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Blackbody radiation (100-% Emissivity)
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Radiative Transfer Equation (l)
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Ultraviolet: GALEX

Radiative Transfer Equation (l)
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Radiative Transfer Equation (ll)

Optical thickness (no dimension)
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Radiative Transfer Equation (ll)
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Radiative Transfer Equation (ll)
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Optical thickness (no dimension)
7), << ... optically thin

7;,>> 1 ... optically thick (if the particles are
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Radiative Transfer Equation (ll)
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Radiative Transfer Equation (ll)

Source Function (same dimension as )
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in « Radiation Eguilibrium

* Local Thermal Equilibrium

at a single temperature

(Kirchhoff’s law) Radiation Equilibrium




Radiative Transfer Equation (lll)
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% Applications ()

Emission features are seen if
gas & dust are relatively transparent

(optically thin) Radiation
at some wavelengths. To the
Gas & dust observer
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% Applications (I)

Tabs

Absorption features are seen if ice/gas/dust:-

* lie between the observer & background source Radiation

= are not opaque (optically thick) at all wavelengths = 7} bg ) -/ tothe observig
* are colder than the backround source

Gas, dust (+ice)
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% Applications (I)

Internally heated disk
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% Applications (lll): Measuring the amount of

dust/gas
I(out) = e_T)‘I/)\(in)
Stars
(Ter=3000-50000K)
Bossum (T) = 4x1011-3x1015

Ultraviolet: GALEX Visible: Color ©AAQ Near-Infrared: 2MASS
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Scattering
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Protoplanetary disks in scattered light (Benisty+ 2023)




Scattering
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This term is not easy to add as it depends on: s
e [;. from different directions Rayleigh
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 Scattering phase function Mie Scattering
From overhead, the Rayleigh
scattering is dominant, the
Mie scattered intensity being
projected forward. Since
Rayleigh scattering strongly
favors short wavelengths, we
see a blue sky.

Rayleigh Scattering Mie Scattering

Rayleigh
% M'e

S Sl When there is large particulate matter in
* Direction of incident light the air, the forward lobe of Mie scattering i Observer
is dominant. Since it is not very wavelength
dependent, we see a white glare around the sun.

http://hyperphysics.phy-astr.gsu.edu/hbase/atmos/blusky.html

Y Monte-Carlo Simulations

* Using many photons

* Using random numbers to decide
each direction or path length

Select a direction, using the
scattering phase function

=

Select a length, using the probability
for absorption+scattering

‘ Select a direction ’




