
Lecture 17

Stellar Atmospheres
prof. Marcos Diaz

treasure map:

H&M: pg. 611
Bohn-Vitense: pg. 128
Gray: pg. 326, 387
Rutten: pg. 127

from Gray 1976



Model curves of growth
relate  F(τ=0)line  / F(τ=0)cont.    with ην≡ kl / kc

basic model assumptions:

i. semi-infinite plane-parallel atmosphere
ii. in radiative equilibrium
iii. without induced emission
iv.    without scattering - pure absorption in lines and continuum
v. LTE
vi. ην≡ kl / kc = constant with total optical depth τν 

from Formal Solution with arbitrary source function

Fν(0)=2∫
0

∞

E2(τ)Sν( τ)d τν

τν = τcont (1+ην) = τcont (1+
k line

kcont
)

with



Sν( τ) = Bν( τ) = B0( τ=0) +
∂B
∂T

(τ=0). τ

Fν(0) = 2∫
0

∞

E2 [(1+ην) τc ] (B0+B1 τc (1+ην))d τc



Sν( τ) = Bν( τ) = B0( τ=0) +
∂B
∂T

(τ=0). τ

Fν(0) = 2∫
0

∞

E2 [(1+ην) τc ] (B0+B1 τc (1+ην))d τc

Fν(0) = 2B0∫
0

∞

E2( τ ' )d τ ' + 2B1∫
0

∞
τ '

(1+ην )
E2(τ ' )d τ '

τ   ʹ =  τc (1+ην)
dτ  =  dτʹ c (1+ην) 



Sν( τ) = Bν( τ) = B0( τ=0) +
∂B
∂T

(τ=0). τ

Fν(0) = 2∫
0

∞

E2 [(1+ην) τc ] (B0+B1 τc (1+ην))d τc

Fν(0) = 2B0∫
0

∞

E2( τ ' )d τ ' + 2B1∫
0

∞
τ '

(1+ην )
E2(τ ' )d τ '

Fν(0) = B0 +
2
3

B1
(1+ην )

ην → 0   (without line opacity): Fc (0) = B0 +
2
3
B1 = Bν( τ=2/3)

τ  ʹ =  τc (1+ην)
dτ  =  dτʹ c (1+ην) 

(1)

(2)

(1)



Rν =
Fc (0)−Fν(0)

Fc (0)
=

ην

(1+ην)(1+32
B0
B1)

lim
ην→∞

Rν = (1+32
B0
B1)

−1

≡ R0

if  kl  >> kc:

Rν = R0
ην

(1+ην)

from (1) and (2)

EW ≡ ∫
0

∞

Rλdλ = R0∫
0

∞
ηλ

(1+ηλ)
d λ

v profile

c
=Δλ

λ0



ηλ = ηλ0 H[a,v(λ)]

EW = 2R0ΔλD∫
0

∞ η0H (a , v)

(1+η0H (a , v))
dv (1)

a) weak lines: H (a , v)∝e−v2

EW = 2R0ΔλDη0∫
0

∞ e−v2

(1+η0e
−v2

)
dv

η0 << 1

1
(1+ x)

≈ 1−x

v =
v prof

vD

= Δλ
ΔλD

dv =
d λ
ΔλD



EW = 2R0ΔλDη0∫
0

∞

e−v2
(1−η0e

−v2
)dv

EW = 2R0ΔλDη0 [π1/2−(
π
2 )

1/2

η0] = 2R0ΔλD η0π
1/2

~0

for a symmetric profile:



EW = 2R0ΔλDη0∫
0

∞

e−v2
(1−η0e

−v2
)dv

EW = 2R0ΔλDη0 [π1/2−(
π
2 )

1/2

η0] = 2R0ΔλD η0π
1/2

η0=
1
kc

π
1/2 e2

mc2
λ
2 f ij

N i

ΔλD
H (a,0) H(a,0) ~ 1

log(EW ) = log (N i)+Cλ

EW
ΔλD

=
R0
kc

π
1/2e2

mc2
λ
2 f ij

N i

ΔλD

~0



b) saturated lines  kl  >  kc ;  η0 > 1 line formed at low τc

R0 =
Bλ (T eff )−Bλ [T (τc∼0)]

Bλ (T eff )

→ model dependent saturation 
EW depends on source function S(0)

S(0) ~ Bλ [T(τl ~1)] ~ Bλ [T(τC  << 1)]

= R
0S(τ

c 
~ 0) → 



Schuster-Schwarzschild two region model
upper region: continuum thin, line thick
lower region: continuum thick

→ I(0,μ)

τ
1
=0τ

2
=τ

L

T = T
L

T
R
 ~ T

eff I c(0,μ) = Bλ(T R)

Sλ (τ) = constant = Bλ(T L)
→ I (τ2)

I λ(0,μ) = Bλ(T L)(1−e
−τ

L
/μ

) + Bλ(T R)e
−(τ

L
/μ)



Schuster-Schwarzschild two region model
upper region: continuum thin, line thick
lower region: continuum thick

→ I(0,μ)

τ
1
=0τ

2
=τ

L

T = T
L

T
R
 ~ T

eff I c(0,μ) = Bλ(T R)

Sλ (τ) = constant = Bλ(T L) ¿
→ I (τ2)

I λ(0,μ) = Bλ(T L)(1−e
−τ

L
/μ

) + Bλ(T R)e
−(τ

L
/μ)

without limb darkening:

Rλ =
I c(0)−I λ (0)

I c(0)
= [

Bλ(T R)−Bλ (T L)

Bλ (T R) ](1−e−τL)



R0 = Rλ( τL≫1) = [Bλ (T R)−Bλ(T L)

Bλ(T R) ]

EW = ∫
0

∞

Rλd λ = ∫
0

∞

R0(1−e−τL)d λ

EW ( τL≫1) = R0 ∫
−ΔλD

ΔλD

d λ = 2R0ΔλD = constant

log(EW ) = log (ΔλD) + C '



from Bohn-Vitense 1989



log(g) = 4.0

S
0  

= 1.02

v
turb

 = 0.0

log (τ5000)



b) Gamma damped lines

the high-density line transfer domainH (a , v) ∼
a

π
1/2 v2

EW = 2R0ΔλD∫
0

∞ η0H (a , v)

(1+η0H (a , v))
dv

EW = 2R0ΔλD∫
0

∞ c /v2

(1+c /v ²)
dv c=

η0a

π
1 /2

EW = π
3 /4 R0ΔλDaη0

1/2

log(
EW
ΔλD

) =
1
2
log (N i)+C '





(from Bohn-Vitense 1989)



(from Bohn-Vitense 1989)



(from Mihalas 1978)
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