SOLUTION.S

EE101A - Engineering Electromagnetics Final
UCLA Department of Electrical Engineering
EE101A - Engineering Electromagnetics
Winter 2014
Final Exam, March 20 2014, (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 20
Problem 2 | Impedance Matching 30
Problem 3 | Plane wave propagation 25
Problem 4 | Capacitor with conductor 25
Total 100
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1. Smith chart basics (20 points)

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

l, Z,
> ANA—0 -
(.D vV, Vin Z,=100 Q IVL Z
< >

14
(a) (7 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=30Q. r= ()53 /[ 18
Z,-03

B: Z, = 50 - j200 . r= 0.3/ .5'0
-ZL'O.EJ ':2:3

(b) (6 points) For each of the following loads impedances, convert to unnormalized load admittance
Y\, and give the value in units Q'. Mark the position on the Smith chart below (using the letter as
a label).

-
A:Z,=30Q. A’ Y= .03Y

B: Z, = 50 - j200 Q. B Y= (.00 4;;0.00‘/7_,’2:'
Ve~ 0Nt)0.47
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(c) (7 points) What is the non-normalized input impedance of the transmission line Z;,(-I) for each of
the loads if /=2 cm and f=1 GHz? Label each point on the Smith Chart using A’’, B"".

A:Z=30Q. A za= 1V 10 %:) 150 L
Zin=1 7415

B:Z,=50-/200Q. B’ Zn= q—rJI%Jl
Zm-—O.OOq ’\J O‘ Lg

Pl 6= A
£= C,Qa -/{A:/uo v= =, i /Og\mﬁ

= }f; O.Im = /O¢m
Q"Zum = @2->\
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Smith chart for problem 1
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2. Transmission line — Impedance Matching

Final

ES
(35 points)

For this problem, you may use any methods you wish, including the Smith chart. Also, assume that the
transmission line is coaxial filled with a dielectric material =4 &, y=uo, and the generator voltage is
W(£)=Vo cos (2xft), where /=3 GHz and V=1 V throughout the problem.

(a) («l%%oints) The goal of this problem is to design an impedance matching network that prevents
any reflections into the network and maximizes the power delivered to the loads. All

transmission lines have the same characteristic impedance Zy. Find the lengths d and #in order to
impedance match the load the line. Give your answer both in terms of wavelengths and meters.

20410 Q

'zb: @.2 "’d 0« '

ity R=100Q < d
["9 ANN—C
% v,(t) Va Z,=100 Q
\/= %;,5‘/07”,/5 > 100 cm
13
>\: l: ,5(/0 ~ 2
£ xpon 0.05m = S

(/\(\00‘1& A"?Lt['l "\o}

L= 0.42% -

é‘f)uﬁm 2‘/. ()\: 04y -

[ 0.0%A

"
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(b) (10 points) Consider the following case, where a transmission line is split into two parallel
branches each terminated with a load of 50 Q. What choice of length #will result in no

reflections back to the generator? You should give your answer in terms of both numbers of
wavelengths and meters.

i)y Rz=100Q

. v, Z=1000

A o

100 m

8+ 5)1610: Frd  inpet impedane
a-*-(,n'ﬂmcz ‘,'O C@Lh . bmmh £ M | 2

my .

Sinee tee are no Shis awhble  ve must Choe

LM@MQWMZMMMLWW

Oﬂ\7 1@‘54)\5 _,2: %— or /Q: }‘Z _

A Chooy ). %‘1 o A Znay = 20000

We_ ten hose Ve cirih-
10072 @

T 4o LEOSL  mpX inpelances tn Poallel gve_
1OOIL ihizhis  amddh 15 de lie

Zﬂ’}?'f O/ZS’CW’
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3. Plane waves and interfaces -@20poinis)

A microwave oven cooks your food by irradiating it with electromagnetic waves at a frequency of
2.45 GHz. Let’s model this process by considering the radiation in the form of a plane wave that is
incident upon your “food”. Since food is mostly water, we will model the food as a pure water
“medium”. The permittivity of pure water is very different at different frequencies. We will take the

permittivity of water to be £=£(78-j7.6). You may make any approximations provided they are
justified.

6 Ponks
(a) At ﬁS GHz, is it better to describe water as a good conductor or a lossy dielectric (i.e. poor

conductor)? ﬂ— ’
APrx o, Cond b .
L ~ i)

—

lss, delehn. &
A ’ﬂw&)ﬂ } 3 cbe bk Cavssoner pont

b fon ks

(b) At 2.45 GHz, what is the wavelength in water at this frequency?

s ju(%’j{ H]

e

B So AP0 \Tox /¢ wha e

/\>2_TI; e 2% -0 O/‘/n_f;
© W Zwwo o> '
L ek

(3: 152 m~
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(©) t@qg GHz, over what distance will the power carried by a plane wave drop to 1% of its
original value in water?

