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§1. INTRODUCTION 

During the past decades the mathematical theory of nonlinear 
three-dimensional elasticity has undergone a considerable renewed 
interest, reflected for instance by the books of Marsden and Hughes 
[17], Ciarlet [8], and the book reviewed here. 

The existence results available at the present time fall in two 
categories: 

In one approach (described in §§2 and 5) the problem is posed 
as a system of three quasilinear partial differential equations of the 
second order, together with specific boundary conditions (cf. (13)), 
and one tries to obtain "bear existence results based on the im­
plicit function theorem; this approach, which was initiated by Stop-
pelli [18], is the central theme of the book under review. 

In another approach (described in §§3 and 4), the problem is 
posed as a minimization problem for the associated energy (cf. 
(20)), and one tries to adapt the paraphernalia of the calculus of 
variations (infimizing sequences, weak convergence, weak lower 
semi-continuity, etc.) to this problem, which is "highly noncon-
vex"; this approach is the basis of a famous existence result of 
Ball [3]. 

All these results apply to "static" equilibria, i.e. to problems that 
are time-independent. While substantial progress has thus been 
made in the study of statics, the mathematical analysis of time-
dependent three-dimensional elasticity still meets with inextricable 
difficulties. The proofs of the available existence results "for large 
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times," even though they apply to only one space variable, are 
already exceedingly delicate. 

§2. THREE-DIMENSIONAL ELASTICITY 

Detailed expositions of the mathematical modeling of three-
dimensional elasticity are found in Truesdell and Noll [19], Wang 
and Truesdell [23], Gurtin [14], Marsden and Hughes [17, Chap­
ters 1-5], Ciarlet [8, Chapters 1-5]. 

The central problem in nonlinear, three-dimensional, static elas­
ticity consists in finding the equilibrium position of an elastic body 
when it is subjected to applied forces. This body occupies a ref­
erence configuration Q in the absence of forces, where Q, is a 
domain in R3, i.e. a bounded, connected, open subset of R3 with 
a Lipschitz-continuous boundary T ; in particular then, a unit nor­
mal vector n = (nt) exists almost everywhere along T. 

When subjected to applied forces, the body occupies a deformed 
configuration ç>(Q)9 where the mapping <p: Q -» R , which is 
called a deformation, must be orientation-preserving in the set £1 
and injective on the set Q, in order to be physically acceptable 
(the reason a deformation need not be injective on Q is that self-
contact must be allowed). 

Let M3 denote the set of all real matrices of order 3 and let 

M3
 = { F E M 3 ; d e t F > 0 } . 

Then the orientation-preserving character of a deformation im­
poses that its deformation gradient Vç>(x), defined by 

(dxq>x d2cpx d3yx\ d 

V<p = \dxç>2 d2<p2 d3<p2 , where dt = -^-, 
\dx<p3 d2<p3 d3<p3J 

be in the set M3 for all X G Q . 

A body occupying a deformed configuration ç{£l), and sub­
jected to applied body forces in its interior and to applied surface 
forces on a portion <p{Tx) of its boundary, where F{ is a subset 
of T, is in static equilibrium if the fundamental stress principle of 
Euler and Cauchy is satisfied. This axiom implies the celebrated 
Cauchy theorem, according to which: 

(i) There exists a tensor field T: Q —• M3 that satisfies the 
equilibrium equations over the reference configuration: 

( -divT(*) =?(*,?(*)) , xeQ, 
\T(x)n(x) = g(x,Vp(x))9 xeTv 


