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Wilson’s work is a remarkable example
of ideas being developed in one area of
physics — field theory of particle physics
— being applied successfully to a seeming-
ly completely different field — critical pro-
perties of materials undergoing phase tran-
sitions. Wilson’s work has had a tremen-
dous impact on both particle physics and
solid state physics and the reward of the
Nobel Prize has been warmly applauded by
the physics community — we had been ex-
pecting it for a long time.

Wilson is generally regarded as one of
the founders (together, in particular, with
M.E. Fisher at Cornell and L.P. Kadanoff at
Chicago) of the modern renormalization
group theory of phase transitions. He was
not the first to realize the similarity between
the analysis of problems in relativistic quan-
tum field theory and the unsolved problems
of phase transitions, but he was the first
actually to develop general methods for
calculating the so-called critical indices,
which characterize phase transitions. In
particular, Wilson’s theories provide insight
into the concept of universality from the
fact that the critical indices usually depend
on the dimensionality and the symmetry
only, not upon the microscopic details of
the interactions of the system. It does not
matter whether we are dealing with a ma-
gnetic, structural, or liquid-gas transition
near the critical point.

A phase transition is usually described in
terms of an order-parameter which is non-

zero only on one side of the transition, for
instance when the temperature is lower
than a critical temperature 7'c For a magne-
tic system, the order parameter is the spon-
taneous magnetization, M. According to
the theory of scaling developed by Kada-
noff, and by Patashinsky and Pokrovsky in
the sixties, the magnetization goes to zero

= M~ (T -T)b

at the phase transition. The critical index
was found experimentally to have a value
between 0.3 and 0.4 for all ferromagnets.
The magnetic susceptibility y is characteri-
zed by another index y

y= (F=T)"
and the specific heat by the exponent a
c, ~ (T= T)%.

Scaling theory gives relations between
these exponents (such as B = (2-0-y)/2),
but it does not yield a method for calcula-
ting them. The exponents can be calcula-
ted using high-temperature expansion
techniques, and although such calculations
give support to the idea of universality,
they do not provide any insight into its
origin. Even an exact solution of the 2d Is-
ing model of a ferromagnet by Onsager in
1944 does not throw any light on this pro-
blem. While the simplest theory of phase
transitions — Landau’s phenomenological
theory of continuous transitions — gives
the same indices, B = %, ¥ = 1 etc. for all
transitions, the figures are in disagreement
with experiment.

nization.

the problem.
Directors:

D-8520 Erlangen

QUANTUM CHEMISTRY OF POLYMERS;
SOLID STATE ASPECTS

A NATO Advanced Study Institute on “Quantum Chemistry of Polymers; Solid State
Aspects” will be held from 25 July - 5 August, 1983, at Braunlage/Harz, F.R. of Germany,
under the sponsorship of the Scientific Affairs Division of the North Atlantic Treaty Orga-

The objective of this ASl is to bring together quantum chemists as well as theoretical and
experimental physicists to review the application of quantum mechanical and experi-
mental methods for the description of the electronic structure of different polymers and
their properties. At the School, besides theoreticians, we shall have also a few outstan-
ding experimentalists as Main Lecturers to review the different experimental aspects of

Prof. J. Ladik (Erlangen-Niirnberg) / Prof. J.-M. André (Namur)

In addition to the main lectures, round table discussions on related subjects will be orga-
nized. The cost of housing and of full board for the full period and for lecture notes is DM
1150. — (with single room supplement of DM 10.— per day) from which up to half can be
covered by the School. The deadline for final application is 15 April, 1983. Further infor-
mation and application forms can be obtained from:

Prof. J. Ladik, Institute for Theoretical Chemistry

University of Erlangen-Niirnberg, Egerlandstrasse 3

Tel. (0) 9131-857766

Ken Wilson was born in 1936 and received his
Ph.D. from Caltech in 1961 since when he has
been Professor of Physics at Cornell University.

How is it possible for the critical
behaviour not to depend on the details of
the system? Assuming that one of the ir-
relevant details is the lattice constant,
Kadanoff') developed a block spin
transformation theory (grouping a number
of spins together to form one spin) thereby
reducing the independent spin degrees of
freedom, but retaining the essential fea-
tures governing the properties near the
phase transition. At each step of a recur-
sive procedure, the length scale was in-
creased by a factor two, and scaling rela-
tions were derived.

A similar problem occurs in quantum
field theory. When calculating physical
quantities such as masses and charges
from an initial Lagrangian, infinities occur.
To remove these infinities the momentum
(over which the Lagrangian is integrated) is
arbitrarily cut-off at a value A. For the
theory to be useful (renormalizable) the
physical properties must not depend on the
value of A, so a change of scale where A is
replaced by 2A should not affect the phy-
sics. Gell-Man and Low?) wrote down the
equations, called the renormalization group
(RG) equations, expressing the invariance
under a scale transformation.

