Mid-term exam. Electricity and Magnetism, Spring 2014.
Instructor: Elbio Dagotto. March 27, 2014. Deadline: April 3, 2014, before the lecture.
(1) Maxwell Stress Tensor.
(a) Consider a surface in the xy plane, and a static electric field E that vanishes below the surface z<0, and it is at an angle  to the z axis at z>0. Find the force per unit area of the surface.

(b) Discuss the special cases  = 0 and . Do the results make sense? To answer this question imagine as a physical realization of the cases  = 0 and , the electric field of a capacitor with different polarities. 
(c) What do you get for  = /2? This is called “electric pressure” by analogy with the better known case of magnetic pressure at the walls of a solenoid. 

(2) Magnetostatics. 

Consider a sphere of radius a centered at the origin of coordinates, made of a linear material with constant . This sphere is immersed in a constant magnetic field H of magnitude H0 that points in the z direction. There are no currents in this problem.

(a) Find the magnetic scalar potential M, both inside and outside the sphere. Check that it is continuous at the surface.

(b) Find the H field along the z axis. Find the B field along the z axis. Find the magnetization M along the z axis (z>0 is enough in all cases).

(c) Find M, as well as H and B along the z axis in the limit of  equal to infinity. Are they continuous at the surface? Discuss.

(d) Make a sketch by hand (just intuitively based on the results above) of the lines of magnetic field B in this problem.
(3) Skin Depth. In one of the lectures and in the book, the case of a spatially constant magnetic field at the surface of a semi-infinite medium was studied (see pages 219-221) to address the skin depth and eddy currents phenomenon. Find the equivalent of Eq.(5.166) for the H field and Eq.(5.167) for the E field, for the case when the magnetic field H at the surface points along the y axis (instead of the x axis) and has a form Hy(t)=H0sin(t) [instead of cos(t)]. Express the results for H and E using sine functions. This exercise is just to force you once again to redo the skin depth calculation in detail.
