
EEI 0 I - Engineering Electromagnettcs Midterm

UCLA Department of Electrical Engineering
EE101 - Engineering Electromagnetics

Winter 2013

Midterm, February 122013, (l:45 minutes)

Name Student number

This is a closed book exam - you are allowed I page of notes (front+back)'

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

tum 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 haue 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. CIRCLE YOUR FINAL ANSWER.

lf 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 I Capacitor 40 \.2f,t. \

Problem 2 Transmission Line -lt, lz->

Problem 3 Boundary condition 30 -v-
Total 100 ps
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EEl0l - Engineering Electromagnetics

l. Capacitor (40 points)

Midterm
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(a) (10 poi::']:::iii:i.":.T 
l:tl":l"r parallel plate capacito, *iPp#.tly conducting metal

ll1ltt,.-9 oqlJ=uaggg in between as showr below in figure (A). Assum.,h. pla;:r'or.i.ro u,
a constant potential 

$if-flrenc,e 
76 using a voltage source. Give an expression foi the etectric fieldin the gap between the plates (don't forget vector direction) in terms of vp, andthe dimensional-

and material quantities (i.e. a, b, d, €, - (NOT C!)).

r = oufr - eoqbvgoroltcl llctru 
- d = A
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EEl0l - Engineering Electromagnettcs

(b) (r5 poinrs) Now. we insen a piece ordierecrric orthickn::1]3^l*:*l:3lj#1j:3*:t
[;ffi'.; ;;;il;;';; il"; in figure (B). Give an expression for electric fietd E (direction

irrJ ' qb 
\and magnitude j both inside the dielectric and in the vacuum reglons'
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-' L--J

v.- .
tnhout Jhr, d1r{edrrc, i''i ,
it i[! r["t|Jfo(s bttws{{l th1 1oq llalc 0nd lho tlctrup rtqton'
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d(6.r.)

tr1 1,, rn-twfrce bctw?et tq(qvm ond

rrt,,r - t€:n:,
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Lo ?,n ' €E'n
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lr )\u/
- Engineering Electromagnetics , ". * \-, / Midt"..
( 15- points) Now imagine rt ut *. opffi,,ll, '.oin".,,n, the voltage source (as shown in (c))
and remove the dielectric (as shown in (D)i. ls ttre etgg-trosratiq greqi in ttre ryrtem tte *-",
larger._or smaller than the original configuration shown in (A)? iFlJur un.*"ii, ..same,', explain
why. If your answer is "larger" or "smaller", explain why, and where th. .n.rgy 

"uo," 
i-. o,

went to. (Explanations required for full credit) -l y':
thlrgy \rtctrq In q cqpqqt(r, icv' ,i 

i r" u" , i f ,"

EEIOI

(c,

Yo'V.

In f,, trz gneyg.l (iored 1n the cq?q0r10y rr | $_f;11" 1.

lhrn t\c {rrrrlh r,i o[.rn{{, n o -lanqv q lurr.{r,t flow

op{,r| ,rrrtfi i no dtt{,n} Jlow

ln{.{{ t,r

thrru0h t\! \r t,rtayn qnd

P\ql{ o{ lE co.tq qio,.
bt coqJr \1

U eolv o g1q1 1 u

r,hov g c nr to burlJ f1 rn tht
qt0hc€ t{tylqlrJ Vhchortcd

ts prrtc{ ntomttvrc qu qhtti y ?hq.r. fh*,

t<.Vlorn r 1l*a 3qp,4.
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EEl0l - Engineering Electromagnetlcs
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Consider the lossless two-wire transmission line in case (a) and the single wire over a perfectly
conducting semi-infinite ground plane shown in case (b)?

EEI 01 - Engineering Electromagnetics

2. Transmission line (30 points)

Two-wire Tran Line

r3qot

r
I

-.|

Midterm

Single wire over ground plane Tran Line

Fq
o

(b)(a)

(a) (15 points) The capacitance per unit length of the two-wire line is approximately:

C'=1=ffi'Whatisthecapacitanceperunitlengthofthesinglewireoverground

plane? 
c= + = ## * rrr Q r-rrrs 0q"0, wr. r.,*tll E(na:

Tht c(fqgrlgn[g ftf Uhrt ltngth Of 
v ']e L'dL'1 i rhr'rurr f,I e 'rrngl! 

