ECE 329 Introduction to Electromagnetic Fields Spring 13

University of Illinois Gilbert, Kim, Schutt-Aine, Waldrop

Exam 3

Thursday, Apr. 18, 2013 — 7:00-8:15 PM

Name:

Section: 9 AM 12 Noon 1 PM 2 PM

Please clearly PRINT your name in CAPITAL LETTERS and CIRCLE YOUR SECTION in the above
boxes.

This is a closed book exam and calculators are not allowed. Please show all your work and make sure to
include your reasoning for each answer. All answers should include units wherever appropriate.

Problem 1 (25 points)

Problem 2 (25 points)

Problem 3 (25 points)

Problem 4 (25 points)

TOTAL (100 points)




1. A TEM wave is propagating through a good conductor, with time-domain electric and magnetic fields
given by:
E(y,t) = 100v/2¢°™ sin(27r x 103t + By + ¢)& V/m

H(y,t) = 50e'9™ sin(27 x 10%t 4 By + %)ﬁ A/m

a) (5 pts) What is the complex propagation constant 7

b) (5 pts) What is the magnitude and direction of the phase velocity vy of the wave?

¢) (5 pts) What is h, the direction of the magnetic intensity field H?

d) (5 pts) What is the complex impedance 1 of the material?

e) (5 pts) What is the phase ¢ of the electric field?



2. (25 points) A plane wave field E; = Eycos(wt — £1y)Z — 2Eg sin(wt — $f1y)Z V/m is propagating in
vacuum in the region y < 0 at a frequency w = 27 x 10® rad/s. The wave is incident upon the y = 0
plane, which is the boundary of a perfect dielectric material with permittivity 9¢p and permeability

to in the region y > 0.

a) (b points) Determine the magnetic wavefield H; corresponding to the E; field given above in the
region y < 0.

b) (5 points) Determine the reflection and transmission coefficients, I and 7, at the boundary.

c¢) (10 points) Determine the phasor expressions for the incident, reflected and transmitted electric
fields, E;, E,, and E;. Write your expression in terms of the reflection and transmission coef-
ficient, I' and 7, instead of the actual numerical values found in part (b) above. Be sure to
include explicit values for the wavenumber (3.

d) (5 points) Determine the polarizations of the incident and reflected waves.



3. PART ONE: A plane TEM wave is confined to propagate in a perfect dielectric material (u, €)
between two perfectly conducting plates located in the x = 0 and x = d planes, respectively, which
each have width W and length L. Neglecting frinding fields, the guided TEM wave satisfies Maxwell’s
equations, with Ampere’s and Faraday’s Law written in simplified form as:

0H,  JE,
0z ot
0E,  OH,
0z H ot

a) (2 pts) What is the polarization of this guided TEM wave?
i. right-handed circular
ii. left-handed circular
iii. linear along 2
iv. linear along &

v. this wave is not polarized

ov
b) (4 pts) Defining the voltage drop between the plates as V', what is — in terms of the current

z
I along the plates, the dielectric material properties (u and/or €), and the plate dimensions?

c) (3 pts) If the width of the plates is increased, which parameters associated with the guided TEM
wave would change? (choose all that apply)

i. the surface current density Js on the top plate
ii. the capacitance of the system per unit length, C
iii. the intrinsic impedance of the dielectric material, n
iv. the characteristic impedance of the system, Zj
v. the voltage drop from the bottom to the top plate at a given distance z

vi. the propagation speed of the wave



PART TWO: Consider a guided TEM wave propagating in a vacuum between two perfectly conduct-
ing cylindrical shells having length L = 1.5 cm along the £ direction and radii a and b, respectively,
where L > b (see diagram below). The TEM wave is generated by voltage and current variations
introduced at one end of the line from a voltage source V; = 10u(t) V having internal Thevenin
resistance R, = Zp = 50 2. A resistive load Ry, = Zj is connected to the other end of the line.

co-ax cross section
(viewing towards load)

Z
®

a) (3 pts) How long will it take the transmission line to reach steady state equilibrium?

b) (4 pts) Draw vectors in the region between the cylinders in the figure on the right above to
indicate the directions of the electric and magnetic fields once steady state is reached. Note that
Z, the direction towards the load, is pointing into the page.

c) (2 pts) TRUE or FALSE: Once it reaches steady state equilibrium, the surface current on the
inner cylinder is flowing in the +2 direction.

d) (2 pts) TRUE or FALSE: Once it reaches steady state equilibrium, the current densities on
the inner and outer conductor surfaces have different absolute magnitudes |Jg|.

e) (5 pts) Once it reaches steady state equilibrium, what is the power Py, delivered to the load Rp?



