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Summary

Qualitative properties of well-posedness and ill-posedness are examined for problems in
the equilibrium and dynamic classical non-linear theories of Navier-Stokes fluid flow
and elasticity. These serve as prototypes of more general theories, some of which are
also discussed. The article is reasonably self-contained.

I. GENERAL PRINCIPLES
1. Introduction

The mathematical treatment of equations descriptive of phenomena in continuum
mechanics in particular requires techniques from non-linear partial differential
equations. Such techniques rely mostly on analysis and geometry (including topology)
and to a lesser extent (for certain wave motions) on algebra. The resulting qualitative
properties not only explain how solutions behave but also provide firm foundation for
numerical procedures.

The governing equations of continuum mechanics themselves are derived from
postulated integral balance laws of mass, momentum and energy. For smooth processes
these axioms imply differential equations but on surfaces of discontinuity they generate
jump conditions. Constitutive assumptions are introduced to account for different types
of materials and interrelate, for example, motion, stress, heat transfer, electro-magneto-
mechanical effects, and transport phenomena. Invariance requirements and
thermodynamical restrictions further define the mathematical problem whose
specification is completed by suitable initial and boundary conditions. This enables
qualitative and quantitative properties to be determined, and special methods developed
for particular problems. These notes describe the types of qualitative results possible
and the mathematical arguments used to achieve them, as well as explaining potential
difficulties and open problems. Not discussed are special solutions, particular properties
(e.g., universal deformations, pattern formation), or methods of solutions (e.g., matched
asymptotic expansions, Weiner-Hopf techniques). Inclusion of such topics, although of
obvious. intrinsic interest, would expand the article considerably beyond its intended
scope.

Hadamard’s notion of a well-posed problem provides a convenient ordering of our
treatment. Hadamard (1923) defined a problem to be well-posed when its solution
exists, is unique, and depends continuously upon the data. Indeed, it was claimed that a
mathematical model lacking these properties cannot be relevant to any creditable
phenomenological process, including those of continuum mechanics. Nevertheless,
while in very broad terms the criticism is obviously justified, caution should be
exercised in its precise interpretation. The notion of well-posedness remains formal
until the individual elements and associated function spaces are adequately and
precisely defined. Moreover, a problem not well-posed according to one set of function
spaces may become well-posed with respect to another.

Length restrictions limit this account to a description of selected principle themes and
developments with reference confined to relevant main monograph and research
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literature. Primary sources are included where these are either reasonably accessible or
acknowledged classics. Consequently, the publications mentioned are necessarily only
part of the vast total available and inevitably reflect the authors’ interests. It is definitely
not intended to imply that those omitted are secondary.

The remainder of Part | amplifies and illustrates the notion of a well-posed problem by
means of general remarks on existence, uniqueness, and continuous data dependence.
Spatial and dynamic stability are discussed along with the concept of an ill-posed
problem. Part Il reviews basic principles of continuum mechanics and, in particular,
their application to the classical non-linear theories of thermoviscous flow and
thermoelasticity, both of which contain the important special case of heat conduction.
This comparatively simple theory is used in Part Ill to discuss various mathematical
techniques required in Part IV for the discussion of existence, uniqueness, continuous
data dependence, stability, spatial stability, and ill-posed problems concerned with
equilibrium and non-equilibrium processes of thermoviscous flows, thermoelasticity,
and their isothermal counterparts. Part V briefly reports progress in corresponding
studies of several non-classical theories. Notation is either direct or indicial, when the
summation and comma conventions are adopted. Further explanation is provided in
Section 4.

A knowledge is assumed of basic kinematical and mechanical concepts, which may be
found in standard introductory texts, e.g., Chadwick (1976), Green and Zerna (1968),
Jauzemis (1967), and Ogden (1984). A limited understanding of analysis and partial
differential equations will also be useful.

These notes contain hardly any new material. They obviously rely heavily upon
previously published leading accounts, full acknowledgement to which is given at
appropriate places in the text. Nevertheless, it is a pleasure to repeat here our
indebtedness to these authors.

2. The Well-Posed Problem
2.1. Basic Notion

To achieve desirable generality, we formulate the definition of well-posedness in an
abstract context. Further discussion and elementary examples of the concept may be
found in standard textbooks on differential equations. We consider topological vector
spaces X,Y,Z with Y c Z. It is supposed that the data is contained in the space X,
and that the solution u is a mapping u: X — Y . Notice that data includes the initial and
boundary data, source terms, material parameters, and the geometry of the space (-time)
region over which the governing system of partial differential equations is defined,
while the space Y represents the set of values of all solutions. The problem is well-
posed when:

1. The mapping u exists.

2. The mapping u is uniquely determined by the data.
3. The mapping u: X — Z is continuous at a given element of X .
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A problem that is not well-posed is ill-posed or improperly posed.

Whether or not a problem is well-posed depends upon the choice of the function spaces
X,Y,Z, selected usually to be a Hilbert or Sobolev space. Another fundamental

question concerns the conditions under which well-posedness of a non-linear problem is
inherited by the corresponding linearized one. Simple counter-examples demonstrate
that the statement is not universally true, although in fluid mechanics and similar
dissipative systems, continuous dependence in the linear system under suitable
conditions, implies that in the non-linear system.

We now discuss in greater detail the constituent elements in the definition of well-
posedness.

2.2. Existence

The basic axioms of conservation of mass, momentum, and energy express the
mathematical modeling of many physical systems, including those exhibiting chaotic
behavior, in terms of (stochastic) integral equations involving both volume and surface
integrals. These are the so-called balance laws in integral form, which reduce to
conservation laws in the absence of supply terms. Constitutive relations, subject to
appropriate invariance and thermodynamics restrictions, specify particular continuum
theories such as elasticity, thermoelasticity, viscoelasticity, the Navier-Stokes fluid,
magnetohydrodynamics, and multi-polar and Cosserat materials. Prescribed initial and
boundary conditions complete the specification of the problem. Existence of a solution,
however defined, cannot immediately be inferred. For example, without sufficient
smoothness of the boundary, the surface integrals may be meaningless, invalidating
applications of the divergence theorem. Attempts to model microstructure, granular
materials, and fractal boundaries encounter such difficulty and have contributed to
increasing interest in the application of geometric integration theory (Silhavy (1997)),
unfortunately beyond the scope of these notes. An account of these and related issues is
provided by Capriz and Podio-Guidugli (2004). Non-smoothness of constitutive
parameters and other data likewise may prevent volume integrals from becoming
properly defined. Consequently, an important element in studying existence of solutions
is to establish minimal smoothness conditions on the data in order that the integral
equations composing the model are well-defined and possess what is termed a weak
solution. Weak solutions have limited smoothness, and their discontinuities may
correspond quite naturally to certain static and dynamical physical phenomena, for
instance, phase boundaries, rupture, cracks, cavitation, and shock waves. Further
conditions must be imposed in order to reduce the integral equations to a system of
partial differential equations, whose solution in a relevant smoothness class must be
separately established. Such solutions are termed strong when they are continuous
together with their spatial and temporal derivatives to sufficient order. Weak solutions
must be discussed in the context of Sobolev and other abstract functional spaces, or in a
distributional sense.

Especially in dynamics, well-known one-dimensional examples, many cited in the

books by Straughan (1998), Dafermos (2006) and Tartar (2006), demonstrate that
globally (in time) smooth solutions are not to be expected. We select one example from
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elasticity due to F. John (1974), (see also John (1979, 1981)), in which the spatial and
temporal scalar variables are x and t respectively and u(x,t) is the scalar

displacement. The equation of motion in the absence of body force becomes

do(u,) 0%

_Ju 1
OX ot? ()

where without loss the uniform density is supposed equal to 1, and a subscript comma
denotes partial spatial differentiation. The second order equation (1) may be rewritten as
the first order system

WA, @
ot OX

where the vector U and matrix A are given by

U= , A= , (3)
Vv —-o'(w) 0

and w=o0u/ox,v=o0u/ot, while a superposed prime indicates differentiation with
respect to the argument of a function.

Suppose that system (2) is strictly hyperbolic, that is, for each u, the matrix A has
distinct real eigenvalues and associated real eigenvectors. Consider Lipschitz
continuous deformations which depend upon the variables x,t only through the single

function ¢(x,t), and set

U (x,t) = H(g), (4)

where H'(¢) is an eigenvector of A with eigenvalue a(¢). Consequently, on
substitution in (2), we obtain

o
ot

+a(¢>%:o, (5)

and along characteristic curves, defined by

dx

—=a(g), 6
o (#) (6)

we have that ¢(x,t)= constant. Let ¢(x,0) =g(x). Then, by (6), the characteristic
curve through the point (x,,0) is the straight line x = x, + a(q?(xo))t . Next, assume that
o is such that a(¢7(x0)) decreases with x, and consider the characteristic lines through
the initial points (y,,0) and (y,,0) where y, <y,. Then a(&(yl)) > a(q?(yz)), and the
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two characteristic lines intersect at critical time t_.. given by

crit

tcrit = 7 y2 — yl 7 . (7)
a(4(y,)) —a(s(y,))

The vector function U is constant along a characteristic curve and therefore at the
intersection has conflicting values. We conclude that at t the solution is neither

continuous nor differentiable, and consequently smooth solutions cannot exist globally
with respect to time. For t>t_., a solution, if it exists, must be a weak solution here

defined as satisfying

crit !

[ (B@+Ca£)dx=0, (®)
Q OX ot

for all vector test functions® e C(Q,R?), where Q is the space-time region over
which (1) is defined, and the matrices B,C are given by

c 0 -v 0
B{O J’C:[o _W}. ©

Alternative definitions of a weak solution are possible. (See, for example, Marsden and
Hughes (1983), Ball (2002), Dafermos (2006), and Tartar (2006)).

The broad array of methods deployed to investigate existence include spectral analysis,
direct methods of the calculus of variations, the Lax-Milgram lemma, the implicit
function, fixed point and inverse function theorems for equilibrium problems; and
energy arguments, the Galerkin method, and contractive semi-group theory for
problems in dynamics. Some of these techniques are described in later Sections.

2.3. Unigueness

The importance of knowing whether or not a solution is unique for given data is almost
self-evident. For example, such information is vital for numerical evaluation, and for
ensuring completeness of solutions constructed by semi-inverse and similar methods.

But uniqueness is not necessarily a universally desirable property. Bifurcation and
buckling would be impossible without loss of uniqueness in the associated (linear)
problem. Turbulence and cavitation would not occur without failure of uniqueness in
the non-linear problem, and indeed in non-linear elastostatics there are well-known
counter-examples demonstrating that unqualified uniqueness is physically untenable. In
other systems, there may be uniqueness of smooth solutions but non-uniqueness of
weak solutions. To illustrate the last remark, consider the one-dimensional Burgers
equation (cp., Dafermos (1975, 2006))
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ou ou
— 4 u—-=

=0, t>0. (10)
ot OX

Suppose (10) is defined on the whole real line R with initial data v(x) =+1 for x<0,
and v(x)=-1 for x>0. The characteristic curves are respectively x+t, and the
piecewise smooth solution is u(x,t)=+1 in the quarter plane x<0,t>0 and
u(x,t)=-1 in the quarter plane x>0,t>0, with the axis x=0,t >0 being a line of
shock discontinuity. The piecewise smooth solution satisfying different initial data
v(x)=-1Lx<0, and v(x)=+Lx>0, has characteristic curves x¥t, and is given by
u(x,t) ==£1 in the quarter planes x>0,t >0 and x<0,t >0, respectively. However, a
second piecewise smooth solution with the same initial data is given by

u(x,t)=-1 x<—t, t>0, (12)
X

=0 Ttex<t t>0, (12)

=+1 t<x, t>0, (13)

with shocks occurring on the lines x+t=0. It is easy to check that the Rankine-
Hugoniot condition is satisfied by both solutions, so that clearly there is non-
uniqueness. Non-uniqueness similarly may be shown for the first example.

Uniqueness may be recovered when the solution is subject to a suitable selection
criterion satisfied by at most one solution. Various criteria have been proposed each

motivated by a different physical argument. For hyperbolic conservation laws in R™,
admissible solutions are assumed to satisfy the inequality

% + Zinllqi,i <h, (14)

where the S is a scalar entropy function, geR" the entropy flux, and heR the
entropy production.

Inequality (14) must be interpreted in the sense of distributions when weak solutions are
considered. In continuum mechanics, selection criteria often correspond to entropy
production inequalities. A full account is provided by Dafermos (2006).

Uniqueness in linear systems is equivalent to proving that at most only the trivial
solution exists for homogeneous data, whereas in non-linear systems it must be shown
that specified data admit at most one solution within a given function class consistent
with that for existence. When discontinuity surfaces develop, an appropriate function
space for both equilibrium and dynamic solutions is the class of functions of bounded
variation.

Energy arguments are amongst the most frequently employed to establish uniqueness in
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linear and non-linear systems, especially those of continuum mechanics. There are,
however, many other approaches, including analytic functional methods used for
continuous data dependence, and differential inequalities and convexity techniques for
spatial stability and ill-posed problems respectively. A selection is illustrated later.

2.4. Continuous Data Dependence

Continuous data dependence is of practical and numerical importance. Actual physical
measurements are seldom possible to the accuracy required by mathematical
prescription and data in this respect contain unavoidable error. Furthermore, a
measurement cannot be taken at a precise point in space or time, but is either in some
neighborhood of the given point, or represents an average over a space-time interval
about the point. The continuous distribution of data usually assumed in mathematical
treatments can be obtained only by theoretical interpolation from data measured
“pointwise” in the sense just described. Again, it is seldom absolutely certain that initial
data is simultaneously measured over a spatial region at the same instant of time. Errors
also are introduced by imprecise constitutive parameters, or geometry of the region.
Numerical data can be prescribed to only limited accuracy in numerical computations.
In all these situations, it is vital to know whether or not small errors in data generate
correspondingly small errors in the solution. The conclusion has been proved in
standard problems of elliptic, parabolic, and hyperbolic type, but fails, by definition, for
ill-posed problems. Nevertheless, it is later explained how continuous data dependence
in certain ill-posed problems may be recovered in a weakened sense for classes of
constrained solutions.

