
Condensed Matter Physics II Problem Set 1 - Bonds and Lattices N. Sedlmayr

1. What combinations of s-, p-, and d-orbitals lead to hybrid-orbitals having the following symmetries:

(a) identical bond to two nearest neighbours in a linear chain,

(b) identical bond to three neighbours in a plane,

(c) identical bond to six neighbours arranged octahedrally.

2. For each of the 5 Bravais lattices in 2D:

(a) Write down the defining properties of a possible pair of lattice vectors (relative lengths and angle
between them).

(b) Write down the symmetries of the crystal lattice.

(c) Find a unit cell and a primitive unit cell, and find the number of lattice sites in each.

3. Find an explicit form for the conventional lattice vectors for graphene.

4. Find the crystal lattice, possible lattice vectors, and a unit cell, for the Kagome lattice (figure 4).

Figure 1: The Kagome lattice.

5. Show that c/a =


8/3 for hexagonal close packing of hard spheres.

6. Sketch a few cubic unit cells and draw the following lattice planes within them: (0 0 1), (1 0 1),
(0 1 1), (0 2 1), (2 1 0), (2 1 1), and (1 2 2).

7. Prove that in a lattice of cubic symmetry the direction [h k l] is perpendicular to the plane (h k l) with
the same indices.

8. Show that the spacing d of the (h k l) set of lattice planes in a cubic lattice of side a is

d =
a√

h2 + k2 + l2
.
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9. Consider the face-centered cubic (fcc), body-centered cubic (bcc), and hexagonal close packed (hcp)
structures.

(a) Draw plans of the conventional unit cells of these structures, indicating the height of the atoms as
a fraction of the unit cell height.

(b) What are the coordinates of the atoms in the basis of each structure.

(c) If the structures were formed out of touching spheres, what would be the volume of space they take
up as a fraction of the whole?

Figure 2: Hexagonal close packed unit cell. Source: https://www.e-education.psu.edu/matse81/node/2134

10. To be handed in. A crystal has a basis of one atom per lattice point and a set of primitive translation
vectors (measured in Å):

a = 3̂i , b = 3ĵ , c = 1.5

î+ ĵ + k̂


,

where î, ĵ, and k̂ are the standard unit vectors of a Cartesian coordinate system.

(a) What is the Bravais lattice type of this crystal?

(b) What are the Miller indices of the set of planes most densely populated with atoms?

(c) What are the volumes of the primitive unit cell and the conventional unit cell?

11. For the fcc and bcc structures it is possible to choose a primitive unit cell where the primitive translation
vectors a, b, and c are equal in magnitude, as are the angles between them (a rhomb). Sketch a diagram
for each case showing a, b, and c and calculate the angles between them.
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