4. A transmission line, which has a length 600 m and is characterized by Zy = 400 2 and v, = ¢, has a
defect halfway along the line (i.e., at 300 m) that can be modeled as a "shunt” resistance Rq = 200 Q
as shown in the figure below.
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Incident voltage waveforms, denoted VT, will be reflected at the junction such that e =0y = Z€q7+ZO’
eq 0
where the reflection coefficient I'; is defined in terms of an equivalent impedance Z.4 associated with

the parallel combination of R; and the rest of the transmission line.

a) (4 pts) What is Z., and I'y in this case? (Note that you do not need to derive Z, explicitly.)

b) (4 pts) Use lumped circuit rules at the junction to show that the transmission coefficient through
VTt

v =m=1+T4y

the defect, denoted 74, is equal to




)

)

Now consider (for parts ¢ through e) that this transmission line, including its defect, is connected
at time ¢t = 0 to a DC step voltage source of magnitude V; = 100 V and internal resistance
R, =400 © and a load resistor Ry, = 1.2 k) (see diagram).

R,
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(6 pts) What is the injection coefficient 7,, the load reflection coefficient I',, and the source
reflection coefficient I'; associated with this transmission line network?

(8 pts) On the axes below, draw a bounce diagram for the voltage waveforms propagating on
both segments of the line for the first 5 us after the switch is closed. Indicate voltage magnitudes
in terms of 74, I'y, 'z, I'q, and 74. Be sure to mark all relevant values on the time axis.

300 m 600 m
- z
t

(3 pts) What voltage would be measured on the line at z = 150 m at time ¢ = 4 us? (choose
one):

i. V(150 m, 4 us)
i, V(150 m, 4 ps) =
( )=
( )

0

Vy1g TC%FL
Vyrg(1+Tq+73Tr)
=Vyrg(1+Tg+T,Ig+ TiFgFg)

iii. V(150 m, 4 us
iv. V(150 m,4 us
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Problem 1 (25 points)

Problem 2 (25 points)
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1. A TEM wave is propagating through a good conductor, with time-domain electric and magnetic fields
given by:

E(y, t) = 100v/2€!% sin(21 x 108 + By + ¢)& V/m
v .
H(y,t) = 50€'°™ sin(27 x 10% + By + 3)hA/m

a) (5 pts) What is the complex propagation constant v?
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[¥= 107 (11}) |
b) (5 pts) What is the magnitude and direction of the phase velocity vp of the wave?
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c) (5 pts) What is h, the direction of the magnetic intensity field H?
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d) (5 pts) What is the complex impedance 7 of the material?
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e) (5 pts) What is the phase ¢ of the electric field?
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2. (25 points) A plane wave field E; = Ep cos(wt — B1y)E — 2Epsin(wt — f1y)Z V/m is propagating in
vacuum in the region y < 0 at a frequency w = 2w X 108 rad/s. The wave is incident upon the y =0
plane, which is the boundary of a perfect dielectric material with permittivity 9¢¢ and permeability
uo in the region y > 0.

a) (5 points) Determine the magnetic wavefield H; corresponding to the E; field given above in the
region y < 0.

Hy = %‘-’l COS(wT'f;,\}) () + 27_;1" sin(wt- @.y)(&)} A/m

- - mrlo",zw d
-~ m

wheve 7’[1 6‘ > IO ’3"

b) (5 points) Determine the reflection and transmission coefficients, I' and 7, at the boundary.
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c) (10 points) Determine the phasor expressions for the incident, reflected and transmitted electric
fields, E;, E,, and E,. Write your expression in terms of the reflection and transmission coef-

ficient, I' and T, instead of the actual numerical values found in part (b) above. Be sure to
include explicit values for the wavenumber f.
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d) (5 points) Determine the polarizations of the incident and reflected waves.
nddeny 1 xx(-2) = +hy = Ve SN W hansed
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3. PART ONE: A plane TEM wave is confined to propagate in a perfect dielectric material (u, €
between two perfectly conducting plates located in the z = 0 and z = d planes, respectively, which
each have width W and length L. Neglecting frinding fields, the guided TEM wave satisfies Maxwell’s
equations, with Ampere’s and Faraday’s Law written in simplified form as:

o, _ _ 0B
9z gt
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a) (2 pts) What is the polarization of this guided TEM wave?
i. right-handed circular
2Ex

32 = —é’ Ex(%,t}l)\(

ii. left-handed circular
iii. linear along 2
iv) linear along &

v. this wave is not polarized

b) (4 pts) Defining the voltage drop between the plates as V, what is % in terms of the current
I along the plates, the dielectric material properties (1 and/or €), and the plate dimensions?

