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Overview

• Spectral lines in atoms, ions, and molecules

• Einstein Relations for bound-bound transitions

• Local Thermodynamic Equilibrium

• Continuum processes

• Molecular lines

• Doppler shift Zeeman splitting
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Hα Spectral Line
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There is a lot of information in spectral lines

Tritschler & Uitenbroek, IBIS DST
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Termdiagram and Transitions in Hydrogen
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Termdiagram of Helium with Three Ionization Stages
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Einstein Relations for Bound-Bound Transitions

Spontaneous emission j → i:

jspont
ν = nj(Ajihνij/4π)ψν (1)
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Einstein Relations for Bound-Bound Transitions

Spontaneous emission j → i:

jspont
ν = nj(Ajihνij/4π)ψν (1)

Stimulated emission j → i:

jstimν = nj(Bjihνij/4π)ψνIν, Aji = (2hν3/c2)Bji (2)

Absorption i→ j:

ανIν = ni(Bijhνij/4π)ϕνIν, giBij = gjBji (3)
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Collisional Bound-Bound Transitions

Collisional excitation by electrons:

niCij(T ) = niNe

∫ ∞
v0

σij(v)vf(v)dv, (1/2)mv2
0 = hν0 (4)

Maxwellian velocity distribution

f(v)dv =
( m

2πkT

)3/2

exp(−mv2/2kT ) 4πv2dv (5)
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Local Thermodynamic Equilibrium (LTE)

• Consider an isolated enclosure in steady state, containing a
homogeneous medium. We can expect this medium to have the same
temperature everywhere, and the radiation field to be isotropic.
Otherwise, the material would be in violation with the second law of
thermodynamics.

• The energy absorbed and emitted by an element of the medium must
be equal:

jν = ανIν, (Kirchhoff ′s law)

• The radiation field in an enclosure in strict Thermodynamic Equilibrium
is given by the Planck function Bν(T )

jTE
ν = αTE

ν Bν(T ), (Kirchhoff − Planck)
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Continuum processes

• Free–free transitions

• H− bound–free and free-free
H− + hν 
 H + e(v)
H + e(v) + hν 
 H + e(v′)

• Thomson scattering

αTe = Neσe = Ne
8π

3m4
ec

2

q4e
(4πε0)2

• Rayleigh scattering

αR(ω) = σefijω
4/(ω2

ij − ω2)2
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CO lines in the Infrared

2142.0 2142.5 2143.0 2143.5
Wave number [cm−1]

4.0•10−9

4.5•10−9

5.0•10−9

5.5•10−9

6.0•10−9

In
te

ns
ity

 [J
 s

−
1  m

−
2  H

z−
1  s

r−
1 ]

4668 4667 4666 4665
Wavelength [nm]

4500

5000

5500

6000

B
rig

ht
ne

ss
 T

em
pe

ra
tu

re
 [K

]

 6
−

 5
 R

 4
6

 7
−

 6
 R

10
6

 2
−

 1
 R

 2
1 

[1
3]

 2
−

 1
 R

  6

 3
−

 2
 R

 1
4

 7
−

 6
 R

 6
7

 6
−

 5
 R

12
6

 4
−

 3
 R

 2
3

 3
−

 2
 R

 3
1 

[1
3]

 7
−

 6
 R

10
5

 5
−

 4
 R

12
0 

[1
3]

 5
−

 4
 R

 5
9 

[1
3]

 4
−

 3
 R

 4
3 

[1
3]

 5
−

 4
 R

13
9

 7
−

 6
 R

 6
8

 4
−

 3
 R

13
6 

[1
3]

 6
−

 5
 R

 4
7

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



Concentration of Molecules

Chemical equilibrium:

nAnB
nAB

=
(

2πmABkT

h2

)3/2

e−D/kT
(
UAUB
QAB

)
(6)

mAB =
mAmB

mA +mB
(7)

QAB = QrotQvibQel (8)
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Molecular lines

• Molecules have more degrees of freedom: rotation, vibration
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Molecular lines

• Molecules have more degrees of freedom: rotation, vibration

• Hence there are many more molecular levels and transitions between
them

• Molecular lines are grouped in bands, because energy differences
between different electronic states are generally much larger than
between different vibration states within one electronic state, and these
are typically larger again than energy differences between rotational
states in one vibrational state. Example
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Shift of wavelength due to motion: Doppler shift

λ

cνλ = c

∆λ = v
cλ0
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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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Measuring the magnetic field strength with
circular polarization
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Measuring physical properties
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Variation in Formation Height

nCH / nH
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Typical Line-of-Sight Sees a Lot of Variation
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End Part II
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The Sun in the light of Hα

Back
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Voigt Functions
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Voigt Functions
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Maxwellian Velocity Distribution
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