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INTRODUCTION

The behavior of materials and waves in a dynamical setting offers many
challenging nonlinear probliems. The emphases of this workshop include phase tran-
sitions, change of type, asymptotic properties, and the interaction of waves with
themselves and with matter. Attempts are made to reconcile theory with
experiment. Methods of calculation will also be considered.

Jerry Bona
Constantine Dafermos
Jerry Ericksen

David Kinderlehrer
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Presence and absence of weak singularities in nonlinear waves
Michael Beals

Results and methods in the study of the propagation of smoothness and deve-
lopment of singularities for nonlinear strictly hyperbolic equations are sur-
veyed. General semilinear and yuasilinear equations are treated; a sclution
u £ HY(0) s assuned to exist on 0CR" for s sufficiently large. As in
the linear case, additional smoothness is propaygdated alonyg null bicharac-
teristics, but only up to order roughly 2s - %~ in general. HNonlinear singu-
larities develop, due to the interaction of linear singularities along
characteristics which cross, and {if n»>2) due to self-interaction alony a single

characteristic. Natural conditions wnich curtail the singuiarities due to self-

interaction in higher dimensions are examined.



"Existence and asymptotic behaviour for strang
solutions of the Navier-Stokes equations in the
whole space”,
by H. Beirac da Veiga

Abstract. We consider the initial value problem for the
non-stationary Navier-Stokes equation in the whole space R™. In the
sequel, a denotes the initial velocity, f the exterior force field, p the
pressure, v the velocity field, and u > 0 the viscosity. We assume that
a and f are divergence free. T ¢ J0,+00], is fixed. Dur main concern
will be the asymptotic behaviour of the solutions. We start by proving
that if a e La. f e LI(U,T: La), where L% = [La( Rn)}n. then there
exists a unique strong solution v e C ( [D.Ta[ : La), which norm in L%
verifies the estimate iv(t)la < y(t), vt e [O’Ta{' Tadenotes the time

existence of the maximal solution y(t) of the o.d.e. y'=k yq+ If(t)la,

with Cauchy data y(©)=lal,. Here, g= (3a-n) / (a-n), and k:cu*e
O=(n+a) / (a-n).

Concerning the global existence and the decay as t-+c0, we
praove that if the norm of a in L*N La, and the norm of f in
LYO.TL%) N L7©,T:LY) are sufficiently small (for brevity the bounds
are not written here), then the solution exists in [0,T] and verifies the

»

estimate

-B
f '
“V“C(D,T;La) <c [Eal2 +ifll . , ]
L (0. THL)

where B=2(a-n) / a(n-2). In particular, if f =0 and if lalPlal_< c.,

then 1V(t)|a§ c ia[z(ut)_Y; V t € ]0,+00[, where y=(a-2)n/4a.
Similar results hold also for the limit case a=n. Related results were
proved in [1] and [2].
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A CONFLUENCE OF EXPERIMENT AND THEORY FOR WAVES OF
FINITE STRAIN IN THE SOLID CONTINUUM

James F. Bel]
The Johns Hopkins University

ABSTRACT:
. T -1 T . . )

With TR’ R" =R ", V=V, as the first Piola-Kirchhoff stress tensor,
rigid body rotation, and pure homogeneous deformation respectively, experiment
on finite strain plasticity discloses that great order and simplification pre-
vail. One perceives this order not by attempting to relate a Cauchy stress ten-
sor with Cauchy-Green strain tensors, which leads to yreat complication in the
interpretation and unification of data, but by introducing and relating a stress

T
tensor o = RTRT and a strain tensor E =V - 1, where ¢ = aT and E =E.

For isotropic solids in which the strain energy W depends only on the
invariants of the strain tensor, E, it follows that the energy statement,

aw

trace TRT dF, and the polar decomposition theorem, F = VR, lead directly to

dW

trace o db, thus correlating with the quantities of importance in experi-
ment. The deformation gradient F has components axk/axm, where X refers to
the undeformed reference configuration.