Continuous data dependence is closely related to the concept of continuity, and in
discussing this relationship it is preferable to introduce the same abstract (topological)
function spaces used to treat existence and uniqueness. The next Section explains how
continuous dependence upon initial data in dynamic problems is related to, and is
refined by, the notion of stability and its associated theorems. Meanwhile, as a basis for
subsequent discussion, we elaborate upon the mathematical definition of continuous
data dependence.

A neighborhood is defined in terms of a positive-definite function p: X x X — R with
the properties

1. p(x,y)=>0, VX, yeX.
2. p(%,y)=0=x=Yy.

These functions define a norm on the respective topological spaces provided the
following additional conditions are satisfied:

1 1. p(%y)=p(y,X).
2. 2. p(x,y) < p(x,2)+ p(Y,2),

where X,y,z€ X .
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The precise definition of continuous dependence (or continuity of maps) is given by:

Definition 1 (Continuous Dependence) Let p, and p be positive definite functions
defined on the spaces X xX and Y xY respectively, and let g X and ywe X
correspond to data for solutions u,v: X — Y respectively. The solution u is continuous
at ¢ if and only if for each & >0 there exists (&) >0 such that

ply,) <6 = pvu)<e (15)

The definition applies equally to static and dynamic problems, but in dynamic problems
the concept of dependence upon initial data corresponds to that of stability. Indeed, we
regard stability as a property of dynamical perturbations of a system whether in
equilibrium or in motion. We avoid the convention, especially in elasticity, of adopting
the minimum energy criterion as a definition of stability. The criterion has encountered
justified criticism, and at best is a test for stability whose mathematical proof awaits a
complete existence theory for elastodynamics.

Because of its practical importance, we devote the next subsection to a brief discussion
of the fundamental elements of stability theory based primarily upon the treatments by
Movchan (1960a,b), Gilbert and Knops (1967), and Knops and Wilkes (1973).

2.5. Stability

A solution either in equilibrium or in motion is stable when perturbed initial data
produce small disturbances as the system evolves with time. When the disturbances
vanish as time increases indefinitely, the solution is said to be asymptotically stable.

It is obvious from these rough ideas that the time variable t is a preferred variable.
Consequently, let us consider a time interval of existence, [0,T], possibly semi-infinite

in length, and the evolutionary maps ¢:[0,T]— Y, where Y is the function space in
which the solution u(x,t) is represented by a sequence of elements as time evolves. Let
B([0,T],Y) designate the set of functions defined on [0,T] taking values in Y. Let
initial data belong to the set X equipped with the positive-definite function p,, and let
the space Y be equipped with the positive-definite function p, .

Definition 2 (Liapunov stability) The solution u e B([0,T],Y) is Liapunov stable if
and only if the mapping ¢ from X to B([0,T]Y) is continuous at u. That is, for
ve B([0,T]LY) and for each &>0 there exists d(g)>0 such that p (u(0),v(0)) <o
implies p(u,v) < &, where

p(u,v) = sup P2 (u(®),v(»). (16)

Definition 3 (Asymptotic stability) The solution ue B([0,T]Y)is asymptotically
stable if and only if (a) u is stable; and (b) for ve B([0,T],Y) there exists 6 >0 such
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that p,(u(0),v(0)) <o implies p,(u(t),v(t)) tends asymptotically to zeroas t — .

Definition 4 (Instability) A solution that is not stable is unstable. Equivalently, a
solution ue B ([0,T],Y) is Liapunov unstable if and only if the mapping from X to

B([0,T]Y) is discontinuous at u. That is, u € B([0,T],Y) is unstable if and only if for
v e B([0,T]Y) there exists £ >0 such that for all & >0 there holds

£, u(),v(0)) <o = p(u,v) = ¢. 17)

These are natural and precise definitions in terms of dynamics which generalize
corresponding Lagrange-Dirichlet definitions for discrete systems. Obviously, the
choice of positive-definite functions p,, p, crucially affects whether or not a solution is
stable. A given solution to the same initial boundary value problem may be stable or
unstable according to the choice of positive-definite functions and the underlying spaces
X.,Y . Examples illustrating this point are described by Knops and Wilkes (1973) and

extend those familiar in the calculus of variations.

It immediately follows from these definitions and from well-known properties of
continuity that a stable solution u is unique, and that the corresponding mapping ¢ is

bounded at u .

There are two general methods for establishing stability, namely, (@) maximum
principles; and (b) the direct, or second, method of Liapunov. We dispose immediately
of maximum principles since the method simply states that the solution u(t) is stable if

there exists a bounded real function M (t) on [0,T] such that for ve B([0,T]Y) we
have

p(u,v) <M (1) £ (u(0),v(0)). (18)

The solution u is uniformly stable when M (t) is independent of t, whereas when
M(t) >0 as t— oo it is asymptotically stable. Inequalities of type (18) frequently

occur in stability analyzes for non-linear fluid dynamics using the so-called energy
method when the kinetic energy is used as a positive-definite measure. They likewise
appear in discussions of spatial stability and stabilization of ill-posed problems.

The other main method for stability, commonly referred to as Liapunov’s second
method, generalizes the Lagrange-Dirichlet theorem for discrete systems. It finds formal
application to non-linear elastodynamics and assists in clarifying concepts associated
with the energy criterion for stability. Liapunov’s theorem, originally developed for
ordinary differential equations, was extended to continuous systems by Movchan
(1960a, 1960b).

Theorem 1 (Liapunov stability) The solution u e B([0,T],Y) is stable if and only if
there exist positive-definite functions V,, where t<[0,T], defined on Y xY with the
properties that
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(a) for given real &> 0 there exists d(&) >0 such that for all ve B([0,T],Y)
pl(u (O),V(O)) < 5 = V (U,V) < &, (19)

(b) for given real n >0 there exists real £ >0 such that for ve B ([0,T],Y)

Vuv)<d = p(uv)<ng, (20)

where

V (u,v) = sup V, (u(t), v(t)). (21)
te[0,T]

We remark that the solution u is asymptotically stable when Condition (a) is
supplemented by

limV, (u(t), v(©)) =O. (22)

Movchan (1960a) replaces Condition (a) by the following two subordinate
conditions, which, however, are only sufficient for stability:

(c) given real &£ >0 there exists real d(&) >0 such that
2 U0),v(0) <5 = Vy(u(0),v(0))<e. (23)
(d) V,(u(t),v(t)) is non-increasing with respect to t; that is
V (u,Vv) <V, (u(0),v(0)). (24)

The proof of these statements depends upon the composition law for continuous maps,
and is given in the references previously cited.

Liapunov’s theorem states necessary and sufficient conditions for stability and
consequently yields necessary and sufficient conditions for instability. Nevertheless, it
Is convenient to state explicit conditions which, of course, should automatically exclude
the trivial instability due to non-unique and unbounded solutions.

Theorem 2 (Liapunov instability) The solution u € B([0,T],Y) is unstable if and only
if there exist positive-definite functions V, that satisfy
(a) there is & >0 such that for all 6 >0 there holds

A U@),v(0)<o = V(u,v)=e, (25)

(b) for given 7 > 0 there exists ¢'(77) > 0 such that
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p(uv)<sd = V(uv)<n. (26)

A principal objective is to establish necessary and sufficient conditions for a solution to
satisfy one or other of the above stability definitions. A major obstacle for many non-
linear conservative systems is the lack of a complete global existence theory so that
many of the known results remain formal.
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[Develops abstract theory mainly for elliptic and parabolic partial differential equations.]

Galdi, G.P. (1994). An Introduction to the Mathematical Theory of the Navier—Stokes Equations. Vol. 1:
Linearized Steady Problems. Vol 2: Non-linear Steady Problems. Springer Tracts in Natural Philosphy,
38, 39. New York: Springer-Verlag. [Good exposition of results, many recent and due to the author, for
steady state flow.]

Gelfand, 1.M. and Fomin, S.V. (1963). Calculus of Variations. Englewood Cliffs N.J.: Prentice—Hall.
[Thoroughly explains standard techniques including Noether invariance, with applications to continuum
physics.]

Green, A.E. and Adkins, J.E. (1960). Large Elastic Deformations and Non-Linear Continuum Mechanics.
London: Oxford University Press. [An excellent monograph covering progress to the date of publication.]

Green, A.E. and Naghdi, P.M. (1995). A unified procedure for construction of theories of deformable
media. | Classical continuum physics. Il. Generalized continua. Ill. Mixtures of interacting continua.
Proc. Roy. Soc. Lond., A448, 335-356, 357-377,379-388. [Classic systematic original derivation of
classical and non-classical theories offering valuable guidance to similar treatments.]

Green, A.E. and Zerna, W.(1968). Theoretical Elasticity. Second Edition. Oxford: Clarendon Press.
[Includes an account of basic equations and their derivation from the axioms of thermodynamics.
Employs convected coordinates to discuss several important applications.]

Gurtin, M.E. (1972). The Linear Theory of Elasticity. Handbuch der Physik. (S.Fligge, ed.) Vla/2, 1-
295. Berlin: Springer—Verlag. [Standard source for modern results in all aspects of the linear static and
dynamic theories.]

Hadamard, J. (1923). Lectures on the Cauchy Problem in Linear Partial Differential Equations. New
Haven: Yale University Press. [Valuable text notable for an early discussion of well-posedness.]

Horgan, C.O. (1989). Recent developments concerning Saint-Venant’s principle: An update. Applied
Mechanics Review. 42, 295-303. [Standard reference listing contributions since the first review appeared.
See below.]

Horgan, C.0.(1996). Recent developments concerning Saint—Venant’s principle: A second update.
Applied Mechanics Reviews,49, S101-S111. [Synoptic account of latest progress in understanding this
widely assumed principle.]

Horgan, C.O. and Knowles, J.K. (1983). Recent developments concerning Saint-Venant’s principle. In:
Advances in Applied Mechanics, (J.W. Hutchinson and T.Y.Wu, eds.,) 23, 179-269. New York:
Academic Press. [Comprehensive critical review of diverse statements and associated proofs of Saint-
Venant’s principle that also provides a valuable reference source.]

lesan, D. (2004). Thermoelastic Models of Continua. Dordrecht: Kluwer Academic Publishers. [Excellent
review of the basic properties of non-classical elastic solids with heat conduction.]

Knops, R.J. and Payne, L.E. (1971a). Uniqueness Theorems in Linear Elasticity. Springer Tracts in
Natural Philosophy, 19. Berlin: Springer-Verlag. [Comprehensive unified account of results for
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uniqueness in the static and dynamic linear elastic theories for problems on bounded spatial regions.]

Knops, R.J. and Wilkes, E.W. (1973). Theory of Elastic Stability. Handbuch der Physik, (C Truesdell,
ed.) Vl/a, 125-302. Berlin. Heidelberg: Springer—Verlag. [Integrated critical account of the application of
the Movchan-Liapunov stability theory to elasticity and related theories, mainly linear.]

Kupradze, V.D., Gegelai, T.G., Basheleishvili, M.O. and Burahuladze, T.V. (1979). Three-dimensional
Problems of the Mathematical Theory of Elasticity and Thermoelasticity.(V.D.Kupradze ed.,)
Amsterdam. New York. Oxford: North-Holland. [Comprehensive discussion of solutions to static and
dynamic problems on bounded and unbounded regions for linear theories of elasticity, thermoelasticity,
and couple stress elasticity, based mainly on singular integral equations, successive approximation, and
solution in series.]

Lacey, A.A. (1998). Diffusion models with blow-up. J. Comp. Appl. maths., 97, 39-49. [An important
survey of point-wise blow-up (thermal runaway) in non-linear parabolic equations.]

Ladyzenskaya, O.A. (1969). The Mathematical Theory of Viscous Incompressible Flow. London: Gordon
and Breach. [Outstanding account, based largely on the author’s classic contributions, of existence,
uniqueness, and similar properties of viscous flow.]

Landau, L.D and Lifshitz, E.M. (1959). Fluid Mechanics. London: Pergamon Press.[A clear extensive
introduction to incompressible and compressible (viscous) fluid flow that includes topics such as
propagation of discontinuities (shock waves), thermal conductivity, and the solutions to several
practically important problems.]

Lavrent’ev, M.M., Romanov, V.G., and Shishatskii, S.P. (1986). Ill-Posed Problems of Mathematical
Physics (translated by J.R.Schulenberger).Translations of Mathematical Monographs 64. Providence,
R.l.: American Mathematical Society. [Rigorous treatment of selected parts of the general mathematical
theory of ill-posed problems (including regularization) that additionally deals, for example, with inverse
problems, integral equations, and analytic continuation.]

Lions, P-L., (1998). Mathematical Topics in Fluid Mechanics.(1998). Vol. 1 Incompressible Models.
Vol.Il. Compressible Models. Oxford: Oxford University Press. [Coherent survey of recent results in
existence, uniqueness, and stability.]

Love, A.E.H.(1952). A Treatise of the Mathematical Theory of Elasticity. Fourth Edition. Cambridge:
Cambridge University Press. [Classic comprehensive text presented in non-vectorial form of
developments in linear elasticity to the date of publication.]

Malek, J., Necas, J., Rokyta, M., and RauZzi¢ka, M. (1996). Weak and Measured—Valued Solutions to
Evolutionary PDEs. London: Chapman & Hall. [Research monograph that rigorously establishes
conditions for existence, uniqueness of both strong and weak solutions and their stability in evolutionary
and hyperbolic systems including compressible and incompressible Navier—Stokes equations, based partly
on the method of vanishing viscosity.]

Marsden, J.E. and Hughes, T. J. R. (1983). Mathematical Foundations of Elasticity. New Jersey:
Prentice-Hall. [Comprehensive discussion of linear and non-linear elasticity that emphasizes the
geometrical approach to existence, uniqueness, stability, and continuous data dependence.]

Miiller, S.(1996). Variational models for microstructure and phase transitions. In: C. I. M. E. Summer
School ““ Calculus of Variations and Geometric Evolution Problems”. (S. Hildebrandt and M. Struwe,
eds.) Cetraro. [Accessible lecture notes that explain the role of generalized convexity notions in the
description of microstructure and phase transitions.]

Muskhellisvili, N.I. (1953). Some Basic Problems of the Mathematical Theory of Elasticity. Third
Edition. Groningen: P. Noordhoff. [Invaluable standard comprehensive treatment of two-dimensional
linear elasticity by means of complex variable theory. Includes several applications to particular
problems.]

