
Agenda: Quantum Statistics

• Concepts in quantum mechanics

• Quantal traveling waves and translational motion

• Quantum model for vibrations (also Bosons)

• Quantum model for vibrations

• Quantum partition functions for Fermions

• Quantum Fermi gas

• Bosons, Bose radiation gas
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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)

W. Udo Schröder, 2012 Energy: Science, Technology, Society 2

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 !!???



Photons of Electromagnetic Radiation

Electromagnetic radiation 3D waves materialize as photons = energy packets
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Compton Scattering
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Planck's Radiation Law
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Radiation Pressure

Radiation field enclosed in a container (box, cube side length a)
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Planck's Radiation Law
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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:



Massive Bosons (Noble Gas Atoms)

at T=0 → Boson ground state  = 0, 

all A0 Bosons are in ground state
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Massive Bosons

T≈0 → many (=A0) Bosons are in ground state
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Bose Condensate

Critical Bose Temperature
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Bose Gas Properties

T<TB→ estimate Boson energy   
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BEC area of current research
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End of 
Fermi-Bose Statistics


