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48 scientists from 13 countries participated in this conference, which covered
the following three main topics in many-particle systems: the theory and
applications of the Boltzmann equation, the nonlinear systems connected
with the Vlasov equation (such' as the Vlasov-Poisson and Vlasov-Maxwell
systems), and the quantum mechanical counterparts of the above (such as .
the quantum Boltzmann equation, Wigner-Poisson and Schrödinger-Poisson
systems). The 43 half-hour talks.and the 2 20-minute-talks represented lat
est developments in the following p&rticular research a.reas: Discrete velocity
models. and the hydrodynamic limit of the Boltzmann equation, existence
'theory (witb particu1ar emphasis laid on suitable boundary conditions), sta-
bility, numerical analysis and modelling, and the diffusion limit of kinetic
equations. There were two lect~lI'eS in the new area of the Vlasov-Einst~in
equations.
The conference was lively and reftected the vivid activity of research being
carried out in important mathematical aspects of many-particle systems.
The following abstracts a.re given in chronological order of the talks given.
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Abstracts

H. CABANNES:
Review of exact solutions in discrete kinetic theory
For the simpleat discrete model of the Boltzmann equation, the Broadwell
model,

Du Ou av fJv 8w 2
-+-=---=-2-=uv-w
8t 8z f)t 8z 8t

an exact solution has been found by Cornille in 1986:

= i+ Q cosh(2t)+cos(2CTX) .

sinh(2t) +CT sin{2uz)
= a+1 cosh{2t)+cos(2ax) 'v(t,z)=u(t,-z)

sinh(2t)

u(t,x)

w(t,x)

After Cornille we have extended the results 1) to models with 14 velocities
with binary collisions, 2) to 'some models with tripie collisions alld 3), last
year, to the following two-dimensional semi~continuous model

aN aN c 12
11'

7it+ccos(J a%~.=211' 0 [N(cp)N(~+r) -N(8)N(8+?r)]dcp.

M. SLEMROD:
S~lf similar hydrodynamic limits
We will consider the resolution of the hydrodynamic limit problem for the
Broadwell system. The hy~odynamiclimit is obtained for the system when
the Knudsen number e i~ replaced by d and E -+ O. •
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R.ILLNER:
The asymptotic behaviour of on~dimensional discrete velocity models in a
stab
We prove results on the asymptotic behaviour of solutions to discrete ve
locity models of the Boltzmann equation in the slab 0< x< 1 with general
stochastic boundary conditions. Assuming that there is a constant " wall"
Maxwellian M =(Mi) compatible with tbe boundary conditions, it' follows
under physically reasonable assump'tions on the models that

!im L f' lJi(z,t)-M;jdz=O.
t-oo i 10

Under weaker assumptions on tbe model, a weaker type of convergence can
be proved. We also notice tbat in tbe absence of collision terms (but with
the same boundary conditions), renewal theory is applicable to prove~,similar

convergence results. -"'.

G. GIROUX:
Idealized interacting particle systems leading to 'some nonlinear equations
&kin to the Boltzmann equation; LLN and CLT
I will present results about idealized models of many-particle systems. In,
such a framework, recent results about tightness of sequences of probability
measures lead to functional Law of Large Numbers and Central Limit Theo
rems. In .other words, the evolution of a particle, in a many-particle system,
is wen approximated by the evolution of a fictitious particle; this fictitious
p&rticle obeys & nonlinear equation &kin to the Boltzmann equation. Hope
fuUy, some links will be presented with more realistic models.

M. PULVIRENTI:
Boltzmann-Grad limit for one-dimensional particle systems
We consider N particles on the line with velocity v = ± 1, ±2 and suppose
that they collide (each pair) with probability e whenever they met,. In the
limit N -+ 00, e -+ 0, Ne ~ A we- prove that the empirical distribution

1 N
N Lc5(z'-Xj)b(V-Vj)

;=1

3

                                   
                                                                                                       ©



.'~

converges weakly to f = f(x, v,t), where f solves the one-dinlensional Boltz
mann equation

(at +vaz)f(t,x, v)= 3'\(f(t,x,v')f(t,x, v~) - f(t,x, v)f(t,x,VI))

with Iv - vII =3; v', v~ are the post-collisional velocities and x j,Vi are dis
tributed, initially, independently according to the distribution Jo(x, v) =
f(x, v,O). Ree.: S. Caprino, M. Pulvirenti: A cluster expansion approach
to a one-dimensional Boltzmann equation, preprint 1993

