
Phys 366 Mathematical Methods of Physics Fall 2015

Quiz 4 2015 November 3
(100 points)

Problem 1 (100 points) The quadrupole-moment tensor

Q =
∑
j,k

Qjkêj ⊗ êk ,

has components given by

Qjk =

∫
d3r ρ(r)(3xjxk − r2δjk) ,

where ρ(r) is the electric charge density.

This problem deals with a charge distribution that consists of four square tiles lying
in the x-y plane. The tiles have sides of length a, and each has total charge ±Q, which is
spread uniformly over the surface of the tile. The positively and negatively charged tiles
alternate in the four quadrants, as shown in the drawing. It is easy to see that this charge
distribution has zero total charge and zero dipole-moment vector.

(a) (35 points) Find the components Qjk of the quadrupole-moment tensor.

(b) (35 points) Give the eigenvalues (principal components) and eigenvectors (princi-
pal directions) of the quadrupole-moment tensor.

(c) (30 points) Find the orthogonal matrix that transforms from the original Cartesian
basis vectors êx, êy, êz to basis vectors ê′x, ê

′
y, ê

′
z that are the eigenvectors (principal

directions) of the quadrupole-moment tensor. Demonstrate that the quadruple-moment
tensor transforms from the components of part (a) to the diagonal form of part (b).








