Third, and last, exam. Electricity and Magnetism, Spring 2014.
Instructor: Elbio Dagotto. April 21, 2014. Deadline: April 28, 2014; leave solution in my mailbox before noon.
(1) Electric Dipole Radiation.
Consider the linear antenna oriented along the z direction described on page 412 of Jackson, but now for the case of a current given by I(z)=I0 cos( z/d), with |z| less or equal d/2. The length of the antenna is d. 
(a) Find the linear charge density (z) (assume the time dependence is governed by the frequency , as usual).

(b) Using the equations in the book (no need to derive them again), find dP/d in terms of the impedance of free space Z0, the current amplitude I0, the wavevector k, and d.
(c) Find the total power radiated.

(d) From the plane waves produced by this oscillating electric dipole, consider those propagating along the positive y-axis. In what direction points the magnetic field H and in what direction the electric field E? (there is no need to provide the full values of H and E, just the directions). You can use the equations in the book.

(2) Reflection and refraction at interfaces between dielectrics. 

Consider the setup of Problem 7.2 of Jackson (it was also a HW problem). The angle of incidence of the plane waves coming from the left is zero. 

(a) Consider an incident plane wave with electric field amplitude Einc1. Write the boundary conditions at z=0 and z=d in terms of the electric fields of all the reflected and refracted waves in the problem. Write only the useful boundary conditions (some of the equations (7.37) of the book are simply trivial in this case).

(b) Consider the special case where the media 1 and 3 are the vacuum with index of refraction n1=n3=1 and permeability 0, while medium number 2 has n2=2n1 and 2=20. What is the amplitude of the reflected waves in this special case? 
(c) Consider a particular fixed frequency 0 for the incoming plane wave. What should be the thickness d of the intermediate layer 2 in order to originate a /2 phase difference between the transmitted wave with electric field amplitude Etras3 and the incoming wave with electric field amplitude Einc1, i.e. Etras3 = i Einc1  (i=imaginary unit)? Express the result in terms of 0 and the speed of light c.
