NAME SOLUTION S

FIRST EXAM
MSE102
Thursday September 30™ 2010

One side of an 8.5x11" sheet and a calculator is allowed. Closed book and notes.

1. SHORT ANSWER QUESTIONS
a. Why do atoms form bonds? What are the relevant interactions among atoms that result in the

formation of bonds. Give an example of a material and the type(s) of bond found in it. [6]
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b. What is the relationship between a real space lattice and the corresponding reciprocal lattice? [4]
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C.

Are the reciprocal lattices of a simple cubic lattice (lattice constant a on a side) with a basis of
one atom and a simple cubic lattice (lattice constant a on a side) with a basis of two atoms, the

same or different? Explain. [4]
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d. For the crystal structure shown to the right, vanadium ions are the electropositive ions and
oxygen are the electronegative ions of the square pyramidal polyhedra which are interleaved with
the Pb ions shown as balls. What is the stoichiometry of this material? Explain. [6]
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e. Consider a set of planes of the form (hhl). What is the zone axis of this set of planes? [4]
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f. How does one determine the stereographic projection of a single crystal sample? Explain with a
diagram. [6]
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2. Consider 3D lattice below composed of two types of atoms (dark and light). Layers of this two
dimensional pattern on the left are stacked on top of one another a distance ¢ apart as shown on the
right.

(a) Sketch the Bravais lattice.[2]

(b) What are the primitive translation vectors? [6]

(c) Sketch the unit cell. [4]

(d) What is the basis? [3]

(e) Write down a general expression for a reciprocal lattice vector for this structure. [3]

(f) Sketch and label lengths on the reciprocal lattice. [4]

(g) If some of the light atoms are actually displaced above the plane of the dark atoms and other
light atoms are displaced below as indicated by the + and - signs by a distance 8<<«a/2, what is the
primitive cell and lattice for this new lattice? [3]
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(h) What is the corresponding reciprocal lattice? [3]
(i) What can we say about how distortions in the crystal lattice affect the reciprocal lattice? [2]
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