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TABLE OF INTEGRALS 
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TABLE OF COORDINATE SYSTEM FORMULAS

[image: image22.wmf]cos

x

rf

=

 

[image: image23.wmf]ˆˆ

sincos/

rxxr

qf

×==






[image: image24.wmf]sin

y

rf

=



[image: image25.wmf]ˆˆ

sinsin/

ryyr

qf

×==






[image: image26.wmf]zz

=

   

[image: image27.wmf]ˆ

ˆ

cos/

rzzr

q

×==





[image: image28.wmf]sincos

xr

qf

=



[image: image29.wmf]dSddz

rf

=



[image: image30.wmf]sinsin

yr

qf

=



[image: image31.wmf]dVdddz

rrf

=



[image: image32.wmf]cos

zr

q

=



[image: image33.wmf]2

sin

dSrdd

qqf

=




[image: image34.wmf]2

sin

dVrdrdd

qqf

=




[image: image35.wmf]ˆ

ˆ

ˆ

drzdzdd

rrfrf

=++



[image: image36.wmf]22

xy

r

=+



[image: image37.wmf]ˆˆ

ˆ

sin

drrdrrdrd

fqfqq

=++



[image: image38.wmf](

)

1

tan/

yx

f

-

=



[image: image39.wmf]zz

=



[image: image40.wmf]sin

r

rq

=



[image: image41.wmf]cos

zr

q

=



[image: image42.wmf]ff

=



[image: image43.wmf]222

rxyz

=++



[image: image44.wmf](

)

1222

cos/

zxyz

q

-

=++



[image: image45.wmf](

)

1

tan/

yx

f

-

=



[image: image46.wmf]22

rz

r

=+



[image: image47.wmf](

)

1

tan/

z

qr

-

=



[image: image48.wmf]ff

=


Problem 1 (20 pts.) 
Give a true or false answer to each question.
a) If a charge is inside of a perfectly conducting metal shell, the electric field outside the shell will be zero if the shell is grounded.  

b) If a charge is inside of a perfectly conducting metal shell, the electric field outside the shell will be zero even if the shell is not grounded.  

c) If a charge is outside of a perfectly conducting metal shell, and there are no charges inside the metal shell, the electric field inside the shell will be zero if the shell is grounded.  

d) If a charge is outside of a perfectly conducting metal shell, and there are no charges inside the metal shell, the electric field inside the shell will be zero even if the shell is not grounded.  

e) If a charge is outside of a perfectly conducting metal shell, and there are no charges inside the metal shell, the electric field outside the shell will be zero if the shell is grounded.  
ANSWERS: 
a)  True
b) False 
c) True
d) True
e) False 
Problem 2 (20 pts.) 
An electric field is given by 
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Calculate the voltage drops VAB, VBC, VCD,  by integrating along the paths shown below. Do not assume that the voltage drop is path independent. 

ANSWERS:
VAB   1/2 [V] 
VBC  1/2 [V] 
VCD   3 [V]
ROOM FOR WORK 
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In rectangular coordinates: 
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.
In cylindrical coordinates: 
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.

After drawing a picture of the unit vectors, we see that 
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Hence, we have
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Problem 3 (25 pts.) 
A point charge q is at the origin. Surrounding the point charge is a spherical region of uniform volume charge density (v0, having a radius a. The entire system is electrically neutral. Solve for the electric field vector at all points in space (both inside and outside of the spherical region). Put your final answers in terms of q. 

ANSWERS:

r  < a 
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r  > a
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ROOM FOR WORK 
From Gauss’s law we have
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For r < a: 
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where
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We then have
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For r > a: 

There is no change enclosed, since the system is electrically neutral. Hence, we have
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Problem 4 (25 pts.) 
A rectangular sheet of uniform surface charge density lies in the z = 0 plane as shown below. The rectangular sheet is centered at the origin. Find the electric field vector at a point located on the z axis at a height h above the z = 0 plane. 
You do not need to evaluate any integrals that appear in your answer, but your final answer must clearly indicate the final direction of the electric field vector. 


ANSWER:
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ROOM FOR WORK 
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The integrand is an odd function of x( and y(, so these terms cancel:
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Hence, we have
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Problem 5 (10 pts.) 
A static electric field in free space is given by 
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Find the volume charge density that produced this electric field. 
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In spherical coordinates, we have
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,
where
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Hence, we have
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ANSWER:
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