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Problem 1 (30 pts.) 

An electrostatic field is given in cylindrical coordinates by 


.

Find the voltage drop VAB between the points A = (2, 0, 0) [m] and B = (0, 3, 1) [m], where the points are specified in rectangular coordinates. 







Solution

Since this an electrostatic field we can choose any path that we wish.  A convenient path is one that stays on a circle from point A to the point (0,2,0). Then the path goes from this point to the point (0,3,0), staying along the y axis. Finally, the path goes vertically from this point to the point (0,3,1). The voltage drop is


.

This is split into three parts as 


.

Hence, we have


.

This gives us


.



Problem 2 (30 pts.) 



A surface charge density  lies inside of an annular region defined by  that lies in the xy plane as shown below. The surface charge density is given by 


.


Find the electric field vector at the point . 






	 


















Solution

Using Coulomb’s law, we have


.

We have


 



.

Hence, we have



or




or



.




When we integrate in  the term with  integrates to zero. For the  term , we get a factor of . Hence, we have


.

We now use 

.

This give us 


.

Hence, we have


.






Problem 3 (40 pts.) 



An infinite tube of volume charge density  having a radius a is surrounded by an infinite metal pipe as shown below. For  the charge density is given by 


.

The metal pipe has an inner radius b and an outer radius c. The metal pipe is neutral. 





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




b)  Find the surface charge densities  and  on the pipe surfaces at  and . 





c) Now assume that the metal pipe is grounded. Give the new electric field vector in all four regions  ( , , , ). If the electric field vector has not changed in a given region, you can simply say this. 





d)  After grounding, find the new surface change densities  and  on the pipe surfaces at  and .


e) Find the value of an effective line charge density  that will model the tube of volume charge density. 



















Solution

Part (a)

Using Gauss’s law, we have


.

We also have


a)  


.


b) 


.

c)  We are inside the PEC pipe, so we have


.

d) Since the pipe is neutral, we have the same formula for the electric field as we do in part (b). Hence, we have


.

Part (b)

Using Gauss’s law, with a Gaussian surface inside the metal pipe, we have



so
[bookmark: _GoBack]


.

Since the pipe is neutral, we also have




so


.


Part (c)


The electric field is the same in all regions except (outside the pipe). In this region the electric field is now zero after grounding. 


Part (d)

The surface charge density on the inner surface of the pipe does not change. On the outside surface of the pipe it is zero after grounding. 

Hence,





.


Part (e)

The effective line charge density is given by 



so

.
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