Physics 440, Fall 2008
Problem Set #2
Due: Friday, September 5

Finish reading Kittel Chapter 2, then do:

1. Mystery lattices
What is the Bravais lattice formed by all points with Cartesian coordinates (n, 1., n3) if

(a) All n; are all even or all odd (not two different lattices, the single lattice that results when all odd and all
even triplets are combined).

(b) The sum of the n; is required to be even?

The questions above may seem goofy, but translate into useful information in the context of X-ray diffrac-
tion.

2. K Chapter 2, Problem 1
3. K Chapter 2, Problem 2
4. K Chapter 2, Problem 4. You may find the math handout useful.

5. Neglect of nuclear contributions to x-ray scattering
Why have we systematically neglected those the contribution to x-ray scattering from the nuclei of atoms?
They too have charge and can thus interact with the electric field of electromagnetic waves such as x-rays.
We can use a simple classical argument to estimate their relative contribution to x-ray scattering. The total
average power radiated by a particle (charge q) undergoing uniform acceleration a is (again, in Gaussian
CGS units)
2 g%a?
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(where c is the speed of light). We know how to related the acceleration due to the electric field to the charge
and mass of a particle.

Praa = 1)

Find an expression for the ratio of the total power radiated by a nucleus to that for an electron (for the same
X-ray electric field strength). What is the approximate numerical value of this ratio? Is the neglect of the
contributions of the nuclei to x-ray scattering justified?

Problems for willing physics grad students

1. Equilibrium shape of crystals
So far we have considered perfect infinite crystals. In reality, crystals have surfaces and have shapes dictated
by the relative energies of formation of various facets of the crystal.

Consider a two-dimensional square crystal of lattice constant a. A crude model for the energy needed to
form a surface (by hypothesis, a crystal plane specified by Miller indices h and k) is the number of ‘bonds’
(whatever those are) we must break to make the surface. Assume that an energy J must be invested to break
a bond; the geometry is shown in Fig. 1.

(a) Show that the surface energy per unit length is
_ J |h] + k|
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Why the absolute values? Suggestion: regard the atoms as point-like.

(2)

(b) Make a polar plot of x(6), where 6 is the angle at which the crystal is cut with respect to a line of atoms.

The equilibrium geometry of a crystal can be predicted from a Wulff plot of the surface free energy (at
finite T) as a function of 8. Draw a perpendicular plane through the end of each radius vector v (0). The
surface defined by all points reachable from the origin (+ = 0) without crossing any such plane will be the
equilibrium shape of the crystal. If there are sharp cusps in ¥ (6) the equilibrium geometry of the crystal
will be faceted, that is, the crystal will not be an amorphous blob or sphere but a polyhedron reflecting the
relative energetics of the various crystal planes.

(c) Sketch the equilibrium crystal shape for our two-dimensional square lattice.
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Figure 1: Model for two-dimensional crystal and geometry used, panel (a). Panel (b): Wulff plot relating surface
orientation dependence of equilibrium free energy to equilibrium shape of crystal.

2. Trigonal lattice: A trigonal lattice is described by primitive translation vectors of the same length and with
the same angle 6 between any two of the three. If we begin (in cartesian coordinates) with the two vectors

a(1,0,0) (3)
a(cos 9,sin0,0) 4)
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(a) Find a3. (a; and a; lie in the x —y plane; pick the z component of a; > 0.) Then find the corresponding
set of primitive translation vectors for the reciprocal lattice.

(b) Demonstrate that the reciprocal space is also trigonal.
(c) Show that the angle 8’ between any pair of these three RL PTVs is given by
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and identify the lattice constant ag;/(21/a) of the reciprocal lattice in terms of 6.



