MIDTERM EXAM
Physics 140A— WINTER 2013

Instructions: Do any six of the eight problems. (All are worth the same number of points.)

[1.] Numbers! Numbers! Numbers!

a) What is a typical spacing between atoms in a crystal (in meters)?

b) What is the wavelength of visible light (in meters)?

c) What are the energy levels of the Hydrogen atom in eV? In Joules?

d) What is the mass of the electron (in kg)?

e) What is the mass of the proton (in kg)?

f) What is Avogadro’s Number?

g) What do you get when you multiply Avogadro’s Number by the mass of a proton (in
grams)? Why?

[2.] The primitive lattice vectors of a BCC lattice are
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a) Compute the volume of the unit cell.
b) Compute the reciprocal lattice vectors.
¢) Compute the volume of the unit cell of the reciprocal lattice.

[3.] Given a crystal lattice defined by primitive lattice vectors @; and reciprocal lattice
vectors 51

a) What must be true of the incoming and outgoing momenta k and k' to get a Bragg peak?
b) The “Ewald construction” begins by considering the incoming x-ray wave vector k with
its tail at the origin and drawing a sphere centered at the tip of k and passing through the
origin. Show that G = k' — k must lie on this sphere to get a Bragg peak. You can assume
the scattering is elastic.

[4.] What is graphene and what is its structure? Is it possible to describe the atomic positions
without using a basis? That is, can you write the atomic positions as R = ny d; + no do with
ny and ny any integers and d;, do two primitive lattice vectors? Prove your answer.

[5.] One way to describe a crystal lattice is via the families of parallel planes which contain
infinite numbers of atoms. Show that, given such a family with separation d, there are always
reciprocal lattice vectors perpendicular to these planes, and that the shortest one has length
27 /d. For this second part, it is sufficient to do a couple of examples.



[6.] Consider a collection of eight masses m connected by springs of spring constant k& with
periodic boundary conditions.

a) What are the eight normal mode frequencies?

b) What are the eight normal mode vectors?

c) What is the physical interpretation of the mode (11111111)? How would you justify
the fact the excitation energy is zero?

d) Some of the normal mode frequencies are degenerate. The normal modes that we wrote
in class for those frequencies have entries which are complex numbers. Yet we expect the
positions of the masses to be real. Is this a difficulty?

[7.] Words! Words! Words!

a) Why do we call the vibrations of a crystal lattice “phonons”?

b) What are the two branches of the phonons which arise when there are two different mass
atoms in the unit cell called? What is the origin of the name of the branch which comes in
to non-zero w as ¢ — 07

c) What is the difference between a transverse and a longitudinal wave?

d) What are “periodic boundary conditions” (pbcs)? Why are they useful? (If you like,
answer this question about usefulness in terms of the consequence of the use of pbcs in our
mass-spring problem.)

e) What are “Miller indices”?

[8.] Programming-related stuff!
a) Suppose the components of a vector are
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What would you get (roughly) if you computed the participation ratio?

b) What is the basic idea of root finding by the bisection method? If you start out with two
bracket points separated by a spacing Az = 1, to how many decimal places will you know
the root after 20 iterations? (Hint: 2'° = 1024.)

¢) Consider a collection of random numbers 7; which are uniformly distributed 0 < r; < 1.
What is the definition of the nth moment? What is its value?