Ogden, R.W. (1984). Non-Linear Elastic Deformations. Chicester: Ellis—-Horwood (Wiley). [Develops
the theory from fundamental assumptions. Discussion includes constitutive theory, incremental
deformations, internal constraints, and bifurcation, among other topics.]

Payne, L.E. (1975). Improperly Posed Problems in Partial Differential Equations. Regional Conference
Series in Applied Mathematics 24. Philadelphia: SIAM. [Coherent synoptic account of diverse methods
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used to study ill-posed problems, with numerous illustrations. In addition, an exhaustive guide to the
literature available to date of publication.]

Protter, M.H. and Weinberger, H.F. (1967). Maximum Principles in Differential Equations. New Jersey:
Prentice—Hall Inc. [Standard introduction to maximum principles in elliptic, parabolic, and hyperbolic
differential equations.]

Rajagopal, K.R. and Tao, L. (1995). Mechanics of Mixtures. Singapore: World Scientific. [Some old and
new topics in mixture theory are considered.]

Renardy, M., Hrusa, W.J., and Nohel, J.A. (1987). Mathematical Problems in Viscoelasticity. Harlow:
Longman Scientific and Technical. [Good treatment concerning mathematical arguments in the study of
qualitative properties of viscoelasticity. ]

Rivlin, R.S. (1960). Some topics in finite elasticity. In: Structural Mechanics (J.N. Goodier and N.J. Hoff,
eds.,) 169-198. New York: Pergamon Press. [Lucid concise formulation of non-linear elasticity from first
principles that includes discussion of constitutive relations constrained by invariance, particular forms of
the strain energy function, solutions of several simple boundary value problems, second order theory, and
the theory of small deformations superposed upon large. The author is widely acknowledged for his
seminal contributions, regeneration and development of non-linear elasticity and related theories.]

Straughan, B. (2004). The Energy Method, Stability, and Non-linear Convection. Berlin: Springer—
Verlag. Second Edition. [Stability in non-linear fluid mechanics is systematically investigated based upon
differential inequalities for time-dependent quantities of which the kinetic energy is typical. Linear
approximations are avoided. Numerous applications from diverse fields including astrophysics and
geomechanics are discussed.]

Tartar, L.(2006). An Introduction to Navier-Stokes Equations and Oceanography. Lecture Notes of the
Unione Matematica Italiana. Berlin: Springer—Verlag. [Modern comprehensive account of advanced non-
linear analytic treatment of fluid mechanics and elasticity. Enhanced by addition of historical notes.]

Temam, R.(1979). The Navier-Stokes Equations. Amsterdam: North-Holland. [A mathematically
rigorous account of existence, uniqueness, and regularity of solutions to linear and non-linear, steady and
time—dependent Navier—Stokes equations. The methods employed rely upon energy and compactness
arguments. The book also investigates numerical procedures including discrete approximations and finite
difference schemes. ]

Tikhonov, A.N., Leonov, A.S., and Yagola, A.G.(1998). Non-linear 1lI-Posed Problems. Vols | and I1.
London: Chapman & Hall. (Revised and translated from Russian language edition Moscow: Nauk
(1989)). [A modern functional analytic introduction to regularization theory of ill-posed problems
originally due to Tikhonov. Numerical methods are included.]

Truesdell,C. and Noll, W. (1965). The Non-linear Field Theories of Mechanics. Handbuch der Physik (S.
Fliigge, ed.) 111/3, 1-604. Berlin: Springer-Verlag. [Encylopedic survey of continuum mechanics which
is now firmly established as the standard reference. See also the next entry.]

Truesdell, C. and Toupin, R. (1960). The Classical Field Theories. Handbuch der Physik (S. Fligge, ed.)
111/1, 226-881. Berlin: Springer-Verlag. [Interprets and unifies progress to the date of publication in
continuum mechanics to provide a masterly overview that is still widely consulted. As with the previous
entry, there is a comprehensive bibliography.]

Virga, E.G. (1994). Variational Theories for Liquid Crystals. London: Chapman & Hall. [Develops liquid
crystal theories within Ericksen’s variational formulation to explain several experimental results. Both
classical theories and the more recent non-linear static theory of defects are discussed, together with the
interaction with magnetic and electric fields.]

References
(* Entries that also appear in the select and annotated bibliography above)

[1] Agmon, S., Douglis, A. and Nirenberg, L. (1959). Estimates near the boundary for solutions of partial
differential equations satisfying general boundary conditions. I. Comm. Pure Appl. Math., 12, 623-727.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[2] Agmon, S., Douglis, A. and Nirenberg, L. (1964). Estimates near the boundary for solutions of partial
differential equations. Il. Comm. Pure Appl. Math., 17, 35-92.

[3] Ames, K.A. and Payne, L.E. (1989). Decay estimates in steady pipe flow. SIAM. J. Math. Anal., 20,
789-815.

[4] Ames, K.A. and Payne, L.E. (1991). Stabilizing solutions of the equations of dynamical linear
thermoelasticity backward in time. Stab. Appl. Anal. Continuous Media, 1, 242-260.

[5] Ames, K.A. and Payne. L.E. (1995). Continuous dependence on initial-time geometry for a
thermoelastic system with sign-indefinite elasticities. J. Math. Anal. Appl., 189, 693-714.

[6] Ames, K.A. and Payne, L.E. (1996). Spatial decay estimates for an evolution equation. In: Partial
Differential Equations and Applications (P. Marcellini, G.T. Talenti, and E.Vesentini, eds). New York.
Basel. Hong Kong: Marcel Dekker Inc.

[7] Ames, K.A., Payne, L.E. and Schaefer, P.W. (1993). Spatial decay estimates in time dependent Stokes
flow. SIAM. J. Math. Anal., 24, 1395-1413.

[8] Ames, K.A. and Straughan, B. (1992). Continuous dependence results for initially prestressed
thermoelastic bodies. Int. J. Engng. Sci., 30, 7-13.

[9] " Ames, K.A. and Straughan, B. (1997). Non-Standard and Improperly Posed Problems. San Diego.
New York: Academic Press.

[10] " Antman, S.S. (1995). Non-linear Problems of Elasticity. Second Edition (2004). Berlin: Springer-
Verlag.

[11] " Ball J.M. (1977). Convexity conditions and existence theorems in non-linear elasticity. Arch.
Rational Mech. Anal., 63, 337-403.

[12] Ball, J.M. (1978). Finite time blow-up in non-linear problems. Proc. Symp. Non-linear Evolution
Equations.(M.G. Crandall, ed.). New York: Academic Press.

[13] Ball, J.M. (1980). Strict convexity, strong ellipticity, and regularity in the calculus of variations.
Math. Proc. Camb. Phil. Soc., 87, 501-513.

[14] Ball, J.M. (1981). Existence of solutions in finite elasticity. Proceedings of the IUTAM Symposium
on Finite Elasticity. (D.E. Carlsonand R.T. Shield, eds), 1-12. The Hague: Martinus Nijhoff.

[15] Ball, J.M. (1982). Discontinuous equilibrium solutions and cavitation in non-linear elasticity. Phil.
Trans. Roy. Soc. London, A306, 557-611.

[16] Ball, J.M. (1986). Minimizing sequences in thermomechanics. In: Proc. Meeting on Finite
Thermoelasticity, 45-54. Rome: Accad. Naz. Lincei.

[17] Ball, J. M. (1992). Dynamic energy minimization and phase transformations in solids. Proc. ICIAM
91. Philadelphia: SIAM.

[18] Ball J.M. (1996). Non-linear elasticity and materials science; a survey of some recent developments.
In: Non-linear Mathematics and Its Applications (P.J. Ashton, ed.), 93-119. Cambridge: University Press.

[19] " Ball,J. M. (2002). Some open problems in elasticity. In: Geometry, Mechanics, and Dynamics (P.
Newton, P. Holmes, and A. Weinstein, eds.), 3-59. Berlin: Springer-Verlag.

[20] Ball, J.M., Knops, R.J. and Marsden, J. E. (1978). Two examples in non-linear elasticity. In:
Journees d’Analyse Nonlineaire (Benjamin, P. and Robert, J. eds). Lecture Notes in Mathematics, 46, 41-
49. Berlin-Heidelberg. Springer-Verlag.

[21] Ball, J.M. and Knowles, G. (1986). Lyapunov functions for thermoelasticity with spatially varying
boundary temperatures. Arch. Rational Mech. Anal., 92, 193-204.

[22] Ball, J.M. and Marsden, J.E. (1984). Quasi-convexity at the boundary, positivity of the second
variation and elastic stability. Arch. Rational Mech. Anal., 86, 251-277.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[23] Ball, J.M. and Murat, F. (1984). Wl’p-quasi—convexity and variational problems for multiple
integrals. J. Functional Anal., 58, 225-253.

[24] Bernstein, B. and Toupin, R. A. (1960). Korn inequalities for the sphere and for the circle. Arch.
Rational Mech. Anal., 6, 51-64.

[25] Bofill. F, Leseduarte, M.C. and Quintanilla, R. (2005). Uniqueness and growth in hyperbolic
thermoelastic theories. "Thermal Stresses 2005", Proc. Sixth International Congress on Thermal Stresses,
(F. Ziegler, R. Heuer, C.Adam, eds.), 149-152.

[26] Bofill, F. and Quintanilla, R. (1998a). Thermal influence on the decay of end effects in elasticity.
Suppl. Rend. Cir. Matematico Palermo. 57, 57-62.

[27] Bofill, F. and Quintanilla, R. (1998b). Spatial estimates for dynamical problems in several elasticity
theories. Rich. di Matematica, 46, 426-441.

[28] Bofill, F. and Quintanilla, R. (2000). On a backward in time problem arising in viscoelasticity. In:
Mathematics and Numerical Aspects of Wave Propagation. (A. Bermldez, D. Gémez, C. Hazard, P. Joly
and J.E. Roberts, eds.). 123-127. Philadelphia: SIAM.

[29] Boggio, T. (1907). Nuova risoluzione di un problema fondamentale della teoria dell’elasticita. Atti
R.Accad. Lincei Rend. CI. Sci. Fis. Mat. Natur., (Ser. 5), 16, 248-255.

[30] Boltzmann, L. (1874). Zur theorie der elastischen nachwirking. Sitzungsber Akad. Wiss.Wien, 70,
275-306.

[31] Boulanger, Ph. and Hayes, M. (2001). Finite-amplitude waves in Mooney-rivlin and Hadamard
materials. Topics in Finite Elasticity (Michael Hayes and Giuseppe Saccomandi, eds.), 131-167. CIME
Courses and Lectures 424. Wien. New York: Springer-Verlag.

[32] Bramble, J.H. and Payne, L.E. (1962b). On the uniqueness problem in the second boundary value
problem in elasticity. Proc. Fourth U.S. Congress of Applied Mechanics, 469-473.

[33] Bramble, J.H. and Payne, L.E. (1963a). Bounds for solutions of second-order elliptic partial
differential equations. Contrib. Differential Equations, 1, 95-127.

[34] Bramble, J.H. and Payne, L.E. (1963b). Some integral inequalities for uniformly elliptic operators.
Contrib. Differential Equations, 1, 129-135.

[35] Brun, L. (1965). Sur I’unicité en thermoélasticité dynamique et diverses espressions analogues a la
formule de Clapeyron. C. Rend. Acad. Sci. Paris, 261, 2584-2587.

[36] Brun, L. (1969). Méthodes énergétiques dans les systemes évolutifs linéaires. Premier Partie:
Séparation des énergies. Deuxiéme Partie: Théoremes d’unicité. J. Mécanique, 8, 125-166.

[37] van Buren, W. (1968). On the existence and uniqueness of solutions to the boundary value problems
in finite elasticity. Westinghourse Research Report 68-1D7-Mekmari. (Ph.D. Thesis. Carnegie-Mellon
University).

[38] Calderer, C. (1983). The dynamic behaviour of non-linear elastic spherical shells. J. Elasticity 13,
17-47.

[39] Calderer, C. (1986). The dynamic behaviour of viscoelastic spherical shells. J. Differential
Equations, 63, 289-305.

[40] Caflisch, R.E. and Maddocks, J.H. (1984). Non-linear dynamical theory of the elastica. Proc. Roy.
Soc. Edinburgh, A99, 1-23.

[41] Capriz, G. and Podio-Guidugli, P. (1974). On Signorini’s perturbation method in finite elasticity.
Arch. Rational Mech. Anal., 57, 1-30.

[42] Capriz, G. and Podio-Guidugli, P. (2004). Whence the boundary conditions in modern continuum
physics? Atti dei Covegni Lincei, 210, 19-42. Roma: Accad. Naz. Lincei.

[43] Carroll, M.M. (1977a). Plane circular shearing of incompressible fluids and solids. Q. J. Mech. Appl.
Math., 30, 223-234.

[44] Carroll, M.M. (1977b). Plane elastic standing waves of finite amplitude. J. Elasticity, 7, 425-436.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[45] Casas, P.S. and Quintanilla, R. (2005). Numerical experiments on thermoelastic deformations in a
rod with initial heat flux "Thermal Stresses 2005", Proc. Sixth International Congress on Thermal
Stresses, (F. Ziegler, R. Heuer and C. Adam, eds.), 535-538.

[46] Cattaneo, C. (1948). Sulla conduzione del calore. Atti Seminario Mat. Fis. Univ. Modena, 3, 83-124.
[47] " Chadwick, P. (1976). Continuum Mechanics. Concise Theory and Problems. London: George
Allen and Unwin Ltd.

[48] Chadwick, P. (1975) Applications of the energy-momentum tensor in non-linear elastostatics. J.
Elasticity, 5, 249-258.

[49] Chandrasekharaiah, D. S. (1998). Hyperbolic thermoelasticity: A review of recent literature. Applied
Mechanics Reviews, 51, 705-729.

[50] Chillingworth, D.R.C., Marsden, J.E. and Wan, Y.H. (1982). Symmetry and bifurcation in three-
dimensional elasticity. Part I. Arch. Rational Mech. Anal., 80, 295-331.

[51] Chillingworth, D.R.C., Marsden, J.E. and Wan, Y.H. (1983). Symmetry and bifurcation in three-
dimensional elasticity. Part 1. Arch. Rational Mech. Anal., 83, 362-395.

[52] Chirita, S. (1982). Uniqueness and continuous data dependence in dynamical problems of non-linear
thermoelasticity. J. Thermal Stresses, 5, 331-346.

