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Dear Colleague,

This "Working Paper" contains the abstracts of talks, other abstracts, questions raised and topics
' suggested for discussion. The material is arranged in alphabetical order, according to surnames.

Please note that the abstracts of talks are nonbinding. We regret that Professors Araki, Lieb and
Thirring will not be able to take part in the Workshop.

; We are also including the programme. It is called "tentative", but we do not expect major changes.
!„ As tthe Working Paper is being prepared before the close of registration, we are unable to include

a full list of participants.
i This Working Paper is meant to be just that. It is adequately bound to withstand rough handling,

,.\ has plenty of free space, and also a couple of blank pages at the end for jotting things down.
Knowing full well that economy class air travel can hardly be pleasant, we wish you a pleasant
journey in muted tones. However, we can assure you that a warm welcome awaits you at the
end of it in Beer Sheva. We shall try to make your stay as agreeable as possible; we have at
least, some control over tha t . We hope to have things running smoothly over here, if only for selfish

fj reasons. We, the members of the Organizing Committee, would like to take full par t in the scientific
I deliberations, and to enjoy the pleasure and the stimulus of your company, rather than run around

tying up loose ends while the Workshop is in progress,
j ! • See you in Beer Sheva!

R. N. Sen
A. Gersten
M. Goldstein
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TESTATIVE PROGRAMME

Dated 28 January , 1993

Sl'.NDAY. 11 March

OS.DO Transportation from hotels

ON. 15-00.15 Late Registrat ion, Banking
09.15-0!).30 Opening Ceremony

Dr. ZeVv Roteni - Executive Director, BSF
Prof. D. Bahat - Rector, BGU

00:50-10.00 C O F F E E

Session 1. Chai rman: L. P. Horwitz

10.00-11.15 B. Simon - Musing on Mathematical Physics and the Xi-Function
11.1 •> 11.30 Discussion
11.30-11.40 BREAK

Session 2. Chairman: D. Berend

11.40-12.25 C. Radin - Analysis of Spatial Patterns
12.25 -12.45 Discussion

12.-15-W.I 5 LUNCH

Session 3. Chairman: J. F. Carinena

14.15-15.00 S. Sternberg - to be announced
15.00-15.20 Discussion
15.20-15.30 BREAK

Session 4. Chairman: A. Iserles

15.30-16.15 Y. Yomdin - Complexity of Functions from the Point of View of Singularity T/uon/
16.15-16.35 Discussion

16.35-17.15 COFFEE
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S i " - - i o n "). < ' l i a i r m a n : I ) .

Ill) V Ne'eiuan M< tric-Ajjim Space-Time, Conformal Constraints and the
Ofiu ri I.\ky Alyi bra

I Mil! l"v_'O Discussion

1̂ .2") Transportation to hotels

MONDAY, 15 March

OMHI Transportation from hotels

Session (>. Chairman: M. Mayer

()s.;J0-09.15 R. Haag • Things to Think About

09.15-09.:S5 Discussion

09.35-10.00 COFFEE

Session 7. Chairman:

10.00-10.15 H.-J. Borchers - Einstein's Principle of Maximal Speed in Classical
and Quantum Physics

10.15-11.05 Discussion
11.05-11.15 BREAK

Session X. Chairman: G. Gallavotti

11.15-12.00 A. S. Wightman - Some Old Questions in Quantum Field Theory and a Few New Answers

12.00-12.20 Discussion

fj 12.20-11.15 LUNCH

Session !). Chairman:

11.15-15.00 D. Buchholz - On the Manifestations of Particles
15.00-15.20 Discussion
15.20-15.30 BREAK

Session 10. Chairman: J. Avron

15.30-16.15 J. L. Klauder - Some Personal Passions

16.15-16.35 Discussion

'- , \p. 16.35-17.15 COFFEE

• ' Session 11.
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17.15 IVL'II i : \ i r i T SLOT

1 VJ5 I'r;iiis|)or1ati(>ii to city, hotels

'4 111.15 COCKTAILS AND DINNER
i

ITESDAY. Ui March f
i ;

OS.00 Transportation from hotels

Session 12. Chairman: I). Dubin

OS.30-09.15 G. L. Sewell - Towards a Macrostatistical Mechanics
09.15-09.35 Discussion

09.35-10.00 COFFEE

Session 13. Chairman: L. Ch«iyes '

10.00-10.15 G. G. Emch - Non-Equilibrium Statistical Mechanics
10.15-11.05 Discussion
11.05-11.15 BREAK

Session 11.

11.15-11.55 EMPTY SLOT

11.55 Departure for Amazya caves and Tel Maresha in thr Lachish area
Lunch: Brown Bag in Bus

17.15 approx. Leave for Beer Sheva (the journey will take ca. one hour.)
Twilight: between 16.45 to 18.15, approx.

WEDNESDAY, 17 March

08.00 Transportation from hotels

Session 15. Chairman: K. C. Tripathy

08.30-09.15 L. C. Biedenharn - On Quantum Lorentz and Poincare Groups
09.15-09.35 Discussion

09.35-10.00 COFFEE
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s . - - ini i Hi. Cl i ; i innan: M. Cohen

1(1.(1(1-10.15 S. I.. Woroiiowicz Quantum Lonntz Group
; • > 10.15 I 1.05 DiM-ushion ^
: i 11.05 11.15 lilU.AK *" -

. 1 • Session 17. Chairman: K. I-Yodenhagen

,;V. 11.15-12.00 Yu. 1. Manin String World-Sheet Versus Space- Time k>
&,\ 12.00-12.20 Discussion *'.-"

%' 12.20-11.15 LUNCH
t

I ' Session IS. Chairman:

\ 1.15-15.00 S. Shnidor - Deformation Cohomology of Drinfeld Algebras (Quasi-Bialgebras)
and Stasheff Polyhedra

15.00-15.20 Discussion
, ' 15.20-'5.30 BREAK
! ' ^ • *

• '• Session 19. Chairman: R. Kerner

15.30-16.15 A. Ashtekar The Ultraviolet Catastrophe: A Matter of Gravity? '
' Ki. 15-16.35 Discussion '

t: Ui.35-17.15 COFFEE [)

Session 20. >

17.15-18.20 EMPTY SLOT 5̂

IS.25 Transportation to city, hotels |

20.15 Transportation from hotels

I 20.30-22.30 RECEPTION (Israeli white wines and cheeses) 1^

22.30 Transportation to hotels

THURSDAY, 18 March

08.00 Transportation from hotels

I .
( {._:-. Session 21 . Chairman:

' i t •'
» ' '' *'
, ! 08.30-09.15 I. Todorov - What Are We Learning from 2-Dimensional'. Conformal \1od(Is?
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()!). I .-> (l!>.:t"> Discussion

()<)..{')• 10.00 C O I T E K

10.00-1 1.15 BREAK Suggestion: Visit to the Bedouin Market, Lunch in the Souk (Shuk)
or in tho city

ALTERNATIVE: Private Discussions

Session 22. Chairman: S. Pacheva

1 1.1")-15.00 E. Nissimov - String Theory and Integrable Systems

15.00-15.20 Discussion
15.20-15.30 BREAK
I")..'{0-16.15 E. Rabinovici - Some Aspects of String Theory
Mi. 15-16.35 Discussion

10.35-17.15 COFFEE

Session 23. Chairman: R. N. Sen

17.15-18.00 M. Steiner - Language and Nature in Twentieth Century Physics
18.00-18.20 Discussion

18.25 Transportation to city, hotels

•M

• | -• • * •

&

FRIDAY, 19 March

08.00 Transportation from hotels

Session 24. Chairman: A. Gersten

08.30-09.15 M. Marinov - Quantization of Field Theory with Nontrivial Geometry

09.15-09.35 Discussion

09.35-10.00 COFFEE

Session 25. Chairman: A. Davidson

10.00-10.45 L. O'Raifeartaigh - The Emergence of Gauge Theory

10.45-11.05 Discussion
11.05-11.15 Closing Remarks

11.15 Transportation to Lod Airport. Rilat and Nazareth (in case of demand)
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IS THE LEGACY OF MAXWELL AND DIRAC
BEING ABANDONED?

S. Twareque A LI
Department of Mathematics and Statistics, Concordia University,

Montreal, Quebec, Canada H4B 1R6
E-mail: stali@neumann.concordia.ca

Maxwell did not have the luxury of knowing vector calculus when he produced his work on
electromagnet ism and neither did Hilbert space theory exist when Dirac wrote his famous treatise
on quantum mechanics. The tradition among mathematical physicists used to be to create the
body of mathematics needed to express their physical discoveries. Indeed, it was a tradition which
started with Newton himself. Modern mathematical physics, i.e., mathematical physics of the past
thirty or so years, seems to be witnessing a reversal of that trend. More and more, one is trying to
seek out pre-existing mathematical ideas and results from trinket boxes, as it were, to wrap them
up in an often not too convincing physical packaging. The belief seems to be that in any given body
of mathematics there lies hidden a physical soul and it is the task of the mathematical physicist to
communicate, however imperfectly, with that spirit. The result, as we are all aware, is that all too
often the communion is mystic at bî st!

Would mathematical physics of the twenty-first century see this trend move to its logical con-
clusion, where eventually the subject would divorce itself completely from physics and exist on the
peripheries of mathematical research as a separate discipline, or does one foresee it as eventually
developing enough physical relevance to be assimilated into the mainstream of physics? If the latter
scenario is the desired one, should one not try to go back to the more orthodox way of conducting
research in mathematical physics, where the physics generates and sustains its own mathematical
culture?

»



THE ULTRAVIOLET CATASTROPHE: A MATTER OF GRAVITY?

Abha.v ASIITEKAR
| Physics Department. Syracuse University, Syracuse, NY 13244-1130, U.S.A.
I • E-mail: ashtekar<Ssuhep.phy.syr.edu

!.
Keeping with the spirit of the Workshop, I would like to take this opportunity to discuss some

ideas which I have had for a number of years but. which are still only partially supported by precise
mathematical results.

We are all well aware that for over forty years, we are in a peculiar situation in quantum
field theory. On the one hand, heuristic perturbative methods have had enormous success with
experiments. On the other hand, inspite of many imaginative and often heroic efforts, none of
t hese physically realistic theories have achieved a sound mathematical status in four space-time
dimensions. I think it is fair to say that a widespread belief in the mathematical physics community
is that the problems are hard but mainly mathematical; we need better tools, tighter estimates,
fresher approaches to find relevant measures on appropriate function spaces, cleverer lattices and
limiting processes. 1 would like to suggest and pursue another possibility: Perhaps we are ignoring
some deep physical input just of the sort that may look "obvious" in retrospect. Sure, a significant
amount of new mathematical input will be needed. But some of it may be of an unexpected type,
forced upon us precisely by the shift in the physical perspective. Indeed, history is full of such
instances.

Many of the key problems of quantum field theory arise from ultraviolet divergences. Now,
simple physical considerations tell us that at higher and higher energies, gravitational effects should
become more and more important. Why, then, is it safe to ignore gravity altogether and still hope
to find a consistent quantum field theory? Shouldn't one attempt to incorporate at least some
qualitative features that inclusion of gravity forces on us? If this is done, however, we are led to
modify the very conceptual structure of quantum field theory to an extent that is at first very
surprising.

In particular, once gravity is brought in, the Poincare group loses much of its significance.
Why should one's machinery then be so deeply rooted in Poincare invariance? Should we not
pay attention, instead, to the diffeomorphism group? Presumably, even the continuum picture of
space-time is only an approximation and structures like the flat space-time metric, its lights cones
and causality, the associated Poincare invariance are only approximations which become better
and better at energies low compared to the Planck scale. Presumably, they have meaning only
when one does a "coarse-graining" and uses probes which are much larger than the Planck length.
Now, in renormalizable, perturbative theories, coarse graining is an excellent approximation for

j . laboratory scale predictions precisely because such predictions of these theories are insensitive to
^ ' the small scale structures. This is why one can and does safely ignore gravitational effects in these

treatments. However, if such a physically realistic theory is to exist exactly, presumably it has
predictions z.1 all scales. It is then not at all obvious that the gravitational effects can be ignored.

1 Indeed, if a consistent theory were to result ignoring gravity, the theory can only describe the real
| world at low energies; the exact high energy predictions of this theory would be necessarily different.

{ > from those of the physically correct theory. It. is far from clear that such "hybrid" theories must

- \r. exist. One might object at this stage and point out that consistent quantum field theories do exist
in low dimensions. Note however, that in less (linn four space-time dimensions, the gravitational

•* field has no degrees of freedom of its own; f here are no gravitons whence no real or virl >i»\ processes

-9-



T|b rci\ <>f% iiii^ iln'iM. I h«' Ml iial ion is qualitatively different in four dimensions. Now, the gravitational

im nil-.-, can l>e ,ui(i are excited ami. in I lie Pin nek regime, may alter the effective space-lime s t ructure
f • i v e r y . s i g n i f i c a n t l \ .
! >. \ If one dues iicepi i hj.s promise, one finds that, once gravity is brought in, the underlying struc-

| \ i ure it.self changes qualitatively: t here is no background space-time; every state of the total system
. t "'' i sa>. QKI) plus gravity) is diffeomorphism invariant; and, the dynamics is governed by constraints
I rather than a llamiltoniau. This affects oiie's strategies profoundly. One has to invent schemes

-y fur regulating operators that respect diffeomorphism invariance, i.e. do not refer to a background
geometry: one has 1o rethink about the smearing procedures for gauge invariant operators such as
Wilson loops: one lias to learn ways of using diffeomorphism invariance to find measures on the
domain spaces of quantum states. The whole scenario begins to look different. On the mathemati-
c-;il side, loop space methods and techniques from topology and knot theory begin to play a central

' ' Idle.

