EE 434 Electricity and Magnetism, Spring 2009
Homework #9 Solution

8.1
The cutoff frequency for both TE and TM modes are
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The lowest mode is either the T'E;y or T'Ey; mode. Notice that a > b, so it is the m = 1,
n = 0 mode which has the smallest frequency. The factor,
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such that

(a) Fore, =1, u, = 1, we get

We,10 = Wo = 40.95 GHz
(b) For ¢, =4, and p, = 1, we get
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(c) For ¢, =81, and p, = 1, we get
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8.5 The axial magnetic field is (from equation 8.34)
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whereas the expressions for the transverse electric and magnetic fields are (from equation
8.4)
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Now of course, since we are looking at TE modes, E, = 0 which simplifies the calculations,
SO
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The real components are

E, :_ﬁ%’:%/ﬂ% sin (?:Q cos (%%) sin (wt — f2)
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The real component of the axial magnetic field is

H, = Acos (?m) cos (%y) cos (wt — 3z)

8.6 The x-component of the electric field is

E, = Acos <gx) sin (27T7y) sin (77r x 1010 — ﬂz)

(a) First, it is clear that m = 1, and n = 2. The next question is whether this is a TM or
TE mode. The expression for F, is
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For a TM mode the axial electric field is a product of two sines. Since E, comes from a
derivative along the the x-coordinate, we would get a cosine variation along the x-direction
and a sine variation along the y-direction.

For a TE mode the axial magnetic field is a product of two cosines. Since F, comes from
a derivative along the y-coordinate, we would have a cosine variation along the x-direction
and a sine variation along the y-direction.

It could thus be either a TM mode or a TE mode or a combination of the two.
(b) The operating frequency is
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(c) The propagation constant is
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(d) The cutoff frequency is
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or

fer2 = 2.58 x 10" Hz = 25.8 GHz

The wave impedance depends on whether it is a TM mode or a TE mode. Since we cannot
determine that, we report both wave impedances. If it is a TM mode then
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If it is a TE mode wave then
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8.10 The expression for the cutoff frequency is
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Since €, = 4, and u, = 1, we have

(a) We are given w, 19 and w3, S0
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(b) From the formula for the cutoff frequency we can see that the cutoff frequency in air
must be /€, for glass larger than the cutoff frequency for glass, such that

fe10,air = 2fc10,glass = 2 X 10 GHz = 20 GHz



