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Fundamental Problems in

STATISTICAL MECHANICS

By Gordon Baym

IJENRODE Castle in Breukelen, the Nether-
N lands, situated hetween Utrecht and Amsterdam,
was home for seventeen davs during August of

last year to more than sixty physicists, chemists, and
advanced students from sixteen countries. These people
gathered to attend an intensive course on Fundamental
Statistical Mechanics held
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physicist at the Institute for Fheoretical  Physi
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Ehrenfest, of Dutch research in this
Nijenrode representing that
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field. The

lecturers at

tradition as it is active in Holland today included
N. (i, van Kampen, B. R. A, Nijboer, L. van Hove.
N. M. Hugenholtz, E. G. D. Cohen, and P. Mazur
Visiting lecturers from abroad were K. Huang of

the Massachusetts Institute of Technology, H. Werge-
land of the Norwegian Technical High School in
I'rondheim. and G. E. Uhlenbeck of the Rackefeller
Institute in New York

[he course began with a series of review lectures
by Nijboer which provided the necessary background
for appreciating the more recent developments in the
subject. Wergeland, in his lectures, discussed the lht.‘l'lf_\:
which underlies so much ol

ol stochastic processes
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Some of the spirit of the first NUFFIC-sponsored international summer school in theoretical physics in the Nether-

lands, held in the castle shown on the opposite page, is

P sl e e

the work in nonequilibrium statistical mechanics. He
defined and classified these processes, and gave some of
the mathematical tools used in describing them. As
particular examples, he treated the theory of fluctua-
tions, the analysis of ionization tracks, and a special
model of Brownian motion.

By and large most of the material presented by the
lecturers is already in the literature, but there did
emerge, as the special contribution of the course, a
clear over-all picture of the fundamental problems
in statistical mechanics. These can be divided roughly
into two classes, equilibrium and nonequilibrium,
though the two are by no means unrelated.

Among the important equilibrium problems is that
which involves the understanding of phase transitions
and, in particular, condensation phenomena and critical
points. This problem was the subject matter of
lectures by Uhlenbeck, who first reviewed the Yang-Lee
theory of condensation, and on this basis was able to
show the improbability of being able to predict a
condensation starting from the Mayer cluster ex-
p.’msinn in the gas region and analytically continuing
in the fugacity. He then discussed the work done by
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reflected in these snapshots taken during the 17-day course

one-dimensional model of a

and himself

Kac on a
gas whose atoms have a hard core and an exponentially
decaying attractive potential. Solving exactly for the
partition function of this model, they found that there
is no phase transition as long as the range of the
potential is finite. However, they then extended the
range to infinity, keeping the product of the depth and

range constant, In that limit, it turned out that the
gas exhibited a frst-order phase transition with a
critical point. Furthermore, they showed that the

Van der Waals equation, with the Maxwell construc-
tion, is the correct equation of state.

Also important among the equilibrium problems is
the understanding of interacting quantum-mechanical
syvstems at finite temperature. It has only been in the
past six that a systematic approach to the
statistical mechanics of interacting particles has been
established. This recent treatment, based on the formal-
of the I1L.‘|]|}-lrrni1_\ |II'lr||lL']|]_
Hugenholtz. Considering the fermion problems in detail
he outlined a derivation in perturbation theory of the
linked cluster the logarithm of the
partition function. Then he considered the relation of

years
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the zero-temperature
perturbation theory
;.’In|l|||1--l.|t|'

limit ol the Omte-temperature
to ordinary Brueckner-Goldstone
perturbation theory and the role of the
graphs in this limit,

Concerning himsell with another aspect of the prob-
mnteracting guantum Huang gave a
summary of what can be about  liquid
lambda