G. RUSSO:
.Kinetic theory for bubbly fiow
A kinetic theory for incompressible dilute bubbly ftow is presented. The
Hamiltonian fonnulation for a collection of bubbles is outüned. A Vlasov
equation is derived for the one-particle distribution function with a self
consistent field starting from the Liouville equation for the N-particle dis
tribution function and using the point-bubble approximation. Astability
condition which depends on the variance of tbe bl:lbbles momenta and the
void fraction ia derived." H the variance ia amall then the linearized initial
value problem is ill-posed. H it is sufficiently Iarge, then the initial value
problem is weIl-posed and a phenomenon similar to tbe Landau damping is
observed. Numerical simulations of the Vlasov equation in 1-D are performed
using a particle method. Some eviden~of clustering is observed for initial
data with small variance in momentum.
Tbe Vlasov equation for bubbly ftow is mQdified to account for local interac
tions between bubbles. Fluid equations are deduced in the limit where local
interactions cause tbe system to become locally Maxwellian. Tbe resulting
fluid equations Are well-posed for sufficiently large temperature. Tbe' com
puted void wave speeds are found to be in agreement with experiments. In
the limit when the temperature is zero, ßuid equations previously derived
by other investigators are recovered. In this linut there are solutions of the _
equations that blow up in finite time. •
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M. R. FEIX:
Self similarity and rescaling
Equations invariant under similarity transformations (a subset of Lie groups)
can be partially integrated. For ODE the order (and consequently the phase
space dimension) is lowered by ODe. For PDE, the number of independent
variables is decreased by one, leading in evolution problems, to an absorbtion
and formal elimination of time; but this simplification has a heavy price: ooly
special initial eonditions (I. C. ) can be treated with 00 way to precise the
status of these I. C. and what happens for other I. C. . Rescaling provides
an answer. Time varying scales are introduced for dependant and indepen
dant variables and a new time}=f( t) is introduced. The seales and f( t) are
selected on physical grounds in order to allow an easy guess on the asymp
totic solution in the new rescaled space. For problems underlying particle (oe
fluid) motion we introduce: (a) a rescaled physical force (b) a transfor~~tion

potential (c) a frictioo·. Often this friction drives the system to a statiqnary
state providing a natural, asymptotic elimination of i. In many cases'~' the
stationary equation is identical to the one obtained by the self similar tech
nique pointing out their asymptotic, attracting character. Examples will be
provided for Vlasov beam evolution and nonlinear heat diffusion.

R. ESPOSITO:
Stationary solutions of tbe Boltzmann equation in a slab in tbc hydrodynamic
limit
The limit of low Knudsen nUinbers is discussed in the case of the stationary
Boltzmann equation in a slab with Maxwell boundary conditions (complete .
accomo~ation). The two sides of tbe slab are at different temperatures and
may translate, with velocities parallel to the planes. An extemal coristant
force, proportional to the Knudsen number and parallel to the slab, is also
considered. Tbe scattering cross section is assumed to be the one correspond...
ing to hald spheres. If the force, the relative velocities of the planes ~d the
difference of temperatures are small enough, it is proven that there is.& solu
tion to the stationary boundary value problem for the Boltzmann equation..
Moreover the limit of vanishing Knudsen numbers does exist and is given by
a local Maxwellian with parameters satisfying the stationary compressible
Navier-Stokes boundary value problem with no slip conditions. The result
ia consequence of the proof of the validity of a truncated bulk & boundary
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layer expansion. In fact the Loo~norm of the remainder of the expansion is
extimated in terms of a suitable power of the Knudsen number. The result
shows that the Navier-Stokes corrections are erucial for establishing asta
tionary solution. The details are in two joint works with J. L. Lebowitz and
R. Marra, one in press, [Commun. Math. Phys. (1993)], and the other in
preparation.

M. KUNZE:
Plasma. corners and a nonlinear integral equation
The equations

6",+J=0 in Dp ,

6tiJ=O in Dv ,

1/J=t/J=O on 8Dp ,

lJt/J a~
8D",an = on on

tP-+t/Jext" I(t,y)l-+ 00, (1)

are thought of to describe the free-boundary problem of a plasma-vacuum
interface in plan.e geometry with constant current profile J ~ O. Here t/J =
"'(t,,) and t/J.= t/J(t,y) denote the Bux functions in D" and Du, the domain
occupied by plasma and by vacuum, respectively, and tben is a prescribed
extemal field. The fiux functions t/J and ;p are assumed to be symmetrie to
the t-axis and to have a stagnation point (a "plasma cOrner") 80t the origin.
8y 80 suitable ansatz for t/J and tb by means of Green's funetion for ß in lR2,
the free.boundary problem (1) can be reduced to solving a certain nonlinear
integral equation of non-standard-type

. J {I
x2(t)_t2+ 41r 10 k(t,s,x(t),x(s»ds=O

for the function % =x(t),t E [0,1], describing the upper boundary of the
plasma cut off at t =1.
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L. TRIOLO:
A generalisation of the "-theorem in kinetic theory; non-uniform steady
states
Consider the Boltzmann equation in a bounded domain nC IRJ with stochas-
tic boundary conditions, and the associated stationary problem.
Let f be the solution to the time dependent problem and J the steady solu
tion (with the same mass) to the stationary problem. Define the generalized
relative ·entropy functional

~[flf]:=J f dzdvf\P(//f)
lnxR3

where W is a convex function. We find the decomposition

d -di~[fl /] = 0'8dr7 +O'Bulk

where 0'Bdry:5 0 for all q, and O'BuIk $ 0 in the special case of a linear Boltz
mann equation (for any \If) and, for the nonlinear· case, in the special case
of '11(z) =h(z) := z Inz and J is a global Maxwellian. These results may be
interesting for tbe asymptotic (in time) analysis of thc. solutions.

