Mid-term exam. Electricity and Magnetism, Spring 2014.
Instructor: Elbio Dagotto. Feb. 13, 2014. Deadline: Feb. 20, 2014.

(1) Method of images. 
(a) Consider the case of a grounded conducting plane in the presence of a dipole p at a distance d. Find the image dipole p’ that allows this problem to be treated as a combination of just two dipoles, the real and the image. 
(b) Explain intuitively the result found in (a) by replacing the real dipole by two charges separated by a short distance, i.e. find the mirror image of those two charges and see if their dipole moment matches the result found in (a). In this item (b) just sketches by hand are sufficient. 
(c) If very far from the dipoles we wish to have only a quadrupolar component (no dipolar), what orientation must have the real dipole p?
(2) Green functions. 

(a) From the solution of the homework 2 problem 3 [Jackson 2.2 (a)] (see my solution in the web page if needed), find the Dirichlet Green function GD(x,x’) of the Laplacian operator for the interior of a hollow sphere of radius a. 
(b) Provide an integral solution for the scalar potential xinside the sphere in terms of an arbitrary scalar potential agiven at the surface of the sphere. Assume inside the sphere there is no additional charge (x). The partial derivative that appears in the integral expression must be provided explicitly, as well as the limits of integration, i.e. only amust be left generic.
(3) Separation of variables + polarization. An electric charge of magnitude q is at the center of a sphere made of a linear dielectric material (with radius a and dielectric constant . This sphere is immersed in an electric field of magnitude E0. 
(a) Find the electric potential  inside and outside the sphere. 

(b) Find the electric field inside and outside the sphere. 
(c) For the very simple special case E0=0, calculate the polarization P inside the sphere. (d) Explain intuitively the direction of P in (c) by assuming the charge q is at the center of a tiny hollow sphere, itself at the center of the other sphere. Sketch the polarization charges and the direction of the polarization in this case and compare with (c). 
(e) Find the surface polarization charge pol. Does the result make sense? You may need to use the same “hollow sphere” trick as in (d) for a complete intuitive understanding of this result.