, III recent years, there has been notable progress in this area so that one can now give concrete
:' examples of the new issues that need to be faced squarely. I will provide a summary of these

developments. Could it be that such issues will move to centerstage of the mathematical physics
of the 21st century and thus alter not only the methods and the results but even the statements of
central problems of quantum field theory?

f
I*

I;
|
'i
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ELECTRON IN A MAGNETIC FIELD INTERACTING WITH POINT
SCATTERERS

Yshai AVISHAI
Department of Physics, Ben Gurion University, Beer Sheva 84105, Israel

E-mail: yshai@bguvm

M. Ya. AZBEL'
Raymond and Beverly Sackler Faculty of Exact Sciences,
School of Physics and Astronomy, Tel Aviv University,

Ramat Aviv, Tel Aviv 69978, Israel

and

S. A. GREDESKUL
Department of Physics, Ben Gurion University, Beer Sheva 84105, Israel

E-mail: sergey@bguvm

In the present work we study and present some results pertaining to the quantum mechanical
investigation of electron spectrum in the presence of point scatterers and a constant magnetic field.

For a two-dimensional system, the scattering operator for an electron interacting with one point
scatterer in a magnetic field is constructed. Furthermore, the electron spectrum in the presence
of a small number of point scatterers and a constant magnetic field is considered. Exact extended
states on the Landau levels are explicitly found out.

For a three-dimensional system, the scattering operator for an electron interacting with one
point scatterer in a magnetic field is constructed. The electron spectrum in the presence of one
point scatterer and a constant magnetic field is investigated.

, • • *
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T R A C E M A P S FOR ARBITRARY SUBSTITUTION SEQUENCES

»; Yshai AVISHAI
* ; Department of Physics, Ben Gurion University, Beer Sheva 84105, Israel
f .. E-mail: yshai@bguvm

8 and8
Daniel BEREND

Department of Mathematics and Computer Science, Ben Gurion University,
Beer Sheva 84105, Israel

E-mail: berend@bengus.bitnet

The discovery of quasi-crystals and their 1-dimensional modeling have led to a deep mathemat-
ical study of Schrodinger operators with an arbitrary deterministic potential sequence. On the way
from periodic to random sequences, investigation has been focused on quasi-periodic systems such
as the Fibonacci chain, having a discrete intensity measure, and on aperiodic systems such as the
Thue-Morse sequence, with a singular continuous Fourier intensity measure.

Both the Fibonacci and the Thue-Morse sequences belong to a class of sequences generated by
a substitution . Two other sequences of this kind which are the object of the present work are the
Circle sequence (whicii is quasi-periodic) and the Rudin-Shapiro sequence (which is aperiodic with
a completely continuous Fourier intensit' measure). The difference between the first and the second
pair of sequences is that the Fibonacci and Thue-Morse sequences are generated by substitutions
defined on two letters while in the cases of the Circle and the Rudin-Shapiro sequences the alphabets
are larger. As the number of letters increases, it is more and more difficult to obtain a workable
trace map, which serves as one of the central tools employed in the investigation of the spectrum
of quasi-periodic or aperiodic structures. Trace maps were first derived by Kohmoto, Kadanoff and
Tang (also, by Kohmoto and Oono). Recently trace maps have also been used in the investigation of
transport properties of several one-dimensional sequences. Trace maps exist, and can be effectively
constructed, for sequences generated by a substitution acting on two letters (such as the Fibonacci

; and the Thue-Morse sequences for which the trace map is one-dimensional). Recently, Kolaf and
L j Nori have shown that trace maps of higher dimensions do exist for substitution sequences containing
U more than two letters (e.g., for the Circle and Rudin-Shapiro sequences).
I In this work we address this problem and find trace maps for an arbitrary substitution sequence.

Our trace maps have lower dimensionality than those of Kolaf and Nori, which make them quite
attractive for actual applications.

Let E be a finite alphabet, say E = {1,2 , . . . , r} , and let a be a substitution on S, namely a is
a function from E to £*, the set of all (finite) words over £:

k= l ,2 , . . . , r , (<7jt; € S, 1 < i < qk) • (1)

We extend a to a mapping from E* to S* by:

\ (r{x\x2...x,) = a(xi)ff(x2)...<r(x,), i i , i 2 , . . . , j j € S . (2)

i "' Substitutions may serve as means of defining sequences of matrices. Given r initial square ma-
. j -" trices Aio, Mo> • • • > Aro of the same size and a substitution a on {1,2, . . . . r}, we define the sequences
, \? y of matrices {Akn}%L0, 1 < k < r, recursively by:

•* Ak,n+\ = AakHkn...AOkinAakxn, n = 0 ,1 ,2 , . . . , 1 < k < r . (3)



In the physical applications we have in mind, the matrices all belong to the group:

(4)

An instance where this approach has been used is for the Fibonacci substitution, defined by r =
2.fT( 1) = 12,(T(2) = 1. Here we have two sequences of matrices {An}^L0 and {Bn}^.0 satisfying:

An+i — AnBn, n+i — An . (5)

It is well k n o w n , a n d ea sy t o verify, t h a t if An a n d Bn a r e 2 x 2 m a t r i c e s of d e t e r m i n a n t 1, a n d we

sot:

t h e n :

an+3 — a7i+

(6)

(7)

(and of course 6n+i = an).
More generally, Allouche and Peyriere proved that for any substitution on a 2-letter alphabet

and corresponding sequences An and Bn of 2 x 2 matrices, one can effectively construct a polynomial
mapping $ of 5-dimensional space into itself such that:

(tr An+i, tr i? n + i , tr An+^ Bn+i, det An+i, det Bn+1) =

$(tTAn,tTBn,tiAnBn,detAn,detBn). (8)

In the special case where all matrices have determinant 1, the mapping is defined on 3-dimensional
space. This mapping was used for various specific substitutions, such as the Thue-Morse substitu-
tion:

r = 2, <r(l)=12, <r(2) = 21, (9)

where the trace map reduces to 2-dimensional space, and the substitution generated by the period
doubling sequence:

r = 2, <r(l)= 12, er(2) = 11. (10)

Kolaf and Nori extended the above-mentioned construction to apply to substitutions on alphabets
with an arbitrary number of letters. They considered in particular what one obtains for the cases
of the so-called Circle sequence:

r = 3, (7(1) = 313, <x(2) = 13313, cr(3) = 12313,

and the the Rudin-Shapiro sequence:

r = 4, tr(l) = 13, <r(2) = 43, a{Z) = 12, <r(4) = 42.

(11)

(12)

We have constructed an alternative trace map, again for substitutions on any size alphabet.
Our trace map can also be effectively constructed. It has an advantage relative to that of Kolaf
and Nori in being lower-dimensional. For an alphabet of size r it acts on (2r - l)-dimensional space.
The trace map suggested by Kolaf and Nori acts on a space whose dimension is obtained as a sum
of terms, the last of whom is (r — 1)!. For large r we then have d.2 « d^2 T.

j ;
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ON QUANTUM LORENTZ AND POINCARE GROUPS

V

L.C. BIEDENHARN
Physics Department, University of Texas at Austin,

Austin, TX 78712, U.S.A.

Non-compact groups, such as the Lorentz group and the Poincare group, do not fit the hypothe-
ses of the Truini-Varadarajan theorem, and hence have no universal quantum group extension. We
will survey the currently proposed quantum group extensions for the Lorentz and Poincare groups.
One particular extension (Novicki, Sorace and Tarlini) yields a q-Dirac equation. By gauging this
equation to first order in the deformation parameter we obtain a deformed Dirac-Coulomb equa-
tion which can be solved. This equation breaks the famous Dirac-Coulomb degeneracy and will be
shown to imply an incredibly small deformation parameter based on current experimental evidence.
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EINSTEIN'S PRINCIPLE OF MAXIMAL SPEED IN CLASSICAL
AND QUANTUM PHYSICS

H.-J. BORCHERS
Institut fur Theoretische Physik, Universitat Gottingen,

Bunsenstrasse 9, D-3400 Gottingen, Germany
E-mail: borchers@haJ9000.theo-phys.gwdg.de

In 1906 A. Einstein formulated the principle of maximal speed as a fundamental concept of
physics. With this principle he ended a long discussion which was led by Poincare, Lorentz,
Minkowski, and many others. He realized that two observers moving with constant speed rel-
ative to each other have to agree on some parameters concerning the transport of information
between them. Einstein has chosen the electromagnetic field to be the carrier of information and in
addition he used the velocity of light as a universal constant, which is the same for every observer.
By this procedure he introduced the Lorentz group (of the light) as transformation-group to be
used for the change of the system. This group is at the same time the invariance-group of Maxwell's
equation which makes many considerations and calculations easier. But it is not necessary that
they coincide, as the example of acoustics shows. The generally believed principle of simplicity
in physics reqires that for the light, which has a double function in the theory of relativity, the
symmetry and the transformation group must coincide. By this procedure Einstein made a choice
in favour of the invariance group of Maxwell's equation and not in favour of the Galilei group. It
was clear, at that time, that there was a conflict between these two groups.

In this lecture the influence of this principle on the physics in the last 90 years will be discussed.
There are several points to be treated.

Mathematical problems concerning the Lorentz group

There has been a twist in modern consideration, i.e. mathematical principles have been replaced
by physical principles. Therefore, the derivation of the Lorentz group became a problem, at least
for mathematically minded people. The first to consider this question was Christopher Zeeman.
Further investigations of this problem are due to Hegerfeldt and the author.

Einstein's principle and dispersive media

The principle of maximal velocity for signals poses some problems for dispersive media. In such
media there are always some wavelengths for which the phase-velocity is higher than the speed of
light. It is clear that no information can be transported by plane waves. However, it remains a
problem to understand how this fact matches with Einstein's principle. This question has first been
studied by Sommerfeld and Brillouin. Parts of their result can nowadays easily be derived using the
dispersion relations discovered by Kramers and Kronig. However, Brillouin and Sommerfeld used
plane wave-packets, which are physically unrealistic. Therfore, the author took up this problem
again by using spherical waves generated by a light-flash. This investigation lead to the conclusion
that the refraction index has to be a Herglotz function.

Einstein's principle in the theory of finitely many particles

In quantum mechanics we will encounter some new aspects of the principle of maximal speed.



• o

I lie first one is concerned with the fact that not all observables commute. Following Araki, Haag,
j ^ . and Nastier Einstein's principle, together with the principle of localization of measurements, leads

to the famous locality condition of quantum field theory, often called Einstein causality.
The other aspect of Einstein's principle is concerned with the description of the symmetry under

11 anslat ions. In quant urn physics symmetries are no longer described by symplectic transformations
hut by unitary transformations. This is a consequence of the probabilistic interpretation of the
wavefunctions. If we look at the space and time translations then their generators should describe
l he momentum and energy. Since we deal with particle physics the energy and momentum operators

f' have to describe the energy and momentum of particles. Therefore, the expectation values of these
JL j operators have to obey Einstein's principle. This implies that the Minkowski square of these
J-. ' • quantities should be positive and bounded from above by the velocity of light. This can only
L i hold for arbitrary vectors in the Hilbert space H if the common spectrum of the four operators is

confined to the forward lightcone.
The common spectrum of the energy and momentum operators has to be confined to the

forward lightcone. The energy and momentum operators are the generators of the time and space
translations.

This consequence of Einstein's principle is called the spectrum condition. Consequences of these
two principles for the representation of the translation group will be discussed in detail.

4 * The Lorentz group

[ At the beginning we have discussed the Lorentz group on the classical level. But do we have
in quantum field theory fulfilling Einstein's principle a representation of the Lorentz group? It is
known that in representations describing charged particles the Lorentz symmetry is broken. It is
GaufT law which prevents things from being too nice. Already in classical electrodynamics GauB'

! law produces singularities and in quantum electrodynamics it leads to difficulties usually called the
infrared problem.

J If there is no representation of the Lorentz group one cannot use Jost's arguments to prove the
'. CPT-theorem. We will discuss possibilities to solve the problem.

•3

The particle structure

Wigner has identified particles with irreducible representations of the Poincare group. We know
i that there is none in sectors carrying electric charge. Did we lose the concept of particles? That

this is not the case is one of the fascinating consequences of the interplay between locality and
spectrum condition.

Another question of importance is the problem of the existence of anti particles. One approach
to this question is the construction of charged fields, which needs the existence of a vacuum state.
But unfortunately the attempts of thirty years have failed to prove its existence from first principles.
Therefore, one has to look at other means for showing the existence of antiparticles. Possibilities
known so far shall be discussed.

1

*
"if

Problems

This lecture will conclude with a list of problems concerning standard quantum field theory.

—If-
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ON THE MANIFESTATIONS OF PARTICLES

Detlev BUCHHOLZ
I. Institui fiir Theoretische Physik, Universitat Hamburg

D-2000 Hamburg 50 , Germany
E-mail: iO2@dhhdesy3.bitnet

'\i' , The problem of a unified description of stable particle like systems in local relativistic quantum
Sfjf- • . field theory will be discussed. Based on the notion of weights on local C-dynamical systems {A,ax}
•[» ; a general mathematical framework is presented which applies to particles as well as infraparticles.
!r Tlio main results obtained so far are [1]:
•

i - The asymptotic particle content of physical states can be described by particle weights on
;: the algebra A which are invariant under the action of ax and have certain specific continuity

properties.

- Particle weights can be decomposed into pure components with definite charge, spin and four
*,_ momentum and may thus be regarded as improper momentum eigenstates. Yet in general
: " " they do not fit into the rigged Hilbert space formalism of quantum theory.

- The energy-momentum operators exhibit a characteristic singular continuous spectrum in rep-
resentations induced by particle weights. These spectral properties can be used to distinguish

t ordinary particles from infraparticles.

\: - A method for the construction of asymptotic multiparticle weights has been developed which
; allows the calculation of collision cross sections directly from local observables. In massive
;•! theories the results coincide with those obtained in the presence of (charged) local interpolat-

.,. j ing fields by standard collision theory. Since the method avoids the definition of a scattering
matrix and relies only on locality of observables it can also be applied in theories with long
range forces.

