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Today in Astronomy 241: radiation and opacity

Today’s reading: Carroll and 
Ostlie pp. 255-269, on 

The radiation field and its 
moments
Opacity, absorption and 
optical depth

At right: dark globule FeSt 1-457, 
the dust in which absorbs and 
scatters starlight from the rich field 
of stars behind it. Near-infrared 
(JHK=BGR) image from 2MASS 
(U. Massachusetts/NASA) 
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The radiation field

The radiation field of starlight is characterized by its intensity.
Specific intensity (per unit bandwidth):
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Energy per unit time, per unit 
wavelength interval (a.k.a. bandwidth) at 
wavelength λ, per unit area, per unit 
solid angle, passing through that unit 
area at angle θ. 

Mean intensity (per unit bandwidth):

Also known as the zeroth moment of the radiation field (see 
below). 
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The radiation field

Note that for isotropic radiation fields, 

Good example of an isotropic radiation field: a blackbody, for 
which the specific intensity is the Planck function:

In spherical coordinates centered on the star, the nth moment
of the radiation field is the integral of the specific intensity
with
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Moments of the radiation field

Flux (first moment): net energy per unit time, per unit 
wavelength interval at wavelength λ, passing through a unit 
area perpendicular to this area.

Radiation pressure (second moment): photon momentum 
transferred per unit time, per unit bandwidth at wavelength 
λ, on a unit area directed perpendicular to this area.
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Warning

I like Carroll and Ostlie’s introduction of the radiation field 
moments; note, however, that in other books on radiative
transfer and stellar atmospheres, 

our mean intensity         is often called Jλ.
what we call Fλ is often called πFλ.
instead of radiation pressure the second moment is often 
written (in our terms) as
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Optical depth and absorption

Mean free path of photons:

Differential specific intensity absorbed:

Optical depth:

1 1
nσ ρκ

= =
where n as usual is number density and σ
is effective cross-sectional area of atom for 
absorption of light (like the area of its 
shadow).

dI I dsλ λ λκ ρ= −
where ρ is mass density, κλ is called the 
absorption coefficient per unit mass or 
opacity, and s is along the direction 
photons travel.
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Optical depth and absorption (continued)

The optical depth (a dimensionless quantity) is a count of the 
photon mean free paths traversed, measuring backwards 
along the photon path. 

As light travels through an absorbing medium, its specific 
intensity is attenuated according to 

Nomenclature: if                              the medium traversed is 
said to be optically thin (thick).
Keep in mind that we are referring to absorption of light, 
not scattering. (Transport of light through a scattering 
medium is rather different than the case of absorption.)
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Today’s in-class problems

First, do problems 9.2 and 9.4. Then derive Equation 9.16.
Answers and/or secrets of the problems we did last class:

Problem 8.4: differentiate n(v) with respect to v, set the 
result equal to zero, and solve for that special value of v. 
Problem 8.6: 
(a) T = 63800 K.   
(b) 
(c) As               the Boltzmann factor approaches 1, so the 
numbers in each state n are proportional to the statistical 
weights,                                       However, ionization will 
happen at some finite temperature, so only the lower 
states will actually reach this limit. 

3 1.74 .N N=
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In-class problems (continued)

Problem 8.9: 

The ionized fraction is really higher than this, as you 
might have expected; the atoms are so close together at 
this density that they’re ionized by their neighbors’s
electric fields (“pressure ionization”).
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