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EE101A - Engineering Electromagnetics

Midterm

%

UCLA Department of Electrical Engineering
EE101A - Engineering Electromagnetics
Fall 2015
Midterm, November 3 2015, (1:45 minutes)

E

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 0
Problem 2 | Conductors and fields 30 Z)
Problem 3 | Transmission Line 30 20
Total 100
[cP
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EE101A — Engineering Electromagnetics Midterm

1. Capacitor (40 points)

v
\

(" (a) (10 points) Consider a parallel plate capacitor with the metal p.lates separated by d, thfit is
partially filled with a dielectric with permittivity £ =2& and.thlckne?qs d/2. The rest of the gap
(above and below) is vacuum. What is the capacitance of this capacitor?
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=
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EE101A - Engineering Electromagnetics Midterm

~+(b) (10 points) If a potential difference ¥} is applied to the capacitor. what is the E-field magnityg,
U in the upper vacuum region, the dielectric, and the lower vacuum region.
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(<) 110 points) On the diagrams below. on the left side of the picture, sketch the E-field vectors, and

< . >
~ 4 4+ + 3 F + ¥ ¥
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Pave £ of 16

the location and sign of the free charge. On the right side of the picture, sketch the polanzatmn
field P vecwors and the location and sign of the bound charge. Remembe
relative strengths of the fields (stronger field meap€ larger density of £
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(d) (10" points) Now consider that the dielectric is replaced by a perfect conductor 6=, What is the
\ \/ capacitance now?
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2. Conductors and fields (30 points)
(a) (10 points) Explain qualitatively/physically why the E-field must go to zero inside a perfect
conductor.
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(b) (10 points) Explain qualitatively/physically why the B-field must go to zero inside a perfect
conductor.
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(¢) (10 points) In a real conductor where o is finite, we can only make aPPro’fimatiO“S- Does a
finite conductor act more like a perfect conductor at high or low frequencies for E-fields?
How about for B-fields? Explain why \
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3. Transmission line (30 points) 7()/
Consider the loss!ess 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
@ 3 Hv, o1
o[
C e 2 ]

- | S

(a) (15 points) The capacitance per unit length of the two-wire line with dimensions shown above

\N
\ (wire radius = a, separation = 2d) is approximately: C'= L3 e (valid when d > a).
( In(2d/a)

What is the capacitance per unit length of the single wire over ground plane (wire radius = a,
distance from ground plane = d)?
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(b) (15 points ) The inductance per unit length of the same two-wire line is approximately:

y. b . .
¢ o L= i 1”""‘2‘/ /). What is the inductance per unit length of the single wire over ground ?
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Midterm
VUI) = /)/
VXE:—O_B D=€(,E+P
Maxwell’s Equations in media: ot Auxillary Fields: 8
VeB =0 ry H=2_m
‘)D /IH
VxH=J, + St
ot
[n linear media: P=czE D =¢E
M = Iml‘l B= /IH
Ohm’s law: J, =0E
Electrostatic Scalar Potential: E=-VV Vector potential: B=VxA
oA
Electrodynamic Potential: E=-VV- E—

b

[(vf)t = f(b)- f(a)

o

[ (VeA)dV = Aeas

[(VxA)dS=¢ At
|

Gradient Theorem:

Divergence Theorem:
Stokes's Theorem:

Electric energy density:

Magnetic energy density: W, = —;—B-H or W,

Joule power dissipation density: W, =Ee or
Poynting Vector: S=ExH
Time averaged Poynting vector: S, = %Re {E xH
Capacitance: C= 9

4

A D
Inductance: L= = =N -

0y E:z El 1= 0
Boundary conditions ‘
[)u - Dn | = /)\

Bound charge P2y, =-VeP
Bound current J,, =VxM

Definition of phasor F for time harmonic function £1):

Constants (SI units): 2=8.85x10""2 F/m (or C* N m'z)
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W, =—ED or W, = L
2 2

(in linear media)

;;:HZ (in linear media)

W,=cE*  (in Ohm’s law media)

H,-H;=J,
B,,-B,=0
Py, =Pen
J,,=Mxn

f()= Re{l‘:e"“ } =|F|cos(awr +¢)
tan '(@) = Im{F}/Re{F}

Ho=4m x10” H/m (or N A?)
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Fable 3-1: Summary of vector relations.

