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A couple useful equations:

Notes:
1) In the Multiple Choioes section, each question may have more than one correct
answer. Circle alt correct answers.
2) For the Multiple Choices, you may add some comments to justify your answer.
3) If you are stuck on part of a problem, but understand the following parts, assume
an expression that you would consider reasonable and use it for the remaining
parts. Partial credit will depend on using a reasonable expression.
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1) Multiple Choices (20)

i) The following figure represents a cylindrical shell of surface charge, located at r = 7.
The dashed line is concentric with the charge distribution. The voltages at the four points
indicated are considered in the question.
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Which of the following are true:

a. [Vg—Val>0
@g—__\}BI>D

C. IVD—Vci>_0_

d. |[Vp- V| > |VD—\;¥{

i) Which of the following is a true statement about Maxwel!l’s equations relating to

electrostatics: _—
4 Tn a region whete there is no charge, the total electric flux entering a volume

=qualto the total electric flux leaving that voiume.
5. The continuity op'the tangental electric field across a dielectric-dielectric
boundary can be derived from the curl free property (V x E =0) of static electric fields.
c. The voltage difference between two points depends on the integration path

between the points.
d. If a closed surface encloses zero net charge, the field on that surface must be

zero as well.

must be

iii) The capacitance of two fixed conductors with free space between them:

a. Increases if the voltage difference between the conductors decreases.

b. Increases if the magnitude of the charge on a conductor increases.
éc. Increases if a dielectric material is placed between the conductors.
A Tricieases if the stored electric field energy, Wk, increases.
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Unknown material

Free space E= 5.‘+ij> [V /m]
ED 80

iv) The above figure indicates an electric field line incident upon a boundary between free
space and some unknown material. The electric field is given on free space side, but very
close to the boundary. The boundary is Jocated at the positiony = 0.
a. It is possible that the unknown material is a perfect conductor .
Inknown material is a dielectric, the electric field on that side of the

boundary will have a smaller total magnitude.
c. If the unknown material is a dielectric, the electric field on that side of the

boundary mgi have a lazger total magnitude.
¢ is a surface charge density, p, =3 [C/mz] at y = 0, the electric field in

the unknown material is parallel to the boundary.

Region 1,&; =€,

Region 2, €2 = €nko

v) A parallel plate capacitor is shown above. A di¢lectric material fills half of the volume,
as indicated by the dashed line. Which of the following are true:

region 1is larger than E in region 2.

b. D inregion 1 is larger than D in region 2.
¢. The magnitude of p, on the top piate is larger than the magnitude of g, on the

bottom plate.
d. The total charge on the bottom plate is zero since it is grounded.
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2) Simple Problem (10)

A solid spherical perfect conductor with radius, a, is shown in the above figure. The
surrounding medium is free space. A total charge, Q [C), is distributed on the conductor.

What is the charge density? (5)

/- &

U’

What is the electric field, £ , everywhere? (5)
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3) Gauss’s Law (25 points)

év‘-f'\(‘f ¢~

[

The above figure represents two spherical charge distributions, a volume charge for the
region r < a and a surface charge located at r = b, where a < b. The total charges of cach
distribution are equal and opposite. The volume charge is distributed throughout a
dielectric material with permittivity, £.€,, The rest of the domain is free space.

p,r r<a [Cim’]
= .2
p, r=b [Cim’]

Indicate the regions where you would solve for the field. (1)

(<a, terclb o bear

On the above figure, sketch a surface you would use to apply Gauss’s Law. (1)

Determine the surface charge density, p, in terms of the known volume charge density
and geometry. (3)

J &JS i "Sﬁo CLV
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Determine the displacement field, D, everywhere. (5)
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Verify your field solution is correct using both differential Maxwell’s equations that
apply to electrostatics. (5)

VKE:D bY B%séruﬁi‘%k&ﬂ
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4

Determine the total energy, W, stored in the region r < a. (5)

ler
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4) Laplace, Field, Capacitance (20)

A cylindrical capacitor is shown above. A dielectric material, € = 4, fills the space
between the conductor. The voltage on the inner conductor is V, and the outer conductor

is grounded. The dimensions are shown.

Determine the voltage as a function of position. (5)

VN ED
RS A NV N
= L lr> V= 0D
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Determine the electric field, £, as a function of position. (5)

_ _ oy
F = ‘V\f@ é’j\f,& \_‘:&S_),
ANECIESY

Determine the charge density on the conductors. (5)

A Y AN LB A

f;i,a :\f _E.\_L;c.__..

Determine the capacitance, C. (5)
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5) Field, Voltage (15)

<8
N
L.

A volume charge density, p, = p,x [C/m3] in the region —a < x < a. The charge
elsewhere is zero. The domain is free space.

Sketch the figure you wouid use to apply Gauss’s Law. Position your shape exactly

where you intend to apply the integral equation. Describe why you chose that shape and
location (ie. if no field passes through some of the surfaces, if the field is zero on some of

the surfaces, etc.). (4)
F{¢\A 5.4\7 e avsks o sile (

L’? Atf(c_"".\ow\

Determine the electric field, £, everywhere. (8)

gE Jg —=> Eﬂ arec{B

¢ &
(S e = () (e
Se X 7

S —"'{z.e. (cf'x?') % [\/AJ

Determine the voltage difference between x = -gand x = a. (3)

ugg‘igt&‘* % (a2 x*) :/Z?L%é G

- G Ze 4] 6
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6) Finite Difference (10)
0 0 0 0 0 0 o] 0 0 0 0 0 0 0
0 0] 0 0 3.7 668 B68B 962 9.51 848 6.71 4.14 0 8]
0 0 0 0 813 143 184 20.3 19.9 17.7 142 987 493 0
3] 0 0 0 145 24.1 30.4 331 322 28.2 225 162 9.87 414

0 37 813 14.5 258 37 46.1.495 476 404 315 225 142 671
0 6.68 143 241 37 /5. 4 733 68.3 54.4 40.4 282 17.7 8.48
0 8.68 184 304 46.9 67.4 58.3 47.6 32.2 19.9 9.51
0 9.62 20.3 33.1 495 713 100 100 100 71.3 49.5 33.1 20.3 9.62
0 9.51 19.9 322 476 68. ‘ 100767.4 46.1 30.4 18.4 868
0 8.48 17.7 28.2 40.4 54.4 683 T+36/74 522 37 241 143 668
0 6.71 142 22.5 315 404 476 495 461 37 268 145 813 37
0 414 987 16.2 225 282 322 331304241145 0 0 O
0 0493 987 142 17.7 199 203 184 143 813 0
0 0 0414671848 951962868668 3.7 O
o 0 0 o 0o o O O 0O 0 0o O

CO00D0ODO0OO0O0D0O0D0OO0OO0O

0 O
c 0
0 0
The above Excel spreadsheet data corresponds to a solution of Laplace’s equation with

cell spacing / = 2 [mm]. A dielectric material, &; = 4, is in the region between the
conductors.

In the box below, sketch the field lines and equipotentials. Indicate where the electric
field is largest. Sketch the conductor boundaries as well.(5)

Determine the capacitance per unit length. (The geometry is a cross section, continuing
perpendicuar to the paper ) (5) W _ y
& £, -¥f. £ s .
[ - Fh. sx\r\ Dni \tnzé \,\ ot in . = (306:2%7431
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