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Eat ¥  permittivity g =5 — F/m
permeability Uo =4m X 1077 H/m
light speed c=3x10% m/s
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1. (10%) A capacitor consists of two concentric cylindrical surface, one radius a and
another of radius 4, as shown in the figure. The insulating layer is divided equally
into two semi-cylindrical sections, one filled with dielectric €; and the other
filled with dielectric €.

(a) If the conducting surfaces are the two concentric cylindrical
surface, calculate the capacitance C for a = 1mm, b = 10mm,
g = 10¢gp, €, = 5¢p,and £ =3 cm.

(b) Same as (a) but the conducting plates are on the top and bottom
faces of the cylinder. Find C.

2. (15%) Charge Q is located at a distance » above a grounded
half-plane in the x-y plane and at a distance d from another
grounded half-plane in the x-z plane. Use the image method
to
(a) Establish the magnitudes, polarities, and locations of the
images of charge Q with respect to each of the two
ground planes (as if each is infinite in extent).

(b) Find the electric potential V(x, y, z) and electric field E(x, y, z) at an arbitrary
point P=(x, y, z).

3. (10%) A thin current element extending between z = —L/2 and z = L/2 carries
acurrent I along +z direction through a circular cross-section of radius a.
(a) Find the vector magnetic potential A at a point P=(x, 3, z) located very far

from the origin O. (We assume that r = \/x2 +y2 +2z2 > L >» a)
(b) Determine the corresponding magnetic field H.
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4. (15%) Derive an expression for the magnetic field H at an i
6.
arbitrary point P due to the current shown in the figure. Pofza) D *
If zy =2m, z, = 12m, z = 0 and the current [ = 10A, ",
find H at 7= 10m. i SN
& \\\
Pz )-,__~ .
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5. (10%) A loop (see figure) moves away from a wire i j=—10 ctn—»|
carrying a current I; = 10A at a constant velocity A,@,
u = 8§ (m/s).If R = 5Q and the direction of [, is /1=10A T 1
as defined in the figure, find I, as a function of y,, 25cm h
the distance between the wire and the loop. l " "
YE'

6. (10%) The electric field radiated by a short dipole antenna is given in spherical

coordinates by E(r,0,¢;t) =0 2 sin 8 cos(3m X 10°t — 2nr)  (V/m). Find
r

H(r, 6, d; t).
Formula: Curl v in spherical coordinates:
Uxy e L d(sinfvy) vy A 1] 1 ow a(rvg) 5
" rsing a0 FT) r |sin8 d¢ or
119(rvg) 0v] .
+?[ or a0l

7. (10%) Dry soil is characterized by & = 2.5, u =1 and ¢ = 10™* S/m. At
each of the following frequencies, determine if the dry soil may be considered a
good conductor, a quasi-conductor or a low-loss dielectric; (a) 60Hz, (b) 1kHz, (c)
1MHz, (d) 1GHz.
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8. (10%) A TE wave propagating in a dielectric filled waveguide of unknown
permittivity has dimension a = 10cm and b = 6cm. If the x-component of its
electric field is given by E, = 10 cos(20mx) sin(50xy) sin(3.57 X 10t —
70mz) V/m, determine (a) the mode number, (b) €, of the material in the guide,
(c) the cutoff frequency. :

9. (10%) For some type of glass, the index of refraction varies with wavelength as
n=175-01A (A in pm) where A is the wavelength of light. Given that the
wavelength of red light is 0.7um and that of violet light is 0.4um, determine the
angular dispersion in degrees (as shown in the figure) if the incident white light is
at an angle of 50° on the surface of a prism made of the glass.

Angular dispersion