Cartesian Cylindrieal

Coordinares Coordinates

Midterm

Sphiericul
Coordinates

| |
Coordinate variables W Y | R,0,0
- 4 ] | [ad N
Vectormpmmtadm.A= ‘ u‘+y*,4,.+ut FA, + @Ay + 24, l RAx +0A.+M. ‘
Magnitude of A, |4| = AL+ AL+A i A4 Ak A A i
=~ i -) |
Position vector 0P = Ry + 9y + 22, tro+ 22, RR,. !
I i _ for P(xy,y,21) for P(r,0,21) | for P(R,0,¢/) !
Base vectors properties Br=yy=22=1 tt=@@=22=1 RR=0-0=¢¢=1 l
l'9=9-i=t-i=0 i":"“zﬁ-f=0‘ R":"‘-"“:(, |
txy=12 tx¢=2 ; Rx@=¢ |
Ix2=1t dx2=1¢ L Ox¢=R '
ixt=9 ixt=9¢ ‘ dxR=0 '
Dot product, A-B = ABHAB +4:B,  AB, 4+A,By+ A B, | AxBa+Agbg +AyB,y i
|2 3 2 Poé 2 R0 ¢ |
Cross product, Ax B = Ac A, A Ay Ay A Ax Ao Ay ‘,
I B. B, B, B, B, B, 1 Bx Be B |
- l |
Differential length, 41 = Rdx+§dy+2dz bdr+Qrdp+2dz | RAR+ORA04¢Rin 049 !
Differential surface areas ds, = kdydz ds, = trdgdy dsg = RR*sin0 d0do
dsy = ydade dsy =@drd; | dsg = ORsin0JR 4Y
ds;=2xdy  ds =1trdrdg dsy = QRAR dO
Differential volume, dv = dxdyd; { rdrd¢d; R sin0dRd0 d
Table 3-2: Coordinate transformation relations.
[ransformation Coordinate \:cri.;l)lt-s Unit Vectors Vedtor Components
Cartesian to r= a4yt l}—-tcos¢+,sin¢ Ay =Acosd4+A,sind
cylindrical o =tan~'(y/x) ¢ = —ksing+ ycosd Ay = =Asing 4+ A,cosd
, 1=z i= Ay =4,
Cylindrical to x =rcoso t = tcosd -_Q‘snm Ac = A, cond = Aysing
Cartesian y=rsing ¥ = tsind +9cosd Ay = Apsind 4 Aycond
2= 2= l A( - /‘(
Cartesian to R= {/A"‘ +y+2 R = tsinOcoso Ap = A sinOcosd
spherical + ¥sinOsind + 2cos 0 + Ay sinOsing 4+ A,conl)

0=tan"'[ VFTR/:] 6 = cosOcosd

+$cosOsing - 23in0

o = tan~'(y/x) @ = —Rsind+ ycosd
Spherical to x=RsinBcosd t = RsinBcosd
Cartesian +0cosBcosd —Psing
y=Rsin0@sin¢ $= ﬁsi!ﬂ):ino )
+08cosOsing 4+ §cosd
z=Rcosb 2= RcosB -Bsind
Cylindrical to ~ R= /42 R = #sin0+ 2cos0
spherical 0 =rtan"'(r/2) é = tcost - 2sind
0=0 =9
Spherical to r=Rsin® # = Rsin6+Bcost
cylindrical o= ¢=¢
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2= Rcos0 —0sind

Ag = Aconlcosd
+ Ay cosOsind = A sin0
Ay = =Asing +A,cond
Ay = Axsincos ¢
+Ageostcosd ~ Aysing
Ay = Agsinlsing
+ Agcostsind 4+ Aycond
Ay = Agcosth = Agsind
4‘, - A, sin0) + A!C(‘ 0
Ag = A,cost = A ind
1‘0 - l‘.
Ay = Agsint 4 Agcoat)
Ay = Ay
A = Agcosl) = Agsinl
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»
1
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CARTESIAN (RECTANGULAR) COORDINATES (x, v, 3)

ax . (’\ a2
A, BA. dA.

Jx (i‘\r‘ dz
X ¥y 2
|0 R 9 7 3 3 K
Guas|d B _g(d_aay g 0h GA) 004
| dx i).\‘ oz ay a- * a: v ix iy
1, A, \
5 Rl U B G b
V- V= —+ __‘*_‘
ax- «"_\‘ az--

aVv .loVv av
VV=r—+6¢-— —7—

Jar rdo az
134, 0A
V- A=-—rA)+-——+ —
ror r Jd¢ Jaz

r ¢r z |
1| o J d | S 1oA. dA, YR EW dA. A RE W
VxA=-l— L Zi=fl-—-—")+¢ ———f—‘)*z— —rdg) - —
( az Jdz ar rior Jo

rlar d¢ d: r ¢ 2 2
1, rA, A
, 1a [ aVv I o A ol
gy =12 () Lo o
rar \ or . r- d¢- az-

SPHERICAL COORDINATES (R,0.9)

ov - RV NI GV
- ﬁ+ R a0 Rsinf 3¢

1 4 ” 1 o 1 0A,
V-A=——(R Ag) —— —(Aasint) + —
R F AT oo Rsiné 00
'R OR  @Rsind
Pl A 9 .
VRASE w2122 74 ‘;
R2sin# | AR ¥ dé

Az RA, (Rsint)A, |

R | d dA,. - | dAR Jd - ) oAx
—R— | —(A,sinth — — | -0 - (RA, | + &= | —(RAH - —
Rsin® [«'W‘ s do ] R [sinr' do {lR‘ N '] ¢R [ iRlR* ‘ W 1

U LoV I a4 . av 1V
vV = —;——(R'——)-f' — — (SIIIH%‘ S
R> IR dR R-sin¢ ot a¢ R2sin~ # d@-

Page 13 of 16



EE101

A —~ Engineering Electromagnetics Midterm

e T i
|3

SO VR LIEST R ER U] Lf/f W0

A -B=ABcosO,y Scalar (or dot) product
AxB=nABsin0,y Vector (or cross) product, it normal to plane containing A and B
A BxC)=B-(CxA)=C.-(AxB)

AxBxC)=BA-C)-CAsB)

VU4 V)y=VU +VV

V(UV)=UVV + VVU

V.(A+B)=V.A4+V.B

VA(UA)=UV - A+A.-VU

Vx(UA)=UV xA+VU xA

VUx(A+B)=VxA+VxB

V.- AxB)=B- (VxA)—-A - (VxB)

V- (VxA)=0

VxVV=I(

V.VV =viy

VxVxA=V(V.A)-VA

/ (V. Ay = f A-ds Divergence theorem (S encloses V)
v 5

/ (VxA)-ds= ‘rf A-dl Stokes’s theorem (5 bounded by C)
5 C
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This page is left blank intentionally - use it for scrap paper
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