'1f 
tr, turrl Xti €(d]

thv glnglo rtilg 0f e,r thv qround v for q 2- wn " trn0 rrtl br

?lQnv l.l A 1tm0'l m0(v btctluJt/ rNltcs cr lorgo qu thqt of q

thv gotentral t{ hqlVed [thc dralCncv (rn!tc/ r,,rt e, t)\t( 0 pl(n0 bcrqq,io

r.r hqlv'rd J 1p thr 1fv(l - *",tol, [q,tg, 0v r 141egra{

. _ _"1 r,roqrd be, - I E dt 0n( fqr th{,

\ C_ _ry | .. -(d-q)

\ T 
- 

,. (o;) i * tt rngro 1,r(e cuss, rt would h0 !:; "\-
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EElOl - Engineering Electrornagnetic\ Midterm

(b)(l5points)Theinductanceperunitlengthofthetwo-wirelineisapproximately:

7' = 
L 

= Lhlal 2a) . What is the inductance per unit length of the single wire over ground

LE

1"

u{ioi -!Jor'
1I

0tprndrng o0 lht {rtlcil0n, th0 $-tt{Yqllon

Or',n6v 1ri I rh th? z oohloh{tll ttrll d r ff-rr

fot thc 1- r.t. o ('(t{v, rt. r6qtd oo 
^l*to,,t,

rfrqcol fer th! (rn0lt nll0 (,q69/ vlti ioud

lo In-oo dz. Iht{'j, rho formr'r rfittgrol r.ould

* 
otrrto 

0r riuch 0s lhr/ lqtfq. rltnto th's

r' N{" --::. :
I

htdrrol{ on

bc cn0 ',

0 rr d-q

Inl€qrqlloYr

bo{hd{ t -(d-q,
ro d-l

Or
I

lo--t-
t,

OJ rr lhv qbll drffgqrr co b0t$/e'ln ihs t'ro

tqufil0hr , tho rndurt'rnt{, ty g l,y{|l:l
;il ;-'{'1"!!-t rt-{-br-}r. jf thqt 0f ilo s'wttz

Lq,lt :

+r<
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EEl0l - Engineering Electromagnetics

3. Boundary conditions (30 points)

Consider the case of time-harmonic fields described by phasors
single angular frequency o).

Midterm

r:l- ^6l so
a , f for (i.e. fields varying with a

(a) ( l5 points) At the interface between a perfect conductor (region 2) and a material with
permittivity eand permeability p (region l), we can write the boundary conditions for magnetic

I n,, = 
j,.a., =o (transverse fields,)

r retos: I - _

[8," = 8., =Q (normal fields)

Explain qualitatively why the normal B-field must go to zero on both sides of the inlerface at a
perfect coqductqr (o = o). You should identify in your explanation lvhich of Maxwell's laws is
responsible. If you wish. you may supplement your explanation with diagrams or equations.

V'0 .0

ilhu frndrig bounqQry cnnd'lrotv lor lh! thqgtctofffirg c0{&, /
i0 frnO lhr, tr0tmql aomfn0n1!, rr! ust, 0 (1(U,fJlqn ollndrrv
0t ltr, rnttrfoc<. $od.qi'o u'r 0qulr'.t Lql tl nlnotxm

(!'i' o) -. b,n = grn H0$crq, tn 0 Plle(,l 0lldultor, lh{,,

gl!(^r1! fltld nu{l bv zrr0 Ec((uJi lhl't l{ r0r' c0'l{,, \ 0htn'J

;", i:;d,'u,rt,'no-,lrrr,,, f'dd, th.,t Lsl.-b!-i!-!i"-"*' nol lve s/a< 6z&
rn th{, rooduct{|Y, \t0 0'1 nu,tt bc ztl0, tihllh htqhl Brn mqJt

qt{ r bvzuo \<- '/.62 lJorT flor*lsEn7
-lu
zltL4/r
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EE l0l - Engineering Electromagnettcs Midterm

(b) (15 points) Now consider the case where the conductor is not perfect (o I oo). For which case is

the boundary condition listed in (a) a better approximation: the ]oryjrqqu94c1case (o--- O)' or

the high frequency case (ro --- rl). Explain why. g >> ?a

i .< t,. f(rr ?rrralr In $rducr.r riy/tort{, 0??hrd t'q0ncl'. f,d""

h tht hfgh frlquvr0y cQ..rg, 1iif,._rtt wrrat,r th iho 00ndu010t v|rll Cqncd lt {ottvn
tht Qqllrrd m0!nr/tr0 fltl(.r tlrrrvs, In lht lc{r frrqutncy eq{t- rh? otpTn:-,*:::n
.)- r{ ruy (rqll ohd lhv olltrtd mq0ir,tr! lN\& qr? not tCIy qfftqa/ b't J rn( lho

rnduccd lilqqno1tc, {tU( 1$dJ te ?110.

1\,! lcv fRqu.,hcY 00st fd,rnr l0 lg q bttl{, gttf oxlhqnoyJ, bccqus" lhr
cbhqrtlon tn d t, unoffccr+rl b1 j. K
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