Physics 406
Problem Set #10: DUE Thursday Nov. 29 2007

Problem 1: Complete Problem 3 from P.S. #9 — “Radiative decay of an oscillator”

Problem 2: Scattering of electromagnetic waves

Consider an electromagnetic plane wave incident on a bound charge, modeled as a simple
harmonic oscillator. The field will cause the charge to oscillate. The oscillating charge
will radiate, as we calculated in the previous problem. Thus the incident plane wave will
be “scattered” into other directions. This problem explores some of the basics.

Power scattered

(a) The “scattering cross section” is defined, o = - - — .
Incident intensity

Show that the differential scattering cross section by the charge on a spring, per solid
angle, is
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where « is the polarizability of the charge on spring, and 0 is the angle between the wave
vector of the incident wave and that of the scattered wave.

(b) For frequencies well above resonance, we can ignore the binding by the spring, and
the electron is effectively free. In case, show that
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1s the “classical electron radius”.
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This is known as “Thompson scattering”. Note the scattering cross section is
independent of the frequency of the incident wave. Also note, this formula breaks down
when the wavelength is so short that the energy of the photon is on the order of the rest
mass of the charge. At that point quantum mechanics kicks in, and the process is known
as “Compton scattering”.

(c) For frequencies well below resonance, the polarizability is approximately that of a DC

field. In case, show that
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This is known as “Rayleigh scattering”. Note that the scattering cross section is highly
frequency dependent.

(d) Rayleigh scattering tells us that the sky is blue and sunsets are red. Explain.