Large plastic deformation in ordered solids is subject to an internal
constraint, trace E = 0, and its related stress which does no work. Together,
these characterize every aspect of experiment. An admissible form for this
stress which does no work, compatible with the internal constraint and with
experiment in general, is -{1/3)(trace o)l. In these terms, this stress is not

a hydrostatic component. The total stress S becomes

S =0 - (1/3)(trace o)l. {1)

Introducing 7% = 21IS, and (dl")2 = IIdE’ extensive experiment two decades
ago revealed that the second invariants of the total stress and the increment of
strain are related in a global statement

d
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dr = 2TdT/Ba2,

——
[
—

where Ba is a measured material constant.
The study of the response to non-proportiocnal stress paths, from small
strain to over bU%, has shown that the generalized strain T s path dependent.

The incremental constitutive eguations that follow are
dE = ZSdT/Baz_ (3)
Notiny from the above that TR = oR, equilibrium equations become
aaR/ ax + pr = o X, (4)

where PR is the density in the undeformed reference configuration and b
represents the body forces.

Within the framework of this incremental theory of finite strain plasticity
Ts d yuantum structure whose stable and unstable states are characterized by a
specific set ot reldtive reference configurations; they are desiynated by a set
of values of the second invariant ot the strain tensor IIE. Related to the
stable stress in this transition structure are the metalluryical recipes for
high strenyth metal alloys.

In the terms described above, fourteen documented experimental situations
are introduced and briefly described. For the finite strain of crystalline
solids, they encompass the dynanical problems in continuum physics that have
exhibited a genuine confluence between continuum experiment and internally con-
sistent continuum theory. The sulutions to these dynamical probiems in con-
tinuum physics constitute what 1 believe can be stated with assurance in this
context. The problems discussed are:

I.  One Dimensional wWaves of Finite Strain: Unaxial Stress {Compression}

II. Une Dimensional Waves of Finite Strain: Unaxial Stress {Tension)
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IIf.

Iv.

V1.
VII.
VIIIL.

IX.

Xl.
XI1.

X111,
Xlv,

Un the Interaction of Waves of Loadiny and Unioading

Wave Propagation at Finite Strain in a Relative Reference Confiyuration
Finite Strain Waves at a Linear Elastic-Plastic Boundary
Non-Symmetrical Impact: The Analysis of an Historical Problem

The Incremental Wave in Pre-Stressed Solids: Metals

The Incremental Wave in Pre-Stressed Solids: Rubber

The Surface Angle Measurement of Large Radial Motion for Waves in Rods
Wave Propagation in a Tnree Dimensional Axially-Symmetric Field

The Elastic Limit and Uuter Yield surface in Uynamic Plasticity

Un the Role of Dimensionless Universal Paramters at Finite Strain

McReynolds-Dilion Slow Waves during Finite Strain in Urdered Salids

Un the Generation of Radial Shear Waves at a Plastic-tlastic Boundary
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internat'l Jnl. of Plasticity, v.l, n.l, pp. 3-27.
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Finite Plastic Strain in Annealed Mild Stell During
Proportional and Non-Proportional Loadiny, Internat'l]

Jnl. 50l1ids and Structures, v.19, n,10, pp. 857-87Z.
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Shallow-Water and Sediment Transport
Jerry Bona

In shallow-water zones the evolution of waves is stronygly influenced by the
topoyraphy over which they propdayate. If the bed topoyraphy is made up of 4
movable substance such as sand, then it may in turn be shifted by the waves'
action. The entire system in view, comprising both the water and the bottom
surfaces, admits the possibility of complex self interaction.

