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1. (10%) A square of side w carries a surface charge density ps(x,y, 0) = polxyl, as shown in Fig. 1.
- Please find the electric field intensity above the center of the square E(0,0, z), for z > 0.
2. A point charge Q with mass m is located at distances a# and £, respectively, from two grounded
2

perpendicular conducting half-planes, as shown in Fig. 2, where a = 2 > 1. After releasing the
2+7

charge from rest, please determine, (ignore radiation loss)

(a) (10%) how long will it take for the charge to strike a plane, and |
(b) (10%) the position where the charge will strike.

3. Apoint charge Q is located at a distance £ from a plane interface at z = 0, which separates two semi-
finite dielectric media with dielectric constants €; and €,, as shown in Fig. 3(i). To determine the
electric potential V(x,y, z), the image method could be used, as follows. For z > 0, the potential is
determined by adding an image charge Q' at the symmetrical position, as shown in Fig. 3(ii), and both
Q and Q’-act with dielectric constant €;. For z < 0, it is determined by adding an image charge Q"' at
the position of actual charge Q, as shown in Fig. 3(iii), and both Q and Q" act with dielectric constant
€,. The values of Q' and Q"' must satisfy the boundary conditions at z = 0. Please determine,

(@) (10%) the values of Q' and Q"

(b) (6%) the electric potential V (x, y, z), and

(c) (10%) the polarization-charge density on the interface.

4. (10%) As shown in Fig. 4, a conducting circular loop of radius b is next to an 1nf1mtely long straight
conducting wire, but they are not coplanar. The shortest distances from the wire to the loop center and
the plane where the loop exists are € and £ sin 8, respectively. Please determine the mutual inductance
between the loop and wire.

5. (12%) A uniform plane wave of an angular frequency w is incident from air on a flat perfect conductor
at an angle of incidence 8; with parallel polarization, as shown in Fig. 5. Please find the surface charge
density ps and surface current density J on the conductor, in terms of the magnitude of E;, Ejo.

6. (10%) Beginning with the Maxwell’s equations, please show that the propagation of an
electromagnetic wave in a source-free nonconducting simple medium is transverse. That is, show
that E and H are perpendicular to each other, and both are transverse to the direction of propagation.

7. For a ferromagnetic material,
(a) (4%) Please draw a hysteresis loop and explain hysteresis, and
(b) (8%) define hysteresis loss, incremental permeability, residual flux density and coercive field

intensity in accordance with the hysteresis loop in 7(a).
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