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Problem: Consider an electromagnetic wave Propagating in free space in the +z direction. The Mmagnetic field of the
wave is given by

§(Z, t) = % ellkz-wt) 9

Find an expression for the electric field E(Z, t)
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Problem 9.9 Write down the (real) electric and magnetic fields for a monochro-
matic plane wave of amplitude E,, frequency w, and phase angle zero that is (a)
traveling in the negative x direction and polarized in the ; direction; (b) traveling in
the direction from the origin to the point (1, 1, 1), with polarization paralle] to the
Xz plane. In each case, sketch the wave, and give the explicit Cartesian components
of k and n, ' AN .
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Problem: Consider an electromagnetic wave propagating in free space in the +z-direction with angular frequency

W =21 x 108 rad/s and amplitude of £, = 10 V/m. The electric field of the electromagnetic wave is polarized in the
directionid = £ + ¥. '

a) Find the frequency (v), wave umber (k), wavelength (1)of the wave

b) Write down an expressions for the real electric and magnetic fields of the wave
¢) Show that E, B, and k all normal to one another '

d) Find the intensity of the wave

by the wave on the surface
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Problem 9.15 In writing Egs.
and transmitted waves have the
x direction. Prove that this mu

transmitted and reflected waves be

9.76 and 9.77, 1 tacitly assumed th
same polarization as the incident w
st be so. [Hint: Let

fr = cosfr X +sinfr §, fix = cos Or X + sin g 3,

and prove from the boundary conditions that Or = 6 = 0.]
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Problem 9.18 The index of refraction of diamond is 2.42. Construct the graph analogous to Fig. 9.16 for the
air/diamond interface. (Assume p; = M2 = Wo.) In particular, calculate (a) the amplitudes at normal incidence, (b)
Brewster’s angle, and (c) the “crossover” angle, at which the reflected and transmitted amplitudes are equal.
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Problem 9.20 (a) Show that the skin depth in a poor conductor (¢ « we |s(2/o,_)m0ndependent of frequency).

Find the skin depth (in meters) for (pure) water. (Use the static values of €, p, and o; your answers will be valid, then,

only at relatively low frequencies.) (b) Show that the skin depth in a good conductor (o > we) is A/2rt (where A is the

wavelength in the conductor). Find the skin depth (in nanometers) for a typical metal (o ~ 10’ (Q.m)™) in the visible

range (w = 10%%/s), assuming € = €y and p = po. Why are metals opaque? (c) Show that in a good conductor the

magnetic field lags the electric field by 45, and find the ratio of their amplitudes. For a numerical example, use the
“typical metal” in part (b)
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Problem 9.21

(a) Calculate the (time-averaged) energy density of an electromagnetic plane wave
in a conducting medium (Eq. 9.138). Show that the magnetic contribution al-
ways dominates. [Answer: (k?/ 2uw?) E}e=27) ‘

(b) Show that the intensity is (k/2p0) Eje2z,
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Problem 9.22 Calculate the reflection coefficient for light at an air-to-silver inter-
face (11 = py = po, €) = g, 0 = 6 x 107(2 - -m)~1), at i}ptzml frequencies (w =
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Problem 9.29 Consider a rectangular wave guide with dimensions 2.28 cm x

1.01 em. What TE modes will propagate in this wave guide, if the driving fre-

quency is 1.70 x 10'° Hz? Suppose you wanted to excite only one TE mode: what

range of frequencies could you use? What are the corresponding wavelengths (in
ey Y / - - |
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