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1. A point charge ¢ is embedded in a linear, isotropic, and homogeneous dielectric
medium of infinite extent. Calculate

(a) the electric field intensity E, (2 points)
(b

) the electric flux density D, (2 points)
(c) the polarization vector P (2 points)

(d) the bound surface charge density pg, (3 points)

(e) the bound volume charge density py;, (3 points)

(f) total charge on the surface of the dielectric next to the charge q. (5 points)
(g) total charge which is responsible for the E field. (3 points)

2. The current density vector J changes when passing through an interface between
media of conductivities o1 and os.

(a) Apply the equation of current continuity (4 J.dg = 0) to show the boundary

condition, Ju; — J,, = 0, pertaining to the normal component of J at an
interface. (6 points)

(b) Apply conservative E field (#E-dl = 0) to show the boundary condition,

%}11 — 7‘?22 = 0, pertaining to the tangential component of J at an interface.

(6 points)

(c) Show that electric field intensity E is practically nonexistent in a highly con-
ducting medium oy > g, (8 points)

3. A proton with mass m and charge q is revolving in a uniform magnetic field B7,
(where B > 0) with a velocity T = u,a, + Undg. Determine
(a) the force acting on the proton, (3 points)
(b) the direction of rotation, (4 points)
(c) the radius of the orbit, (3 points)
(d) the time period, (3 points)
(e) the cyclotron frequency, and (3 points)
(f) the distance traveled in one period. (4 points)

4. (a) What are the integral forms of Maxwell’s equations? (4 points)

(b) Derive the general wave equation of the E field from the differential forms of
Maxwell’s equations. (8 points)

(Vector Identity: V x V x F = V(V-F) - V2F)

(c) Under which conditions, the general wave equation will become wave (or Helmbholtz)
equation? (2 points)

(d) What will happen to a plane wave if the wave is propagating in a conducting
medium? (2 points)

(e) What are the definitions of a good conductor and a good dielectric? (4 points)
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9. A very long,
z direction.

thin, straight wire located along the z axis carries a, current [ in the

(a) Find the magnetic flux density and magnetic field intensity at any point in free

Space using Biot-Savart law. Note that explain Biot-Savart law before you do
the calculation. (12 points)

(b) Find the magnetic flux density and magnetic field intensity at any point in a
magnetic medium with relative permeability u, using Ampere’s circuital law.

Note that explain Ampere’s circuital law before you do the calculation.
(8 points)




