
Physics in One Dimension
A subject of broad relevance throughout the field of the physics 
of condensed matter
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After two years of planning by a number 
of physicists who recognized an identity of 
interests among their generally disjointed 
subfields of condensed matter, a meeting 
sponsored by EPS, on Physics in One Di­
mension was held in Fribourg, Switzerland 
on 24-29 August with as main organizers 
J. Bernasconi and R. Orbach. The pro­
gramme emphasized Nonlinear Pheno­
mena, Disorder and Localization, Lattice 
Dynamics, Magnetic Chain Systems, Con­
ducting Polymers, and 1-D Conductors.

It was apparent from the beginning that 
the planning committee's hopes were be­
ing met: the participants shared many 
common interests and a high level of atten­
dance was maintained throughout the 
week. Although the phenomena which 
were discussed occur generally for all con­
densed matter systems, they are strongly 
enhanced in highly anisotropic or nearly 
one-dimensional materials — it is this 
feature which brought together many par­
ticipants who recognized the similarity of 
concepts which have arisen in vastly dif­
ferent experimental contexts.

Overview of the Programme
It was Mattis and Lieb's book Mathema­

tical Physics in One Dimension which, in 
the early 1960's, set the stage for both the 
theoretical and experimental develop­
ments, so that it was appropriate that 
Mattis should give a key-note address on 
how to reduce practically any problem to 
one dimension. The subsequent invited 
talks thoroughly reviewed the present 
status of theory and experiment in the 
broad field of one-dimensional physics, 
and they also revealed many open and con­
troversial aspects.

A particularly interesting feature of one­
dimensional materials is their instability, or 
at least incipient instability, toward both 
dynamic and structural changes. Cor­
responding problems were discussed in a 
number of lectures on one-dimensional 
electronic and ionic conductors, as well as 
in extensive mathematical investigations.

One of the most active areas of research 
in one-dimensional physics today is that 
associated with conducting polymers. 
Polyacetylene was the focus of both an 
afternoon session and an evening round­
table, with attention being paid to such 
aspects as doping effects, conductivity and 
spin resonance measurements, the theory

of solitonic states in dimerized systems, 
and the nature of the insulator-to-metal 
transition.

Reviews were given on the quantum 
aspects of spin chains, on the general 
features to be expected in scattering 
studies of spin dynamics, and on the ex­
perimental work that has been performed 
on a variety of one-dimensional magnetic 
materials.

Extensive discussions were held on the 
very interesting effects of disorder in nearly 
one-dimensional systems. The respective 
sessions included lectures on the spectral 
properties of disordered chains, on excita­
tion dynamics in random one-dimensional 
systems, and on random exchange antifer­
romagnetic spin chains. Much excitement 
was generated by the current theoretical 
and experimental work on strong quantum 
effects (i.e. localization) in disordered 
quasi-one-dimensional systems. Mention 
should also be made of the very recent ex­
perimental work on molecular chain com­
pounds made possible by high resolution 
lasers.

Finally, there were the many discussions 
of the mathematical physics related to non­
linear soliton-like excitations. Surveys were 
concerned with the inverse spectral theory 
of solitonic states, with quantum inverse 
scattering theory, and with classical and 
quantum statistics of solitons. They were 
complemented by molecular dynamics in­
vestigations and by a discussion of the 
nucleation approach to non-linear multi­
stable systems.

Stimulus to Measurement and Mate­
rials Science

It is apparent that the needs for struc­
tural analysis and the study of dynamic 
phenomena in nearly one-dimensional ma­
terials have presented great challenges to 
experimentalists. Indeed, the extension of 
X-ray and neutron scattering methods to 
determine structure and dynamics in 
charge and spin density wave systems, can 
be considered a remarkable achievement. 
Similarly, the successes of spin resonance, 
ultrasonics, and magnetic susceptibility 
measurements on small samples are both 
exciting and quantitatively informative.

Great challenges have been presented 
also to materials scientists: physicists, and 
metallurgists have been led to create a

fascinating new wave of magnetic sys­
tems, organic conducting salts, polymers, 
and ferroelectrics.

Properties and Relevance of One- 
Dimensional Models

The ability to solve problems in one 
dimension can lend considerable insight in­
to many systems, and there exist certain 
characteristics of mathematical models and 
physical theories (e.g. perturbation series 
and their diagrammatics) which are pecu­
liar to one dimension. Whereas one might 
suspect that these simplifications become 
unrealistic for three-dimensional systems, 
even if they are highly anisotropic, many 
important phenomena seem to be amplified 
by compression into one dimension, 
among them fluctuations, nonlinearity, 
long relaxation phenomena, and the ap­
pearance of metastable states. It is worth 
noting that most of the recent mathemati­
cal progress in solving problems of non­
linear dynamics (e.g. solitons) has been 
made on one-dimensional systems and that 
some of the significant features have been 
identified in anisotropic systems of higher 
dimensionality.

