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1. Kittel: Problem 4 page 44

4. Width of diffraction maximum. We suppose that in a linear crystal there are
identical point scattering centers at every lattice point p,, = ma, where m is an inte-
ger. By analogy with (20), the total scattered radiation amplitude will be proportional
to F = % exp[—ima - Ak]. The sum over M lattice points is

1 —exp[—iM(a - AK]

F

T 1-exp[—i(a-AK)]
by the use of the series
M=-1 _I—I"
ME=DI T l-x

(a) The scattered intensity is proportional to |F[*. Show that

sin® ; M{a + Ak)

sin®; {a - Ak)
{b) We know that a diffraction maximum appears when a * Ak = 27h, where h is an
integer. We change Ak slightly and define € in a - Ak = 27k + € such that € gives
the position of the first zero in sin 1M(a - Ak). Show that € = 27/M, so that the width

of the diffraction maximum is pmpurtiona] to 1/M and can be extremely narrow for
macroscopic values of M. The same result holds true for a three-dimensional crystal.

[FP=FF=



2. Kittel: Problem 5 page 44
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Figure 18 Neutron diffraction pattern for powdered diamond. {After G. Bacon.)

5. Structure factor of diamond. The crystal structure of diamond is described in
Chapter 1. The basis consists of eight atoms if the cell is taken as the conventional
cube. (a) Find the structure factor S of this basis. (b) Find the zeros of § and show
that the allowed reflections of the diamond structure satisty v, + v, + v; = 4n,

where all indices are even and n is any integer, or else all indices are odd (Fig. 18).
(Notice that h, k, [ may be written for v,, v;, v; and this is often done.)

3. Kittel: Problem 6 page 44

6. Form factor of atomic hydrogen. For the hydrogen atom in its ground state, the

number density is n(r) = (mag) ™" exp{—2r/a,), where a, is the Bohr radius. Show that
the form factor is f; = 16/(4 + G%al).

4. Kittel: Problem 7 page 45

7. Diatomic line. Consider a line of atoms ABAB . . . AB, with an A—B bond length
of 3a. The form factors are f,, fp for atoms A, B, respectively. The incident beam of
x-rays is perpendicular to the line of atoms. {a) Show that the interference condition
is nk = a cos 8, where # is the angle between the diffracted beam and the line of
atoms. (b) Show that the intensity of the diffracted beam is proportional to {f; — fe &
for n odd, and to |f; + f;? for n even. {c} Explain what happens if f; = f5.



