
ECE 3318
Applied Electricity and Magnetism

Exam 1

March 24, 2022




Name: _________SOLUTION___________________________________



Instructions


1. This exam is open-book and open-notes. 
2. Show all of your work. No credit will be given if the work required to obtain the solutions is not shown. 
3. Write neatly. You will not be given credit for work that is not easily legible.
4. Leave answers in terms of the parameters given in the problem. 
5. Show units in all of your final answers. 
6. Circle your final answers. 
7. Double-check your answers. For simpler problems, partial credit may not be given. 
8. If you have any questions, ask the instructor. You will not be given credit for work that is based on a wrong assumption.
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Problem 1 (35 pts.) 

An infinite slab of volume charge density is shown below. The charge density inside the slab is given by 


.





(a) Find the electric field vector in all three regions:  ,  ,  .

(b) Find the voltage drop VAB between the points A and B. 


(c) Find the equivalent surface charge density  which, when placed at x = 0, will produce the same electric field outside the slab as the original slab does. 
 (
x
z
)
Solution  

Part (a) 

Because the charge density is an odd function, the electric field is zero outside the slab. Inside the slab we apply Gauss’s law with the top of the Gaussian surface above the slab (where the electric field is zero) and the bottom part of the Gaussian surface at the observation point, located at x. The base area of the Gaussian surface is denoted as A. 

For an observation point inside the slab, Gauss’s law then gives us

 
Hence, we have


.

We then have


 

Part (b) 



or


.

Part (c) 



so




Problem 2 (30 pts.) 

A uniform surface charge density s0 has a cylindrical shape as shown below. The radius of the cylinder is a and the height of the cylinder in the z direction is h. The cylinder is centered at the origin. The cylinder is hollow (there are no top and bottom parts, only the side part at  = a).



Find the electric field vector at the point  as shown below (x0 > a). 

You do not have to evaluate any integrals that appear in your answer. However, your answer should make it clear what the direction of the electric field vector is. 





	 


















Solution 

We have from Coulomb’s law


. 

We have




Therefore,


.

By symmetry, the electric field at the observation point will be in the x direction. Therefore, we can write




Problem 3 (35 pts.) 


A spherical uniform surface charge density s0 with radius a is surrounded by a perfectly conducting shell of inner radius b and outer radius c. This shell has a total net charge of  (it is not neutral). At the origin, there is a point charge q [C]. 


a)  Find the electric field vector in all four regions (r < a,  a < r < b,  b < r < c,  r > c).
	 

b)  Find the surface charge density  on the inner surface of the PEC shell, at r = b. 


c)  Find the surface charge density  on the outer surface of the PEC shell, at r = c.

d)  If the PEC shell is now grounded, how do the answers to parts (a)(c) change? (If an answer does not change you can simply say this.) 










[bookmark: _GoBack]











Solution

Part (a)

From Gauss’s law we have


 











Part (b)





Part (c)





Part (d)

All previous answers remain the same except that:








6

oleObject2.bin

image51.wmf
PEC shell


image52.wmf
q


oleObject44.bin

oleObject45.bin

oleObject46.bin

oleObject47.bin

oleObject48.bin

oleObject49.bin

oleObject50.bin

oleObject51.bin

image3.wmf
(

)

3/2

22

22

1

xdx

xa

xa

-

=

+

+

ò


oleObject52.bin

image53.wmf
[

]

2

0

ˆ

V/m,

4

q

Erra

r

pe

æö

=<

ç÷

èø


oleObject53.bin

image54.wmf
[

]

2

0

2

0

4

ˆ

V/m,

4

s

qa

Erarb

r

rp

pe

æö

+

=<<

ç÷

èø


oleObject54.bin

image55.wmf
[

]

0V/m,(PEC)

Ebrc

=<<


oleObject55.bin

image56.wmf
[

]

[

]

2

0

2

0

4

ˆ

V/m,V/m

4

ss

qaQ

Errc

r

rp

pe

æö

++

=>

ç÷

èø


oleObject56.bin

image57.wmf
(

)

22

0

2

1

4C/m

4

sbs

qa

b

rrp

p

éù

=-+

ëû


oleObject3.bin

oleObject57.bin

image58.wmf
(

)

(

)

22

0

2

1

4C/m

4

scss

Qqa

c

rrp

p

éù

=-+

ëû


oleObject58.bin

image59.wmf
[

]

[

]

0V/m,V/m

G

Erc

=>


oleObject59.bin

image60.wmf
2

0C/m

G

sc

r

éù

=

ëû


oleObject60.bin

image4.wmf
(

)

22

1/2

22

xdx

xa

xa

=+

+

ò


oleObject4.bin

image5.wmf
(

)

(

)

2

22

3/2

22

22

ln

xdxx

xxa

xa

xa

-

=+++

+

+

ò


oleObject5.bin

image6.wmf
(

)

