Midterm

EE101 — Engineering Electromagnetics

1. Coaxial capacitor (50 points)
Consider a piece of coaxial cable of length £with two dielectric layers with permittivities & and &. You

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

conductors.

(a) What is the capacitance C between the inner and outer conductors? (Your answer should be in

terms of only geometric and material parameters.) el = g o,
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EE101 - Engineering Electromagnetics Midterm

(b) Consider that the dielectric layers are lossy with conductivities o) and o, respectively. What is
the resistance R between the inner and outer conductors?
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EE101 — Engineering Electromagnetics Midterm

2. Inductor (50 points)

Top view

(a) (20 points)  For part (a), ignore the metal ring in the figure.

Consider a solenoid with N turns and length ¢, and radius q, is driven by a current source
i(H=ipcos(wt). As shown in the figure, we use the convention that a positive current is associated
with current in the ¢ direction. You may assume that the solenoid is long (£ >> a). What is the
voltage difference v(f)=V, — V. that appears across the terminals?

Your answer should be in terms of geometric, material, and fundamental parameters only (i.e. N,
€,a,b,e, u,o0,etc.).
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EE101 — Engineering Electromagnetics Midterm

(b) (20 points) A metal ring with height 4, radius b, and thickness d, and conductivity o is placed
around the center of the solenoid as shown in the figure. You may assume d < b. What is the
current density J(¢) that flows in the metal ring (give vector direction)? When answering this,
you may neglect any contribution due the currents J(t) in the metal ring.
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EE101 - Engineering Electromagnetics Midterm

(c) (8 points) Does the approximation used in part (b) (neglecting any contribution due the currents
J(t) in the metal ring) correspond to the low freciuency limit (@ is small compared to 7,,"), or the
high frequency limit ( is large compared to 7,,*)? Give a qualitative explanation why.
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SOL UTIONS

cs © Midterm

UCLA Department of Electrical Engineering

EE101

Midterm

— Engineering Electromagnetics
Winter 2012
, February 14 2012, (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
recetve close to full eredit. 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 | Coaxial Capacitor 50
Problem 2 | Inductor 50
Problem 3
Total 100
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EE101 — Engineering Electromagnetics Midterm

1. Coaxial capacitor (50 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 4«) to be perfect
conductors.

{a) What is the capacitance C between the inner and outer conductors? (Your answer should be in
terms of only geometric and material parameters.)
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EE101 — Engineering EIECtromagnetic; B Midterm

(b) Consider that the dielectric layers are lossy with conductivities ) and o> respectively. What i3
the resistance R between the inner and outer conductors?
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2. Inductor (50 points)
il

Top view
0

A

{a) ( 20 points)  For part (a), ignore the metal ring in the figure.

Consider a solenoid with N turns and length €, and radius «, is driven by a current source
i{ty=ipcos(wt). As shown in the figure, we use the convention that a positive current is associated
with current in the ¢ direction. You may assume that the solenoid is long (£ > «). What is the
voltage difference v(f)=V.— V. that appears across the terminals?

Your answer should be in terms of geometric, material, and fundamental parameters only (i.e. N,
£,a.b, ¢ u,0,etc.).
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EE101 — Engineering Electromagnetics " Midterm

(b) (20 points) A metal ring with height %, radius b, and thickness d, and conductivity o is placed
around the center of the solenoid as shown in the figure. You may assume d << b. What is the
current density J(¢) that flows in the metal ring (give vector direction)? When answering this,
you may neglect any contribution due the currents J(t) in the metal ring.
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"EE101 — Engineering Electromagnetics Midterm

(¢) (QO points) Does the approximation used in part (b) (neglecting any contribution due the currents
J(t) in the metal ring) correspond to the low frcqueney limit (@ is small compared to 7,,*), or the
high frequency limit { is large compared to 7, )7 Give a qualitative explanation why.
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VED = lof
vxE-_B D=cE+P
. : . . ot . .
Maxwell’s Equations in media: Auxillary Fields: B
4 VIB =0 Y =M
0
VxH=J, + oD
ot
. ) P=¢,yE D = ¢E
In linear media: .
M=y H B = uH
Ohm'’s law: J=0E
Electrostatic Scalar Potential: E=-VV Vector potential: B=VxA
0A
Electrodynamic Potential:  E=-V V e
' b
Gradient Theorem: J(Vf Yl = f(b)- f(a)
Divergence Theorem: . J.V (VDA) dv = Jl AlUS
Stokes’s Theorem: L (VxA)HS = [ﬂ Al
Electric energy density: W, = %EED or W, = —;-gE > (in linear media)

Magnetic energy density: W, = —;—BEH or W= m21»~ pH*  (in linear media)

Joule power dissipation density: W, =E01 or W,_=cE®  (in Ohm’s law media)

Poynting Vector: S=ExH
Time averaged Poynting vector: S, = —;—Re {E X ITI*}
Capacitance: C= %
Inductance: L= Al N e

1 7

. E:,szrJ:O ] Hr,lmHz,zz'fs
Boundary conditions
Dn,2 ——Dn,l = Py Bn,2“Bn,] =0

Bound charge Py, = VP Py, = Pl
Bound current J,, =VxM J,, =Mxi
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EET0T= Engineering Electromagnetics Midterm

Tabde 31t Summary of vector relations.

