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Handout 9

Equipartition Theorem

Equipartition theorem: If the energy of a classical system is the sum of n quadratic terms,
and the system is in contact with a heat reservoir at temperature 7', then the mean energy of
the system is given by %nk’BT.

This theorem, which applies to classical systems with continuous energy levels, expresses the
fact that energy is ‘equally partitioned’ between all the separate modes of the system, each
mode having a mean energy of precisely %k’BT.

Dulong & Petit’s law: The molar heat capacity of a crystal is 3R regardless of the substance.

This law represents the classical (high temperature) limit of the heat capacity.

Einstein’s model for the heat capacity of a solid. The measured heat capacity of solids
deviates below the prediction of Dulong & Petit, and tends to zero as T' tends to zero. Einstein
assumed that all atoms vibrate at a single angular frequency w, and treated the system as
3N independent, quantized, harmonic oscillators in 3D. Each oscillator has quantized energy
levels E, = (n + 3)hw. In this model the expression for the molar heat capacity is

«O8/T

Cy = 3NkB(@E/T)2m> (1)

where O = hw/kg.
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