(

)

2222

22

1/2

22

ln

22

xdxxxaa

xxa

xa

+

=-++

+

ò


oleObject6.bin

image7.wmf
(

)

(

)

3/25/2

2222

1

5

xxadxxa

+=+

ò


oleObject7.bin

image8.wmf
(

)

(

)

(

)

3/2

22

222

3/2

22422

33

ln

488

xxa

axxa

xadxaxxa

+

+

+=++++

ò


oleObject8.bin

image9.wmf
33

,/2/2C/m

v

xhxh

r

éù

=-<<

ëû


oleObject9.bin

image10.wmf
/2

xh

<-


oleObject10.bin

image11.wmf
/2/2

hxh

-<<


oleObject11.bin

image12.wmf
/2

xh

>


oleObject12.bin

image13.wmf
eq

s

r


oleObject13.bin

image14.wmf
/2

xh

=


image15.wmf
/2

xh

=-


image16.wmf
x


image17.wmf
z


image18.wmf
B


image19.wmf
A


image20.wmf
(

)

[

]

0,0,0m

A

=


image21.wmf
(

)

[

]

/2,0,1m

Bh

=


oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

image22.wmf
(

)

4

/2/2

34

1

ˆ

42

hh

v

xx

h

DxAAdxAxdxAx

r

æö

æö

×-===-

ç÷

ç÷

ç÷

èø

èø

òò


oleObject22.bin

image23.wmf
4

4

1

42

x

h

Dx

æö

æö

=--

ç÷

ç÷

ç÷

èø

èø


oleObject23.bin

image24.wmf
[

]

4

4

0

0,/2

1

ˆ

V/m

42

0,/2

xh

h

Exx

xh

e

<

ì

ï

æö

æö

ï

æö

=--

ç÷

ç÷

í

ç÷

ç÷

ç÷

èø

ï

èø

èø

ï

>

î


oleObject24.bin

image25.wmf
455

/2/2

4

00

00

111

424252

B

hh

ABx

A

hhh

VEdrEdxxdx

ee

æöæö

æöæöæö

=×==--=--

ç÷ç÷

ç÷ç÷ç÷

ç÷ç÷

èøèøèø

èøèø

òòò


oleObject25.bin

image26.wmf
[

]

5

0

1

V

52

AB

h

V

e

æö

=--

ç÷

èø


oleObject26.bin

image27.wmf
/2/2

3

/2/2

0

hh

eq

sv

hh

dxxdx

rr

--

===

òò


oleObject27.bin

image28.wmf
0

eq

s

r

=


oleObject28.bin

image29.wmf
(

)

0

,0,0

x


oleObject29.bin

image30.wmf
x


image31.wmf
y


image32.wmf
z


image33.wmf
h


image34.wmf
0

s

r


image1.wmf
(

)

(

)

22

1/2

22

ln

dx

xxa

xa

=++

+

ò


image35.wmf
0

(,0,0)

rx

=


image36.wmf
a


oleObject30.bin

oleObject31.bin

oleObject32.bin

oleObject33.bin

oleObject34.bin

oleObject35.bin

oleObject36.bin

image37.wmf
0

2

0

ˆ

4

s

S

ERdS

R

r

pe

¢

=

ò


oleObject1.bin

oleObject37.bin

image38.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

0

0

0

ˆˆ

ˆ

ˆˆ

ˆ

00

ˆˆ

ˆ

cos0sin0

ˆˆ

ˆ

cossin.

Rxxxyyyzzz

xxxyyzz

xxyzz

xxayazz

rfrf

ff

¢¢¢

=-+-+-

¢¢¢

=-+-+-

¢¢¢¢¢

=-+-+-

¢¢¢

=-+-+-


oleObject38.bin

image39.wmf
(

)

(

)

(

)

(

)

(

)

/22

0

0

3/2

22

2

0

/20

0

ˆˆ

ˆ

cossin

4

cossin

h

s

h

xxayazz

Eaddz

xaaz

p

ff

r

f

pe

ff

-

¢¢¢

-+-+-

¢¢

=

éù

¢¢¢

-++

ëû

òò


oleObject39.bin

image40.wmf
(

)

/22

00

3/2

2

222

0

/20

0

cos

ˆ

4

cossin

h

s

h

axa

Exddz

xaaz

p

rf

f

pe

ff

-

¢

-

¢¢

=

éù

¢¢¢

-++

ëû

òò


oleObject40.bin

image41.wmf
[

]

s

QC


oleObject41.bin

image42.wmf
sb

r


image2.wmf
(

)

3/2

222

22

dxx

axa

xa

=

+

+

ò


oleObject42.bin

image43.wmf
sc

r


oleObject43.bin

image44.wmf
z


image45.wmf
x


image46.wmf
b


image47.wmf
c


image48.wmf
0

s

r


image49.wmf
y


image50.wmf
a


