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5. (15%) Conservation of charge requires that the volume charge density f,(r,t) at any point in
space must be related to the current density J (r,t) in that neighborhood by the continuity
equation ‘

~'U ’t
V-J(r,t)+§£(§%—)=0

(a) (10%) Derive this equation from Maxwell’s equations.
(b) (5%) In arriving at the above equation, which vector identity must be applied? Please
explain it physically.

6. (15%) Consider a plane wave propagating in a simple, nonmagnetic medium characterized
by (o, €). Its electric field is given by

E(r) = (jay — az) Boe ™,
where a, and a, are the unit vectors in the y and z directions, respectively.

(@) (7%) Determine the magnetic field in vector phasor form.
(b) (8%) What are the direction of propagation and the polarization state of this plane wave?
Explain your answers in as much detail as possible.

7. (20%) An optical beam with a power of 1 W at )g =532 nm is normally incident on a
crystalline silicon wafer. The reflected power is measured to be 365.7 mW. The surface on
the other side of the wafer is perfectly antireflection (AR) coated, as shown in Fig. 3. If this
wafer is 10 um in thickness and the optical power passing through it is 0.16298 mW, answer
the following questions in terms of plane wave incidence:

AR coating

Fig.3

(a) (10%) Determine the power absorption coefficient o of this Si wafer.
(b) (10%) Determine the complex permittivity of Si at the incident wavelength.
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Part A: give the answers in detail (50%):

P(0,0,z)

1. Find the magnetic field (E, including its direction and magnitude) on the point P(0, 0, z) of
a uniformly magnetized circular cylinder, having a radius a, length L, and magnetization

—_

M = M2z with its direction parallel to the axis of the cylinder. (10%)

2. The potential at the surface of a sphere of radius R is V=kcos36, where £ is a constant. Find
the potential inside and outside the sphere. [no charge inside or outside the sphere] (15%)

3. Atoroidal coil with the rectangular cross section (inner radius a, outer radius b,
and height ), totally carries N turns. (a) Find the magnetic field (E, including
its direction and magnitude) both inside and outside the toroidal coil. (7%) (b)
Define and determine the self-inductance in terms of a, b, and h. (8%)

4. A sphere conductor of radius a carries a charge O, and it is surrounded by a linear dielectric material of
dielectric constant, e, out to radius b. Find (a) the electric field everywhere (5%), and (b) the energy of
this system (5%).

The following formulas may be helpful.
dx x

3 = :
(x2+y2) yz\/(x2+y2)
Solutions for Laplace’s equations by separation of variables:

(a) Cartesian coordinates V(x,y,z)= i i Cn,me ’ (ZJ +(7) ' sin (m_y) sin (?) ’

Integral: J- \/

a

n=1 m=1

(b) Spherical coordinates (azimuthal symmetry) V(r,0) = Z (A,r’ +%)PZ (cosB).

1=0

!
Rodrigues formula: P(x) = %(i) (x2 —l)l ,

1\ dx
Po(x)=1; P1(x)=x; Pa(x)=(3x*-1)/2; P3(x)=(5x-3x)/2; Pa(x)=(35x"-30x7+3)/8: Ps(x)=(63x°-70x>+15x)/8.

Fourier’s tricks:
a . (nex) . ( mrx
_[ sin sin I =
0 a a
0, if m#n

1 T .
J-_le(x)le(x)abc=_|.0 P(cos0)P, (cos8)sin 8d6 = 212+1’ fme=n EEFarag

0, if m#n

a ,
> if m=n




