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CONTEXT, ESSENTIAL CONTENTS OF, AND FOLLOW-UP
TO, THE WORLD CONFERENCE ON SCIENCE HELD
IN BUDAPEST IN JUNE 1999

WERNER ARBER

The World Conference on Science (WCS) was jointly organized by
UNESCO and ICSU and it was held in Budapest from June 26 to July 1,
1999. Let me recall that ICSU stands for ‘The International Council for
Science’. On the one hand, it is a world-wide, non-governmental organiza-
tion grouping, with 25 international scientific unions representing all the
different disciplines of the natural sciences and mathematics. On the other,
it has nearly 100 national or regional members, mostly Academies of
Science with a largely interdisciplinary composition. The Pontifical
Academy of Sciences belongs to this latter category of ICSU membership.

While the international scientific unions promote science at the level of
specific disciplines, ICSU does so at the level of interdisciplinarity. Together
with various partner organizations such as UNESCO, ICSU promotes
world-wide co-operation in scientific investigations on issues of common
interest by initiating and supporting special programmes. A good example
is the World Climate Research Programme (WCRP). Through its multitude
of co-ordinating activities, ICSU reaches a large number of scientists
throughout the world. It was thus an ideal partner for UNESCO in the plan-
ning and holding of the WCS.

The aim of the World Conference on Science was to reflect on the con-
duct of science, its methods, its applications, and its various interfaces with
human society. Therefore the WCS differed very much from normal scien-
tific congresses with their practice of presenting recent results and dis-
cussing new ideas.

The WCS was structured into three subsequent forums. One full day
was devoted to Forum | in which science and its methods were defined and
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the importance of international co-operation and scientific education was
emphasized. This gave rise to the presentation of examples of recent
advances in scientific knowledge and to an evaluation of the value of such
knowledge for humanity.

Another day was devoted to Forum Il in which various aspects of the
interface of science with society were illuminated, such as the public per-
ception of science, the impact of science on development, on the economy,
on future generations, and on sustainability.

The WCS was attended by a total of about 2000 delegates, political lead-
ers, scientists, and representatives of many other groups of society. Parts of
the sessions were plenaries, others were split into parallel thematic meet-
ings in which suitable time was reserved for discussions.

The three last days were made over to Forum Il in which national and
other delegations were allotted time to present their views on the relevance
of science and its application for human society and more specifically for
those nations which were represented. Although some critical voices were
raised in this session with regard to some of the impacts of science, a large
majority of votes were clearly in favour of a firm commitment to science
and its value for the development of human society.

The generally frank and open-minded atmosphere encountered
throughout the WCS might have something to do with the propensity of
scientists to inter-communicate. Let me explain what I mean. Most
objects of study in the natural sciences are of a global nature. Physical
and chemical properties of matter are of the same nature everywhere on
the planet and possibly in the universe. Similarly, major characteristics of
life are shared by all organisms on all continents and in the oceans. For
this reason, scientists have the habit of discussing the results of their
research with each other world-wide, independently of their place of
work. This communication facilitates the progress of scientific knowledge
and it has the side effect of strengthening mutual trust and establishing
links of personal friendship between the discussion partners. It is well
known that in the practice of science, differences in opinion are not
solved by fights, but by experiments and data collection, which can reveal
the scientific truth. Therefore, world-wide scientific intercommunication
and co-operation can have lasting effects on the establishment and sta-
bilisation of peace, and this on a global scale.

Another interesting aspect of the conduct of science was discussed at the
WCS - that of the social contract which exists between the world of science
and society. Few people may be aware of this, but this social contract results
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from the fact that the bulk of acquired scientific knowledge serves society
through helping the practical and philosophical application of available
knowledge. At the WCS this long-term contract was frequently addressed,
and one thus spoke of a renewal of this social contract. It is based both on
mutual trust and on expectation. Society expects scientific knowledge to
find applications which work to the general benefit of society, throughout
the world, and scientists expect a general recognition of the cultural rele-
vance of their work and they thus also expect the required support.

Itis in this context that during a plenary session of the last day the WCS
accepted by consensus two well prepared texts, one entitled ‘declaration on
science and the use of scientific knowledge’ and the other ‘science agenda -
framework for action'. It is difficult to summarize these already condensed
documents which deserve to be carefully read in extenso.t Besides explain-
ing what science is and what its cultural contributions are, the documents
represent a kind of list of rights and duties of the world of science, as well
as of society in relation to science. The ‘framework for action’ bases its rec-
ommendations on the ‘declaration’ and it challenges all the partners to
become seriously engaged in follow-up activities. This, of course, also con-
cerns the Pontifical Academy of Sciences.

In the meantime both the ‘declaration’ and the ‘framework for action’
have been presented to, and adopted by, the general assembly of ICSU.
More recently they have also been adopted by the general assembly of
UNESCO. They have thus become binding documents. Such established
engagements between society and the scientific community did not exist
before the WCS.

I may mention that at the general assembly of ICSU in Cairo this fall the
statements on traditional knowledge in the WCS documents were criti-
cised, and the scientists were invited to reflect on the correct interpretation
of these statements. In contrast, the major parts of the contents of the
adopted documents are straightforward and free of ambiguity.

Many of the follow-up activities to be given to the WCS will concern the
practical application of acquired knowledge. This may often lead to new or
newly-adapted technologies in support of human welfare and commodities.
Other applications may, instead, help to improve the sustainability of the
environment and a more responsible use of available resources.

