
ECE 329 Fields and Waves I Spring 2024

University of Illinois Chen, Shao, Waldrop

Exam 3

Monday, April 22, 2024 — 7:00-8:15 PM

Please clearly PRINT your name in CAPITAL LETTERS and circle your section in the boxes below.

Name:

Section: 12 PM 1 PM 2 PM

This is a closed-book and closed-notes exam and calculators are not allowed. You may bring a single

4”x6” index card of handwritten notes. Please show all your work and make sure to include your reasoning

for each answer. All answers should include units wherever appropriate. You may use the back of the exam

as scratch paper, but no credit will be given for work done on scratch pages.

Problem 1 (18 points)

Problem 2 (30 points)

Problem 3 (18 points)

Problem 4 (34 points)

TOTAL (100 points)
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1. (18 points) Two infinite sheet of current lies on z = 0 and z = 0.5 m respectively. The sheets have

identical surface current density as fJs = �2x̂ [A/m]. The entire space is free space having "o, µo and

⌘o. Assume f = 300 MHz. Simplify your answer using the relationships e
j⇡ = �1,

ej✓+e�j✓

2 = cos(✓),

and
ej✓�e�j✓

2j = sin(✓). Note that 2 points will be given for simplifying your answers.

a) (9 points) Write the general expressions for electric field phasors in the entire space. Simplify

your answer.

Your Answer (include direction and appropriate units):

i) eE(z < 0) =

ii) eE(0 < z < 0.5) =

iii) eE(z > 0.5) =

b) (9 points) Write the general expressions for magnetic field phasors in the entire space. Simplify

your answer.

Your Answer (include direction and appropriate units):

i) eH(z < 0) =

ii) eH(0 < z < 0.5) =

iii) eH(z > 0.5) =
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2. (30 points) A cosinusoidal TEM wave, linearily polarized in the ẑ direction, is generated by a current

sheet on the x = 0 plane and propagates in the +x̂ direction through a good conducting material

(having a large conductivity � relative to !✏). The penetration depth of the wave is � = 1 mm, and

the electric field at time t = 0 and distance x = 0 is given by E(0, 0) = 10ẑ V/m.

a) (5 points) What is the propagation constant � of this wave?

Your Answer (include units when appropriate):

� =

b) (5 points) Write an expression for the amplitude of the oscillating electric field at x = 2 mm.

You do NOT need to evaluate it numerically.

Your Answer (include units when appropriate):

c) (5 points) Which of the following statements is true regarding the power density S = E ⇥ H

(and its time averaged value hSi) that is transported by this wave? Circle all correct answers.

i. �r · S equals the time rate of change of the energy density stored in the wavefield

ii. r · hSi equals the time-averaged rate of energy dissipation in the medium

iii. hSi decreases as the wave propagates along +x̂

iv. hSi would increase if the wave were to propagate along �x̂

v. |hSi| =
|E|2

2⌘0
W/m

2
at x = 0
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3. (18 points) Consider a coaxial cable transmission line as illustrated. Recall from Lecture 10 of course

notes that the per-unit-length capacitance of this transmission line is C = 2⇡
ln b

a

✏ [F/m]. Given this

information, find the per-unit-length industance L, the characteristic impedance Z0, and the propa-

gation velocity of voltage and current waves vp of the line. You should express your answers in terms

of the variables a, b, ✏, µ.

a

<latexit sha1_base64="ggsWGBnbE5CCnhzPwp1E0aT4ZyE=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdUbQRgzaWCZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB1Thv3KFUPI5u9DBBL6S9iAecUW2sKu0Uik7JmYjMg/sDxYt3+zx5+7QrncJHuxuzNMRIM0GVarlOor2MSs2ZwJHdThUmlA1oD1sGIxqi8rLJoCNyYJwuCWJpXqTJxP3dkdFQqWHom8qQ6r6azcbmf1kr1cGZl/EoSTVGbPpRkAqiYzLemnS5RKbF0ABlkptZCetTSZk2t7HNEdzZleehflRyj0snVbdYvoSp8rAH+3AILpxCGa6hAjVggHAPj/Bk3VoP1rP1Mi3NWT89u/BH1us3JduQKw==</latexit>

b

<latexit sha1_base64="U5TkwMgbCqrxvtAg9FBY0lsD190=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdUbQRgzaWCZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB1Thv3KFUPI5u9DBBL6S9iAecUW2sqt8pFJ2SMxGZB/cHihfv9nny9mlXOoWPdjdmaYiRZoIq1XKdRHsZlZozgSO7nSpMKBvQHrYMRjRE5WWTQUfkwDhdEsTSvEiTifu7I6OhUsPQN5Uh1X01m43N/7JWqoMzL+NRkmqM2PSjIBVEx2S8NelyiUyLoQHKJDezEtankjJtbmObI7izK89D/ajkHpdOqm6xfAlT5WEP9uEQXDiFMlxDBWrAAOEeHuHJurUerGfrZVqas356duGPrNdvJ1+QLA==</latexit>

✏, µ

� = 0

<latexit sha1_base64="68o/BvOt73vPGUPh6ouX8FK1eWc=">AAACAHicbVDLSgMxFM3UVx1foy5cKBIsggspM6LoRii6cdmCfUBnKJk0U0OTzJBkhDJ0I/glblwo4q74Ge78Bn/C9LHQ1gMXDufcy733hAmjSrvul5Wbm19YXMov2yura+sbzuZWTcWpxKSKYxbLRogUYVSQqqaakUYiCeIhI/Wwez306/dEKhqLW91LSMBRR9CIYqSN1HJ2fJIoymJx7PPU9n1f0Q5Hl27LKbhFdwQ4S7wJKZT2BpXvx/1BueV8+u0Yp5wIjRlSqum5iQ4yJDXFjPRtP1UkQbiLOqRpqECcqCAbPdCHh0ZpwyiWpoSGI/X3RIa4Uj0emk6O9J2a9obif14z1dFFkFGRpJoIPF4UpQzqGA7TgG0qCdasZwjCkppbIb5DEmFtMrNNCN70y7OkdlL0TotnFa9QugJj5MEuOABHwAPnoARuQBlUAQZ98ARewKv1YD1bb9b7uDVnTWa2wR9YHz/S+Zmd</latexit>

Your Answer (include units when appropriate):

L =

Z0 =

vp =
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4. (34 points) Two transmission lines with the same length l/2 are connected to a Thevenin equivalent

source at z = 0 with Rg = 50⌦ and vg(t). The load resister is ZL = 50⌦ located at z = l = 300 m.

The characteristic impedance of the transmission line are Z01 and Z02, respectively. The velocity of

wave on both lines is vp = c
2 , where c is the speed of light in a vacuum.

a) (12 points) Given Z01 = 150 ⌦ and Z02 = 50 ⌦, generator voltage is Vg(t) = 80u(t) V, where

u(t) is unit step function. Complete the voltage bounce diagram below for t 2 [0, 4]µs. Be sure

to indicate the injection coefficient ⌧g, generator and load reflection coefficieints �g and �L, and

label all values clearly.

7
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b) (14 points) Use the bounce diagram in part (a) to find the voltage at z = 100 m for t 2 [0, 4]µs.

Be sure to mark all magnitudes.

c) (7 points) As t ! 1, what is the DC steady-state current at z = l/2?

Your Answer (include units when appropriate):

ISS(z = l/2) =

8
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(Scratch Page – No credit given for work done on this page.)
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