EE101 - Engineering Electromagnetics Midterm
UCLA Department of Electrical Engineering
EE101 - Engineering Electromagnetics
Winter 2013
Midterm, February 12 2013, (1:45 minutes)
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Name Student number

This is a closed book exam — you are allowed 1 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
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. CIRCLE YOUR FINAL ANSWER.

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 | Capacitor 40 >T
Problem 2 | Transmission Line 30 U
Problem 3 | Boundary condition 30 ~ B -
Total 100 .
o=
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- EE101 - Engineering Electromagnetics Midterm

1. Capacitor (40 points)

/ a Ag = ﬁ\%; .
A D B Tk l%_?

i = =%

v

el AL/ , L,

A D 4 = <
C ik — %—?

v

(10

(a) (10 points) Consideg the following parallel plate capacitor wit perfe/ctly conducting metal
plates, and only vacuum in between as shown below in figure (A). Assume the plates are held at
a constant potential difference V; using a voltage source. Give an expression for the electric field
in the gap between the plates (don’t forget vector direction) in terms of V), and the dimensional
and material quantities (i.e. a, b, d, €, - (NOT C))). )
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(b) (15 points) Now, we insert a piec
in between the plates as shown in
hea =9 and magnitude) both inside the dielectric and in the vacuum regions.

e of dielectric of thickness @/2 and with permittivity €halfway
figure (B). Give an expression for electric field E (direction
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(¢) (15 points) Now imagine that we open a switch connecting the voltage source (as shown in (C))
and remove the dielectric (as shown in (D)). Is the electrostatic energy in the system the same,
larger, or smaller than the original configuration shown in (A)? If yo
why. If your answer is “larger” or “smaller”, explain why,
went to. (Explanations required for full credit)

ur answer is “same”, explain
and where the energy came from or

Ergy vtored moq cqpaciter - Sov ‘T T_V, ve C— ==V,
| ;
v, =V, Open ewitth = no trnt flow

n A, the energy stoed n ne capacitor 1« & £e98
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2. Transmission line (30 points)

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)?

Two-wire Tran Line Single wire over ground plane Tran Line

@ S ) e
O
o |
4

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

€= € = L. What is the capacitance per unit length of the single wire over round
p p g g
(  In(d/2a) P& i
plane? k.

Q fod)
(G — = — N for @ 2-wire cave wt wilt 3‘1 €(2d)
V. O -gad) =

w Ny \ (d
The C(IPCIOH‘QH(,Q, AT Uhit |‘3ﬂgf'ﬂ of hureds for a dingiv wily, wuwil get €(d)
thy angle wae over the/ (dround
pling 16 2 4imed more becludy
the potential 18 halved (the dirancv

¢ halved )

Vo for g 2-wWire pine will pe
twice @ lq;qb qs that of a

qingle wue over a plany becaudv

In the two —wnde_tI case, our mteqrad
would by f £ dz  Wnd for 1he

\ 6 “l¢-a) d-q
\ Q R 2—“
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(b) (15 points ) The inductance per unit length of the two-wire line is approximately:

L= -Ii = ﬁln(d /2a). What is the inductance per unit length of the single wire over ground

plane?
@T o
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3. Boundary conditions (30 points)

Consider the case of time-harmonic fields described by phasors H . B for (i.e. fields varying with a
single angular frequency ).

(a) (15 points) At the interface between a perfect conductor (region 2) and a material with
perrmttmty € and permeability u (region 1), we can write the boundary conditions for magnetic
X =J,H, =0 (transverse fields)
fields: & ]
=B, =0 (normal fields)

Explain qualitatively why the normal B-field must go to zero on both sides of the interface at a
perfect conductor (¢ = 0). You should identify in your explanation which of Maxwell’s laws is
responsible. If y¢ you wish, you may supplement your explanation with diagrams or equations.
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(b) (15 points) Now consider the case where the conductor is not perfect (o # ). For which case is
the boundary condition listed in (a) a better approximation: the low frequency case (@ — 0), or

the high frequency case (w — ). Explain why. t > 1,
1 <« T, fret Lltuste 10 Conducter chur‘ad c\.“ﬂn’d magneric fied 0
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