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Problen 1: 15 points

Answer the following guestions:

{a) How is the polarization vector P defined for a medium? Whycan —-V- P betreated asan
equivalent bound volume charge density when P is non-uniform?

(b) How is the magnetization vector M defined for a material? Why can V X M betreated as an
equivalent bound volume cuirent density when M variesin space?

{c) Ampere’s laws are given by

x H =

<1

for static fields, and

=7+ for time-varying fields,
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where | is afree (conduction) current density. Explain why Pl necessary for time-varying fields.

Problem 2: 15 points

A surface charge distribution pg(x,z) existsonthe x — z plane, with no charge anywhere else (i.e.,
p =0 for jy| > 0). (a) Which of the following potential functions, @®; or @,, is avalid solution for the
electrostatic potential in the half-space v > 07 (b) What is the potential function for y < 07 (c)Whatis

the corresponding charge distribution ps(x,z) onthe xz plane?

X ~X
P, = e (__;?f____>

&, = e Ycosx
Problem 2: 10 poinis

An infinite grounded conducting ptane occupies the xy-plane (z = §). Arealinfinite line chargs with
uniform density p; (C/m)is parallelto the y-axis direction and is located at (x,y,z) = (0,0, b). Find

the potential V and electric field E atpoint P = {0,0,b/2}.

Preblem 4: 15 points

Two infinitely long coaxial conducting cylinders of radii a and b { a < b )form a coaxial structure of

length L with L >» b (ignore end fringing)jThe region a < p < b isfilled with a homogeneous

medium of permittivity ¢ and conductivity o.The inner conductor carries free surface charge density

ps at p=a .Theelectric flux density in the medium s

PAsd a
p 7

Model the device between the inner and outer conductors as a capacitor € in paratlel with a resistor

R.

(a)Find € and R.

(b) Find the stored etectric energy and the power dissipated in the medium (express in terms of py,

D{p) = a<p<b 0<z<L.

a,b,L, ¢ o).
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Problem 5: 15 poinis

Consider an air-gapped toroidal core with mean radius p anduniform cross-sectional arsa S.
core material is linear with relative permeability u, ( & > 1 ). Anarrow air gap of length £, iscutin
the core. A coilof N turns carrving current I is wound uniformly arcund the toroid. Assume the
magnetic flux is confined to the core/gap, and neglect fringing so that B is uniform and the same in
the core and in the gap.

(a)Find H and B inthe core and in the air gap.

(b) Find the magnetic energy stored in the core and in the gap.

(c) Find the inductance L of the gapped toroid. FFor the convenience of derivation, you may define an

equivalent length as

11>
’ A:i{_;.uz..,i

Problem 6: 15 points

A uniform time-harmonic plane wave with electric field Eqe /Bo?d, is normally incident from Region 1
onto a lossless dielectric slab (Region 2), as described below:
e Region 1: z < 0, free space with intrinsic impedance 1.
s Region 2 (slab): 0 <z < d , lossless dielectric with intrinsic impedance 17 = 21jg. The slab thickness
is d =2,/8, where A, isthe waveléngth of the wave in Region Z.
s Region 3: z > d, free space again.
(a) Find the overall reflection coefficient seen in Region1at z = 0.
(b) Find reflected and transmitted power fraction R = B./P; in Region 1 and the transmitted power
fraction T = P,/P; in Region 3.
(c} Determine the standing-wave ratic {SWR) in Region 1.
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Problem 7: 15 points

An antenna located at the origin has a far-zone electric field in free space as
cos28
T
with time dependence e/t and intrinsic impedance n, = 1207 O

E=

e FTay V/m
(a) Obtain the corresponding magnetic field H.

(b) Determine time-average power density in units of W/m?2,
(c) Determine the total power radiated by the antenna.
{

d) Determine the radiation resistance of the antenna if the peak of the feed current for the antennais
TA.

{e) Determine the directivity of the antenna.

The following integral may be useful in your calculation:

T
f cos? (20)sinfdl =
o
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