Another theoretical development, both 
fascinating and of considerable conceptual 
utility, is the exploitation of the fact that d- 
dimensional quantum systems at zero tem­
perature can be mapped onto d + 1-dimen- 
sional classical systems at finite tempera­
ture. This association has not only exten­
ded the number of methods available for 
treating problems, but has served to bring 
statistical mechanics and quantum field 
theory much closer together. At the Confe­
rence the relationship was emphasized par­
ticularly in connection with anisotropic 
magnetic systems.

Numerical Work
The importance of numerical work was a 

recurrent theme throughout the confe­
rence. Computational treatments of one­
dimensional systems may provide a more 
convenient realization of physical models 
than is possible in higher dimensions — 
either because of limited computer capaci­
ty or because boundary effects are less 
significant in one-dimensional simulations. 
Examples of the utility of the computational 
approach were the calculation of quantum 
statistical mechanical properties of finite 
magnetic chains and the dynamics of the 
coupled electron-ion system in polyacety­
lene, where it was possible to trace the 
connection between solitons and electronic 
excitations. There have also been substan­
tial studies of finite temperature dynamics 
in a variety of lattice systems. It is apparent 
that both the pictorial information that one 
can obtain by using modern computers and 
the unique interaction between the physi­
cist and the computer are fertile additions
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to theoretical physics in general and to the 
solution of one-dimensional problems in 
particular.

New Chemical States
Physicists have long been interested in 

broken symmetry and strong-coupling in 
physical systems. Both of these features 
appear in the description of solitons in 
polyacetylene, where symmetry is broken 
in the dimerization pattern by a domain 
wall, and the microscopics of such a 
soliton emerges itself from a complete 
strong-coupling solution (in Hartree ap­
proximation) to the coupled electron- 
phonon field problem. Indeed, generalizing 
from this example, one can seriously con­
sider the possibility of many new "chemical 
states" of matter, with various kinds of 
conformational symmetry modifications 
coupled strongly to extended modifications 
in the electronic configuration.

Structure and Transport
Also discussed at the Conference were 

some apparently contradictory properties 
of one-dimensional materials. Hg3xAsF6, 
for example, shows condensed mass densi­
ty waves, yet there is no electronic transi­
tion directly associated with this condensa­
tion. Superconductivity occurs in TMTSF2- 
PFg, yet does not seem to be related to 
observed structural phase changes. Very 
nonlinear electrical transport is observed in 
NbSe3 while the system simultaneously re­
mains conducting throughout a series of 
structural phase changes. These are ob­
viously not simple Peierls systems; it seems 
certain that much more remains to be 
learned about interacting electrons and 
electron-ion systems. Perhaps we are 
really beginning to see some of the dis­
tinctly different behaviours predicted for

different ranges of coupling constants ("g
ology") in the Luttinger model.

Effects of Disorder
One-dimensional systems certainly bring 

out important features due to randomness. 
These effects may be mild, characteristic, 
or strong. In mild effects, only average 
consequences of the statistical properties 
appear. There are, however, many ex­
amples where the specific distribution of 
the random feature places a characteristic 
signature on the phenomena in question, 
for example, relaxation rates and excitation 
transfer in one-dimensional systems. Final­
ly, there are strong and fundamental con­
sequences of randomness, such as the 
localization of quantum states in long but 
not completely one-dimensional systems, 
experimental evidence for which was pre­
sented at the Conference. This is one of the 
most interesting current research areas in 
physics.

Conclusion
The topics discussed can be seen as 

covering many current themes in condens­
ed matter physics, e.g. equilibrium proper­

ties (statistical mechanics, thermodyna­
mics); charge and spin density waves; 
transitional states (such as clusters, nuclei 
of new phases, domain walls, etc.); and 
the effects of disorder. Each of these 
aspects is of interest in its own right, but 
their interplay seems most pronounced in 
one-dimensional systems.

The topics thus span almost the entire 
spectrum of problems in condensed matter 
physics, possibly with the exception of 
critical phenomena associated with phase 
transitions (which occur only in systems of 
higher dimensionality). Because of this 
conceptual breadth and the challenges 
presented to experimentalists and materials 
scientists, the subject of one-dimensional 
physics will certainly be an active one for 
some time to come.

The Conference Proceedings which 
result (Springer Series in Solid-State 
Sciences, 1981) should be an excellent 
guide to this important area of physics, 
chemistry, and applied mathematics. Abs­
tracts of the papers presented at the Con­
ference have been published in the Euro­
physics Conference Abstracts Series, 
Volume 4C.
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