[53] Chirita, S. (1995). Saint-Venant’s principle in linear thermoelasticity. J. Thermal Stresses, 18, 485-
496.

[54] Chirita, S. and Quintanilla, R. (1996). Spatial estimates of Saint-Venant type in generalized
thermoelasticity. Int. J. Engng. Sci., 34, 299-311.

[55] Chirita, S. and Quintanilla, R. (1997). Spatial estimates in the dynamic theory of linear elastic
materials with memory. Eur. J. Mechanics/A Solids, 16, 723-736.

[56] Chrzeszczyk, A. (1987). Some existence results in dynamical thermoelasticity. Arch. Mech., 39, 605-
617.

[57] ©Ciarlet P.G. (1988). Mathematical Elasticity Vol I: Three-Dimensional Elasticity. Amsterdam:
North-Holland.

[58] Ciarlet, P.G. (1998a). Un lemme de J-L. Lions et les inégalités de Korn sur les surfaces. In:
Equations aux Dérivées Partielles et Applications. Articles Dédiés a Jacques-Louis Lions, 357-382. Paris:
Gauthier-Villars.

[59] Ciarlet, P.G. (1998b). Inequalities of Korn type on surfaces. In: Il Problema di de Saint-Venant:
Aspetti Teorici e Application. Atti dei Covegni Lincei, 140, 105-134. Rome: Accad. Naz. Lincei.

[60] Ciarlet, P.G. and Ciarlet, P. Jnr. (2005). Another approach to linearized elasticity and a new proof of
Korn’s inequality. Math. Mods. Meths. Appl. Sci., 15, 471-478.

[61] Ciarlet, P.G. and Mardare, S. (2001). On Korn’s inequality in curvilinear coordinates. Math. Mod.
Meths. Appl. Sci., 11, 1379-1391.

[62] Ciarletta, M. (2003). On the uniqueness and continuous dependence of solutions in dynamical
thermoelasticity backward in time. Journal of Thermal Stresses, 25, 969-984.

[63] Ciarletta, M. and lesan, D. (1993). Non-classical Elastic Solids. Pitman Research Notes in
Mathematics, 293. Essex: Longman Scientific and Technical.

[64] Coifman, R., Lions, P.L., Meyer,Y. and Semmes, S. (1993). Compensated compactness and Hardy
spaces. J. Math. Pures Appl., 72, 247-286.

[65] Coleman, B.D. (1973). The energy criterion of stability in continuum thermodynamics. Rend. Sem.
Mat. Fis. Milano, 43, 86-99.

[66] Coleman, B.D. and Dill, E.H. (1973). On thermodynamics and the stability of motions of materials
with memory. Arch. Rational Mech. Anal., 51, 1-13.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[67] Coleman, B.D. and Noll, W. (1959). On the thermostatics of continuous media. Arch. Rational
Mech.Anal., 4, 97-128.

[68] Coleman, B.D. and Noll, W. (1961). Foundations of linear viscoelasticity. Rev. Mod. Phys., 33, 239-
249,

[69] Coleman, B.D. and Noll, W. (1963). The thermodynamics of elastic materials with heat conduction
and viscosity. Arch. Rational Mech. Anal., 13, 167-178.

[70] Cosserat, E. and Cosserat, F. (1898a). Sur les équations de la théorie de I’élasticité. C. Rend. Acad.
Sci. Paris, 126, 1089-1091.

[71] Cosserat, E. and Cosserat, F. (1898b). Sur la déformation infiniment petite d’une ellipsoid élastique.
C. Rend. Acad. Sci. Paris, 127, 315-318.

[72] Cosserat, E. and Cosserat, F. (1901a). Sur la solution des équations de I’élasticité dans le cas ou les
valeurs des inconnues a frontiére sont données. C.Rend. Acad. Sci. Paris, 133, 145-147.

[73] Cosserat, E. and Cosserat, F. (1901b). Sur la deformation infiniment petite d’un corps élastique
soumis & des forces données. C. Rend. Acad. Sci. Paris, 133, 271-273.

[74] " Cosserat, E. and Cosserat, F. (1909). Théorie de Corps Déformables. Paris: Hermann.

[75] " Courant R. and Hilbert D. (1953). Methods of Mathematical Physics. Vol. I. New York. London:
Interscience.

[76] Cowin, S.C. and Nunziato, J. W. (1983). Linear elastic materials with voids. J. Elasticity, 13, 125-
147.

[77] Dafermos, C.M. (1968a). On the existence and the asymptotic stability of solutions to the equations
of linear thermoelasticity. Arch. Rational Mech. Anal., 29, 241-271.

[78] Dafermos, C.M. (1968b). Some remarks on Korn’s inequality. Z. Angew. Math. Phys., 19, 913-920.

[79] Dafermos, C.M. (1970a). On abstract Volterra equations with applications to linear viscoelasticity. J.
Differential Equations, 7, 554-569.

[80] Dafermos, C.M. (1970b). Asymptotic stability in viscoelasticity. Arch. Rational Mech. Anal., 37,
297-308.

[81] Dafermos, C. M. (1975). Contraction semigroups and trend to equilibrium in continuum mechanics.
IUTAM/IMU Symposium on Applications of Methods of functional Analysis to Problems in Mechanics.
Marseille. (P. Germain and B. Nayroles, eds.). Lecture Notes in Mathematics, 503, 295-306. Berlin:
Springer-Verlag.

[82] Dafermos, C.M. (1979). The second law of thermodynamics and stability. Arch. Rational Mech.
Anal., 70, 167-179.

[83] Dafermos, C.M. (1982). Global smooth solutions to initial value problems for equations of one-
dimensional non-linear thermoviscoelasticity. SIAM J. Math. Anal., 13, 397-408.

[84] ~ Dafermos, C. M. (2006). Hyperbolic Conservation Laws in Continuum Physics. 2nd Edition.
Berlin: Springer-Verlag.

[85] Dafermos, C.M. and Hrusa, W.J. (1985). Energy methods for quasi-linear hyperbolic initial-
boundary value problems. Applications to elastodynamics. Arch. Rational Mech. Anal., 87, 267-292.

[86] Dancer, E.N. and Zheng, K. (2000). Uniqueness of solutions for some elliptic equations and systems
in nearly star-shaped domains. Non-linear Analysis Theory, Methods and Applications, 41, 745-761.

[87] Day, W.A.(1971). Time-reversal and the symmetry of the relaxation function of a linear viscoelastic
material. Arch. Rational Mech. Anal. 40, 155-159.

[88] Diaz, J.I. and Quintanilla, R. (2002). Spatial and continuous dependence estimates in linear
viscoelasticity. J. Math. Anal. Appl., 273, 1-16.

[89] Duhem, P. (1903a). Sur la viscosité en un milieu vitreux. C. R. Acad. Sci. Paris, 136, 281-283.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[90] Duhem, P. (1903b). Sur les équations du mouvement et la relation supplémentaire au sein d’un
milieu vitreux. C. R. Acad. Sci. Paris, 136, 343-345.

[91] Duhem, P. (1911). Traité d’Energetique ou de Thermodynamique Générale. Paris: Gauthier-Villars.

[92] Edelstein, W.S. (1970). On Saint-Venant’s principle in linear viscoelasticity. Arch. Rational Mech.
Anal., 36, 366-380.

[93] Egorov, Yu. E. and Shubin, M.A. (1998). Foundations of the Classical Theory of Partial Differential
Equations. Berlin. Heidelberg: Springer Verlag.

[94] Engler, H. (1989). Global regular solutions for the dynamic antiplane shear problem in non-linear
viscoelasticity. Math. Z., 202, 251-259.

[95] Ericksen, J.L. (1957). On the Dirichlet problem for linear differential equations. Proc. Amer.
Mathematical Soc., 8, 521-522.

[96] Ericksen, J.L. (1963). Non-existence theorems in linear elasticity theory. Arch. Rational Mech. Anal.,
14, 180-183.

[97] Ericksen, J.L. (1964). Non-uniqueness and non-existence in linearized elasticity theory. Contrib.
Differential Equations, 3, 295-300.

[98] Ericksen, J.L. (1965). Non-existence theorems in linearized elastostatics. J. Differential Equations, 1,
446-451.

[99] Ericksen, J.L. (1966a). A thermo-kinetic view of elastic stability theory. Int. J. Solids Struct., 2, 573-
580.

[100] Ericksen, J. L. (1966b). Thermoelastic stability. In: Proc. Fifth U.S. National Congress Appl. Mech.
ASME, 187-193.

[101] Ericksen, J.L. (1975). Equilibrium of bars. J. Elasticity, 5, 191-201.

[102] " Ericksen, J.L. (1977). Special topics in elastostatics. In: Advances in Applied Mechanics (C.S.
Yih, ed.). 17, 189-244. San Diego. New York: Academic Press.

[103] Ericksen, J.L. (1982). Private communication.

[104] Ericksen, J. L. (1983). lll-posed problems in thermoelasticity theory. Proceedings of NATO/LMS
Advanced Study Institute. Oxford (1982) (J.M. Ball, ed.), 71-93. Dordrecht: D. Reidel Publishing Co.

[105] Eringen, A.C. (1968). Theory of Micropolar Elasticity. In: Fracture 1. New York: Academic Press.
[106] " Eringen, A.C. (1999). Microcontinuum field Theories. I: Foundations and Solids. Berlin.
Heildeberg. New York: Springer-Verlag.

[107] Eshelby, J.D. (1951). The force on an elastic singularity. Phil. Trans. Roy. Soc. London, A54, 87-
112.

[108] Eshelby, J.D. (1970). Energy relations and the energy-momentum tensor in continuum mechanics.
Inelastic Behavior of Solids (M.F. Kunninen, W.F. Adler, A.R. Rosenfield, and R.I. Jaffa, eds.), 77-114.
New York: McGraw-Hill.

[109] Eshelby, J.D. (1975). The elastic energy-momentum tensor. J.Elasticity 5, 321-335.

[110] Evans, L.C. and Gariepy, R.F. (1987). Some remarks concerning quasi-convexity and strong
convergence. Proc. Roy. Soc. Edinburgh, A106, 53-61.

[111] Falqués, A. (1982). Estabilidad asintotica en la termoelasticidad generalizada. Doctoral Thesis.
University of Barcelona.

[112] Fichera, G. (1950). Sull’esistenza e sul calcolo della soluzioni dei problemi al contorno relativi
all’equilibrio di un corpo elastico. Ann. Scuolo Norm. Sup. Pisa, 4, 35-99.

[113] Fichera, G. (1955). Sur un principio di dualita per talcune formale di maggiorazione relative alle
equazioni differenziali. Atti. Accad. Naz. Lincei Rend. Cl. Sci. Fis. Mat. Natur., 19, 411-418.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[114] Fichera, G. (1961). Il teorema del massimo modulo per I’equazione dell’elastostatica
tridimensionale. Arch. Rational Mech. Anal., 7, 373-387.

[115] Fichera, G. (1965). Linear Elliptic Differential Systems and Eigenvalue Problems. Lecture Notes in
Mathematics 8. Berlin: Springer-Verlag.

[116] " Fichera, G. (1972). Existence Theorems in Elasticity. Handbuch der Physik (S.Fliigge, ed.),
Vla/2, 347-389. Berlin: Springer-Verlag.

[117] Fichera, G. (1977). Il principio di Saint-Venant: intuizione dell’ingegnere e rigore del matematico.
Rend. Mat. Ser. VI, 10, 1-24.

[118] Fichera, G. (1978). Remarks on Saint-Venant’s principle. In: Complex Analysis and its
Applications. The I.N. Vekua Anniversary Volume (N.N.Bogoljubov, M.A. Lavrentiev and A.V. Bicadze,
eds.), 543-557. Moscow.

[119] Flavin, J.N., Knops, R.J. and Payne, L.E. (1989). Decay estimates for the constrained elastic
cylinder of variable cross-section. Q. Appl. Math., 47, 325-350.

[120] Flavin, J.N., Knops, R.J. and Payne, L.E. (1990). Energy bounds in dynamical problems for a semi-
elastic beam. In: Elasticity, Mathematical Methods and Applications. The lan Sneddon 70th Birthday
Volume (G. Eason and R.W. Ogden, eds.), 101-112. Chicester: Ellis-Horwood (Wiley).

[121] "Flavin, J.N. and Rionero, S. (1996). Qualitative Estimates for Partial Differential Equations.
Boca Raton: CRC Press.

[122] Fletcher, D.C. (1976). Conservation laws in linear elastodynamics. Arch. Rational Mech. Anal., 60,
329-353.

[123] Fredholm, 1. (1906). Solution d’un probléme fundamental de la théorie de I’élasticité. Ark. Mat. Ast.
Fysik, 2, Paper 28, 1-8.
[124] * Friedman, A. (1969). Partial Differential Equations. New York: Holt, Rinehart and Winston Inc.

[125] Friedrichs, K.O. (1947). On the boundary value problems of the theory of elasticity and Korn’s
inequality. Ann. Math., 48, 441-471.

[126] Fujita, H. (1961). On the existence and regularity of the steady state solutions of the Navier-Stokes
equations. J. Fac. Sci. Univ. Tokyo, 9, 59-102.

[127] Fujita, H. and Kato, T. (1964). On the Navier-Stokes initial value problem I. Arch. Rational Mech.
Anal., 16, 269-315.

[128] " Galdi, G.P. (1994). An Introduction to the Mathematical Theory of the Navier-Stokes Equations.

Vol. 1: Linearized steady problems. Springer Tracts in Natural Philosophy 38. Vol.2: Non-linear steady
problems. Springer Tracts in Natural Philosphy 39. New York: Springer-Verlag.

[129] Galdi, G.P., Knops, R.J. and Rionero, S. (1986). Uniqueness and continuous dependence in the
linear elastodynamic exterior and half-space problems. Math. Proc. Cambridge Phil. Soc., 99, 357-366.

[130] Galdi, G. P. and Padula, M. (1990). A new approach to energy theory in the stability of fluid
motion. Arch. Rational Mech.Anal., 110, 187-206.

[131] Galdi, G.P. and Straughan, B. (1988). Stability of solutions to the Navier-Stokes equations
backward in time. Arch. Rational Mech. Anal., 101, 107-114.

[132] Gilbarg, D. and Trudinger, N.S. (1983). Elliptic Partial Differential Equations of Second Order.
Second Edition. Berlin: Springer-Verlag.

