Problem Set PS09
IssueED: 3/23/99 Due: 3/30/00

Prof. Darin J. Ulness Name

Instructions. Complete all questions before class on the due date. You are encouraged
to work together. Be sure to struggle with the problem before seeking help. Many of the
exercises are very similar to problems in the book. Understanding the solution to these
problems will be helpful in completing the assigned exercises.

Exercises
1. Derive every equation in the table on page 112 of the notes.

2. Express the equation of state for internal energy and entropy for a van der Waals gas
at constant volume. (The working equation for dU and dSyou derived above)

3. Express the equation of state for internal energy and entropy for a Berthelot gas.

4. Five moles of an ideal gas (molar heat capacity: C,, = 20.0 J/(K mol)) at 300K is
contained in a piston under 1.00atm. A scientist jumps on the piston as shown below

to cause adiabatic compression under a constant pressure of 3.00atm. The new volume
is 100L. What are AT, AU, and AS for this process?

5. Derive an expression for du(T, V') that is analogous to the last line of Eq. (18.13) by
starting with the Helmholtz free energy version of Eq. (18.8).

6. Derive a Clapeyron like equation using your result from the previous problem.

Conceptual Problems
7. Explain the law of corresponding states.

8. In the notes we say “a diamond is not forever.” Why is “a diamond is forever” a
reasonable slogan for the diamond industry.

9. Figure 5.1 on page 187 of Laidler and Meiser show a phase diagram for water. Water
is an unusual substance. Pretend water is a usual substance and draw the new phase
diagram. How is it qualitatively different form the real phase diagram?



10. In the figure below identify (i) the phases in regions A B and C (ii) the processes a, b,
and ¢, and (iii) the points 1 and 2.
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