BYXBALAtT—LEREBRELHANEH X AAR

FHE 4% BHEQ12) saam: N 548218 BI3H
Lrp EFmELLA @i ¥a 4. Rt 22K

KAEEAT, MR - AR A (R5) SUEAS E2 Al A RA B R E AR

(g, =410 H/m, &, =8.854x10" F/m)

1. The bound volume charge density p, presents the equivalent free charge
density for bound dipole charges in an ideal dielectric material such that we can
treat the associated electrical problems as it in the free space. For such a

dielectric, if free charges were also embedded in the dielectric with concentration
of p, (in addition to the bound charges), show from the Maxwell equations for

electric field in free space that the equation V-D= p, is valid for dielectric

material, i.e., the electric flux density is determined entirely by the free charge
density p, in dielectric, not directly related to its bound charge density. (hint:

Pp=-V- P where P isthe polarization vector. (15%)

2. In a free space, a uniform distributed, positive spherical charge Q of radius a is
placed at the center of a spherical dielectric shell of inner radius b and outer
radius ¢. The dielectric constants are &, and &, (& >¢g,) for central sphere
and shell, respectively. Determine (a) the electric field E (b) electric flux
density D (c) potential ¥ and (d) polarization vector P in the region
0 <r<x. (e) Draw carefully the intensities of electric field, electric flux density
with distance r with special attention on their values at the interfaces. (20%)

Fig.3
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3. A long cylindrical conductor of radius b carrying a uniform current / in the z
direction has a cylindrical hole of radius a along its entire length, as shown in Fig.
3. The center of this hole is offset from the center of the conductor by a distance

d. Find the magnetic flux B at any point P inside the hole. (15%)

4. A solid cylindrical conductor of radius a carries a steady current / distributed
uniformly over the cross section. The expression for electrical potential is
1

Ex b = , (a) what is that for magnetic vector potential 4 as a function of
ne’ r :
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current for a conducting wire. Using this formula to find (b) the vector potential

A for r>a and r<a, respectively, and (c) the corresponding magnetic flux
B directly from the vector potential 4. (15%)

5. A linearly polarized plane wave from the vacuum strikes on a xy-plane interface
of lossless dielectric &, (refractive index n,.) at an incident angle 6,. (a) If the

incident electric filed is E(x,y,2,0)=4,E, exp(—- jk, -?)-exp(ja)t), and the

complex reflection coefficient, transmission coefficient, refracted angle and
vacuum wave number are given as p, 7, 0, and k,, respectively. Using

these parameters to write down reflected and transmitted electric fields E,, E,.
(b) Find the incident magnetic field H ,» reflected magnetic filed H ,, and

transmitted magnetic field H , with additional parameters of coordinate unit

vectors a,,d,,d, and the intrinsic impedances n, and 17),.

ny, €
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(n—Je, nl—,/sl ) (15%) i
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6. Since tangential field is continuous in source-free interface, using electric field
boundary condition at interface and the field expression in problem 5 to prove
the Snell’s law (refraction law) and reflection law. (20%)