[133] Gilbert, J.E. and Knops, R.J.(1967). Stability of general systems. Arch. Rational Mech. Anal., 25,
271-284.

[134] " Gelfand, I.M. and Fomin, S.V. (1963). Calculus of Variations. Englewood Cliffs N.J.: Prentice-
Hall.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[135] Goodman, M.A. and Cowin, S.C. (1972). A continuum theory of granular materials. Arch. Rational
Mech. Anal., 44, 249-266.

[136] Green, A.E. (1962). Thermoelastic stresses in initially stressed bodies. Proc. Roy. Soc. Lond., A266,
1-19.

[137] Green, A.E. (1971). A note on linear thermoelasticity. Mathematika, 19, 69-75.

[138] Green, A.E. (1973). On some general formulae in finite elastostatics. Arch. Rational Mech. Anal.,
50, 73-80.

[139] * Green, A.E. and Adkins, J.E. (1960). Large Elastic Deformations and Non-Linear Continuum
Mechanics. London: Oxford University Press.

[140] Green, A.E. and Lindsay, K. A. (1972). Thermoelasticity. J. of Elasticity, 2, 1-7.

[141] Green, A.E. and Naghdi, P.M. (1965). A dynamical theory of interacting continua. Int. J. Engng.
Sci., 3, 231-241.

[142] Green, A.E. and Naghdi, P.M. (1968). A note on mixtures. Int. J. Engng. Sci., 6, 631-635.

[143] Green, A.E. and Naghdi, P.M. (1969). On basic equations of mixtures. Q. J. Mech. Appl. Maths.,
22, 427-438.

[144] Green, A.E. and Naghdi, P.M. (1970). A mixture of elastic continua. V.V. Novozhilov’s
Anniversary Volume, 143-148. Academy of Sciences, USSR.

[145] Green, A.E. and Naghdi, P.M. (1992). On undamped heat waves in an elastic solid. J. Thermal
Stresses, 15, 253-264.

[146] Green,A.E. and Naghdi, P.M. (1993). Thermoelasticity without energy dissipation. J. Elasticity, 31,
189-208.

[147] " Green, AE. and Naghdi, P.M. (1995). A unified procedure for construction of theories of

deformable media. I. Classical continuum physics. Il. Generalized continua. I1l. Mixtures of interacting
continua. Proc. Roy. Soc. London, A448, 335-356, 357-377, 379-388.

[148] Green, A.E. and Rivlin, R.S. (1957). The mechanics of non-linear materials with memory. Part 1.
Arch. Rational Mech.Anal., 1, 1-21.

[149] Green, A.E. and Rivlin, R.S. (1960). The mechanics of non-linear materials with memory. Part IlI.
Arch. Rational Mech.Anal., 4, 387-404.

[150] Green, A.E. and Rivlin, R.S. (1964a). Simple forces and stress multipoles. Arch. Rational
Mech.Anal., 16, 325-353.

[151] Green, A.E. and Rivlin, R.S. (1964b). Multipolar continuum mechanics. Arch. Rational
Mech.Anal., 17, 113-147.

[152] Green, A.E., Rivlin, R.S. and Shield, R.T. (1952). General theory of small elastic deformations
superposed on finite elastic deformations. Proc. Roy. Soc. Lond. A211, 128-154.

[153] Green, A.E., Rivlin, R.S. and Spencer, A.J.M. (1959). The mechanics of non-linear materials with
memory. Part Il. Arch. Rational Mech. Anal., 3, 82-90.

[154] ~ Green, A.E. and Zerna, W. (1968). Theoretical Elasticity. Second Edition. Oxford: Clarendon
Press.

[155] © Gurtin, M.E. (1972). The Linear Theory of Elasticity. Handbuch der Physik (S.Fligge, ed)
Vla/2, 1-295. Berlin:Springer-Verlag.

[156] Gurtin, M.E. (1973a). Thermodynamics and the energy criterion of stability. Arch. Rational Mech.
Anal., 52, 93-103.

[157] Gurtin, M.E. (1973b). Thermodynamics and the potential energy of an elastic body. J. Elasticity, 3,
1-4.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[158] Gurtin, M.E. (1975). Thermodynamics and stability. Arch. Rational Mech. Anal., 59, 63-96.

[159] Gurtin, M.E. (1978). On the non-linear theory of elasticity. In: Contemporary Developments in
Continuum Mechanics and Partial Differential Equations. (G.M. de la Penha and L.A.J. Medeiros, eds.) ,
237-253. Amsterdam: North-Holland.

[160] Gurtin, M.E. (2000). Configurational Forces as Basic Concepts of Continuum Physics. New York:
Springer-Verlag.

[161] Gurtin, M.E. and Sternberg, E. (1962). On the linear theory of viscoelasticity. Arch. Rational Mech.
Anal., 11, 291-355.

[162] " Hadamard J. (1923). Lectures on the Cauchy Problem in Linear Partial Differential Equations.
New Haven: Yale University Press.

[163] Hanyga, A. (1985). Mathematical Theory of Non-linear Elasticity. Warszawa: PWN-Polish
Scientific Publishers. Chicester: Ellis-Horwood (Wiley).

[164] Hayes, M. (1963). Wave propagation and uniqueness in prestressed elastic bodies. Proc. Roy. Soc.
Lond., A274, 500-506.

[165] Hayes, M. (1968). On pure extension. Arch. Rational Mech. Anal., 28, 153-164.

[166] Hayes, M. (1969). Static implications of the strong-ellipticity condition. Arch. Rational Mech.
Anal., 33, 181-191.

[167] Hayes, M. and Knops, R.J. (1968). On the displacement boundary-value problem of linear
elastodynamics. Q. Appl. Math., 26, 291-293.

[168] Hetnarski, R. B. and Ignaczak, J. (1999). Generalized thermoelasticity. J. Thermal Stresses, 22,
451-470.

[169] Hill, R. (1957). On uniqueness and stability in the theory of finite elastic strain. J. Mech. Phys.
Solids, 5, 229-241.

[170] Hill, R. (1962a). Acceleration waves in solids. J. Mech. Phys. Solids 10, 1-16.

[171] Hill, R. (1962b). Unigueness criteria and extremum principles in self-adjoint problems of
continuum mechanics. J. Mech. Phys. Solids, 10, 183-194.

[172] Hill, R. (1968). On constitutive inequalities for simple materials. J. Mech. Phys. Solids, 16, 229-
242.

[173] Hill, R. (1970). Constitutive inequalities for isotropic elastic solids under finite strain. Proc. Roy.
Soc. Lond., A314, 457-472.

[174] Hill, R. (1986). Energy-momentum tensors in elastostatics: Some reflections on the general theory.
J. Mech. Phys. Solids 34, 305-317.

[175] Hills, R.N. (1967). On uniqueness of flows for a class of second-order fluids. Mathematika, 17,
333-337.

[176] Hills, R.N. and Knops, R. J. (1973). Continuous dependence for the compressible linearly viscous
fluid. Arch. Rational Mech. Anal., 51, 54-59.

[177] Hills, R.N. and Roberts, P.H. (1972). On Landau’s two-fluid model for Helium II. J. Inst. Maths.
Applics., 1972, 56-67.

[178] Hopf, E. (1951). Uber die Anfengswertaufgabe fiir die hydrodynamischen Grundgleichungen. Mat.
Nacht., 4, 213-231.

[179] "Horgan, C.O. (1989). Recent developments concerning Saint-Venant’s principle: An update.
Applied Mechanics Reviews 42, 295-303.

[180] Horgan, C.O. (1995a). Anti-plane shear deformations in linear and non-linear solid mechanics.
SIAM Review, 37, 53-81.

[181] Horgan, C.O. (1995b). Korn’s inequalities and their applications in continuum mechanics. SIAM

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

Review, 37, 491-511.

[182] "Horgan, C.O. (1996). Recent developments concerning Saint-Venant’s principle: A second
update. Applied Mechanics Reviews, 49, 101-111.

[183] Horgan, C.O. and Knowles, J.K. (1971). Eigenvalue problems associated with Korn’s inequalities.
Arch. Rational Mech. Anal., 40, 384-402.

[184] "Horgan, C.O. and Knowles, J.K. (1983). Recent developments concerning Saint-Venant’s

principle. In: Advances in Applied Mechanics (J.W.Hutchinson and T.Y Wau, eds.) 23, 179-269. New
York: Academic Press.

[185] Horgan, C.O. and Payne, L.E. (1992). The influence of geometric perturbations on the decay of
Saint-Venant end effects in linear isotropic elasticity. In: Partial Differential Equations with Real
Analysis (H. Begehr and A. Jeffrey, eds.), 187-218. Pitman Research Notes in Mathematics 263. Essex:
Longmans.

[186] Horgan, C.O. and Payne, L.E. (1996). Spatial decay estimates for a class of second-order quasi-
linear elliptic partial differentiable equations arising in anisotropic non-linear elasticity. Math. and Mech.
Solids, 1, 411-423.

[187] Horgan, C.O. and Payne, L.E. (1997). Spatial decay estimates for a coupled system of second-order
quasi-linear partial differentiable equations arising in thermoelastic finite anti-plane shear. J. Elasticity,
47, 3-21.

[188] Horgan, C.O., Payne, L.E. and Wheeler, L.T. (1984). Spatial decay estimates in transient heat
conduction. Q. Appl. Math., 62, 119-127.

[189] Horgan, C.O. and Polignone, D.A. (1995). Cavitation in non-linearly elastic solids: a review.
Applied Mechanics Reviews, 48, 471-485.

[190] Horgan, C.O. and Quintanilla, R. (2005). Spatial behaviour of solutions of the dual-phase-lag heat
equation. Math. Meth. Appl. Sci., 28, 43-57.

[191] van Hove, L. (1947). Sur I’extension de la condition de Legendre du calcul des variations aux
integrales multiples a plusieurs fonctions inconnues. Proc. Kon. Ned. Akad. Wet., A50, 18-23.

[192] van Hove, L. (1949). Sur la signe de la variation seconde des intégrales multiples a plusieurs
functions inconnues. Acad. Roy. Belgique, 25, 3-68.

[193] Howell, K.B. (1980). Uniqueness in linear elastostatics for problems involving unbounded bodies.
J. Elasticity, 10, 407-427.

[194] Howell, K.B. (1981). Periodic and “slightly” periodic boundary value problems in elastostatics on
bodies bounded in all but one direction. J. Elasticity, 11, 293-316.

[195] Howell, K.B. (1982). Periodic and “slightly” periodic boundary value problems in elastostatics on
bodies unbounded in several directions. Int. J. Engng. Sci., 20, 455-481.

[196] Hughes, T.J.R. and Marsden, J.E. (1978). Classical elastodynamics as a symmetric hyperbolic
system. J. Elasticity, 8, 97-110.

[197] Hughes, T.J.R., Kato, T. and Marsden, J.E. (1977). Well-posed quasi-linear hyperbolic systems
with applications to non-linear elastodynamics and general relativity. Arch. Rational Mech. Anal., 63,
273-294.

[198] lesan, D.(1986). A theory of thermoelastic materials with voids. Acta Mech., 60, 67-89.
[199] " lesan,D. (2004). Thermoelastic Models of Continua. Dordrecht: Kluwer Academic Publishers.

[200] lesan, D. (2007). Thermoelasticity of bodies with microstructure and microtemperatures. Int. J.
Solids Struct., 44, 8648-8662.

[201] lesan, D. and Quintanilla, R. (1994). Existence and continuous dependence results in the theory of
interacting continua. J. Elasticity, 36, 85-98.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[202] lesan, D. and Quintanilla, R. (1995). Decay estimates and energy bounds for porous cylinders. J.
Math. Anal. Phys. (ZAMP), 46, 268-281.

[203] lesan, D. and Scalia, A. (1996). Thermoelastic Deformations. Dordrecht: Kluwer Academic
Publishers.

[204] Ito, S. (1961). The existence and uniqueness of regular solution of non-stationary Navier-Stokes
equation. J. Fac. Sci., Univ. of Tokyo. 9, 103-140.

[205] Jauzemis, W. (1967). Continuum Mechanics. New York: The MacMillan Co.

[206] Jiang, S. (1990). Global existence of smooth solutions in one-dimensional non-linear
thermoelasticity. Proc. Roy. Soc. Edinburgh, A115, 257-274.

[207] Jiang, S. and Racke, R. (2000). Evolution Equations in Thermoelasticity. Boca Raton: Chapman &
Hall/CRC.

[208] John, F. (1955). A note on “improper” problems in partial differential equations. Comm. Pure Appl.
Math., 8, 591-594.

[209] John, F. (1964). Remarks on the non-linear theory of elasticity. Sem. Ist. Naz. Alta Matem.,
1962/1963, 474-482.

[210] John, F. (1960). Continuous dependence on data for solutions of partial differential equations with a
prescribed bound. Comm. Pure Appl. Math., 13, 551-585.

[211] John, F. (1972). Uniqueness of non-linear elastic equilibrium for prescribed boundary
displacements and sufficiently small strains. Comm. Pure Appl. Math., 25, 617-634.

[212] John, F. (1974). Formation of singularities in one-dimensional non-linear wave propagation. Comm.
Pure Appl. Math., 27, 377-405.

[213] John, F. (1976a). Wave propagation. In: Trends in the Application of Pure Mathematics to
Mechanics (G.Fichera, ed.), 175-185. London: Pitman.

[214] John, F. (1976b). Delayed singularity formation in solutions of non-linear wave equations in higher
dimensions. Comm. Pure Appl. Math., 29, 649-681.

[215] John, F. (1979). Blow-up of solutions of non-linear wave equations in three space dimensions.
Manuscripta Mathematica, 28, 235-268.

[216] John, F. (1981). Blow-up for quasi-linear wave equations in three space dimensions. Comm. Pure
Appl. Math., 34, 29-51.

[217] John, F. (1988). Almost global existence of elastic waves of finite amplitude arising from small
initial disturbances. Comm. Pure Appl. Math., 41, 615-666.

[218] Joseph, D.D. (1976). Stability of Fluid Motions. Vols. | and I1. Berlin-Heidelberg. Springer-Verlag.

[219] Kato, T. (1975). Quasi-linear equations of evolution with applications to partial differential
equations. Lecture Notes in Mathematics, 448, 25-70. Berlin-Heidelberg. Springer-Verlag.