Within this framework there reappear a number of interesting problems well known from standard
collision theory. The following topics, which deserve further discussion, will be touched upon:

- Asymptotic completeness. This problem has to be reformulated in the present setting in view
of the lack of a scattering matrix. An important ingredient seems to be a strengthened form
of the law of conservation of energy and momentum.

- Classification of particle statistics. In the presence of long range forces the statistics of
particles is not directly tied to the superselection structure. Hence the method of Doplicher,
Haag and Roberts for the statistics analysis is not applicable. An asymptotic notion of particle
statistics, based on properties of particle weights, seems more appropriate in these cases.

Particle weights are designed to describe the features of stable particle like excitations of tho
vacuum. In view of issues such as the deconfinement transition in quantum chromodynamics it
seems desirable to develop also a particle concept for quantum field theories at finite temperatures.
A fundamental problem in this context is:



f

Characterization of the constituents of KMS states. (The constituents ought to be distin-
guished from quasiparticles corresponding to collective excitations of the underlying medium.)
A solution of t his problem might emerge from a general representation theory of thermal cor-
relrtiion filiations in relativist,ic quantum field theory [2].

Coiiiploinontary to these questions one may ask under which circumstances the short distance
proper! ios of physical states can be interpreted in terms of particles. One may hope that for a
suitable class of "asymptotically free" theories there exists some kind of general collision theory in
tlio short distance limit. These problems may be subsumed under the heading:

- Particle aspects in the scaling limit. One may expect that the stable point-like objects
appearing in this limit can likewise be described by some suitable class of weights over A.
Such a result would, on the one hand, provide a mathematical framework for the description
of parton like structures. On the other hand it would be a first step towards a general particle
concept in quantum field theories on arbitrary spacetime manifolds.
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THE CONSTRUCTION OF PARTICULAR SOLUTIONS OF
NON-LINEAR PARTIAL DIFFERENTIAL EQUATIONS

G. I. BURDE
The Jacob Hlaustoin Institute for Desert Research, Ben Gurion University, Sde Boker Campus,

Sde Boker 84990, Israel

A standard wav of obtaining special solutions of non-linear partial differential equations (PDE) is
X , I he method of symmetry reduction. The classical methods of finding similarity reductions of a given
TL ' . PDE are the Lie method of infinitesimal transformations [1] and its generalizations [2, 3]. Although
jtt '; these methods are entirely algorithmic, they often involve a large amount of tedious algebra and
* auxiliary calculations which can become virtually unmanageable if attempted manually, and so
i . require symbolic manipulation programs. We have developed a new method of deriving explicit
i similarity solutions of PDE which involves no use of group theory. This method is not entirely
;. algorithmic and requires some ingenuity in using but in return it appears to be much simpler to

implement than either the classical and nonciassical group methods. The basic idea is to reduce
a given system of PDE to an overdetermined system of ordinary differential equations which can

: be solved exactly. This method can produce solutions which are unobtainable when using group
;% . methods. The explanation is that the overdetermined system restricts us to a smaller subclass of

solutions, and while the entire set of solutions may not be invariant under some transformation
: group, an appropriately smaller subclass may be invariant . In contrast to another direct method of

deriving similarity solutions of PDE developed recently in [4] , this new method gives the possibility
\ of obtaining explicit solutions which contain arbitrary functions of independent variables. Besides,
: as distinct from the method [4], application of the most general form for a similarity reduction is
;., not a crucial point of the approach. Some new explicit solutions are obtained even though one

uses the usual simple form of similarity reduction. This method has been successfully applied by
•i the author to obtain new explicit solutions of such non-linear systems of PDE as the Navier-Stokes

•(;\ equations and the boundary layer equations.
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,« ON A HARTMAN-WINTNER PROBLEM

: N. CHERNYAVSKAYA
Department of Mathematics and Computer Science, Ben Gurion University,

Beer-Sheva 84105, Israel
E-mail: nina@bengus.bitnet

Wo consider the problem of asymptotic equivalence of fundamental systems of solutions (FSS's)
for Sturm-Lionville equations

y"(x) = qi(x)y(x), 1 < ?i(-) £ ! '"(«), (1)

z"(x) = q2(x)z(x), «(•) € L[°C(R) (2)

This question for equations of the type (l)-(2) was studied by P. Hartman and A. Wintner ([4]).
The Hartman-Wintner theorems on sufficient conditions of asymptotic equivalence are formulated
in terms of FSS of the equation (1). Therefore these results are not applicable in the case, when
for the equation (1) necessary information on asymptotic behaviour of solutions is absent. Our
purpose is to find sufficient conditions for asymptotic equivalence of FSS's of the equations (l)-(2)
that would be expressed in the natural language of the coefficients of the considered equations. It
is known that the equation (1) has FSS such that

u A z W i ( x ) ~ v i ( x ) u [ ( x ) = 1 , x e R

Definition. We shall say that the equations (l)-(2) have asymptotically equivalent FSS's as
i — oo, if there exists FSS of the equation {u2(x), V2(x)} (2)> for which the equalities (3) hold:

(3)

The following result has been obtained:
Theorem. Let ̂ i(x) = d~2(z) , where d(x) is the positive solution of the equation ([5])

and

If either condition

1 tz

x) = s u p - p = sup 1/ (q2{s) - qi{s))ds
t>x Jqp't) z£&(t) Jt

I i«2(o-«i(oi?r(O"1/2*
Jo

<00,

is fulfilled, then the equations (1), (2) have asymptotically equivalent FSS's.

< oo,

- • • • /
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Example. I'u nci ions c/i (.?•) = cxp(|.jj). qi(?) = oxp(|^|) [1 + 2sinexp((l + a)|x|)], a > Osatisfy
I In- condition 1!) of Theorem and therefore the equation (2) has FSS U2(x),V2(x) of the following
Ibnii (.r — x ) :

j x

u2(.r) = oxp(-:-)exp(-2exp - ) (x)], \ei(x)\

^ ) [ l + e2(x)},£2{x) -> 0,x -* oo.

i'roof of Theorem is based on representations of FSS of the equation (1) in terms of the function
/>,(./•) = u,(x)!;,(i) ([3]; see also [2]): i ;

--
dt

—},
Pl(t)

where xo 's the intersection point of the graphs of the functions Ui(x) V\(x), and on sharp
two-sided a priori estimates of p\(x) ([1],[2]):

1 1 , % 3 1
7 - 7 = = < Pi(*) < -?===»* € 5
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INVARIANTS AND SEMIINVARIANTS OF HOPF ALGEBRA
ACTIONS

Miriam COHEN
Department of Mathematics, Ben Gurion University, Beer Sheva 84105, Israel

E-mail: mia@bengus.bitnet

and

Sara WESTREICH
Department of Mathematics, Ben Gurion University, Beer Sheva 84105, Israel

Invariants of //-module algebras
Let if be a Hopf algebra over a field k, and A an //-module algebra, with subalgebra of H-

invariants denoted by AH. When (H,R) is quasitriangular and A is quantum commutative with
respect to (//, /?), (e.g. quantum planes, graded commutative superalgebras), then AH C center of
.4 = Z(A). We consider actions of H for which AH C Z(A). We show that under this hypothesis
there exists strong relations between the ideal structures of AH, A and A#H.

We demonstrate the theorems by constructing an example of a quantum commutative A, so
that AjAH is //"-Galois. This is done by giving (CG)*, G = Znx Zn, a nontrivial quasitriangular
structure and defining an action of it on a localization of the quantum plane.

Semiinvariants for Hopf algebra actions
Let H be a finite-dimensional Hopf algebra over a field k, and M a left //-module. Let G =

G(H"), the group of group-likes of #*. For each a € G let Ma = { a & M \h-a = (<r,h)a, for all h e
/ / } , if Ma ^ 0 then a is called a weight for M with weight space Ma, and Ma = YaeG^o is a
(kG)'-module, that is, a G-graded space. If M = A, an //-module algebra, then AG is a subalgebra
of A and is a (A:G)*-module algebra. This subalgebra was termed the subalgebra of semiinvariants,
AQ, generalizing a known notion for groups acting by automorphisms, or Lie algebras acting by
derivations.

A dual way of viewing Ma is by considering p, the induced coaction of H* on A, then:

Ma = p~ {M ® <7), and MQ = p~ (M ® kG).

This dual view suggests the notion which we term A'-semiinvariants, as follows: Let H be a
Hopf algebra and K a subcoalgebra of H, let M be an H comodule then the A'-semiinvariants of
M are:

MK = p~l{M ® AT), a subcomodule of M.

We study A'-semiinvariants with special emphajis on the chain of the subcoalgebras C,- = A'kG,
where G = G(H), and for which MG is just the first term in a chain of //-subcomodules. Our results
are sharpest for pointed Hopf algebras, that is, Hopf algebras for which all simple subcoalgebras are
1-dimensional. In this situation, {C,} form a filtration of H (termed the coradical filtration), and
Me, form a comodule filtration of M. Pointed Hopf algebras occur in abundance: Group algebras,
or more generally any cocommutative Hopf algebras over algebraically closed fields, enveloping
algebras of Lie algebras and their quantizations, Sweedler's four-dimensional Hopf algebras, are all

iJ examples of such algebras.
;V We prove that if H is pointed and A is an //-comodule algebra so that there exists a total

integral <j>: H —• A, then A/AcoH is //-Galois if and only if AG is strongly graded.
, . .• On the other hand, we show that if H is a finite-dimensional pointed Hopf algebra and A is an

•* //-module algebra, then A#H is a finite normalizing of A. This yields a strong connection between
A - Mod and A#H - Mod.
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SOME NEW RESULTS ON FUNCTIONAL DIFFERENTIAL
EQUATIONS WITH LINEARLY TRANSFORMED ARGUMENTS

Grigory DERFEL
Department of Mathematics and Computer Science, Ben Gurion University,

Beer Sheva 84105, Israel
E-mail: derfel@bengus.bitnet

Functional-differential equations of the form:

I m

j=0 k=0

a}k e C; ctj,/3j 6 R; -oo < t < oo

are considered and asymptotics of the solution is studied. Special solutions: analytic, almost-
periodic, compactly supported are investigated. Some applications to probability theory, spectral
theory of the Schrodinger operator, wavelet theory and subdivision processes are discussed as well.
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LYAPUNOV STABILITY OF VOLTERRA INTEGRO-DIFFERENTIAL
EQUATIONS WITH OPERATOR COEFFICIENTS

Aloksey DROZDOV
Department of Mathematics and Computer Science

Urn Gurion University, Beer Sheva 84105, Israel
E-n'ail: alexey@bengus.bitnet

\ \

We consider the stability problem for the following integro-differential equations:

rt .
u(i,x) + Au(t,x) + / Q(t-s)Bu{s,x)ds = 0,

Jo
ft .

)+ Q(l-s)Bu{s,x)ds]dt + Cu(t,x)dw(t) = O.
Jo

(1)

(2)

Here u(t, x) is an unknown vector function, w(l) is the standard Wiener process, A, B, C are linear
operators, the superscript dot denotes the derivative with respect to time t. We assume that the
function Q(t) is twice continuously differentiable, satisfies the conditions —1 < Q(t) < Q(0) = 0,
QV) < Q(oo) = 0, Q(i) > Q(oo) = 0, and there exist constants 0 < Tt < T2 such that:
7 7 1 \QU)\<Q(t)<Trl \Q(t)\.

Theorem 1. Let A be a selfadjoim operator; Bs, Ba be the symmetric and the skew-symmetric
part of (he operator B, respectively; B+ be a part of B commuting with A, fl_ = B- B+. Suppose
that .4 + Q(oo)B+ is positively defined, there exists a constant a > 0 such that the operator
nflj - [A -f Q{oo)B+] is nonnegatively defined, and

1

- 1}.

Here || D | | ,=
l1

[4 + Q{oc)B+]-V2D[A + Q^B+r1'2 ||, || 5 ||2=|| [ol?(yl + Q(°o)B3) + (A +
Q{oo)BJr)Bl1}-x/2D[aT^{A + Q{oo)Bs) + (A + Q(oo)B+)B+1]-1/2 || for any operator D, and
R = Tj"1 JJJ*3 | Q(s) | srf.s. Then the trivial solution of (1) is stable in the Lyapunov's sense.

Corollary. Let A, B be commuting selfadjoint operators. Then the trivial solution of (1) is

stable if min,[AJ ' + Q{<x>)\\ '] > 0, where A,- are the eigenvaJues of the corresponding operators.
Theorem 2. Let A, B and C be commuting selfadjoint operators. Then the trivial so-

lution of (2) is stable in the mean square sense if min,-[A|y4' + <2(OO)A[S)] > 0 and At-
C)2 <

r1/?AJB)[A|/') + «5(oo)A|S)j{l + 7?[AJ'4) + Q(oo)A|B)]}-1 for any integer i.

Equations (1), (2) describe the mechanical behavior of viscoelastic bodies under deterministic
and random loading. Employing Theorems 1 and 2 we derive explicit expressions for the critical
forces for an arbitrary relaxation measure of a viscoelastic material and various types of loads and
supports.

- 3 - 3 -
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NON-EQUILIBRIUM STATISTICAL MECHANICS

Gerard G. EMCH K fX

Department of Mathematics, University of Florida,
Gainesville, FL 32611, U.S.A.

E-mail: gge@math.ufl.edu

To ask where a science is going requires an answer that recounts its successes and directs
attention to its current shortcomings. Through specific cases, I will try to explore critically the
path traveled in non-equilibrium statistical mechanics from conjectures to examples, from particular
models to rules, from laws to principles.

With the emphasis deliberately placed on the need to seek a quantum formulation, I plan to
contrast the problematic aspects of the evolution towards equilibrium with the more reassuring
situation encountered in equilibrium statistical mechanics.

One long-lasting problem I wish to raise is the elusive connection between the van Hove pro-
gramme for the physical theory of transport phenomena and the mathematical concepts introduced
by the study of non-linear dynamical systems.

t
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,, CAN ONE RENORMALIZE SPIN HAMILTONIANS?

