which comes about since the first particle can be chosen in N ways, the second chosen in N-1 ways, etc.

Consider the special case of n = 1. Then, by the above formula,

1 N!
P(l)(’l‘l) = Em /dr2 PN drNe*ﬂU(Tl,"',TN)
N
= — [dry---drye BU(r1, - ,7w)
ZN

Thus, if we integrate over all r1, we find that

Thus, P(1) actually counts the number of particles likely to be found, on average, in the volume element dr; at the point ;. Thus,
integrating over the available volume, one finds, not surprisingly, all the particles in the system.

https://chem.libretexts.org/@go/page/5240


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/5240?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Advanced_Statistical_Mechanics_(Tuckerman)/07%3A_Distribution_Functions_and_Liquid_Structure/7.02%3A_General_Distribution_Functions_and_Correlation_Functions

LibreTextsw

This page titled 7.2: General Distribution Functions and Correlation Functions is shared under a CC BY-NC-SA 4.0 license and was authored,

remixed, and/or curated by Mark Tuckerman.

https://chem.libretexts.org/@go/page/524


https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/5240?pdf
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Advanced_Statistical_Mechanics_(Tuckerman)/07%3A_Distribution_Functions_and_Liquid_Structure/7.02%3A_General_Distribution_Functions_and_Correlation_Functions
https://creativecommons.org/licenses/by-nc-sa/4.0
http://as.nyu.edu/content/nyu-as/as/faculty/mark-e-tuckerman.html

