P142               University of Rochester
             NAME _________________________________________   

S. Manly        Fall 2007

Exam 1 (October 4, 2007)

Please read the problems carefully and answer them in the space provided.  Write on the back of the page, if necessary.  Show all your work.  Partial credit will be given.

Problem 1 (10 pts, justify your answer):

[image: image2.emf]
The block of insulating material shown at the right of the sketch below has a volume V.  An overall charge Q is spread uniformly throughout the volume of the block so that the block has a charge density, (.  Four charged insulating blocks are shown on the left side of the sketch below.  For each block, the volume is given as well as either the charge or the charge density of the block.  Suppose that each of the blocks on the left below were cut in half.  From which block or blocks might the block to the right have been taken?  Justify your answer.

Problem 2 (10 pts, justify your answer):

As we move along the axis of a ring of a uniform charge distribution from infinity to the geometric center, the electric field reaches a maximum in magnitude at some point.  The electric potential reaches

a) a maximum at that same point.

b) a minimum at that same point.

c) a maximum at a different point.

d) [image: image3.emf]a minimum at a point some finite distance from the ring.

e) neither a maximum nor a minimum (it is constant).

Justify your answer.
Problem 3 (14 pts, no need to justify answer):

[image: image4.emf]Three charges are arranged in an isosceles triangle as shown in the sketch.  For each of the changes described, decide whether the magnitude of the net electric force on charge A will increase, decrease, remain the same, or the effect cannot be determined.  Consider each change to be the only change from the situations in the diagram.  Put a check in the appropriate column for each change specified in the first column.
	Change
	Increase
	Decrease
	Remain the same
	Cannot be determined

	a) Change sign of charge C from –q to +q
	
	
	
	

	b) Change sign of charge B from q to -q
	
	
	
	

	c) Change sign of charge A from Q to -Q
	
	
	
	

	d) Increase the angle ( by 5 degrees
	
	
	
	

	e) Change the sign of both A and C
	
	
	
	

	f) Halve the distance between A and C (assume position of A fixed)
	
	
	
	

	g) Halve the distance between A and B (assume position of A fixed)
	
	
	
	


Problem 4 (15 pts, show work/logic to get credit):

[image: image5.emf]
A charge –q of mass m rests on the y axis at a distance b above the x axis. Two positive charges +Q are fixed on the x axis at locations –a and +a, respectively.  If the charge –q on the y axis is given an initial velocity in the positive y direction, what is the minimum magnitude of that velocity such that the charge escapes to a point infinitely far away from the two positive charges?
Problem 5 (11 pts, show work/logic to get credit):

[image: image6.emf]
Two weeks from now, you are skipping across the fraternity quad to meet a friend after a yummy lunch in the Meliora.  Suddenly you see two big guys fighting in on the ground in the middle of the quad.  One boy has his hands around the other boy’s throat while the other tries to gouge out the eyes of the first.  As you skip past, you hear something like, “… Grrr!  You don’t know nothin’ ‘bout Gauss’ Law, you moron!”  Being upset at the violence and realizing that the whole thing might be over nothing more than a misunderstanding about Gauss’ Law, you decide to stop and see if you can help the boys through their little tiff.  After all, you are taking Physics 142 where Gauss’ Law R Us, right?!  So, you haul the boys up off the ground and ask them to explain the reason for their quarrel.  
[image: image7.emf]One of the boys, named Jethro, says, “Look at this!”  He shows you the sketch below.  “Since the charged inside the sphere cancel or neutralize each other, the net electric flux through the sphere will be zero, so there will be no electric field.  This idiot doesn’t believe me!”

The other boy, named Biff, sticks his tongue out at Jethro and says, “He’s a moron.  Everyone knows since there are charges present, there must be an electric field present as well.  Since the electric flux through the surface depends on the electric field and the area of the surface, neither of which is zero, there must be a non-zero net electric flux through the sphere.”

Briefly state what you would say to the boys to resolve this dispute?  Feel free to use sketches, equations and the written word to convey your point(s) clearly.  

Problem 6 (20 pts, show work/logic to get credit):
A nonuniform but spherically symmetric distribution of charge has a charge density ( given as follows:


[image: image1.wmf]constant.
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Determine the electric field in all regions of space due to this charge distribution.

Problem 7 (20 pts, show work/logic to get credit):

A small bead of mass m, carrying a charge +q, is constrained to slide (frictionlessly) along a thin rod of length L oriented horizontally as shown in the sketch.  Charges +Q are fixed at each end of the rod.  Find an expression for the period of oscillation of the mass m if it is displaced by a very small distance from the center of the rod and then released.  The expression should be in terms of the basic dimensions and variables of the problem … I’m not looking for a numerical answer.
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Potentially useful formulas (ask if you need an integral or series expansion)



































Axis of ring of charge
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