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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 (6 pts, no justification necessary):
[image: image3.emf]
Two long, current-carrying wires are located along two edges of a cube with the directions of the currents as indicated.  Circle the vector that best indicates the resultant magnetic field at the point P located at the corner of the cube.
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Problem 2 (10 pts, show work):

Two small spheres, each with mass m=3.0 g and charge q, are suspended from a point by threads of length L=0.22 m.  What is the charge on each sphere if the threads make an angle ( = 15o with the vertical as shown in the figure?


a)  0.79 μC

b)  2.9 μC
c)  75 μC 

d)  6.3 μC 

e)  0.11 μC 

Problem 3 (6 pts, no justification necessary):

As shown in the sketch, a wire loop in the shape of a parallelogram in the plane of the paper is moving at constant speed into the region in which there is a uniform magnetic field into the paper.  Select the curve that best qualitatively describes the current in the loop as a function of time. 


Problem 4 (6 pts, no justification necessary):


An “air prism” is immersed in water.  A ray of monochromatic light strikes one face as shown.  Circle the letter of the outgoing ray of light in the sketch that best represents the path you think the light would take as it emerges from the air prism.


Problem 5 (10 pts, show work):
Consider the circuit in the sketch to the right.  Determine the direction and magnitude of the current through the large resistor R.


 Problem 6 (12 pts):


A wire loop is placed outside of and concentric with a long, tightly wound solenoid as shown in the sketch.  The solenoid has an initial current I.  The current decreases to half its initial value in a time interval (t.  This change will produce an induced current in the wire loop.  Explain how each of the changes described below would affect the induced current in the wire loop.  Assume the initial condition for each part is the same.  In other words, the changes are not successive changes, but rather independent changes to the same starting condition.

a)  The decrease in the solenoid current occurs in a longer time.




b)  The diameter of the wire loop is doubled.





c)  The diameter of the solenoid is increased but the solenoid is still inside the wire loop.





d)  The initial solenoid current is 3I and decreases to half its initial value in the same 
time interval (t.





Problem 7 (12 pts):

A very small, charged, metal sphere is placed inside a thin conducting spherical shell of radius B without touching it.  Two Gaussian spheres of radius A and C are used to find the net electric flux inside and outside of the shell.  The situation is illustrated in the sketch below.

a) Suppose the two Gaussian surfaces have the same electric flux.  What is the charge on the inner and outer surfaces of the conducting shell?  Explain



b) Suppose the electric flux through the outer Gaussian surface is three times that through the inner Gaussian surface.  What is the charge on the inner and outer surfaces of the conducting shell?  Explain.





c) If the electric flux through the outer Gaussian surface is zero, what is the electric flux through the inner Gaussian surface?  Explain.




d) If the electric flux through the outer Gaussian surface is zero, what is the charge on the inner and outer surfaces of the conducting shell?  Explain. 


Problem 8 (8 points):

An average person in the US lives approximately 72 years.  Does this mean that it is impossible for such an average person to travel more than 72 light years from earth (in principle)?  Briefly explain your reasoning.  












Problem 9 (4 points, no justification necessary):
Presentation facts true-false –  Place a T beside the statements that you determine to be true and an F beside those statements you determine to be false.

______   The magnetic field of the earth is caused by a large, solid iron core that acts more or less like a big bar magnet.

______   An electromagnetic calorimeter is a device used to determine the energy of high energy photons and electrons. 

______  The Cerenkov effect transistor, discovered in 1947, is one of the primary types of transistors.

______  The “stimulated emission” of a laser is the process where a photon causes an excited atom in the lasing medium to emit another photon locked “in step” (coherent) with the original photon.


______  AM radio encodes information by varying the intensity of the signal at a fixed frequency.

______  The dynamo theory is used to understand the operation of an electric guitar.

______  Contrast agents used in subjects undergoing an NMR scan are usually liquids containing a diamagnetic substance.


______  Theremins are really cool.
Problem 10 (13 pts, show work):


A cylindrical wire of radius R carries a current I as shown in the sketch.  The current is not uniformly distributed across the cross-section of the wire, but rather the current density varies with radial distance from the center of the wire as
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a) What are the units of (?





b) determine ( in terms of I and R.







c) Determine B everywhere. 



Problem 11 (13 pts, show work):

A disk of radius R carries a charge density +( for r<a, and an equal but opposite charge density -( for a<r<R.  The total charge on the disk is zero.  

(a) Determine a in terms of R.







(b) Find the electric potential at point P a distance x along the axis of the disk.












(c) Determine the approximate potential for a distance x>>R.



Potentially helpful formulas



























































































































I know this exam is taking place early in the exam period.  Unfortunately, my TA’s for this course have to take exams and will not grade these exams until lat in the week.  I hope to have the exams graded and final grades calculated by late on December 22.  Once that is done and the grades are submitted, I will notify you via email that the grades are out.  At that point, you can check the grades on your Access account.  Please do not email me with questions/comments at that point.  As soon as the grades are submitted I will try to get all the information used in calculating your grades into BlackBoard.  When that is done, I will notify you via email that it is done and provide some directions.  After you inspect all the input information and ponder the calculation and the curve, feel free to contact me regarding your grade and the accuracy of the spreadsheet information, if needed.  If there is a mistake in the spreadsheet information, we will work together to straighten it out.  If I run into technical problems with BlackBoard, the information will be put there as soon as I can do it, perhaps after Christmas if the technical experts are on vacation.  Final exams will be available when you return.  I urge you to pick up yours and check through it to verify that the grading was reasonable.  You can submit regrade requests to me next term and I’ll make a grade change if appropriate.





For now, forget it, relax, and most of all     …    Have a great holiday!!   Thanks for being such a great class!  
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