
WEDNESDAY, 7 OCTOBER 2015

MATRL 100A: Structure and Properties I, Problem Set 2

This problem set is due in lecture on Wednesday, Oct 14th in hard copy. Please write neatly, show your
work clearly, and include units in all answers. While you are free to discuss this problem set with your
classmates, the product that you turn in must be your own work. Do not copy or paraphrase each other’s
work.

Chapter 3

1. A primitive unit cell is constructed such that it contains the minimum number of atoms necessary
reproduce the crystal structure. A conventional unit cell may contain more atoms and is constructed
in order to better visualize the symmetry of a crystal structure.

(a) Sketch the 2D primitive hexagonal unit cell (two equilateral triangles, back-to-back) and then
place atoms at all the corners. Make a sketch to verify that tiling such an object does indeed
create a single close-packed layer of atoms. Draw the conventional (hexagon-shaped) unit cell
on your drawing in dotted lines. How many atoms are in the primitive cell? How many are in
the conventional cell?

(b) Now sketch another primitive hexagonal cell and place an atom in the middle of one of the
equilateral triangles. Tile this to verify that another close-packed layer is created.

2. Show for the body-centered cubic (BCC) crystal structure that the unit cell edge length a and the
atomic radius R are related through a = 4R√

3
.

3. The atomic radius of FCC calcium is 0.197 nm. Find the relation of R to a for the FCC structure type
and calculate the volume of the unit cell in cubic meters.

4. Prove that the atomic packing factor for the hexagonal close packed (HCP) structure is 0.74.

5. Calculate the radius of an iridium atom, giving that Ir has an FCC crystal structure, a density of 22.4
g/cm3, and an atomic weight of 192.2 g/mol.

6. Using atomic weight, crystal structure, and atomic radius data tabulated inside the front cover of
the textbook, compute the theoretical densities of copper, calcium, tungsten, and magnesium, and
then compare these values with the measured densities listed in this same table. The c/a ratio for
magnesium is 1.624.

7. Rhodium has an atomic radius of 0.1345 nm and a density of 12.41 g/cm3. Determine whether it
has an FCC or BCC crystal structure.
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