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Abstract: In this paper we study a gauge-invariant Ginzburg-Landau model
which describes the phenomenon of the superconductivity, characterizing the
state of the material by means of observable variables. We give a definition
of weak solutions for the steady and the time-dependent Ginzburg-Landau
equations and prove theorems of existence and uniqueness.
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1 Introduction

The Ginzburg-Landau theory gives a macroscopic model which explains the main ex-
perimental phenomena related to the superconductivity, i.e. the absence of electrical
resistance and the Meissner effect ([5, 13]). In their model, Ginzburg and Landau de-
scribe the behaviour of a superconducting material in steady conditions, through the
introduction of a free energy functional and assume that the state of the system min-
imizes such a functional. They identify the state of the superconductor with the pair
(ψ,A), where ψ is a complex order parameter, whose squared modulus coincides with the
number density of the superconducting electrons and A is the vector magnetic potential.

Later, the model was extended to the non stationary case by Gor’kov and Èliash-
berg [8], who deduce the time-dependent Ginzburg-Landau equations from the micro-
scopic theory BCS. Such equations constitute a non linear differential system for which
theorems of existence and uniqueness are proved ([4, 12, 15]).

Recently, Fabrizio [6, 7] has proposed a macroscopic model which characterizes the
state of the material by means of real and observable variables. Therefore, while in the
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