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Overview

e | Basic Radiative Transfer (Intensity, emission, absorption, source
function, optical depth)

e II Detailed Radiative Processes (Spectral lines, radiative transitions,
collisions, continuum processes, Saha-Boltzmann, polarization)
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Short History

e 1802 Wollaston First to observe dark gaps in spectrum: spectral lines

e 1814 Fraunhofer rediscovers lines. Assigns names e.g.,
C (Ha), D (Na1), G (CH molecules), F (H3), and H (Ca1)

e 1823 Herschel realized spectra contain information on composition of
source from flame spectra

e 1842 Becquerel photographs spectra, discovers UV lines beyond the
visible

e 1858 Bunsen and Kirchhoff discover wavelength correspondence
between bright flame emission and dark solar absorption lines. Start of
quantitative spectroscopy.
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Why Radiative Transfer?

Information on astronomical objects in general has to be recovered from
the electromagnetic radiation the object emits and/or reflects.

Spectroscopic observation (remote sensing) and analysis is the only
available method to determine the physical conditions of these
astronomical objects.

To analyze spectroscopic data meaningfully we need to understand how
this physical information is encoded in the radiation

Observational techniques need to be applied to obtain the relevant
properties of the radiation signal.

We need to understand how the radiative signal is modified as it travels
from the object to our instruments.
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Solar line spectrum
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Differences in Spectral Lines
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Molecular lines in the solar spectrum
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In the UltraViolet the Spectral Lines are in Emission
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Spatially Resolved Spectral Lines

Intensity Spectrum Polarization
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Basic Radiative Transfer: Radiation Field
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Basic Radiative Transfer: Radiation Field

27 s
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Basic Radiative Transfer: Local Changes

dE, = j,dV dtdv df (5)
dl, = j,(s)ds
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Basic Radiative Transfer: Local Changes

Sl/ — jy/()é,/ (7)

Js I m2 Hz ! ster !

S0 = ZJV/ Z Ay (8)
gtot _ Iy + ]zl/ o Sﬁ + mSi

1 c
_ = 9

Han Uitenbroek, NSO /SP Introduction to Solar Radiative Transfer | KON OX



Basic Radiative Transfer: Transport Equation

dl,(s) =1, (s+ds) — I,(s) = ju(s)ds — a,(s)I,(s)ds (10)
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Basic Radiative Transfer: Transport Equation

df
——=5,-1, 12
dr, (12)
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Basic Radiative Transfer: Homogeneous Medium
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Basic Radiative Transfer: Through an Atmosphere
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Basic Radiative Transfer: Through an Atmosphere

L) = [ S0 (16)

() = = [ S, (17)
0
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Basic Radiative Transfer: Eddington—Barbier

IF(r,=0,u) = /OOO S, (t)e”rdt/p (18)
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Basic Radiative Transfer: Eddington—Barbier
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Basic Radiative Transfer: Eddington—Barbier
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Basic Radiative Transfer: Limb Darkening
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Molecular Oxygen in the Earth Atmosphere
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Differences in spectral lines
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Invariance of Specific Intensity along Rays

has been defined in such a way as to be independent of
the source and the observer.

dE, = I, cos 0 dt dAdvdQ = I cos 0" dt dA’ dv €Y

dQ = dA’ cos§’/R*
dQY = dA cos§/R?

Back
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Spherical Coordinates
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