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LS 2.75-3

Let us defer the orientation effects (or is that defects?) for now and consider scattering from systems
containing just one component, such as pure nitrogen, pure water or pure carbon (as diamond). Even if
each region A and B has identical size, differences in the number of scatterers within can exist due to
normal fluctuations. For a sample of population N, the fluctuation 8N is estimated as VN. It’s easy to
see that a 1% fluctuation should be expected if N = 10,000.

We haven’t said anything about the size of the subvolumes, but we should. It’'s important that the
incident light remain in-phase as it crosses the subvolume. A good size, then, might be A/2, but let’s
choose A for convenience. All our arguments in this section are qualitative anyway. Let’s get the
pressure of a gaseous system that has a number density, v = N/V, corresponding to 10,000/2>.
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LS 2.75-5

This pressure, which corresponds to Earth atmosphere at an altitude exceeding 100,000 ft (according to
a quick Google search), is already sufficient to cause only 1% fluctuations in the particles within a box of
volume A>. On the surface of earth, the fluctuations should be smaller still, yet it turns out even this
density not enough to extinguish all the scattering from the particles. One needs even higher number
densities. For example, the scattering by water is indeed very low; it is easy to show water has a
number density of v ~ 4 billion/A* so 8N/N ~ 0.002%. Such a low level of fluctuations is considered low
enough, and it is often said that:

The scattering of light by a perfect fluid is zero (but no perfect fluid exists).

A perfect crystal, such as diamond also qualifies, but this leads to an interesting point: one cannot get to
a density of many scatterers per A2 if A is very small. Water and diamond both scatter x-rays well, but
one sees the effect of crystallinity (diamond) or molecular correlation (water) in the scattering pattern,
which fluctuates wildly with scattering angle, 0.

Intensity

Returning to the scattering of visible wavelengths, one usually explains it not as fluctuations 8N/N but as
fluctuations in density. This makes it clear that water will scatter more strongly near its boiling point, for
example.
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We should expect an easy time measuring scattering from polymer solutions, but despite their high
mass, one has to reach very high dilutions to measure single particles at once. If you see in the
literature a study that claims to have been performed in the “single particle limit”, it means something
else—e.g., the particles are not interacting, though many are normally detected in the instrument.
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