; ', A. C. D. van ENTER

&
%

• if,

Institute for Theoretical Physics, R.U.G., Nijenborgh 4, 9747AG
Groningen, Holland

E-mail: aenter@rugr86.rug.nl

J ^ ; This abstract is based on a recent joint work with R. Fernandez and A. D. Sokal. Existence
*X-'- - problems for position-space renormalization-group maps are considered as a map on a space of
i]|y i Hainiltonians. for classical finite-spin lattice models. We prove that if a renormalized Hamiltonian
f exists, it is unique (up to physical equivalence) and continuous as a function of the original Hamil-
• • Ionian. However, in various examples the map is shown to be ill-defined: the renormalized state is
? non-Gibbsian.

Open problems:
(1) Obtain some results for unbounded spins or quantum spins. About this last topic, clarify

the difference between a KMS-state on a C-algebra and a Tomita-Takesaki modular state on a
von Neumann-algebra.

• %- '•" (2) Do fixed point Hamiltonians exist for the usually studied renormalization group maps?

Suggested Topic of Discussion

; Understand the spin-glass transition. In particular, can one make mathematical sense of the
••• Parisi solution of the Sherrington-Kirkpatrick model? Is the Sherrington-Kirkpatrick model related
, to finite range spin-glass models of the Edwards-Anderson type, in high dimension?
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QUESTIONS AND SUGGESTIONS

Klaus FREDENHAGEN
» II. lustitut fiir Theoretische Physik, Universitat Hamburg, Germany

E-mail: iO2fre@dhhdesy3.bitnet

The following questions seem to me to be very crucial for the future development of quantum
field theory.

A.;
•i\ji'. • 1. What is the structure of algebraic quantum field theory on space times which are more

'tjL.f complicated than Minkowski space?

\ 2. Can we formulate quantum field theory on noncommutative spacetime?

j . 3. Are there possibilities to define quantum field theories directly in terms of algebras of observ-
' ables?

Concerning the last question, there are now very interesting results of Wiesbrock [2] available which
characterize chiral conformal field theories in terms of inclusions of von Neumann algebras. Further

f\ :- progress in this direction may be expected.
Noncommutative geometry is a very prou.ising subject, but up to now only classical physics

(e.g. Connes' description of the standard model) or one particle quantum mechanics on such spaces
has been formulated. As suggested in Haag's book [i], one may consider nets of algebras indexed

. by some (non Boolean) lattice associated to the noncommutative space. What is the role played
• by locality in this framework?
'••• Concerning the first question, there are local and global questions. Locally, the main problem
•: is the formulation of the stability condition (positivity of energy). Mathematically, it seems to be

?' expressible in terms of the "principle of local definiteness"[Haag, Namhofer, SteinJ, which means
iujl that the local algebras are uniquely defined von Neumann factors. To find these algebras, or

equivalently, to characterize the folium of admissible states, is a difficult problem. Progress has
been made in linear field theories where the Hadamard condition [3] or the concept of adiabatic
vacua [4] was used. In the general case, a promising strategy is the study of the modular operators

{, [ associated to local subalgebras [Buchholz, Summers].
|| Globally, the problems come from the fact that the set of contractible regions may not be

directed. The algebra of local observables can then no longer be defined as the union of all local
algebras. Instead one has to introduce an abstract algebra which is freely generated by the local
algebras modulo all local relations. This new algebra may be nonsimple, and it may even have a
nontrivial center. On the other hand, its positive energy representations may simply be labeled by
projections in the center. An analysis of chiral confirmal theories on the circle provided examples
for such a situation [5].
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ANDERSON LOCALIZATION FOR POTENTIALS WITH SEVERAL
j . RESONANCES

i **•

M. GOLDSTEIN
Depart ment of Mathematics and Computer Science, Ben Gurion University,

Beer Sheva 84105, Israel

j\ lj. i Wo consider the one-dimensional Schrodinger equation
•?

I

I

- e(tp(n + 1) + ip(n - 1)) + V(an + k)<p(n) — E<p(n)

with an analytic 1-periodic potential V(x), and Diophantine a. It was shown by Sorets and Spencer,
that the Lyapunov exponent of this equation is strictly positive for small e and arbitrary irrational
a. Wo prove that if a is Diophantine, the spectrum is pure-point and the corresponding eigen-
funrtions decay exponentially. The proof uses the Kolmogorov-Arnold-Moser approach.
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COSMIC TIME IN QUANTUM COSMOLOGY: INFLATION-
COMPACTIFICATION AS A QUANTUM EFFECT

E. I. GUENDELMAN
Depart niont of Pliysics, Ben Gurion University, Beer Sheva 84105, Israel

E-mail: guendel@bguvm

and

A. B. KAGANOVICH
Department of Physics, Ben Gurion University, Beer Sheva 84105, Israel

E-mail: alexk@bguvm

We consider 1 + Z?-dimensional, toroidally compact Kaluza-Klein theories. In the context of
the mini-superspace approach of quantum cosmology, we solve the Wheeler-DeWitt equation in
the presence of a negative cosmological constant and dust. Then, it is found that the quantum
effects stabilize the volume of the Universe, so that there can be an avoidance of the cosmological
singularity. Although cosmic time does not appear explicitely in the Wheeler-DeWitt equation, we
find that a cosmic time dependence appears for the expectation values of certain variables. This
result is obtained when proper care of some subtle points concerning the definition of averages in
quantum cosmology is taken. The stabilization of the volume, when there is anisotropy (which
turns out to be quantized), leads to a "quantum inflationary phase" for some dimensions, while
there is a "quantum deflationary contraction" for the rest.

i* ;



THINGS TO THINK ABOUT

Rudolf HAAG
II. Insti tute fur Theoretische Physik, Universitat Hamburg, Germany

Fax (00491-40-8898-2267

1'lic way how I interpret the challenge posed by the title of this conference is:

1. What developments in fundamental physical theory have we witnessed in the second half of
this century?

"2. W h a t has been the contribution of tough and patient application of mathemat ica l analysis or
of heavy mathematical artillery or of recent mathemat ica l concepts to the elucidation of the
consequences of old or newer physical theories?

3. Do we have any guesses about the emergence of a new, deeper fundamental theory s tar t ing
from radically different basic concepts. Any ideas what these concepts should be?

4. From which sources do we expect the key t o such a development?

(i) Experiments?
(ii) Conceptual analysis of the incongruities in existing theories?
(iii) Inspiration from studies in pure mathematics?

Let me give some personal opinions on some of these questions.
It appears fair t o say tha t in the period in question the frontiers of fundamental theory meant

essentially "high energy physics", "elementary particles", "relativistic quan tum physics". The
available frame for this was Quan tum Field Theory. The oldest of the listed speakers a t this
conference star ted their scientific endeavours jus t after the major breakthrough in Q E D due to the
development of covariant per turbat ion expansions and renormalization. Before this , say in 1940, it

Many proposals were advanced then, some with recurrence in later decades, e.g., the existence
of smallest length, the replacement of space-time by a pure 5-mat r ix theory, indefinite metric in
Hilbert space. The success of renormalized Q E D showed t h a t there was much more t rue physical
information in Q E D than expected. On the other hand , it did not transform Q E D into a well defined
theory but only provided a set of rules which seemed t o work miraculously. Dirac called the scheme
ugly. Heinsenberg considered it as a distraction of a t tent ion from the really impor tan t questions.
Forty years later these aspects remain largely the same. We have progressed from Q E D to the
standard model. The essential ingredients are the principle of locality based on a given ( classical)

I • 4-dimensional space-time continuum with a given causal s t ructure and metric and the local gauge
"*•%' principle generalizing Q E D by saying tha t we should consider a fibre bundle over space-time whoso

° s t ructure group relates to the internal symmetries and whose sections and connections provide the
basic variables of the theory. Many qualitative consequences and a few quant i ta t ive ones fit well
with the emperically available evidence and there is no clash with experiments known yet. However,
there is still no well defined theory and, in spite of the huge efforts e.g., in "constructive quantum
field theory", it remains unclear whether and how the s tandard model can be elevated to hecomo an
internally consistent, mathematically definable theory. It appears even doubtful whether this is t he

r
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(|iii^iic)ii lo ask before wo have understood the impact of the principles of general relativity
on (jiiiiiiiiini physics. There is a widespread feeling (which I share) that we stand on the verge
<>f it ri'i'oliiiioii of fundamental theory and that the new theory will not start from a space-time
continuum as a primary input. The views about the road to this goal are widely divergent. This
lirin&s us to point I of tho above list. Of course nobody doubts the ultimately decisive role of the
experiments. Hut quantum field theory is so flexible that we cannot expect the new generation
of accelerators to provide us with some striking discrepancy which could not be accomodated
within this frame unless theorists succeed in devising tests sensitive for the principle of locality
itself. An example of this were the dispersion relations around 1960 which disproved the idea of a
smallest length of the order 10~13 cm. In any case, I want to emphasize item (ii) as indispensable.
Some aspects of the existing theory are not adequately understood. Of immediate concern is the
proper understanding of the local gauge principle in quantum physics, of the role Lagrangian and
Fevnman's path integral versus the approach via algebras of local observables. A long standing
challenge is the interpretation of the principles of general relativity into quantum physics. There is
the division problem. To do physics we must subdivide the universe. How can one do that if one
does not start with space and time? Possibly connected to this is the characterization of facts in
quantum physics. Can one define real events as not synonymous with observation results? If so,
irreversibility and the arrow of time must enter on the basic level, not through the back door of
statistical mechanics and ultimately traced back to cosmology with its big bang. I do believe in the
harmony of good mathematics and good physics, in naturalness and simplicity of basic concepts. I
<lo nof believe, however, in the hopes of item (iii) unless it goes hand in hand with (ii).

• * <
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Some Personal Passions

John R. Klauder
Departments of Physics and Mathematics

University of Florida
Gainesville, FL 32611
FAX: 1-904-392-0524

E-mail: klauder@neptune.phys.ufi.edu

| , '•• AN ABSTRACT WITH QUESTIONS

Oftentimes, there is no better way to gain insight into the future than that provided by
a critical reexamination of some of the so-called basic principles of some theory so as to
unmask weakly supported issues currently regarded as "conventional wisdom". To question
conventional wisdom it surely helps to have a strong set of alternative principles on which
to base things. A vision of how things could be, or even ought to be certainly helps; and of

^ . course to have a vision one should have a passion, or perhaps even a minor obsession, or
something that looks awfully close to one. The alternative views so gained may well suggest
new directions and even possible programs for present and future activities; in short, they
may offer inspiration.

• Let's start with some simple questions. Why do we so frequently say that some particular
theory is either classical or quantum? After all we live in a world where k is not zero. Thus

3 we need a definition of "classical" that coexists with "quantum", a definition of "classical"
that is embodied within "quantum", yes even a definition of "classical" that acknowledges
itself only as an approximation to a deeper and richer quantum description. It is remarkable
that just these properties are inherent in a classical — quantum correspondence afforded by
coherent states. It is useful if each coherent state )p, q) is normalized, while they must be
continuous in their labels and admit a resolution of unity in the form

1 3 1 - /

where dp. is absolutely continuous with respect to dpdq. One common connection relates
, coherent states and irreducible Heisenberg operators, and is given, e.g., by

i

where -oo < p < oo, —oo < q < co, the measure dp, = dpdq/2-K, and the normalized
state \q) is completely arbitrary. [To emphasize the generality, we note that another common
connection relates coherent states to irreducible generators of the affine group as given by

[D, P) = iP, P > 0, M =



In this example 0 < j> < oo, -oo < q < oo, the measure <fy/ = dpdq/2nM,while
the normalized state |TJ) is restricted only by the requirement that M is finite.] Coherent
states offer a continuous, nonorthogonal basis of Hilbert space. Despite the fact that all the
representatives <.'(/'*<?) = {/», </k'!) are bounded and continuous functions, more conventional
bases and general square-integrable functions, as in either the Schroedinger ^-representation
or the Fourier transform ^-representation, emerge as suitably scaled limits of the coherent-
space representation as the state \TJ) is varied; integral transforms also suffice, but are not
necessary. How do coherent states allow for classical and quantum theories to coexist? One
example is illustrated by the connection between the classical Hamiltonian H(p, q)and the
quantum Hamiltonian operator H given in this framework by

) = {p,q\H\p,q).

(A similar expectation value relates any classical generator to its quantum counterpart.)
This kind of connection turns out to completely disconnect canonical transformations of the
classical theory and unitary transformations of the quantum theory. This basic property is
the key ingredient in understanding and solving a long-standing question, namely, why does
quantization apparently depend on the choice of coordinates. Even more, this viewpoint is
responsible for classical and quantum phase-space formulations that are both covariant under
the set of canonical coordinate transformations.

If coherent states admit alternative and satisfactory interpretations for conventional degrees
of freedom, do they offer something new with regard to constraints and gauge variables.
Since constraints and gauge variables pervade present-day fundamental theories one should
ask if their current treatment at a quantum level is trouble free; the answer is no. Do the
Dirac brackets provide an answer to the quantization of constrained system? No, says Dirac
himself. Should second class constraints be eliminated, and if, as conventional wisdom
claims, they should be eliminated, should that elimination take place before quantization or
after quantization? Although this story is currently under development, the view afforded
by coherent states has quite satisfactory and, in some respects, unusual answers for these
questions as well.

