
PHYS 370, Assignment 9, due 11/06/13, Wed, 10:10am 

Project:  Please write down one or two sentences on what you are planning to do for your project.  You 

can choose to present power point on any topic from the book (or from elsewhere) that we have not 

covered (e.g. past pg. 375, or some other ch. we did not cover).  I also have two lab projects on which 

you can work in pairs (with a partner), one concerning an osmosis machine, and another on measuring 

the Boltzmann constant by Einstein-Smoluchowski fluctuation-dissipation principle from observing 

colloids under a microscope.  Or you can do a computational project, e.g., a Monte-Carlo simulation. 

Problem 1. 

We revisit a problem on enumeration, with an application of Helmholtz free energy.  

(a) Consider a system of a set of uniformly spaced energy levels of separation 1×10-20J, starting from a 

first level which has an energy of 0J.  If six particles are placed within this system, and the total energy is 

constrained to 4×10-20J, how many possible states are there that satisfy these requirements?  List these 

states. (answer in terms of occupancy numbers, e.g., state (5,0,0,0,1,0) is one possible state).  Which 

state has the largest number of microstates? 

(b)  The system is now brought to contact with a reservoir at temperature T=298.15K. Make a table with 

5 columns: state (from part a), Ω (number of microstates), S (entropy with units of J/K), U Internal 

energy, and F the Helmholtz function.  Calculate the entries in the table. 

(c)  Reading from your table, give the state with the largest entropy S. 

(d) Reading from your table, give the state with the lowest Helmholtz free energy F and explain why the 

state that is most likely has the lowest F. 

(e)  You should find that both, largest S and lowest F give the same answer.  Why does the answer for F 

in this example not depend on the temperature T specified? 

(f)  Under what conditions of the system would the answer for F depend on T? 

(g)  Give the state predicted at this temperature by the Boltzmann factor. 

Problem 2. 

Our texbook does a very good job on calculating the partition function for 4 examples, some of which 

we have done in class.  Furthermore, it derives and makes nice plots of certain quantities, pg 225 Fig. 

20.4 (a) and (b) and pg 227 Fig 20.5 (a) and (b).  

Choose any one of the four examples.  Follow the book and derive the quantities that are plotted.  Re-

sketch the plots from your example.  Discuss your plots, with making arrows to features that you are 

addressing (paraphrase the book).  While you are reviewing only one example, be sure to read them all, 

as any one of them might show up on the final. 

Read Ch.21, pg 233-243 

Problems  pg232, 20.1, 20.4, 20.6 (you need to also read the discussion on pg. 231), 20.7, 20.8 


