COLUTIONS

EE101 — Engineering Electromagnetics Midterm

UCLA Department of Electrical Engineering
EE101 — Engineering Electromagnetics
Winter 2011
Midterm, February 7 2011, (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. 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 35
Problem 2 | Kirchoff’s Laws 30
Problem 3 | Solenoid 35
Total 100
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EE101 — Engineering Electromagnetics Midterm

1. Capacitor %})oints)

In this problem, we consider a parallel plate capacitor shown below where two metal (assume perfectly
conducting) plates are separated by distance d. Assume that the lateral dimensions L,b >> d so that we
can make a 1D approximation and neglect fringing fields. The capacitor is filled with two types of
dielectric materials, with permittivity &, and & assume & > &. Because the dielectric material isn’t
perfect, the material has some small conductivity 4, and o, respectively.
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(a) (W@ points) If you neglect the conductivity, what is the capacitance of this capacitor, in terms of
the dimensions and material properties?
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EE101 — Engineering Electromagnetics Midterm

(¢) (15 points) Now consider the leakage conductance of the dielectric — give an expression for the
resistance R of this capacitor in terms of the material properties and the dimensions.

C@mé}dv WI‘WJ resishe i @W”@)s
— 1

Page 5 of 17



EE101 — Engineering Electromagnetics Midterm
2. Kirchoff’s Laws (30 points)

1op) : . o
(a) n%)r’cult theory, Kirchoff’s current law says that the sum of the currents flowing into a circuit
node is equal to the sum of the currents flowing out: Z[ n = Z[O%m . Give a physical

explanation/derivation for this rule, citing equations as needed.
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3. Solenoid (387points)
a. (W points) Consider a cylindrical metal shell with conductivity o placed inside a long

s6fenoid of length / with N turns driven to produce a magnetic field. The shell has a small
gap in the edge as shown (width w<a). Theé current in the solenoid is i(r)=kz, where k is a
. positive constant (units of A/s), with a direction as indicated in the figure. The shell has
x ‘dimensions as shown, where d < a.
What is the current density J(¢,7) flowing in the metal shell ? What is the potential
difference that appears across the gap?
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b. (15 points) Now consider if the metal shell has no gap as shown. Once again, i(¢)=kt.
What is the current density J(¢,f) flowing in the metal shell, and which direction does it
flow? Your answer should be as a function of dimensional parameters, k, etc. - H should
not appear in your final answer.

You may wish to refer to the relationship we derived in class for a metal shell in a z-oriented H-field:
d y M, _H,
a " T 1,
H,(t) is the field generated by currents in the metal shell, Hy(t) is the externally applied H field in the z-
direction resulting from the solenoid, and Hi,(¢)=H,(f)+Hy(%) is the total axial H-field inside the metal

shell (all H-fields are defined to be oriented in the z-direction).

where 7, =doay, /2 is the magnetic diffusion time, and where
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