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BASICS of RADIATIVE TRANSFER
Definitions

Macroscopic DescriPtion of Radiation

describe the energy flux associated with electro-magwnetic
radiation.

The relationship between intensity and the energy flux,
momentum flux, radiation pressure and energ Y dewsitg.

Solid Angle
dQ=dA, /r?
3 > thot:¢dQ=4ﬂ'SI



BASICS of RADIATIVE TRANSFER
Definitions

Descril:)tion of a Radiation Field

dE

The amount of energy that the
rays carry Lnto cone Ln timee dt

Figure 9.1 Intensity x.

dE
d)\ dt dA cosf dS)

dE = I\d\ dt dA cosf dS) = I,\d/\dtdAcosﬁsianqub

Average intensity of rays is defined: [y =

1
(In) = — /I)\dQ = — / I\ sinfdOd¢
4 6=0

T 47

Solid angle in spherical

For isotropie radiation field <I )\> = 3 coordinates dQ=sindd0d ¢



BASICS of RADIATIVE TRANSFER
Definitions

transport of energy via
r_;,‘_dlahon° specific

| +y
R

dFE

I,(Q) dA dt dQ2 dv

(:'l'g/(:-'nz,z/s/stcrad-i an/Hz

The intensity provides a fairly complete description of the
transport of energy via radiation.



BASICS of RADIATIVE TRANSFER

Moments of intensity

Enerﬂj F‘UX energy carried by a set of rays

dA | = dAcos6

a; = 1;cos0a\l
differential flux

Y I — /L,costQ

Multiplying a function of direction by n-th
power of cos 0 and integrating is often called net flux

“taking the n-th moment”. vy s )

Net flux is the first moment of the intensity
Bnergy flux not truly intrinsie since it depends on the orientation

of the surface element, energy propagating downwards Ls negative
energy flux. If I, is isotropic (not a fn. of angle) then net flux = o.



BASICS of RADIATIVE TRANSFER
Moments of intensity

Inverse sc]uare law ‘FO!" energzj HUX

lsotroplc radiation: Sy c

emits energy equally in all directions (e.g., a star)

CONSERVATION OF ENERGY

F(ry)-4nry = F(r) - 47r®

F (T) _ const If we can regard
_ r 2 sphere s, as fixed

F o 1/r?



BASICS of RADIATIVE TRANSFER
Moments of intensity

Momentum Flux Photons carry momentum
P = nk / C 1l , Uit vector tn direction of photon
motLon

component of momentum in the direction normal to the surface
element s P |

pL =|p| cosb

Differential momentum flux Ls dF,cos@c and tntegrating over

all directions gives 1
Dy = — /L,casQHdQ
C

the momentum flux is the second moment of the intensity



BASICS of RADIATIVE TRANSFER
Moments of intensity

Speciﬁc Energy Density
u,(2) = energy /volume/solid angle/frequency

P L2
kd.o

— dE/dt dA dQ dv

o Intensity
To determine constant of proportwwawcg (
the energy enclosed:

dE = u,(Q)dQ dl dA dv |

will pass out of eylinder in time, dt = dl /¢
From our definition of specific intensity: 1,

u, () =1,(2)/c

ntegrating over direction: Wl / U, (2)d2 = . / I,(£2)d2

Energy density is proportional to the zeroth moment of intensity

47 1
|V —_ J v E e II/ Q Q
B C H 47 / (2)d

4ﬂ- ’ ’, ’,
u= [ u,dv=— [ J,dv 1S the mean tntensity
C

‘-.._._‘




Black body radiation

The black body intensity is defined (following discovery by Max Planck in 1900) as

either
2hc’ 1 2hv’ 1
BA(T) - )»5 ehc/AkT _1 or Bv (T) = 02 ehv/kT ~1
where ¢=2.99x10'° cm, #=6.63x10%7 erg s, k=1.38x10-"® erg/K
dv
Note that: B, (THdv = BA(T)d)\, = B, =B, |—|=B, _2
dA| T A
Let us compute the bolometric flux: Stefan-Boltzmann law
“2hv 1 2h(kT\ 2h/kT\ ' 4
F = nfB(T)dv nf R d Z\h/fe—l 2\ 15 =oT
5 4 .
o= 215 I;h3 =5.67 10” erg cm™s” K™* — Stefan - Boltzmann constant x=hv/kT
c

0',BV (T) _ 2h2V4 ehv/kT
oT c2kT? (ehv/kT _1)2

Planck function is monotonic with temperature: >0

At any v, 77, B, T. T —0, B, —0. T —w0, B, —>0.



Black body radiation

The energy density of the black body radiatio ”(T) — (1T4

a = 7.56x107" erg cm™ K™ is the radiation constant.

Flux of the black body radiation from the surface F = osp T*

osg = ac/4=5.67x 107 ergecm™? K 57!

Since F =B and U = —”B

c
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Properties of the Planck law | T=30K
(kT +° \ r=2 :0 K |

Maximum of the Planck function B,(T)= =
c’ | = /
J( x° R/ ,\\ \T 100 K
- S[(3-x)e"-3]=0=x=3(1-¢7)
1) o e
guess Wien displacement Iaw
=3, x=3(1-¢")=285, x,=282..
=x, . kT =2.82kT Vimax % 5.88 X 10'°T

X, ~282=hv,__ =

e A_.T=029cmK

=497, A_, . =—X_.
" “
For the Sun A, =5175 A, but A=c/v,,, =8800A.

Do the same with B,: x_.,

)\'max =C /Vmax

At long wavelengths A >> A« (small frequencies v << v ax)
the Planck formulae can be approximated by the Rayleigh-Jeans law

2
.o"\‘.‘

B,(T)=2Y_kT, B,(T)~2ckTX"
C .'

At short wavelengths A < A (large frequencies v 2 v ay) |
the Wien law is a good approximation & o SZ30K
hv hv hc he " " I \\ T=200 K
T T [ A
B,(T)=2=re ™ |2
)L Alcm)

C




