ECE 329 Introduction to Electromagnetic Fields Fall 12

University of Illinois Kim, Heil, Waldrop, Wasserman

Exam 1

Thursday, Sept 27, 2012 — 7:00-8:15 PM

Name:

Section: 8 AM 10 AM 12 Noon 1 PM

Please clearly PRINT your name in CAPITAL LETTERS and CIRCLE YOUR SECTION in the above
boxes.

This is a closed book exam and calculators are not allowed. Please show all your work and make sure to
include your reasoning for each answer. All answers should include units wherever appropriate.

Problem 1 (25 points)

Problem 2 (25 points)

Problem 3 (25 points)

Problem 4 (25 points)

TOTAL (100 points)




1. Consider the following spherically symmetric configuration of composite materials in steady state
equilibrium: a metal sphere holding a total charge Q = +4 C is surrounded by a perfect silicone
dielectric (i.e., glass) shell, which is in turn surrounded by a spherical shell of metal holding a total
charge ) = —2 C. The entire configuation is embedded in a vacuum. The figure below illustrates the
configuration of the materials and lists the material parameters for each region.

Region (1): r <a <z
_1pd
0—10 6—360 1‘0:(2,2,1)
4) !
Region (2): a <r <b (3) Yy
oc=0 €=4e 2) i
| X
Region (3): b<r <c \ z
o=10* e=3e a
b
Region (4). 7 > ¢
c=0 € =€ ¢

a) (2 pts) What is the displacement field D(r) in region (1)?

b) (5 pts) What is the polarization field P(r) in region (2)?

c) (4 pts) What is the charge density on the spherical surface at r = b?

d) (4 pts) What is the charge density on the spherical surface at r = ¢?

e) (6 pts) What is the electric field E at the position ro = (2,2,1) m located in region (4)?

f) (1 pt) TRUE or FALSE: E = —VV in region (3).
g) (1 pt) TRUE or FALSE: V2V =0 in region (4).
h) (1 pt) TRUE or FALSE: The potential drop from r = b to 7 = ¢ is non-zero.

i) (1 pt) TRUE or FALSE: Before reaching steady-state equilibrium, conducting electrons
inside the metal shell (region 3) experience Lorentz force acceleration in the 47 direction.



2. Consider the following two electric field vector functions in free space and their corresponding graphical
representations shown on the  — g plane.
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a) (b pts) Which one of the fields above is an electrostatic field? Justify your answer.

b) (5 pts) Write the expression for the charge density p in the region corresponding to the static
electric field in part (a).

c) (7 pts) Write the expression for the electrostatic potential function, V' (z,y, z), corresponding to
field Eo. Assume that the potential at the origin is V (0,0,0) = 0.

d) (3 pts) Consider a charged particle @ = 3 C which is moved from position (2, 1,3) to position
(—=1,2,—1) in field E5. How much work is done on the particle?

e) (5 pts) Given an electrostatic potential field V (z,y,2) = 3x(y — 2) + 222 V, determine the
corresponding electric field E.



3. Two infinite conducting copper plates lie in the z = 1 and « = 4 planes. Suppose the space between
the plates is intially vacuum (e = €,). The plates hold equal and oppositely signed charge densities
+pg, such that the electric field in the vacuum between the plates is initially E = —8% V/m.

a) (b pts) What are the corresponding displacement vector D and polarization vector P in the
vacuum between the plates?.

b) (5 pts) What is the surface charge density of the copper plate at = = 17

c) (10 pts) If the vacuum between the plates is replaced with a crystalline perfect dielectric with
€ = 13¢, , what would the new values for E, D, and P be, assuming the charge on the plates
remains unchanged?

d) (5 pts) The perfect dielectric is now doped with atoms which can donate (mobile) free carriers
to the crystal lattice, giving the dielectric a non-zero conductivity o = 2 S/m. What are the new
values of E, D, and P once steady-state equilibrium is reached? Breifly explain the thinking
behind your answer.



4. Consider a parallel-plate capacitor with unknown surface charge densities on two perfectly conducting
plates, each having area A, that are placed in the x = 0 and = 2 m planes. Two perfect dielectric
slabs are placed between the plates, each having thickness of 1 m but each having different electric
permittivities given in the figure below. Also as shown in the figure, the bottom plate is grounded,
and the boundary between the two materials is at a potiential of 30 V. Assuming that fringe effects
can be neglected, the electric field in region (1) between the plates is known to be E; = —10% V/m.
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a) (4 pts) Determine the displacement fields D1 and Dg in region (1) and region (2), respectively.
Hint: there is no free charge inside perfect dielectrics.

b) (3 pts) Determine the electric field intensity |Ez| in region (2).

¢) (6 pts) Could Laplace’s equation (V2V = 0) be used to solve for the potential function in region
(1)? If so, determine Vj(x) using Laplace’s equation. If not, explain why it is not possible, then
write down the appropriate equation and solve it.

d) (8 pts) Could Laplace’s equation be used to solve for the potential function in region (2)7 If so,
determine V5 () using Laplace’s equation. If not, explain why it is not possible, then write down
the appropriate equation and solve it.

e) (4 pts) Determine the surface charge densities pgg and pge on the bottom and top plates, re-
spectively, and the capacitance per unit area, C/A, of the capacitor.



