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3. (33%) A time-harmonic, linearly-polarized uniform plane wave travelling along the x direction in
air is normally incident on an unknown material, as shown in Fig. 3, where (E;, H;), (E,, H,), and
(E¢, Hy) denote the incident, reflected, and transmitted electric and magnetic fields, respectively.
The incident wave carries a time-average power density Sg, = 10 mW /cm?. The total magnetic
field phasor in air is given by

H,(z) =4a,Hy cos(2rz) (A/cm)

where 4, represents the unit vector in the z direction and Hy is the unknown magnetic field
amplitude.

(a) (5%) What is a uniform plane wave?

(b) (5%) Given the instantanous Poynting vector a,S(z, t), explain the physical meaning of time-
average power density and how it is defined.

(¢) (10%) Calculate the intrinsic impedance 72 of the unknown material.

(d) (5%) Find out the amplitude Hy of the magnetic field.
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1L (e) (8%) Determine the minimum distance from the air-material interface at which the fofal
[ = %‘ electric field in air is minimum. Express your answer in terms of the wavlength \.
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4. (24%) A point charge q moving circularly in x-y plane with angular velocity @£ and radius a .
Assume that wa/c <<1.

(a) (14%) Find the radiated electric and magnetic field at any point P(r, 8, p) .

(b) (10%) Discuss the polarization state of the electromagnetic field when 6 = 0and =7/ 2,
where @ is the angle between the z axis and 7.

5. (10%) A conducting cylinder acting as an electromagnetic generator was installed on a bike

subject to a radial field B =17 (Tesla). A bulb was connected as shown in the following figure.

To provide sufficient illumination, the potential difference between the two ends of the sliding

contact has to be larger than 1.5 Volt. 7

(a) (5%) At what speed should the cylinder rotate? Please express your answer in unit of
revolutions/minute.

(b) (5%) If the bulb is replaced by an LED light source, describe the correct way of installation
by specifying the polarities on the sliding contacts.
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