3.10 
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Consider two points in the S,V plane (N fixed) very close to each other. Is U = Ufinal - Uinitial  the same for all three paths?

A) Yes, U is path-independent

B) No, U depends on the path.
Answer: U is path-independent.  U is a “function of state”.  It’s value is uniquely defined by the macrostate of the system: U = U(S,V).  Consequently, U is determined entirely by the initial and final states.  
3.11. A ball rolls back and forth in a valley.  Eventually, the ball slows and stops.  We never observe the reverse: A ball at rest at the bottom of a valley is never seen to start rolling back and forth (unless some force from outside the system acts) 
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Consider 

I: conservation of energy(1st Law)

II: conservation of momentum

III: 2nd Law: Entropy of an isolated system always increases

The reverse process is never observed because this would violate

A) the 2nd Law only

B) I, II, and III

C) I and III only

D) I and II only

E) II and III only
Answer: A)  The reverse process would violate the 2nd Law only.  In the forward process, energy and momentum are conserved.  So by “playing the movie backwards”, energy and momentum are still conserved.  However, in the forward process, the entropy increased (mechanical energy mgh was converted to heat Q, so S = Q/T).  So in the reverse process, the entropy would decrease; entropy decrease is forbidden by the second law.
3.12


[image: image3]
Two systems, A and B, are in thermal contact.  The systems have S vs. U curves shown and initially have the same energy UA,init = UB,init.   Which system will gain energy as (A+B) evolves toward thermal equilibrium.
A) Neither, they are already in thermal equilibrium

B) System A will gain


C) System B will gain
Answer:  System B will gain.  Energy will flow in the direction which causes an increase in total entropy.  Since 
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, a transfer of energy from A to B (UA negative and UB positive) will result in a large increase in SB and a not-so-large decrease in S​B.  This will give an overall increase in Stot = SA + SB .
3.13 The thermodynamic identity:   dU = T dS – p dV +  dN

At constant energy and volume, what is the relation between chemical potential and entropy?

A) 
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B) 
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C) something else
Answer: 
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Constant energy and volume implies dU = 0 and dV = 0.  

So  0 = T dS +  dN  (constant U, V)
3.14

The two halves of a sealed container are separated by a fixed semi-permeable membrane.  There are two species of molecules in the container, C (cubes) and D(disks). The membrane is permeable to the disks only.  Each half of this system has two different chemical potentials, one for disks and one for cubes: D and C. 


[image: image8]
Given the constraints imposed, does this system appear to be in equilibrium?   (Hint: How do the C’s on the right and left compare? What about the D’s?) 

A) Yes, it looks close to equilibrium


B) No, it is obviously way out of equilibrium, so the system will look different a short time later.

Answer: Yes, it looks close to equilibrium.  Approximately equal numbers of disks are on the two sides, so the C’s on right and left are approximately equal.  
3.15. An Einstein solid has multiplicity 
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 and energy U = q 
(N=30,q=40) = 2.37 ( 1019
(31,40) = 5.54 ( 1019

(31,39) = 3.16 ( 1019

(31,38) = 1.79 ( 1019

(31,37) = 1.00 ( 1019
What is 
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 at N = 30, q = 40?

The value is 

A) greater than +
between 0 and 


C) between  and 
D)less than -2
Answer: The chemical potential is somewhere between  and 

If a single particle is added (N increases from 30 to 31, N = 1), but the energy is kept fixed at q = 40, then entropy increases.  But we have to keep the entropy fixed when computing chemical potential.  The only way to keep the entropy fixed when we add a particle is to decrease U (U negative).  If we decrease q by 1 (U =  -) , the entropy is still higher than initially.  If we decrease q by 2 (U =  -2), then entropy is lower than initially.  So to keep S constant, we must decrease U by some amount between one and two energy units.

3.16 Two paramagnets (labeled A and B) are brought into thermal contact.  Before contact, paramagnet A is at a very high (positive) temperature and B has a negative temperature.  After the two reach equilibrium, the entropy of B has ..

A) increased
B) decreased


C) might have increased, decreased, or remained constant depending on the initial temperature of A
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Answer: The entropy of B will increase regardless of the initial temperature of A (so long as A has a positive temperature).  As in the diagram below, if energy transfers from B to A, then both SA and SB increase (it’s a win-win situation). On the other hand, if the reverse occurs, if energy transfers from A to B, then both SA and SB will decrease --- impossible by the 2nd Law.  So heat will always transfer from B to A, from the negative temperature to the positive temperature;  hence we conclude that negative temperatures are “hotter” than positive temperatures.
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