
Condensed Matter Physics. Assignment 3

Assignment 3: Crystal Lattices

Bravais Lattice

1. A crystal has a basis of one atom per lattice point and a set of primitive trans-

lations vectors (in A0):

−→a = 3̂i,
−→
b = 3ĵ, −→c = 1.5(̂i+ ĵ + k̂),

where î, ĵ and k̂ are unit vectors in the x, y and z directions of a Cartesian coordinate

system. What is the Bravais lattice type of this crystal? Calculate the volumes of the

primitive unit cell and conventional unit cell.

Lattice Types in 3-D

2. If unit cells have the following characteristics

(i) a = 10.8A0, b = 9.47A0, c = 5.2A0. And α = 410, β = 830, γ = 930.

(ii) a = b = 10.73A0, c = 14.3A0. And α = β = 900 , γ = 1200,

identify to which crystal system do these unit cells belong?

Tetrahedral Angles

3. The angles between the tetrahedral bonds of diamond are the same as the an-

gles between the body diagonals of a cube. Use elementary vector analysis to find the value

of the angle.

Wigner-Seitz Cell

4. (a) Prove that the Wigner-Seitz cell for any two-dimensional Bravais lattice is ei-

ther a hexagon or a rectangle.

(b) Show that the ratio of the lengths of the diagonals of each parallelogram face of the
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Wigner-Seitz cell for the face-centered cubic lattice is
√

2 : 1.

Hcp Structure

5. Show that the c/a ratio for an ideal hexagonal close-packed structure is (8
3
)1/2 = 1.633.

If c/a is significantly larger than this value, the crystal structure may be thought of as

composed of planes of closely packed atoms, the planes being loosely stacked.

6. The coverage of a lattice structure is the maximum fraction of the space filled by non-

overlapping spheres centered on the sites of the lattice. Show that the coverage of the simple

cubic lattice is 52 percent.
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