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(1) As shown below, find the vector magnetic potential and the magnetic flux density
at a distant point of two small loops of radius b separated by 2 d that carry
opposite current I (assuming both b and d are much less than the distance R).
(15%)

(2) Consider a hollow metal waveguide that is filled with a medium characterized by
€=2.25 and §-= 1. ~ A kind of propagating modes in the waveguide is described
as
E, (x,y,2)=Ex0(x,y) exp(-y z), where E,(x,y) represents the field distribution in the
transverse direction, and yis defined as y=j [w?p € ~(m 7/ a)* - (n 7/ b)* 2
with the following definitions :
w:equalto2 wf
mandn: can be arbitrary positive integers
aand b:  fixed positive constants
j=en"

Answer the following questions.

(a) What is the cutoff frequency of the lowest-order propagafﬁ‘ng’modc cons1dered
here? (4%)

(b) Draw the dispersion diagram (i.e., the w-@ diagram) for the lowest-order
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propagating mode considered here. (6 %)

(c) Now, assume the filling medium is lossy that ;= 2.25-j 0.1 ( a complex
value). Compute the energy loss per unit propagation distance for the
lowest-order propagating mode. (11 %)

(3) A spherical charge distribution is given by

p = pe(l ~#41d), (r(a)

p= B (r>a),
(a) Calculate the total charge Q. (5 %)
(b) Find the electric field intensity E and the potential V outside the charge
distribution. (4 %)
(c) Find E and V inside. (4 %)

(4) (a) Calculate the force per cubic meter on the dielectric of a coaxial cable whose
inner conductor has a radius of 1 mm and whose outer conductor has an inner
radius of 5 mm. The dielectric has a relative permittivity of 2.5. The outer
conductor 1s grounded, and the inner conductor is maintained at 25 kilovolts.

(12 %)

(b) Show that the electric force near the inner conductor is about 300 times larger
than the gravitational force if the dielectric has the density of water, namely

103 kilograms/meter3 . (5 %)

For the following three questions, no credit will be given without physical and logical
explanations. In your answer, you must use the phrase “Because...... , therefore.....”

Formulas are not very helpful in answering the questions.

(5) Two semi-infinite large homogeneous materials are separated at z = 0. The
material on the left has a positive refractive index and that on the right has a
negative one. A plane wave is incident on the interface with an incident angle of 6
from left to right. Discuss the reflection angle (direction) in the first material and
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‘ the refraction angle (direction) in the second material for the cases of |n,| > |n,|

| and o[ <|n,|. (12%)

m=>0 n<0

(6) a. (6 %) Plot an @-f diagram in which the group velocity of an electromagnetic
wave is larger than its phase velocity. In what situation would an
electromagnetic wave’s group velocity larger than its phase velocity?

b. (6%) Plot an @-f diagram in which the group velocity of an electromagnetic
wave is in the opposite direction of its phase velocity. In what situation would

an electromagnetic wave’s group velocity is in the opposite direction of its
phase velocity?

(7) A laser beam propagating in the z direction has a finite beam diameter in the x-y

plane.
a. (5%) From Maxwell’s equations, prove that there must be z component
electric fields associated with the beam.
b. (5 %) Argue that a laser beam of a finite diameter must diffract.




