
Main points in my career

I started my scientific life with theoretical and experimental works concerning
the dielectric relaxation of ionic solutions. After that a large part of my scientific life
will be devoted to the theory of charged and polar systems. The investigations on
ionic systems suggest to study liquid metals as another example of charged medium.
When a metal and an ionic solution are put together they form an electrochemical
interface. In the early 1980’s we proposed the first calculations showing explicitly
the role of electronic distribution in the electric properties of an ideally polarizable
electrode. In parallel, the effect of the image potential on the structure of the inter-
face has been investigated and some exact results have been obtained by summation
of diagrammatic expansions.

In order to investigate the basic properties of a charged interface (entropy, compe-
tition between electrostatic and non-electrostatic interaction potential, for instance)
we have developed an approach based on the methods of field theory. This approach
has been recently used to describe the fluctuations of charges near a neutral hard
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wall. Going beyond the mean field approximation exact results have been obtained
with a simple model. They clearly illustrate the difference between a field theoretic
approach and the density functional theory. We have described a new type of phase
transition (the desorption transition) in terms of Lie group properties.

As far as the ideally polarizable interface represents the simplest system in Elec-
trochemistry, it was tempting to investigate even the simplest systems like liquid
gas-interface or much more complicated ones like those which appear in some tech-
nological devices. The two directions have been tried.

The formation of a passive layer on a metal surface is a general problem which
has strong practical consequences on the performance of electrical power sources.
We have shown that this problem of technological interest leads to very fundamental
questions in physics, such as : self organized criticality, chaotic behaviour and quasi-
cyclic processes. All these processes may play a crucial role in our environment.

In the case of simple interface we have investigated the role of the adsorbate-
adsorbate interactions in the structure of the interface especially when the substrate
is not infinitely rigid. An illustration herein is the effect of adsorbate-adsorbate
interactions on the roughening transition and the formation of a new structure in
the substrate. A natural extension of this research is to investigate the insertion of
ions into a deformable host material. More generally, this suggests us to study some
systems where we have a coupling between electrical and mechanical properties. Such
a coupling appears in the ion insertion processes, in the case of hydrogen sorption
in pure metal or alloys and also in the charging/discharging processes developed in
polymers grafted on a metallic surface. This represents a new field of investigations
to which an anomalous diffusion and possibly non-standard thermodynamics are
associated.

During his life a theoretician has to deal with very fundamental problems. Re-
cently I tried to investigate a problem proposed by R.Feynman. Can we derive
the path integral formalism in statistical physics directly from the motion of parti-
cles? I have shown that this problem leads to very fundamental questions such as:
what is the meaning of quantum paths in statistical physics (real processes or just
a mathematical trick), what is the status of fractals in quantum theory (a useful
mathematical trick or an unavoidable ingredient in the laws of the Nature), how to
combine restricted relativity theory with the fractal paths on which the velocity is
undefined for a short time interval, does there exist a fractal time in parallel to the
fractal character of quantum paths,... . All these questions give us clear goals for the
next few years.

Jean-Pierre Badiali
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