
Physics 129b Homework 6 Due 02/20/20 by 5pm

1. Non-symmorphic space group

Consider the one dimensional pattern as shown in the following figure (extending from left infinity
to right infinity). All the triangles in this pattern are of the same shape.

(a) What are the translation operations that keep the pattern invariant?

(b) What are the point group operations that keep the pattern invariant?

(c) Are there symmetry transformations that cannot be obtained by composing the transformations
in (a) and (b)?

2. The point group C3v is, among other things, the symmetry group of the ammonia molecule NH3,
which forms a right pyramid on an equilateral triangle base, as shown below. AB = BC = CA. O
is the center of the triangle and OD is perpendicular to ∆ABC.
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The symmetry group is generated by a 3-fold rotation c around the axis OD and a reflection σv
with respect to plane OAD.

(a) Show that C3v ' (is isomorphic to)D3.

(b) Show that the molecule can possess a permanent electric dipole moment ~P . What is the
direction of this electric dipole moment?

(c) A magnetic dipole moment, like a magnetic field, is an axial vector. Under reflection symmetry,
it gets an extra minus sign compared to a regular vector (such as electric dipole). For example, under
reflection with respect to the xy plane, the magnetic field (Mx,My,Mz) goes to (−Mx,−My,Mz).
Its transformation under rotation is the same as a regular vector. Show that the NH3 molecule
cannot possess a permanent magnetic moment.

3. The tetragonal lattice can be obtained from the cubic lattice by stretching in the z direction
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such that the lattice constant in the z direction is not equal to that in the x and y direction.

(a) what kind of rotation symmetry does the lattice have?

(b) what kind of reflection symmetry does the lattice have?

(c) Consider a macroscopic property of the material described by a rank two tensor σij such that
σij = σji. How many independent degrees of freedom does the tensor have in a material with
tetragonal lattice symmetry?

4. The O(2) Group.

The group O(2) can be represented as a linear transformation on a two dimensional real vector
space. In addition to rotation operations R(ψ) in the x − y plane, it also contains the reflection
operation S which maps x→ −x, y → y.

(1) Write down the two dimensional representation of the rotation operation and the reflection
operation. What other operations are contained in the group? (hint: R(ψ) corresponds to all 2× 2
real orthogonal matrices with determinant 1. The reflection operation S corresponds to one 2× 2
real orthogonal matrix with determinant −1. When we combine two matrices, their determinant
multiply.)

(2) Show that SR(ψ)S−1 = R(−ψ), so that the group is no longer abelian. What are the conjugacy
classes of this group?

(3) What is the character for each conjugacy class of the two dimensional representation obtained
above?
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