¥ |-
(ﬂf) TD.(?)F D S Al helds = 0 uaside condincksrs
wA é%’uﬁL«T state fﬂml@lﬂ'ﬁml
(1) B6) - B.6)-2E6) = 580 -25F) - (-£)EE)
wheve %%,,_'ﬁ.,_ AS = q.go)gr( )-J(rrr = Qend = 4

Se Ef( )—- LI-’ITE;,"(‘L (ﬂ.érdlg)
[AQEC
)L}T’z,v mel l,/""l

(&‘) | mp\ﬂwadm £\ Sun Ea* 0 (ve_jmi,ﬁ s a4 condunctry ’)J the
S R \9 swface vanst canad AL o V=R (= *40—)
= |
i Q w\a‘* ?Ql (G/m?l
RPPYOAUA L VWA \aomw ndihéns n-(B-77)-= (>
go i FETB)e m B ent
@ r=b = ke = — i = =i 2
2 So (5 Dzr!(ﬂb LFE‘;__L "H-L?l Y?ﬂﬁ]

(fﬂ @@pv’mch*’l YL@W@ WMﬁMMc, ok =2 M

() E(F)- e VL R A m.ﬁm .

o EyfE)= Lrl(a,(a) "555)“ B h ’F}




1 (on})

(F) TRuE - E it shahe -

(4) TRUE: Q=0 £ &5 wniform w vequn (4)

(W) FASE ~ N= conStamk urside Gonducksrs ua Sready state el
(‘j) FALSE - - /LE} —¢E, = €E, ¥ = —F

By 70 sl Kund (bevee) i 70 Lcﬁre.
Clﬂdk?flfl veAishn\onke lo tancel ond Mhe el A

9 -
(1) - Aecwvostake =7 V¥E=0 -
V*%|t1 X 3! : | = 2% 40 -, viet edechostahe
%bx Py Yo
2y 2 O
'(?i-iil "\ 3( jy' ;é \ = (?ﬁﬁ#?ﬁ{)?i =D T eng{;hﬂjE*giyﬁg
Iop Iy ox
y* 2}(}1 b

C\a) Q-—-V D, - V-(68) = U-(8) = 5 (280) + NE8) 10
= 0+ ik 0 = 2% (C/mﬂ -

2
() N(xpy,2) /M) '?

(0,0,0)



yang shao
ε

yang shao
0

yang shao
ε

yang shao
0


(V) we \caomm (oA KNS * _T" '5__,_,__%;@

X *’#/5’\ 5=—n(/(04v)
5 = - 88 ()

(&) .:hM@(, o v\ ?\M’L‘i S M&M\ﬁm{ — ':5 (55 MCMJ-M{'SU( [ ( e '\ZBWJ' ﬁaﬁ
"fn-—--—‘é&‘k (e ) -

= ,gg,a( -8 S ”ml.
E & %%, 15 [/

P = D-5€ - (e-a)E = (22)(8)X) ).

i~ {

(A\ S%‘M.M\ shake eqm\,}_gmm + condmchsy = wo helds .
20 ° -.-.D . mG\Q;\E C.‘\lfaf yaces D CC«--..ﬂf.t'_.\

E#;D t’ D / v ¢ X e e\ 5?1;\&.

A5SCHT |



5500 |

:i:t'L} :
() Bi=5E = ha(-10k) = ~402X [Fne}

no othex Qmwmrﬁamw (V-E-‘*D) SO

D2 'gl = — 0% X fcfw?’& |
(Ls) [?1[ = l_f_i}\ _ 40¢, (1-')‘1) = 20(1-3() = 40— 20X ld“/rn'\

| £, 2%
(c—} \[_Ef,- L SUALL (#0 ama(.el ic waiform -

UV, =0 = VW(X)=AK+B-

?1" -<?\., i _,)\.J,,« '*Pt)‘% -10)( So =1b
3)‘5 C—~—t
A en
bumw (ondas hewns -
V(x=1) = 10X+ B =30\ ¢ B =20
Wen

2\ (¥)=10x+20 (V]

(4) Ne: g, Imk g is wot wnifm
LK E (aL(-Wm
i
O wm o x
\, (%) /(o) = g Ex A = E(qo—-mw = %x\x—tox"lx
Nz (x) = ‘—kO‘J(—-IO)(a' (V]
hedd: 15 N onhnuous @ =17 Vy(x=t) = 40-10 =20 \/
() @x=2: sy 4=t D=0 (Cpducky) i.(g,(.%gpi)),.—.mﬁ@h

v

- D =-40%.X f?ﬁﬂ
@ x=0° f;’;,j""@“"i 27 (re= {52 0% (C/m‘l'
>=0

ek = © pounts Fronn pos. fo neﬂmw}c? VES !
? = (&/A\/ rlq/ LIOE.:KJZ(Z) 42? (F/ml




	329fall12he1
	329fall12he1sol