To finish, let me reflect on the already mentioned philosophical or

1 Science International, Special Issue on the World Conference on Science,
September 1999, ICSU Secretariat, Paris.
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world-view dimensions of acquired scientific knowledge. | will do this on
the basis of an example chosen from my personal field of research in micro-
bial genetics. According to the Darwinian theory of evolution, biological
evolution depends on genetic variations, on natural selection exerted on
populations of variants, and on geographical and reproductive isolation. In
most textbooks on evolution, genetic variants are said to result from acci-
dents and errors. However, a critical reflection on available data on the
molecular mechanisms of the spontaneous formation of genetic variants in
bacteria indicates that this is only a minor part of the truth. Many genetic
variants are, instead, brought about by the action of specific bacterial
enzymes, the products of genes located in the genomes of the micro-organ-
isms. These genes are called evolution genes as | outlined in more detail at
the Plenary Session of the Pontifical Academy of Sciences of 1996.2 The
gene products referred to here are actually variation generators and they
work both inefficiently and non-reproducibly. A well studied example is the
transposition of mobile genetic elements which — under the influence of an
enzyme called transposase — can undergo a translocation with the DNA
molecules of the genome.

Another class of evolution genes controls the frequency of genetic vari-
ations by keeping this frequency low and at a tolerable level which can
ensure a certain degree of genetic stability of a species. An example of this
kind of gene action is found with the systems of repair of genetic alterations
on DNA which may indeed be brought about by damage caused by a muta-
gen or also by the properties of the limited molecular stability of
nucleotides.

This novel notion of the existence of specific genes serving primarily
biological evolution would deserve deeper philosophical reflection. Let me
just make a few relevant remarks. First, the coexistence in the same genome
of genes for products responding to the needs of biological evolution and of
more classical genes responding to the needs of each individual life merits
particular attention. Second, the occurrence of genetic variation generators
working both inefficiently and non-reproducibly may call for a reflection
on the definition of genetic determination. This may also be relevant for
genes other than generators of variations in the nucleotide sequences of
genomes. A more realistic definition of genetic determination may have a

2 W. Arber: “The Influence of Genetic and Environmental Factors on Biological
Evolution”, in Plenary Session, The Pontifical Academy of Sciences, on “The Origin and
Early Evolution of Life” (Part 1), Commentarii, 4, N. 3 (Vatican City, 1997), pp. 81-100.
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deep impact on the public perception of the feasibility and impact of genet-
ic manipulations. Third, while nature itself takes care of the steady evolu-
tion of life and has developed specific genes for this purpose, biological evo-
lution is not strictly directed towards a specific goal. Rather, the direction
which evolution takes depends on the life conditions encountered by the
populations of organisms and on the occurrence of more or less randomly
produced genetic variants in these populations. The underlying process of
a steady dialogue between living beings and their environment is as a mat-
ter of fact natural selection.

It is my hope and conviction that the progress of scientific knowledge
will continue to provide to all human beings on this planet both the tech-
nological and the material help to satisfy the daily needs for a life in wel-
fare as well as a deeper understanding of the basic rules and laws of
nature including its evolution. Such insights may help us in our cultural
evolution to safeguard biodiversity and to ensure the sustainability of the
foundations of life. These are the general goals of the social contract
which was renewed between the scientific community and society at the
World Conference of Science.



TECHNOLOGY: BETWEEN SCIENCE AND MAN

PAUL GERMAIN

As its title suggests, our meeting is concerned with the mutual interac-
tions between man and science. In the present paper it is argued that
between these two factors there is a new and very important entity which
should also be considered and examined. ‘Man’, ‘science’ and ‘technology’
are very abstract words whose meaning must be made clear when they are
employed. The term ‘man’ here refers to persons and individuals as well as
to societies composed of men and women. The word ‘science’ (in the sin-
gular) will cover in this paper the set of disciplines which are represented
within our Pontifical Academy of Sciences. The word ‘technology’, a singu-
lar also, will cover a great variety of different forms of technology. It is
important to make a clear distinction between sciences and technologies
and between technologies and techniques.

Sciences conduct research to develop, for the benefit of mankind,
knowledge about the world, the earth, matter, and living beings on the one
hand, and knowledge to be applied by technologies and by industrial activ-
ities on the other.

Technologies involve everything that is needed to create and produce
goods, tools, things, all of which are generally very complex and which give
men and women as well as societies the possibility to improve their lives
and to achieve sustainable development. Moreover, they contribute to the
progress of sciences because of the new kinds of apparatus and materials
they provide. They reach their goals by using various results and knowledge
worked out by science and techniques, but also by taking account of many
constraints such as economic and financial conditions, market opportuni-
ties, production delays, prices, social acceptance, aggressive competition
and so on. A technique is a skilled method by which to realise a perform-
ance or an object.
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Sciences and technologies are different. Their ambitions are not the
same. Sciences through research try to discover knew knowledge; tech-
nologies try to innovate and create new products. Time does not play the
same role in relation to both. Competition in sciences has nothing like the
decisive importance it has in technologies. To be successful, a technologi-
cal activity requires the co-ordination of many actors, usually the applica-
tion of many scientific results and many techniques. Very often a scientific
discovery has a single author.