J. BATT:
Stability for the Vlasov-Poisson system
The use of the word "stability" in papers on the Vlasov-Poisson system or
related. systems (such as the Vlasov-Maxwell system) is critically reviewed.
In fact,. in most of the work this concept is not even precisely defined. :Ac
cording to its use in tbe contextof dynamical systems, a stationary sol~tion
/0 of tbe Vlasov-Poisson system is defined to be nonlinearly (linearly) stahle
(with respect to a normed funetion space X) if a solution of the nonlinear
(linearized) system exists in X for alt t ~ 0 and stays elose to 10 if i t ~stayed
sufficiently elose to 10 at t =o. In this sense rigorous results seem to have
been proven only by J. Batt and G. Rein, [Annali di Mat. pura ed applicata
(1993)], K. O. Kruse and G. Rein [Archive 0/ Rat. Mech. Anal. (1992)] and
G. Rein [Math. Meth. in the Appl. Sei. (1993)].
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H. ZIECLER:
Applications oe multiconstrained energy minimization techniques to the
modelling of relaxation by mixing in Vlasov-Poisson and Vlasov-Maxwell
systems
Minimum energy states are caIculated under constraints of incompressible
flow in (x,V) phase-space for Vlasov-Poisson systems. Reducing the infor
maiion contained in tbe constraints in a way consistent with an averaging
process by filamentation and averaging of j can be modelIed. Starting with" a
given non-equilibium f(i,'Ü,t) of energy Eowe can calculate a corresponding .A
minimum energy state f- where the phase space constraints are reduced to ...
such an extend that the energy of f- equals Eo. Using e. g. the assumption of
strong and uniform filamentation of f for the reduction of the constraints f-
roughly corresponds to the week limit (j(i,'Ü,t-+oo») for some cases, which
is shown by performing numerical simulations of the actual dynamies.

A. SINITSYN:
Some Iamilies of solutions oI the Vlasov-Maxwell system and their stability
We consider a collisionless plasma described by the Vlasov-Maxwell system
in a bounded domain. The theorems on existence and uniqueness of solutions
to the boundary-value problem for tbe nonlinear elliptic system are proved by
techniques using lower and upper solutions. The cases are considered where
the electromagnetic fields and the distribution functions can be constructed
in an explicit form.

P. A. RAVIART:
A free boundary problem for the Vlasov-Poisson equations
We consider tbe problem of extracting an ion beam from a neutral plasma. A
physically relevant model is obtained. by assuming that the electrons behave
as an isothermal fluid a.nd the ions are cold and monokinetic. Using an _
appropriate scaling, the equations may be written as follows: ,.

ne =exp( - ~)

V·(n,u,)=O

V· (niui~ui)- ~niVt=O
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In the above dimensionless equations, e and 11 are small parameters and
Q > 0 is a parameter of order o( 1). In tbe one-dimensional case, this problem
reduces to the nonlinear elliptic boundary value problem

d2ct" ~ -1/2 t
-=-[(1+0-) -exp(--)], ne]O,I(
dn2 e2 '7 11

~(o) =0, ~(1)=1.

In the physically interesting case where e2 =0(,,3/2), we give an asymptotic
analysis of (1) as Tl -+ o. In particular, we characterize the limit solution of
(1) as the solution of a lreeboundary problem. We present a multidimen
sional extension of this free boundary problem whieh provides a eonvenient
model for ion extraction' which may be used in realistic numerical simula
tions. Ref.: N. Ben Abdallah, S. Mas-Gallic, P. A. Raviart: Analysi~ an4
asymptotics of a one-dimensional ion extraction, preprint 1993, and S. Mas
Galie, P. A. Raviart: Mathematical models of ion extraction and plasma
diseharge, preprint 1993.

G. REIN:
The spherically symmetrie Vlasov-Einstein system
The Vlasov-Einstein system deseribes a large, selC-gravitating, collisionless'
ensemble of mass points (e. g. a galaxy). We study the system in a spherically
symmetrie setting, where in appropriate coordinates it takes the following
form:

Ot" +e"-.\ ~. a~f - (~of'\+v'1 +v2el'-.\ä,.~):' ·8v!=O
vl+v2 r r

. e-2.\(2rar~ - 1) + 1=81l'r2q, e-2.\(2ro,. IJ + 1) - 1=81rr2p

lJ(t,Z)=!v'I+v2f(t,z,v)dv, p(t,z)=f(~)2f(t,x,v)~
r vI +v2

where tE IR, x, v E IR3
, r ='x r. For small data we prove existence and unique

ness of global, geodesica11y complete, asymptotically Ba.t solutions. This is
the first global existence result for the Einstein equation coupled to mat
ter, and is in sharp contrast to dust, where even for small data. singularities
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develop which are naked, i. e. violate cosmic censorship. Besides that we
have results on the localisation of p05sible singularities for large data, on the
Newtonian limit, and on the existence of static solutions. (Joint work with
A. D. Rendall and in part wi th J. Scbaeffer)

A. D. RENDALL:
The Newtonian limit of the Vlasov-Einstein system
Tbe Vlasov-Einstein system provides a fully relativistic description of self
gravitating collisionless matter. On pbysical grounds one expects that it
would reduce to the Vlasov-Poisson system in the Newtonian limit where the
speed of light c tends to infinity. I have shown that for appropriate families
of initial data for the Vlasov-Einstein system depending on an parameter
,x = c-2 the corresponding family of solutions converges, locally in time, to a
solution of the Vlasov-Poisson system. This limit is a singular one, where a
hyperbolic equation degenerates to an elliptic one as ,X~ o. A central ele
ment of the proof is a ,x-independent energy estimate.

