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Uniformly radiating sphere: consider a sphere of
d p radius R, that radiates with uniform intensity /.
Ry * z-axis along d. The flux that an observer located at P receives is

emax 2% ()maX 1
F = [Icos@dQ:IOJ dqu cos&sin@d@=10~Esin2«9max-27r, but
- 0

since sin @ ax = R, /d, = F =I,x(R,/d)*. Observe that the term 7 (R, /d)* is the solid angle
subtended by the sphere at P (both making the star bigger or closer have the same effect).

The flox is, in genenl; @ vector.

Secand moment

. K jl’ 5; 8542 : iner prefgtion 42': Ku '?;J

p
radtton pressuyre



Momendts of the RTE

Zervth momert LJ () d 2 everywhere

16?,3:44 R v ’—_i.ls,/CI > =S d<L
9t

Fiast- momert j( )S: d & Overy whe’
__t [ s & (3.-5)d02
L?H{_p_f Z_ﬁ_ -qurs 3,

c 92

v th 1
e il onien £ gt o e B (T Tt eqlh/iT) A

blick bedy radigtian
M J Yau’r‘, uly
-, 2. R B.)=0
E‘—‘a—a?-f-v HP"'KD/[J )
: u
1 OH, —~+ €, H. =0
C Bt "'JZ D% /
—ETL’P + ? F’ - 4T )‘\p/p Bp "/'C’I‘”D/U-‘Jgo
Flox- kmde § Jﬁmmﬂ / Ao himitern = L inthe
a’ﬁé@zdﬂ /»,«F
W expess +he F)vf s Fa=- /1 /
We substtote dws i the  zewnfr 7770meen/ 7%7;%4

and @%
9_”2 - £ VQUV %KV/BI) I CK/’/U’)
L/'\/ —=

ot 3%,70

L

Sarees
(emSsien - aé:ol}of/an )

on 27”"



Discretization of the diffusion equation
The diffusion equation is

ou 0%u
5 Ko (1)

(and we

For the Flux-limited diffusion (FLD) approximation to radiation transport, K =
KRp
would be missing the source terms).

Using finite differences where we abuse notation and use dt instead of At and no subindices,

Ou _ u(t+dt,z)—u(t )

o dt @)
O%u _ u(t,z + dx) — 2u(t,z) + u(t,z — dz) 3)
dx? dz?

For this last derivative, we use the result from Bodenheimer et al ("Numerical methods in
Astrophysics"), which implies that an evaluation at ¢ will lead to an unconditionally unstable
solution. Then we instead evaluate at t — ¢ + dt:

0%u  u(t+dt,z + dz) — 2u(t + dt,z) + u(t + dt,z — dz)

Oz? ~ dx? (4)

So that the diffusion equation is then discretized as
Kadt
u(t +dt,z) = u(t,z) + Tt [u(t +dt,z + dx) — 2u(t + dt, z) + u(t + dt,z — dz)] (5)
Defining b = Kdt/dz?, and sending all elements that depend on t + dt to the Lh.s.,

bu(t + dt,z + dz) — (2b + 1)u(t + dt, z) + bu(t + dt,z — dx) = —u(t, z) (6)

This will define a system of equations on t + dt, knowing the solution at a previous timestep ¢.
Because we have to solve this system of equations to find u(t + dt, :), we call this an implicit
solution method, as opposed to an explicit method, which is able to give us the solution

u(t + dt,:) = something that only depends on u(t, :).

We see that for neighboring cells we can write the equation as

(t+dt)

[+ b —2b—1 b---]| wu(z) = — |u(z) (7
u(z + dz) :




so that we can write in matrix form

[—2b—1
b
0

0

b
—-2b—-1
b

0

0
b
—-2b—-1

0

0
0
b

b

—2b—1]

Uo
U1
U2

Ung |

(t+dt)

[ ug + buy |
U1
U2

| Ung + buR_

where up, is the boundary condition to the left of the cell 0 in &, and ug is the boundary
condition to the right of the last cell (number nz) in .

®

(8)