Who hasn't been drawn to the incredibly difficult problems posed by quantum gravity? Is
it likely that a good grounding in contemporary Quantum Field Theory provides sufficient fire
power to attack such a gigantic problem? Rather improbable. In fact, some of the difficulties
encountered in quantum gravity also appear in considerably simpler models, and it is not
unreasonable to seek their clarification (if not their outright solution) in these simpler models.
One of my long-standing passions deals with finding alternative quantization schemes for the
"outcasts" of contemporary quantum field theory, the nonrenormalizable models, or perhaps
more properly stated, those theories that are not asymptotically free. Current wisdom has it
that (<£4) , n > 4, models are rigorously free theories, certainly at least for n > 4. How
paradoxical this situation really is does not seem to be widely appreciated (leaving aside the
potential application of such theories to realistic Higgs models). Such theories regarded
classically have perfectly respectable, nontrivial solutions, and even nontrivial scattering
"operators", i.e., integral kernels. How can one expect to take a quantum theory that is
free, and therefore possesses a trivial scattering matrix, etc., and then, by taking the classical
limit of this trivial theory emerge with a classical theory in the correspondence limit that is
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manifestly «<7«trivial? How could this apparent paradox arise? Could it be that the lattice
construction that yields triviality does so because its very definition presumes (or is equivalent
to presuming) asymptotic freedom, something that is true for the (<j>'i)n, n > 4, theory only for
vanishing (or negative) coupling constant. Could there be an alternative lattice prescription
for the interacting theory that accounts for its short-wavelength degrees of freedom differently
than the free theory does and at the same time does not lead to a free theory in the continuum
limit? Model problems that exhibit just these properties exist. They are simple enough to
permit closed-form, nonperturbative solutions, yet complex enough to exhibit only free theory
results in the continuum limit when viewed conventionally. Three classes of such models,
expressed, for convenience, for scalar fields in n -dimensional space time by their classical
actions, are given by (i) the so-called (covariant) diastrophic models, e.g., for n > 2 ,

where to € R or w € [0,1] is an auxiliary continuum variable without derivatives; or (ii) the
related, but simpler, fully soluble ultralocal models, e.g., for n > 2 ,

x;

or (iii) even the most elementary fully soluble model, the independent-value model (approach-
able via functional integration) with, e.g., for n > 1 ,

All these models are nonrenormalizable by conventional standards, all are nonasymptotically
free, all lead to free theories when approached conventionally, and yet to differing degrees, all
these models are soluble outside conventional approaches, especially the latter two examples.
(Note that there is nothing special about a quartic interaction term; each of these models
could be discussed and solved to the same extent if (jA was replaced by <624, for example.)
Why are such models interesting? They are interesting because their solutions suggest a
generic interpretation for the root cause of their nonrenormalizability. The lesson uniformly
taught by all these models is that of a hard-core interaction, that is, a nonrenormalizable
interaction is so strong, in relation to the free part of the Hamiltonian, that once turned on,
its effects, like those of a hard core, cannot be completely turned off. The zero coupling-
constant limit of the interacting theory is simply not the usual free theory but an alternative
theory, termed the pseudo-free theory, that incorporates the hard-core effects. A perturbatio ;
analysis of the interacting theory, if one is desired, must be made about the pseudo-free theory
rather than the free theory, a theory to which the interacting theory is not even continuously
connected! The hard-core picture of nonrenormalizability surely deserves to be tested on
covariant nonrenormalizable models, but at present the mathematical machinery to do so is
lacking.

Passions run deep and strong, as well, alas, as prejudices. Clearly, this set of issues
may not be to everyone's taste, but I hope you will have seen that they are of profound
interest to me.
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<*i! Suggested Topics of Discussion

Robert MAC KAY
Nonlinear Systems Laboratory, Mathematics Institute,

University of Warwick, Coventry CV4 7AL, U.K.
E-mail: robert@matlis.warwick.ac.uk

1. How to deal with electron-electron interactions in solid-state physics ?

2. How to model transport for perturbations of integrable Hamiltonian systems of 3 or more
degrees of freedom?

3. Is there an area-preserving map behind the equilibrium states of the the adiabatic Holstein
model (plus more general links between solid-state physics and Hamiltonian dynamics) ?

•1. How do invariant tori of Hamiltonian systems of 3 or more degrees of freedom break?

5. What does the full renormalisation picture for invariant tori of area-preserving maps look
like?

6. Space-time chaos and phase transitions in coupled map lattices.

t
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STRING WORLD-SHEET VERSUS SPACE-TIME

Yu. I. MANIN
l)c|i;iriiiioi?l of Mathematics, Massachusetts Institute of Technology,

Cambridge, MA 02139, U.S.A.
E-mail: nianiiniimath.mit.edu

and
Sti'klov Mathematical Institute, Vavilov 42, 117966 Moscow, Russia

The talk will be devoted to a discussion of the role of two-dimensional (2D) (super) conformal
(jiianiuin field theory in modern theoretical physics, more specifically, of the light it sheds upon the
dynamics of the generation of space-time out of primordial quantum chaos.

1 will try \o make explicit the background platonic philosophy of a trained mathematician
converted to mathematical physics which makes him ask "why""rather than "how", and which
defines a personal strategy in the communal quest.

Briefly speaking, this philosophy consists in postulating that there exist correspondences (pre-
(sUiblitihcd harmony) between basic structures of mathematics and those of the theoretical physics,
and the landmark discoveries consist in understanding these correspondences.

21) (super) conformal quantum field theories form an extremely rich mathematical universe
where ideas from representation theory, differential and complex geometry, algebra and number
llieory blend in a fascinating way. Bu! if this is the right code, for describing physical reality at
its deeper levels, it must be properly decoded. Since N. Bohr's times, physicists were reluctant to
discuss metaphysical problems, and with good reasons too. However, the widening gap between
low( = high)-energy experimental physics and modern theoretical physics speak makes a renewal
of such a discussion unavoidable.

r



•, 'P' * QUANTIZATION OF FIELD THEORY WITH NONTRTVIAL
: > GEOMETRY

M. S. MARINOV
Physics Department, Technion-Israel Institute of Technology,

Haifa 32000, Israel
E-mail: phxl5mm@technion

The standard quantization of gauge field theory, the cornerstone of modern physics, is incom-
pleto beyond perturbative domain. This fact, disclosed by Gribov in 1977, is a result of a nontrivial
geometry of the fields for non-Abelian gauge groups. In the canonical non-relativistic approach,
a ft or imposing a gauge-fixing condition, one can see that no Hamiltonian exists for fields which are
too strong. On the other hand, the conventional path integral formulation cannot be used as a
starting point for the quantization, as soon as the field configuration has a nontrivial topological
structure. Actually, simple arguments show that the path integral cannot replace the formalism
based upon canonical commutation relations (CCR). Nor is the method of constrained dynamics,
when the system concerned is embedded into an Euclidean space (or super-space), consistent, if
applied outside perturbation theory. A way to reinforce the foundation of quantum field theory is to
replace the old-fashioned CCR for a more sophisticated principle, making use of group-theoretical
arguments, which would take into account the symmetries of the problem. The desired construc-
tion may be based upon the ideas of the geometric quantization. A number of examples reveal
consistency and power of the geometrical method. The Berezin quantization of symmetric Kahler
manifolds is investigated in some detail. More insight into the theory of infinite groups and their
representations is necessary for a further progress.

: . • !
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]• v METRIC-AFFINE SPACE-TIME, CONFORMAL CONSTRAINTS AND
! j THE OGIEVETSKY ALGEBRA

'1 Yuval NK'EMAN
. ' > » ' • Mortimer and ltayiiionrl Sackler Institute of Advanced Studies

Tel Aviv University, Ramat Aviv, Tel Aviv 69978, Israel
K-mail: mitka.d@ccsg.tau.ac.il

* • ' and

Center for Particle Theory, University of Texas at Austin,
Austin, Texas 78712, U.S.A.

E-mail: neeman@utaphy.ph.utexas.edu

In a motrir-affine space-lime with conformal constraints, the infinite (Virasoro-like) Ogievetsky
algebra of diffeoinorphisins in ]R4 emerges as a global symmetry, restricting the field structure.
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STRING THEORY AND INTEGRABLE SYSTEMS
'i
*

Kmil NISSIMOV '
Department of Physics. Hen Ginion University. Beer Sheva 84105, Israel

K-in ail: oiiiil«I>bguvnis.bitnet

One of the prevailing views in modern theoretical physics is that fundamental laws of Nature can
tj?;. r lie derived and understood in terms of field-theoretic models in a lower dimensional space-time
"' possessing injinit(-dhn<nxional symmetry groups and, thus, as a rule, being integrable.
• • lntegrable models in their various facets atid disguises are encompassed by the extremely rich
( and rapidly developing branch of String Theory. It is widely believed that String Theory is the most

viable candidate for a unified theory of all fundamental interactions at ultra-short distances which,
in particular, will provide a consistent reconciliation between General Relativity and Quantum
Mechanics one of the major challenges of this century's Physics.

Here we shall aim at listing and briefly reviewing some of the most inspiring key achievements
: ' •• in the field.

i We have in mind two large classes of intcgrablc models: Conformal Field Theory (CFT) and
massive completely integrable models. Typical examples of CFT are the rational CFT's, of which
the most extensively studied are the Wess-Zumino-Novikov-Witten (WZNW) models for various

: Lie groups (7, and models obtained from them by the gauging of different subgroups H of G.
• Thoroughly studied models in the second class are: Sine-Gordon, (nonabelian) massive Thirring

models, nonlinear sigma models, Toda models for various groups, the Korteveg-de Vries (KdV)
and Kadomtsev-Petviashvili (KP) iiitegrable soliton evolution equations and their hierarchies. The
feature of inlcgrahility, common for both classes of models, stems from the infinite-dimensional Lie-

•~$ algebraic structure they share: in the first class this being the Noether symmetry algebra, and in the
second, tlie Hamiltonian structure. The underlying infinite-dimensional symmetries, manifesting

ij», themselves through the Virasoro (conformal) and affine Kac-Moody algebras, as well as through
various (infinite-dimensional) generalizations thereof — e.g., the W-algebras first introduced by
Zamolodchikov, play a crucial role in solving and interpreting integrable models.

The concepts and tools to approach the above topics invoke, besides the theory of infinite-
! dimensional Lie algebras and groups, another outstanding branch of mathematical physics — sym-

plectic geometry or, equivalently, Hamiltonian mechanics. The aim is to uncover the geometrical
foundations of the relevant field theories. It is just in the realm of String Theory and the theory of
completely integrable systems where the intertwining of Hamiltonian and Lie-group structures in
field-theoretic models attains new and immensely important qualities. Their essence is manifested

ij in the development of the principal methods to solve the quantization problems in integrable mod-
* - ^ ' ' : els: quantum inverse scattering method, representation theory of infinite-dimensional Lie algebras.

Quantum Groups (doubly non-commutative Hopf algebras).
\ Already in the pioneering papers of Adler, Kostant and Symes, and of the Faddeev's school, it

was realized that the infinite-dimensional Lie algebra of all pseudo-differential operators on the circle
1PDO(51) forms the founding ground of completely integrable systems. One of the cardinal results

• i . of this approach, which was actually formulated for a rb i t ra ry Lie algebras Q, was the discovery 1 hat
•:f ', complete integrability is intimately connected with:

1 .

I
'On leave from the Institute for Nuclear Research and Nuclear Energy of the Bulgarian Academy of S(i<

Tsarigradsko Chausee 72, BG-1784 Sofia, Bulgaria; E-mail: dstoyaiiiQbgearn.hilncl; Fax: 359-2-T.VjflTJ .



•, f , i iii I'xiMeure on (/ of ;i second Lie-commutator structure [A',V]H = 5 [RX, Y] + ̂
nin'u in ii-nns of ;i (classical) H-matrix operator R : (7 —> Q , which defines on the dual space Q"
,i new i'l;i.s> of li-f(i(i(ljoiiil orbits On = {/,;// = /•WJJ(s)Loi l>o € £*} i

(h) Kxistence on the /f-coadjoint orbits of fundamental R-Lie-Poisson Hamiltonian s t ructure
i>r Kirillov-Kosta.nl type {(/, I A',) , {L | Y)}K = - (L \ [X,Y]R) , so that all invariant Casimir
riinciioii.s* ll,\[Ad'{t))L] = HN[L] automatically appear as (an infinite number of) integrals of
motion which arc in involution with respect to this Hamiltonian structure: {/f^,[Z/], HN2[L\}R = 0 .

In fact, it turns out that essentially all integrable models (i.e. those admitting Lax or "zero
<niv;tt lire" representation) can be associated with ft-coadjoint orbits of specific subalgebras of (the
alfinizatioii of) 'I'DOf^'1) or with different Hamiltonian reductions thereof.

The generic integrable models are massive field theories which, as shown by Zamolodchikov, can
!><• regarded as integrable perturbations of conformal field theories. Such models have the advantage
of being relativistic invariant and classifiable by the conformal models whose perturbations they
are. The latter describe the renormalization group fixed points of these massive integrable models.
Their most essential feature, explicitly exposing the intimate connection to conformal models, is the
existence of inulti-Hamiltonian structures, i.e. the existence of at least a second Hamiltonian struc-
ture which is compatible with the canonical /2-matrix Kirillov-Kostant structure mentioned in (b)
above. The corresponding compatible fundamental Poisson brackets — the linear ii-matrix brack-
ets (see (b) above) and the quadratic Sklyanin /f-matrix brackets3: {L® 1,1 ® L}s = - [r. L ® L]
, arise naturally and are well understood within the classical "inverse scattering" method. Also,
they can be deduced in the semiclasHcal limit from the basic algebraic structures:

(1) Yang-Baxter equation for the quantum version 11 of the classical ii-matrix r : H-\-iR.\zR.2?, =
R-TSR-X-SR-XI (the lower indices describe the embedding of the matrix TZ belonging to the tensor
product U {Q) ® U (Q) of the universal embedding algebra into the tensor product U (Q) ® U (Q) ®

(2) Fundamental commutation relations for the quantum monodromy matrix T, involving the
quantum /^-matrix as "structure constants" H(T ®1)(1®T) = (T ® t){l ® T)TZ, which enter
the quantum "inverse scattering" method of Faddeev et.al. — the first systematic method for
quantization of completely integrable models.

