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Modern statistical mechanics has close connections with condensed mat-
ter physics, quantum field theory and advanced mathematics. This course
will present these topics with a focus on phase transitions, critical phenom-
ena, solvable models and the interpretation in terms of quantum field theory.

The course will cover the following topics:

1) Theorems on the existence and non existence of order;

2) The phenomenology of critical phenomena and its relation to quantum
field theory;

3) Low density virial expansions for fluid systems;

4) Melting (freezing) transition of hard spheres, powerlaw, and Lennard-
Jones potentials;

5) N vector models (known in quantum field theory as the nonlinear
sigma model) will be studied by high temperature series expansions. In this
context we will introduce the field theory concepts of renormalization and
asymptotic freedom.

6) The Ising model will be studied in great detail. In particular we will
compute the free energy, spontaneous magnetization, the correlation func-
tions and form factor expansion and we will show how renormalization theory
emerges from these calculations.

7) Commuting transfer matrices and the Yang-Baxter equation for inte-
grable models. Solutions for the Ising model, the 6 and 8 vertex model, the
RSOS models and the chiral Potts model will be derived.

8) The non integrable Ising model in a magnetic field will be used to
explore the concepts of universality and scaling.

The text is the paperback edition of “Advanced Statistical Mechanics”
by B.M. McCoy.

Readings from the research literature and some computer based problems
will be assigned.

There will be a midterm exam. The grade will be determined by home-
work, the midterm, a term paper and a final oral examination.

The learning goal of the course is to know how to use and apply to current
open questions in statistical mechanics and quantum field theory the results
and techniques in the topics presented above.



DISABILITY SUPPORT SERVICES (DSS): If you have a physical, psy-
chological, medical, or learning disability that may impact your course work,
please contact Disability Support Services (631) 632-6748 or
http://studentaffairs.stonybrook.edu/dss/. They will determine with you
what accommodations are necessary and appropriate. All information and
documentation is confidential. ———— Students who require assistance dur-
ing emergency evacuation are encouraged to discuss their needs with their
professors and Disability Support Services. For procedures and information
go to the following website: http://www.stonybrook.edu/ehs/fire/disabilities

ACADEMIC INTEGRITY: Each student must pursue his or her aca-
demic goals honestly and be personally accountable for all submitted work.
Representing another person’s work as your own is always wrong. Faculty are
required to report any suspected instance of academic dishonesty to the Aca-
demic Judiciary. For more comprehensive information on academic integrity,
including categories of academic dishonesty, please refer to the academic ju-
diciary website at http://www.stonybrook.edu/uaa/academicjudiciary

CRITICAL INCIDENT MANAGEMENT: Stony Brook University ex-
pects students to respect the rights, privileges, and property of other people.
Faculty are required to report to the Office of Judicial Affairs any disruptive
behavior that interrupts their ability to teach, compromises the safety of the
learning environment, and/or inhibits students’ ability to learn



