Some Radiation Theorx
Why?

e The average temperature of a planet
depends on how much energy a planet
receives, and how it stores it.

Variations, like seasons and climate, also depend on
heat is stored and transported.

» We also need basic radiation thcory to
understand the temperature and
luminosity of stars (including the sun).

To begin...




Three ways to transport heat...

e Conduction: random molecular motion.

By a5,

« Convection: larger scale
circulations and turbulence

o Radiation... what is radiation? We
need a little more theory.




Review: Basic Characteristics of EM. Radiation

I. Traveling wave characteristics:

Wave amplitude: e
E= E’o sin(i—n (x — g} )) ﬁr’r?‘ fﬂff 94/ fﬁ’ " /;._r:n/,z
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The frequency and wavclength are related by the

dispersion relation: in vacuo.

Diffraction: waves "bend" around obstacles.

Interference: the am 11tudes of overlapping waves add directly, but the

brightnecs or intensity deEendb on the square of the sum.
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(where this one-dimensional version of the eq. is used for simplicity).
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II. Light Rays, Geometric Optics
Reflection: Equal angles of incidence and reflection as measured from a

normal to the surface. Allows the focussing of light.
Refraction (dispersion): Generally light is bent as it passes through the
boundary between two media. Dispersion results when the bending (or index

of refraction) depends on wavelength A.

Ray optics + waves help us better understand interference.....
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ITT. Particle Aspect of Electromagnetic Radiation:
In addition to its wave nature, electromagnetic radiation also seems to
come in discrete bundles of energy called "photons”. The energy of a photon

depends on the frequency of the radiation via Planck's law:

e =hv = he/k.

This relation connects the wave-particle dual characteristics of

em. radiation.

The particle aspect is most relcvant at high energies, or very low light levels,

i.e. where there are few photons.
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Thermal Radiation (Blackbody, Cavity Radiation)

The theory of the interaction of electromagnetic waves with solids,
liquids, and gases began at about the same time as the "in vacuo" em. theory.

In 1859 Kirchhoff summarized the work to date in 3 empirical rules.
Kirchhoff's Laws ( A-»‘:?l " 1’4‘“4% \

1. A solid, liquid or a gas under high pressure, when heated to incandescence
—

will produce a continuous spectrum.

2. A gas under low pressure, but at a sufficiently high temperaturc, will give

a spectrum of bright emission lines.

3. A gas at low pressure (and low temperature), lying between a hot
e v O

continuum source and the observer, produces a number of dark, absorption

lines on the continuous spectrum.
mm—
(Each chemical element has characteristic emission-absorption lincs.)
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Optical Depth and the
Transter of Radiation

To begin, the photon scattering probability is formalized
by defining the optical depth. The differential optical
depth and the differential scattering probability are
essentially the same,

At=no, Al,

where optical depth is conventionally measured from the
outside-in.

Integral form: = _[ x)o de
path

We also have,

Ar, =P o Al=k p Al
(m)

where <m> is the mean particle mass, and Ky is th= opac ty
in units of m?/kg.




Now consider the radiation flux passing through a small
cylinder in the Sun's atmosphere,

+ I+dl

dx

P

A fraction of the radiation is lost in the cylinder due to
scattering. This equals the scattering probability time Iy.
Then assuming that there are no sources of emission,

Wy =kvp( o )IV.
cos @ cos @

dl

or, cos @ dIV = Iv.
drt

v




This can be directly integrated to get,
1,(7,)=1I exp(—7,/cosb).

The second (exp. factor) is the integral scattering
probability.

Analogy the intensity falls off with T into a stellar

atmosphere just like pressure falls with height in an
isothermal planetary atmosphere.
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