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Lecture 4

treasure map:

H&M: pg 374, 347
Rutten: pg 30
Vitense: pg 46
Gray: pg 139



The Diffusion Approximation

expansion around an arbitrary (as good as large) 7 _:

S (t,) = Z d*B, (t, — )" into the formal solution in 2 currents:
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The Diffusion Approximation (cont.)

taking the outward (0 < u <'1) intensity at 7 :

_ fsl=t) d'B, TS dt with x=(er)
IV(T’M) — ‘!Z W v



The Diffusion Approximation (cont.)

taking the outward (0 < u <'1) intensity at 7 :

_ fyx =) d'B, T At with x=(t-r)
IV(T’M) — ‘!Z n! dTn € u ’
— dnBv oox_n _ﬁ@
Low = 2== Jor e m



The Diffusion Approximation (cont.)

taking the outward (0 < u <'1) intensity at 7 :

_ fy 1) d'By, At with x=(er)
IV<I’M) — !Z n! d"[n € w ’
— dnBv oox_n _ﬁ@
I\l(T)M) _ Z d‘cn J(;n’ € M
dnBV n dBnu
I(t,u) = 2 —> u = B/J(t) +u



The Diffusion Approximation (cont.)

error in diffusive approximation

convergence of the expansion

dn+2 BV Br\l/+2
st,n d ’Cn+2 N Tn+2
Sy d"B, B,



The Diffusion Approximation (cont.)

The diffusion approx. in the higher radiation moments

= multiply by @' and integrate over .

1 2
_ dB, 2d” B,
L(vw) = [B(t) + u=r + wio=r + ] du
—1 dt
all odd terms on u vanish
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The Diffusion Approximation (cont.)

The diffusion approx. in the higher radiation moments

deep enough:

as S = B
J = B
J /K = 3
= ;li N

1d*B
’-'ru P = Ba Fy e .J
(7v) (7v) 3 dr?
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where x 1s the linear opacity coef.



The Diffusion Approximation (cont.)

The diffusion coefficient for photons is:

1 1dB, The bolometric flux is defined in terms of
3 7, AT an appropriate opacity coefficient:

o= i 1 dB d_T where ., is the Rosseland opacity coefficient
3yr dl /) dz

1. weight proportional to the flux
11. exact flux (and temp.) structure @ diffusion
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111. does not care about your favorite “v



Moments of the Transfer Equation

10 + n.V I(r,n,\/,t) = n(r,n,\/,t) — x(r,n,v,t)l(r,n,\/,t)

w integrated over solid angle:

OE, _ .
By | V - FI.-“ — 1w — Xvu EE}I 1=
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= 3 | cV ‘Pﬂ — = X Fu 1=1

With a symmetric emission coef. N



With astrophysical notation, changing to perpendicular optical depth:

il _
=], —5, (1)
dt;
open equation set
d K
2 o=Hy . (2)
di,
with: f}{{ =K,/J, Eddington factor — predictor in iterative solutions
I{ J )
- u —J, - S, angle-averaged quantities - only

d Trf



The Grey Atmosphere

1. The grey linear opacity coef. 1s the Rosseland harmonic mean.

11. The diffusive approximation for J extends over the whole
atmosphere (the Eddington approximation).

1. The atmosphere is in strict radiative equilibrium.

from eq. 2 with Eddington factor = %3 and considering bolometric quantities:

1dJ :
H<O):§H( :O); Wlth T = _XRosselanddZ
2
dH _ 4 _ 1dJJ (rad. equilibrium)
dt 3 d 1;2

J=3H(0)t+q; with q = Hopf function



The Grey Atmosphere (cont.)

The observed H(0) boundary condition fix the Hopf function

1

H(0) = %ful((),u)du = %MiMO,M)dM = =J(0)

-1

(with @ = 1/2; I(0,u) = 0 for uw < 0)

in 1: J(‘E) — 3H<0)[T+2/3] (2) the grey T structure



The Grey Atmosphere (cont.)

i. the temperature structure

H(0) = F(0)/4n = 2T,

4dn

J(t) = i—szﬁ[r+§] ; with

J(t) = &€ T%(7) (Eddington approx. J = B for any 7)
T*(t) = %Tjﬁ T+




The Grey Atmosphere (cont.)

ii. the angle dependence — a limb darkened atmosphere

the formal solution for semi-infinite atmosphere
with S(t) = J(1)

|1
==
OQ—DS

1(0,u) = %fBH(O)[r#Z/B]e%dr'
0



The Grey Atmosphere (cont.)

ii. the angle dependence — a limb darkened atmosphere

the formal solution for semi-infinite atmosphere
with S(t) = J(1)

|1
==
OQ—DS

1(0,u) = %fBH(O)[r#Z/B]e%dr'
0

I1(0,u) = 31_50) fr'e_Td'c' + %fe_‘Tdr'
0




The Grey Atmosphere (cont.)

ii. the angle dependence — a limb darkened atmosphere

the formal solution for semi-infinite atmosphere
with S(t) = J(1)

|1
==
OQ—DS

1(0,u) = %fBH(O)[r#Z/B]e%dr'
0




The Grey Atmosphere (cont.)

ii. the angle dependence — a linear limb darkened atmosphere

Ho.u) = 31&1(0)[M : %] with ) J(t) = 3H(0)

2
T + =
;

J(r) = 1(0, y=7)

Eddington-Barbier relation with S(t) = J(1)

(linear LD and E-B relation found for non-arbitrary linear S(7))
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