Absorption of Radiation by Atmospheric Gases
Wave-Particle Duality

All energy – be it light or particles – behaves both as a wave and as a particle.  Loosely speaking, it propagates as a wave, and interacts with other forms of energy as a particle.  This is called wave-particle duality, and is central to the absorption and emission of radiation by the atmosphere.

It is clear from prisms, refraction, diffraction, rainbows, etc. that light behaves like a wave when it propagates.  We have also said that light contains energy in the form of electromagnetic radiation, and that it propagates this energy at the speed of light.  But when that energy is converted into other types of energy, then it starts to behave like a particle, in that it is absorbed in discrete chunks, called quanta.  One quantum of light energy has the value E = hc, where  is the wavenumber measured in m-1. 

It is not so clear that molecules, atoms, and electrons also propagate as waves, but in fact they do.  It just so happens that the waveform is normally very tightly confined in space, so that it appears to be a single particle.  Instead of describing a particle as having a given position, x, and momentum p, it is described as a “wavefunction”, , which follows the following version of the classic form:
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where E is the particle’s energy, t is time, and V is any potential energy field the particle may be exposed to.   This that if you substitute E = hc and p = h/, you get the old f((x – ct)), which is the wave equation we derived for light.
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