J. J. DORNING:
Plasma wave solutions that bifurcate !rom Vlasov equilibria; periodic waves,
solitary waves and nonlinear superposition
Recent results on exact solutions to' the nonlinear Vlasov-Poisson-Ampere
equations will be summarized. First, a brief review will be given of ex
act undamped periodie travelling wave solutions obtained using classical
bifurcation theory in a. not-so-conventiona.l wa.y, see Holloway/Dorning,
[Phys. Rev. (1991)] and [Operator Theory: Advances and Applications,
Birkhäuser 1991]. Then, a summary will be given of related periodie wave so
lutions, solitary wave solutions, and travelling double-Iayer solutions arrived
at using simple techniques base on nonlinear dynamical systems and classical
mechanics see Buchanan/Dorning, (Phys. Lett. A (1993)]. Like the original
periodic wave solutions, all these solutions also bifurcate from the infinite
manifold of spatially-uniform equilibrium solutions (Vlasov equilibria) of the
V-P-A equations. Finally, details will be presented of very recent results,
see Buchan~/Dorning (Phys. Rev. Lett. (1993)], on the use of Hamiltonian
pertubation· theory and approximate time-dependent invariants introduced
to avoid singularities associated with nonlinear resonances and to accomo-
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date stochastic layers. and thereby develop a nonlinear superposition prin
ciple Cor superimposed BGK plasma waves, see Bernstein/Green/Kruskal~

[Phys. Rev. (1957)], observed as final states in recent numerical simulations,
see Demeio/Zweifel, [Phys. Fluid8 (1990)], of nonlinear Landau damping.

P. J. MORRISON:
A new energy expression for the linear Vlasov·Poisson equation: a
transformation to action·angle variables in an infinite dimensional
Hamiltonian system
Tbe energy content of an electrostatic pertubation about an bomogeneous
Vlasov-Poisson equilibrium was discussed. The calculation leading to the
well·known dielectric energy was briefly revisited and interpreted in light of
Vlasov theory. It was argued that the dielectric energy is deficierit because
resonant particles are not treated correctly in tbe derivation of thisquan
tity. A new class of linear integral transforms was presented and important
identies were derived [Morrison and Shadwick (1993)]. It was shown that
an element of this elass solves tbe linear V1~ov-Poisson system. This is a
generalization of the method of Van Kampen (19.55). Tbe solution obtained
by tbe integral transform was then substituted into the Kruskal-Oberman
(1958) energy expression and a new expression in terms of the electrie field
&lone was obtained (Monison and Piirsch (1992)]. It was d~cribed how the
integral transform amounts to a change to normal or action·angle variables in
the infinite dimensional Hamiltonian description of tbe Vlasov·Poisson sys
tem [Morrison (1980)). Ref. : P. J. Morrison and B. Shadwick, [Acta Physica
Polonica (1999)], to appear; N. G. Van Kampen, [Physica 21, 949 (1955)];
M. Kruskal and C. Oberman, (Physics 01 Fluids 1, 275 (1958)); P. J..Mor
rison and D. Piirsch, (Physics 01 Fluids 84, 3038 (1992)); P. J. Mornson,
[Physics Letters SOA, 383 (1980)].

H. D. VICTORY, JR.:
Particle methods for periodie Vlasov-Poisson systems
We have extended and refined the theory obtained in [SIAM J. Nu·
meT. Anal. 26 (1989), pp. 249-288] for the Vlasov-Poisson Cauchy problem to
include multidimensional periodic systems. This work directly generalizes the
analysis by G. H. Cottet and P. A. Raviart [SIAM J. Numer. Anal. 21 (1984),

11

                                   
                                                                                                       ©



pp. ,52~ 76] and earlier work by H. Neunzert and J. Wiek [Numer. Math. 21
'(1973), pp. 234~243) on one-dimensional Vlasov-Poisson systems. We have
also relaxed the requirement that the problem data possess eompact support
with respeet to velocity. This is accomplished by the use of a .weighted dis
crete LP-Norm which involves discrete velocity moments of the errors in the
Hamiltonian trajectories. Such an idea was motivated by the clever analysis
by P. L. Lions and B. Perthame [lnvent. Math. 105 (1991), 415-430] treating
global existence of solutions to the three-dimensional Vlasov-Poisson sys
tems. These authors have shown that control of certain velocity moments
of the distribution for all time leads to the existence of global classical solu- e
tion. Analogously, we can show that if we can control tbe weighted discrete
LP-errors in tbe partiele trajectories with respect to time, then we ean get
globally uniform estimates for the errors.

J. WECKLER;
The Vlasov-Poisson system on a bounded domain
The initial-boundary value problem for the Vlasov-Poisson system in 3 di
mensions is investigated. To get strong solutions of tbe linear Vlasov equation
it is first shown that reflected cbaracteristics do generically exist. Existence
of strong solutions of the mollified Vlasov-Poisson system is proved. H the
mollifying parameter tends to zero, a weak solution of the Vlasov-Poisson
system is obtained as a weak limit of strang solutions of the mollified prob
lem.