Obviously, scientific results play a crucial role in the success of a tech-
nology. This is why very often technology is seen as belonging to science.
This seems to be the case in the principal document issued by the ‘World
Conference on Science’ which took place in Budapest last June entitled:
‘Declaration on science and of the use of scientific knowledge'. This is also
probably the case in the title of the present meeting. An attempt will be
made to show that one must make the distinction if one wishes to analyse
in some detail the relations between the sciences and society.

1. SCIENCE AND POWERS

Our century has seen the emergence and the boom of technologies as a
result of powerful and often multinational enterprises whose goal is specif-
ically to make themselves always better, always more efficient, always more
attractive. Thanks to these enterprises, the advance and the expansion of
technologies has played the leading role in the recent evolution of our soci-
eties. Elaborate discussion is not required to be convinced of this point:
military power was stimulated by the two World Wars and by the Cold War;
economic power, biomedical power, communications power — all three
have been very strong during the last decades; and, of course, there is also
political power. These powers are very beneficial to societies because they
provide them with security, sources of wealth and energy, health, the possi-
bility to travel easily to every part of the world; they free humankind from
arduous work and give the public easy access to all cultural goods. As sci-
entific knowledge is absolutely necessary for the development of technolo-
gies, science may be rightly credited with being responsible for a large
number of these important results. But, conversely, with the expansion of
technologies, these powers have also brought about environmental degra-
dation and technological disasters. They have contributed to social and
even international imbalance and exclusion. The public is beginning to be
anxious and afraid. In addition, science is often seen as responsible for
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these troubles and its image is negatively affected. That is what happens if
one does not want to make a distinction between science and technology.
In this situation, as the ‘Declaration of Budapest’ makes clear, the solution
has to be found through a dialogue between the scientific community and
decision-makers through democratic debate. An attempt must be made to
show that to be realistic, such a statement requires a certain clarification
and analysis of the respective roles of science and technology.

2. SCIENCE AND THE PROGRESS oF KNOWLEDGE

It is necessary to emphasise that the development of scientific knowl-
edge during the last three centuries has tremendously enriched the culture
of men and women; as well as the cultures of societies. Culture is what
allows each person to understand himself, understand his relations with his
environment and with other people, and his roots in the past generations,
and to find, in this understanding, sources of fulfilment. The progress of
knowledge is the result of fundamental research, research done just for the
satisfaction of curiosity, which is, indeed, a fundamental character of the
human spirit. One must always stress the relevance of fundamental research
for society. Applied research is a necessary ingredient for improving tech-
nologies and these technologies are the weapons of the economic war
between industrial companies and of very severe competition between arms
factories. These powers try to attract the best scientists and to give finan-
cially interesting contracts to universities or to research establishments in
order to stimulate the applied research that is useful for their programmes.
This evolution is now so important that economists call the applied sciences
developed for this improvement of technologies ‘techno-sciences’ and they
affirm that all sciences are now becoming techno-sciences. Moreover, these
companies try to patent the results of sciences which are useful to them,
even sometimes results which are fundamental, and they then try to restrict
the diffusion of the results. This is contrary to well established scientific tra-
dition. This is specially true in the biomedical, in the biotechnological, and
in particular in the genomic domains. Powerful firms often invest a consid-
erable amount of money in these domains, thanks to the present policy on
patents, against which scientists have not put up serious opposition. And the
sums involved are far greater than is usually the case with public govern-
mental institutions. The present economic system, which favours the cre-
ation of very powerful companies, will probably weaken fundamental
research within the formal scientific sphere.
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Many gifted young people hesitate today to embark on a scientific
career because of the severe patenting conditions and the realities of harsh
competition, rather than being attracted by the fight against the unknown
in order to satisfy their own curiosity. The scientific community has to be
cautious if it wants to preserve and maintain strong fundamental research.
The challenge which presents itself here concerns the scientific creativity of
humankind.

3. SCIENTIFIC EXPERTISE AND THE PRACTICE OF DEMOCRACY

We have seen that the technologies which are utilised and applied by
biomedical or economic firms may be often very beneficial for the public,
but they may also often cause difficulties and problems for nature and soci-
ety. The political power may want to — and must in cases of doubt - receive
advice when it has to take decisions concerning a special technology. It has
to know what the causes are of its drawbacks or its dangers, what its con-
sequences may be in the long term, whether it is better to ban it, and under
what conditions it may be accepted. When scientific knowledge plays an
important role in a technology, some scientists can be called in to take part
in a committee which gives advice to the decision-makers. Engineers, econ-
omists, medical doctors, social scientists, and other suitable scientific
experts, could also belong to this kind of committee. The questions that
such a committee would have to answer are called today ‘ethical questions’.
Things are easy if these questions can be answered through the application
of moral principles that are recognised by the great majority of people, such
as human rights or human dignity. But things are more difficult for these
experts in situations where the decision has long-term consequences and
where ethical approaches are different. The political power may be tempt-
ed to influence the committee to give it answers which would enable it to
justify its decision with reference to the recommendations of the commit-
tee. In such a case two drawbacks would exist. First, the experts would
extend beyond their domain of competence. Second, they would impede
the practice of democracy. What is called for is an instrument by which
experts on ‘spiritual, cultural, philosophical and religious values’ could be
added to the committee, in line with the recommendation of point 3-2 of
the ‘Introductory Note to the Science Agenda — Framework for Action’, one
of the documents adopted by the Budapest Conference. This ‘Note’ also
argues that ‘an open dialogue needs to be maintained with these values, and
that it is necessary to recognise the many ethical frameworks in the civili-
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sations around the world'. It is a pity that the principal document of the
conference, the ‘Declaration on Science’, did not follow this recommenda-
tion. Of course such a project would be difficult to implement. But one
must try. Some attempts at consensus have been made

