Classical Ideal Gas of Pointlike Particles L11

Partition Function

e One-particle partition function: For a particle of mass m in a box of volume V at temperature T,
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e N-particle partition function: For N particles of the same type, the natural partition function to write is
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Derivation of Thermodynamics
e Mean energy and temperature: The mean energy associated with Z; is
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e FEquation of state: The pressure can be found from the Helmholtz free energy F', which gives, as expected,
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e Entropy and Gibbs paradox: As we saw previously, from S = —0F/0T|, r we get
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which means that S is not additive. To avoid the Gibbs paradox, from now on we will use a modified
partition function.

Final Form of Partition Function

e 1-particle partition function: We need to start from the quantum partition function; as we will see, this
will motivate us to rescale the one-particle partition function by ¢ +— (1/h%) (. So, from now on,
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a dimensionless expression, where A := h/\/2mmk_T is the thermal wavelength. This rescaling by itself has
no effect on any of the above thermodynamical considerations.
e N-particle partition function: In terms of the rescaled (, the N-particle partition function turns out to be
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The mean energy and equation of state are not affected by this redefinition, because of the derivatives with
respect to 3 and V, respectively, of In Z,;, but the entropy is affected and the Gibbs paradox no longer arises.

Relevant Sections: Phys 731; Chandler; Halley, Ch 4 and beginning of Ch 5; Reif; Schwabl.



