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Directions: This exam is worth 71 points. Your solutions should be wri t ten as neatly as 
possible and arranged in a logical manner. Credit will be awarded on the  basis of thought, 
compactness, and neatness of the  wri t ten solution. Remember to  use basic physical 
principles in solving the  problems. Show all of your work. We will not award full points f o r  a 
problem with a solution tha t  we are unable to decipher even if the  answer is correct. 

An equation sheet has been provided. CRC o r  similar handbooks are allowed (but the p roc to r  

will check them) as well as Xeroxed integral tables. Calculator rule is in effect. If you need 
a physical constant tha t  is not provided ask the proctor. Good Luck! 



Problem 1. (8 points) Four point charges are arrayed on the  corners of a square as shown 

below. Each charge has a magnitude of +g, except fo r  the  charge on the  upper r ight  which 
has a charge of +2q. If t h e  charges are all 1.0 meter apart, what is the  magnitude of the  
electric force on t h e  charge on the  upper r ight? What is t he  electric f ield a t  tha t  point in 

space? 



Problem 2. (6 points) Describe the  O t t o  cycle. 



Problem 3. (10 points) A 39 lead bullet (@ O'C) is traveling a t  a speed of 240m/s when it 
comes t o  res t  inside a very large block of ice (10kg) @ - 5 ' ~ .  What happens to  the  ice? The 
heat of fusion fo r  ice is 3.33 heat capacity is 2090 J / ~ ~ O C .  
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Now assume tha t  t h e  f la t  surface with a coefficient of 
fr ict ion of 0.05, how far  does t h e  ice travel a f te r  t he  collision before coming t o  rest? 
What heat is generated in th is  process? Assuming an adiabatic process how does this 
change the  block of ice? 
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Problem 4. (6 points) Describe the  execution of a motorcycle turn. 



Problem 5 .  (10 points) Compute the  electric field for an infinite sheet of charge as shown 

below. 



Problem 6. (10 points) How much heat is needed to take ice of mass 1 kg a t  -10'~ to o 

gaseous state a t  115'~? 
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Problem 7. (10 points) Consider a ring of charge, radius a, as shown below. Compute the 
electric field a t  point P. 



Problem 8. (10 points) A solid 
conducting sphere of radius a 
carries a net positive charge of 
2Q. A conducting spherical shell of 
inner radius b and outer radius c is 
concentric wi th t h e  solid sphere 
and carries a ne t  charge of -9. 
Find the  electric f ield in t h e  
regions: 

1 - r  < a  
2 - a < r < b  
3 - b < r < c  
4 - r  > c  