4. SCIENCE FOR DEVELOPMENT

Obviously enough, progress in technologies, and in biotechnology in
particular, may be very useful for developing countries. The documents
issued by the Budapest Conference provide good analyses and good rec-
ommendations. One may simply stress here that the scientific community
has to meet the needs and the expectations of these developing countries.
It must be careful, and must avoid the temptations offered by big firms
which are more interested in the money they may earn than in social
acceptance by the local populations. Methods which are good for developed
nations are not necessarily the best ones for helping poor countries. During
the last three days of the Budapest meeting each delegation had the possi-
bility of giving a short address (6 minutes) to the conference. The confi-
dence felt by the poor countries that science could solve the difficulties of
their situations was very impressive. | interpreted these contributions as an
appeal to more advanced scientific communities for help. | want to hope
that this appeal will meet with success. The Academies of Science provided
a first response a few years ago with their creation of a new institution —
‘the Inter-Academy Panel on International Issues’ (IAP). It is a pity that dur-
ing the meeting in Budapest and in the documents issued by the conference
neither the existence of the 1AP nor the ‘Tokyo-1AP 2000’ meeting which will
take place next May were mentioned. These are two recent and new initia-
tives which deserve to be encouraged.

CONCLUSION

‘Science for the Twenty-First Century — A New Commitment’ was the title
of the Budapest meeting. With its 1800 delegates from 155 countries, it was
a major success. The documents which were adopted contain many useful
analyses and recommendations. What has to be new for science in the twen-
ty-first century? What should be the new commitments of scientists?

For me, Budapest 1999 was an extraordinary occasion to re-appreciate
the assignments for scientific activity. | think that two principal assign-
ments may be proposed. The first one, the traditional one, always and for-
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ever, is the progress of knowledge in relation to the unknown. It has to be
protected. The international body to take care of this goal is the ICSU. The
second one, which is very new, is to work in favour of the harmonious and
sustainable development of all the countries of the planet by ensuring that
the results and the values of sciences and techniques are integrated into the
culture of each individual country and that the inequalities between and
within these countries are reduced. This is a new duty for scientific activi-
ty. Academies and universities are the places where this can be worked out.
At the international level, the IAP, a new institution, it is to be hoped, will
take care of this new responsibility.

This implies an important mutation in the behaviour of the scientific
community in the advanced countries as well as in developing countries.
Thus will require new forms of solidarity and fraternity between and
among all the scientists of the world.



SPINNING FLUIDS, GEOMAGNETISM
AND THE EARTH'S DEEP INTERIOR

RAYMOND HIDE

Astrophysical and geophysical fluid dynamics is concerned inter alia
with buoyancy-driven hydrodynamic (HD) and magnetohydrodynamic
(MHD) flows in spinning fluids, including the Sun and other stars and the
fluid regions of the Earth and other planets. Such flows are dominated
dynamically by the action of gyroscopic (Coriolis) forces, and they are
exemplified in the case of the Earth by HD flows within the terrestrial
atmosphere and oceans and by MHD flow within the electrically-conduct-
ing liquid metallic (iron) outer core, where concomitant self-exciting
dynamo action generates the main geomagnetic field (1).

The most striking features of the long-term behaviour of the geomag-
netic field include reversals in polarity at highly irregular intervals, ranging
in duration from ca. 0.25 Ma to ca. 30 Ma - i.e. very much shorter than the
age of the Earth (ca. 4500 Ma) but very much longer than the time (ca. 0.01
Ma) taken for each reversal to occur. During the past ca. 400 Ma there have
been two so-called ‘superchron’ intervals, namely the Permian Superchron
from ca. 290 Ma to ca. 260 Ma ago, when a magnetic compass would have
pointed south, and the Cretaceous Superchron from ca. 110 Ma to ca. 80
Ma ago, when the polarity was the same as it is now (2).

Self-exciting dynamo action involves the amplification of an infinitesi-
mal adventitious magnetic field by the essentially nonlinear process of
motional induction. Yet another generic nonlinear process in self-exciting
dynamos is the re-distribution of kinetic energy within the system by
Lorentz forces (3, 4). Such forces operating within a self-exciting Faraday
disk homopolar dynamo loaded with a nonlinear motor can quench the
large amplitude fluctuations, some highly chaotic, that would otherwise
occur, thereby promoting persistent steady dynamo action (after initial
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transients have died away) over a very wide range of conditions, with no
reversals in the direction of the dynamo current and hence of the magnet-
ic field (3).

