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Lecture 17 RS

Stellar Atmospheres % .
prof. Marcos Diaz .

treasure map:

from Gray 1976
H&M: pg. 611
Bohn-Vitense: pg. 128

Gray: pg. 326, 387
Rutten: pg. 127



Model curves of growth
relate F(r=0),  /F(=0)_ _ with n=k/k

basic model assumptions:

1.  semi-infinite plane-parallel atmosphere

ii.  1in radiative equilibrium

i11.  without induced emission

iv. without scattering - pure absorption in lines and continuum
v. LTE

vi. n = k/k = constant with total optical depth

from Formal Solution with arbitrary source function

with




s.(t) = By(t) = B,(t=0) + g—?(rZO).r

FL(0) = 2 E[(1+n)7][Bo+By (1+,)ld7,



B.(t) = By(1=0) + S2(t=0).7
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_ 2 b (1)
FV(O) B, + 3(1+TIV)

n,— 0 (without line opacity): F.(0) = B, + ZBI = B,(t=2/3)
(2)



from (1) and (2)
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for a symmetric profile:
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log(EW) = log(N,)+C,
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S(r,~0) ~B\(T)=>--—-=

0

—> model dependent saturation

EW depends on source function S(0)

R, =

Bx<Teff)_Bx[T<TcNO>]

B, (T )



Schuster-Schwarzschild two region model

upper region: continuum thin, line thick
lower region: continuum thick

I.(0,u) = B,(Tp)

S,(t) = constant = B,(T,)

(T /u)

) + B,(Tp)e



Schuster-Schwarzschild two region model

upper region: continuum thin, line thick
lower region: continuum thick

] 1,=0
r=1 — 1(0,}) I.(0,u) = B,(T,)
1 (T,) S}\(13> = constant = B}\(TL)"’
1, I —(t,/u)
I;\(O,M) — B)\(TL)(l—e ) + Bx<TR)e

without limb darkening:

1.(0)-1,(0)  [B,(T,)—B,(T,)
1.(0) B, (Ty)

Rk — (1_6_TL)




R, = R,(t,>1) =

Ak,

EW(t,>1) = R, f d\N = 2R,A\, = constant
—AN,

log(EW) = log(A\,) + C'



Small AA, Large AA,
S . (0)

_______________ -5, (0)

Fig. 10.14. For the same central line depth, the equivalent widths of optically
thick lines increase proportionately to the line widths.

j ' F. (0) —_— — F.(0)
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Fig. 10.15. For saturated lines the equivalent width becomes proportional to the
central line depth.

from Bohn-Vitense 1989
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b) Gamma damped lines

H(G,V) ~ 12 . the high-density line transfer domain
LY
n,Hl(a,v)
EW = 2R,AM\ f(1+ﬂoH( )>dv
clv’ n,a
EW = 2R,AA f +c/v2)dv c=—1

EW = 7”*RyAhpan,”
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log n,

FiG. 11-2. Curv_es of growth for pure absorption lines. Note that the larger the value
of a, the sooner the square root part of the curve rises away from the flat part.

(from Bohn-Vitense 1989)
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Fig. 10.13. Schematic curve of growth for different values of the Doppler width
A4p and damping constants 7.

(from Bohn-Vitense 1989)
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FI1G. 11-1. Development of a spectrum line with increasing number of atoms in the
line of sight. The line is assumed to be formed in pure absorption. For 7o S 1, the line
strength is proportional to the number of absorbers. For 30 S 7o S 10? the line issaturated,
but the wings have not yet begun to develop. For 7, 2 10* the line wings are strong and
contribute the dominant part of the equivalent width.

(from Mihala
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