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True-False questions, For each correct answer you get 1 point, while for each incorrect answer, you lose 1 point. You can
leave one or more guestions unanswered, and in which case, you wiil ncither gain nor lose points. Your total score for this
problem will not be less than zero. Please fill in “T* or “F” in each box, or leave it blank as unanswered. (15%)

(&) There is no angle of incidence for which exactly 100% linearly polarized white light can be produced by reflection ofl a
piece of glass,

(b) The Poynting vector for a standing EM wave at an instant may not be zero, but the time-averaged Poynting vector for a
standing EM wave is always zero.

(€) Atime-varying magnetic field can exist in the interior of a perfect conductor,

(d) Conduction and displacement curtent are out of phase for time-harmonic fields.

(€) There is no energy dissipation in a medium when the electric field £ and the free current density jf are out of phase
by n/2 radians.

(f) A wave is incident at an angle 0, on a plate of dielectric backed by a perfect conductor. To avoid multiple reflections, the
skin depth of the conductor should have a valug of 3/4. (A is the wavelength of the incident wave).

(g) When the magnetic flux through an open surface attached to a conducting loop is zero, there can not be an electromotive

force induced in that loop.
(h) To perform half-reflection and half-transmission for the power of an incident light wave at normal incidence on the
interface between two dielectrics, the ratio of the index of refraction should be ~ 5.83.

(i) Transverse electromagnetic waves can net exist in a single-conductor hollow (or dielectric-filled} waveguide of any

shape.

(;) Two conducting wires with identical dimensions. The self-conductance will be the same even when they are made of

different metals.
(k) Compared with a perfect reflector, sunlight exerts twice of the pressure on a perfect absorber.

(1) 1f a water wave travels at a speed that is proportionai to the squarc root of its wavetength; the wave (phase) velocity of

water wave is half of the group velocity.

(m) Polaroid sunglasses, with the transmission axis horizontal, can help to reduce the glare from puddies on the road.

{1) The radiation pattern of all linear binomial arrays sidelobeless.

(0) A circular optical fiber has no cutoff frequency.
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- A circularly polarized wave, with the average power c]cnsil}* of H0mWam', incidents onlo onc side of a triangular prism,

whose cross-section is an equilateral triangle (Af = B A} The direction of prapagation is perpendicular to the axis of

the prism as shown in the foltowing figure. Assume that the incident wave bas a wavelength much smaller than the dimension
of the prism and the material parameters for the prism ave: & =3, 5 =

questions. (12%)

Absorption

(a) Tind the incident angle 8; so as {o produce a linearly polarized wave reflected rom plane AR,
(b} Calculate the average power density {or the rellected wave found in ().

(¢} What is the polarization state for the transmitted wave in the prism?

(d} Find the characteristic impedance for the absarption layer on plane B3O 5o as to absorh the fransmitted wave without

producing reficction in the prism.

= An air-filled rectangular waveguide with cross-section dimension axb=72mmx30mm has been designed for transnuitting
Radar signal of 3GHz. (8%)

(1)  What modes can propagate in this waveguide?

(b) Tind the phase (B or propagation) constant.

{¢)  Determine the wave impedance.

(dy Il1he waveguide is made of brass which hus a conductivity a-1.57<10'(S/m}. lind the attenuation constant dne (o loss in

the guide walls,
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,oand o =0, Please answer the following |
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Consider two conducting parallel plates of area S, separated by a distance d, and deposited with charges T(J, respectively.

{a) I {0<y<d} is filled with a dielectric of permittivily £=2z, what are the eicetric flux density I3, and electric tield

intensity £ inside the dielectric? (5%)
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(b) According to (), what are the polarization vector 7 inside the dielectric, and polarization surface charge density g, at

¥ =0, V= d xe%pectwggy) (G ))
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d ) C
{d)  According to (¢), what is the polarization surface charpe density p,, al p=-— if medium-2 has non-vanishing

conductivity (=0, o3>0)? (5%
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#1 + Consider two infinitely long conducting wircs carrying steady current [ along the +z and 4y directions, respectively, If

wire-1 is fixed, what will happen 10 wire-27 (5%)
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{A) Rotate around x-axis;

(B) rotate around an axis passing through (,0,0) and in paraile!l with z-axis:
{C) move along the +x direction;

(D) move along the —x direction;

(E) move along the +z direction;

(F) move along the —z direction;
| (G) move along the +y direction;

i i H) neither rotate nor move.
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Suppose we have a superposition of two harmonic waves that have slightly different angular frequencies, i.e.

U-::ljoei“k+dk}z_u0+ﬂ0ﬂt]47[J09ﬂ(kfﬂkjr—ﬂu~ﬂm)ﬂ

(a} Plot the combination of these two harmonic waves, (3%)
(b) Derive the phase velocity, u,, explain its physical meaning, and show it in your Plot. (4%)
(¢} Derive the group velocity, w,, explain its physical meaning, and show it in your Plot, (4%)

In a medium in which the index of refraction, n = ¢/u Jwhere ¢ is the speed of light in vacuumy), varies in a known way with

frequency or wavelength, show that with the wavelength A, {4%)
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Select the correct answer. (5%)

If the refractive index is the same in object and image space, and a real object moves toward the optical system, then

{a) The image will move in the same direction for all magnifications and powers.

(b) The image will move in the opposite direction for ail magnifications and powers.

(c) The image will move in the same dircction for positive magnification and in the opposite direction for negative
magnification,

{d) The image will move in the same direction for systems with positive power and in the opposite direction for systems with
negative power.

(e} None of the above.

Select the correct answer. (5%)
In order for the power of a system of two separated thin lenses 1o increase as the separation is increased,
() both lenses must be positive.
(b) both lenses must be negative,
{c) one of the lenses must be negative.

(d} the power of the initia} system must be positive.

{e) none of the above,

Light of wavelength 600nm in medium A of refractive index 1n14=1.5 enters medium B of refractive index ngp=1.0. Make

a sketeh of reflectance vs. incident angle (from 0-90 degree) tor p- and s-polarized incident lights. Mark the critical angle

and Brewster’s angle if there is any. (15%)




