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NLTE effects (even) in moderate temperature, high gravity atmospheres
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H&M: pg 262
Rutten: pg 89
Vitense: pg 163
Gray: pg 330

Oxenius: pg 1 in “The Kinetic Theory of Particles
and Photons”, Springer-Verlag, 1986)



The concept of Local Thermodynamic Equilibrium in stellar atmospheres

standard thermodynamics relations hold locally
for temperature and particle density

Equilibrium values apply locally to particles.

(while the radiation field may depart from a blackbody)

= the particle ensemble properties depend only on T, n or N by:

i. Maxwellian velocity distribution, under energy equipartition in a single
temperature system

ii. Boltzmann excitation equation

iii. Saha / Hoff ionization / dissociation equation
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LTE from microscopic standpoint

LTE 1s fully attained with Detailed Balance

A—B

B—=A (radiative or collisional)

transition rates are equal 1n direct and inverse transitions.

Intensity asymmetry —> radiative d.b. break (NLTE)
(particles may remain 1in d.b. while in NLTE — M. B. distr. holds)

conditions for NTLE: A >> C @low n,
f # B,



Two level atom example:
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Model atmospheres

LTE atmosphere with true absorption + scattering

k =k +o0,

and thermal emission + for coherent and 1sotropic scattering:
n,= kB, +0.J

- SV = (kabs Bv T O-sct Jv) / (kabs + O-sct)

k

with ¢ = absorption thermal coupling parameter
K k +0

absorption sct

S =¢B+(1-¢)J o Milne-Eddington r.t. eq.



S(1) = B(1) (k=0)

The Variable
Eddington Factor (VEF)
method

by

Auer & Mihalas
(1970)
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Eddington Factor (VEF)
method

by

Auer & Mihalas
(1970)
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Model atmospheres

The lambda operator

Complete formal solution in 2 currents with any S(7):
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discrete optical depth sum:

with S (1) = 0 (7-1) :
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