In a subsequent development, Drinfeld was the first to realize the deeper algebraic and geomet-
ric nature which was built into the theory of classical and quantum completely integrable models.
Namely, he showed that the algebraic structures (1) and (2), described above, constitute the basic
structural relations of doubly non-commutative Hopf algebras which ultimately received the name
"Quantum Groups" and evolved into one of the "hottest" topics in mathematics and theoretical
physics. Furthermore, it was realized that a quantum group can be viewed as a deformation of a
classical Lie group much in the same way quantum mechanics is a deformation of classical Hamil-
tonian (symplectic) mechanics. Most importantly, in the "semiclassical" limit the basic quantum
group algebraic structures (1) and (2), formulated above, translate into a special distinguished clas-
sical Hamiltonian structure on G, called the Lie-Poisson structure, which is compatible with the
group multiplication. This is precisely the class of Hamiltonian structures given by the quadratic
fundamental iE-matrix Poisson brackets mentioned above in the context of classical completely
integrable models.

Returning to the ,1 bject of string theory, the interrelation between CFT and completely in-
tegrable models became explicit recently through the appearance of KdV and KP hierarchies

' ' <J , 2Note that Ad'(g) denotes the ordinary coadjoint action of the corresponding group G as opposed to I lie It-
1' ' j coadjoint action Ad'R(g).
.. 3Here it is assumed that <?* is identifies with & via (an existing) invariant Killing form (•,•) , and r 6 I ? ' , (j is

•'' related to R via RX = tVn, (T',X) for X € 9 . where {T1} denotes a 5-basis.
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in tlic description of snlicriticiil strings. Namely, it was shown that the full nonperturbativc
Mriiii; partition function can bo expressed in terms of the (logarithm of the) partition function
<>l' (miilii)m;ttrix models in (lie so called "double scaling limit", the simplest example being:
•^[{'li = S<IM <<xl> {- 5DA '/>• TrA7Aj. whore M denotes a J V x i V Hermitian matrix. Most re-
niiirbibly. even before taking the continuum limit, the solution of the matrix model turns out to be
equivalent to an appropriately constrained integrable Toda lattice hierarchy so that Z[{<}] coin-
sicies willi (lie r-function of the latter. Correspondingly, the continuum limit is governed by a
count mined KV hierarchy.

There exists an intriguing conjecture that dynamical interpolation between different elements of
1 lie configuration space of all string models can be formulated within the geometric Kirillov-Kostant
ad ion principle on coadjoint orbits of W<x, - "large N" limit of Zamolodchikov's Ws algebras,
which is a subalgebra of * D 0 ( 5 ' ) .

iX •••
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THE EMERGENCE OF GAUGE THEORY

I. OKAIFEARTAIGH V ,*
Dublin Institute for Advanced Studies, 10 Burlington Road,

Dublin 4, Ireland
E-mail: Ior<§slp.dias.ie.bitnet

I tic four known fundamental interactions have been with us for almost a century, but the
importance of the gauge-principle for these interactions was only gradually appreciated. In this
tnlk the ('mergence of the gauge-principle and its application to the various interactions is reviewed
from a historical (and hopefully inspirational) point of view.

I
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SOME ASPECTS OF STRING THEORY

Klkwr KABINOV1CI
Racali Institiilo of Physics, The Hebrew University,

Jerusalem 91904, Israel
E-mail: eliezer@hujivms.ac.il

A very largo number of classical string vaccua have been uncovered. We discuss some string
discrete syiunietries of these moduli, their space-time meaning and issues related to the stability of
those vaccua. A class of topological field theories will be similarly studied.
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ANALYSIS OF SPATIAL PATTERNS

Charles RADIN
Mat hematics Department, University of Texas at Austin,

Austin, TX 78712, U.S.A.
E-inail:radin@math. utexas.edu

.f*j- '• . I will disniss various methods of analyzing spatial patterns (such as spatial distributions of
A '; particles), and defects of patterns, by use of symmetries, complexity, order parameters, etc. Such
* studies are central in parts of physics (e.g., condensed matter) and mathematics (e.g., dynamical
S . systems/ergodic theory), and illustrate noteworthy differences in the two fields of research.
t
: Suggested Topic of Discussion

To what extent has mathematical physics contributed, in this second half of the century, to the
fc solution of problems of significant interest to (nonmathematical) physicists?

i
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Suggested Topics of Discussion

II. ROOS
Institute for Theoretical Physics, University of Gottingen,

Bunsenstr. 9, D-3400 Gottingen, Germany
E-mail: hroos@ibm.gwdg.de

i

Tlio questions to which I would like to know the answers, or at least preliminary answers, are
of rather different types and weights. Here are some of them.

(1) The obvious — and the most fundamental questions of Mf~l$ — for the years to come concern
elementary particle physics: what does a mathematically clean theory of elementary particles
look like? Can it be formulated without inclusion of gravitation? What about quantizing
gravitation?
These are rather general and vague questions which the experts should specify and comment on.

(2) The following question concerns chaotic phenomena: what can be said about the inverse
problem: given a seemingly chaotic series of measurements, how can one decide whether there
is an underlying (deterministic) dynamics? To put it otherwise — and perhaps more general —
: find order in chaos.
Furthermore, 1 would like to see a sufficiently general and intuitively appealing definition of
quantum chaos.

(3) The following are fundamental questions in Statistical Mechanics.
a) Formation of crystals: firstly, how does one define an ordered equilibrium state of an infinite
system at non-zero temperature, i.e. a state "approximately invariant" under a certain group of
spatial translations; secondly, for which interactions are there such ordered states?
b) Non-equilibrium systems: how is the notion of local thermodynamic equilibrium to be defined?

Comment on question 3b

It is commonly agreed that thermal equilibrium is described by the KMS condition. The ap-
propriate mathematical idealization to free oneself of boundary effects (and to allow for phase
transitions) is to consider infinite systems. Consequently, the obvious procedure to define non-
equilibrium states with well-defined local temperature T(x) is to attribute an infinite system to
every (macroscopic) point x and define T(x) by checking that the state at point a; is a /3(x)-KMS
state, /?(x) = kBT(x)~1. As an infinite system — in view of the abovementioned idealization
— is to be considered as approximated by finite ones, it is natural to assume that this setup is
achieved by a scaling limit, whereby finite systems, e.g., described by local algebras .4(A), serve
a twofold purpose: firstly, to define the "observable algebra at x", Ax "z. LM(A), and, secondly,
to approximate the whole macroscopic system in the limit A —* oo with macroscopic coordinates
x connected to the microscopic coordinates £ by f = K\X, K\ —• oo as A —> oc.

It is not difficult to implement this scheme and to define local states uix. The difficulties start
when one thinks of introducing a macroscopic time evolution based on the microscopic inicmc-
tion. This certainly requires a time scaling as well.



We i l.iim I liiil 'lie ideas sketched ii|) to this point are not sufficient. The dynamics will, in

iii;Hins<ii|)ic limes, alfoci 1 ho local equilibrium; what is lacking so far is a mechanism restoring

thermal iM|iiilil>riiiin locally once it. is destroyed by the action of the dynamics.

Thesis: 'I'lu'rinodynainics necessitates two "hypotheses on thermalization": a first one to de-
MTI'IIC u,lol)i\l equilibrium, i.e. to single out a set of states which are to be interpreted as equilib-
rium stales: and a second one in order to enforce local equilibrium.

.Vole i hat t ho condition for global thermodynamic equilibrium, the KMS condition, can be justi-
fied (e.g. by the theorems of Haag, Kastler and Trych-Pohlmeyer and of Pusz and Woronowicz),
but not derived from the dynamics. The latter would require to exhibit a sufficiently large set
of states, not just locally perturbed KMS states, for which one could show that they tend to
thermal equilibrium under the action of the dynamics.

More comments may be added when classical systems are under consideration.

,X >

t

'I • ''



i
1

ON A C L A S S OF A L M O S T P E R I O D I C STATES O N A F - F A C T O R S

H. RUBSHTE1N
Department of Mathematics and Computer Science,

Bon (iiirion University, Beer Sheva 84105, Israel
K-maii: benzion@bengus.bitnet

A non-commutative (quantum) probability space is usually interpreted as a pair (.4, tp), where
v- \> faithful normal state on the W" -algebra A. Two such pairs (Ai,tp\) and (A2,<P2) are called
isoinorphic. (A\.<?\) ~ (^21^2)1 if there exists an isomorphism a of Ai onto A2 with tpx = tp2oa.
Wo will solve the problem of the existence of such isomorphism in the case when tp is an almost
periodic state of the measure type on an approximately finite dimensional factor A.

Lot A be a factor on a separable Hilbert space H with cyclic separating vector £0 € "H and tp
bo the faithful normal state on .4 determined by £o- The state tp is called almost periodic (a.p.) if
its modular operator A^ has a complete collection of its eigenvectors (see [1], §3.7).

Lot (I bo an ergodic countable group of non-singular transformations on a Lebesgue space
(X. 111). viX = 1. Two such groups G] and G2 are called trajectory isomorphic {G\ ~ G2) if there
exists an invertible non-singular mapping S : X\ —«• X2 such that S(G\x) = G2x for a.a. 1 £ AV
Wo will write (G\,ni\) ~ (G2, W2) if this trajectory isomorphism 5 preserves the measures, i.e.
in-2 = nil 0 5 " 1 .

Denote by A(G) the factor corresponding to the ergodic group G [5] and let J4° (G) = j(L°°(X))
bo the Cartan subalgebra in A(G) obtained by canonical imbedding j of L°°(X) in A(G). The
state ipm corresponding to the measure m is defined as tpm(x) = f j~1(E°x)dm, x 6 A(G), where
F." is the conditional expectation on A(G) relative to A°{G). This measure type state <pm is an
almost periodic one iff there exists a countable subset F C (0, +00) such that (dgm(dm)(x) € F for
all g € G and a.a. x € X. The set F consists of all eigenvalues of AV m .

By the Connes-Haagerup theorem [2], [3] any AFfactor has the form A(G) for a suitable ergodic
AF-group G and by Krieger's theorem [5] one has A(G\) ~ «4(<?2) •£• G\ ~ G2 in the AF case.

In general [G\, m) ~ (G2, m) =̂  (A{Gi), <pm,) ~ (A(G2), <pm2)
 a n d we have proved the following

Theorem. Let Gi, i = 1,2 be two countable ergodic approximately finite groups on (X;,m;)
and let the corresponding states <pmi be almost periodic.

Then: (A(Gi),<pmi) ~ (A{G2),<pm2) <*• (Gi ,m,) ~ (G2,m2).
We have also found an invariant <j> for isomorphic pairs (A, y) with a.p. tp, which is complete

invariant in the AF-case [6].
In particular, if the group G contains the measure m [4] the state tpm is a.p. and the centralizer

N^ = { x 6 A I A^xA~'' = x] is a factor. In this case the invariant <j> is defined by the point
spectrum F,, of A^ and the above theorem reduces to the Krieger result [4],
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$? SEDIMENT TRANSPORT IN THE SHELF COASTAL ZONE AS AN
; AREA OF MATHEMATICAL PHYSICS

Igor SELEZOV
,̂  Drparinu'iit of Wave Processes, Institute of Hydromechanics, Ukrainian Academy of Sciences,

8/4 Zhelyabov Str., 252057 Kiev, Ukraine
E-mail: sel%ihm.kiev.ua@relay.ussr.eu.net; Fax:(044) 446 42 29

E ' . and

I ' Roman VOLYNSKI
Department of Geology, Ben Gurion University, Beer Sheva 84105, Israel

Sediment transport in the shelf coastal zone could be studied with the methods of modern
mathematical physics.

An example of a sediment problem is considered. The model includes a non-linear advection-
•% , turbulent diffusion equation for the sediments transported by the oblique incidence waves and a

system of ordinary difTerential equations of the ray approximation for the calculation of the surface
'/ gravity wave refraction at any topography of the sea bottom. Initial and boundary conditions are

imposed on the above system of equations.
; The advection-diffusion equation is solved by the finite difference method with the implicit
'• scheme and the three-diagonal sweep algorithm. The ray approximation equations are solved using
t the Kniige-Kutta method.
\ The results of the numerical experiments carried out within the framework of the adopted model
) are presented. It is shown that there are systems of "null points" in the flowfield which are similar

_.j to the "source" and "sink" in the mathematical theory of electricity. The numerical solution of
:*s the initial-boundary value problem for the coastal sediments shows that these "null points" are of

great importance for the deeper understanding of various ecological situations such as the violation
of the natural balance under extreme conditions, including local and global catastrophes.

It is suggessted that the marine sediment dynamics will be an area of an increasing interplay
between ecology and computational physics.
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SOME QUESTIONS

R. N. SEN
l)cp;iri mi'iii of Mailiomatirs ami Computer Science, Ben Gurion University,

Beer Shova 81105, Israel
K-mail: rsomvi'iiidigo.bgu.ac.il or rsen@bengus.bitnet

1. Some Comparisons

Tin1 spectre of incomprehension has stalked the relationship between classical mechanics and
(]iiiiuiiim mechanics - •- or at least our perception of this relationship — ever since the inception
of 1 he latter. Similar doubts arise when one considers the relationship between classical gravity
(general relativity) and quantum gravity (whatever that may be). What, then, is the background
which the physicist brings to bear upon the relationship between "classical" differential geometry
and "iioncommiitative" differential geometry? Could it be that there is more in common between
the three appositions than meets the eye? In that case, a "comparative" study might be indicated.

Mathematics is incomplete, and contains undecidab/e propositions, in a very precise sense.
What is the logic which underlies the use of mathematics in physics? Is this logic incomplete? Are
I lie "rules of interpretation" of a physical theory "propositions" which may be undecidable?

Under what assumptions can questions raised in the first paragraph be treated without first
considering those raised in the second?

