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EE101 — Engineering Electromagnetics
Winter 2012
Final Exam, March 20 2012, (3 hours)

Name

Student number

This is a closed book exam — you are allowed 2 page of notes (each page front+back).

Check to make sure your test booklet has all of its pages — both when you receive it and when you

turn it in.

Remember — there are several questions, with varying levels of difficulty, be careful not to spend too
much time on any one question to the exclusion of all others.

Exam grading: When grading, we focusing on evaluating your level of understanding, based on what
you have written out for each problem. For that reason, you should make your work clear, and
provide any necessary explanation. In many cases, a correct numerical answer with no explanation
will not receive full credit, and a clearly explained solution with an incorrect numerical answer will
receive close to full credit.

If an answer to a question depends on a result from a previous section that you are unsure of, be sure
to write out as much of the solution as you can using symbols before plugging in any numbers, that

way at you will still receive the majority of credit for the problem, even if your previous answer was
numerically incorrect.

Please be neat — we cannot grade what we cannot decipher.

Topic Max Points Your points
Problem 1 | Smith Chart 10
Problem 2 | Impedance Matching 30
Problem 3 | Vector calculus and phasor. 30
Problem 4 | Parallel plate transmission line 18
Problem 5 | Plane wave 12
Total 100
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1. Smith chart basics (10 points)

Consider the generic transmission line problem as shown below. Assume that the transmission line is a
coaxial transmission line of filled with a material £=9g, y=u,.

—>—"AN—0 o
@ v, Tvm 7,100 Q le Z
v
< >

1
(a) (5 points) For each of the following loads, mark their position on the Smith chart below (using
the letter as a label), and write below the reflection coefficient (magnitude and phase angle).

A:Z=25Q r= Ol Liot =- O ¢

sawpmon 1o 085 L 6)°

(b) (5 points) What is the input impedance of the transmission line Z;,(-/) for each of the loads if
[=1.25 m and /=10 MHz? Label each point on the Smith Chart using A’, B’

A1Z=25Q Y] HTI

N7 2=l ry 87
B:Z,=40-200Q. B Z,= /O ] %5_)

N\ = A~ A : N ~ ]
A %ﬁ‘" - /U;//}f) /Q = \/%' = CILsSN

Ry - )
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2. Transmission line — Impedance Matching (30 points)
This problem involves a transmission line which is lossless coaxial cable filled with a dielectric material

&48, p=uy. The frequency of operation is /=10 GHz.

For these problems, you may use any methods you wish, including the Smith chart (not required).

,(1) R =50 Q)

CP v(t) Vi Z,=50 O

100 cm

-~>

[«

Upz & = |.6x/0%mf5

“(://O'”h‘% A= 2 [,g{/o -] Sam

(a) ( points) At the frequency given above (/=10 GHz), what is the load 1mpedance 1 (Z1,) and load
impedance 2 (Z;,)? dp‘; /‘0 é/}‘f:& L= ; /\IIS

—~T U e

e L=l 2nl wl= 752 ZL, 9(:)4,—}75/(2_

(b) ( points) What is the input impedance Z, looking into the junction of the two lines?
. 4
Fon Ziﬂ,‘\: " Z’&"VL | \"{j%@t \7/ \/W " ””L
S—
éte S € bt 2y - |- (©.22% e [+)15
Yo 096302 Y- 0. %rmj@%
< he Q’?«}Z \{mL 09402 \/m. 0,22 h 0.7

\l" \/.m“f /nl"' R + (ﬂ) %7
B Oglj _)U?)’
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i(t) R =50 Q

E—}; VAN—O
@ v(t) Vi Z=500

100 cm

X<

(¢) (points) Consider the using a shorted stub as shown to prevent any reflections back on the
feedline and into the generator. What values of d and / should be chosen to achieve matching to
the line? Give these values in term of both wavelengths-and-mrmeters:

Shat with Yin= | 230 057
choose A =d bty (A)- |

&

\
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The Complete Smith Chart
Black Magic Design
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3. Vector Calculus and phasors (30 points)

(a) Write the following phasor quantities in the time domain. (Do not include the expression Re{}
in your answer). Assume Eo, Ho, and A4 are real quantities.

i E(z) =3B " Ben=? oy e lt-Rz) X
Qe {, garohe i)
ii. H(z)=§jH,&" H(zH)=? . Ve, Y A
N, (& 25@;(kym+3ié,m ()zw%)g o = CW )22\) y
A 3 s beg)
,\eé ‘“‘FJ‘" )> whe =46 (- . ol
RE 240 eﬂqﬁ)m} i

(b) Consider the current continuity equation: VeJ = _%ﬂ . Apply this equation to a volume V' with a
t

surface defined by differential elements dS, and rewrite this equation in integral form. Give a

physical explanation. ) : W 3
/‘Lpﬁ; b oa vl V with oz édﬁ}aw 5:»{ §
U Sing C&N@@@’I @ theoreon

% SV’IA\/ - P av

T}\Q}WIZ’ MLUMM'?‘ %m& (i/owf; C’)uf O/\c« (/z(k

Sorlae 12 E’i/(/a[

;}ij H\Q ‘}IW\Q m#ﬁ @J‘ Chd{l;fé
G’OI % 6’”(,[6&1\ d”laj
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(c) Consider the case of fields, charges, and currents that vary harmonically with angular frequency

. Rewrite Maxwell’s equat1on51 hasor form using the phasors: g,J,E,H,B,D.
e hcs

v » 3‘1!’9‘.«"‘)
V:D-8 g0
VYE*’UWB (\f]x}:}’“ %+JV° D

Mo Medon thet éb% Ol L s

(d) Prove that for harmonically varying fields, charges, and currents that: p=0.

