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1. (18 points) The three parts of this problem are 1ndcpondcnt

a) (6 pomts) The electric field in a given region of free space (¢ = &g) is known to be E = 2z'gm +
224G — 2222 V/m. What is the volumctrlc chargo density p(z,y, 2) in this region?
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Your Answer (include appropriate units):
p(SC, v.2) =, { )
{"%3 - 42 G
b) (6 points) Two point charges @1 = 3 C and Q2 = —1 C arc located along the 2 axis ab

(z,y,2) = (1,0,0) and at (z,y,2) = (—2,0,0), respectively. What is the displacement flux
© [D-dS through the entire = 0 plane in the +2 direction?
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Your Answer (include appropriate units):

JomoD-dS = — 3¢

¢) (6 points) The volumetric free current density in a given region of space is known to be J =
2sin(z)2 A/m?. At poiut (x,v, 2) = (0,0,0) within this region, is the volumetric charge density
o increasing with time, decreasing with time, or constant? Explain your reasoning.
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Your Answer (circle correct answer):

Increasing Constant
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2. (16 points) A infintesimally thin spherical shell (having radius a) holds a total charge of 4 C. Thc
shell is centered on the origin and embedded within free space (permittivity e = ep).

a) (4 points) What is the surfacc charge density, ps, on the shcll? ‘Be sure to include units with
OUr answer. :
o <
.—a——"‘z'” Y
g ™

Your Answer (include appropriate units):
Ps = !
— =
wa”
v

b) (4 points) What is the vector electric field in the region inside the shell, E(r < a)?

Your Answer (include appropriate units):

E(r <a)= D VA&

¢) (4 points What is the vector electric field in the region outside the shell, E(r > a)?

%le) 450 = 4

Your Answer (include appropriate units):

E(r>a):,:__,,_ = \/
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d) (4 points) Is the divergence of the electric field, V - E, evaluated at any point outside the shell .
(r > a), less than, greater than, or equal to zero? Explain your answor.
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Your Answer (circle correct answer):

Less than zero Greater than zcro @
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3. (32 points) The two parts of this problem are independent

) (16 points) In free space, there is a constant line of charge with density A [Z] along the z-axis.
An electron with charge —¢ [C] is moved from a position 7 = 1[m] to 7 = 2 [m] away from the
z-axis. What is-the change in potential energy of the electron? (Note: if there is a net loss of
potential energy, then the answer should be negative.)
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Your Answer (include appropriate units)

W=
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) (16 points) There is a slab of perfect dielectric with € = 2¢q laying in free space, with the surface

parallel to the zz-plane as shown in the figure below. Inside the dielectric, the electric field is
measured as By = 3% + 47 []. Find the electric field Eg in the free space above the slab
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Your Answer (include appropriate units):

Eo =

A—\—Sé E—Y—:\
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4. (34 points) A pair of infinite conducting plates at x = 0 and = 3 [m| carry equal and opposite surface
charge densities of —1 % and +1 %, respectively. Region 0 < z < 1|m)] is free space, and the region
1 < x < 3|m] is occupied by a perfect dielectric with permittivity 2¢yp. There are no background

fields.
a) (9 points) Find D, E, P in the region 0 < z < 1 [m]. ?s N 0 .
Since, D=3 8 «
i — | —
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> - Use Suf)erPosﬁhm D= —g—f— - _P;_ = —/)sx%,f
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Your Answer (include appropriate units):

D=—| & c/m*

=% R VY

b) (9 points) Find D, E, P in the region 1 < z < 3 |m]|.
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Your Answer (include appropriate units):
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of the system.

LN -\ —
AV = -j:g-o\l :’le Ei-dd —jtg E» - 44
- L (-ER) - (R = [T (73R R0 (AxR)
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c¢) (12 points) The two-plate system constitutes a capacitor. Find the capacitance per unit area C'

Qa2
Or, since E s in =D, AV=|E||OK\*'|E2—|0l:.= go""'),g, 2=,

R _ &
P@,»wd;tweaf C="av ~ 2/&~-{LF/M1

Your Answer (include appropriate units):

¢= —%‘ [F/m”]

d) (2 points) Suppose the surface charge densities are fixed, but we remove the slab of perfect di-

electric from 1 < x < 3|m], will the per unit area capacitance of the two-plate system increase,

decrease, or remain the same? ECE 329 Waj + V v=Ed f A
Eosy W o
Y W ssee B2 5TE | p fired Wﬁk 7 v
s o B Tiofe o=
A Your Answer (circle correct_answer): | é ﬁxe:l
e Increase Decrease Remain the same
feff\/ s0 CV

e) (2 points) Suppose the potentials on the plates are fixed, but we remove the slab of perfect
dielectric from 1 < x < 3[m]|, will the per unit area capacitance of the two-plate system increase,
decrease, or remain the same? — ECE 2] woy : \{ fixed 3 )

v =¢E V. =—
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Your Answer (circle correct answer): fs

Increase Decrease Remain the same
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