
1. Are these Bravais Lattices?
In each of the following cases indicate whether the structure is a Bravais
lattice. If it is, give three primitive vectors; if it is not, describe it as a
Bravais lattice with as small as possible a basis.

(a) Base-centered cubic (simple cubic with additional points in the
centers of the horizontal faces of the cubic cell.

(b) Edge-centered cubic ( simple cubic with additional points at the
midpoints of the lines joining nearest neighbours.)

2. Close Packed Lattices

(a) Determine the packing fraction in a bcc lattice.

(b) Determine the packing fraction in an fcc lattice.

(c) Determine the c/a ratio in an ideal hcp lattice.

3. hcp and bcc structures

Sodium transforms from bcc to hcp at about T=23 K. Assuming that
the density remains fixed, and that the c/a ratio is ideal, calculate the
hcp lattice spacing a given that the conventional cubic lattice spacing
a=4.23 in the cubic phase.

4. Graphene
Graphene is a single layer of carbon atoms in a honeycomb lattice with
a nearest neighbour distance of 0.142 nm. How many atoms are in the
primitive unit cell? Describe the unit vectors. How many atoms are in
the primitive unit cell of graphite?

5. Copper Oxide Layers
The common building blocks for most high temperature (high Tc) su-
perconductors are copper oxide layers as shown in the figure below.
Assume the distance between the copper atoms (dark circles) is a.
For simplicity assume that in the third dimension these CuO2 layers
are simply stacked (copper above copper, oxygen above oxygen) with
spacing c , and there are no other atoms in the crystal structure. In
first approximation, the layers have four-fold symmetry; the crystal is
tetragonal.
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(i) tetragonal (ii) orthorhombic

(a) Sketch the Bravais lattice and indicate a possible set of primitive
lattice vectors. What is the unit cell, and what is the basis?

(b) In La2CuO4 one discovers at closer inspection, that the CuO2 lat-
tice is actually not flat; but that the oxygen atoms are moved
out of the plane (up or down) in an alternating fashion (see the
figure above where + means up and - means down. What is the
primitive cell and lattice spacing for this crystal ? What is the
reciprocal lattice ?

6. Germanium
Germanium has the diamond crystal structure. This is fcc with a basis
of two atoms per lattice site at (0,0,0) and (1/4,1/4,1/4). The conven-
tional cubic unit cell edge is 5.62 . Note, this is NOT the length of the
primitive translation vectors.

(a) How many nearest neighbours does each atom have ? How many
next nearest neigbours?

(b) Calculate the nearest neighbour distance.

(c) Caculate the angle between the direction of nearest neigbour bonds.

(d) Calculate the number of atoms per cubic centimeter in Germa-
nium.

(e) Calculate the density of germanium in g/cm3
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