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Why do we care about radiative processes?
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Why do we care about radiative processes?
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How to define the Intensity of light?
B[RS HIAER S 28I .36

»
‘ ' YIRS % A PR 2 AT B = -
l v B257 51 ( Radiant exitance ) Me REEFARR W-m2 ZHHFMENES

5= ( Radiosity ) Joordyy, | BEEFIAR W-m™2 EALHAREHMNBEHEEET
#5412 ( Radiance ) L RESUEEFA AR W-sr™!:m™? ENUEREENIRFTENETEESE -
I— Jri:: pay = S EE p— —
BRHIEE i 3= J BEE -
50 3{ I EE /f+‘ =i '? EE5I8E ( Radiant energy ) Q. AEE
J E/J JZ5A j:JJ_ TE JZ\JL‘AJIL\ . =
S25]8EEZE ( Radiant energy density ) W SESUARR J-m
. . 8 51% & (Radiant intensity ) lo BEETT w-sr™! EMUEENEHEES -
In physical sciences |edit) —— -
E5ELE (Radiant exposure ) H, EEEYAAR J-m2
Physics [edi] $F51EE (Radiant flux) o, R w SENEBENBRES M TEHE, -
* Intensity (physics), power per unit area (W!m2) — — N _ [
, _ _ , F8E (Iradiance ) Ee REETEHAR W-m™2 A EEHENES -
* Field strength of electric, magnetic, or electromagnetic fields (V/m, T, etc.)
« Intensity (heat transfer), radiant heat flux per unit area per unit solid angle (W-m'2-sr'1) M n ISk j_""_l_/:b"E W-m"3
e .
* Electric current, whose value is sometimes called current intensity in older books WIS A ( Spectral radiant emittance ) e g o SEC SRR AR T RN
Ry =P mPEy -2 41
Optics [edit] Mg, RESTILREME W-m~4-Hz
* Radiant intensity, power per unit solid angle (W/sr) L 5 BEESUEEY /J\E 1 3
e et s hm”
* Luminous intensity, luminous flux per unit solid angle (Im/sr or cd) e e E W o e 4. 4
« Iradiance, power per unit area (W/m?) J:E#R57E ( Spectral radiance ) B ] EREW-sr \m “nm
Loy RESITESFAAREHHE | W m2Hz !
Astronomy [edit] ;
* Radiance, power per unit solid angle per unit projected source area (W-sr'1-m'2) o E{“ Eggjj—;ﬁﬁ =7 W_'m
W :E3RIB = ( Spectral irradiance ) 5] ERsTS ARG =g EEEHEEUE Wm2nm !
Seismology |edit] E, S SRS Wem=2-Hz~!
« Mercalli intensity scale, a measure of earthquake impact I e ( Spectral power ) ¢Ea\ B W-m"1 EEEEESS
* Japan Meteorological Agency seismic intensity scale, a measure of earthquake impact - ;
M/ E R i i BESET LU= SEEST
« Peak ground acceleration, a measure of earthquake acceleration (g or m/s2) HzERE ( Spectral intensity ) le ARSUESK Wsr-m BIHEENERS

Acoustics | edit]

* Sound intensity, sound power per unit area



How to define the Intensity of light?
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Specific Intensity

M SCRIRIE - P dE

1. Energy Received (E) » ¥ [ erg ] cos 6 dtdAddv
2. Total Flux (F) > Bf [ erg s!]
3.
4
5

L

Flux (f) » B4 [erg cm™? 5]

. Total Intensity (I) » 7 [ erg cm? srls1] > XY Surface Brightness

. Specific Intensity (I,) * BAZ [ erg cm? srlst Hz'! ]

The names are not important. What you should care about is the units.

[, 1s convenient because it is an intrinsic property of the source.
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[1]

« E=100hv
 F=100hv/t
« f =100hv/At

I = 100hv/AtQ
I, = 100hv/AtQAV

[2] [3]

e ' =25hv e F=100hv
o F=25hv/t « F=100hv/t
 f =25hv/At « f =100hv/(4A)t
o 1=25hv/At(7) . o _1oonv
(4A)t(%)
e [ = 25Ny 100h
= — y
Coal)ay " b= 14t(3)dv



Exercise
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Radiative Transfer
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What will change the intensity of light?

