Problem Set PS10
IssueED: 3/30/99 Due: 4/11/00 (Tuesday)

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.

Mathematical Exercises

1. How does =% compare with £=Z as x — I, where 7 is a constant. (Hint: subtract one
from the other and take the limit as z — Z).

2. Identify the exponent of x which dominates the behavior of

(a)

3

lim °
z—0 (23 + 22 + 2+ 1)
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Exercises

3. If the normalized variable for volume is v = V"/Vc, show that the unintiutive result

v & —p is true near the critical point (you might naively expect v ~ 1/p). Note the
above relation is not exactly true (hence the ~ symbol rather than =); you need to
make an approximation. The approximation feels weird at first, but it is a useful trick.

4. Tt can be shown that van der Waal’s equation is

ll+p+%)2] B(1+v)—1]=8(1+1)

(1+

when put in terms of normalized variables. (This is hard to show, but you have
learned enough to do it—you can try it for fun if you like.) With some more algebra
this expression becomes

7 303

2 (145 +40% + 2= ) = 30 + 8t (1+ 20+ %) .
2 2

Use this last expression to obtain the critical isotherm exponent 6 for a van der Waals

gas. (Hints: (i) What is ¢ on the critical isotherm? and (ii) use the result from the

previous problem and problem 2b)



d.

8.

Write down Fick’s and Fourier’s laws for three dimensions. (Hint this is an easy
question)

Determine the drop in blood pressure required to drive 0.2cc of blood through 1.0cm of
artery (radius 0.5 mm) during a heartbeat (1s duration). Assume blood has a viscosity
of 4 cp.

Given the Wiedemann, Frantz and Lorenz equation, what are the units of electrical
conductivity ke ?

Find the critical constants for the Dieterici equation of state. Verify that z. = 2/e%.

Conceptual Problems

9.
10.

Sketch the heat capacity as a function of temperature for a third order phase transition

Using symmetry guess the functional form for point source diffusion in three dimen-
sions.

Computer Problems

11.

12.

13.

14.

Plot heat capacity near its critical point for the 3D Ising model (see table on p277 of
notes). Work in terms of normalized variables.

Plot the coexistence curve near its critical point for the 3D spherical model and the
2D Ising model (see table on p277 of notes). Work in terms of normalized variables.

Visit the NIST webbook page form the PChem homepage. Click on “NIST Chemistry
WebBook” and then on “Thermophysical Properties of Fluid Systems” set the pres-
sure units to atm and the data type to isobaric properties. Press continue. Type in
appropriate parameters such that the temperature range spans the liquid vapor phase
transition. Determine the order of the phase transition based on the enthalpy and
entropy graphs. Also download the data for Cp and Cy and use EXCEL plot both of
these quantities versus temperature. Explain how Cp and Cy compare for the liquid
phase and the vapor phase.

Visit the NIST webbook again and proceed like the previous problem. Now change
the data type to isothermal properties. At what pressure does water go from a gas to
a liquid when the system is at 298K? how about 370K? how about 400K?
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