2. What is Physics?

One does not have to be Sir Karl Popper to realize that the notion that the universe is composed
of "elemantary particles" and their interactions is a throwback to Democritus. To state frankly
that it is a proposition whose validity can never be established does no dishonour to its great

i s and abiding usefulness in our present "observational window". The search for elementarily is the
| exact opposite of the study of complexity. The former is the ruling passion in physics, driven
t ; by the apparition of ultimate constituents and their interactions, the metaphysical equivalents of

Hamiltonians which need to be bounded from below. If this belief is questioned (as I do), then one
arrives at a wholly different We/tanscnauung: How to rid physics of the last vestiges of Democritan
atomism! Are there physical principles which are equally applicable to the study of elementary
particles, elementary excitations, continuous media and plasmas, each of which is defined only in
relation to a certain "observational window"? How can one axiomatize the definition of a "state of
matter"? What are the lessons of Mandelbrot's "Fractal Geometry of Nature"?

Dubito, ergo suml

3. Local Thermodynamic Equilibrium

The Ehrenfest classification of phase transitions is generally regarded as a landmark; it was
', probably a disaster, because of the spell which phase transitions have cast ever since (Maybe one
' should lay the blame at the door of van der Waals and Maxwell). It is, I suggest (if only as a

counterpoint), more important to study the notion of local thermodynamic equilibrium. (Acknowl-
edgement: It was H. Roos who first drew my attention to this aspect. However, he cannot be held
responsible either for my opinions, or for the form in which they are expressed.)

i



I lir iMiipiricil notion of t<'iii|i<%ratiir<' is local, not global. The study of stellar structure would
urincl ici .1 hall without I lie notion of local Iliermodynanric equilibrium (LTE). Indeed, the term
itself was (-dined In Sir Arthur Eddington. then at the height of his powers. Continuum mechanics
canmii rnnctioii without ;i temperature field, an entropy density and a local equation of state.
K'Stnlijilih. some of the recent studios of the liydrodynamic limit seem to iake some of these
mil ions for granted.

I Voni I he atomistic point of view, the notion of LTE is not yet understood. It is not clear how to
distinguish between an LTE state and one which is not in LTE. It seems plausible that some appeal
to (local) rotational invariance is needed, but this has not yet been condensed into an inequality.

1'ioin the continuum mechanics point of view, it may be that Galilei invariance allows the
emergence of an internal energy density. This offers a tantalizing vision of local thermodynamics:
Reconstruct the Boltzmann distribution function from the hydrodynamic variables and a "theory
of constitutive relations", and define the entropy density in terms of it. This will be independent
of '.lie atomistic picture. Finally, derive the Boltzmann equation. The world of transport theorists
is already divided into two mutually unfriendly camps, those who derive the Boltzmann equation
and those who solve it, and therefore one will not be stepping on fresh toes.

T



TOWARDS A MACROSTATISTICAL MECHANICS

Geoffrey L. SEWELL
Departineni of Physics, Queen Mary College, London, U.K.

E-mail: sewell@v2.ph.qmw.ac.uk

The purpose of this talk will be lo explore the idea that the large-scale behaviour of many-
particlc systems conforms to a self-contained stochastic theory of appropriate sets of macroscopic
variables, such that the parameters of the theory are explicitly determined by the underlying

* microscopic properties of the systems. This idea is, of course, not new at the heuristic level, since
i it is implicitly at the root of both Onsager's irreversible thermodynamics and Landau's fluctuating
( hydrodynamics. The contribution I shall aim to make here is to formulate it in a precise way, that
i; provides a clear characterisation of the macroscopic observables, within the C*-algebraic framework

of quantum statistical mechanics.
I shall start with a brief discussion of solvable models of open systems, for which one can explic-

itly show that the microscopic dynamics leads to stochastic processes, of the type described above,
-H> , for particular sets of observables, satisfying certain natural macroscopicality conditions. I shall then

attempt to generalise the characterisation of (complete sets of) macroscopic observables, obtained
I here, to those arising in the continuum mechanics of conservative many-particle systems. Thus, on

the basis of certain supplementary assumptions of locality and microscopic correlation properties,
1 shall propose a characterisation of the "hydrodynamic" observables of the latter systems, and

• thence proceed to a macrostatistical formulation of their continuum mechanics. This will lead to a
1 non-linear generalisation of the Onsager relations of non-equilibrium thermodynamics.

;? Suggested Topics of Discussion

I should like to request discussions on the following three topics, of which the first is a definite
.jf • problem, and the others are fields of enquiry.
f '• (1) Time-translations of infinitely-extended, non-relativistic quantum systems. Here the prob-

lem is that, although the dynamics of lattice system with short-range interactions may be canon-
ically represented by one-parameter groups of automorphisms of their C*-algebras of quasi-local
observables, the same is not generally true for continuous systems. The essential reason for this
is that, since local disturbances may disperse at arbitrarily high velocities and since interactions

!
] are transmitted instantaneously across space, the algebra of quasi-local observables is not stable

under the putative dynamical automorphism groups. Consequently, the dynamics of such a system
corresponds to automorphisms of the weak closures of certain privileged representations of their al-
gebras of observables. The hard mathematical problem, which remains unsolved, is to characterise

j{ \ those "good" representations, for systems with realistic interactions.
(2) The question of the possible relevance of non-commutative geometry, or of any other math-

ematical structure, to the quantisation of gravity.
(3) The question of the relevance of quantum groups to mathematical physics.

1 4
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'% DEFORMATION COHOMOLOGY OF DRINFELD ALGEBRAS
iV { (Ql ASI-BIALGEBRAS) AND STASHEFF POLYKEDRA
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| Steven SHNIDER
| \ Department of Mathematics, Bar Ilan University, Rainat Gan, Israel
S 10-inail: shnider@bimacs.cs.biu.ac.il
«

<v^ • . (I'crstciihaber and Srhack (PNAS # 87 1990) defined a bicomplex whose cohomology describes
•,fr , deformations of bialgebras, in the same way that Hochschild cohomology describes deformations
K" of algebras, as shown in the original work of Gerstenhaber 25 years earlier. In particular, this
', . roliomology theory, when applied to either the function algebra of a Lie group or to the universal
I enveloping algebra of the corresponding Lie algebra, describes the associated quantum group or
!• quantized enveloping algebra respectively. Except for the addition of an extra row, the same

complex ran be used to study the case when one begins the deformation with a bialgebra, such ?-.
t he universal enveloping algebra of a Lie algebra and deforms to a Drinfeld algebra or quasi-bialgebra
as originally defined by Drinfeld (Alg. Anal. 1989). However, to describe deformations which begin

\ •- with a Drinfeld algebra, requires both modifying the cobar complex which is used and adding a
i completely new series of operators. The resulting complex is bigraded but not a bicomplex. The

new operators are related to the failure of a certain category of "tetramodules" to be a monoidal
category. Their construction is based on triangulations of the StashefF polyhedra. The research
described here is partly in collaboration with Shlomo Sternberg and partly with Martin Markl.
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| NONPERTURBATiyE STUDIES OF A QUANTUM HIGHER-ORDER
NONLINEAR SHRODINGER MODEL USING THE BETHE ANSATZ

Alexander G. SHN1RMAN
School of Physics and Astronomy, Tel Aviv University,

Ramat Aviv 69978, Israel
E-mail: sasha@vesta.tau.ac.il

> •

>M ' . Boris A. MALOMED
•.» ; School of Mathematical Sciences, Tel Aviv University,
iF Ramat Aviv 69978, Israel
j . E-mail: malomed@math.tau.ac.il
i
i; Eshel BEN-JACOB

School of Mathematical Sciences, Tel Aviv University,
Ramat Aviv 69978, Israel

, \ ,
The nonlinear Schrodinger (NS) equation is a general description of the propagation of small-

[ amplitude envelope waves in weakly dispersive, nonlinear media. It plays an impor tant role in a
number of physical applications. One very interesting example (which will be referred to here) is the
propagation of solitons in nonlinear optical fibers. Recently a significant interest in the quantutn

I version of the NS equation was invoked by the experiments, in which quantum properties of the
1 optical solitons in fibers were observed. The number of photons bound in the fiber soliton is typically
; 10'' - 108. and such an object seems to be a classical one; however, the quantum features manifest
> themselves as the quantum fluctuations, and one can observe interesting effects, as squeezing,

_ j due to the tionlinearity of the medium. A fundamental property of the NS equation is its exact
? integrability, both in the quantum and in the classical versions. There are various approaches to

studying quantutn integrable systems. One of the the simplest and most physically clear ones is
i? ' based on the Bethe ansatz (BA). The BA yields wave functions of the bound multiparticle states
J'» { (quantum solitons ' ) which are constituents of the spectrum of the exactly integrable quantum NS
" system.
) The NS equation which appears in physical applications usually contains additional terms that

destroy the exact integrability. Such terms appear as generic high-order corrections, when the
unperturbed NS equation is the lowest nontrivial order of expansion in powers of small amplitude
and small inverse length of the wave. Regarding the unperturbed equation as the zeroth-order
approximation, one can use a perturbation theory to handle the additional terms. The perturba-
tion theory has been systematically applied to the classical NS equation. In the quantum case,

\ \ the perturbation theory may be applied in the semi-classical (WKB) approximation for solitons
^ | i containing a large number of quanta.

• " The objective of this report is to develop the analysis of the perturbed quani ".m NS system
! i ' by means of the BA technique. This technique is not itself related to the the perturbation theory,

I ; therefore the theoretical analysis of the quantum fiber solitons developed thus far in terms of the
\ \ ; : r
• ! In this work, we realize the quantum solitons as the states with a certain value of the number of particles and
- i [;" '(. total momentum. Usually quantum solitons in the nonlinear optical fibers are defined as wave packet.', (colicrcni
,< • •' states) composed of the states with different momenta and number of particles but having a certain mean value of

the coordinate of its center.
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H\ ici liiiiqii'' 11<i~> been rcsiricicd i<> 1 lio pure NS (•([nation. We will show that, nevertheless, this
!<•( IMI'KIIK' i.-. .i|>|)li('iil)l(< to the perturbi"! version of the NS model and, even in the nonintegrable
i-iiM1;.. il produce* results wliicli can lie useful for further analysis and which provide a deeper
iiiMuhl into I he î eneriil |>r<iiilein (if what is integrability vs. nonintegrability in quantum systems.
I hi> dues noi mean that 1 he perturbation theory should not. be applied to these systems at all

(i IK- miuintegrahle cases are far from the complete solution, and it is natural to expect that a full
Milutioii can only be found in an approximate form), but in this work we try to proceed as far as
possible without recourse to the perturbation theory. In this report we will concentrate on the few-
(jiiHiitii states which are far from the real fiber solitons. Note, however, that, although experiments
with few-quanta solitons are not being done at present, they might become possible in the future.

As ;i fairly fundamental perturbed model, we will take the higher-order NS equation well known
in the theory of optical fibers:

i* ( = - * T r + 2 i€i* T « + 2c***2 + 4 u 2 * * * * r (1)

In Kq.( 1). * is a complex envelope of the dispersive waves, t and x stand for temporal-like and
spatial-like variables, the coefficient c measures nonlinearity of the medium, while the real perturba-
tion parameters f \ and <2 account for the higher linear dispersion, and for the nonlinear dispersion
of the group velocity, respectively.

This report is organized as follows: In Sec. 1 we summarize some properties of the classical
perturbed NS equation (1) which are important for comparison with the results obtained in the
quantum case. In Sec. 2 we apply the BA technique to searching for exact multiparticle eigenstates
(quantum solitons) of the Hamiltonian corresponding to the quantum model (1). We demonstrate
that in the known particular cases, in which the classical perturbed NS equation (1) remains exactly
integrable, the quantum version is integrable as well. Then, in Sec. 3, which plays a central role in
the work, we consider models which are nonintegrable in the classical limit (this is the generic case,
since the integrability survives only for few particular values of the ratio ezfti in Eq. (1)). We
concentrate on the simplest and most physically meaningful example of the nonintegrable model,
namely Eq. (1) with (.2 = 0:

+ 2c***2 (2)

Applying Galilean transformation to Eq. (2) one may eliminate the second derivative in Ec,. (2),
and it takes the form:

i9t = 2 ^ , * ^ + 2c*** 2 . (3)

It is known that Eq. (3) does not have classical soliton solutions. If one takes an initial
configuration in the form close to the unperturbed NS soliton, it will exponentially slowly decay
into radiation. The nonintegrability of Eq. (3) at the classical level demonstrates itself also when one
analyzes a collision between the quasi-soliton pulses: Unlike what is well known for the integrable
systems, in this case the collision is inelastic, giving rise to emission of radiation. In Sec. 3 of the
present work we demonstrate that the BA equations for the quantum model (3) admit an explicit
solution for the simplest two-particle bound states. So, at this level there is no difference from the
integrable case. However, when trying to solve the BA equations for the three-particle solitons, we
find that this is possible to do only on a semi-axis of values of the total momentum of the threr-
particle soliton, while on the other semi-axis the BA produces unphysical eigenstates corresponding
to complex energies. It should be even more difficult to try to construct the N-particle quantum
solitonf with TV > 3. A general recipe to remedy this drawback is known: one should define <\
natural self-adioint extension of the "naive" Hamiltonian. The physical eigenstates (those with
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real >-iuMti> | found by means of the HA technique for the "'naive" Hamiltonian remain valid for
il.i- ri'delineil HIM1. Trying lo const met the missing physical eigenstates, one should look for an
.i|>pn>pi'i;iu< combination involving all (lie HA eigenstates found previously (corresponding to free
pjiriii Ics. nvo-]>articlo solitons. Ilirco-paiticle solitons and the formal eigenstates which correspond .
(o complex energies). Although we defer this analysis lo another work, it seems evident that the
eigenMatcs built in this way will mix the solitons with different momenta and free particles, which
implies inelastic scattering of the .solitons in the classical limit. In turn, the inelastic scattering is
t lie most generic property of the nonintegrable classical systems. We expect that this is a generic
picture of the onset of the perturbation-induced nonintegrability in quantum solitonic systems.