Emission, Absorption and Scattering.




Radiative Transfer

VRS - 4

More on absorption coefficient:
ay = Noy = PKy

With no emission, the radiation transfer equation reduce to:
dI,

FE

Solving this ODE we see
I,(s) =1,(0)exp (—J av(s)ds> = 1,(0)e ", dt, = a,ds
0

We define optical depth accordingly.



Radiative Transfer

VRS - 1

On the other hand, if there is no absorption, we have

dI,

E =j, = 1,(s) = 1,(0) +j0

Which is kind of trivial. :p

S

Jyds




Radiative Transfer
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For some reason, people often use another form of radiative transfer equ.

We define the Source Function:

v
Sy = «
Plug it back into the R.T.E we get
dl,
= —]
e ,+S,



Radiative Transfer

RS -

For some reason, people often use another form of radiative transfer equ.
We define the Source Function:
Jv
S, ==
1% av
Plug it back into the R.T.E, and use tau as spatial coordinate, we get

dl,
dt,

=—I,+85,



Radiative Transfer

MRS - M=

In this form, there is an exact solution

aly _ I,+S
dTv_ Vv Vv




Radiative Transfer
Ty

ﬁﬁﬁ-ﬂ?@ . ﬂﬁ'ﬂl I(1) =1,(0)e ™+ /O S, (m))e ™ dr!

When the source function and absorption is constant, the solution is
L(ty) = L,(0)e™™ +5,(1 —e™™)

In some extreme cases:

e 7,20 >] -8,

e 7,001, - L (0)e ™+ ST,

You can verify this by expanding e ™" and take the first term.



Examples

Limb darkening
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Examples

Dust Extinction

Dust would extinguish photos.
This can be important in e.g. measuring distance.

The original distance modulus is:
m—M =5logD —5

But when there is dust, we should use

m—M=5logD —-5+A
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Examples L MW R,=3.1: dn/da xa-%5, 504 < a < o.2sp,mf"' d
o o 8- Maiolino AGN: dn/da «a=35 504 <a < 10um -

Dust Extinction | £ 4

More importantly, extinction strength o oﬁs’ 4——

changes with wavelength. 2 | | -

In optical, the short wavelength light :‘4 L

usually suffers stronger extinction, :

creating the reddening effect. 2

The wavelength dependence of / .

NS IRENE BN |

extinction i1s called extinction curve. 05 5 g 8 8 1o




Nightmare
Wavelength
o 5 equal to
Scatterlng 3 /\ particle size Catslash/pela
1— /\V/\VI\VAVAVAVA"A"A'A""'-""
. E >
In reality, photons can be scattered - \/ s —
] eometric
o . . . tt :
back into the line of sight, which =~ L2 scattering
: E s
fu*k up everything. ~
. . i bw_z__ <4 --—Mie scatteringr—=-§»
With scattering, our problem is no = _
] /lRaerlqh
longer 1 dimensional. N scattering
- M L IR A e IR S s o

1 P rrRT
Now, we have to consider the 01 02 051 2 5 10 20 50 100

complicated geometry of our target. +—Redlight x/2m = r/A Blue light—>



Water Droplet (r=0.5 um) Water Droplet (r=0.5 um) Water Droplet (r=0.5 um)
90° 90° 90°

180°

270° 270° 270°

Scattering is not only wavelength dependent, but also anisotropic.
Different wavelength / grain size, creates different scattering pattern.

This is very hard to model analytically.



Computer go brrrrrrrrrr

Numerical Radiative transfer

Utilizing Monte-Carlo method and Ray Tracing to solve RTE.
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Radiative Transfer

Summary

« In astrophysics, we often use specific intensity [ erg cm? sr! s1 Hz! | to
describe the strength of light.

 Specific intensity is an intrinsic property of the source.

« Specific intensity is changed by absorption, scattering and emission,
described by radiative transfer equation.

 Radiative transfer effects are often discussed using optical depth.

« Complicated radiative transfer problems can usually solved numerically.