A particular dynamical model of wave-bottom interaction will be proposed
that is especially appropriate for describing the formation of sand bars in
near-shore zones and sand ridges on continental shelves. The model is analyzed
and a numerical scheme yiven for tne approximation of its solutions. A confron-

tation of model predictions and laboratory and field data will be presented,



The acousto-clastic clfects

Joesph B. Keller

Abstract. A theorctical analysis of the acoustoelastic effect is presented. It is
based upon the theory of sound wave propagalion in a stressed helerogencous
weakly anisotropic clastic medinm composed of grains. The effect of residual
stress is included, and shown to be dillerent from that of applied stress. The
statistics of grain orientation and of grain correlation are taken into accouut. The
acoustoclastic coellicients and the ellects of dispersion, attenuation and symmetry
of the medivm are determined.



UNE DIMENS LUNAL FINITE AMPLITUDE PULSE PROPAGATION
IN ELECTRUELASTIC SEMICUNDUCTURS

Matt McCarthy
University College Galway

ABSTRACT:

Ihe propagation ot high frequency finjte amplitude pulses in electroelastic
semiconductors is examined usiny the techniyues of modulated simple wave theory.
The differential equations which yovern the propagation of high freguency pulses
are derived and their conseyuences are examined. small amplitude high frequency
pulses are examined in detail and the influence of the viasing electric field on
the evolutionary behaviour of such waves is discussed in deptn. The behaviour
of pulses of finite amplitude which propaydte into a region whicn is initjally
in a nhomoyeneous steady state is also examined and the behaviour of such pulses
1s studied in a number of particular situations. In particular the conditions

under which a finite amplitude pulse may become saturated are determined.

READING LIST:
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3. B.K. Ridley and J. Wilkinson, “A Theory of Acoustoelectric Yomains in
Piezoelectric Semiconductors, 11 Nonlinear Interactions." J. Phys. C. Ser.
2. 2, 1307 (1969).

4. B.K. Ridley, "A Theory of Nonlinear Acoustic Waves in a Piezoelectric
Semiconductor.” J. Phys. C. 4, 783 (1971).

5. H.G. de Lorenzi and H.F. Tiersten, "Un the Interaction of the
Electromaynetic Field with Heat Conducting Deformable Semiconductors.” J.
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6. M.F. McCarthy and H.F. Tiersten, "On Dimensional Acceleration Waves and
ACoustoelectric Domains in Piezoelectric Semiconductors." J. Appl. Phys.
47, 3389 (14y76).
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UN WEAK SOLUTIUNS FOR TRANSONIC FLOW
Cathleen S. Morawetz

Courant Institute of Mathematical Sciences

The flow of a two-dimensional coipressible inviscid irrotational fluid past
an arbitrary airfoil is studied usiny weak solutions and compensated compact -
ness. To simplify the problem the airfoil is symmetric and the tlow is reduced
to flow past a swooth bump as a wall and inside a box.

[t the speed is below cavitation speed on the boundary, the potential on the
two end walls x = U, x = a is prescribed; its nurmal derivative is zero on
Y = b, and on the bump y = Y(x). If no solution exists with the speed less
then or eyual to cavitation speed on x = a or y = Y(x) a free boundary is
introduced on which the speed is cavitation speed and 4 is constant.

Viscosity is introduced via the momentum equations. This leads to
wWpeVd = —p(|v¢|2 - qg(p)) where p is density, v is viscosity, Uy 1s speed
as given by Bernouilli's law. The additional boundary condition p = Py ON
X =0 1s introduced.

Uf course, the remaining eguation is conservation of mass: div oV = 0.

If the solution exists for v > 0 it has several estimates that are indepen-

dent of v and for exawple

7517 - gl) v A L
Une establishes limits for ¢ and ¢, the stream functions. However to prove that
the weak solution limits for ¢, ¢ satisfy the conservation of mass with p = ply)
where 4 is the weak 1imit of [v¢| requires the use of compensated compactness.

We need the additional hypothesis that in the interior as v » 0 the speed

reiains less than cavitation speed and yreater than zero. Then by introducing

solutions of the Tricomi-like equation K(u)Hee + Huu = 0, pH{u) < U, one is

able to prove that as v + 0, f(qg,8) » I f(g,8)dv and dv , the Young measure, is

-12-
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a Dirac measure. The convergence is in H{éc, Here & s flow angle which is

assumed bounded.

