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A group of charges distribute uniformly as a thin spherical shell of radius &,
The surface charge density is denoted as P, These charges are inside the region

H

bounded by two conducting :w:phm‘%cztil shells, as shown in the figure. All the sheils

share the same center. The outer cond ucting shell of radius R, is grounded.

Determine the electric field intensi ity and electric potential at R, R, R..and R,

where R >R >R, >R > R, >

2. (10%) A positive point charge Q is located at a distance o 2 bove a very large

grounded conducting plane, as shown in the ﬁgiz{'ﬁ

:?Sm‘ﬂmg that the conducting
plane is on the x-y plane in Cartesian coordinates. Find the electric field intensity at
the point 4 on the plane, where R >> 4

i,

A
\

R
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(10%) An air coaxial transmission line has a solid inner conductor of radius a with
imiﬁbz'm current [ and a very thin outer conductor of inner radius b, as shown in
following figure.

{a} Determine the magnetic flux density Binr < g, and g < » < b, respectively.
(b)Y Determine the stored magnetic energy Wy, per unit ength inr < g, and g < r < },
respectively.

() Use (a) & (b) results, determine the induciance L per unit length,

(a) (6%) Start from Maxwell’s equations, derive the wave equation. Show all of your

works. You need to specify all the assumptions during your derivations in order to

earn full credits.

(b) (4%) A simple solution to the wave equation is called time-harmonic plane-wave
Ex

Write out the general expressions of plane-waves, sain the meanings of all
parameters,
Consider oblique incidence of a TM plane-wave from medium 1 of (g, Mg} into

medium 2 of (&5, yg) with incident za;‘zs;f;ﬁa i,
{a) (4% How are the powers of the incident, reflected and transmitted waves related?
(b) (6%) Derive the value of the incident angle so that there is no reflected wave

Show all of vour works,
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There are N time-harmonic plane-waves propagating in vacuum along the z-direction

with equal electric field amplitude of . where 7 is normalized to represent

the power of each plane-wave. The f{‘eqs,u:m\: difference between any two
plane-waves is f;. Bach plane-wave has it’s own time-invariant phase.

{a) (2%} Write out the general expression for the total electric field.

b {4"?;;@} Plot the power at z=0 for random phases. Be specific on all scales.

o

{c) (4%) Plot the power at 2=0 for equal phases, Be specific on all scale

An electromagnetic wave £, is incident on a planar boundary from air to mediim 1
isz%‘g?sﬁmg material less). The interface is in the xy plane and the plane of incidence
is in the xz plane as shown below

air
fgg, Jigh

mmi tum !

reflecied ware

incident wave

The electric field of the incident wave £ is

Fksméxs koo

= £ (a, cosB+ ja, +a.sinfe”

where £, 1s the electrie field amplitude, & is the wavenumber in air, 8 is the incident

angle, and j = J-1 35 the imaginary unit, The permittivities of air and medium |

are gpand gy, respec

vely, while the permeability of both media is ny. Assume both
media are immwmzw us, i

inear, and isotropic

{a) (49%) E“}ex_ﬂmpow the incident wave E, into perpendicular (TE) £,° and paraliel
{TM) 2 components.

3gg, please find the incident angle 8 (if any) such that the

5
3

> equal 0.58. (Note:sin2¢ = 2singeos
g0, please find the incident angle 6 (if any) such that the reflected

wave 18 linearly polarized,

3

{d) (2% From (o), what is the polarization (parallel or perpendicular or hoth) of the

Y

reflected wave?
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Consider that you observe an object through a lens where you see a virtual image

reduced in size by a factor of M=3/5. The distance hetween the lens and the object i

3 cm. Please answer the following questions,
{3} (3%} Find the distance between the lens and the ima ge (in centimeters). Please

show your calculations.

(b} (3%) Find the focal length  (in centimeters). Be sure {0 snecify the
L E & ¥ b
(¢} (2 %) Which of the fa}iiown‘xg is true?

(1} The lens is converging and the image is erec
(2) The lens is diverging and the image is inverted,

(3} The lens is diverging and the image is erect.

{4} The lens is converging and the image is inverted.

A harmonic plane EM-wave with frequency v = | GHz is propagating in a direction
parallel to the vector < 0, 1, 2 >, The speed of the wave is V =3 x 10'? cm/s. The
wave impedance of the medium is 377 (.

(a) {4%) Find the wave vector k.

(b} (4%) If the phase at the position r = (0, 0, 0y and t = 0 15 7/, write the wave in
terms of a cosine function.

(¢} {495} According to (b}, find the phase at position (0, 0, 3 em) and time 1= 0.1 ns.
() {4%3 If the wave is linearly polarized with the E-field paratiel to the y-2 plane,

find the direction of the E-field.

{e) (4%0) If the imadiance of the wave is | W/em®, what is the amplitude of the

E-field?






