What is spectrum?

Spectral

Continuum + Features

absorption / emission

high res.

low res.



BlaCkbody from scratch

The probability that a system is in the energy level &; is proportional to

system photons in a cavity
mode

energy

temperature

n how many photons are in the mode

a how many modes are in whole space?
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. how many modes are in phase space

E = (E, Ey, E.)

standing wave
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count all modes in phase space nmc
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Stefan-Boltzmann law
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Blackbody is

‘ optically thick if not, call it a graybody

blackbody is not a shape of spectrum
it is an absolute level

@ strongest emission at given frequency
at given temperature

all possible modes are fully occupied
cannot put photons any more

whatever the mechanism is,
when you make an emission

/\/ stronger and stronger,
and reached B(T),

that is the end.




Planck function
you only see the peak of Blackbody

[erg/s/cm?2/str/cm]
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107 - all B look similar
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-y r. W low T blackbody

always lower flux
than high T
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300 ym

30 ym

0.3 ym

gas, clouds
dust

molecular torus of AGN
protoplanetary disk

planet
brown dwarfs

reflected light of stars
asteroids, planets

stars (transit planet)
stars (radial velocity)



Radiation

here, if not decelerated

Oco

Radiative Processes in Astrophysics Rybicki & Lightman Section 3.2



Radiative Processes in Astrophysics Rybicki & Lightman Section 3.2



not informed that particle halted

only one way to connect field lines

Radiative Processes in Astrophysics Rybicki & Lightman Section 3.2



only one way to connect field lines

how much is the thickness
of the transition zone ?

‘ direction of the electric \ '
field? ,/

. how this transition zone \\
develops with time? \ —
explain intensity of electric

field decays as 1/r instead
of 1/r2

‘ where is the strongest part of the radiation?

Radiative Processes in Astrophysics Rybicki & Lightman Section 3.2



What we can take from the cartoon Ra d iati on

1 Eis proportional to u
2 [ is proportional to g

3 radiates
perpendicular to u

\\//%

Dipole approximation
P d> A\\
dQ ~ 4ncd ©

d = er
d = ef

Radiative Processes in Astrophysics Rybicki & Lightman Section 3.2

Dipole moment



Thomson scattering




Thomson scattering

J.J. Thomson David Hilbert

Max Planck









Where is the acceleration comes from?

something that pushes and pulls a charge?

Electromagnetic field!

low-energy photon

Thomson scattering AVAVAVA () free-charge
Rayleigh scattering AVAVAVA _ X bound charge
Compton scattering AVAVAVA = _ free-charge

high-energy photon



Rayleigh scattering




Dipole approximation

1 Eis proportional to v
2 [Eis proportional to g

3 radiates
perpendicular to v

Power
P d?
dQ N 473 sin” ©

WAV
WAL



Dipole approximation

dP d?
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incoming electric field
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Thomson cross section
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Thomson scattering

‘ Why Thomson scattering
is sometims referred to

@ Frequency independent “electron” scattering?

1 Scattering is a re-emission

@ Polarized as in the incident light

& Forward scattering



Radiation transfer
A S W——
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: - we want to find exit /
absorption coefficient

di I=[jds why not?

— = —al+j
ds emission coefficient
1-et = S(1-er) (when no bg)
ads = dt optical depth
J .
S = === source function
a
dl I+S
dr

I =1(0) e* + S(1-e7)

‘ Find above.



Radiation transfer
A S W——
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J
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indeed | =j-ds source function : jnormalized by matter



Radiation transfer
A S W——
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as =1 optical depth we want to find exit /

j I=[jds  whynot?
S = === source function

a 1-e- = S$(1-e7) (when no bg)

= B blackbody
Kirchhoff’'s law

I =1(0) e* + S(1-e7)

exit intensity
never overcomes blackbody

&1 1-e7v~71




Ei n5tei N CO effi Ci e nt how a molecule interact with radiation?

‘ spontaneous ’ absorption , stimulated emission
% emission - N
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1
J= i I | dQ system we are talking about
z 1N
/ -
radiation only
— -

K// thermal equilibrium

averaged out



a molecule or an atom in level 2

A-4 spontaneous
emission

[s-1]

you wait for one second.

how often atoms /
QLY molecule decays to
level 1

note itdecaysto4 nt



Ei nStei N CO effi Ci e nt how a molecule interact with radiation?

‘ spontaneous z absorption , stimulated emission
% emission - \
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27 = up down

4 \
Jn1B12 = n2A21 + Jn2B24

averaged out



1 spontaneous 2 absorption 3 sti|1.|u!ated Jn1812 - _]n2821 + n2A21
| 9 % emission &/ ~~  emission
- P B By1) = mA
n —n =n
1512 2021 221
\VAVAVL = A\VAVAVA, 2
J— Az
nBip — np By
L R e N T g1
A2 B12 B21
ny A
Ny Az ) = n2 By
J— N> Bsq ny By B
g1 B> € n2B21
——exp| — | —1
8> B> T
n, g ( ()
2hy? 1 m g1 PAT7
B = 5 :
C 1% -_
é@zl exp| — | —1 E:&exp(i)
2> 821 kT no 82 T
A21 2hl/3

B2 c? exp(



647413 5 J+1
3hed H 2+ 3

Ax =

electric dipole moment
can be calculated from wavefunction

radiation can only interact with charge

(puting aside magnetic dipole moment)



Line formation

@) optical depth:

when thick, we are always looking at the surface of 7 ~1

\& warmer blackbody has
stronger radiation than
cooler one over all frequency

@ Wwhen the line intensity reached to that
blackgody at the frequency, cannot grow
further.

Blackbody 11K > COJ=1-0lineat10K



Ty molecular line 7~ 0.1

Ti. blackbody

gray body
T - B(T)
T 1

single temperature

T~0.1

> 1
T~1

> 1
> 1



T > T
blackbody

temperature
gradient




® dust (blackbody)
+ molecules (line)

T+ B(T)
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optically
thick

> 1

T~1 optically
thin
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Exercise today

' Stefan-Boltzmann constant /OO x> _ '
o e<—1 15
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‘ Why Thomson scattering is sometims referred

to “electron” scattering? t \,\l\j\v

Thomson cross section

P=(Sor , we did not e*EZ
I P 3T e assume itis an P= 3m?c3
T — <5> — 3 m2c4  electron,

but a charge



Dipole approximation

dP d?
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incoming electric field
E— ¢ Eo sin wt
mr = eE
dipole moment
d=er
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‘ Find Set Z,=l€"
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