A= W@[m—: _U Ve J—I—?fxtfzc

A C T T RN T

2 2
=455 ! _ Y53 B
6 i " A = x0.97 ’_1_7—m {
pOwer aHenuahon S e_-ldz e e e

0.01- ¢ 42 i
- In 0.0
20992 -1 0.00 - o

ponkbs e
(d) Ice has a dielectric constant of £=g(6.8-70.03). Given this, which would you expect to heat up
fasterina microwaveK Liquid water or ice? Why?

ovea

Water will ;\ecdl up VQJSJ@F Ik /agu‘ ¢ " will resul
m & ,orgef" a\oéowphr')n (et /ofyer) an s
thé}er }\Cath, The 00l eneyy 2 Aa?;épal«\
as o "Cu% (e Ohmy Power A'ZQ;QOLW) wiich heds

Yo sample.
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4. Capacitor with conducting sphere (25 points)

tVi/2. +V,/2

N VS M _ o A -
z=d2 f ‘0 |

| ! | |

] a2 |

< E x5 < ¥ ZaI () I x

: I |

=-d/2 b 3 = = R TS TG =
e v s M

(a) -Vy/2 (b) V2

(a) (7 points) Consider a capacitor of thickness d, and permittivity & where the voltage difference
between the upper and lower (perfectly conducting) plates is Vj (see figure (a)). You may assume
that the capacitor width is much greater than d, and neglect any fringing fields (i.e. parallel plate
approximation). There is no free charge in the dielectric. Find an expression for the electrostatic
potential V(z) inside the dielectric medium & Give your answer both in Cartesian coordinates
(i.e. V(z)), and spherical coordinates (i.e. V(R,¢,0)).

V) = Yoz v(ﬂ,@\fg?racose

Page 11 of 23



EE101A - Engineering Electromagnetics Final

(b) (8 points) Consider the case if we place a small perfectly conducting metal sphere of radius a in
the center of the capacitor, as shown in part (b) of the figure. The sphere has no net charge. Find
the solution for the potential V(R,6) for this case by analyzing Poisson’s equation in the dielectric

medium. You should look for solutions of the form V(R,8)= ARcos 8 +—:—2cos @+ C , which is

a solution to V*V =0. Find the appropriate values of the constants A, B, C that satisfy the
boundary conditions. You can assume that a << d, so that the field at the capacitor plates (i.e. far
away from the sphere) is unperturbed by the presence of the metal sphere (i.e. at the plates it is
the same as you found in part

Symnehy nsuts ot | C2O| go et ot 2:0 V=0
Now we st dnd vnlnaws A, B,
Boan&oﬁ/ tondibin : T R7a0 Cie. as )2‘700) we

Shold recore the Pokeatn\ e he unperhred Gpache V> YeReos ©
o0 V(Rg) = NRes O + B c/@

so  ARwsO= lfa{?tosé; => /A=%

Now wehae \/= %12405(9 +72/3,2 <O

A" 6u‘“£uaz 0; SPM (72:01\ Wwe. nw:ﬂ‘ )\ove f_’qu{ ﬁs’%)’m\ ;
Symmely Jebernnes \/(R=)= O depedent o} O,

O"%—’GC%Q*% cosb)

= = Vb a3
Fﬁl

\V/(Ro): V°Rcos(9 \/oa (o050
DR
\/"7)’\" 2

near M2 Aipole. Jerm
Ferm from
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(c) (5 points) Sketch the electric field lines in the figure below. Indicate the position and polarity of
any surface charge. (PLEASE BE NEAT!)

Page 13 of 23



I*iE 101A - Engineering Electromagnetics Final

(d) (#points) Imagine we modify a conventional capacitor by filling the dielectric with very tiny
metal spheres. However, they don’t touch each other, so the material remains insulating. Will the
inclusion of these spheres increase or decrease the capacitance C, or will it remain unchanged?

Explain why.
This is knoun as an
. I
L;:I_"'"-__“L =i ___..,__"-]: \\ M\ $.\C'\a‘ A‘ e]&’*‘lz

OB D | or
- i '
A “me Ma"er'\é\ ‘_

C wj” INcressg = Sp}ﬁrﬁ az/fs ds
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