“anomalous”
lem ol systems,
understood
helivm below  the

||ui|l|' on the

Profs. N. G. van Kampen (Netherlands) and K. Huang
(USA) in front of the entrance gale at Nijenrode,

il,'l -i‘- of the

assumption that the low-lying excited stales can he
described in terms of phonons and rotons in the manner
Most equilibrium properties,
second sound, are well understood in this
Ilu'mg emphasized, our Lll"ldtrﬁlﬂndi_ug
from first principles is still rather

of Feynman and Cohen,
such as
picture, But,
of superfluid flow
poar,

Much of the interest in nonequilibrium  statistical
mechanics centered on the question of irreversibility
and the approach to equilibrium. The program here, a-s
outlined by Uhlenbeck, is that of beginning with the
reversible microscopic equations of motion, and, by
neglecting correlations, deriving from these some form
of irreversible equation, from which one can prove an
H- theorem and thereby establish that approach of the
This equation should also enable
one Lo calculate the various relaxation times of the
system and, therefore, the rate of approach to equi-
librium. In its most popular form this equation is the
“master” equation for the diagonal elements of the
density maltrix. Passing from such an equation to
the phenomenological equations is yet another step,
in which one must make use of the conservation laws,
e.g., the continuily equation. d

Cohen gave a detailed treatment, for a classical
of the transition from microscopic equations
macroscopic hvdrodvnamic equations. The intermed
he used was the Boltzmann equation. His sta
point was the Born-Green-Kirkwood hierarchy
coupled equations for the many-particle distribu
functions; the hierarchy derived from the Lious
equation. His next step was to outline the Bogoli
theory for nondilute gases. In this theory, three s
are distinguished. About the initial, or transient s
one can say nothing. The theory purports to desa
the kinetic stage, lasting for times of the order of
mean-free-flight time. The final, or hydrodynamic
stage, is the one described by the conservation laws
and the familiar phenomenological equations. In
kinetic stage, the many-particle distribution functi
fo. fy, ete. at any given time are assumed to be ul:u.
determined by the one-particle distribution functio
at that time. This assumption, together with the
sumption that at time minus infinity the particles
uncorrelated, enables one to write down an equa
for f, in terms of an expansion in the density.
first order this js the familiar Boltzmann equation
Cohen also described the next order term, whitl
mvolves three-particle correlations, In this way Cohen
showed how the transport coefficients might be coms
puted to higher order in the density. However, Van
Kampen pointed out that a crucial question of statistical
mechanics is the correct choice of the stochastic var
ables. In particular, he expressed doubt that Bogoli-
bov's choice of the single-particle distribution function
during the kinetic stage is correct,

The nature of the hydrodynamic state was given great
attention by Mazur in his lectures on the statistical
basis of irreversible thermodynamics. First he set Up

system to equilibrium
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Do you share his ability to uncomplicate ideas?
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Even the most esoteric problems yield to his special kind of common sense. He always has a new point of view to
suggest, a fresh approach to try. He never forgets that simplicity is the final goal of engineering
If you share this talent come to Northrop. Work in such diverse project areas as space guidance and astro-inertial

navigation, automatic control and checkout, laminar flow control, aerospace deceleration and orbital rendezvous
techniques, and world-wide communications systems. More than 70 such projects are now in work at Northrop.

You'll find particularly attractive opportunities in opto-mechanical systems design, space materials research and
nuclear physics, But if you have a knack for getting things done, there's a spot for you at Northrop whatever your
specialty

For more specific information, write to Dr. Alexander Weir, Northrop Cor- Non I H Rop
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a tescnption ol the hehavior ol macroscopie variable
m terms ol oo Markoys PrOCESs which he then showed
could e taken to be Gavssian, From this he derived
the Onsager relations and the phenomenological laws
tor the case that the variables are far from their
couilibrium values Then he showed that in this region
both the Gibbs and Boltzmann entropies, defined in

lerms ol EHh NEICTOSCOpme v irtables, increase monoton-
ically, and he explicitly demonstrated that the difference
between the two was alwavs neghgible

