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Chemical Applications of Statistical Mechanics (CHM 650)

Instructor : K. Srihari office : FB 435 ✆ : 7043 email : srihari@iitk.ac.in

1 Course outline

The numbers in the indicate, approximately, the number of lectures to be
given on that particular topic.

➫ Review of basic equilibrium Statistical Mechanics - Ergodic theory, ensembles,
fluctuations, partition functions, noninteracting ideal systems. (classical and

quantum). 6

➫ Interacting systems (classical) - phase transitions, liquids, integral equations
(Percus-Yevick, Ornstein-Zernicke), ionic liquids, lattice models and introduc-

tion to renormalization group ideas. 18

➫ Linear response theory - fluctuation dissipation theorem, Onsager’s regres-
sion hypothesis, time correlation functions, applications and the projection
operator techniques of Kubo, Mori and Zwanzig. 8

➫ Brief introduction to polymers and interfaces 5

➫ Quantum statistical mechanics - density matrices, path integrals. 6

◊ You are required to review basic statistical mechanics and quantum me-
chanics. As you can see from the course outline we will be getting into interact-
ing systems fairly quickly. A large part of this course will be classical. Quantum
stat mech will be splashed here and there. The first problem set will provide
you with an opportunity to test your understanding of the basic stat mech and
quant mech. concepts. Due to time and space limitations there are a number
of topics that we will not be able to cover. Simulations, monte carlo and molec-
ular dynamics, is a topic that is missed out. This is quite important and if you
need to know it in a detailed way then there is a course being offered by Prof.
Chandra that is ideal for you. Interesting topics like percolation, spin glasses,
localization which come under the general heading of disordered systems are
not even touched upon. Perhaps a stat phys course in the physics department
would satisfy your needs in this regard. Superfluidity and superconductivity
will not even be mentioned.

2 ✓ Grading policy ✗

There will be regular homeworks in this course (approximately one every two
weeks). Two exams (first and second midterms) will be provided for advance-
ment of your knowledge. First exam will be a in class open book/notes exam,
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the second will be a take home exam. The final exam will be based on a term
paper and presentation. The topics for the term paper will be provided within a
couple of weeks. The homeworks will account for 20%, the midterms 20% each
and the final will be worth 40% of the final grade.

3 References

The following is a list of books that I will be mainly refering to. All of them
will be put on reserve in the library.

❏ Statistical mechanics, D. A. McQuarrie, Harper Collins College Publica-
tion, 1976. This is a very good book which covers a lot of stuff. Problems
at the end of the chapters are worth trying out. Some you will attempt
as part of your homework.

❏ Introduction to modern statistical mechanics, David Chandler, Oxford
University Press, 1987. This book is very compact but packs a punch.
Do not let the small size fool you. Reading through the entire book and
solving the problems will give you a good grounding in stat. mech.

❏ Statistical Mechanics, R. P. Feynman, Addison Wesley, 1972. Spin waves,
polarons, superconductivity, superfluidity are all dealt with in this one.
We, however, will not be touching any of these topics. The alternative
“Feynmanish” solution to the two dimensional Ising lattice model is inter-
esting.

❏ A modern course in statistical physics, L. E. Reichl, University of Texas
Press, 1980. This is a fairly detailed book and has a good chapter on
ergodic theory as well as probability distributions.

❏ Statistical physics part I, L. D. Landau and E. M. Lifshitz, Butterworth
Heineman, 1998. This is a classic. The first thirty three pages are a must
read.

4 Note ✍

Submission dates of homeworks and the take home exam are not negotiable.
Homework has to be submitted on acceptable quality paper!


