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Dulong-Petit law
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Derivation of Dulong Petit law -1
Classical view of energy of a crystal

g Atoms in solid: oscillating and being bound by atomic bonding

2
@ Kinetic energy of the I-th atom in j-th direction: eg ;; = % (3.3.1)
@ Potential energy of the I-th atom In j-th direction: ¢p;; = %kijqizj (3.3.2)

U p;;: linear momentum of the i-th atom in the j-th direction

U m;: mass of the I-th atom

U q;;: deviation of the I-th atom from its equilibrium position in the j-th
direction

U k;;: “spring constant” for the potential energy in the j-th direction




Derivation of Dulong Petit law — 2
Sum of kinetic and potential energy

q Energy of a crystal = Total energy of atoms (Et) = Sum of (kinetic energy in
the 3 directions) + (potential energy in the 3 directions)

@ Er = Xie1 i1 (exij + €pij)
pl
Iiv=123'= ( L+ - kquJ)

= T3 (2 +3 qul) (3:33)

81 = 3x0+1, 3x0+2, 3x0+3, 3x1+1, 3x1+2, 3x1+3, 3x2+1, 3x2+2, 3x2+3, ....,
3(N-1)+1, 3(N-1)+2, and 3(N-1)+3 =1, 2, 3, 4,5, 6, ..., 3N-2, 3N-1, 3N




Derivation of Dulong Petit law — 3
Average kinetic energy

g The average kinetic energy of one atom in one direction using the Boltzmann

distribution:
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Derivation of Dulong Petit law — 4
Average kinetic and potential energy

g The average kinetic energy of one atom in n:
—— [, P} eXp[— p%]dpn ﬁ% / <2mn1kBT>3
B (e ) = 20" Sl = = —kgT (3.3.5)
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g Similarly, the average potential energy tom in one direction:
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g One freedom of both kinetic and potential energy has an average value of %kBT

- @ energy equipartition law -i



Derivation of Dulong Petit law — 5

g One atom has 6 energy freedoms
@ 3 for kinetic energy, 3 for potential
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