[220] Kato, T (1977). Linear and quasi-linear equations of evolution hyperbolic type. CIME Lectures.
Italian Mathematical Society.

[221] Kienzler, R. and Herrmann, G. (2000). Mechanics in Material Space. Berlin: Springer-Verlag.

[222] Kirchgassner, K. (1982). Wave solutions of reversible systems and applications. J. Differential
Equations, 45, 113-127.

[223] Kirchhoff, G. (1859). Uber das Gleichgewicht und die Bewegung eines unendlich dunnen
elastischen Stabes. J. Reine Angew. Math., 56, 285-313.

[224] Kiselev, A.A. and Ladyshenskaya, O.A. (1957). On the existence and uniqueness of solutions of the
initial problem for viscous incompressible fluids. 1zvestia Akademii Nauk SSR., 26, 655-680.

[225] Knops, R.J. (1986). Instability and the ill-posed Cauchy problem in elasticity. In: Mechanics of
Solids. The Rodney Hill 60th. Anniversary Volume. (H. G. Hopkins and M.J. Sewell, eds.), 357-382.
Oxford: Pergamon Press.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[226] Knops, R.J. (1987). Existence of weak solutions to linear indefinite systems of differential
equations. Arch. Rational Mech. Anal., 98, 179-190.

[227] Knops,R.J. (2000). Aspects of spatial stability. Atti 2nd Simposio Internazionale. Problemi Attuali
dell’ Analisi e delle Fiscia Matematica (P.E.Ricci, ed.), 131-144. Rome: ARACNE.

[228] Knops, R.J. (2001). Elements of elastic stability theory. Topics in Finite Elasticity (Michael Hayes
and Giuseppe Saccomandi, eds), 169-230. CIME Courses and Lectures 424. Wien. New York: Springer-
Verlag.

[229] Knops, R.J. (2006). On local uniqueness in non-linear elastodynamics. Q. Appl. Math., 64, 321-333.

[230] Knops,R.J., Levine, H.A. and Payne, L.E. (1974). Non-existence, instability, and growth theorems
of solutions of a class of abstract non-linear equations with applications to non-linear elastodynamics.
Arch. Rational Mech. Anal., 55, 52-72.

[231] Knops, R.J. and Payne, L.E. (1968a). On the stability of solutions to the Navier-Stokes equations
backward in time. Arch. Rational Mech. Anal., 29, 331-335.

[232] Knops, R.J. and Payne, L.E. (1968b). Uniqueness in classical elastodynamics. Arch. Rational Mech.
Anal., 27, 349-355.

[233] Knops, R.J. and Payne, L.E. (1970). On uniqueness and continuous dependence in dynamical
problems of linear thermoelasticity. Int. J. Solids Structs., 6, 1173-1184.

[234] " Knops R. J. and Payne L.E.(1971a). Uniqueness Theorems in Linear Elasticity. Springer Tracts
in Natural Philosophy 19. Berlin: Springer-Verlag.

[235] Knops, R.J. and Payne, L.E. (1971b). Growth estimates for solutions of evolutionary equations in
Hilbert space with applications in elastodynamics. Arch. Rational Mech. Anal., 41, 363-398.

[236] Knops, R.J. and Payne, L.E. (1988). Improved estimates for continuous data dependence in linear
elastodynamics. Math. Proc. Camb. Phil. Soc., 103, 535-559.

[237] Knops, R.J. and Payne, L.E. (1996a). Continuous dependence on base data in an elastic prismatic
cylinder. J. Elasticity, 64, 179-190.

[238] Knops, R.J. and Payne, L.E. (1996b). The effect of a variation in the elastic moduli on Saint-
Venant’s principle for a half-cylinder. J. Elasticity, 44, 161-182.

[239] Knops, R.J., Rionero, S. and Russo, R. (1991). Stability and related results in linear elastodynamics
on unbounded regions. Arch. Rational Mech. Anal., 115, 179-200.

[240] Knops, R.J. and Steel, T:R. (1969a). Uniqueness in the linear theory of a mixture of two elastic
solids. Int. J. Engng. Sci., 7, 571-577.

[241] Knops, R.J. and Steel, T.R. (1969b). On the stability of a mixture of two elastic solids. J. Composite
Materials, 3, 652-663.

[242] Knops, R.J. and Stuart, C.A. (1984). Quasi-convexity and uniqueness of equilibrium solutions in
non-linear elasticity. Arch. Rational Mech. Anal., 86, 233-249.

[243] Knops, R.J., Trimarco, C. and Williams, H.T. (2003). Uniqueness and complementary energy in
non-linear elastostatics. Meccanica, 38, 519-534.

[244] “Knops, R. J. and Wilkes, E.W. (1973). Theory of Elastic Stability. Handbuch der Physik
(C.truesdell, ed.), Vl/a, 125-302. Berlin. Heidelberg: Springer-Verlag.

[245] Knowles, J.K. and Sternberg, E. (1972). On a class of conservation laws in linearized and finite
elastostatics. Arch. Rational Mech. Anal., 44, 187-211.

[246] Koiter, W.T. (1963). On the instability of equilibrium in the absence of a minimum of the potential
energy. Proc. Kon. Ned. Akad. Wet., B66, 173-177.

[247] Koiter, W.T. (1965a). The concept of stability of equilibrium for continuous bodies. Proc. Kon.
Ned. Akad. Wet., B68, 107-113.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[248] Koiter, W.T. (1965b). The energy criterion of stability for continuous elastic bodies. Proc. Kon.
Ned. Akad. Wet., B68, 178-202.

[249] Koiter, W.T. (1969). On the thermodynamic background of elastic stability theory. In: Problems of
Hydrodynamics and Continuum Mechanics. The Sedov Anniversary Volume. 243-433. Philadelphia:
SIAM.

[250] Koiter, W.T. (1971). Thermodynamics of elastic stability. In: Proceedings Third Canadian Congress
Appl. Mech. Calgary. 29-37.

[251] Koiter, W.T. (1976). A basic open problem in the theory of elastic stability. In: Symposium on
Applications of Methods of Functional Analysis to Problems in Mechanics. IUTAM/IMU Symposium
Marseille. Lecture Notes in Mathematics, 503, 366-373. Berlin. Heildelberg: Springer-Verlag.

[252] Korn, A. (1907a). Sur un probléme fondamental dans la théorie de I’élasticité. C.R. Acad. Sci.
Paris, 145, 165-169.

[253] Korn, A. (1907b). Sur les équations de I’élasticité. Ann. Sci. Ecole Norm. Sup. Serie 3. 24, 9-75.

[254] Korn, A. (1908). Solution générale du probléme d’equilibre dans la théorie de I’élasticité dans le
cas ou les efforts sont données a surface. Ann. Fac. Sci. Univ. Toulouse. Serie 2. 10, 165-269.

[255] Korn, A. (1914). Uber die Lésungen der Grundprobleme der Elastizitatstheorie. Mat. Ann., 75, 497-
549.

[256] Kozhevnikov, A.N. (1989). On the second and the third boundary value problems of the static
theory of elasticity. Sov. Math. Dokl., 38, 427-430. (Russian version: Dokl. ANSSR., 302 (1988), 1308-
1312)

[257] Kristensen, J. (1999). On the non-locality of quasi-convexity. Ann. Inst. H. Poincaré, Anal. Non
Linéaire 16, 1-16.

[258] Kristensen, J. and Taheri, A. (2003). Partial regularity of strong local minimizers in the multi-
dimensional calculus of variations. Arch. Rational Mech. Anal., 170, 63-89.

[259] Kucher, V.A., Markenscoff, X. and Paukshto, M.V. (2004). Some properties of the boundary value
problem of linear elasticity in terms of stresses. J. Elasticity, 74, 135-145.

[260] Kupradze,V.D. (1963). Dynamical Problems in Elasticity. Progress in Solid Mechanics (I.N
Sneddon and R. Hill, eds.) Vol. l1l. Amsterdam: North-Holland.

[261] ~ Kupradze, V.D., Gegelia, T.G., Basheleishvili, M.O. and Burahuladze, T.V. (1979). Three-

dimensional Problems of the Mathematical Theory of Elasticity and Thermoelasticity (V.D. Kupradze,
ed.). Amsterdam. New York. Oxford: North-Holland.

[262] © Lacey, A. A. (1998). Diffusion models with blow-up. J. Comp. Appl. Maths., 97, 39-49.

[263] © Ladyzhenskaya, O.A. (1969). The Mathematical Theory of Viscous Incompressible Flow.
London: Gordon and Breach.

[264] Ladyzhenskaya, O. A., Solonnikov, V.A. and Ural’tseva, N.N. (1968). Linear and Quasi-linear
Equations of Parabolic Type. Providence R.I: Amer. Mathematical Soc. (Russian edition Moscow: Nauk
(1967).)

[265] Ladyzhenskaya, O. A. and Ural’tseva, N.N. (1973). Linear and Quasi-linear Equations of Elliptic
Type. New York: Academic Press. (Russian edition Moscow: Nauk).

[266] © Landau, L. D. and Lifshitz, E. M. (1959). Fluid Mechanics. London: Pergamon Press.

[267] ©Lavrent’ev, M.M., Romanov, V.G. and Shishatskii, S.P. (1986). Ill-posed Problems of

Mathematical Physics (translated by J.R. Schulenberger). Translations of Mathematical Monographs 64.
Providence, R.l.: American Mathematical Society.

[268] Lax, P. and Milgram, N. (1954). Parabolic Equations. Contributions to the Theory of Partial
Differential Equations. Annals of Mathematical Studies, 33, 167-190. Princeton: University Press.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[269] Lebeau, G. and E. Zuazua, E. (1999). Decay rates for the three-dimensional linear system of
thermoelasticity. Arch. Rational Mech. Anal., 148, 179-231.

[270] Leray, J. (1933). Etude de diverses équations intégrales nonlinéaires et de quelques problémes que
pose I’hydrodynamique. J. Math. Pures Appl., 12, 1-82.

[271] Leray, J. (1934a). Essai sur les mouvements plans d’ un liquide visqueux que limitent des parois. J.
Math. Pures Appl., 13, 331-418.

[272] Leray, J. (1934b). Essai sur le mouvement d’ un liquide visqueux emplissant I’ espace. Acta
Mathematica, 63, 193-248.

[273] Leseduarte, M.C. and Quintanilla, R. (2005). Saint-Venant decay rates for a non homogeneous
isotropic mixture of elastic solids in anti-plane shear. Int. J. Solids Structs., 42, 2977-3000.

[274] Leseduarte, M.C. and Quintanilla, R. (2006). Instability, non-existence and uniqueness in elasticity
with porous dissipation. Differential Equations and Non-linear Mechanics, 2006, 1-14.

[275] Levine, H. A. (1977). An equipartition of energy theorem for weak solutions of evolutionary
equations in a Hilbert space. The Lagrange identity method. J. Differential Equations, 24, 197-210.

[276] Levitin, M. (1992). On a spectrum of a generalized Cosserat problem. C. Rend. Acad. Sci. Paris,
Serie 1. 315, 925-930.

[277] Lin, P. (1990). Maximization of the entropy for an elastic body free of surface traction. Arch.
Rational Mech. Anal., 112, 161-191.

[278] Lin, C and Payne, L.E. (1993). On the spatial decay of ill-posed parabolic problems. Math. Mod.
Meth. Appl. Sci., 3, 563-575.

[279] Lin, C. and Payne, L.E. (2004a). Spatial decay bounds in the channel flow of an incompressible
viscous flow. Math. Meth. Appl. Sci., 14, 795-818.

[280] Lin, C. and Payne, L.E. (2004b). Continuous dependence of heat flux on spatial geometry for the
generalized Maxwell-Catteneo system. J. Appl. Math. Phys. (ZAMP), 55, 575-591.

[281] Lin, C and Payne, L.E. (2007). Structural stability for a Brinkman fluid. Math. Mod. Meth. Appl.
Sci., 30, 567-578.

[282] " Lions, P-L. (1998a). Mathematical Topics in Fluid Mechanics. Vol. 1. Incompressible Models.
Oxford: Oxford University Press.

[283] " Lions,P-L. (1998b). Mathematical Topics in Fluid Mechanics. Vol.2. Compressible Models.
Oxford: Oxford University Press.

[284] Liu, L. and Liu, Z. (1996). On the type of C,-semigroup associated with the abstract linear
viscoelastic system. J. Appl. Math. Phys. (ZAMP), 47, 1-15.

[285] Liu, Z. and Zheng, S. (1996). On the exponential stability of linear viscoelasticity and
thermoeviscoelasticity. Q. Appl. Math., 54, 21-31.

[286] Lord, H. W. and Shulman, Y. (1967). A generalized dynamical theory of thermoelasticity. J. Mech.
Phys. Solids, 15, 299-309.

[287] "Love, A.E.H. (1952). A Treatise on the Mathematical Theory of Elasticity. Fourth Edition.
Cambridge: Cambridge University Press.

[288] Lupoli, C. (1995). Some problems of spatial behaviour in continuum mechanics. Ph.D. Thesis.
Heriot-Watt University. Edinburgh.

[289] Lupoli, C. (1993). A Phagmén-Lindeldf principle for the thermoelastic cylinder of variable cross-
section. Meccanica, 28, 315-325.

[290] MacCamy, R.C. (1970). Existence, uniqueness and stability of solutions of the equation
U, = 0/0x (o (u,) + A(U,)U,, ) . Indiana Univ. Math. J., 20, 231-238.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[291] Maddocks, J.H. (1984). Stability of non-linearly elastic rods. Arch. Rational Mech. Anal., 85, 311-
354.

[292] " Maélek, J., Necas, J., Rokyta, M. and RauZicka, M. (1996). Weak and Measure-Valued Solutions
to Evolutionary PDEs. London: Chapman & Hall.

[

[293] Malek, J., Rajagopal, K.R. and Rauzitka, M. (1995). Existence and regularity of solutions and
stability of the rest state for fluids with shear dependent viscosity. Math. Mod. Meth. Appl. Sci., 5, 789-
812.

[294] Maremonti, P. and Russo, R. (1997). On existence and uniqueness of classical solutions to the
stationary Navier-Stokes equations and to the traction boundary value problem of linear elastostatics. In:
Classical Problems in Mechanics (R. Russo, ed.). Quaderni di Matematica, 1, 171-251. Caserta:
ARACNE.

