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Basic line radiation transfer  

line photons are subject to:
- pure absorption (ε)
- scattering (s superscript) (1-ε)
- thermal emission (t superscript)

line scattering is:
- isotropic
- complete redistribution (RS

ν,ϕ = δν , 1/4π) 
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d τν = −(kC+σC+lL)ρdz

lL = (1−ϵ)lL + ϵ lL
(line scattering and absorption coef.)

with jL
s

= (1−ϵ)J ν lL (line scattering emission into the beam)



ϵ lLJ ν = ϵ lLBν = jL
t (line thermal emission in LTE)

jC
s

= σC J ν
(continuum scattering emission)

(continuum thermal emission in LTE)jC
t

= kCBν

μ
ρ
dI ν
dz

= ϵ lLBν+(1−ϵ)lLJ ν+kCBν+σC J ν−[kC+σC+lL ] I ν

with ην =
lL

(kC+σC )
(line-to-continuum total abs. ratio)

(scattering-to-total abs. ratio for continuum)and ζC =
σC

(kC+σC )
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with λν =
(1−ζ)+ϵην

(1+ην)

μ
dI ν
d τν

= I ν−λνBν−(1−λν)J ν
Milne-Eddington equation

Bν(τ)=B0+B1 τ

J ν(τ) = B0+B1 τ+(B1−√3B0
√3 ) 1

(1+√λν)
e√3 λν τ

with and

J ν(0)=√3H ν(0)
(2-stream approx)

H ν(0) =
1
3 (B1−√3λB0

(1+√λ) )

with

B1 =
C1

(1+ην)

(1)



1. continuum

ην = 0; λν = 1 - ζ
HCont (0) =

1
3 (B1−√3(1−ζ)B0

1+√1−ζ )

2. lines

Rν =
HCont−H ν

HCont

=
( B1−√3(1−ζ)B0

1+√1−ζ )−( B1−√3λνB0
1+√3λν

)

(B1−√3(1−ζ)B0
1+√1−ζ )

(2)

Rν = 1−
(C1 /(1+ην)+B0√3λν )

(C1+B0√3(1−ζ))
.

(1+√1−ζ)

(1+√λν)

(3)



2.i  Pure scattering lines & absence of continuum scattering

ε = 0; σC = 0; ζ = 0; 
λν =

1
(1+ην)

from 1 and 2:

H ν

HC

=

2C1
(1+ην)

+( 12
(1+ην))

1/2

B0

(C1+√3B0)

with  η(ν=ν0) =  η0 >> C1 (H ν

HC
)η
0

→ 0 (dark core line)



2.ii  Pure absorption lines & absence of continuum scattering

ε = 1; σC = 0; ζ = 0; 
λν = 1

from 3 (ν≈ν0):

even with η0 >> C1 (
H ν

HC
)
η0

→ ≠0 (non-dark core line)

Rν = 1−
√3B0

C1+√3B0

with  η(ν=ν0) =  η0 >> C1

C1 > 0 → Rν > 0

H ν

HC

=
√3B0

(C1+√3B0)



2.iii  Pure absorption line & pure continuum scattering

ε = 1; kC = 0; ζ = 1; 
λν =

ην

1+ην

from 3 and

(line center, more often wings or even whole line in emission for normal temperature gradient)

Rν = 1− √3
2

B0
C1

with  η(ν~ν0) =  ηv >> C1 λv → 1

C1 =
∂Bν

∂ τ
(τ=0)

B0
C1

>
2

√3
→ Rν<0

Schuster mechanism

ν~ν0
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