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Source Function for Spectral Line

dIν
ds

= [njAjiψν + njBjiψνIν − niBijϕνIν] (hνij/4π) (1)

dIν
ds

= [njAjiψν − (niBijϕν − njBjiψν) Iν] (hνij/4π)

Opacity and source function:

χl
ν =

(
niBijhνij

4π

)
ϕν

(
1− njBjiψν

niBijϕν

)
=
(
niBijhνij

4π

)
ϕν

(
1− njgiψν

nigjϕν

)
(2)

Sl
ν =

njAjiψν

niBijϕν − njBjiψν
=

(
2hν3

ij

c2

)
/

[
nigjϕν

njgiψν
− 1
]
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Line Source Function in CRD and LTE

Complete redistribution:

χl
ν =

(
niBijhνij

4π

)
ϕν

(
1− njgi

nigj

)
(3)

Sl
ν = (2hν3

ij/c
2)/[(nigj/njgi − 1]

LTE:

(nj/ni)
LTE = (gj/gi) e−hνij/kT (Boltzmann) (4)

χl,LTE
ν = (niBijhνij/4π)ϕν[1− exp(−hνij/kT )]

Sl,LTE
ν = (2hν3

ij/c
2)/[exp(hνij/kT − 1] ≡ Bν

Han Uitenbroek, NSO/SP Introduction to Solar Radiative Transfer III y w ww wy p 7



Statistical Equilibrium Equations

dni

dt
=
∑
j 6=i

njPji − ni

∑
j 6=i

Pij = 0 (5)

Pij ≡ Cij +Rij

Radiative rates:

Rij =
∫ ∮

Bij

4π
IνdΩdν (6)

Rji = Aji +
∫ ∮

Bij

4π
IνdΩdν
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Numerical Non-LTE Radiative Transfer

dni

dt
=
∑
j 6=i

nj(Rji + Cji)− ni

∑
j 6=i

(Rij + Cij) = 0 (7)

1
χtot

ν

dIν
ds

=
jtotν

χtot
ν

− Iν = Stot
ν − Iν (8)

Lambda or Psi operator:

Iν(τν) =
∫ τν

0

Stot
ν (t)e−(τν−t)dt = Λν

[
Stot

ν (τν)
]

= Ψν

[
jtotν (τν)

]
(9)
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Linearization and Operator Splitting

dni

dt
=
∑
j 6=i

nj(Rji + Cji)− ni

∑
j 6=i

(Rij + Cij) = 0 (10)

Iν = Λν

[
jtotν

χtot
ν

]
= Ψν

[
jtotν

]

Operator splitting:

Iν = Ψ∗
ν

[
jtot
]
+ (Ψν −Ψ∗

ν)
[
joldν

]
(11)
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How Do We Extract Physics from Observations?
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 Stokes V/I

DLSP at the DST, courtesy Alexandra Tritschler (NSO/SP)
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Temperature Variations from Intensity Differences

Intensity
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Measure Shift of Line to Determine Velocity
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Shift of wavelength due to motion: Doppler shift

λ

cνλ = c

∆λ = v
cλ0

Han Uitenbroek, NSO/SP Introduction to Solar Radiative Transfer III y w ww wy p 7



Shift of wavelength due to motion: Doppler shift

λ

cνλ = c

∆λ = v
cλ0

Han Uitenbroek, NSO/SP Introduction to Solar Radiative Transfer III y w ww wy p 7



Shift of wavelength due to motion: Doppler shift
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The Zeeman effect in atoms
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The Zeeman effect in atoms
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