PHY 455 Exam II                                                      Name ________________________


Instructions:

· Place your name on all of the pages. 

· Do all of your work in this booklet. Do not tear off any sheets.

· Show all of your steps in the problems for full credit.

· Be clear and neat in your work. Any illegible work, or scribbling in the margins, will not be graded.

· Put a box around your answers when appropriate.. 

· If you need more space, you may use the back of a page and write On back of page # in the problem space or  in the extra space on the last page. No other scratch paper is allowed.

Try to answer as many problems as possible. Provide as much information as possible. Show sufficient work or rationale for full credit. Remember that some problems may require less work than brute force methods.

If you are stuck, or running out of time, indicate as completely as possible, the physics and steps you would take to tackle the problem. Also, indicate any relevant information that you would use. 

Pace yourself – do not spend more than 10 minutes per page on your first pass.
Pay attention to the point distribution. Not all problems have the same weight.

	Page
	Pts
	Score

	1
	18
	

	2
	17
	

	3
	16
	

	4
	19
	

	Bonus
	
	

	Total
	70
	


Bonus: I have three colored cards. Two of the cards are painted green on each side, and one is painted orange on one side and green on the other. Suppose you are shown a single face of a card and that face is green. Find the probability that the other side is orange?
Leave no numerical factorials uncomputed! For large values of N, 
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1. (6 pts) Define the following:
a. Ensemble.
b. Standard deviation.
c. The uncertainty when the probabilities are equal, 
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2. (6 pts) A pair of dice are thrown at the same time. What is the probability that
a. Both dice show the same number?  ______
b. Both dice show a number greater than 3. ______
c. Both dice show an odd number. ______
3. (6 pts) Consider an isolated system of 7 noninteracting magnetic spins of spin ½ and magnetic moment  in a magnetic field B. 
a. How many total microstates are there? ______
b. If the total energy is 
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how many accessible microstates are there?
c. From the set of accessible microstates, what is the probability that the second spin is down?

4. (10 pts) Suppose you flip 50 “honest” coins. [Express answers to three significant figures]

a. How many microstates are there in total? ______
b. How many microstates are there corresponding to the most probable macrostate?

c. What is the probability of achieving the most probable macrostate?

d. What is the ratio of the probability of achieving 30 heads and 20 tails to that of achieving the most probable macrostate?

5. (3 pts) You have a sack of three balls that can be either red or green. Suppose that you pick a ball from the sack and it is green. State and use Bayes’ Theorem to determine the probability that two of the three balls are red. [Consider the four possibilities – all balls are red, two balls are red, one ball is red, or no balls are red.]
6. (4 pts) An electron in a two-dimensional box with area L2. How many microstates are there with energy less than or equal to E [Recall 
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	a. in the figure? ______

b. if the electron has an energy of 
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7. (10 pts) Consider the table of heights of students in the class. Compute by hand - the mean, variance, and standard deviation. Show work!
	Height
 (inches)

	 

	 


	67

	 

	 


	70

	 

	 


	72

	 

	 


	75

	 

	 


	74

	 

	 


	72

	 

	 


	63

	 

	 


	71

	 

	 


	73

	 

	 


	65
	 

	 



	
	Answers: 
Mean __________

Variance             __________


Standard Deviation          __________




8. (6 pts) Let 
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 be a continuous probability distribution on 
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a. What should A be for this to be a probability?

b. Determine 
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9. (15 pts) Consider an isolated composite system consisting of two Einstein solids A and B with 
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and total energy 
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	EA
	A
	EB
	B
	
	PA(EA)

	0
	1
	4
	15
	 15
	 

	1
	5
	3
	 
	 
	 

	2
	15
	2
	6
	 90
	 

	3
	 
	1
	3
	 
	 

	4
	70
	0
	1
	 70
	 

	
	
	
	Total = 
	 
	


a. Compute and fill in the two missing values for 
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and 
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[If you cannot determine these, make educated guesses to proceed.]
b. Fill in the missing three missing values for the number of microstates 
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 including the total number of microstates.
c. Determine all of the probabilities in the last column.

d. What is the most probable state? EA = ____________
e. What is the entropy of system A for the state 
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[Take 
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f. What is the temperature of system A in the state 
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10. (4 pts) Consider a system with entropy
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 Find the equation of state for this system. Namely, find a relation between P, V, T, and N. 
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