Reference

Un a weak solution for a transonic flow problem (to appear) C.S. Morawetz.
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EXTENUED THERMUDYNAMICS OF IUEAL GASES

) Ingo Myl ler
FB9-Hermann Fottingyer Institut
Technical University, Berlin

ABSTRACT:

The purpose of Extended Thermodynamics of ideal yases is to describe the
viscous and heat conductivity properties of yases by equations that are matrices
in some points to the usual Navier-Stokes and Fourier eyuations. There are
thirteen fields to be determined in Extended Thermodynamics, viz. mass density,
velocity, stress and neat tlux and thirteen field equations are needed. Tne
form of the field equations is strongly motivated by the Kinetic Theory of bGases
and they are closed by constitutive relations. The form of the constitutive

functions is restricted by three requirements

i) material objectivity
11) entropy inequality

111) hyperbolicity

It turns out that all constitutive functions can be determined from the thermal

and caloric equations of state in equilibrium and from measuremnents of viscosity
and neat conductivity. The resultiny field equations predict finite speeds for

snear waves and thermal waves and they describe the effects of inertica on

stress and heat flux. The entropy flux is calculated and used to show that

temperature is not in yeneral continuous at a "thermometric" surface.

-14-



PHASE TRANSITIONS, AOMISSIBILITY AND STABILITY IN 1-D
NUNLINEAR VISCOELASTICITY

Robert L. Peyo
Institute for Mathematics and its Applications
and
University of Michigan
ABSTRACT:
A simple model proposed by Ericksen for elastic bars admitting phase tran-

sitions is closely related to equations of isentropic motions of a van der MWaals
yas and equations for shearing motion in fluids admitting hysteretic phase
chanyes. In order to cope with the ill-posedness of the Cauchy problem in this
model and the question of elastic stability, we consider the associated

viscoelastic model of rate type, where the elastic stress is a nonmonotone func-

tion of the strain, From the 1imit of vanishing viscosity we derive an admissi-
bility criterion of Shearer [2] for elastic waves of discontinuous strain.
Shearer showed that this criterjon 1mplies the Riemann problem in the elastic
model can always be uniquely solved.

Nonmonotonicity implies that equilibria with discontinuous strain occur
with or without viscosity. Traditional static eneryy criteria for the stability
of such equilibria require the solution to be a strony minimizer of a stored-
energy functional, implying that the stored-energy density is the same in each
pnase. From a study of asymptotic behavior of solutions in the viscoelastic
model (a study initiated by vafermos, and Andrews and Ball [1}), with boundary
conditions corresponding to a “sott" loading device, we tfind that equilibria
which are extrema for the eneryy tunctional with positive second variation are
dynamically stable. Such equilibria admit the coexistence of "metastable" and
“stable" states of strain (the stored eneryy density may be higher in one phase
than another), and occur as stable asymptotic 1imits of smooth solutions. Also,
a precise description of the viscous smoothing of solutions in time versus per-
sisting Iimited regularity in space is obtained from a simple existence theory

based on tne abstract theory of semilinear parabolic equations.

-15-
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R. Hagan and M. Slemrod, The viscosity-capillarity admissihility criterion for
shocks and phase transitions, Arch. Rat. Mech. Anal. 83 (1983)333.

H. Weinberger, A simple system with a continuum of stable inhomogeneous steady
states, Lec. Notes in Num. Appl. Anal 5 (1982)345.
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Recent Results in Noniinear Wave Equations

dalal 5Shatah

Courant Institute

We will discuss lony time existence and asymptotic behaviour of small solu-
tions of nonlinear wave equations. In particular we will show that in 3+1 dimen-
sions a larye class of equations admit ylobal solutions whose asymptotic behaviour

is the same as the linear problem.