S with the  Conenl Con ﬁuﬁw @Wmh@% th phmr Ajﬂy\w
\VANESY s o
St Ohms Lo J= o=
o /e é =~ )w 6
SUatble Gussslyy /- é = L/g:/

J‘W\a O J’Mww m(i\
CT

l{,ﬁ.\

-\JL\}P

om{f Wiy H’l % U]W*Uf\
Can e trve 3, + Q = O
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4. Parallel plate transmission line (18 points)
Consider a parallel plate transmission line with dimensions width w=1mm, height @=0.1 mm, and metal
thickness #=0.01 mm. It is made of copper with o= 5.9x10” S/m and .= uo. The plates are separated by

air (1.e. € = g 1 = Uy, and o = 0).
Cross section
w

< >
| !
d4
&
t
v
'T
Side view
+ 300 v L/W
4\ d’!\ 50Q
- . \E’ &y
L — . o
< : >

¢
(a) (6 points) What is the resistance per unit length R’ for this transmission line at /=10 kHz? Give a
number.

Colulde ckndedth of  [okHz: &7 0,66 i whahis michlge
Yun ekl Hirck nese T=0.00gm, This we ascve conent

ﬁ/@%/ s Um: }Zj‘é’"ﬂ/’i’) l/V H’f’l) b‘}h mekﬁ l (rves Sec l’ O'ﬁ’ 2

( E‘JM‘ Ol "}M/@ ”VQDW:
71W<;/' COWL,% A) 5

(b) (6 points) What is the resistance per unit length R’ for this transmission line at /=10 GHz? Give a
number.

/‘H‘ /0 G’ih CE;; - O 66 AW << —}/ . AD'M> CUW’@%—}
“Q/@W? C”))’ at 5""%“(’/_5 ()‘Mer) ol é@m(‘i&/c‘%&’f =3
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(c) (6 points) At which frequency (10 kHz or 10 GHz) is it a better approximation to consider this a
“lossless” transmission line? Explain why.

ﬂr / O - /8 5% TZ_ /2&5% Zo req)

o o P@@%@Hém Coritpt @ = s
A=C

We Cant Soy (A lne ic o 9:@7/
/ Ol s, ; fi

3‘9/ f)(’;ﬁ'lcﬂ/‘/gr @'/\
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5. Plane waves (12 points)
(a) (6 points) Consider a linearly polarized plane wave in free space with an electric field phasor

givenby: E(z)=(%+ &)%e"kz . Write the corresponding H-field phasor.

‘Er H{ 9] strm ¢ agwﬁ htﬁf’i/ﬂgu M‘ﬁlﬁ /:ZA A yi?féw WV

h.;} 2

L - B “ "3
ndizks  aowere Profagabig in 42 Aty pop 7

(b) (6 points) Consider a circularly polarized plane wave in free space with an electric field phasor
’ + jkz

given by: E(z)=(% - j)“f)%e . Write the corresponding H-field phasor.

4 b
€+.) - Q)[@{Qa % 1 )»,(5‘». [EV) "‘z ()L m} ‘ kj(/)
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VeD=p,
VxE:—-a-]—s- D=¢E+P
, - ot . .
Maxwell’s Equations: Auxillary Fields: B
a VeB =0 Y HoooM
0
VXH=J, + 9D
e/
, , P=¢,yE D=¢E D =¢E
In linear media: Ohm’s Law: J=0E
M:XmH B:#H B:’LIH
Electrostatic Potential: E=-VV Vector potential: B=VxA
0A
Electrodynamic Potential: E=-VV - o

Gradient Theorem:

a

Divergence Theorem: j .

Stokes’s Theorem:
Electric energy density: W,=—E.D or

Magnetic energy density: W = —;—B-H or

Power dissipation density (Joule/Ohmic) = EeJ

d
Poynting Theorem: Ve(ExH) = —5(2
Poynting Vector: S=ExH
Time averaged Poynting vector: S, = %
Capacitance: C= %
Inductance: L= A =N @
1 {

Vector identities
VxVxA=V(V.A)-V’A

Ve(VXA)=0

Vx(V/) =0

VeVf=Vif
Ve(AXB)=Be(VxA)—A+(VxB)
Ao(BXC) = B-(CXA) = C-(AXB)
AX(BXC) = B(A-C) —C(A~B)
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[(Vf)et= 1 (B)- f(a)

(VeA)dV = AedS
(VxA)dS=¢ Al

W, = —;-EE > (in linear media)

W, = é- #H?  (in linear media)

or oE’>  (in Ohm’s law media)

E2+%ILLH2)—E-J

Re{ﬁxfl*}