This recently-discovered process of nonlinear quenching could be of
general theoretical interest in the investigation of nonlinear dynamical sys-
tems. If it occurs in the MHD geodynamo then it would provide a firm basis
for understanding superchrons as well as other salient features (such as
polarity reversal chrons and sub-chrons and polarity excursions) of the
long-term behaviour of the geomagnetic field (4). According to this new
hypothesis — which has implications for intensity fluctuations of the palaeo-
magnetic field and could also be tested in due course by analysing the kinet-
ic energy spectrum from the output of valid numerical geodynamo models
(5, 6) — those eddies in the core that are driven mainly by Lorentz forces
play a crucial role in the inhibition of polarity reversals. Also crucial - and
testable — is the possible role in the stimulation of reversals played by
changes on geological time scales in the lateral boundary conditions pre-
vailing at the core-mantle boundary (CMB) - where the liquid outer core
meets the overlying ‘solid’ mantle — brought about by very slow convection
and other dynamical processes affecting the lower mantle (1, 4, 7, 8).
Coriolis forces due to the spin of the Earth would render the patterns of
core motions, and of the magnetic fields they produce, very sensitive to
modest lateral variations in the physical and chemical conditions at the
CMB, which techniques of seismology, geodesy, geochemistry, etc. might in
due course be capable of resolving with acceptable accuracy (7, 8).

Geodynamo studies thus facilitate the exploitation of a wide range of
data in research on the structure, dynamics and evolution of the Earth’s
deep interior, about which much remains to be learnt (notwithstanding the
great success of the theory of plate tectonics in the investigation of the outer
layers of the Earth). As in other areas of astrophysical and geophysical fluid
dynamics (e.g. dynamical meteorology and oceanography), such work is
impeded by the intractability of the governing nonlinear partial differential
equations expressing the laws of dynamics, thermodynamics and (in the
case of MHD) electrodynamics — compounded in this case not only by the
lack of detailed geomagnetic observations covering long periods of time but
also by the technical difficulties of carrying out laboratory experiments in
MHD. So thorough investigations of much simpler but physically realistic
self-exciting dynamo systems governed by nonlinear ordinary differential
continue to play an important if indirect role in studies of the Earth’s deep
interior.
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RECENT DEVELOPMENTS AND CULTURAL ASPECTS

YURI I. MANIN

For the purpose of this presentation, I will roughly divide mathematics
into four large areas: fundamental mathematics, mathematics as the lan-
guage of theoretical physics, mathematical modeling, and mathematics of
modern information and communication technology (computers and net-
works). This subdivision reflects differences in values more than in content,
but exactly for this reason it is relevant for our discussion: science for man
and man for science.

1

Fundamental (or pure) mathematics deals with elaborate and subtly
interwoven abstractions some of which date back to the ancient Greeks
and of which some keep appearing in new issues of mathematical jour-
nals. As an example, consider Euler's famous formula e™ = -1. In an
extremely concise fashion, it relates three mathematical constants whose
respective discoveries were separated by centuries and motivated by very
different lines of thought.

In fact, 7 = 3, 1415926 is essentially a physical constant distilled to a
mathematical notion in Euclidean geometry, which itself can be viewed as
a physical theory: kinematics of solid bodies in a gravitational vacuum.
Unlike 77, the base of natural logarithms, e = 2, 718281828, first appeared
in the great project which later became computer science, whose purpose
was to facilitate time consuming numerical multiplication by replacing it
with addition. Finally, the imaginary unit, i = V-1 kept emerging, almost
against the will of its creators, as an inscrutable but vital fragment of the
formal system of algebraic notation, without which it would lack a degree
of logical completeness. Euler’s formula was a small wonder demonstrating
the heuristic power of the recently invented calculus.
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As in Euler’s time, the proof of a difficult theorem, the solution of an old
problem, the formulation of a striking conjecture expressing an insight into
an unexplored field, are all important aspects of pure mathematics.
Practitioners of pure mathematics teach at universities and pursue their
research in a handful of world centers established for this purpose. They
constitute a small community in each generation, whose public image, elo-
quently described by Hans Magnus Enzensberger, is that of insularity and
detachment ([E]).

As the language of theoretical physics, mathematics enjoys an unusual
epistemological status. The point is that the initial semantics and syntax of
many mathematical notions often have nothing to do with the secondary
semantics which they acquire in the context of a physical theory.

Consider an example: complex numbers and their role in quantum
mechanics as “probability amplitudes”. Euler’'s formula, mentioned above
(or rather its generalization e** = cos ¢ + i sin @), in the context of quantum
mechanics explains quantum interference and becomes the quintessence of
the wave aspect of the famous wave/particle duality. The imaginary unit,
and complex numbers in general, cease to be purely logical constructs and
acquire a physical incarnation as quantum phases. They become as “real”
as real numbers in the sense that their effects can be experimentally
observed and measured. And 77 in Euler’s formula this time does not refer
to the angular measure in the Euclidean plane, which is after all only an
idealized sheet of paper, but to the considerably more abstract complex
plane of quantum phases.

In this way, theories developed in pure mathematics and having their
intrinsic logic, are periodically reinterpreted as models of basic physical
phenomena. In the last third of this century, this happened to topology and
algebraic geometry with the advent of quantum strings, membranes and
the project of Grand Unification in the framework of the emerging M-the-
ory. Such unpredictable applications are often quoted in order to motivate
and justify public spending on pure mathematics. In turn, physics has a
profound influence on the development of mathematics. | mention only the
recent successes of Feynmann’s path integration in topology.

The community of physicists has grown enormously in this century,
partly because of military applications, but it is not a purely modern phe-
nomenon. It suffices to recall that Archimedes was a military engineer, and
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probably, if recognized and captured alive, would have had to work for
Romans as Werner von Braun did for the Americans two millennia later.