These were applied by Wilson to pro-
blems in field theory. It is quite remarkable
that during the sixties, Wilson published
almost nothing; neither, fortunately, did he
perish. In 1966, Michael Fisher came to
Cornell, and Wilson's interest in the pro-
blems in phase transition probably comes
from his presence. In order to make pro-
gress in field theory, Wilson transformed a
problem defined in continuous space to
one defined on a lattice, and in the theory
of phase transitions, he transformed the Is-
ing model (and more general n-vector
models), which are defined on a lattice, in-
to a continuum field theory. In practice,
Wilson’s Hamiltonian was the same as the
Ginzburg-Landau Hamiltonian introduced
already in the classical theory of phase
transitions.

Near the phase transition, the correlation
length £ diverges (§ ~ (7_- 7)) so there is
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no basic length scale at 7. Hence, if you
study the system through a microscope,
you should see essentially the same picture
(except for a simple spin-rescaling factor)
as you gradually reduce the magnification
when you are at the critical temperature.
Thus, if the system behaves in the same
way at different length scales, its Hamilto-
nian should also be the same. The problem,
therefore, is first to construct a transforma-
tion — the RG transformation R — which
carries the Hamiltonian at a given length
scale into one defined with a larger length
scale, H', and then to find a Hamiltonian
H* — the fixed point Hamiltonian — which
is invariant under successive applications
of the transformation R. One of the para-
meters in H must necessarily be the tempe-
rature, and the value of this parameter for
which H — H* under the transformations
defines the critical temperature. Once the
fixed point Hamiltonian has been found,
the various critical indices can be found by
studying the linearized behaviour of appro-
priate operators (such as temperature and
field) around the fixed point.

In 1971 Wilson published two papers
dealing with an approximate RG calculation
in three dimensions®) and he was able to
estimate the critical index y. At this point it
was well known that the RG equations
could be solved for systems in a d-dimen-
sional space, for d larger than the upper
critical dimension 4. Already in 1969, Lar-
kin and Khmel'nitskii*) had realized that for
a special system — a uniaxial dipo-
lar ferromagnet — with an upper critical
dimension of 3, the RG equations could be
solved to vyield classical critical exponents
with logarithmic corrections. The values
have been confirmed experimentally by
Als-Nielsen®).

The real break-through came in 1972
when Wilson and Fisher®) discovered a
systematic way of calculating the expo-
nents near 4 dimensions. Defining € = 4-d
the exponents were expanded in a power
series (forinstance p = ', + b.e + bzs2 +
...) through the application of the RG
techniques, and it thus became possible to
calculate systematically the exponents in
three dimensions by setting € = 1. This ap-
proach (which may seem abominable at
first sight) is no more suspicious than the
high temperature series which is in fact an
expansion around 7 = oo. Best of all, it
works! By systematically applying the &-ex-
pansion technique one has now calculated
critical exponents with an accuracy similar
to that of the high temperature series —
and the results agree.

What is more important is that the
e-expansion explicitly shows how the
dimensionality and the symmetry of the
system affect the critical indices. The RG
theory provides an understanding of the
concept of universality, and it also con-
stitutes an independent derivation of the
scaling hypothesis. All that one needs to
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calculate critical indices is information on
the symmetry of the system, as expressed
for instance in Landau’s phenomenological
free energy expansion.

The RG theories were quickly absorbed
by the physics community, and probably
more theoretical physicists have worked on
these ideas during the seventies than on
any other.

Since his remarkable discoveries concer-
ning phase transitions for which he has
now been awarded the Nobel Prize, Wilson
has given important contributions towards
the solution of the famous Kondo problem
concerning the conductivity of a metal with
a single impurity spin — again using RG
techniques. He has also continued his work
in particle physics, introducing the “Wilson
loop” concept.

In many ways, Wilson is different from
the mainstream physicist. He is very stub-
born in pursuing his idea, and he does not
want to waste his time on problems which
are more accessible and could lead to some
“easy”’ publications, but which according
to his judgment are not important; most
physicists cannot afford this attitude —
they would probably end up with nothing.
Recently, he has been doing numerical
work using Monte-Carlo RG methods
developed with R. Swendsen. Such calcu-
lations provide a direct confirmation of the
RG ideas in three dimensions. Eventually,
the method will be applied to problems in
field theory (QCD). Wilson seems now to
put all his efforts into computing techno-
logy, advocating bigger and more powerful
computers. Most colleagues disagree with
this philosophy, but this does not bother
him, — and who knows, maybe some day
he will make an important contribution also
to this field.

Wilson has had a remarkable impact on
theoretical physics. Before Wilson, solid
state theorists and field theorists were
working in two different worlds. Many
solid state theorists have now been work-
ing with field theoretical ideas, and the
methods have been developed to an extent
where there is now a feed-back into particle
physics — not only of RG ideas but also of
other methods such as Monte-Carlo techni-
ques and mean-field theories which are
well known in solid state physics. This
development is largely due to Wilson.
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