Midterm exam number 2. Electricity and Magnetism, Spring 2016. Instructor: Elbio Dagotto. March 31, 2016. Deadline: April 7, 2016, 11 AM. Leave in mailbox of instructor. Maximum number of points is 20.
 (1) Magnetostatics (8 points). Consider two concentric spheres, one of radius a and the other of radius b, with b>a. In between the spheres there is a hard ferromagnetic material with a constant magnetization M = M0 ez, where ez is the unit vector in the z-axis direction. There are no currents in this problem. In class, and in book, we solved the problem of a single sphere with a constant magnetization using the expansion of 1/|x-x’| in spherical harmonics. Now follow similar steps to answer the following:

(a) Identify the sources of magnetic scalar potential M. 

(b) Find M in the three regions r<a, a<r<b, and r>b. Do the results make sense? Check that the results for M are continuous at the surfaces. 
(c) Find the H field and B field along the z axis in the three regions (consider only z>0). Are the results for these Hz and Bz continuous at the surfaces? Discuss.
(d) Make a crude sketch by hand (just intuitively and based on the results above) of the lines of magnetic fields H and B. Do this not just along the z axis but involving the actual spheres: a two dimensional planar cut is sufficient by symmetry.
(2) Maxwell Stress Tensor (6 points). Consider a capacitor. The lower plate, oriented as the x-y plane, has a surface charge density – and is located at z=0. The upper plate has + and is located at z=d. In addition to the electric field of the capacitor, in between the plates there is a plane wave with electric field E = -E0 cos(t) ez and magnetic field B = -(E0/c) cos(t) ey , where ez and ey are unit vectors along the z and y axes, respectively (effectively we have considered the k=0 case under the assumption that the wavelength is much larger than the size of the capacitor). Outside the capacitor there are no fields.

(a) Find the time-averaged force on the lower plate via the use of the Maxwell stress tensor. Does the result make sense?

(b) Now do not carry out the time average, but find the time dependent force on the lower plate. Can this force point in the direction opposite to that natural in the capacitor i.e. without the plane wave? 
(c) In particular, if E0 is much larger than the magnitude of the force in the absence of the plane wave, what is the maximum value of the force when pointing down? If the capacitor were discharged i.e.  = 0, can the plane wave exert any force on the lower plate even if not time averaged? The curious observation of this problem is that it is the combination of the two effects, i.e. a static electric field in the presence of a plane wave, that allows for this “wrong sign” force to exist. 
(3) Skin Depth (6 points). In a lecture and in the book, the case of a spatially constant magnetic field at the surface of a semi-infinite medium was studied (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 problem/exercise is just to force you to do the important skin depth calculation in detail.