Y.GUO:
Singular solutions of tbe Vlasov-Maxwell system on half-line
We study the Vlasov-Maxwell system in a half line with initial-boundary
conditions. It is shown that if the signs of eharges of the particles are dif
ferent, DO classical solution exists unless a. neutral plasma specularly reftects
at the boundary. These weak solutions are generally functions of bounded e
variation. Therefore they are uniquely determined by the initial-boundary
conditions. On the other hand, solutions are classicaI, if the particles have
one sign of charge.

12
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P.DEGOND:
Kinetic equations for plasmas and semiconductdrs
Plasmas and semiconductors are subject to various transport phenomena
which do not occur in the dynamics of neutral fluids. Some of these phe·
nomena can be explained by asymptotic pertubations in the basic kinetic
equations, the Vlasov or the Boltzmann equation, depending on the physics
involved. In this talk, we shall try to show how a mathematical analysis of
these pertubation problems can provide relevant physical information.

H. LANGE:
Periodic Schrödinger-Poisson equations
We consider the periodic Schrödinger-Poisson system

i8t \l1m=-!ßwm+V(\II)'li"" xEm.3,telR
-ßV =n(z,t) -q(z); 'l'm(x,O) =e,?",(x)

where the density n(z,t) is given by

00

n(z,t)= L"lrl'lfA:(x,t)1 2

k=1

(1)

with occupation probabilities Air. (1) is considered with space-periodic
boundary conditions on the unit cube Q = [0,1]3. We can prove global (in
time) existence of unique strong solutions and error estimates for the ap
proximating Galerkin sequence of l-periodic functions in L2

( Q). Also we
can prove that there is an infinity of stationary solutions (bound states) for
(1) of type

\l1(z,t) =etwt.(z) , wElR,

with areal function ~. These results transfer to the Wigner-Poisson system
by using tbe Wigner-Weyl transform.

A.ARNOLD:
Absorbing boundary conditions for the Wigner (-Poisson) equation
Recently C. Ringhofer et. al. derived a hierarchy of absorbing boundary con
ditions (ABC) for the Wigner equation (WE), a kinetic pseudo-differential
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equation in quantum mechanlcs. These ABC relate the time derivative of
the Wigner function on the inflow boundary to tbe outflow data.
In this talk, we first show the strong well-posedness of the resulting IBVP
on a one-dimensional interval in tbe positon variable, when using 1st and
2nd order ABC. Tbe proof reHes on a contractive iteration Cor the inßow
data. This approach is tben extended to the relaxation-time WE and to a
(simplified) first order ABC for 2 spacial dimensions.
When using the 1st order ABC in conjunction with the quasi-linear Wigner
Poisson system, only local-in-time existence and uniqueness of the resulting
IBVP have been obtained so far. In this case, the lack of a (for the WE e
usual) L2 apriori estimate complicates the analysis. Re!.: A. Amold: On
absorbing boundary conditions for quaritum transport equations, submitted
1993.

F.POUPAUD:
Energy transport equations for thc Maxwell system in periodic structures
The behaviour of weak limits of the electromagnetic fields in periodic struc
tures is well-known when the typical length of periodicity tends to zero.
However, the weak limit of the energy density is not the energy of the weak
limit of the electromagnetic field. Using Bloch's decomposition of Maxwell's
system and Wigner series we prove that the limit energy is given by the sum
of the densities of distribution functions whichsolve transport equations.
The velocities of these transport equations are given by the gradients with
respect to k eigenvalues of Maxwell's system with k-quasiperiodic conditions.

P. A. MARKOWICH:
Boltzmann equations and drift-diffusion models for phonon scattering
This talk is concerned with recent results on the Boltzmann equation of solid
state physics and its drift-diffusion limit, obtained jointly with C. Schmeiser
and F. Poupaud. ..
The phonon scattering Boltzmann operator hasan infinite dimensional ker- ..
neI. A precise analysis of this kernel in combination with the entropy in
equalityare used to prove the convergence of a solutionto a steady state.
Also, it can be shown that the scattering operator is compact in the angular
direction but non-compact in the energy direction. This fact is used explic-
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itly to diagonalize the collision operator in a spherical harnlonics basis and
to determine the drift-diffusion limit by taking the particle mean free path
to zero. The main ingredient for the proof is a precise control of the range of
the collision operator and a coercivity inequality. The resulting drift-diffusion
equation is parabolic in the time-position space and degenerates to a hyper
boHc equation in the time-energy direction.

C.TOEPFFER:
Analytical methods ror tbc semiconductor Boltzmann equation
Tbe manifold of solutions of tbe Boltzmann equation in the relaxation time
approximations for particles under a constant external force is obtained in
closed form. The Green's function for the infinite domain and all moments
of the probability distribution are calculated explicitely. The second moment
accounts for the Joule heating due to collision processes. In submicron semi
conduetor devices the mean free path of the electrons beeomes eomparable
to the dimension of the device. One observes, in particular, a failure of the
eurrent-voltage (J-V) characteristic given by t.he conventional drift-diffusion
equation assuming &. velocity distribution according to the lattice temper-

.ature. Ineluding a position-dependent Joule heating according to the local
self-consistent second moment of the velocity distribution leads to an agree
ment with the J..V results of a numerical solution of the Boltzmann equation.

