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• Principal concepts in quantum mechanics 

 Wave functions for free and bound particles, 

Uncertainty Relation, spectroscopy with photons,

• Quantum molecular models for translation, rotations & 

vibrations, particle-in-a-box model

 Maxwell-Boltzmann energy distribution

 Application to gas phase rxns, dissociation

 Qu rot. partition functions,

 Qu vib. partition function, diatomic molecules

• Quantum partition function for indistinguishable particles,

 Bosons, Fermions, Application elm. radiation.

 Fermions and quantum Fermi Gas,

 

Reading 
Assignments

LN IV.4, 6

McQ Ch. 1,4

Kond Ch. 20 



Indistinguishable Particles (Bosons & Fermions)

Ensembles of N identical and independent particles: each can access many s.p. 
states without restriction→ partition function is product of s.p. partition 
functions 

Classical N-body problem → classical 1-body problem:
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For identical, indistinguishable particles, phase space restrictions, 
Pauli blocking for Fermions: no two identical Fermions on same qu. state,
No restrictions on Bosons (any # bosons per state possible).

Dependence on N → use grand canonical ensemble (V, T, )
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Often applicable for most @300K



GPF for Indistinguishable Particles

Ensembles of 0≤ N < identical and independent quantal particles 
distributed in all different ways over single-particle states at energy i. → 
PF has product structure
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Grand Canonical State Boson Populations
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Ensembles of 0≤ N < identical and independent Bosons (photons, 
phonons) distributed in all different ways over single-particle states at 
energy i. → PF has product structure. ni=#of photons in s.p. state @i.
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Grand Canonical State Fermion Populations

Ensembles of N identical and independent Fermions → PF product structure
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Boson occupation 
number for state i

Bose-Einstein statistics
From unrestricted 
partition sum terms e«1

Occupation number 
for state i = probability 
for i to be occupied

Fermi-Dirac statistics

Fermi-Dirac and Bose-Einstein State Populations

Ensembles of N identical and independent particles→ PF product structure

W. Udo Schröder 2025 Fermi-Bose Stats 6

   
also: 

(

B

N )

j i i

N N
E n ( j )

N
j

k
N N 1

j i

T QQ e Q e e
  − 

−
− − 

 = ==     

−

Nj 1,......,

N particle states

i i i

i i i

N 1 N 1
i

N 1 1 N 1N N

e Q e Q e
n

e Q Q Q ee Qe e

     

        

−  −  − 
− −

−  −  −  − 
− −

− 
−

= = =
+ + +

( )i
i

1
n

e 1
   −

=
+

( )i
i

1
n

e 1
   −

=
−

( ) ( ) ( ) ( ) ( )x N x N N N Nn 0,1,2, Q n Q 0 Q 1 Q 2 Q 3= → = + + + +

Massive Bosons➔ normalize nx



i

i
i

Have derived from qm particle in a box model

e
n

e e

 

  

− 

− − 

− − −

=


Mean occupancy of s.p. state i

W. Udo Schröder 2025 Fermi-Bose Stats 7

Grand Canonical Partition Function of FG

sF oor nequ ail. p sroperties of neeFermion Bo r og se d Pa titi n Function 

Grand Canonical Fermion PF
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Agenda: Quantum Statistics
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• Principal concepts in quantum mechanics 

 Wave functions for free and bound particles, 

Uncertainty Relation, spectroscopy with photons,

• Quantum molecular models for translation, rotations & 

vibrations, particle-in-a-box model

 Maxwell-Boltzmann energy distribution

 Application to gas phase rxns, dissociation

 Qu rot. partition functions,

 Qu vib. partition function, diatomic molecules

• Quantum partition function for indistinguishable particles,

 Bosons, Fermions, Application elm. radiation.

 Fermions and quantum Fermi Gas,

 

Reading 
Assignments

LN IV.4, 6

McQ Ch. 1,4

Kond Ch. 20 



Electromagnetic Cavity Radiation: Photons

Electromagnetic radiation 3D waves materialize as photons = energy packets
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Planck’s Elm. Radiation Law
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Radiation Pressure

Radiation field enclosed in a cavity=container (box, cube side length a)
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Partition Function and Radiation Pressure

Radiation field enclosed in a container (box, volume V) → phase space !
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Can calculate all 
thermodynamic quantities

Examples:



Planetary Electromagnetic Photon Flux

Absorption of solar radiation by the atmosphere is 
determined using spectroscopic satellite, aircraft, and 
surface data. See recent Atmospheric Radiation 
Measurement Enhanced Shortwave Experiment (ARESE)

See, e.g., F. P. J. Valero et al., J. GEOPHYS. RES., 105, 4743 (2000)
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Blackbody Spectrum 6000K

U.S. weather satellite 
GOES-8 (decom.)

Adapted from Liou, An 
Introduction to Atmospheric 
Radiation, Academic Press, 
San Diego, 2002.

Strong absorption 
of solar radiation in 
IR by atmosphere

Dispersion by Rayleigh 
scattering (blue sky)

Scattered or absorbed radiation not available for 
warming Earth surface. → TE < 255K !!???



Agenda: Quantum Statistics
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• Principal concepts in quantum mechanics 

 Wave functions for free and bound particles, 

Uncertainty Relation, spectroscopy with photons,

• Quantum molecular models for translation, rotations & 

vibrations, particle-in-a-box model

 Maxwell-Boltzmann energy distribution

 Application to gas phase rxns, dissociation

 Qu rot. partition functions,

 Qu vib. partition function, diatomic molecules

• Quantum partition function for indistinguishable particles,

 Bosons, Fermions, Application elm. radiation,

 Expanded discussion Bose-Einstein populations,

 Fermions and quantum Fermi Gas.

 

Reading 
Assignments

LN IV.4, 6

McQ Ch. 1,4

Kond Ch. 20 



Expanded: Bose-Einstein State Populations

Expand procedure used for Fermions

to Bosons 
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Bose-Einstein State Populations

Expand procedure used for Fermions

to Bosons 
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Boltzmann High-T Limit State Populations
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Canonical Fermi-Dirac or Bose-Einstein statistics

Energy gain per particle added:
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Fermi-Dirac State Populations
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Task: Partition function →  have general expression for probability term, 
equivalent to Boltzmann factors → apply to microscopic model systems:
→  Free electrons, electrons in solids, plasmas,…, nucleons in nuclei,… 
→  Task: provide energy levels i and degeneracies g(i)=(2s+1)·(i)
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Electron Energy Distribution in Solid State Materials

The gap of energy levels between 
continuous bands of energy states

• is large for insulator materials

• is small for semi-conductors,

• is essentially absent for metals 
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Properties of Metal Electron Fermi Gases
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