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Problems:

Please write your answers to the following problems on engineering paper. No credit will be given for work handed in
on other types of paper.

1. In your undergraduate electromagnetics course, it was shown that, for a uniform plane wave propagating in the +z
directions,
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It was also shown that E,, FE,, H,, and H, all satisfy the homogeneous one-dimensional wave equation,
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(and similarly for the other components of E and H), where
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It was also shown that the general solution of the one-dimensional wave equation
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http://www.utdallas.edu/~cantrell/ee4301/transmission-lines.pdf

u=f(z—vt) +9(z +vt),

where f and g are arbitrary twice-differentiable functions, and that f(z — vt) represents a wave traveling in the +z
direction, while g(z + vt) represents a wave traveling in the —z direction.

Use these equations to prove the following facts for a uniform plane propagating in the £z directions:

(a) For a wave propagating in the +z direction, the ratio of E, to H, is

where

has the units of impedance (ohms).

(b) For a wave propagating in the +z direction, the ratio of E, to H, is
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(c) For a wave propagating in the —z direction, the ratio of E, to H, is
m, ="

(d) For a wave propagating in the —z direction, the ratio of E, to H, is
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(e) For this example,
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where k is a unit vector that points in the direction of propagation.

2. For the electromagnetic plane wave that has the electric field vector
E(z,y,2,t) = Egcos(wt —k - r),
find H and show that the time-averaged Poynting vector S = E x H is

E2.
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where 7 is the wave impedance of the medium in which the wave propagates.



