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Decomposition of PF into Independent Components

Decomposition of PF for independent d.o.f. (different types of energy)
Decomposition of PF for independent particles (different particles)

Systems with multiple independent degrees of freedom (i = translational,
rotational, vibrational, electronic, nuclear,...),
Total energy equals sum over the individual energies E = (E) = > . (E;)
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Total number of states Q =[], Q; , corresponding 2 for individual d.o.f.

i = degree of freedom
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Decomposition of the Partition Function

i = degree of freedom, n =1,2 # of particle. Start with 2-particle system
N=2 identical classical particles (can be numbered)
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For N identical indistinguishable quantal particles :
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Continuous Degrees of Freedom

Classical motion (linear and angular) through space etc. is continuous-> d.o.f.

1D, M particles {X1, X5, X300y Xy} 2> €NEIAY =6 (X1, X2y X3,00ev0y Xpy)

For example, particle kinetic energy |¢ = (m/2)uz

Canonical PF : Qqpns = Ze_ﬂ'g" —>Q :jdxl - dXy e el x) - (Girans )M

n
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n=1
Tirans =J.dz)e pe J.due (0)/keT —J.due_m“/Zk T
9 -10Q 1 el
<3>:—£€n0 a o5 Q_“dx1 dxpy & (X, 0, Xy )€ Bre(x %)

W. Udo Schroder 2023 Gran Can PFs



Continuous Degrees of Freedom

Classical motion (linear and angular) through space etc. is continuous-> d.o.f.

1D, M particles {X1, X5, X300y Xy} 2> €NEIAY =6 (X1, X2y X3,00ev0y Xpy)

For example, particle kinetic energy |¢ = (m/2)uz

Airans = jdu e MV 2k T Qtrans =(Gtrans )M < M independent particles
o -1 0 0 _Bmu?
(&)=—=—=Ln(Gygns ) = derans __ 9 ) J.due prm’f2 per particle
8ﬂ qtrans 8ﬂ aﬂ

Variable transform v := [ -v —dv/dv =1/ [ — (&) = _ 9% n {1 : Idv em"’z/z}

(&) —‘;{L”(ﬂ1/2)+Lnjdve"”‘Vz/z}_—;ﬂ{—zm(ﬁ)}_1_1(/<B .T)

(€)= %(kB -T)|per particle and d.o.f.

W. Udo Schroder 2023 Gran Can PFs 5



Equipartition of Thermal Energy

A similar conclusion can be drawn for any d.o.f. x for which the energy ¢
depends quadratically on x: & (X)ox X2

Canonical ensembles, systems (N,V,T) at constant temperature,
at maximum entropy (stationary, equilibrium states):

Any degree of freedom i with a quadratic energy dependence
carries in thermal equilibrium a mean energy of

(51) = (ks T)

Particles moving freely in 3D space (3 independent d.o.f.) kept at T

(2)=(2)+ (&, )+ (e.) = (ko T)

Quantum mechanics #
6
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