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Interaction of Radiation with Matter

Working definitions:

1. Absorption: A photon is destroyed. Its energy is distributed by collisions into other
forms of energy (vibrational, rotational, etc.). The frequency of subsequently emitted
radiation is independent of the frequency of the absorbed photon. [Assuming collision-
dominated,; i.e. that frequency of collisional transitions is much greater than frequency of
radiation-induced transitions. This is the assumption of “local thermodynamic
equilibrium”.]

2. Scattering: The photon changes direction but not frequency.

3. Emission: A photon is created. The molecule emitting the photon loses internal
energy (vibrational, rotational, etc.) equivalent to the energy of the photon.

4. Extinction: All processes that remove photons from a beam of light. Extinction is
the sum of scattering-out and absorption.

5. A beam of light passing through a medium can be:

Depleted by scattering-out-of-the-beam and by absorption.
Augmented by scattering-into-the-beam and by emission.

Interaction of radiation with Earth’s surface and atmosphere
Absorption of solar radiation Mostly at surface, some in atmosphere
Scattering (reflection) of solar radiation Mostly by clouds, some at surface

Emission of infrared radiation Surface, clouds, and atmospheric gases
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Atmospheres of the Inner Planets

50

Mercury Venus Earth Mars

Atmospheric ~0 90 atm. 1latm= 0.007-0.010 atm.
pressure 1013 millibars (mb) | (7-10 mb)
at surface Varies with

season
Surface air -170 night | 480 Average 15 Average -57
Temperature (°C) | +330 day Range -89 to +57 Range

-130 to +30
Major gases - CO,; 97% N2 78% CO; 95%

0O, 21%

Minor gases - N2 2% Ar 1% Ar 1.6%

N, 2%
Gases that absorb | - CO; H,O water CO,
infrared radiation CO, carbon dioxide | H,O
(“greenhouse O3 o0zone
gases”) CH,; methane

N,O nitrous oxide
Notes Covered Radiatively Pressure varies
with clouds | important gases are | because CO,
of H,SO, not the major gases. | condenses out on

polar caps.
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