3

I have set apart mathematical modeling from both pure mathematics
and theoretical physics mainly because these activities differ in the
minds of those who participate in them. This is discussed at some length
by D. Mumford ([M]), who writes: “Models are most prominent in
applied mathematics where they express the essential point at which the
chaos of experiment gets converted into a well defined mathematical
problem”. Galileo’s famous definition of mathematics as the language of
nature was based on his experience of such conversion rather than on
the fancier mathematical models that emerged later and have a more
Platonic flavor.

The distinction between the models used in applied sciences and those
of fundamental physics is debatable. In fact, such constructs as the Ising
model show that there is no clear-cut boundary between the two. | feel nev-
ertheless that there exists a qualitative difference between, say, the princi-
ple of superposition of quantum mechanics (which is a fundamental law)
and Hooke’s law stating linear dependence of force as a function of dis-
placement (which is only a convenient model).

More to the point, mathematical model-building includes the vast
domain of models in Economics: gathering, processing and distilling sta-
tistical data into viable theoretical schemes which often enjoy explanatory
and predictive force, but clearly have nothing really fundamental about
them. As Mary Poovey convincingly argues in [P], this line of development,
starting with Luca Pacioli’'s double-entry bookkeeping, informed not only
the external forms of modern economic life, but to a considerable degree
also the perception of reality and even the self-perception of Western soci-
ety. Poovey coined the term “modern fact” to express this notion, and thor-
oughly studied it in her book.

Model-building acquired a new dimension and a large new community
of customers with the advent of computers. Perhaps, the most important
trait of it is now the option of doing a considerable part of theoretical work
by running a program (computer experiment), and/or compiling a vast
database (like human genome project). Mathematics of materials (e. g.
composites) or models of vision may serve as examples of scientific appli-
cations of mathematical modeling.
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4

The modern industry of computers and communication networks is the
technological embodiment of the abstract mathematical development deal-
ing with the microstructure of information and information processing.
The history of this development again spans two millennia, from Aristotle’s
classification of syllogisms to Turing’s machine.

Somewhat paradoxically, with the advent of personal computers and
Internet this has become the most visible and most widely used mathemat-
ical product. Moreover, user-friendly technological solutions allow one to
become a customer of such a system without being burdened by knowledge
of mathematics, much in the same way as we drive cars without having to
understand thermodynamics and the kinetics of internal combustion.

As | have tried to show, mathematics supported many processes which
were vital for the development of modern society and which determined its
present state. This role of mathematics raises various issues which | will
present in the same order in which | have discussed the sociology of the
mathematical community.

5

Pure mathematics traditionally was regarded as a part of high culture,
on par with, say, philosophy and music. Edna St. Vincent Millay’s line,
“Euclid alone has looked on Beauty bare” only a century ago was a poeti-
cal expression of commonplace wisdom. This view is now challenged by
several cultural shifts.

Academia, with its traditional network of independent universities,
libraries, publishing houses and its peer review system, is evolving in the
direction of becoming a specialized training and research ground, a part of
the service industry subject to market economy laws (especially in the
USA), or responsible and directly accountable to government agencies.
Consumerism generally lowers cultural standards and tends to dilute or
even completely exclude from the curriculum courses requiring hard work
and not leading to the immediate and materially rewarding career open-
ings. Mathematics especially suffers from these tendencies.

Applications of mathematics to industry and biology are challenged by
the New Age sensibilities. Environmentalists blame science and technology
for the destructive uses we made of them, thus further diminishing their
cultural appeal.
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On the opposite end of the spectrum of intellectual life, deconstruc-
tionist and postmodern trends of discourse put in doubt the very notion of
scientific truth, trying to replace it by highly arbitrary intellectual con-
structions, based upon Freudian fantasies and ambiguities of natural lan-
guage. Moreover, the grand culture of European origin or cultivation is
diminished in stature by such pejorative connotations as cultural imperial-
ism and Eurocentrism.

H. Bertens in [Be] argues that postmodernism is essentially positive and
compatible with left-liberal political trends, whose essence is “self-reflexivity
that leads to the unmasking of prejudices and exclusionist strategies”. In par-
ticular, in his words, “culture at large becomes aware of its hierarchical struc-
ture — with white males at the top of every heap — and begins a long march,
far from over, on the road to redressing all sorts of historical wrongs”.

These noble intentions notwithstanding, implications of such a mindset
for science, its values and its goals, are far from being positive. In fact, they
lead to a wild politization of any discourse involving science. In extreme
cases they involve misrepresentations of its content and meaning (as was
demonstrated by Socal and Bricmont in their analysis of some canonical
postmodern texts), and even complete negation of the central notion of sci-
ence, that of objective truth. As a frustrated Galileo asked in 1605, “What
has philosophy got to do with measuring anything?” Four centuries after,
we still seem to be unsure about the answer.

This school of thought replaces serious thinking by soul-searching and
collective psychotherapy thus effectively preventing our community from
seeking responsible answers to the problems of modernity.

Computers and the Internet, helping to solve some of these problems
and permitting unprecedented freedom of communication, pave the road
to changes, the full scope of which we cannot as yet foresee. As an exam-
ple, one can cite their role in financial markets which arguably have
brought us closer to the dangers of global economic instability. Other con-
cerns are related to the whole structure of information storage and pro-
cessing in modern society, which is becoming increasingly dependent on
quickly mutating and obsolescent hardware and software.

Victor Hugo remarked in “Notre Dame de Paris” that books killed cathe-
drals (meaning that Enlightenment culture replaced medieval Christian
culture). It looks now as if computers are Killing books.

