Physics 114









Spring 2002

Seminar 4: Macroscopic Thermodynamics
Assigned Reading: Reif, all of Chapter 4 (which is actually pretty short)  and sections 1 – 6 of chapter 5.  Also, Chapter 1 of Chandler (handed out on Friday; on my door for Thursday people).   

E-mail assignment: Thursday (Friday) people need to send their questions to me by Tuesday (Wednesday) at 5:00 pm.  

Remarks: This week’s readings are an attempt to bring together some of the relationships that often begin a course in thermal physics.  In particular, in Reif and Chandler, we are introduced to the parameters known as heat capacity and specific heat as well as a set of auxilliary thermodynamic potentials known as free energies.  Chapter 5 of Reif is meatier than Chapter 4 and builds up to the set of relationships known as the Maxwell Relations.  The last half of the Chandler chapter provides a more mathematical approach to developing these relations.

Seminar Break: Andrew or Dan on Thursday; Matt on Friday

Presentations

1. Explain why we want to work with auxilliary thermodynamic potentials and show how the Legendre transform method allows us to construct them.  Include a definition of conjugate variable pairs and a geometric description of a Legendre transform.  Finally, explain how the properties of exact differentials lead to the Maxwell relations. 
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Hand-in Problems: A.1, A.2 (see next page), as well as 3.1, 3.2, 3.3, 3.5

Additional Problems

A.1 (Simple example of situation in Reif problem 3.3)   Consider two spin systems like those in problem 3.3 where system 1  has N1 = 3 and E1 = H while system 2  has N2 = 4 and 

E2 = 0. Write down all the microstates consistent with each macrostate E1 and E2.  Now suppose the two systems are brought into thermal contact and come to equilibrium (Etot = E1 + E2). How many microstates are accessible to the combined system?  What would happen if E1 = 3H and E2 = 4H?

A.2 (More on the ideal gas)  The correct expression for the number of states accessible to a classical ideal gas is (N,V,E) = (V/h3)N [(2mE)3N/2 ]/(3N/2)! where h is Planck’s constant and we have made the assumption that 3N/2 >> 1.  (Compare this to the almost-correct expression in the handout I gave you last week.  Where do you suppose the h3N comes from?)  Determine the entropy of an ideal gas, S(N,V,E).  Invert this expression to get E(N,V,S) and then use T = ((E/(S)N to get the very simple relation between T and E.
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