SO L UT JoNs

EE101A — Engineering Electromagnetics Midterm

UCLA Department of Electrical Engineering
EE101A — Engineering Electromagnetics
Winter 2016
Midterm, February 8 2015, (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 40
Problem 2 | Conductors and fields 30
Problem 3 | Inductance 30
Total 100
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EE101A - Engineering Electromagnetics Midterm

1. Coaxial capacitor (40 points)
Consider a piece of coaxial cable of length £with two dielectric layers with permittivities & and &. You

may consider the inner conductor (radius a) and the outer conductor shell (radius 4a) to be perfect
conductors.

(a) (20 points) What is the capacitance C between the inner and outer conductors? (Your answer
should be in terms of only geometric and material parameters such as £ a,5, &)
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EE101A - Engineering Electromagnetics Midterm

(b) (20 point) If a potential difference of ¥; volts is applied between the inner and outer conductor
such that ¥(r = a)-¥(r = 4a) = ¥, Volts, write an expression for the electric field inside the
dielectric (i.e. between r=a and r=4aq) in terms of V. There should not be an expression for
charge or charge density in your final expression.
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EE101A — Engineering Electromagnetics Midterm
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 approximations. 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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EE101A - Engineering Electromagnetics Midterm
3. Inductance of parallel plate transmission lines (30 points)
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(a) (15 points) Consider the parallel plate transmission line shown above composed of two perfectly
conducting thin plates. The width is much greater than the plate separation w > d. Assume that
current +/ is flowing on the top plate (i.e. in the z direction), and current —/ is flowing on the
bottom plate (i.e. in the —z direction) (as is implied by the circuit diagram above). Give an
expression for the B-field in between the plates. Your answer should be in terms of I, and the
geometric and material parameters (make sure to include the vector direction).
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EE101A — Engineering Electromagnetics Midterm
(b) (15 points) What is the inductance per unit length for this parallel plate transmission line?
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EE101A — Engineering Electromagnetics Midterm
VeD=p,
VxE=_8B D=¢gE+P
q 3 q ot ] q
Maxwell’s Equations in media: Auxillary Fields: B
q V-B=0 Y H= —ﬂ: -M
VxH=J,+ )
ot
. : P=¢g E D=¢E
In linear media: -
M=,y H B=uH
Ohm’s law: J,=0E
Electrostatic Scalar Potential: E=-VV Vector potential: B=VxA
O0A
Electrodynamic Potential: E=-VV - o
b
Gradient Theorem: I(Vf )dl = f(b)— f(a)
Divergence Theorem: I i (VeA)av = (j)s AedS
Stokes’s Theorem: Is (VxA)dS= (ﬁc Aedl
Electric energy density: W, = %E-D or W, = %sE’ (in linear media)
Magnetic energy density: W, = %B-H or W, = % MH?  (in linear media)
Joule power dissipation density: W, =E«J or W, =ocE? (in Ohm’s law media)
Poynting Vector: S=ExH
Time averaged Poynting vector: S, = %Re {E X fl'}
Capacitance: C= —g—
Inductance: = A N hd
1 1
. EIZ—EII=O H:I_Hn:‘]s
Boundary conditions ' ' :
Dn,2 Dn.l p.r Bn,2 i Bn.l = 0
Bound charge Py, =—VeP Py, =Peil
Bound current J,,=VxM J,,=Mxn

Definition of phasor F for time harmonic function f7):

Constants (SI units): £=8.85x10"? F/m (or C>*N"' m?)
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Talste 3-1: Summary of vector relations.

