EE101 — Engineering Electromagnetics

SOLUT)ONS

Midterm

UCLA Department of Electrical Engineering
EE101 — Engineering Electromagnetics

Winter 2009

Midterm, February 9 2008, (1:45 minutes)

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.

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 4 L,
Problem 2 | Magnetic Field 20
Problem 3 | Parallel plate line gl
Problem 4 | Image theory 20
Total 100
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EE101 — Engineering Electromagnetics Midterm

1. Capacitor (44 points)

Consider the parallel plate capacitor shown below, partially filled with dielectric material of permittivity
&;, The capacitor has depth L (out of the page). There is no free charge in the dielectric (except in part ).
Using a voltage source hold the upper plate is held at a potential of ¥ and the lower plate is held at V'=0.
4N

X <

\'4
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EE101 — Engineering Electromagnetics Midterm
(a) (15 points) Find the scalar electrostatic potential Vix} and electric field E(x) for O<x<d.
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EE101 — Engineering Electromagnetics in lwmb a%f he. ﬁﬂ’.’m P mwlmM]dtel m
(b) (5 pomts) What is the polarlzatlon field P¢r) for O0<x<d? Don’t forget the vector direction.
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EE101 — Engineering Electromagnetics Midterm

{c) (4 points) Find values for free surface charge density p,on any relevant surfaces, and sketch on
the diagram below.
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(d) (5 points) Find values, polarity, and location of any bound charge density p;, and sketch on the
diagram below.
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EE101 - Engineering Electromagnetics Midterm
(e) (5 points) What is the capacitance of this structure?
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EE101 — Engineering Electromagnetics Midterm

{(f) (6 points) For thlg problem, assume that the dielectric layer is slightly conductive with a
conductivity ¢ = IS/m Assume €,=3x10""" F/m. What is the capacitance at low frequencies, and
what 15 the capacitance at high frequencies? What is the crossover frequency for this behavior?
Describe this behavior qualitatively.
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2. Magnetic Field

(20 points)

Constider a loop of wire of radius a, with a very small gap as shown. A static B-field is oriented in the

direction B= -J.%—x +T%—,z . The loop is shrinking as a function of time, such that its radius is given by

the function a(tj=as-bt. (for O < t <ay/'b)

(a) What is the volta

an

ge across the gap v(i/=V;-V, as a function of time for 0 <t < ayb?
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EE101 — Engineering Electromagnetics Midterm

{b) Now consider the same problem, except the magnetic field magnitude is changing as a function
of time: By(#/=Bgt, at the same time as the loop 18 shrinking.
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3. Parallel plate transmission lines (20 points)
< R > (5

(a) Consider the parallel plate transmission line shown above composed of two perfectly conductiﬁg
thin plates. The width is much greater than the plate separation w > 4. What is the capacitance
per unit length?
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EE101 — Engineering Electromagnetics Midterm
(b) What is the mductance per unit length ?
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4. Image Method (20 points)

Consider the following point charge configurations above a perfectly conducting ground plane (x-y
plane). For each case, sketch the appropnate image charge configuration (location, amount, and polarity
of charge). Also sketch the actual E-field lines that resuit from the presence of the ground plane, and the
location and polarity of any surface charge. Be sure your sketch is neat and conveys the essential
features of the field.
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EE101 — Engineering Electromagnetics

Maxwell’s Equations:

In linear media:

Electrostatic Potential;

Electrodynamic Potential:

Gradient Theorem:

Divergence Theorem:

Stokes’s Theorem:

Electric energy density:

Magnetic energy density:

Poynting Vector:

Time averaged Poynting vector:

Capacitance:

Inductance:

Boundary conditions

Bound charge

Bound current
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A B =ABcosHsp Scalar {or dot} product

AxXB=nABsinf.g Vector (or cross) product, it normal to plane containing A and B
ABxO=B (CxA)=C.-(AxB)
AxBxCr=8BA-0O~-CAeB)
VU + V)=V +VV
V(UV)y=UVV +VVU

V- (A+B) =V - A+V.B

V- (WA =UV . A+A-VU
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Vx{A+B) =VxA+VxB
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V- (Vx A =0
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