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-~;::_ Some Useful Vector Identities
el

ABXC=zR CxA=C-AxRB VXV XA=TTF A)=T4

A% (B x C)=BA-C)~ ClA-B) TxUV=0

VvV = UV + VTV V-V X 4)= (]

. :.& VoAl = ¢V A+ AT J' VeAdur= fb A - s [(CHvergence theorem)
TRiAI=yT X 4+ T x A 4 F

V AXBI =B (VX A} - A-(VxB J?Ha-ds=§’h~d€ {Siokas’s theoram)
V.9V =TV, § ¢
Cradient, Divergence, Cuil, and Laplacian Operations

t Cartesian Coordinates (x, », z) Cylindrical Coordinates (r, ¢, 2)
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Epherical Coordinates (R, 6, &)
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Please derive the expression of the curl of a vector E in the generalized coordi-
nate’ system {12%:)
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where i, &5, and A4 are metric constants,

The potental withtn a hydrogen atom 1s given by

A M Ax
r

Viry = (i + =

whers A and A are constants. Please find the corresponding charge distribotion
responsible for this potengal. Exelude the arigin from your calculations and
assume a perfect spherg for o hydrogen atom. {5%)

A parellel-plate capacitor consists of two parallel metallic plates separated by 3
uniform distance . The space between the two plaes is filled with a linear
dielectric matarial of a constant permittivity €. Neglecting the fringing efféct, find
quantitadvely and skeich qualitatively the dismibution of polarizaton charge
inducesd in the capacitor when connected i a d-¢ voltage source of Vg (10%)

A cirewlar long wire having radius A& is set parallel 1o a plane conductor. The dis-
tance betwaen the center of the wire and the plane is k. Please derive the capaci-
tor per upit length (Ffm) 15 as (14%)
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Hint: Lise the methed of imare,

We consider field imensities of electromagneric waves in this probiem.

The reguired minimum clectric feld intensity for an AM radio stasion s 25
m¥/m. What i3 the power density associated with this mimmum field? What is
the cormespomding minimum magnetic fieid inensity H? (5%)

The electric field as high as 2<10'! Vim is achieved by a pulse Nd-glass luser.
What is the power density (in W/m?) associaied with this tield? What is the
corresponding magneric field inwnsity HY (5%) :
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Do the {ollowing phase represeniations of free-spase elecnic felds sansfy the
Maxwell’s equations? If zo, find the associated magnetic field. If not, please
explain why? {all in the metangolar coordinate)

E=fEgei {3%)
F o=y Eﬂsm{%—) g 0sxr<a, 0<ysh (8%)

For the two distributions of magnetc vector potential 4 given below, find the
agsociated sources int fres space.
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where kg 15 the propagation constant in free space and » is he radial distance in
the spherical coordinate. (14%:)

~An air-filled waveguide has inside dimensionals of dem x 2em . Along sach a

waveguide, the measured wavelength ?'-,3 of 4 mode is 6 om . Which is this propa-

gauon mode? Determine the associated phase and growp velocities of this mode,
{12%:)

Ler ns consider guided electromagnetic wuves propagating o different comrmuni-
cation channels, '

Please schematically plot the astenmation of electromagnetic waves versus fre-

guency in the case of co-axial cransmission lines. Please explain vour results.
(475)

Please schematcally plot the awenuation of elechomapnetic waves versug fre-

quency in the case of rectangular mesilic wiveguides. Please explain yoar
resaits. {4%h)

Ten personal computers are connected 10 a workstation through coaxial cabies.
The bit rate of transmission of data among these computers is 100 MMz The
whole network was designed well and the performance of the system is beyond a
certain goal, say the error rate << 107°, One personal computer is disconnected
and taken away for other ngages. No exra arrangement 18 made and its connect
g cable iz left in the system alone. Please discuss the communication or
received signals between any persomal compurer and workstation will be. Please
explain possible reasons as much you can. (4%)




