PHY 341/641

Thermodynamics and Statistical Physics

Lecture 22
Many particle systems (Chapter 6 in STP)
* Maxwell velocity distribution

* Non-interacting Fermi particles
* Non-interacting Bose particles
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Reminder — second exam in April

-- student presentations 4/30, 5/2 (need to pick topics)
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Interacting systems — N identical particles of mass m:
Classical treatment
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Probability of finding particle of velocity betweenvandv+dv:
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Maxwell velocity distribution
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=> For classical particles the Maxwell velocity distribution is
the same for all particle interaction potentials.
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Statistics of non-interacting quantum particles

Single particle states : &y
Single particle occupation numbers : n,

Bose particles (integer spin): n, =0,1,2,3, -
Fermi particles (% integer spin) : n, =0,1

Grand partition function for thesesystems:
Z.(T,p) = Ze‘”(ES‘*‘“S) summingover all microstates s
s

Grand partition function for thesesystems:
Z.(T,p) = Ze’”‘Eﬂ“s) summingover all microstates s
s
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Where ZG,k (T, ILI) = Zefﬂ(nié’k*/mi)
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Fermi particle case : nlf =01
Zo (T p)= Z e_ﬂ(nksgk_ﬂni)
=1+ e*ﬁ(fk —)
Landau potential for this case:
Q, =—KkTInZg, =—kT InfL+e )

Mean occupancy numbers:
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n =01234,

Bose particle case :

Zg (T, ) = Zefﬁ(ﬂiak*mE)
N e _ 1
Landau potential for this case:
Q, =—kTInZg, =KT Inft—e#“)
Mean occupancy humbers:
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Bose particle case : ni = 011;2,314; o
Note a detail:
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Note that the summation of the geometricseries
implies that e 7 <1
=eM <1l or u<0




Summary of results for Landau potential for non-
interacting Fermi and Bose particles

Fermi particles:
QT 1) =0, =kTY InZg, = kTS InfL+e )
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Bose particles:
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Case of Fermi particles

&

Case of Fermi particles
Non-interacting spin % particles of mass m at T=0
moving in 3-dimensions in large box of volume V=L3:
Assume that each state e, is doubly occupied (due to spin)
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Case of Fermi spin % particles for T 0.
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