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X-RAY SCA TIERING BY ATOMS

1.1 CLASSICAL SCATTERING BY A FREE ELECTRON 

When an x-ray beam falls on an atom, two processes may occur: (I) the 
beam may be absorbed with an ejection of electrons from the atom, or (2) 
the beam may be scattered. We shall first consider the scattering process in 
terms of classical theory. The primary beam is an electromagnetic wave with 
electric vector varying sinusoidally with time and directed perpendicular to 
the direction of propagation of the beam. This electric field exerts forces on 
the electrons of the atom producing accelerations of the electrons. Following 
classical electromagnetic theory, an accelerated charge radiates. This 
radiation, which spreads out in all directions from the atom, has the same 
frequency as the primary beam, and it is called scattered radiation. 

We shall first consider the scattering from a single free electron following 
classical theory. One might suppose that this is a waste of time, since we 
know that x-ray scattering does not follow classical theory. Experimentally 
we observe both an unmodified scattering with the same wavelength as the 
primary beam, and a Compton modified scattering with a longer wavelength. 
Classical theory predicts only the unmodified scattering. However, there are 
several reasons why the intensity of classical scattering is extremely important 
for much of what we shall do. (l) The correct wave mechanical treatment of 
scattering shows that the sum of the intensities of unmodified and modified 
scattering from each individual electron in the atom is closely equal to the 
classical intensity per electron. (2) The quantitative unit in which it is 
convenient to express the scattered intensity from a sample is the electron 
unit. An intensity in electron units / eu is the intensity from a sample divided 
by the classical intensity from a single electron. (3) The polarization of both 
the unmodified and the modified scattering is given correctly by the classical 
treatment. 

Let us consider a single free electron at the origin of Fig. I. I, with an 
unpolarized primary beam directed along the X-axis. We are interested 
in the intensity of scattered radiation at a point P which is at a distance R from 
the electron at an angle cf, with the X-axis. We choose the other axes so that 
the point P is in the X Y-plane. Since the primary beam is unpolarized, the 
electric vector takes with equal probability all orientations in the YZ-plane. 
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