[295] Mareno, A. (2004). Uniqueness of equilibrium solutions in second-order gradient non-linear
elasticity. J. Elasticity, 74, 99-107.

[296] " Marsden, J.E. and Wan, Y.H. (1983). Linearization stability and Signorini series for the traction
problem in elastostatics. Proc. Roy. Soc. Edinburgh, A95, 171-180.

[297] Marsden J.E. and Hughes T.J.R. (1983). Mathematical Foundations of Elasticity. New Jersey:
Prentice-Hall.

[298] Martinez, F. and Quintanilla, R. (1995). Existence and uniqueness of solutions to the equations of
incremental thermoelasticity with voids. Trends in the Applications of Mathematics to Mechanics
(M.D.P.M. Marques and J.F. Rodrigues, eds.), 45-56. Pitman Monographs in Pure and Applied
Mathematics. VVol. 77. Harlow: Longmans.

[299] Martin, S. and Quintanilla, R. (2002). Existence of unbounded solutions in thermoelasticity.
Proceedings of 11th Conference on Waves and Stability in Continuous Media (WASCOM 2001), Porto
Ercole, Grosseto, Italy, June 2001.(R. Monaco, M.Pandolfi and S.Rionero, eds.), 316-321. Singapore:
World Scientific.

[300] Mathematical Hydrodynamics. (2007). Proceedings of Workshop, Steklov Institute, Moscow 2006.
(W. Craig, A.V. Fursikov, P. Gérard, S.B. Kuksin, A.G. Sergeev and C.E. Wayne , eds.). Russian
Mathematical Surveys 62, 407-614.

[301] Maugin, G. (1993). Material Inhomogeneities in Elasticity. London: Chapman & Hall,

[302] Meyer, O.E. (1874a). Zur Theorie der inneren Reibung. J. Reine Agnew. Math., 78, 130-135.
[303] Meyer, O.E. (1874b). Theorie der elastischen Nachwirkung. Ann. Physik, 151, 108-119.
[304] Meyer, O.E. (1875). Zusatz zu der Abhandlung. J. Reine Agnew. Math., 80, 315-316.

[305] Mielke, A. (1991). Hamiltonian and Lagrangian Flows on Center Manifolds. Lecture Notes in
Mathematics. 1489. Berlin: Springer-Verlag.

[306] Mikhlin, S.G. (1973). The spectrum of operator bundles of elasticity theory. Uspekhi Mat. Nauk.
28, 43-82. (Engl. transl.: Russian Mathematical Surveys 28, 45-88.)

[307] Morrey, C.B. Jr. (1952). Quasi-convexity and the lower semicontinuity of multiple integrals.
Pacific J. Math., 2, 25-53.

[308] Morrey, C.B. Jr. (1966). Multiple Integrals in the Calculus of Variations. Berlin. Heidelberg. New
York: Springer-Verlag.

[309] Movchan, A.A. (1960a). Stability processes with respect to two metrics. J. Appl. Math. Mech. 24,
1506-1524. (Prikl. Mat. Mekh. 24, 988-1001 (in Russian)).

[310] Movchan, A.A. (1960b). On the stability of motion of continuous bodies. Lagrange’s theorem and
its converse. Inzh. Sb. 20, 3-20. (in Russian).

[311] *Miller, S. (1996). Variational models for microstructure and phase transitions. In: C.I.M.E.
Summer School “Calculus of Variations and Geometric Evolution Problems” (S. Hildebrandt and M.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

Struwe, eds). Cetraro.

[312] Mdiller, S., Qi, T. and Yan, B.S. (1994). On a new class of elastic deformations not allowing for
cavitation. Ann. Inst. H. Poincaré, Analyse Nonlinéaire, 11, 217-243.

[313] Miller, S. and Spector, S.J. (1995). An existence theory for non-linear elasticity that allows for
cavitation. Arch. Rational Mech. Anal., 131, 1-66.

[314] Miller, S. and Sverak, V. (2003). Convex integration for Lipschitz mappings and counterexamples
to regularity. Ann. Math., 157, 715-742.

[315] Mufioz-Rivera, J. E. (1992). Energy decay rates in linear thermoelasticity. Funkcial Ekvac., 35, 19-
30.

[316] Mufioz-Rivera, J. E. (1994). Asymptotic behaviour in linear viscoelasticity. Q. Appl. Math., 52,
629-648.

[317] Mufioz-Rivera, J .E and Quintanilla, R. (2008). On the time polynomial decay in elastic solids with
voids. J. Math. Anal. Appl., 338, 1296-13009.

[318] Murray, A.C. (1972). Uniqueness and continuous dependence for the equations of elastodynamics
without strain energy function. Arch. Rational Mech. Anal., 47, 195-204.

[319] " Muskhelisvili, N.I. (1953). Some Basic Problems of the Mathematical Theory of Elasticity. Third
Edition. Groningen: P. Noordhoff.

[320] Navarro, C. (1978). Asymptotic stability in linear thermovisco-elasticity. J. Math. Anal. Appl., 65,
399-431.

[321] Navarro, C.B. and Quintanilla, R. (1984). On existence and uniqueness in incremental
thermoelasticity. J. Appl. Math. Phys. (ZAMP), 35, 206-215.

[322] Neapolitan, R.E. and Edelstein, W.'S. (1973). Further study of Saint-Venant’s principle in linear
viscoelasticity. J. Appl. Math. Phys. (ZAMP), 24, 823-837.

[323] Neumann, F. (1885). Vorlesungen iber die Theorie der Elasticitat der festen Kdrper und des
Lichtathers. Leipzig: Teubner.

[324] Noether, E. (1918). Invariante Variationsprobleme. Nachr.Kdnig. Gesll.Wissen. Goéttingen.
Mathematics-Phys. Kl., 2, 235-257. (English Transl: Transport Theory and Statistical Physics 1, 186-
207).

[325] Noll, W. (1978). A general framework for problems in the statics of finite elasticity. In:
Contemporary Developments in Continuum Mechanics and Partial Differential Equations. (G.M. de la
Penha and L.A.J. Medeiros, eds.). 363-387. Amsterdam: North-Holland.

[326] Nowacki, W. (1970). Theory of Micropolar Elasticity. International Centre for Mechanical
Sciences, Udine. Courses and Lectures 25. Wien. New York: Springer-Verlag.

[327] Nunziato, J. W. and Cowin, S. C. (1979). A non-linear theory of elastic materials with voids. Arch.
Rational Mech. Anal., 72, 175-201.

[328] " Ogden, R.W. (1984). Non-Linear Elastic Deformations. Chichester: Ellis Horwood (Wiley).

[329] Oleinik, O.A. and Yosifian, G. A. (1982). On the asymptotic behaviour at infinity of solutions in
linear elasticity. Arch. Rational Mech. Anal., 78, 29-53.

[330] Olver, P.J. (1986). Applications of Lie Groups to Differential Equations. New York: Springer-
Verlag.

[331] Padula, M. (1997). Steady flows of barotropic viscous fluids. In: Classical Problems in Mechanics
(R. Russo, ed.). Quaderni di Matematica, 1, 253-345. Caserta: ARACNE.

[332] Payne, L.E. (1965). Uniqueness criteria for steady state solutions of the Navier-Stokes equations.
Atti. Symp. Inter. Appl. dell’Anal. alla Fiscia Mat. Cagliari-Sassari (Sardinia 1964), 130-153. Rome:
Edizioni Cremonese.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[333] Payne, L.E. (1967). On the stability of solutions of the Navier-Stokes equations and convergence to
steady state. SIAM J. Appl. Math., 15, 392-405.

[334] "Payne, L. E. (1975). Improperly Posed Problems in Partial Differential Equations. Regional
Conference Series in Applied Mathematics. 24. Philadelphia: SIAM.

[335] Payne, L.E. and Schaefer, P.W. (2007). Lower bounds for blow-up time in parabolic problems
under Dirichlet conditions. J. Math. Anal. Appl., 328, 1196-1205.

[336] Payne, L.E. and Song, J.C. (2002). Growth and decay in generalized thermoelasticity. Int. J. Engng.
Sci., 40, 385-400.

[337] Payne, L.E. and Song, J.C. (2004). Temporal decay bounds in generalized heat conduction. J. Math.
Anal. Appl., 294, 82-95.

[338] Payne, L.E. and Song, J.C. (2007a). Spatial decay in a double diffusive convection problem in
Darcy flow. J. Math. Anal. Appl., 330, 864-875.

[339] Payne, L.E. and Song, J.C. (2007b). Lower bounds for the blow-up time in temperature dependent
Navier-Stokes flow. J. Math. Anal. Appl., 335, 371-376.

[340] Payne, L.E. and Song, J.C. (2007c). Improved spatial decay bounds in generalized heat conduction.
J. Appl. Math. Phys. (ZAMP), 56, 805-820.

[341] Payne, L. E. and Straughan, B. (1989a). Order of convergence estimates on the interaction term of a
micropolar fluid. Int. J. Engng. Sci., 27, 837-846.

[342] Payne, L. E. and Straughan, B. (1989b). Comparison of viscous flow backward in time with small
data. Int. J. Non-linear Mech., 24, 209-214.

[343] Payne, L.E. and Weinberger, H.F. (1957). Note on a lemma of Finn and Gilbarg. Acta
Mathematica, 98, 297-299.

[344] Payne, L.E. and Weinberger, H.F. (1961). On Korn’s inequality. Arch. Rational Mech. Anal., 8, 89-
98.

[345] Pobedria, B.E. (1979). Some general theorems of the mechanics of a deformable solid. Prikl. Mat.
Mekh. 43, 531-541. (Engl. transl.: J. Appl. Math. Mech., 43, 571-581.)

[346] Post, K. and Sivalogananthan, J. (1997). On homotopy conditions and the existence of multiple
equilibria in finite elasticity. Proc. Roy. Soc. Edinburgh, A127, 597-614.

[347] Potier-Ferry, M. (1982). On the mathematical foundations of elastic stability theory 1. Arch.
Rational Mech. Anal., 78, 55-72.

[348] " Protter, M.H. and Weinberger, H.F. (1967). Maximum Principles in Differential Equations. New
Jersey: Prentice-Hall Inc.

[349] Pucci, C. (1955). Sui problemi di Cauchy non “ben posti”. Rend. Accad. Naz. Lincei, 18, 473-477.
[350] Pucci, P and Serrin, J. (1986). A general variational identity. Indiana Univ. Math. J., 35, 681-703.

[351] Pucci, P. and Serrin, J. (1995). Asymptotic stability for non-autonomous dissipative wave systems.
Comm. Pure Appl. Math., 48, 1-40.

[352] Quintanilla, R. (1997). Uniqueness in non-linear theory of porous elastic materials. Arch. of Mech.,
49, 67-75.

[353] Quintanilla, R. (1998). Phragmén-Lindel6f alternative in non-linear viscoelasticity. Non-linear
Analysis, 34, 7-16.

[354] Quintanilla, R. (1999). On the spatial behaviour in thermoelasticity without energy dissipation. J.
Thermal Stresses, 22, 213-224.

[355] Quintanilla, R. (2001a). End effects in thermoelasticity. Math. Meth. Appl. Sci., 24, 93-102.

[356] Quintanilla, R. (2001b). Instability and non-existence in the non-linear theory of thermoelasticity
without energy dissipation. Continuum Mech. Thermodyn., 13, 121-129.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[357] Quintanilla, R. (2002a). On existence in thermoelasticity without energy dissipation. J. Thermal
Stresses, 25, 195-202.

[358] Quintanilla, R. (2002b). Exponential stability in the dual-phase-lag heat conduction theory. J. Non-
Equilibrium Thermodynamics, 27, 217-227.

[359] Quintanilla, R. (2003a). Convergence and structural stability in thermoelasticity. Applied
Mathematics and Computation, 135, 287-300.

[360] Quintanilla, R. (2003b). A condition on the delay parameters in the one-dimensional dual-phase-lag
thermoelastic theory. J. Thermal Stresses, 26, 713-721.

[361] Quintanilla, R. (2004). Comparison arguments and decay estimates in non-linear viscoelasticity. Int.
J. Non-linear Mech., 39, 55-61.

[362] Quintanilla, R. (2005). On spatial decay estimates for nonsimple theories. Trends in Applications of
Mathematics to Mechanics (Y. Wang and K. Hutter, eds.), 399-408. Aachen: Shaker-Verlag.

[363] Quintanilla, R. (2007a). Impossibility of localization in linear thermoelasticity with voids. Mechs.
Res. Comm., 34, 522-527.

[364] Quintanilla, R. (2007b). Impossibility of localization in linear thermoelasticity. Proc. Roy. Soc.
London A463, 3311-3322.

[365] Quintanilla, R. (2008). A well posed problem for the dual- phase-lag heat conduction. J. Thermal
Stresses, 31, 260-269.

[366] Quintanilla, R. and Racke, R. (2003). Stability in thermoelasticity of type Ill. Discrete and
Continuous Dynamical Systems, B.3, 383-400.

[367] Quintanilla, R. and Racke, R. (2006a). A note on stability of dual-phase-lag heat conduction. Int. J.
Heat and Mass Transfer, 49, 1209-1213.

[368] Quintanilla, R. and Racke, R. (2006b) . Qualitative aspects in dual-phase-lag thermoelasticity.
SIAM J. Appl. Math., 66, 977-1001.

[369] Quintanilla, R. and Racke, R. (2007) . Qualitative aspects in dual-phase-lag heat conduction. Proc.
Roy. Soc. London A463, 659-674.

[370] Quintanilla, R. and Saccomandi, G. (2008). Quasistatic anti-plane motion in the simplest theory of
non-linear viscoelasticity. Non-linear Analysis Series B: Real World Applications, 9, 1499-1517.

[371] Quintanilla, R. and Straughan, B. (2000). Growth and uniqueness in thermoelasticity. Proc. Roy.
Soc. London, A456, 1419-1429.

[372] Quintanilla, R. and Straughan, B. (2004). A note on discontinuity waves in Type Il
thermoelasticity. Proc. Roy. Soc. London, A460, 1169-1175.

[373] Racke, R. (1990). On the Cauchy problem in non-linear 3-d thermoelasticity. Math. Z., 203, 649-
682.

[374] Racke, R. (2002). Thermoelasticity with second sound. Exponential stability in linear and non-
linear one-dimensional theories. Math. Meth. Appl. Sci., 25, 409-441.

