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Radiative transfer equation 
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α - volume extinction coefficient

ε - volume emission coefficient

dτ = αdx – optical depth

S = ε /α - source function
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Multiple scattering caseMultiple scattering case
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Thermal radiationThermal radiation
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4Tσ=Φ - full thermal flux

Local thermodynamic equilibrium (LTE)

LTE breakdown above relaxation level (n~1015 cm-3)

Thermal radiation in gaseous atmosphere



Atmospheric spectrum in COAtmospheric spectrum in CO22 bandband
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Radiative transfer equation for thermal radiation
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Scattering is neglectedScattering is neglected



Basics of spectroscopyBasics of spectroscopy



Molecular Molecular 
“gymnastics”“gymnastics”





Spectral bands of atmospheric gases
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Spectral line shapesSpectral line shapes



Solar range: Equivalent width and curve of Solar range: Equivalent width and curve of grouthgrouth

Solar reflected spectrum depends mainly on gas amount and Solar reflected spectrum depends mainly on gas amount and 
to a less extent on the temperature!to a less extent on the temperature!



Spectra of thermal emissionSpectra of thermal emission

Mars 
(IRIS/Mariner-9)

Venus 
(FTSE/Venera-15)

Thermal spectrum depends temperature and gas abundance!Thermal spectrum depends temperature and gas abundance!



General shape of the planetary spectraGeneral shape of the planetary spectra
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