MASSACHUSETTS INSTITUTE OF TECHNOLOGY
Physics Department

8.334 Statistical Mechanics II Spring 1997
Off Hr* Office Phone

Lectures: MWF2-3:30 in Rm. 12-132 Prof. Nihat Berker M4 12-135 3-2176
Recitations: Tue%,10 in Rm. 12-132 Prof. Mehran Kardar Tue2 12-108 3-3259
Teaching Assistants: Mr. Alkan Kabakgioglu M4  12-109 3-2287
Mr. Gabriele Migliorini M4  12-109 3-2287

Course Administration: Ms. Arnne Conklin 4f352 3-4855

*Office consultation can also be arranged by appointment. Do call us!

bl i : . nf ;
Physics is a collaborative science! You are strongly encouraged to discuss-

the problem set problems with other students in the class. However, each

student is expected to compose her/his own written problem set that is turned

in. Do not seek or consult solution sets for these problems. that may be

available from previous years.

The problem sets are given and due weekly on Friday 2pm, in Rm. 12-132.
Solution sets will be available on the same day as you turn in the problem set,
also in Rm. 12-132. Please check the splutions while the problems are still
fresh in your mind. Late problem sets cannot be accepted.

The outstanding problem set will be discussed in recitation. Therefoie, it
is important that you familiarize yourself with the outstanding problem set
before attending the recitation. Otherwise, it will be unlikely for you to
fully complete and benefit from the problem sget.

The graded problem sets will be returmed to you, in lecture, on the Monday
immediately after you turn-them in. Again, please check your gradedlprobleszet
while the problems are still fresh in your mind. '

We are grateful to the Teaching Aésis;ants for providing such remarkably
prompt service, from which all the studénps.will benefit.

Any questions you may have on the 1gctﬁre material, outstanding problem
set, and returned problem sets should be addressed, respectively, to the
lecturer, recitation professor, and teaching assistants.

The examinations are closed bock. The midterm quiz, given during lecture
time (1.5 hours), will cover the first part of the course. The final, given
during finals period (3 hours), will target the second part of the course,
although knowledge of the first part will be necessary as a basis.

For corrections on your grades, either in the problem sets or in the
examinations, please see the teaching staff member who has graded that problem.
Please do not hesitate to do so. However, all grades will become final after
three weeks from being returned to you. The overall grades are computed as
follows: problem sets 1/3, quiz 1/3, final 1/3.

It will be our sincere pleasure to teach this course, from which we hope
you can benefit as much as possible. Best wishes for the entire semester!

Nihat Berker and Mehran Kardar,
February 7, 19397
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BLE 1. Some dypamical models treated by repormalization-group methods.

Dimension Non-vanighing
order of Non-conserved Conserved Poisson
Model Designation System parameter fields fields bracket
- :
A Kinetic Ising n P None None
anisotropic magnets
|axational B Kinetic Ising n None L None
uniaxial ferromagnet
Cc Anisotropic magnets n L m None
gtructural transition
N
d H Gas-—liquid 1 None LS | {.4
binary fluid
I SR
pmetric planar E Easy-plane magnet, he=0 2 [ m {#, m}
agnet )
= e ] P—
/mmetric planar F Easy-plane magnet, b, =0 2 L m {4, m}
agnet superfluid helium
o, MRS TR ST REES
tropic G Heisenberg 3 L] m {#,m}
tiferromagnet antiferromagnet :
gropic J Heisenberg 3 ~None $ {#.%}
rromagnet ferromagnet

tical behavior, suffice to determine the universality
ss for critical dynamics. The extent to which this
‘persality hypothesis has been tested by theory and
yeriment will be discussed below. :
f one accepts.the universality hypothesis then it suf-
es to study the simplest dynamical model consistent
+ the known static behavior and with a given set of
1servation laws, Poisson-bracket relations, symme-
-, etc. If we can solve that model for its critical be-
rior, then we know the critical behavior of all mem-
-s of the class. In order to test the universalily as-
nption, one may add all possible perturbations to the
del, consistent with the conservation laws, etc., and
- to convince oneself that thege perturbations are
relevant” at the critical point. In practice, it has
y been possible to study small perturbations from the
aple systems, for both static and dynamic behavior.®
“he field-theoretic models generally studied with
1pled-mode or renormalization group methods are
nimicroscopic, in that they describe the behavior of
variables remaining after one has first integrated
»r all variations with wavelengths short compared to
utoff A~'. The scale of length A~! js intermediate be-
sen the microscopic scale a=1 3, and the macroscopic
Jde defined by the correlation length £ near T... The
nsition from a microscopic Hamiltonian to the semi-
croscopic models has not been carried out explicitly
either the statics or the dynamics in most cases.
eed, the difficulties involved in such a microscopic
~ypation are comparable to the problem of calculating
transport coefficients and short-wavelength spec-
m of a dense liquid away from the critical point,

starting from interparticle potentials. Fortunately,
however, this information does not seem to be needed tc
obtain the critical behavior, at least ingofar as one is
concerned with “universal” properties. The steps lead-
ing from 2 microscopic Hamiltonian to the correspondin
semimicroscopic representation will be discussed fur-
ther in Sec: IV.D, for 2 model of a displacive transition
in an intéracting phonon system.

Some semimicroscopic models belonging to different
universality classes are listed in Table I, along with
physical systems to which they correspond. These mod
els will be described, -and their dynamic' critical behav-
jor will be examined, in Secs. IV—VII below. Some key
results of the renormalization group treatment of the
models are summarized in Table II.

Il. THE SYiV'IMETRIC BINARY FLUID-A SIMPLE
EXAMPLE

A. Hydrodynamics

Many of the physical ideas mentioned in the Introduc-
tion, can be illustrated with a simple example—the cri-
tical point for phase separation (consolute point) in 2
hypothetical binary fluid whose properties are symmetr
swith regard to interchange of the two constituents A and
B. We shall consider the properties of this system for
T =T,, at the critical concentration which is € =1 by
symmetry. '

The binary fluid has six conserved densities,* viz., th
energy density e, the mass densities p, and Pg for the
two constituents A and B, respectively, and the three
components of the momentum density j. Small, long-
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