C. BARDOS,F. GOLSE:
Diffusive limits of kinetic equations
The purpose of this talk was to show an example of a lOnetie equation gener
ating a transformation group on the phase spare that preserves the Liouville
measure, hut converges in tbe long-time/ small-scale limit, to the heat equa
tion (which plays here no other role then that of an irreversible dYDamic~).

The example is as follows: consider two parallel plates and consider the flow
of particles between the plates with velocity parametrized by the. 2-torus
a: n2

--+ IR. At each collision with one of the plates, the velocity is changed
according to the roJe a(w) --+a(Tw) where T is the hyperbolic automorphism
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of the torus known as Arnold'5 Cat Map

T= (~ ~) mod21T.

Assume a is smooth and has mean zero, i.. e. (a) =0. Let f±(t,x,z,w) be the
particle densities. Set

F;(t,x,z,w) = f*(t/h,x,hz,w).

Aa h -+ 0, F: converges to the solution of a heat equation in the weak-*-Loo •
topology. The diffusion coeffieient is

1
D(a) = 21a1h +L{aoTka).

k2:1

H is > 0 unless a is a coboundary, i. e.

3tp: n2
-+ 1R/(tpOT-tp=O).

The proof is based on the mixing properties of the map T that are analyzed
with the Fourier transform on rr2•

s. UKAI:
Global weak solutions of the compressible Euler equation with spherieal
symmetry
There are two kinds of solutions known so far for the compressible Euler
equation: 1) local classical solutions for any space dimension n ~ 1, and 2)
global weak solutions for n =1 .
1) Lax and Kato proved the local existence, applying the theory of quasilin-
ear symmetrie systems with a symmetrizer which gives solutions such that ..
the density is bounded from below. We will show that there is another sym- .,
metrizer which allows the density to tend to zero as Ix I~ 00 or to have a
compact support.
2) There are many works on this subject, using Glimm's method (Nishida,
Smoller-Nishida, Liu, ...), or the method of compensated compactness
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(Di Perna, ehen, Takeno, Lions·Perthame, ... ). However, no global soht
tions have been known in the case n 2: 2. Applying Glimm's method with
a non·uniform mesh, we will construet spherically symmetrie weak global
solutions for a dass of initial data which includes trivial (i. e. constant) sta·
tionary solutions.

K. ASANO:
Fluid dynamicallimit of the Boltzmann equation with an external force
We consider the Boitzmann equation with a small external force. We study
the behaviour oI the solution of the initial value problem when the mean free
path tends to zero. If we assume the analyticity of tbe external potential
force, the analyticity of the initial data in both space and velocity variables,
and Grad's angular cut·off bard scattering potential condition, then the solu·
tion of the Boltzmann equation exists in a uniform time interval independent
of tbe small mean free patb, wben tbe initial data are sufficiently close to an
equilibrium state. As the mean free path tends to zero, the solution tends to
a local Maxwellian with the macroscopic fluid dynamical quantities (mass,
velocity and temperature), which solves the compressible Euter equation.

B. PERTHAME:
A N-particle system approximating scalar conservation laws
In this joint work with M. Pulvirenti, we prove the convergence of the N
particles density function associated witb a random process. Particles move
with free transport and, according to a Poisson stopping time with int~nsity

A, tbe velocity jumps to sampie uniformly on [O,U~(Z,Xn)] where x i~ the
position of the particle at the jumping time. {J~{X,Xn) is tbe density of parti.
eIes in the same cell ~ than x, where the subdivision of the domain z e (0, l)d
in cells ~ is apriori given. As N -+00, 161-+0, NI61--+ 00 we prove that
the N -particle density function tensorized to the solution of kinetic equation.
As ;\ --+ 00 additionally (and slowly enough) the N·particle density function
tensorized to an equilibrium associated with the solution of a conservation
law related to the dynamics of particles. This proves also the convergence of
a Monte-Carlo procedure.
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H. NEUNZERT:
Numerical matching of Boltzmann and Euter codes
In many fields of applications as spaceflight, semiconductors etc. kinetic
equations are only necessary in rather small regions, while in rest limit equa
tions (like Euler equations) are sufficient and much cheaper to salve nu
merically. A simple one-dimensional example may illustrate the problems:
consider the slab 1= [-L,L] and an Xo E [O,L[. Imagine that we have to
solve "aerodynamic equations" in A=[-L,xol and a Boltzmann equation in
B= [-zo,L]. We need therefore influx conditions at -Xo for B and boundary
conditions at Xo for A. They have to be chosen such that the overall picture
is near to tbe "truth" (i. e. tbe Boltzmann solution) in [-L,L]. We call these
conditions "coupling boundary". There are at Xo 3 cboices: eontinuity of
moments, Marshak conditions and jump conditions from a layer analysis. Ta
realize these coupling conditions one has two possibilities: Schwarz iteration
or direct coupling. A. Klor showed tbat the Sehwartz iteration converges
for linearized Boltzmann with lineanzed Euler and Marshak couplingj for a
simple linear transport equation with diffusion and Marshak he proofs more
over, that the coupled solution converges (for mean free path g tending to
zero) to the solution of the [-L,L] diffusion only if %0 > 0, i. e. for matching.
For palding Zo = 0 he gives a counterexample. This shows that an additional
condition is needed if one wants to pald. This additional condition seem to
be the closure relation for the kinetic density at Xo = 0, whieh was proposed
together with the direct coupling in a paper by R. lliner and H. Neunzert.

