ering Electromagnetics Midterm

/ SOLOTIONS

UCLA Department of Electrical Engineering
EE101A - Engineering Electromagnetics
Winter 2014
Midterm, February 10 2014, (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 | Spherical Capacitor 60
Problem 2 | Transmission Line 40
Total 100
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EE101A - Engineering Electromagnetics Midterm

1. Spherical Capacitor (60 points)
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(a) (20 points) Consider a perfectly conducting metal sphere of radius a, surrounded by an

uncharged dielectric of permittivity & and a separate spherical metal shell of inner radius » and

outer radius c. What is the capacitance of this structure (i.e. between the inner and outer
conductors?
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(b) (20 points) Now consider that the dielectric in between the conductor has acquired a uniform
volume charge density po. Assume that both the center conductor and shell are grounded together
so that the scalar potential V=0 on each conductor.

Inside the dielectric, the scalar potential has the form of : yuen ) ;
This equbn Sobe b5

__Rn_C 8 3
VR=-Z R D Doconts By i dithub

where C and D are unknown coefficients. Using the information given, find values fos{l‘/and D.
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(©) (20 points) For the same conditions as in (b), what is the free surface charge density on the inner

'9‘709/1

E”VV == 5‘—2
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EE101A - Engineering Electromagnetics Midterm
2. Parallel plate transmission lines (40 points)

& w - K 5
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(a) (20 points) Consider the parallel plate transmission line shown above composed of two perfectly
conductmg thin plates The width is much greater than the plate separation w > d. Assume that
curre on the top plate (i.e. in the z direction), and current -/ is flowing on the

6ttom 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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Midterm

(b) (20 points) What is the inductance per unit length for this parallel plate transmission line?

F}U)( ﬁ)r )00p ol $i2e
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EE101A - Engineering Electromagnetics Midterm

A-B=ABcosOp Scalar (or dot) product
A x B=nABsinb, Vector (or cross) product, i normal to plane containing A and B
A BxO=B-(CxA)=C-(AxB)
AxBxC)=BA-O)-C(AsB)

VW U+V)y=VU+VV

Viuvy=UVV +VVU
V-(A+B)=V-A+V.B

V- (UA)=UV-A+A.VU
VxUA=UVxA4+VUXxA
Vx(A+B)=VxA+4+VxB

V- (AxB)=B- (VxA)—-A-(VxB)

V- (VxA)=0

VxVv =40

V.VV =V

VxVxA=V(V-.-A)- VA

/ (V- Ay = f A-ds Divergence theorem (S encloses V)
Jv S

/(V xA)-ds = f A-dl Stokes’s theorem (S bounded by C)
§ c
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CARTESIAN (RECTANGULAR) COORDINATES (x, y, 2)

LAV oV LoV
VV=Xx—+y—+12
ay

dx A 0z
JA, dA, 0A.
VA= — 4+ — + —
R ¢ oy b F4
X y z |
d d d . [{3A, DA, . [{0A, OA: .{0A, DA,
VxA=|— — = =X|\77———7 7Y rwsnll Busk el
ox dy 0z ay 0z 0z dx dx ay
A, A, A,
v IRV EA A R
ViV ="—t

CYLINDRICAL COORDINATES (r,¢,2)

V. 1oV oV
VV =t-— _—— 7
or +¢r ag +zaz

19 1904, 0A,
V- A=-—(rd —_——
ri)r(’ ')+r a¢ 3 0z
S VR
1] 9 d J .{10A. 0A ~ (JA A, T a 0A,
VxA=-|— — —=f(-i-2 +¢(. Lot ) i | Ay -
rldr 9d¢ Iz r d¢ 0z iz ar rLor ¢
A, rAy A

d ( (')V) 1 92V +32V
—— "_— — —— ——
or r2 9¢? 072

SPHERICAL COORDINATES (R,6,¢)
A I A )

VW =R— +0—— —
dR H R 00 +(')R sin@ 0¢
I b I 94,
V.A=——(R’A —(Ay sin® —2
R ar KA+ pane s At 256 e

IR OR  $Rsing |
I ?
~ RYsin® AR 00 ap |
Ag RAy (Rsi|19)A¢.'
.1 [ , DA I | dAg D ST IAR
= L (Agsin®) — —L | 40= | —2 - —(RA —| Z(rAp - =2
RsinH[a()( s3in0) n¢]+ R[sine 56 9k “’)]+¢R[ak( »~ T

vy = L9 FELIAN A )4 N 1 8V
= e — I sinty — —_—— ———
R2oR\" 4R/  RZsin@ 00 P Rsin@ d¢?

VxA
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hle 3

: Summary of vector relations.