Carisian Cyindrical Spherical
Coopdingtes Cogrdinaies Cosrdinates
Coordinate variables V2 56,z k6,0
Vector representation, A = A, +3A, + 24, A, + Q;Aq, + 24, Rz +845+ &A,;(
Magnitude of A, |4] = KM% +AT4 AL {/A% +AG+ A2 V’/A'Q‘ +AL+AS
Position vector (P = x| + ¥y + 221, i‘n +2z, RR,,
for Plx;,y1,21) or P(ri,01,2) for P(R1,6(,01)
Base vectors properties ti=Vy=ii=l | PPz (f> b=ii=1 RR=0-8=4-¢=1
2fuf2a2%=0 |t d=fr=2220 RO=0-¢=6-R=0
ixy=1 Exg =1 Rxd=4
PRE=% dx =t dxd=R
Exk=} IxP=9 dxR=0
Dot product, A-B = ABy T A By +AE, | ArB A+ ALB, ArBr+AeBp + AyBy
iy 2 1 P bz R & ¢ i
Cross preduct, AXB = | A Ay A, Ay Ay Ay Ag As Ay i
| B. By B, | 5, By, B Be By By |
Differential length, dl = tdr+ydy+2d; | tdr+rdd+id; | RAR+GRA0+GRsinbdY
Differential surface areas dse = Rdydz ds, = trdédz dsg = RR? sinf 4049
dsy = Jdxdz dsy = ddrdz dsg = BRsinBJR do
e, Mmkdidy | ds=drdvdd dsy =¢RdRAY
Differential volume, 4+ = dxa’ydz rdrddds R23inBdRJB do

Table 321 Coordinate ransformation relations.

Page 10 0of 13

; Transformation | Covrdinate Yarlables ] Ll Vedtors ] Voctar Components
Cartesian to ra 5Ty ¥ = %cosd + ¥sind Ar = Accosd +Aysing "
cylindrical ¢=tan~"(y/x) & = —%sind + ycosd Ay = —Acsing +Aycosd
7=z 2a=d Ay = Ay
Cylindrical to X =reosd %= feosd —dsind Ag = Apcosd —Aysing
Cartesian ¥ = rsing ¥ = tsing +deosd Ay = Apsing+ 440050
7=z t=% A=A
Cartesian to = eyt gt R = &sinfcosd Ag = A sinBcoso
spherical +¥sindsing +Ecos 6 +ApainBsing + A cos8
=tan™ [ /x? + ¥ /4] § =xcosBeosd Ap = AcosBeos ¢
+¥cosBsing — Zsind +ApcosUsing — A,sinG
= tan"*{y/x) & = —#sind+ foosd Ay = —~Arsing +Aycosd
Spherical to i = RsinBeosd 2 = RsinBeasd Ap = Agsinficos
Cartesian +BcosBeosd —sing + Agcoslcosd — Agsing
v=RsinBsing $ == Rsin@sino Ay = AgsinBsing
+Beos Bsing +doosd +AgcosOsing +Aycosd
z=Rcos %= Roos® —@sind Ay = AgcosB — Agsind
Cylindrical to | R= ¥l 2 R = #sinf+ 2cos8 Ag == A, sind + A, cos 8
spherical 8= tan~t (7 /2) (? = Fcos0 —2sind Ag == AycosB — A,sind
$=2 ?=¢ A=A
Sphericat to r= Rsin8 = f{sme»i-ﬁcese Ay = Agsin® 4+ ApcosH
cylindrical b= é=4 Ag = Ay
iz=Rcos® | 2= Rcosd—Bsing Ay = ArcosB — Agsing
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(x, v, 2)

T
y 7!
88 . [BA, BA, L/ BA,  BA, {84, 8A,
o | =X e —— Y | e N | e
v 8z dy dz dz dx dx ay
A, Al
v ety ety

vip 2L 0 0
dx2 + dy? T az?

CYLINDRICAL COORDINATES (r,¢,z)
BV 10V v

VV o= P — ;
P T T
18 l8Ay  8A;
VA= A{rA,) 4 -l :
rar(rA )+r B¢ * dz
Pogr i _
1] 8 0 b L 18A, G4, ~ {84, 8A. T8 3A,
VriAew—l— — ZP("'—"'" - '""“"j“) ol e 2 | (rAg)
rlar d¢ oz rodo dz az ar rlor g
A,« i’A¢ Az
1a /av 13V 8%V
V2V sz e | o e e e
rar (r 8r)+ r2 B2 ! az2

SPHERICAL COORDINATES (R,0,¢)

P A P I A U
gvog? gl g 1 av
dR R 30 Rsiné d¢

19 8 1 84
VoA = — (R4 —(Ag sin 6 e
AR ARt g e A T r g e
R B8R  $Rsing ‘
i FR 5
VxA= LoD ,

T R’sing | 3R 80 3¢
P AR RAQ (Rsinéi)Ad, ’

L1 T8 04,7 1T 1 34Ax 8 178 Az
=R Z(Agsingy— 200 Lo | LAk 9 py 12 (kA - 228
5 [ao( ¢ $in6) a¢}+ R [sme b6 Gk ¢)}+¢R[8R( 2 39}

13 av 18 av 1 8%
vy - o il Z(sinel-) 4 —— 1
R BR( aR)+Rlsin9 36 (m 89)+stinz€ 992
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A B= ABcosGap Scalar (or dot) product

AxB=1ABsinb.; Vector {or cross) product, it normal to plane containing A and B
A-(BxC}mB»{CxA)mC-{AxB)_
AxBxC=BA-OC)~CAeB)
V(7 +V)y=VU+VV
V{UV)=UVV 4+ VVU

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

V {UA)y= UV -A+A VU
Vx(UA}:UVxA»%VUxA
Vx(A+B)=VxA+VxB

V- (AxB) =B (VxA)-A (VxB
V- (Vxay=90

VxVV =

V.UV = VY

VXVxh=V(V A - VA

f (V- A)dy = ¢ A-ds Divergence theorem (§ encloses V)
W 5

f (VxA) ds= j!g A - dl Stokes’s theorem (S bounded by C)
s C
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