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Termdiagram of Helium with Three lonization Stages
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Einstein Relations for Bound-Bound Transitions
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Jv = nj( hVij/47T)va/a (2)
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Einstein Relations for Bound-Bound Transitions

FPOMY = (A hwyj /AT ), (1)
FE = (12 by [AT ), 1, (2)
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Collisional Bound-Bound Transitions

f(v)dv = (2:;T)3/2 exp(—muv?/2kT) 4mvidu (4)
n;Ci;(T) = n;N, /OO oii(v)vf(v)dv, (1/2)mus = hvg (5)

g;Cji = gz'Cz'jeAEﬂ/kT (6)
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Equilibrium Distributions
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Local Thermodynamic Equilibrium (LTE)

e 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.

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

jz/ — ayll/a

e The radiation field in an enclosure in strict Thermodynamic Equilibrium
is given by the B,(T)

]VTE — QIEBV(T)a
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Einstein-Milne Relations for Bound-Free Transitions

o', = nio® (V) I, (10)

2hv?
i = mNy(T) (25 ) e oM ) (11)
3/2
9i h? (E;—E;)/ET
(I)i' T) = J ¢ ,
i) =5, (277ka> ‘

GPF = N, @ (T)e /H T 6P (1), (12)
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Continuum processes

Free—free transitions

H~ bound—free and free-free
H™ + hv = H+ e(v)

H+ e(v) + hv = H + e(v')

Thomson scattering

Rayleigh scattering
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CO lines in the Infrared
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Concentration of Molecules

nAnp _ <Z7TmABkT)3/2 e (UAUB) (13)
nNAB h? QaB
m
map = —— 8 (14)
ma + mg

QAB — Qrothierl (15)
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Molecular lines

e Molecules have more degrees of freedom:
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Molecular lines

e Molecules have more degrees of freedom:

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

e Molecular lines are grouped in , 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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The Sun in the light of Ha
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f(v)

Maxwellian Velocity Distribution
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f(v)

Maxwellian Velocity Distribution
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H~ Opacity Changes with Temperature
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Energy levels of the CO Molecule
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Vibration-Rotation Transitions in CO
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Molecular Lines are grouped in Bands
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Bound—-Free Cross Sections of Hydrogen
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Molecules in the Sun
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