[375] Racke. R. (2003). Asymptotic behaviour of solutions in two or three dimensional thermoelasticity
with second sound. Q. Appl. Math., 61, 315-328.

[376] Racke, R. and Shibata, Y. (1991). Global smooth solutions and asymptotic stability in one-
dimensional non-linear thermoelasticity. Arch. Rational Mech. Anal., 116, 1-34.

[377] Rajagopal, K.R. (1993). Mechanics of non-Newtonian fluids. In: Recent Developments in
Theoretical Fluid Mechanics. (G.P Galdi and J. Necas, eds.) Pitman Res. Notes in Mathematics, 291,
129-162. Harlow: Longmans.

[378] * Rajagopal, K.R. and Tao, L. (1995). Mechanics of Mixtures. Singapore: World Scientific.

[379] Reissig, M. and Wang, Y. G. (2005). Cauchy problems for linear thermoelastic systems of Type Il
in one space variable. Math. Meth. Appl. Sci. 28, 1359-1381.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[380] "Renardy, M., Hrusa, W.J. and Nohel, J.A. (1987). Mathematical Problems in Viscoelasticity.
Harlow: Longman Scientific and Technical.

[381] Reynolds, O. (1895). On the dynamical theory of incompressible viscous fluids and the
determination of criterion. Phil. Trans. Roy. Soc. London, A186, 123-164.

[382] Rice, J.R. (1968a). Mathematical analysis in the theory of fracture. In: Fracture: An Advanced
Treatise (H. Liebowitz, ed.) Vol.ll, 191-311. New York: Academic Press.

[383] Rice, J.R. (1968b). A path-independent integral and the approximate analysis of strain
concentration by notches and cracks. J. Appl. Mech., 35, 379-386.

[384] Rionero, S. (1968). Metodi variazionali per la stabilita asintotica in media in magnetoidrodinamica.
Ann. Mat. Pura Appl., 78, 339-364.

[385] Rionero, S. and Chirita, S. (1987). The Lagrange identity method in linear thermoelasticity. Int. J.
Engng. Sci., 25, 935-947.

[386] Rionero, S. and Chirita, S. (1989). New reciprocal and continuous dependence theorems in linear
theory of viscoelasticity. Int. J. Engng. Sci., 27, 1023-1036.

[387] Rionero, S. and Galdi, G.P. (1976). On the uniqueness of viscous fluid motions. Arch. Rational
Mech. Anal., 62, 295-301.

[388] " Rivlin, R.S. (1960). Some topics in finite elasticity. In: Structural Mechanics, (J.N Goodier and
N. J. Hoff, eds.), 169-198. New York: Pergamon Press.

[389] Rivlin, R.S. (1966). The fundamental equations of non-linear continuum mechanics. In: Dynamics
of Fluids and Plasmas (S. I. Pai et al, eds.), 83-126. New York: Academic Press.

[390] Rivlin, R.S. and Ericksen, J.L. (1955). Stress-deformation relations for isotropic materials. J.
Rational Mech. Anal., 4, 323-425.

[391] Russo, R. (1988). An extension of basic theorems of linear elastostatics to exterior domains. Ann.
Univ. Ferrara (VII), 34, 101-119.

[392] Russo, R. (1992). On the traction problem in linear elastostatics. J. Elasticity, 27, 57-68.

[393] Scalpato, M.R. and Horgan, C.O. (1997). Saint-Venant decay rates for an isotropic homogeneous
linearly elastic solid in anti-plane shear. J. Elasticity, 48, 145-166.

[394] Serrin, J. (1959). On uniqueness of compressible fluid motion. Arch. Rational Mech. Anal., 3, 271-
288.

[395] Serrin, J. (1963). The initial value problem for the Navier-Stokes equations. In: Non-linear
Problems (R.E.Langer, ed.), 69-80. Madison: University of Wisconsin Press.

[396] Serrin, J. (1969). The problem of Dirichlet for quasi-linear elliptic differential equations with many
independent variables. Phil. Trans. Roy Soc. London, A 264, 413-496.

[397] Serrin, J. (1972). Mathematical Principles of Classical Fluid Mechanics. In: Handbuch der Physik
(C. Truesdell, ed.) VI111/1, 125-262. Berlin: Springer-Verlag.

[398] Shield R.T. (1980). On uniqueness for the traction boundary-value of linear elastostatics. In:
Mechanics Today (S. Nemat-Nasser, ed.). 5, 437-453. Oxford: Pergamon Press.

[399] Sideris, T.C. and Thomases, B. (2007). Global existence for three-dimensional incompressible non-
linear isotropic elasticity for small initial displacement. Comm. Pure and Appl. Math., LX(12), 1707-
1730.

[400] Signorini, A. (1930). Sulle deformazioni termoelastiche finite. Proc. Third Int. Congr. Appl.
Mechs., 2, 80-89.

[401] Signorini, A. (1933). Sopra alcune questioni di elastostatica. Atti. Soc. Ital. Prog. delle Scienze.

[402] Signorini, A. (1943). Trasformazioni termoelastiche finite. Mem 1. Ann. Mat. Pura Appl., 30, 1-
72.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[403] Signorini, A. (1949). Trasformazioni termoelastiche finite. Mem 2% . Ann. Mat. Pura Appl., 22, 33-
143.

[404] Signorini, A. (1955). Trasformazioni termoelastiche finite. Mem 3 . Solidi incomprimibili. Ann.
Mat. Pura Appl., 39, 147-201.

[405] Signorini, A. (1959). Questioni di elasticitd non-linearizzata o semilinearizzata. Rend. di Mat. Appl.,
18, 1-45.

[406] Silhavy M. (1997). The Mechanics and Thermodynamics of Continuous Media. Berlin: Springer-
Verlag.

[407] Sivaloganathan, J. and Spector, S.J. (2000). On the optimal location of singularities arising in
variational problems of elasticity. J. Elasticity, 58, 191-224.

[408] Sivaloganathan, J. and Spector, S.J. (2002). A construction of infinitely many singular solutions to
the equations of non-linear elasticity. Proc. Roy. Soc. Edinburgh, A132, 985-992.

[409] Sivaloganathan, J. and Spector, S.J. (2003). Myriad cavitation solutions in radial elasticity. SIAM J.
Appl. Math., 63, 1461-1473.

[410] Slemrod, M. (1981). Global existence, uniqueness and asymptotic- stability of classical smooth
solutions in one-dimensional non-linear thermoelasticity. Arch. Rational Mech. Anal., 76, 97-133.

[411] Sofer, M.(1992). A note on the growth of trajectories in non-linear elastodynamics. J. Elasticity, 28,
185-192.

[412] Sokolnikoff, I.S. (1956). Mathematical Theory of Elasticity. New York Toronto London: McGraw-
Hill Book Company.

[413] Song, J.C. (1989). Continuous dependence on the time and spatial geometry for the equations of
thermoelasticity. Math. Meth. Appl. Sci., 11, 317-329.

[414] Stopelli, F. (1954). Un teorema di esistenza e di unicita relative alle equazione dell elastostatica
isoterma per deformazioni finite. Richerche Mat., 3, 247-267.

[415] Stopelli, F. (1955). Sulle svrilluppibititd in serie di potenze di un parmetro delle soluzione dell
equazione dell’elastitica isoterma. Richerche Mat., 4, 58-73.

[416] Stopelli, F. (1957). Sull’esistenza di soluzioni delle ewquazioni dell’ elastostatica isoterma nel caso
di sollectizioni datate di assi di equilibro. I. Richerche Mat., 6, 241-287.

[417] Stopelli, F. (1958). Sull’esistenza di soluzioni delle equazioni dell’ elastostatica isoterma nel caso di
sollectizioni datate di assi di equilibro. Il, Il. Richerche Mat., 7, 71-101, 138-52.

[418] Straughan, B. (1993). Mathematical Aspects of Penetrative Convection. Pitman Research Notes in
Mathematics, 288. Harlow: Longmans.

[419] Straughan, B. (1998). Explosive Instabilities in Mechanics. Berlin: Springer-Verlag.
[420] * Straughan, B. (2004). The Energy Method, Stability, and Non-linear Convection. Appl. Math.
Sci., 91. Berlin. Heidelberg: Springer-Verlag.

[421] Stuart, C.A. (1985). Radially symmetric cavitation for hyperelastic materials. Ann. Inst. Henri
Poincaré. Anal. Nonlinéaire, 2, 33-66.

[422] Stuart, C.A. (1993). Estimating the critical radius for radially symmetric cavitation. Q. Appl. Math.,
51, 251-263.

[423] Sverék, V. (1992). Rank-one convexity does not imply quasi-convexity. Proc. Roy. Soc. Edinburgh
120, 185-189.

[424] Sychev, M.A. (1999). A new approach to Young measure theory, relaxation and convergence in
energy. Ann. Inst. Henri Poincaré Anal. Nonlinéaire. 16, 773-812.

[425] Székelyhidi, L. Jr. (2004). The regularity of critical points of polyconvex functionals. Arch.
Rational Mech. Anal., 172, 133-152.

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

[426] Taheri, A. (2003). Quasi-convexity and uniqueness of stationary points in the multi-dimensional
calculus of variations. Proc. AMS, 131, 3101-3107.

[427] Taheri, A. (2005). Local minimizers and quasi-convexity-the impact of topology. Arch. Rational
Mech. Anal., 176, 363-414.

[428] " Tartar L. (2006). An Introduction to Navier-Stokes Equation and Oceanography. Lecture Notes
of the Unione Matematica Italiana. Berlin: Springer-Verlag.

[429] * Temam, R. (1979). The Navier-Stokes Equations. Amsterdam: North-Holland.

[430] Temam, R. (1983). Navier-Stokes Equations and Non-linear Functional Analysis. Regional
Conference Series in Applied Mathematics. 41. Philadelphia: SIAM.

[431] Thompson J.L. (1969). Some existence theorems for the traction boundary value problem of
linearized elastostatics. Arch. Rational Mech. Anal., 32, 369-399.

[432] Tikhonov, A. N. and Arsenin, V.Y. (1977). Solutions of IlI-Posed Problems. New York: Winston
(Wiley).

[433] " Tikhonov, A.N., Leonov, A.S. and Yagola, A.G. (1998). Non-linear Ill-Posed Problems. Vols |

and Il. London: Chapman & Hall. (Revised and translated from edition first published (1989) by
Moscow: Nauka.)

[434] Toupin, R. A. (1965). Saint-Venant’s principle. Arch. Rational Mech. Anal., 18, 83-96.
[435] Tritton, D.J. (1988). Physical Fluid Dynamics. Second Edition. New York: van Nostrand Reinhold.

[436] Truesdell, C. (1978). Some challenges offered to analysis by rational thermodynamics. In:
Contemporary Developments in Continuum Mechanics and Partial Differential Equations. (G.M. de la
Penha and L.A.J. Medeiros, eds.), 495-603. Amsterdam: North-Holland.

[437] " Truesdell, C. and Noll, W. (1965). The Non-linear Field Theories of Mechanics. Handbuch der
Physik, (S.Fligge, ed.) 111/3, 1-604. Berlin: Springer-Verlag.

[438] " Truesdell, C. and Toupin, R. (1960). The Classical Field Theories. Handbuch der Physik
(S.Flugge ed.), 111/1, 226-881. Berlin: Springer-Verlag.

[439] Tzou, D.Y. (1995). A unified approach for heat conduction from macro to micro-scales, ASME J.
Heat Transfer, 117, 8-16.

[440] Valent, T. (1982). Local theorems of existence and uniqueness in finite elastostatics. In: Finite
Elasticity (D.E.Carlson and R.T.Shield, eds), 401-421. The Hague: Nijhoff.

[441] Valent, T. (1988). Boundary Value Problems in Finite Elasticity. Springer Tracts in Natural
Philosphy 31. Berlin: Springer-Verlag.

[442] Villaggio, P. (1997). Mathematical Models for Elastic Structures. Cambridge: Cambridge
University Press.

[443] " Virga, E.G. (1994). Variational Theories for Liquid Crystals. London: Chapman & Hall.
[444] Wang, C-C. and Truesdell, C. (1973). Introduction to Rational Elasticity. Groningen: Noordhoff.
[445] Weiss, B. (1967). Abstract vibrating systems. J. Math. Mech., 17, 241-255.

[446] Wheeler, L. (1977). A uniqueness theorem for the displacement problem in finite elastodynamics.
Arch. Rational Mech. Anal., 63, 183-189.

[447] Wheeler, L.T. and Sternberg, E. (1968). Some theorems in classical elastodynamics. Arch. Rational
Mech. Anal., 31, 51-89.

[448] Wilcox, C.H. (1979). Uniqueness theorems for displacement fields with locally finite energy in
linear elastostatics. J. Elasticity, 9, 221-243.

[449] Wilkes, N.S. (1978). Continuous dependence and instability in visoelasticity. J. de Mécanique, 17,

©Encyclopedia of Life Support Systems (EOLSS)



CONTINUUM MECHANICS - Introductory Topics In The Mathematical Theory Of Continuum Mechanics - R J Knops and R.
Quintanilla

717-726.

[450] Wilkes, N.S. (1980). On the nonexistence of semigroups for some equations of continuum
mechanics. Proc. Roy. Soc. Edinburgh, A86, 303-306.

[451] Yang, L. and Wang, Y. G. (2006). Well-posedness and decay estimates for Cauchy problems of
linear thermoelastic systems of type Il in 3-D. Indiana Univ. Math. J., 55, 1333-1361.

[452] Young, L. C. (1969). Lectures on the Calculus of Variations and Optimal Control Theory.
Saunders. Reprinted by Chelsea 1980.

[453] Zhang,X. and Zuazua, E. (2003). Decay of solutions of the system of thermoelasticity of Type III.
Comm. Contemporary Math., 5, 25-83.

Biographical Sketches

R.J. Knops. Emeritus Professor of Mathematics in Heriot-Watt University. Author and co-author of
numerous research publications on various aspects of qualitative behavior in Continuum Mechanics.

R.Quintanilla. Born 1956 in Barcelona, Spain. Received B.S. Mathematics from the University of
Barcelona in 1978 and PhD in Mathematics in 1985. He is a full professor in Applied Mathematics at the
Polytechnic University of Catalonia, Spain. His research interests are qualitative aspects of
thermomechanics and partial differential equations.

©Encyclopedia of Life Support Systems (EOLSS)



