&S! Physics 8110 - Electromagnetic Theory II
Spring 2018
Solutions for Homework # 3

Problem #1 (30Points): Problem 7.23, Jackson textbook (page 348).

The Kamers-Kronig relations are (Jackson equation 7.120):
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Now, for a plane wave,

E(#,t) = Epea-iut (3)
B(z,t) = Boetiiut (@)

Using Ohm’s law, J (Z,t) = aE(zi", t), and Maxwell’s VzH equation,
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Now, from Jackson’s equation 7.57, for low frequencies,
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Then €'{w) is analytic for S{w) > 0, so I can use it in the Kramers-Kronig realtions.
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Now, since €'{w) = e{w) — %’, Re'(w) = Ne{w). Then the second relation can be written
(multiplying both sides by ¢),
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Which is just the expression given in the problem.
Now for the other relation:
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Looking at the last piece of the RHS:
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Where the intgral and limit were evaluated on a calculator. So,
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And the first relation remains unchanged from the original.
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Problem #2 (30Points): The index of refraction of diamond is n, = 2.42.

a) Construct a graph that shows the perpendicular and parallel reflected amplitudes as function of angle of

incidence for a air -diamond ( n, = 1.0 ) interface.

b) Construct a similar graph for the perpendicular and parallel reflectance as function of angle of incidence.

¢) Calculate the Brewster angle for the air -diamond interface.

d) Calculate the “crossover” angle, at which the reflected and transmitted amplitudes are equal.
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Problem #3: The phenomenon that the permittivity € changes as function of frequency is called dispersion. By
extension, whenever the speed of a wave depends on its frequency, the supporting medium is called
dispersive! Shallow water (d < A) is nondispersive; the waves travel at a speed that is proportional to the
square root of the depth. Show that the wave velocity v is twice the group velocity v,=dw/dk . (20 Points)
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Problem #4: Assuming negligible damping (y, = 0), calculate the group velocity (v, = dw/dk) of waves

described by E(zt) =E,-e™*-e™* ™" ... (20 Points)
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