As s

(/V/m\ B = VA (via ég-u=v)

Mly= Ty (in (dedl=x and Ja=Hy )

SO DEX _ )_H\,
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c) (3 pts) If the width of the plates is increased, which parameters associated with the guided TEM
wave would change? (choose all that apply)

/}.’ the surface current density Js on the top plate = H
11.)the capacitance of the system per unit length, C = 6( W/A)
)r]’ the intrinsic impedance of the dielectric material,  —— > = Ayé
@ the characteristic impedance of the system, Zp = J_/Z ( A/w‘)
)r.’ the voltage drop from the bottom to the top plate at a given distance z = E'xal
yi. the propagation speed of the wave = '

\

S
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PART T'WO: Consider a guided TEM wave propagating in a vacuum between two perfectly conduct-
ing cylindrical shells having length L = 1.5 cm along the 2 direction and radii a and b, respectively,
where L >> b (see diagram below). The TEM wave is generated by voltage and current variations
introduced at one end of the line from a voltage source V; = 10u(t) V having internal Thevenin
resistance Rg = Zp = 50 Q. A resistive load Ry = Zg is connected to the other end of the line.

co-ax cross section
(viewing towards load)
X

“—

a) (3 pts) How long will it take the transmission line to reach steady state equilibrium?

marthed load — no veflections — equilibrium once
wowe Yeadne$ load.
-2
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b) (4 pts) Draw vectors in the region between the cylinders in the figure on the right above to
indicate the directions of the electric and magnetic fields once steady state is reached. Note that
%, the direction towards the load, is pointing into the page.

I T Exn=2 S aalo $
Ealoﬂﬁ-—Y}EXH’% 0 V\ﬂ

c) (2 pts) TRUE Once it reaches steady state equilibrium, the surface current on the
inner cylinder is flowing in the +2 direction.

e %@ W ent W alavd -2 wa Aperes Law
]

d) (2 pts) @r FALSE: Once it reaches steady state equilibrium, the current densities on
the inner and outer conductor surfaces have different absolute magnitudes |J|.

10°= 5107 s = S0 ns

Wl—

Toh= Joa 2TA =Ty = Ju2Th So Jau # Jsb.

e) (5 pts) Once it reaches steady state equilibrium, what is the power Py, delivered to the load R.?

?\, \lLIL = \lpL (_\%) where V\.’\)Q&”'\ljfj (\l+omly)
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4. A transmission line, which has a length 600 m and is characterized by Zo = 400 Q and vp = ¢, hasa

defect halfway along the line (i.e., at 300 m) that can be modeled as a "shunt” resistance Ry = 200 Q
as shown in the figure below.

VE-v- v+t
Zy Zo
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Zo Ry Zo
. . . . V- Zeq - ZO
Incident voltage waveforms, denoted V*, will be reflected at the junction such that VT =y =

Zeq + ZO|
where the reflection coefficient Ty is defined in terms of an equivalent impedance Z, associated with
the parallel combination of Ry and the rest of the transmission line.

a) (4 pts) What is Zey and Ty in this case? (Note that you do not need to derive Zq explicitly.)
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b) (4 pts) Use lumped circuit rules at the junction to show that the transmission coefficient through

++
the defect, denoted 74, is equal to ‘;—+ =1y=1+Tg
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¢) Now consider (for parts c through e) that this transmission line, including its defect, is connected
at time t = 0 to a DC step voltage source of magnitude V, = 100 V and internal resistance
Ry = 400  and a load resistor Ry, = 1.2 kQ (see diagram).
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(6 pts) What is the injection coefficient 74, the load reflection coefficient I'z, and the source
reflection coefficient Iy associated with this transmission line network?
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d) (8 pts) On the axes below, draw a bounce diagram for the voltage waveforms propagating on
both segments of the line for the first 5 us after the switch is closed. Indicate voltage magnitudes
in terms of 74, Ty, ', Ty, and 74. Be sure to mark all relevant values on the time axis.
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e) (3 pts) What voltage would be measured on the line at 2 = 150 m at time ¢ = 4 us? (choose
——

i. V(150 m,4 ps) =0 ':E N 2 wavehonis
ii. V(150 m,4 ps) = Vyr,73Ty have ‘FASSCA ]’]
V(150 m,4 ps) = Vyry(1 + Tg+ 72TL) n e T
iv. V(150 m, 4 us) = V,74(1 + Ty + Ty + 72,2 . =
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