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The Scattering of Electrons by Atoms and Crystals.
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A New Theoretical Approach RfRy R
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Fig. 1. The notation used for planes and distances,

The scattering of electrons by three-dimensional potential fields, and, in particular, the potential
fields associated with a crystal lattice, is considered in terms of the new approach to physical E%- 1 @ EW a Id""'%"'
optics recently proposed by Cowley & Moodie. The three-dimensional potential field is approximated =
by a large number of closely spaced two-dimensional potential distributions. An expression is
obtained for the wave function on an arbitrary plane of observation for a point source of electrons
at a finite distance or at infinity (parallel irradiation). Particular cases considered are the wave
function at the exit surface of a crystal, corresponding to the image produced by an ideal electron
microscope, and the diffraction pattern, or angular scattering function, of a crystal.

Two methods of approximation to the general expressions are discussed. In the first the wave
function on the plane of observation is expressed as the sum of the contributions of electron waves
scattered 1,2, ...,n, ... times. The contribution from singly scattered waves is shown to be
equivalent to the amplitude distribution given by the usual kinematic theory of scattering.

The second method of approximation corresponds to the successive increase in the number of
two-dimensional distributions by which the three-dimensional potential field is approximated.

It is shown that for the special case, in which only the incident beam and one diffracted heam
have appreciable amplitude in the erystal, the present theory gives essentially the same result as
the dynamical theory of Bethe.

The present theory is particularly suited to the study of the diffraction of electrons by very thin
crysta.ls and crystals containing imperfections. Its applications to matters of practical importance
in this field will be considered in a future publication.

http://www.iucr.org/iucr/ewald-
Acta Crystallogr. 10, 609 (1957) prize/ewald01& Y51
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