Second Mid-Term Exam of Electricity and Magnetism, Spring 2013, UT Knoxville. Instructor: Elbio Dagotto. Exam given on April 4, 2013. Deadline April 11, 2013.

(1) Consider a magnetically “hard” material in the shape of a cylinder of length L and radius a, oriented along the z axis. The upper half of the cylinder, say from z = 0 to z = +L/2, has a permanent magnetization M0 pointing along the positive z axis, uniform throughout its volume. The lower half of the cylinder, say from z = -L/2 to z = 0 has the opposite magnetization -M0, i.e. pointing along the negative z axis, also uniform throughout its volume. This problem is a variation of Problem 5.19 (a) given in the homework.

(a) Describe qualitatively where the sources of magnetic potential M are located and what signs they have. (b) Calculate explicitly the potential M(z) at all points along the z axis, both inside and outside the cylinders. (c) Make a graph (with a graphing calculator) of M(z) vs. z. Does the shape of the curve have the expected symmetries? (d) Make a sketch by hand of H(z) vs. z, and discuss symmetries and discontinuities if any.

(2) Consider an infinite solenoid of radius a oriented along the z-axis (this axis is in the center of the solenoid). Let us call B0 the field inside this solenoid. (a) Calculate the Maxwell stress tensor and write it as a 3x3 matrix. (b) From the formalism in Eq. 6.122 of the book calculate the net entire force produced by the magnetic field B0 on the wall of the cylinder (neglect the ends of the solenoid since it is infinite). Is the result reasonable based on symmetry arguments? (c) Now repeat the calculation but for “half” the wall of the cylinder namely focus on just the half with positive x coordinate. What is the value of the force now? Is the direction reasonable based on symmetry arguments?

