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1. A filamentary conductor is formed into an equilateral triangle with sides of length R carrying
current I.  Find the magnetic field intensity at the center of the triangle. (14%)

2. A large, charged, flat metal plate w1th a hemlsphencal protrus1on of radlus D, is placed on the x-y
plane. An equally and oppositely charged (surface charge density -o,) plane conductor is situated
on the plane z=d, as shown in the figure below, where D<<d. Find the electric field in the space
between two plates and the distribution of charge on the plate with the protrusion. (18%)
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3. An infinite chéckerbﬂo—a”lrdwi;:chg;-}; pl'é;ev are supplied with the potential distribution such that the
black squares are at potential +V, and the white squares are at potential —Vy, as shown in the
figure below. The width and the height of each square is H.  The plane parallel to and above
this plane at z=L is maintained at zero potential.
plane and z=L plane.  (18%)

Find the potential at all points between z=0

(z=0 plane)
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4. An equilateral triangle lobp of wire, with sides of length R, lies in the second quadrant of xy plahe, having

a nonuniform time-dependent magnetic field, B(x, y,t) = kxy?t32, where k is a constant. Please find the
emf induced in the loop (10%).

5. An infinitely long cylindrical tube of radius @ moves at constant speed v along its axis. It carries a net charge
per unit length A, uniformly distributed over its surface. Surrounding it, at radius b, is another cylinder,
moving with the same velocity but carrying the opposite charge (-1). (a) Please explain what the Poynting
vector, S, is (4%). (b) Find the power transported by the fields across a plane perpendicular to the cylinders
(6%). ]

6. (a) Calculate the light reflection (%) from a boundary of air and glass if the light is incident normally from
air into the glass (nglass = 1.5) (5%). (b) Regarding the reflection (R) and transmission (T) at oblique
incidence, if the incoming light meets the boundary (refractive indexes, n; and nz, are 1 and V3,
respectively) at an incident angle of 60°, calculate the R and T (5%).

7. Regarding the electromagnetic waves in conductors, if the Maxwell’s equations and plane-wave solutions
are given as follows,

Maxwell’s equations: (v E=0; (i) V- B =0; (ili) Vx E= —aa—f; (iv) Vx B= usz—f + uaf

Plane-wave solutions: £ = E’oei(f‘z“"t); B= Eoei(f‘z""t), where k, o, 4, and ¢ are complex wave number

(k+ix), conductivity, permeability and permittivity, respectively.

(a) Derive the skin depth (d) in terms of , &, y#, and o; also describe its physical meaning (10%).

(b) Derive the real amplitude ratio of Bo/Ey in terms of w, ¢, 4, and o, and describe the physical meaning of a
complex wave number (10%).

The following formulas may help.

+The components of EM wave in waveguides for £, Ey,‘ By, and By, as well as the uncoupled equations.
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where o, ¢, and k are angular frequency, light velocity, and wave number, respectively

#Fresnel’s equations for the case of the polarization of the incident wave in the plane of incidence.

Eor = ( ﬁ) Eo; Eor = (a+ﬁ) Eor a= COSGT; p=ftt

cosOp HaVUsp

where 6y, Or, u, v, and the suffixes of “1” and “2”, denote angle of incidence, angle of refraction,
permeability, light velocity in media, medium for incidence, and medium for transmission, respectively.
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