In Sec. -I we discuss, in some detail, the transition to the classical limit in the quantized model
(I). We demonstrate that in the particular cases in which the model remains exactly integrable, it
safely goes over into a classical integrable higher NS equation However, in the nonintegrable case
we encounter the same problem which has been mentioned bc;".:-o, that is, the appearance of the
formal eigenstates with complex energies. This impedes accomplishing the transition in an explicit
form.
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I ON SEPARABILITY OF A STURM - LIOUVILLE EQUA TION
f\ (abstract)

*' ' We consider the equation:

(1) -y"(x)+q(x)y(x) = / ( i ) , xeR

with \.<q(-)^.L[oc(R), f(-)cLp(R), pe(l,<»). This equation has a unique solution
y(-) •- Lp(R). Our purpose is to find conditions, under which inequality

(2) II y"(-)Uu + IWOj/COIlip < c ||/(Ollip . c=const

lakes place, where c is an independent of /(•) constant. The equation (1) is said to
be separable in LP(R), if (2) is Jill filled. This terminology and first results on
separability go back to W.N.Everitl and M.GierU (3,4). ft was shown in [3], that the
equation (1) is always separable in Li(R). At the same time in all spaces LP(R) , p>l
there exist nonseparable Stvrm - Liouville equations (1) (see, for example, [7]).
Basic results on separability of the equation (1) in LP(R), p>l were obtained in
! l -5 ) . It turned out, that in order for the equation (1) to be separable in Lp(i?) it is
necessary and under a certain additional requirements to q(x) (see Remark 2 below) it
is also sufficient, that

l

(3) sup d(x)2~lp\l]t xi^dW
qit)Pdt

XZzR \ 2

Here d(x) is the positive solution of equation (15))

\(l)dl

X In this work we show, that if for |z|2> 1 Junction d(x) is equivalent to a certain
Junction r(x) with sufficiently small derivative, then the criterion (3) holds. In
particular, our theorems imply results on separabilty of the equation (I), obtained in

* ' 11,2,51.
5.

i Theorem 1. Assume there exist positive constants a , b : a2i>~'<12~' and a
• Junction r ( - ) eC ( u (# ) such that

(4) a'lr(x) < d(x) < ar(x), |x| > 1

X (5) |r'(;r)l < b'1, | x |»1
i ••

!•_;. Then the equation (1) is separable in LP(R), p>l if and only if (3) is fulfilled.



Corollary. If there exists a Junction r(-) C Ca>(R) such that r ' ( x ) --» 0, \x\-> <x> and
the inequality (4) is fill filled, then the statement of Theorem 1 takes place.

Remark 1. Notice, that for any function q{x) . \<~q(-)<=:L[oc(R) there exists a
function r(x) . satisfying (4) and (5) with a=1 . 6 = 1 .

Theorems 2,3 illustrate possibilities of Theorem 1 and of Corollary.

Theorem 2. If the function d(x) possesses the properly

a-tdix) < dit) < ad(x). \t-x\ < 0d(x).

with certain positive constants a, p ,lhen there exists a Junction r ( i ) , satisfying the
conditions (4).(5) of Therein 1. Moreover. a2b~l < coa

2fi~', where co is an
absolute constant.

Remark 2. Theorems 1.2 imply a basic result of 12,5], namely, if is sufficiently
small number, then the statement of Theorem 1 takes place.

Theorem 3. Assume that the condition

litn d(x) sup 1/ (q(z+l)-q(x~t))dt
()

= 0

is fill filled. Then there exists a Junction r{x), satisfying the condition of Corollary
and therefore the statement of Theorem I takes place.

Example. Consider the equation (1) with q{x)= l+exp(\x\)+exp(\x\)sin(exp(\z\)).
It is easy to show ([ 1 ]), that in this case

c'iexp{-ii\x\) < d{x) < c e z p ( - ; d z | ) , c=const, xeR

Set r{x) = exp(~K\x\). Then both conditions of Theorem 1, of Corollary and of

>j Theorem 3 are Jul filled as \x\ S> 1, so that in this case the equation (1) is separable in

\
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MUSING ON MATHEMATICAL PHYSICS AND THE
Xi-FUNCTION

Harry SIMON
Department of Mathematics 253-37, California Institute of Technology

Pasadena, CA 91125, U.S.A.
E-mail: bsimon@caltech

This talk will have two more or less unrelated parts. In the first part, I'll comment on the
cnnciil state of and future prospects for Mathematical Physics (MP):

1. Has success killed MP?

1. Is the future in abstract geometry rather than functional analysis?

'!. Has the subject become middle aged or is it just me?

The second part will discuss some recent joint work with F. Gesztesy on spectral problems for
one dimensional Schrodinger and Jacob) operators. We have a generalization of the McKean trace
formula from the periodic case to general potentials with applications to absolutely continuous
spectra and inverse problems.

' J
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Kalyan B. SINHA
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Let h be the system Hilbert space and let B be a bounded (selfadjoint) observ-

able with discrete spectrum: B = YL ^iP> • We model the measuring aparatus as

a quantum Brownian bath i.e. its states are vectors in the symmetric Fock space

H = rs(i2(iK+) X k) where k (a separable Hilbert space) to label the possibility of

measuring various eigenvalues of B by the aparatus.

If we assume that the time-evolution of the coupled system is given by the quan-

tum stochastic differential equation (q.s.d.e) (for explanation of

notations etc. the reader is referred to [1]) in ti = h ® H:

dU(t) = ( ^ PjdAj - J~] PjdA\ - l/2dt)U(t),
i i

U(0) = / ,

then the expectation semigroup Tt (w.r.t. the vacuum expectation En in ft) is given

and has the following properties:

(i) Tt(x) = eCt(x) where the generator (the Lindbladian) C is C{x) = \

(ii) e(x), the expectation map on B{C) (see [2] and [3]) = n - l\mt-.ooTt(x) =

Pi, which is precisely the von-Neumann-Luders' collapse postulate.

' 1
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On the other hand, if li is bounded but with continuous spectrum as well, then

evolution q..s.d.e. may be replaced by

dUlt) = j [P(dX)dAx(t) - P(d\)dA+{t) - ±P(d\)\\ex\\
2dt]U(t),

where P(-) is the spectral measure of B;

e,\ = 2j^>i(A)e,-,{ei} o.n. basis of A;;

Ax(t) = T

In the above, the functions fa : a{B) —> [0,1] are to be interpreted as a mesure

of the efficiency of the apparatus for the ith window of measurement. Here also one

can compute the expectation semigroup Tt to get

Tt(x) = JIfe-Wl^-^P P(dX)xP(d/i).

The expectation map £ turns out to be:
s(x) = H ^*(Ai)!•/*( Ai), if we choose the functions <̂ ;'s to be smoothed-out

characteristic function around intervals A,-:
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Ql ANTUM OPTICS- FROM GROUPS TO QUANTUM GROUPS

A. I. SOLOMON
I'iiciilty of Mathematics. The Open University, Milton Keynes MK7 6AA, U. K.

E-mail: solomon@open.ac.uk

This will be a review of the application of Group Theory to the elucidation of the properties of
coherent and other forms of light (such as squeezed states) and a preview into the way these prop-
er! ies may have to be modified with the application of systems satisfying the newer mathematical
.structures of Quantum Groups.
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LANGUAGE AND NATURE IN TWENTIETH CENTURY PHYSICS

Mark STEINER.
Department of Philosophy, The Hebrew University, Jerusalem, Israel

E-mail: marksa%hujivms

Jij ' •' . A palindrome is a sentence spelled the same way forward and back: "Able was I, ere I saw
* ; Elba" (allegedly said by Napoleon). Thus a palindrome is an example of symmetry, not of the
* world described, but of the description itself: a symmetry of our own language. In the ancient
i . world, symmetries of language were held to have magical significance. The modern point of view
I in philosophy and science rejects the anthropocentric idea that the properties of language mirror
;: those of the Universe.

It is ironic, therefore, that some of the basic discoveries of the twentieth century in physics were
made using precisely the properties and symmetries—not of nature, but of the scientific notation
developed for describing nature. (I document this assertion in the paper.) Scientists could no

\ .. longer observe directly the objects they were trying to describe; having no choice, they guessed at
the truth using the properties of their own formalisms.

:, We thus have a paradox: Scientists made the greatest discoveries in history, using methods
which they themselves were committed to rejecting.
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WHAT ARE WE LEARNING FROM 2-DIMENSIONAL CONFORMAL
MODELS?

Ivan T. TODOROV1

Divi-iiiii do Physique Tlu'-oriqiio 2. Instilut do Physique Nucleare, F-91406 Orsay Cedex, France

I. Siring (hcory strives lo understand the notion of a space time point in terms of a quantum
lielil on a 2-diinonsional world sheet. It is an ambitious and romantic project. It gave rise to the
firsi fashion in particle theory that has no basis in (and no implication to) today's experiments.

'I. Physicists with pheiiomenological inclinations regard the development of such a purely spec-
ulative fashion as unhealthy. If it still retains some respectability in the scientific community, this
is becanso it load to new results in mathematics (such as knot invariants). It did a Good Thing by
at 1 lading attention to 2-dimensional conformal models.

:}. Rational Conformal field theory combined the theory of lowest weight (ground state) repre-
sentations of infinite dimensional Lie algebras with the principle of locality. It tought us that the
••algebraic QFT" of Haag et al. can serve a practical purpose providing a natural framework for
st inlying a large family of models.

•!. Factorization of 2-dimensional conformal fields into chiral components brings in a new type
of •'quantum" gauge symmetry. Quantum groups attracted a crowd of theorists and gave thereby
room to a lot of noise. This does not exclude the possibility that they still hide something interesting
for us.
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i' j;j

:K

SOME OLD QUESTIONS IN QUANTUM FIELD THEORY
AND A FEW NEW ANSWERS

ArlhurS. W1GHTMAN *"*
I'riiicoton University, Princeton, N.J. 08544, U.S.A.

E-mail: lan@pupgg.princeton.edu

Question 1.
Arc solutions of non-renormalizable quantum field theories necessarily associated with non-

iciuiK'-rtl vaniiim expectation values?
Answer 1. (da. Veiga)
No.
Question 2.
Is there any substitute in quantum field theory on curved space-time for the spectral condition

on Minkowski space?
Answer 2. (Radzikowski)
Yos, at least partially.
Question 3.
Are there methods for constructing exactly soluble models of quantum field theories in 2-

dimensional space time which generalize to 3 and 4 dimensions?
Answer 3. (A.S.W.)
Yes.
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COMPLEXITY OF FUNCTIONS FROM THE POINT OF VIEW OF
SINGULARITY THEORY

Yosef Y0MD1N ' JV

f Department of Theoretical Mathematics, Weizmann Inst i tute of Science,
• I Rehovot 76100, Israel

I : E-mail: yomdin@wisdom.weizmann.ac.il

*Jf'~. ' We discuss a machinery for functions approximation combining Taylor polynomials for smooth
'ip •* regions with a normal forms based representation for singular regions. Various examples are dis-
; cussed, including numerical solution of PDE's and Pictures compression.
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ON FINITE DIMENSIONAL HOPF ALGEBRAS

Shciiglin ZIIU ' V
l)i>p;irliiii'iil of Mallioiiialics and Computer Science, Ben Gurion University,

Boer Shova 84105, Israel
E- m ail: shcng@bengus. bit net

I'eiinanc-iit Address: Mathematics Institute, Fudan University,
Shanghai 200133, PR China '

i

A well known result in the representation theory of a finite group G over C is that each size
of i he matrices occurring as a full matrix constituent of its group algebra is a divisor of \G\. This
re-Mill was conjectured by Kaplansky in 1975 for finite-dimensional Hopf algebras. We present a
class of scniisiinple Hopf algebras which have this property. We also give the explicit structure of
such llopf algebras in low dimension. In fact, they turn out to be smash products of group algebras.

1;



I

VAHIATIONAI, PRINCIPLE FOR STRAIGHTFORWARD EVALUTION
Of WAVE FUNCTION IN QUANTUM MECHANICS

A. ZUHAKKV and D. ROGINSKY
Kacali liisitintc of Physics. The Hebrew University, Jerusalem 91904, Israel

jjPI'- .' Yariational principles provide a powerful method for the wave function (WF) determination in
..£"•, qiiaiiiiiin mechanics. The functional to be varied reaches its stationary value at the exact solution
„*'' of (he Sell cod inger equation. However, the WF is determined by the variational method much
'. worse than the stationary value of the functional itself (e.g. energy), because the latter value is
J only indirectly related to the WF and weakly depends on the trial function near the stationary
i; point.

The proposed variational approach is free from this shortcoming. The functional F[x] is intro-
duced, whose optimal value is directly related to the WF value at. given values of its arguments.

; For a quantum system with the Hamiltonian II = Ho + V m the energy E eigenstate:

" V f[x] _ i <\\E-H\^x^\E~H\x>

where | \ > is a trial function and \</> .-• is a given normalized vector. F[x] identically satisfies the
i inequality:

where \i/' > is a normalized solution of the Schrodinger equation (E — H) \ tp > = 0 . We choose:

£

1 ^

fr

£». wild \<,\ > being defined in the coordinate representation:

<r'\<j>r>= C <r\G0V\r'> , Go = (E-Ho)~l. (4)

Here r and r' are the coordinate collections, and C is a normalization coefficiert. Denoting by
/••[\](r) the functional F[x\, with \(j> > chosen as in (3) and (4) one has:

FM(r)>\1>(r)\2, (5)
F(r)\statimary = \i}>(r)\2. (6)

r Thus:
\ (a) F[x](r), at any trial function jx > , provides an upper bound to \ip(r)\2,

(b) a variation principle has been introduced for the determination of the squared absolute value
• of WF at any given point.
[ The method has been applied to exactly solvable models for a quantum particle in a central

'; . I field, and it proves to be efficient enough to provide a good approximation for l^'fr)!2 c v o ' i if 'lie
'. , i;-: • trial function space is low-dimensional.
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