b.517 8 Ch. 9. Statistical Mechanics

Maxwell-Boltzmann Distribution
- Classical statistics: distinguishable particles

Bose-Einstein Distribution
- QM statistics: indistinguishable particles
bosons (integer spin: Gl — photons)

Fermi-Dirac Distribution
- QM statistics: indistinguishable particles
fermions (spin=1/2, 3/2,...: 0i|: electrons)
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Y Maxwell and Boltzmann
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James Clerk Maxwell Ludwig Boltzmann
(1831-1879) (1844-1908)
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FIGURE 5.2. The possible ways of distributing N identifiable particles among two con-
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Most Probable Configuration

N=N,+N,+---+N_
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N!
QN Ny, N, ) = N,IN, 1N |
INQ(N,,N,,---,N) entropy

Center for Active Plasmonics

Application Systems



P Most Probable Configuration

Lagrange's multiplier method
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Stirling's approximation
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b5 Maxwell-Boltzmann Distribution

foo (E,) = Aexp(— kE'il'j
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ldeal Gas
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b7 ldeal Gas

Total energy of E = J'OOO En(E)dE — 27Z'N3/2 joo E3/2 eXp(—iTjdE

N gas molecules (ﬂ'kBT) 0 Kg
= 3 NKgT
2
Average molecular E_ EkBT
energy 2
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P Equipartition of Energy

A classical molecule in thermal equilibrium at temperature T
has an average energy of k;T/2 for each independent mode of
motion or so-called degree of freedom.

Each variable that occurs squared in the formula for the
energy of a particular system represents a degree of freedom
subject to the equipartition of energy.
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Maxwell’s Speed Distribution
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Vo2 = root-mean-square speed =V 3kT/m
U = average speed =V 8kT/mtm

p = most probable speed =V 2kT/m

v

Center for Active Plasmonics

Application Systems

' Seoul National University




oy Maxwell's Speed Distribution
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