Let me quote I. Butterworth: “...the American Association of Computing
Machinery, the main US learned society in the computing area, with 18
journals totaling 30000 pages per year, plans to stop completely its printed
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versions by the year 2000. It is common to hear in such societies statements
like ‘We want to destroy print™.

There are qualitative differences between libraries and electronic
archives. On the positive side, new technology provides the speedy and uni-
versal storing of, and access to, information, including papers, books and
databases; visual and sound materials; flexible electronic linking; and much
more. On the negative side, the life span of the supporting hardware and soft-
ware is alarmingly short: “...the hardware on which digital information is to
be recorded and accessed has a typical life of 10 years” and, moreover, “to a
first approximation, no one can use a piece of software written 10 years ago.
[...] Maintaining an archive therefore requires expensive human involvement
to ensure that, by continual re-copying and by updating of protocols, it can
still be accessed. [...] Commercial publishers may be willing and even anxious
to maintain archives as long as they have commercial values as databases,
but would presumably then allow them to die. If research and scholarship
are not to become ephemera, active archives will probably have to be main-
tained by a combination of learned societies and national legal deposit copy-
right libraries — but the operation will not be cheap” ([Bu]).

Finally, we are becoming more acutely aware of the dangerous effects
of the “stupidity amplification” phenomenon, the Y2K problem being only
one of its most outrageous instances.

The fate of mathematics depends on the fate of society. Mathematics was
traditionally considered to be the finest expression of rationalism. We must
demonstrate again and again that being rational also means being moral.
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SCIENCE AS UTOPIA

JUERGEN MITTELSTRASS

Utopias are emigrated wishes; science is a way to recover them. What do
we mean when we say that science has a utopian character and is a utopia?
Is not science real? Is not science an essential part of our academic life and
an essential part of the modern world? In this paper | shall propose four brief
theses to describe the utopian element in science and its peculiar infinity.

1. Uncompleted Science

Science is never perfect; it is always something that is unfinished — not
in the sense of a defect, but as something that belongs to the essence of sci-
ence, to its peculiar infinite character. If science were something which
could be completed, that is to say, if at some point everything that can be
explained with scientific methods were to be explained; if at some point all
guestions that can be posed scientifically were to be answered; and if at
some point everything that can be mastered with scientific methods were
mastered, then science itself would be a mere means, an artefact, not a
process — at least not in the sense that science constitutes precisely the
future potential of a technical and rational culture such as ours. It would
be as if one took rationality or reason to be something which could be com-
pleted, to be something that one could at some point have at one’s disposal
as a perfected good. But rationality and reason are, in opposite fashion,
never completely fulfilled. They are demands upon thought and action that
must be constantly aroused, at least in the wake of the European
Enlightenment. They are demands whose sense lies not in their complete
realisation but rather in their ‘infinite’ contribution to orientation.

This is the case, too, with science. In science we find expressed the ‘infi-
nite’ will of man to comprehend his world — and himself — and even more
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to make it his own work. That this, too, in turn, is an infinite task lies not
in the fact that this task itself is utopian — we already live in a world which
is to an ever increasing extent the product of scientific and technical under-
standing — but rather in the fact that there are no scientifically final answers
to the question of how the world of man, insofar as it is (also) his product,
should look in the end, and how mankind, even with scientific means,
should understand itself. Furthermore, science is extremely inventive, not
only in its results but also in its questions, and it is inexhaustible, just as
understanding and reason are inexhaustible. ‘Science as Utopia’ is an
expression of this ‘infinity’ of science or of a scientific culture, and it is the
expression of the insight that science — again, like understanding and rea-
son — always has its essence ahead of it, that is to say it always lives in the
awareness that it is not what it is supposed to be, namely - in the words of
the German Idealist Fichte — absolute knowledge. Such knowledge is
indeed a pure utopia, but a useful one: it keeps the process of science and
the process of knowledge in general in motion.

2. Transdisciplinarity

The scientific spirit is in motion — not only along the usual paths of
research but also with regard to its own disciplines. Disciplinary orderings are
increasingly replaced by transdisciplinary orientations. Transdisciplinarity
means that research is to a great extent in motion out of its disciplinary lim-
its, that it defines its problems independently of disciplines and solves them
by passing beyond these boundaries. The institutional expressions of trans-
disciplinary orientations — which are effective wherever a strictly disciplinary
definition of problem situations and problem solutions no longer fits — are the
new scientific centres that are being founded or have already been launched,
such as the Harvard Center for Imaging and Mesoscale Structures or the
Stanford Bio-X Center. These centres are no longer organised along the tradi-
tional lines of physics, chemistry and biology institutes or faculties but rather
from a problem oriented perspective, which in this case follows the actual
development of science. Transdisciplinarity proves to be a promising new
research principle. Where it is in place, the old institutional structures begin
to look pale. Research is looking for a new order.

The development of science in a transdisciplinary direction may even
reawaken the notion of a unity of science, which during the development of
modernity replaced the older notion of the unity of nature. But this notion
of a unity of nature seems also to have gained ground once again (in sci-
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ence and philosophy), at first as the conception of a unified physical theo-
ry — if there is only one nature, then all natural laws must also be part of a
unified theory of nature — then in the form of increasingly transdisciplinar-
ily-oriented scientific research. If nature does not distinguish between
physics, chemistry, and biology, why should the sciences that study nature
do so in a rigid, disciplinary manner?