E. PRESUTTI:
Non local, nonlinear equations ansing from spin systems with Kac potentials
Tbe equation

~7=-m+ta.nh(P[T.m+hJ) ,

(where m =m(v,t): lRd
X II4 -+ [-1,1], ß>0, h;::: 0 and Te C2(lRd

) spher
ical symmetrie and compactly supported as weil as !Tdv=l, T.m de
Dotes the convolution of T and m) exhibits phenomena of phase separation,
development of interface dynamics when ß> 1 and h ~ 0 is small enough.
These results have been proven in several papers by different authors, namely
P. Butta., A. Oe Masi, T. Gobzon, M. A. Katsoulakis, E. Orla.ndi, E. Presutti,
P. E. Souganidis and L. Triolo.
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P. VAUTERIN, H. DEJONGHE:
Nonlinear solutions of tbe collisionless Boltzmann equation for stellar
systems
We present a theory for bars in stellar disks, which we consider as pertuba
tions of an axisymmetric basis distribution. Observations suggest that these
pertubations are nonlinear. We eonstruct them in tbe form cf aserieS, based
on a harmonie expansion of the angular coordinate and the time, power ex
pansion of tbe radius and power expansion of the velocity coordinates. In the
linear regime, this senes can be determined recursively, and we took .care in
checking that this series is corisistent with the direct numerical integration of
the PDE. In tbe nonlinear regime, it is still possibleto obtain the series, with
comparably small extra effort. We use our method to assess the limitation~
cf the linear approach by combining the power of the linear mode ~~ysi~

and the extra informatio~provided by nonlineari ty. -

G. TOSCANI:
Lyapunov fuctionals and the centrallimit theorem
In a recent series of papers, we investigated the convergence towards equi
librium of the solutiton to the Boltzmann equation for Maxwell pseud<r
molecules. Tbe results were based on tbe monotonicity properties of differ
ent Lyapunov functionals, including Boltzmann's H-functional and Fisher's
measure of information. Here we apply this physical idea to give a proof
of the centrallimit theorem of probability theory. By means of new convex
Lyapunov functionals, we prove convergence to Gaussian density in various
Dorms. The results are easily extended to investigate convergence to~ards

equilibrium for Kac's caricature of a Maxwell gas. ._~.

B. GUO:
Global smooth solutions and its asymptotic behaviour of tbe Cauchy
problem for Benjamin-Ono type equatioDs
The purpose of this work is to establish the solutions for the Cauchy problem
for tbe general equatioil

u, +2uuz +QHu~ - ßHu% +7(z,t)Hu +b(x,t)uz +c(x,t)u = /(%,t) (1)
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of Benjamin-Ono type, where a >0 and ß~ 0 are constants. This is a nonlin
ear partial differential equation with singular integral operators. The solu
tion~ of the problem for the above equation Me approximated by the solutions
of the Cauchy problem for the nonlinear parabolic equation

u, -euzz +2uuz +0: Huzz - {JHu~+"'Y(x,t)Hu+b(x,t)u:s:+c(x,t)~ = f(x,t}.

with Hilbert transform terms, which is obtained by addition of a diffusion
term '::Uz:s:· with small coefficient e> 0 intbe equation (1). The solutions of
the Cauchy problem for tbe nonlinear equation (1) are obtained by tbe lim
iting process of tbe vanishing of the diffusion coefficient c~ o. In addition,
we are going to consider the large-time behaviour of the global solutions
of the Cauchy problem for the equation of Benjamin-Ono type. Aseries of
large-time global estimates for tbe solutions of the problems for the nonlinear
parabolic equations with Hilbert operators and the corresponding nonlinear
equations of Benja.D)in-Ono type are construeted. By means of these global
estimates, the attractors of the Cauchy problems for the mentioned nonlinear
equations are eonsidered. Furthermore~ the dimensions of the global attrac
tor are estimated.

C. CERCIGNANI:
Some new inequalities for tbe solutions of the Boltzmann equation
A few years ago, R. Di Pema and J. P. Lions provided an existence theorem
(witbout uniqueness) for the Boltzmann equation in the case of rather gen
eral inbomogeneous data. Their solutions are rather weak and it is difficult
to handle them for further developments. Thus it appears desirable to have
stronger solutions even if these may be proved to exist under more restric
tive conditions. A case which appears to be promising is that of solutions
depending on just one space variable, say %. Here we want to prove that
in this case an inequality holds, which guarantees that both the gain and
the loss term in the collision integral are in LI, under a truncation which
amounts to an acceptable assumption on the collision kernel B(6, tv - v.D.
As a corollary we shall prove that the solutions of Di Pema and Lions do not
require nonnalization under the stated assumptions. We shall also diseuss
other interesting inequalities for the solution of the Boltzmann equation in
both 1- and 3-d.
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L. ARKERYD:
Diffusion reftection Cor the BGK equation (in memoriam Nina Maslova)
The talk discusses the BCK equation

Here /\11./ is the Maxwellian with the same first moment a.s /. The initial
value is 10 with

/0(1 +le I)ß E LOO(O x JR3)

for some ß> 5, and the boundary condition is (ingoing density)

')'+ !(z,e) =L.S0Ü'3 82(271r
2 exp(- ~leI2)le·n(z)h- !(zle)d{'~~

It is proved that if the initial value is such that the equation with no".'gain
--' tenn has strictly positive velocity integral (a condition easily checked as

described), then th~re is exactly one solution with

/,(1 +lel)ß E LOO(O x m.3 ).

