EE101A — Engineering Electromagnetics

Midterm

UCLA Department of Electrical Engineering
EE101A — Engineering Electromagnetics

Winter 2015

Midterm, February 9 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 itin.

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 50
Problem 2 | Electrostatics 10
Problem 3 | Inductor 40
Total 100
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1. Angled Capacitor (50 points)
Consider the capacitor formed by two metal plates (perfect conductors) angled with each other with
angle a. The capacitor is filled with a dielectric medium of permittivity &, and conductivity o. The
capacitor is drawn on a cylindrical axis, and has depth d (out of the page). There is no free charge in the
dielectric. The upper plate is held at a potential of V(g=a)=V, and the lower plate is held at V(#=0)=0.

R, L R,
(@) (10 points) The scalar potential has the functional form V(g#)=A¢#+B. What values of the
coefficients A and B satisfy the boundary conditions?

(b) (10 points) What is the electric field inside the capacitor as a function of r and ¢? (Don’t forget
the vector direction.)
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(c) (10 points) What is the surface charge density held on the upper and lower plates?

(d) (10 points) What is the capacitance? You may neglect fringing fields.
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(e) (10 points) What is the resistance between the upper and lower plates?
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2. Electrostatics (10 points)

One of these is an impossible electrostatic field. Which one? You must explain why for credit.
(A):  E=4[xyR+2yz§ +3xzZ]

(B):  E=2[y*&+(2xy+2°)§+(2y2)?]
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3. Inductance (40 points)
Consider a solenoid of length | with N turns or radius b driven to produce a magnetic field with current
i(t) =1, cos(at) (lo is real). As shown in the figure, we use the convention that a positive current is

associated with current in the ¢ direction. You may consider | » b (i.e. the long solenoid approximation).

i t i
@) o i) . b) op view

V-

X

(@) (10 points) What is the self-inductance of a long solenoid, in terms of fundamental constants, and
the parameters mentioned above (i.e. I, b, N, ¢, ). ?

V+
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(b) (10 points) If a current i(t) = 1o cos(at) is flowing through the solenoid, write the H-field inside
the solenoid as a function of time. Make sure to give vector direction.
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(c) (10 points) What is the voltage difference v(t)=V. — V. at the terminals as a function of time? Pay
careful attention to the sign of your answer.
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t side view
— R top view
d
®
/:(t)
< >

Now imagine a piece of superconducting pipe that is a perfect electrical conductor with radius
a=b/2, and thickness d is inserted into the center of the solenoid, as shown in part (b) of the figure.
You may assume d

«Ka

(d) (10 points) Will the addition of the perfectly conducting (o = o) pipe increase, decrease, or leave
unchanged the apparent self-inductance L of the solenoid? Give a qualitative explanation why.
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Maxwell’s Equations in media:

In linear media:

Ohm’s law:

Electrostatic Scalar Potential:

Electrodynamic Potential:
Gradient Theorem:

Divergence Theorem:

Stokes’s Theorem:

Electric energy density:

Magnetic energy density:

Joule power dissipation density:

Poynting Vector:

Time averaged Poynting vector:

Capacitance:

Inductance:

Boundary conditions

Bound charge
Bound current

Definition of phasor F for time harmonic function f(t):

Midterm

VD = p;
vxE=_B D=gE+P
ot : e
Auxillary Fields: B
VeB=0 Y H= oM
0
VxH=J, +@
ot
P=¢,x.E D=¢E
M=y H B=uH
J; =0oE
E=-VV Vector potential: B=VxA
E--yv-2
ot

(VF )edl = £ (b) - f (a)

D ) T

jv VeA)dV = 95A-ds
L, (VxA)dS = gSA-dl

W, = %E-D or A =%5E2 (in linear media)
1 1 0y .
W, EB H or W, :EyH (in linear media)
W, = E«J or W =ocE?
S=ExH
S, = =Re{ExF)
2
c=2
Vv
_A_N2
| I
Et,z_Em:O Ht,l_Ht,ZZ‘]s
Dn,2 Dn,l = Ps Bn,2 - Bn,l =0
Py =—VeP P = Peh
J,, =VxM Jy,=Mxn

tan~(¢) =

Constants (SI units): &=8.85x10"2 F/m (or C*N* m?)
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f (t) = Re{Fe} =|F|cos(wt + ¢)
Im{F}/Re{F}
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Table 3-1: Summary of vector relations.
Cartesian Cylindrical Spherical
Coordinates Coordinates Coordinates
Coordinate variables X7 "o,z R.,0,0
Vector representation, A = XA +FA, + 34, 1"'A,+$A¢ +24, ﬁAR+éA3+$A¢
Magnitude of A, |4] = VAE + A%+ A2 VAE +A% + A2 ‘/A}; +A5+AS
i —
Position vector OF| = &+ ¥y +221, tr +2z1, RR,,
for P(x1,y1,21) for P(ri,91,21) for P(R1,0.,01)
Base vectors properties &=y §=2-2=1 |t-t=¢-¢=22=1| R-R=06-6=6-¢=1
%-y=%-2=2-%=0 | i-¢=0¢-2=2-F=0 R-8=8-4=¢-R=0
ixy=12 Px$=1z Rxbé=4¢
PxZ=% dxz=*+ dxd=R
Ixt=7% ixP=¢ ¢xR=8
Dot product, A-B = ABi+ABy+AB; | AB,+AyBy+AB, ArBr+ AeBo + A4Bo
i § 2 P ¢ 2 R 6 ¢
Cross product, AXB = Ac Ay A A, Ay A Ar As Ay
B, B, B, B, By B, Bz By By
Differential length, 1 = kdx+§dy+2dz tdr+¢rdd+2dz | RdR+BRJO +$RsinbBdd
Differential surface areas ds, = kdvdz ds, = trdddz dsg = RR? sinBd0dd
dsy = §dxdz dsy = ddrdz dsg = ORsin8dR d9
ds, = 2dxdy ds, = irdrdd dsy = QR dR dO
Differential volume, dv = dxdydz rdrdddz R2sinBdRJD dd

Table 3-2: Coordinate transformation relations.