Calinde

Midterm

Sphencal
swrdinares

R 9»¢
mk+°A0+M¢

AgBr+A¢Bo+ AyBy

'R 6 ¢
Ar Ao Aq
BR By By

_RdR +0RdO +4Rsin0dg.
dsg = RR?5in0 4049
dsg =ORsin0dR do
dsy =QRdRd®
R25in0dRd0do

2" MPonenis

KED g |

Ar = Accosd+ Aysind

Ay = —=A;sind +Aycosd

A=A, o

A = Aycosd—Aysing

Ay = Arsing+Aycosd

A=A,

Ag = AsinOcos ¢
+AysinOsing +A,cos0

Ag = AccosOcos ¢
+AycosOsind — A,sin0

Ay = —A(sind +Aycosd

A = AgsinOcos¢
+AgcosOcosd —Aysind

Ay = AgsinBsind
+AgcosOsind +Aycosd

Ay = AgcosO—Agsind

AR = A,sin0+A;cos0

Ap = A,cos0 —A,sind

Ao =A°

A, = Agsin0 + AgcosO

A=A,

5 (nordinates
Coordinate variables — xyz 5%z
Vector representation, A = iA +yA,. +iAz A, +(M9 +zA,
Magnitude of A, jA|] = ‘/A% +A3+A} dAz +A5+A2
e S i
Position vector OP = & + 3y + 220, irl +iz|
o farPGuysz)  for Pz
Base vectors properties tk=9§=22=1 Ptt=¢-¢=2-2=
ty=9-2=2-2=0 #$=0-2=2-#=0
txy=12 ix¢=2
Ixz=1 dxz2=1
_ i xt=j _ ixb=¢
Dot product, A-B= (B, +ABy+AB;  ABr+AyBy+AB,
B i P e 2
Cross product, Ax B = ¢ Ay Ay Ar Ay Ay |
| Bc By B, | | By By By
Differential length, dl = Rdx+9dy+eds  Rdr+drdo+2dz
Differential surface areas dse = tdydz ds, =trdddz
dsy = §dxdz dsy = ¢drdz
ds; = 2dxdy dsy = trdrdo
Differential volume, dv = dxdydz rdrdddz
i.2: Coordinate transformation relations.
Cartesian to r= Vm t = Rcosd+§sind
cylindrical ¢ =tan~!(v/x) ¢ = —&sin¢+ Jcosd
=2 i=2 _
Cylindrical to x =rcos¢ % = tcosd —§sing
Cartesian y=rsind $ = tsind +cosd
1=z 2=12
Cartesian to R= {4y 47 R = &sinBcos¢
spherical + ¥sin8sind +2cos0
0=tan~'[{/x2+y?/z] O =%cosOcosd
+ ycosOsind —2sin0
¢ =tan™" (y/x) $ = —ksin¢+ Jcosd
Spherical to x=RsinBcos¢ %= RsinBcos¢
Cartesian +0cosOcosd —sing
y=RsinBsind = Rsmesm¢
+6cos Bsind +¢cosd
z=Rcos® 2= Rcos0—0sind
Cylindricalto ~ R= ¥/ri47 R = #sin0+ 2cos0
spherical B=tan"!(r/2) 6 =Pcos® —2sin0
: ¢=0 ¢=9¢
Spherical to r = Rsin® # = Rsin0+ Ocoso
cylindricat o0=0 é=9¢
z=~RcosH 2= Rcos0 —Bsin®
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EE101A - Engineering Electromagnetics Midterm
VD=p,
VxE:—a—B D=¢gE+P
’ ; . 5 ot ) i
Maxwell’s Equations in media: Auxillary Fields: B
9 V-B=0 b H= Z -M
oD
VxH=], +—
T ot
: : P=gy E D=¢E
In linear media:
M . II"H B e #H
Ohm’s law: J,=0E
Electrostatic Scalar Potential: E=-VV Vector potential: B=VxA
oA
Electrodynamic Potential: E=-VV- 5
]
Gradient Theorem: I(Vf odl = f(b)— f(a)
Divergence Theorem: J.V (V-A)dV = (j)s AedS
Stokes’s Theorem: L (VXA)edS = (j)c Aedl
Electric energy density: W, = %E-D or W, = %.*’;‘E2 (in linear media)
Magnetic energy density: W, = %B-H or W, = % {H? (in linear media)
Joule power dissipation density: W, =EeJ or W,=0E 5 (in Ohm’s law media)
Poynting Vector: S=ExH
Time averaged Poynting vector: S, = %Re{fﬂ X fl"}
Capacitance: C= g
vV
Inductance: L= % =N EIE
ops EI"_Ell:O Hrl_Hﬂ:‘]v
Boundary conditions b ' L)
D,,-D,,=p, B,,-B,, =0
Bound charge Py, =—VeP Py, = Peii
Bound current J,.=VxM J,, =Mxi

Definition of phasor F for time harmonic function f{£):

Constants (SI units): .5‘0=8.85x10"2 F/m (or C?N! m'z)
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f(t)=Re{Fe™™}=|F|cos(awt+ ¢)
tan”(¢) = Im{F }/Re{ F}

to=4m x107 H/m (or N A?)



