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• The scattering of electromagnetic radiation by neutral atoms. 

• For instance, consider a hydrogen atom. The atom consists of a 
light electron and a massive proton. 

• The electron scatters radiation much more strongly than the 
proton, so let us concentrate on the response of the electron to an 
incident electromagnetic wave. incident electromagnetic wave. 

• Suppose that the wave electric field is polarized in the -direction,
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•The electron's equation of motion 

• Second term on the right-hand side represents the perturbing force due to
the electromagnetic wave

• First term represents the (linearized) force of electrostatic attraction
between the electron and the proton
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• We are very crudely modeling our hydrogen atom as a simple harmonic
oscillator of natural frequency . We can think of as the typical frequency
of electromagnetic radiation emitted by the atom after it is transiently
disturbed.

• In other words, in our model, should match the frequency of one of the
spectral lines of hydrogen.

• More generally, we can extend the above model to deal with just about any
type of atom, provided that we set to the frequency of a spectral line.
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• The solution of equation of motion

• The dipole moment of the electron is 
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• By analogy with the treatment made in Thomson scattering, the 
differential and total cross sections are 
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• In the limit in which the frequency of the incident radiation is much
greater than the natural frequency of the atom, above equations
reduce to the previously obtained expressions for scattering by a free
electron.

• In other words, an electron in an atom acts very much like a free
electron as far as high frequency radiation is concerned.

• In the opposite limit, in which the frequency of the incident
radiation is much less than the natural frequency of the atom,



 22

4

sine
o

r
d

d












2

4

3

8
e

o

r























• This type of scattering is called Rayleigh scattering. There are two
features of Rayleigh scattering which are worth noting

(i) First of all, it is much weaker than Thompson scattering

(ii) Secondly, unlike Thompson scattering, it is highly frequency
dependent.

It is clear, from the above formulae, that high frequency (short wave-
length) radiation is scattered far more effectively than low frequencylength) radiation is scattered far more effectively than low frequency
(long wave-length) radiation.



• The most common example of Rayleigh scattering is the scattering of visible
radiation from the Sun by neutral atoms (mostly Nitrogen and Oxygen) in the
upper atmosphere. The frequency of visible radiation is much less than the
typical emission frequencies of a Nitrogen or Oxygen atom (which lie in the
ultra-violet band), so it is certainly the case that . When the Sun is low in the
sky, radiation from it has to traverse a comparatively long path through the
atmosphere before reaching us. Under these circumstances, the scattering of
direct solar light by neutral atoms in the atmosphere becomes noticeable (it is
not noticeable when the Sun is high is the sky, and radiation from it
consequently only has to traverse a relatively short path through the atmosphere
before reaching us). According to the last equation, blue light is scatteredbefore reaching us). According to the last equation, blue light is scattered
slightly more strongly than red light (since blue light has a slightly higher
frequency than red light). Hence, when the Sun is low in the sky, it appears less
bright, due to atmospheric scattering. However, it also appears redder than
normal, because more blue light than red light is scattered out of the solar light-
rays, leaving an excess of red light. Likewise, when we look up at the sky, it
does not appear black (like the sky on the Moon) because of light from solar
radiation which grazes the atmosphere being scattered downward towards the
surface of the Earth. Again, since blue light is scattered more effectively than
red light, there is an excess of blue light scattered downward, and so the sky
appears blue.


