EE101A — Engineering Electromagnetics Quiz

UCLA Department of Electrical Engineering
ECE101A — Engineering Electromagnetics
Fall 2020
Quiz, October 20, 2020 (60 minutes)

Name Student number

This is an open book quiz. Calculator is allowed, but no wireless device communication other
than for downloading/viewing/uploading the exam/solution materials.

Check to make sure your test booklet has all of its pages — both when you receive it and when you
turn itin.

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 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 Y(_)ur

points
Problem 1 Vector Calculus 15
Problem 2 Electrostatics 20
Problem 3 Capacitance 15
Total 50
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1. Vector Calculus
For the vector field E = ®y? + y(x2 + 3xy), calculate

() VxE

(b) gﬁc E - dl around the triangular contour shown in Fig. 1
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(5 points)

(b) Path 1, 2, 3 are denoted in Fig. 1.

Pathl:y =0
Path2: x +y = 2,dx = —dy
Path3: x = y,dx = dy

jEE-dizf E-di+f E-dl+f E-dl
Cc pathl path2 path3
1 1
= j yx? - xXdx + j [Xy?2 + 9(4 + 2y — 2y?)] - (—xdy + ydy)
0 0
0
+ [ Gy? #3507 + 3991 Gy + )
o 0
=0+ J (4 + 2y —3y3)dy + J (5y®)dy
0 1
5 7

=4 ——=—

3 3
Also works if use Stokes’s theorem (10 points)
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2. The circular disk of radius a shown in Fig. 2 has uniform charge density ps across its surface.
(a) Obtain an expression for the electric potential V at a point P(0, 0, z) on the z-axis.

(b) Use your result to find E and then evaluate it for z = h.

Fig. 2

Solution:
(a) Consider a ring of charge at a radial distance r. The charge contained in
width dr 1s
dg = p<(2mrdr) = 2npgrdr.

The potential at P is
dg 2npgrdr

T amegR  Ameo(r + 2212

The potential due to the entire disk is

N ps (¢ rdr Ps 2 2" Ps [, 2 2
o [ar= P [T T P2 _Ps - -
/0 2¢, /(; (?‘2+_’2)]/2 2¢q (F‘ + ) 0 2¢0 [(61 + ) }
(10 points)
(b)
E— V/—_ L alialfi; -
N dx U oy - T 2e aZ + z2

The expression for E reduces to Eq. (4.24) when z = A.
(10 points)
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3. Calculate the capacitance of the capacitor in Fig. 3 (using the definition of capacitance): a
parallel plate capacitor with two dielectric layers. Show that the overall capacitance C is equal to
the series combination of the capacitances of the individual layers, C1 and C2, namely

GG
G +C,
where
A A
Cl =& y Cz =& e
1 2
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