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Midterm 3 .
SOV TMIONS
Chapter 11 — Uniform Plane Waves | Chapter 12 — Plane Wave Reflection and Dispersion

The purpose of this midterm exam is to assess your mastery of the fundamental techniques
used to analyze plane waves. Answers should be short and to the point. Use sketches to
explain your solution as required. Clarity, conciseness, and presentation all count. Solution
= Intuition (strategy) + Execution (calculation). Make both explicit.

Numerical answers should include the symbol, quantity, and units, e. g,a = 5Np/m.
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An electromagnetic plane wave is normally incident from air onto seawater. The amplitude and
frequency of the electric field are 1 V/m and 30 MHz, respectively. The relative permittivity and
permeability of seawater are 80 and 1, respectively. The conductivity of seawater is 2.5 S/m.

a. [5] What is the intrinsic impedance of:
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What is the physical significance of the intrinsic impedance?
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b. [5] What is the loss tangent of:

1. the air?

ii. the seawater? [ tan £ = [8,974 ]

What is the physical significance of the loss tangent?
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¢. [5] What is the attenuation constant of:
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What is the physical significance of the attenuation conbstant?
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d. [5] What is the phase constant of:
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What is the physical significance of the phase constant?
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e. [5] What is the velocity of electromagnetic wave propagation in:
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f.  [4] What is the voltage reflection coefficient at the boundary between the air and water?
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g [6] What is the time-averaged power density of the waves that are incident upon, and
reflected from, the seawater?
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h. [5] For a frequency of 30 MHz, at what depth will the amplitude of the electric field be
1.0 mV/m.
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[5] Will the loss tangent of the seawater increase with frequency, decrease with
frequency, or stay the same? Explain why.
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j. [5] Will the velocity of propagation in the seawater increase with frequency, decrease
with frequency, or stay the same? Explain why.
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2. Obhque incidence on a plane [25]
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/ An electromagnetic plane wave is obliquely incident from air onto a perfect dielectric. The
" amplitude and frequency of the electric field are 1 V/m and 30 GHz, respectively. The relative
permittivity and permeability of the perfect dielectric are 5 and 1, respectively. The conduct1v1ty
of the perfect dielectric is 0 S/m. A researcher notices that there is no reflection when the wave is
polarized in a certain way and for a certain angle of incidence.

a. [5] Sketch the problem geometry and indicate the polarization of the plane wave and all
relevant angles and directions. NO REFLECTION.
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c. [6] For this case, what is:
i. the angle of incidence?
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ii. the angle of reflection?

iii. the angle of refraction?
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d. [6] Suppose the experiment is reversed and the electromagnetic plane wave is obliquely
incident from the perfect dielectric into the air and, once again, no reflection is observed.
For this case, what is:

i. the angle of incidence?
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ii. the angle of reflection?
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iii. the angle of refraction?
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e. [4] Sketch the new problem geometry and indicate the polarization of the plane wave and
all relevant angles.
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3. Propagation through a slab [25] F’ | G Hz ¢ Bn féi;*ﬂ*f%fﬁ ;\ = 0,3 ¥
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An electromagnetic plane wave is normally incident onto a slab of thickness 7.5 ¢cm. The
amplitude and frequency of the electric field are 1 V/m and 1 GHz, respectively. The relative

perm1tt1v1ty and permeability of the slab are 4 and 1, respectively. The conductivity of the slab
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a. [4] What is the wavelength of the signal in: j F Fr
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ii. the slab? ["}ui = O,JFm = wrw”] .

b. [4] What is the intrinsic impedance of:
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c. [3] What is the reflection coefficient at the first boundary?
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d. [3] What is the reflection coefficient at the second boundary?
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e. [5] Sketch the problem geometry. Include voltage standing wave within the slab and Zm
within the free space portions on either side. » max
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f. [6] What is the VSWR in: e CORReSPOMNDS TOD
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i. the first region?
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