Transformation ‘ Coordinate Variables ‘

Unit Vectors ‘

Vector Components

Cartesian to r= {/x°+)* t = %cosd + ¥sing A, = Accosd+Aysing
cylindrical ¢ =tan~'(y/x) tit = —%sind+ ycosd Ay = —Asind + Aycosd
1=z i=1% A=A,
Cylindrical to x =rcosd % =tcosd —sing A¢ =A,cosd —Aysing
Cartesian y=rsind ¥ = Esing +deosd Ay = Ay sind +Aycos0
1=z i=1% A=A
Cartesian to R= {/x 4y 472 R =%sinBcosd Ag = AcsinBcos o
spherical + ¥sinBsing 4 Zcos0 + AysinBsing + A;cos0
0=tan"'[{/x*+7/7] f =%cosBcosd Ag = A cosBcos
+ ¥cosBsind — 2sin0 + AycosOsind — A;sind
¢ = tan~" (v/x) $ = —%sino+ yos¢ Ag = —Agsing + A, cosd
Spherical to x =RsinBcosd % = RsinBcosd Ay =ApsinBecos®
Cartesian +Bcos Bcosd —Gsing +AgcosOcosd —Agsing
y=~RsinOsind ¥ = Rsin0sing Ay = ApsinOsing
+écosﬁsin¢ +$C05¢ + AgcosBsing 4+ Agcosd
Z=~RcosD 2=Rcos0—Bsind A; = AgcosO —Aysind
Cylindrical to R={r+22 R = #5in 0+ Zcosh Ag =A,sin0+A,cos0
spherical 8=tan"'(r/z) fl =fcosB —2sind Ag = A,cos0 —A,sinb
¢=¢ =0 Ao =44
Spherical to r= Rsin® = ﬁsi119+écose Ap = Agsin® 4+ AgcosO
cylindrical d=0¢ d=9¢ Ag = Ag
7z=RcosB 2= Rcosd —Bsind A; = AgcosB — Agsind
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CARTESIAN (RECTANGULAR)

COORDINATES (x, vy, 2)

OV OV oV
% 8y Be
DA, DA, DA
dx dy 0z

X y z
V x A d a 0 . [(0A;, 0A, 4o 0A,  0A, +3 dA, 0A,
= o —_— — | =X -_— —_—— 4 — =
ox dy 0z dy 0z % 0z ox ox ay
Ay y A:

A
- 3’V N 3’V N 3%V
Cax? o 9y? 82

CYLINDRICAL COORDINATES (r,¢,z2)
AV 18V aV

\A% =ra—r+¢;5€£ +Z3—Z
V.-A= li(rA,.) ol B0, o it
ror r ¢ 0z
r
0]

VxA=

=N | o=
D

L (1oA: _9A, <& 0A, A\ GIT0 0 94
=r|- -t - 72— | —(r -
rag 9z 3z or rlor 7Y 9e

Gy _ L0 (VY 18V 2V
=—— | r— —_—
ror \' or r2 d¢? 0972

ER e

dr

ad

or  d¢
I”A¢

r

S

SPHERICAL COORDINATES (R,6,¢)
~dV 13V~ 1 3V

ViR o G e
R T Ra()+¢Rsiné)8¢>
ok = e AR i <ol e L
A= —— — —(Apsi —
R23R T Rsinoag "’ Rsin0 0¢
R 6R  ¢Rsing
1 a9 9
VxA=—— | — — Bl
R?sinf | 0R 06 ¢

AR RAH (R sin Q)Ad,

= 1 e, . a4l 2l & Bde 8 7 o Sk
—R  (Aysing) — 220 46— | — 28R _ T (pa, | Z(RAy) -
Rsin0 [ae( G a(p}“ R[sine 56 IR 4)}+¢R|:E)R( ?) ao]

. 1 9 R7av " 10 /. Gav i 1 9%V
V=—— Flimed —= SN0 —— —_—
R2OR AR R2sin @ 96 30 R2sin® 6 d¢?
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A-B = ABcostp Scalar (or dot) product

AxB=nABsind,z Vector (or cross) product, fi normal to plane containing A and B
ABxO=B-(CxA=C-{AxB)
AxBxO=BA-O-CAaB)
V(U + V)= VU +VV
VIUV)y=UVV +VVU

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

V. (UAY=UV -A+A VU

Vx (UA)=UVxALVU <A
Vx{A+B =VxA+VxB

V (AxB =B (VxA-A (VxB)
Vo(VxA)y=0

VxVV =0

V.YV =V

VxVxh=V(V-A)— VA

] (V- Aydv = % A-ds Divergence theorem (5 encloses V)
v N

f(v x A) - ds = 9§ A dl Stokes’s theorem (S bounded by £)
s c

Page 16 of 18



EE101A — Engineering Electromagnetics Midterm
This page is left blank intentionally — use it for scrap paper.

Page 17 of 18



EE101A — Engineering Electromagnetics Midterm
This page is left blank intentionally — use it for scrap paper.

Page 18 of 18



