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86 Diffraction I: Directions of diffracted beams

3. The reflection of visible light by a good mirror is almost 100 percent efficient.
The intensity of a diffracted x-ray beam is extremely small compared to that of the
incident beam.

Despite these differences, we often speak of “reflecting planes™ and “reflected
beams” when we really mean diffracting planes and diffracted beams. This is
common usage and, from now on, we will frequently use these terms without
quotation marks but with the tacit understanding that we really mean diffraction
and not reflection.*

To sum up, diffraction is essentially a scattering phenomenon in which a large
number of atoms cooperate. Since the atoms are arranged periodically on a lattice,
the rays scattered by them have definite phase relations between them; these phase
relations are such that destructive interference occurs in most directions of scat-
tering, but in a few directions constructive interference takes place and diffracted
beams are formed. The two essentials are a wave motion capable of interference
(x-rays) and a set of periodically arranged scattering centers (the atoms of a
crystal).

3-3 THE BRAGG LAW

m Two geometrical facts are worth remembering: (1) The incident beam, the normal
; to the reflecting plane, and the diffracted beam are always coplanar. (2) The angle
‘ between the diffracted beam and the transmitted beam is always 26. This is known
i { as the diffraction angle, and it is this angle, rather than 6, which is usually measured
: W experimentally.

As previously stated, diffraction in general occurs only when the wavelength
of the wave motion is of the same order of magnitude as the repeat distance
between scattering centers. This requirement follows from the Bragg law. Since
sin 6 cannot exceed unity, we may write

s BTN R (3-2)
2d’

Therefore, nA must be less than 2d’. For diffraction, the smallest value of » is 1.
(n = 0 corresponds to the beam diffracted in the same direction as the transmitted
beam. It cannot be observed.) Therefore the condition for diffraction at any
observable angle 20 is

J=2d (3-3)

For most sets of crystal planes d’ is of the order of 3 A or less, which means that
i /. cannot exceed about 6 A. A crystal could not possibly diffract ultraviolet radi-

ation, for example, of wavelength about 500 A. On the other hand, if A is very
small, the diffraction angles are too small to be conveniently measured.

* For the sake of completeness, it should be mentioned that x-rays can be totally reflected
by a solid surface, just as visible light is by a mirror, but only at very small angles of
incidence (below about one degree).
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The Bragg law 87

The Bragg law may be written in the form

Ai=i2 G sin 0. (34
n

Since the coefficient of / is now unity, we can consider a reflection of any order as
a first-order reflection from planes, real or fictitious, spaced at a distance 1/n of
the previous spacing. This turns out to be a real convenience, so we set d = d'/n
and write the Bragg law in the form

A =2dsin0 |. (3-5)

This form will be used throughout this book.

This usage is illustrated by Fig. 3-3. Consider the second-order 100 reflection*®
shown in (a). Since it is second-order, the path difference ABC between rays
scattered by adjacent (100) planes must be two whole wavelengths. If there is no
real plane of atoms between the (100) planes, we can always imagine one as in
Fig. 3-3(b), where the dotted plane midway between the (100) planes forms part
of the (200) set of planes. For the same reflection as in (a), the path difference DEF
between rays scattered by adjacent (200) planes is now only one whole wavelength,
so that this reflection can properly be called a first-order 200 reflection. Similarly,
300, 400, etc., reflections are equivalent to reflections of the third, fourth, etc.,
orders from the (100) planes. In general, an nth-order reflection from (hkl) planes
of spacing d’ may be considered as a first-order reflection from the (nh nk nl)
planes of spacing d = d’/n. Note that this convention is in accord with the
definition of Miller indices since (nh nk nl) are the Miller indices of planes parallel
to the (hkl) planes but with 1/nth the spacing of the latter.
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Fig. 3-3 Equivalence of (a) a second-order 100 reflection and (b) a first-order 200
reflection.

* This means the reflection from the (100) planes. Conventionally, the Miller indices of a
reflecting plane hkl, written without parentheses, stand for the reflected beam from the
plane (hkl).