Vin Kampen spoke about the assumptions that have
o be 1||l|1'l| 1o Lhi IMHETOsCOPI 1'I|II1|II|I'I- of [I]n{ju]]
lor general system to arnive at irreversible macro-
scopic equations, His view is that one must first per-
form a coarse graining, dividing phase space into cells

mm each of which the macroscopic variables take on

.l|l|‘ll'\lllu.||'-'|_'. constant values ]|| quantum 1]1’_’r_}|,;r|j|:_.
RESEARBH scIENTISTs |]Il’-|' ]ril-l-—l' II‘H‘ dare |JI||'.|I' ~l|||=||.|||'- rrl. “”hi_‘[’[ :,].,h_'g_—_
He argued that to dehine the transition ].r.,}._;]"['”i,_-‘
between Lhese cells a Tl‘|ll'_t|l'l] randomness J““l“:'a'ﬂl]‘ll“

SPECTROSBOPY 15 essential, This assumption leads immediately to the

master equation
BS or higher degree in Physics or Chemistry with Van Hove presented an alternative derivation of the

strong math lhllL};[lJllllll_ Two to four years master equation lor a quantum system He also con-

experience in advanced spectroscopy with sidered a coarse-grained probability density, but dif-

knowledge and understanding of mechanisms ol fered from Van Kampen in his interpretation of the
ge o .

emissiuns, optics and anterpretation ol data n r'l'[" of the randomness assumption In particular he
’ S we a s | s 1 ez .
connection with definition of temperature and 1on |]” ed J.““I v single randomng | assumption Hl the
hases ol the states at an mitial time was sufncient
concentration in hot gas streams and the studsy I p : 1e 'y . mcien
blati f ta] to derive, in the limit of a weak perturbing inter-
ol oblation of materals.

action, the validity of the master equation for times
of the order of the relaxation times. He considered

HIGH TEMPERATURE MATERIALS ciecc ol hchc o th ottt s i

equation for the probability distribution valid to all

MS or higher degree in Metallurgy, Solid State orders in perturbation theory. This equation did no
Physics or Mechanical Engineering. Three to five however, exhibit Markovian character bevond the low-
years experience in materials research with est order; vet van Hove was able to show for a special

good background in physical metallurgy and example how, to arbitrary order, the approach to equi-

particular knowledge of mechanical metallurgy. librium still occurred

supplementing the lectures were several interesting
seminars, H. B. G. Casimir spoke about the third

MATEHIAI.S RESEARBH law of thermodynamics; J. M. J. van Leeuwen dis-

Ml cussed the calculation of pair-distribution functions for
: ] SITEE ) 5 = 1 tz (L ) . e
MS or Ph.D. degree in Physics e i gases, and D, ter Haar gave an application of certain

Ceramics with some supervision experience. Green's-function techniques to an interacting spin

Kuowledge of salid state physicsy cietionic, e system. E. W. Montroll showed a detailed calculation
terals, |i}l\‘\ll.ll InL'[.l”Illg\ behavior of materials ol the recurrence times of a svstem of irhirln'[ldt‘ﬂ’-
al |||1.'J| temperalure, or ni lear materials. harmonic  oscillators and was ahle to demonstrate

xplicitly the connection between the irreversibility and

the number of degrees ol freedom of the system

Uhlenbeck, in his talk on the statistical mechanics of

plasmas. underlined the lack. to date. of a complete
Research and development for America's lunar, dermvation ol Hl,l:,’rn'luh_\lir'mi_\'ll.m]i( t‘l]l!,llinn: starting
planetary and Interplanetary explorations programs from the microkinetic equations

I'he lectures and the seminars, between them, pro-
ION LABORATORY ! P
JEI;\L]PF%:gqﬁ\UI kSSTITUTE OF TECHNOLOGY vided a very good over-all picture of recent statistical

4810 OAK GROVE DRIVE, PASADENA, CALIFORNIA Mechanics. Arrangements were made for publication
of the ]l[nll'l'lhliu- of the course }'r_\' the \’,.r[h.l—]n”;]ml
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