-17-



DYNAMICAL PRUBLEMS IN CONTINUUM PHYSICS

Marshall Stemrod
Renssealer Polytechnic Institute

ABSTRACT:

This talk discusses recent work of V. Roytburd and M. Slemrod on the

equations U, + p(w)x = U, We - U, = U, where p s taken to be of the type:
van der Waals equation of state with the Maxwell line construction. We give L
estimates for a reyularized problem and discuss passayge to tne limit via

L. Tartar's wethod of compensated compactness,

~18-



SUNE EXISTENCE, UNIQUENESS AND NUN UNIQUENESS RESULTS FOR
WEAKLY HYPERBOLIC EQUATIONS IN THE GEVREY CLASSES

Sergio Spagnolo
University of Pisa

ABSTRACT:

We consider the Cauchy problem
(L) Upy - vx(d(t,x)vxu) + b(t,x)qu + c{t,x}u = 0
(2) a(0,x) = ¢(x), U (0,x) = $(x)

with coefficients a,b,c which are ¢° on Rt x RQ and satisfy the weak

nyperbolicity condition:

a(t,x) 1s 4 real symmetric matrix > U.

[t is well known {e.y. consider the equation Upp + Uy = 0} that such a problem

X

may be non well-posea in the class (Cm(R:), However Pb. {(1),(2)} 1is well-

posed in the class A(R:) of the real analytic functions, or more generally in

any Gevrey class ES(R:) with L < s < 2, provided that the coefticients are
analytic, or Gevrey, in the x-variables. The situation yets better when

b(t,x) = U, For instance, the Cauchy problem for the equation
(3) U - v(a(t))vu) + clt,x)u =0

is "nearly well-posed” in %, in the sense that it is well-posed in any Gevrey
class E° with s » s , if c(t,s) belongs to E° for some s » 1 {see 1{1]). Un

the other hand the well-posedness in (* can fail, even for the simple equation

(4) utt - d(t)uxx = U,

indeed we can find o C% ftunction a{t) > U and two C™ tunctions ¢{x}, w{x)

for which Pb., {{4),(2)} has no lTocal solution in the class of distributions

(see [2]).

-19-
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A considerably stronger example of non well-posedness can be given, if we
permit the coefficients to depend also on the x-variables: there exist two C°
functions, a(t) and c(t,x), with a(t) >0 for t >0 and alt) = c(t,x} = 0
for t < U, such that Pb. {(3),(2)} has non-uniyue C* solutions (see [3}).

Similar examples of non uniqueness can be constructed for strictly hyperboelic

equations of the form (3), with a(t) Holder continuous and strictly positive,
A peculiarity of such examples with respect to others {cf. [4]) is in that here

the "frozen" equations

U - a(t)uxx

are hyperbolic for eacn (T,x)}, unifornly with respect to (T,x) (in the sense

that the chnaracteristic roots have fmaginary parts which are uniformly bounded).

REFERENCES:
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L2] F. Colombini and S. Spagnolo, "“An example of weakly hyperbolic Cauchy
problems not well posed in ™, Acta. Math. 148 (1982), p. 243-253,

L31 F. Colombini, E. Jannelli and S. spaynolo, “Non-uniqueness in hyperbolic
Lauchy Problems", to appear.

[4] C. Luily, "Uniqueness ana non-uniyueness in the Cauchy problem"
Birkhauser-Boston, Basel, Stuttgyart, 1983.
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UN THE DYNAMICS OF A COLLISIONLESS PLASMA

Waiter Strauss
Brown University

ABSTRACT:

[he dynamics of a hot dilute pliasma are described by thne Ylasov-Maxwell
systeum, where the only forces are electromaynetic. Starting with smooth initial
conditions, sinyularities could only be created by particles traveliny at speeds

arbitrarily close to the speed of liyht.

READING LLIST:

R. Glassey and W, Strauss, “Sinyularity formation in a collisionless plasma
could only occur at hignh velocities", Archive Rat. Mech. Anal., to appear.

R. Glassey and W. Strauss, "Remarks on collisioniess plasmas", Contemp. Math. 28
(1984), 269-279.
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