Moreover,

IIfIlL~(nxR3X(O,T»+11,- fIlLf(80XR3 X(0,T)):5 C(T).

Tbe proof employs some new LI and LOO estimates of the boundary terms.

R. PETTERSSON:
On the solution of thc linear Boltzmann equation (with general boundary
conditions, extemaI forces and illfiDite range collisions)
1) First.mild Ll_solutions are constructed by iterates 11&+1 ~ In using .the ex-

.ponential form of the equation in the cut-off case.
2) On collision invariants: There are DO other measurable functions than the
Maxwellians satisfying detailed balance relation.
3) A general H-theorem for convex functions is proved (giving an estimate
for the collision integral).
4) Strang L.p-convergence to a Maxwellian ia proved for both hard and soft
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potentials in the cut-off case.
5) In the case of infinite range forces the equation is studied in a weak form.
Existence of solutions is proved (a. e. ) by a eompaetness lemma, and then
strang LP-convergence to a unique Maxwellian function is proved.
Ref. : R. Petterson: On weak and strong convergence to equilibrium solutions
to the linear Boltzmann equation, [J. Stat. Phys. 12 (1993), pp. 355-380]

M. L. EKIEL-JEZEWSKA:
Global existence proof for the relativistic Boltzmann equation e
Consider the Cauchy problem for the Boltzmann equation with the relativis-
tic kinematics of particles. A set of relativistic collisional invariants related
to conservation laws does not contain an analogue of (i - vt)2

• This lack
does not allow us to apply directly techniques developed by Di Pema and
Lions for the nonrelativistie Boltzmann equation. However, we constructed
a relativistic modification of their method, based on a causality proof for
the existence of solutions. Finally, we proved global existence in Lloc 'and LI
and also local-in-time existence for systems elose to equilibrium. Physically
natural (time-independent) apriori bounds in LI of the solutions are given.
Ref. : M. Dudynski, M. L. Ekiel-Jezewska, [J. Stat. Phys. 66 (1992)]

M. DUDYNSKI:
Existence of solutions to the quantum Boltzmann equation
Global existence of solutions to the quantum Boltzmann equation for
fermions is proved for a wide class of pbysical cross-sections·. The partial
regularity of solutions is shown. Extensions of these results to relativistic
quantum Boltzmann equations as well as to systems of equations describing
many particles are also considered.

R. GATIGNOL: e
Boundary conditions in discrete kinetic theory and applications
Tbe discretization method of the velocities allow to replace the UBual Boltz
mann equation by a system of partial differential equations which is more
tractable. By using simple models without spurlous invariants, we specify the
boundary conditions in two cases: first on an impermeable wall, and second
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on an interface with the condensation and evaporation phenomena. As ap
plications, we consider the Couette ftows between two parallel infinite plates.
and the evapuatioD and condensation problems between two interfaces. \Vith
some particular models, we observe the phenomenon of temperature inver
sion: the temperature is strictly increasing from the hot interface to the cold
interface.

G. WOLANSKY:
Weak nonlinear stability of the Vlasov-Poisson equation
The mass distributions of a large class of stationary solutions of the Vlasov
Poisson equation can be considered as functions of the energy and, under
certain symmetry assumptions, of the angular momentum as weil. Because
of the Hamiltonian structure of the dynamics, linear stability analysis ~fsuch

stationary solutions is not sufficient to guarantee genuine stability. in" this
research the stability problem of stationary solutions of the VP equation with
Newtonian interactions is approached by introducing Lyapunov functionals
over the space of mus distributions on the phase space. These functionals
admit non-quadratic leading order terms, an thus cannot be imbedded in a
proper functional spare as C'-functionals. The study and the application
of these functionaJs in order to obtain non-linear stability criteria is carried
out by convexity arguments and dual fonnulation of the variational problem.
Some apriori estimates on time-dependent solutions of the VP equation are
obtained as well,ousing the same methods.

N. MAUSER:
(Semi-) classica.llimit of the quantum Vlasov equation
We present the Wigner-Poisson equation modelling quantum transport both
for vacuum electrons and electrons in a periodical potential. Dur main goal is
a mathematically strict limit for vanishing Planck's constant which yi~lds the
classical Vlasov equation. For the crystal case this gives a strict deriv~tionof
the semiclassieal equation as it is used for semiconductor modelling. Witho~t
any mathematical details we present the main features of this (weak) limit.
One of the techniques is the use of a Husimi function, i. e. a smoothing of the
Wigner function in order to get a. nonnegative classical distribution function
as the limit of the oscillatory real-valued quantum mechanical funetion.

Berichterstatter: M. Kunze
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