P114               University of Rochester
             NAME _________________________________________   

S. Manly        Spring 2004

Exam 3 (April 20, 2004)

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 unless stated otherwise.

Problem 1 (8 pts, no partial credit given):

Light travels from from a medium with index of refraction of 1.3 into one with index of refraction of 1.4 and from there into air.  Circle the number of the ray that corresponds to the one most like the path the light would actually take.
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Problem 2 (12 pts, show work/logic for parts a and b to get credit, no need to justify parts b and c):

The magnetic field in an electromagnetic wave from a distant source is described by the equations Bx=Bosin(ky+(t), By=0, Bz=0.  

a) What is the direction of propagation of this wave?

b) Write the electric field equations for this wave.

c) Does the wave exhibit linear or circular polarization?

d) If the polarization is linear, in what direction is the wave polarized?

Problem 3 (8 pts, show work/logic to get credit):

Suppose the magnitude of the current shown is decreasing with time.  
What is the direction of the induced current in the loop?  
Please justify your answer to get credit. (Assume the loop and the line 
are in the same plane.)

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

Briefly explain why it is that sound waves seem to bend around corners and light waves do not?  Feel free to use diagrams to facilitate your explanation.
Problem 5 (12 pts, show work/logic to get credit):
The pupil of the human eye has a diameter of 5 mm.  Estimate (using the physics we have been discussing) the greatest distance over which a human can resolve the two individual headlights of a car.
Problem 6 (15 pts, show work/logic to get credit):
A crude, symmetric, hand-held microscope consists of two 20 diopter lenses fastened in the ends of a tube that is 0.3 m long. 

a) What is the magnifying power of this microscope?    How far from the objective should the object being viewed be placed?

b) Suppose you discover that your grandfather literally was Superman and that you have inherited X-ray vision.  After tiring of looking thru the clothes of all your classmates, you eventually decide to use the microscope above.  (No need to look around right now, this is fictitious.)  Will the microscope work for X-rays the same as it does for visible light?  Why or why not? 

Problem 7 (15 pts, show work/logic to get credit):
You go swimming with clear goggles in a pool of clear water that has a layer of oil 540 nm thick spread evenly on the surface.  Assume white light is incident normally on the top surface of the pool. To you, as you swim underwater, will the water appear more blue or less blue in color than it normally appears without the oil present? (You must defend your answer quantitatively to get full credit.)  Assume the index of refraction of the oil is 1.45 and the index of refraction of water is 1.33.  The wavelengths present in visible light range from 700 to 400 nm.
Problem 8 (15 pts, show work/logic to get credit):
Positronium is an “atom” made up of an electron and a positron (which is a positively charged electron).  Since the two particles have the same mass, they orbit each other about the center of mass as shown below.  Derive and circle the correct expression for the allowed energy levels for the quantized states in this system using assumptions similar to those used in the Bohr model of the atom.  

a) 
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Given the energy levels you have derived, how is it possible to distinguish whether a sample is made up of hydrogen or positronium “atoms”?
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