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1. (15%) A plane harmomc, linearly polarized, Iight wave has an electric field intensity given by

E, = E,cos zx10” (r— }, c is the magnitude of velocity of light, while traveling in a piece

b5¢
of glass. Find
{(a) (5%) the frequency of the light, and
{(b) (5%) its wavelength, and
{c) (5%) the refractive index of the glass.

2. (10%) (a) (5%) The current in a coil (with mductance of 8.00 H) is equal to 3.00 A. Find the

magnetic flux through the coil.
(b) (5%) If the current is increasing at a rate of 200 A/s, find the induced emf, ¢ , in the coil.

3. (10%) The natural separation between Na® and CI ions in the NaCl crystal is 0.276 nm. What is
the interaction energy (potential energy) of the pair of ions in joules and in terms of thermal energy,
ke T? (Note that 1 kgT = 4.14 x 10721 J, where kg is the Boltzmann constant (1.381 x 1 03Ik
and T is the absolute temperature in Kelvin. The dielectric permittivity of free space, &g, is 8.854 %
1002 i) |

4. (15%) An electromagnetic wave has a frequency of 100 MHz and is fraveling in a vacuum. The
magnetic field is given by, B (28 =(1.00x10"° T) cos (kz—wi) 1.

(a) (5%) Find the wavelength and the direction of propagation of this wave.

(b) (5%) Find the electric field vector, E(z,).

(¢) (5%) Determine the Poynting vector,.and use it to find the intensity of the wave.

5. (16%) In the Bohr model of the hydrogen atom, an electron orbits a proton at a radius, R, with a

speed of v, and neglecting any motion of the proton. That is, the electron moves in a circle around

the proton and so it behaves like a ring of cuirent, generating a magnetic field. Assume that the mass

of the electron is 1, and the electron charge is . &, is the permittivity and 4 1s the permeability of

+ the vacuum. According to this model,

(a) (4%) what is the period, T, the electron takes to orbit a proton?

{b) (4%) what s the speed v in terms R, m, and e ?

(c) (4%) what is the magnetic field at the proton due to the orbital motion of the electron in terms of
R,m,ande? '

(d) (@%)ifR=529x 10 ! meters, what is the magm’mée of the magnetic field at the proton due to
the orbital motion of the electron in Tesla?
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6. (15%) (a) (8%) Write down the Maxwell equations in differential forms in a vacuum where there
are no currents or charges. ‘
(b) (7%) Show that in a medium in which there is no free charge and no free cuirent,

electromagnetic waves propagate with a velocity of propagation, ¢ :T—wm—w , where g,1s the
£ 8,
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permittivity and  z, the permeability of the vacuum.

7. (19%) An air-filled rectangular waveguide is operating in the TM,; mode at a frequency { that is
27 percent above the cutoff frequency. The wave-gunide dimensions are a =11.5 cmand b= 6 cm.
(a) (10%) Calculate the cutoff and operating frequencies.

(b) (9%) Calculate the phase constant and the intrinsic impedance.
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