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Einstein coefficients and line emission

Equation of  radiative transfer: 𝑑𝐼! = −𝐼!𝜅!𝑑𝑠 + 𝑗!ds

For the term dependent on the radiation field: 
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In case of  only spontaneous emission – for line emission: 
𝑗!𝑑𝜈 =
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(assuming isotropic emission)



Assume LTE, thus absorption = emission and levels are populated by 
Boltzmann eqn.  Also, radiation field is Planck Law! 
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Einstein coefficients and line emission

𝑛"𝐴"#ℎ𝜈"#
4𝜋

=
ℎ𝜈#"(𝑛#𝐵#" − 𝑢𝐵"#)

𝑐
2ℎ𝜈$

𝑐%
1

𝑒
&!
'( − 1

Boltzmann eqn. :
$"
$!
= ."

.!
𝑒
$"!
%&



Relations between Einstein coefficients
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NOTE: This holds under the assumption of  LTE!



Collisional processes
Recall our collisional rate coefficient: k = < 𝜎𝑣 >

units: [k] = cm3 s-1

collision rate per unit volume = na nb k [cm-3 s-1]

Note: one of  these densities is very often 
electrons from ionized gas (ne)!
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Two-level atom
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Volumetric collisional rates: 
excitation: ne nl klu
deexcitation: ne nu kul

Purely radiative collisional



Two-level atom
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Assume equilibrium: 𝑛#𝐵#"𝐼! + 𝑛#𝑘#"𝑛) = 𝑛"𝐴"# + 𝑛"𝐵"#𝐼! + 𝑛"𝑘"#𝑛)

Solve for ratio of  populations: 
𝑛"
𝑛#
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Two-level atom

Ratio of  populations: 
𝑛"
𝑛#
=

𝐵#"𝐼! + 𝑘#"𝑛)
𝐴"# + 𝐵"#𝐼! + 𝑘"#𝑛)

Employ relations between the Einstein coefficients, definition of  excitation 
temperature, and Planck function (def. of  radiation temperature): 
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Critical density

Define the critical density:   𝑛*/ = 𝐴'0/𝑘'0

If  n ≫ 𝑛*/ , then 𝑇12* → 𝑇34$
If  n ≪ 𝑛*/ , then 𝑇12* → 𝑇/56
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Purely radiative collisional





Energy level diagram for hydrogen
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Nomenclature for lines

• “Allowed” transitions
• Aul ~ 108 s-1

• “Semi-forbidden” transitions
• Aul ~ 102 s-1

• “Forbidden transitions
• Aul ~ 20 min lifetime

NII 1084Å 3P0 – 3D1

CIII] 1909Å 1S0 – 3P1

[NII] 6548Å 3P1 – 1D2


