ECE 329 Fields and Waves | 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
47x6” 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 j;

2& [A/m]. The entire space is free space having &,, 11, and

No. Assume f = 300 M Hz. Simplify your answer using the relationships e/™ = —1, M = cos(0),
and 6395;7]9 = sin(f). Note that 2 points will be given for simplifying your answers.
In free sFaca.
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a) (9 points) Write the general expressions for electric field phasors in the entlre space. Si

Current Sheet ot 2=0 E—’].,Is_oew(* = el
Curent, sheet ot 2=0b

— Fjp(2-0.5)
= D¢ P R=1, ¢

Your Answer (include direction and appropriate units): +
for Ew = petF
0 Y ~
i /m \ . fo‘r 0<2<D.5 ’E’_wb: y? e\jpzﬁ_?
i) B0 < 2 <05) = ~249)sn(2T2) X Ym

-—-—27] o sin( p
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your answer.
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b) (9 points) Write the general expressions for magnetic ﬁ?\ld phasor,
H, =tlso ¥J¢2 Al ks

> 4= .
F‘\; =+ %eﬂ'ﬁﬂ—o& Fe \, 5 2%=05

E 1r;\the entlre space Simp

your answer.
A

"=
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Your Answer (include direction and appropriate units): ~
( Hob =0

fr 20
frr 0<2<05 Hut= e‘lp’z‘a*'e

= 2oz (p2)
H ot =0

i)H(z<0)=0 A/m
i) F(0 < 2 < 0.5) — )ooquz)g Afm .
=D A/m

fre 2>0.5

i) H(z > 0.5)

p2 Y
A/n
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- N
2. (30 points) A cosinusoidal TEM wave, linearily polarized in the Z direction, is generated by a current
sheet on the x = 0 plane and propagates in the +2 direction through a good conducting material

(having a large conductivity o relative to we). The penetration depth of the wave is § = 1 mm, and
the electric field at time ¢ = 0 and distance x = 0 is given by E(0,0) = 102 V/m.

a) (b points) What is the propagation constant - of this wave? ‘ K= @
- * - | = _" ‘ = —
szq@/‘*(’*ﬂ (1)) %
Your Answer (include units when appropriate): 1. —l’—g- = |O'; ( m ‘]

Jrma 1D m

y= IOZ(HJ\ (']

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

You do NOT need to evaluate it numerically. - _“2 5

Your Answer (include units when appropriate):

- L -2
E’i(o,D)e—K(ZS): 1069((2 ) _ 06 [U/m]

c¢) (5 points) Which of the following statements is true regarding the power density S = E x H
(and its time averaged value (S)) that is transported by this wave? Circle all correct answers.
r—" X, —V - S equals the time rate of change of the energy density stored in the wavefield J’iegs(_ci;’:éon
@ V - (S) equals the time-averaged rate of energy dissipation in the zl-lgfdium egx?(

(iii,) (S) decreases as the wave propagates along +: < S X e X oppoSite

7 (S) would increase if the wave were to propagate along —2 o< 2% X wilih X< 0
E[? 2 {
=T w e G
X. |(S)] 970 /m® at x =0 4Z7£4Zo otherwt et

B 7.8 4 (158 4BR) 1 1E - 4
Hwe- angy: V-K&g>+ p + < Ve =4
L
2
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Vii.
viii.

d) (5 points) If the above TEM wave were superposed with a sinusoidal § component, such that the
resulting wave is left-handed circularly polarized, which of the following expressions corresponds

to the phasor representation of the associated magnetic field (where Hy =

one correct answer.

i. H=Hpe e 97 (3 + jj) A/m
ii. H=Hye™e (3 - j) A/m
fl = Hy e~o%e=3% (—jj— j3) A/m
iv. H = Hy e**eifz (+72) A/m
v. H = Hy e %7757 (j — j3) A/m
vi. H = Hy e*®e™95% (—— j2) A/m
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e) (10 points) If the frequency of the propagating wave were increased, which of the following

parameters would stay the same? Circle all correct answers.

O The amplitude of H(0,0)
ii. The amplitude of E(0,0)

iit. The penetration depth
iv. The speed of propagation

v. The amount of average power transported across the z = % ‘m plane

vi. The amount of average power absorbed between the z = 1—10 m plane and the z = % m plane

vii. The phase shift between E and H
viii) The polarization of the TEM wave
ix. The intrinsic impedance of the material

x. The loss tangent

'S

P

»

X

Amplitude of H(0,0) = |H(0,0)| = 22e77%|,_ = L2 = same amplitude

Amplitude of E(0,0). = IE(O 0)| = n]” Because 7 is related to frequency, so different

Penetration depth. 26 = ;, and « is related to frequency - different

speed of propagation. > vy = % again related to frequency - different

average power transported across the plane. - related to e 2%%, ¢ is related to frequency, so different

average power. -> same reason as above = different

phase shift between E and H. z is related to frequency - different
polarization. > depends on E direction, which is the opposite direction as current sheet, so same

Eta = n is related to frequency - different
loss tangent i - is related to frequency - different

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 = 13%6 [F/m]|. Given this

information, find the per-unit-length industance £, the characteristic impedange Zp, and the propa-
gation velocity of voltage and current waves v, of the line. You should express your answers in terms

of the variables a, b, €, p.

L N
o L@ (O
A VAN

J""\”["“ \A - \(\,o\vc/\'a\\f\c-e '\)6‘( U“’)( \e"“a
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/\: > Q\/\o\mc\fm('\g\’"c \MT&"\Q <
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= ____\/ = —_
ety Y7 RT T T

A

T
w‘p“'/
&fb}/\me

Your Answer (include units when appropriate):
L= /blﬁ P [ 4)‘/ N\r\
Zo = Jnb Anbfes F/ Xﬂﬂ
M JE
vp = \ EW\ /S(]
fpe
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4. (34 points) Two transmission lines with the same length /2 are connected to a Thevenin equivalent
source at z = 0 with Ry = 50Q and v,(t). The load resister is Z;, = 5012 located at z = [ = 300 m.
The characteristic impedance of the transmission line are Zy; and Zyo, respectively. The velocity of
wave on both lines is v, = 5, where c is the speed of light in a vacuum.

a) (12 points) Given Zy; = 150 © and Zpy = 50 (2, generator voltage is Vj(t) = 80u(t) V, where
u(t) is unit step function. Complete the voltage bounce diagram below for ¢ € [0,4]us. Be sure
to indicate the injection coefficient 74, generator and load reflection coefficieints I'; and I'z,, and
label all values clearly.

_ Zoi _ /6'0 __3_
Tg— R&'I'Zo[ 5o+ 50 4
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b) (14 points) Use the bounce diagram in part (a) to find the voltage at z = 100m for ¢ € [0, 4]us.
Be sure to mark all magnitudes.

V(100m, t)(V)
6o

315

30

0 %1_‘% 2 83 12 4 t (us)

c¢) (7 points) As t — oo, what is the DC steady-state current at z = [/27?

i
L™ Revz "oz O8A

Ra = 5
470t éZngoﬂ.

Va=8°uﬂ7

Your Answer (include units when appropriate):

ISS(Z = 1/2) = D‘8A .
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(Scratch Page — No credit given for work done on this page.)
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