! Cartesian T Cylindrical Spherical
Coerdinates Coordinates Coordinates
Coordinate variables _ FRY T e,z | R0, ]
Vector representation, A= |  #A:+§4,+24; A, + @49 +24, | RAg+040+04y |
Magnitude of A, |4]= i t/A; +AJ+A} VA% +AF+AT {/A}, +A+A}
Position vector OF{ = | &x+§n -+, try +221, RR,,
for P(x1,1,21) for P(ri,01,21) | for P(R1,0,$1)
Base vectors properties 2k=§-§y=2-2=1 tit=¢-d=2-2=1  R-R=0-0=¢-4=1
R§=9-2=2-2=0 #d=6¢-2=2-#=0 RO=0-$=06-R=0
ix§=2 Pxd=2 Rx0=4
| . Ix2=% dx2=1 Oxd=R
, Ixg=9 2xt=9 j ¢xR=0
Dot preduct, A-B= ABs+ABy+A B,  AB,+AyBy+AB, ApBgr+AoeBa+AyBy
x 3 2 P 2 R 8 ¢
Cross product, Ax B = Ar Ay A, A, Ay A, AR As A
B: By, B, B, By B, | Bp By By
Differential length, dl = Rdx 4 9dy+2dz tdr+drdd+2dz | RdR+BRAO+§Rsin0d0 |
Differential surface areas | ds, = ®dydz ds,=%rd¢dz | dsp=RR*sin8d0d¢
i dsy =¥dxdz dsy=Qdrdz | dsy=ORsin0dRd) |
| | ds;=2dxdy dsy=2rdrd® | dsy=QRdRdO I
 Differential volume, dv = dxdydz rdrdgdz | R%sinBdRdOdd
Table 3-2: Coordinate transformation relations.
Transformation i Coordinete Variables | Unit Vectors ! Vector Components l
" Cartesian to r= {x*+y i = %cosd+§sing | A, = Accosd-+Aysing (
cylindrical ¢ = tan~'(y/x) ¢ = —&sind+ §cosd Ay = —A;sind+Aycosd
z=2 2=12 A=A,
Cylindricalto  x=rcos¢ & =tcos¢ —Gsing | Ay =Arcosd —Aysind
Cartesian y=rsin¢ § = tsind+dcosd Ay = A, sing +Aycosd
=z 1 4=2 A, = A,
Cartesian to R= {432 +7 R = &sinBcos¢ Ag = A;sinBcosd
spherical +$sinBsing +2cos O +AysinOsing +A,cos0
0=tan'[{/x7+)?/z] O =2cosBcosd Ag = AscosOcosd
+$cosOsing —25in® +AycosOsing — A,sinb
¢=tan"'(y/x) § = —%sing+ ycosd Ay = —Arsing +Aycos¢
Spherical to x=RsinBcos¢ #= RsinBcosd Ag = Agsinfcos ¢
Cartesian +6cos Bcosd —bsing +ApcosBcosd —Aysing
y=RsinOsing # = Rsin0sing Ay = Agsin®sind
+Bcos Bsind +$cosd +ApcosOsind +Agcosd
z=Rcos@ 2=RcosB —Bsind Ay = Agcos® —Agsind
Cylindricalto  R= {2+ R = #5in6+ 2cos® Ag =A,sin@+ A cos®
spherical 0= tan~'(r/z) 6 =#fcosH —2sind Ag = A;cos0 — A, sind
¢=9¢ =9 Ay =4y
Spherical to r=Rsinb # = Rsin0+4 Bcosd A, = Agsin® + Agcos
cylindrical  ¢=¢ $=9 Ay =4y
z=Rcosf 2=Rcos6—0sin@ A, =Agcos—Apsind
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CARTESIAN (RECTANGULAR) COORDINATEéZx\ j}, z)

A% )
VV_x-—+y-'-K+ EY.

dx a0z
94, aA oA
V-A= — &
- ox s ay i 9z
X ¥ 2
3 % E 34, 0A 9A. A, 3A, 0A
VxA=|— — Z|=x{-"2__12 of =% _ ¢ 5 ¥ X
g ax 9y 9z x(ay Bz)+y<az 6x)+z(3x ay)
A, A, A,
?v v d*V
Vv = -
8x2+3y2 922
CYLINDRICAL COORDINATES (r,¢,z)
YL
or r dg
19 18A¢ 3A,
v.A=-2Lgay4 -2, 02
o) R 2
Fobr 2
118 @ 3| .[18A, 0A,\ s (9A, 0A,\ .1[9 A,
V A=— = — — = - —— o — || == A -
e =SB e Eri e r(ra¢ a:)“’(az ar ) T2 5774~ 5
A,- l‘A¢ Az
198 (8V\ 18V 8%y
Vi = -
\/ rdr(ar)+r28¢2+ 8z2
SPHERICAL COORDINATES (R,0,¢)
L9V <13V . 1 v
vV =R 4§22 i
U= aR+°Rae+¢Rsinea¢
1 1 94
A = 24 =t il
M RZaR(R A+ 3 eae(A"sm 9)+ Rsing 99
R 0R $Rsing
1 3 9 3
VXA= 6|5k 0 3
Ar RAs (Rsin§)A,
I R 3Ap] 1T 1 84g .1 9AR
—R—— | L (aysing) — 2P0 | ol [ L 34 9 p, — e
RsinO[ao( DS a¢]+ R[smo 5% 9R ]+¢R[ e ao]

1 8 (_,8V o8 v 1 v
vy = —— (R —sinb— |+ ———-—
R23R ( 3R) t Resing 96 (S'" aa) t Rean?e 942
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N E R R R R D E N ES
PR L i U R
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A -B=ABcosfOup Scalar (or dot) product
A xB=1ABsinbs Vector (or cross) product, fi normal to plane containing A and B
A-BxC)=B-(CxA)=C.-(AxB)
AxBxC)=BA-C)-CAaB)
VU+V)=VU+VV

V{UV)=UVV +VVU
V.-A+B)=V-A+V-B

V- (UA)=UV-A+A-VU

Vx (UA)=UVxA+VUxA
VxA+B)=VxA+VxB

V.- (AxB)=B-(VxA)—-A-(VxB)
V-(VxA)=

VxVV =0

V.VV=VV

VxVxA=V(V-A) - VA

f (V- -A)dy = % A.ds Divergence theorem (S encloses V)
v s

f (VxA) -ds= % A.dl Stokes’s theorem (S bounded by C)
s C
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