CHM 421/621
Statistical Mechanics

Lecture 24 Fluctuations in Canonical Ensemble
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Energy fluctuations in the canonical ensemble

A classical system at finite temperature
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Summary of thermodynamic relations
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Energy fluctuations in the canonical ensemble

What is the variance?
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Energy fluctuations in the canonical ensemble
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Energy fluctuations in the canonical ensembile: Ideal gas

Thus, the fluctuations from average go to zero as the size of the system becomes
infinitely large. This justifies the equilibrium thermodynamics point of view.
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A classical system at finite temperature: Dilute paramagnetic gas

Consider a system on N non-interacting magnetic point dipoles with mass m in a volume
V at temperature 7. An external magnetic field H is applied to the system.
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All dipoles are assumed to have the same magnitude of the moment and field is along z
direction.
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A classical system at finite temperature: Dilute paramagnetic gas

The classical canonical partition function is
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Where the molecular partition function is given as
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A classical system at finite temperature: Dilute paramagnetic gas

Helmholtz free energy F = —kgT'InZ = —NkgT'InZ
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A classical system at finite temperature: Dilute paramagnetic gas
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At a given temperature when the field is
varied from 0 to large values, the magnetic
dipoles continuously align with the field.
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motion.
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But at large enough fields the thermal
opposition is overcome.
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A classical system at finite temperature: Dilute paramagnetic gas

Note that OF
OH T,N,V

Contributions from magnetic interactions
Entropy 9F Hz °°|
S=——=— °f
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Calculate U and Cy.
U=F+TS = NkgT[1— (BuH) coth(SuH)]
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A classical system at finite temperature: Dilute paramagnetic gas
Contributions from magnetic interactions
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