The unity of science and the unity of nature may well be philosophical
dreams, but their basis — ever more strongly integrative, indeed, transdisci-
plinary research —is real. Some examples are: (1) nanotechnology, in which
physicists, chemists and biologists work hand in hand in the production
and investigation of nanostructures; and (2) foundational questions of
guantum mechanics, which are worked on in cooperation by physicists
with very differing backgrounds, especially mathematical physicists and
researchers in the field of theoretical and experimental quantum optics,
and by information scientists and philosophers; but also (3) monistic and
dualistic explanatory conceptions within the framework of solving the so-
called mind-body problem, in which originally purely philosophical
approaches are connected with research in neurophysiology and neuropsy-
chology into the empirical connections and mutual dependencies of physi-
cal and psychical states and processes. Transdisciplinarity is constantly
reinventing science — and in this way it remains close to science’s ‘infinite’,
and thus also always utopian, essence.

3. The Limits of Science

There is scarcely a place where the unfinished, ‘infinite’ or utopian char-
acter of knowledge and of science is made more clear than in the question
of the limits of knowledge and science. It is all the same whether practical
limits are meant, that is, limits presented by our comprehension and the
means it has at its disposal; moral limits, that is, limits that place knowl-
edge acquisition and science under ethical categories; or theoretical limits,
that is, limits that cannot be overcome - independently of practical and
moral limits. Here we are concerned with the question of a de facto finitude,
which would connect the utopian with knowledge and science, this time in
a negative sense.

The philosophy of science discusses this question, usually with refer-
ence to the natural sciences, in the form of two theses. (1) The thesis of the
complete or asymptotic exhaustion of nature. According to this thesis, the
history of scientific discovery is either absolutely finite or at some point
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goes over into an asymptotic approximation to what can be known. The
place of innovations would be taken by filling-out and mopping-up opera-
tions, the calculation of additional decimal points, and the classification of
additional cases, which tell us nothing that is essentially new. (2) The thesis
of the complete or asymptotic exhaustion of information capacities.
According to this thesis, the scientific information possibilities are either
again absolutely finite or at some point go over into an asymptotic approx-
imation to absolute limits of information. Here, too, filling-out and mop-
ping-up operations would take the place of innovations. Science would have
exhausted its own research and articulation possibilities; between it and a
possibly unexhausted nature there would rise an insurmountable informa-
tion barrier. The crucial question — whether scientific progress still has a
future — would only be apparently paradoxical. However, within the bound-
aries of the two theses presented, this question is unanswerable, and this,
too, speaks in favour of the infinite and the utopian in the affairs of science.

One reason for this is that questions, and in particular scientific ques-
tions, know no bounds — what would be the sense of saying that all ques-
tions are answered? (At best, saints could talk like this). And the goals, in
this case goals pursued by scientific knowledge, are similar. If research is
not determined only by the respective state of research already reached (for
instance with regard to answering scientific questions), but also by the
(internal and external) goals tied to it, then the notion of an end to scien-
tific progress would not only include the assertion that we know everything
(that we can know), but also the assertion that we know all goals (that we
can have). The number of these goals, however, is unlimited even if we
accept the limits ascribed to the scientific permeation of the world and of
mankind. But this means that in order to be able to answer the question -
whether scientific progress has a future — we would in a certain way already
have to know what we do not know now, that which only scientific progress
or its failure could show. In this sense there are no limits to science.

4. The Phoenix

What | have said about transdisciplinarity applies to scientific thinking
in general: scientific thinking, so to speak, constantly invents itself anew,
realises itself in its constructions and destroys itself with its constructions.
The phoenix is the symbol of science just as the owl is the symbol of phi-
losophy. Science creates itself just as philosophy constantly looks at itself
and what it has seen. Science lives from the mortality of knowledge, phi-
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losophy from the immortality — or better, from the infinity — of reflection,
which also constantly meets itself, while science forgets and discovers. Only
the concept of construction holds the two together. For philosophical
reflection, too, — as long as it does not just reproduce itself hermeneutical-
ly in a state of infertility — constructs, designs new worlds and fills them
again with its grown-old experiences.

Returning once again to the beginning: if science knew everything that
it could know, it would in a certain sense be perfect in its limitation and fini-
tude, that is to say, everything that could be explained according to its own
questions would be explained; everything predictable according to its cogni-
tive base would be explicated; everything cognitively demanded according to
its own epistemic intentions would be available as an instrument; and what
is given with the above mentioned perfections would leave no room for
other things to be explained. But this notion suffers from the above men-
tioned circumstances connected to the infinitude of our questions and our
goals. Scientific progress is thus limited neither by an attainable perfection
of knowledge nor by absolute theoretical limits of knowledge — however,
there are practical limits. For the limits of science are either limits of error
(the scientific intellect is stymied by its own insufficiencies) or economic lim-
its (scientific progress becomes unaffordable) or moral limits that are always
given whenever scientific progress turns against mankind itself. Whatever
the case, every measure of science that puts limits to its progress is a practi-
cal measure and thus a self-given measure. And this, too, means that science
is always essentially something unfinished: uncompleted limits and uncom-
pleted limitlessness — the concrete utopia of science.



FROM MODERN RESEARCH IN ASTROPHYSICS TO THE
NEXT MILLENNIUM FOR MANKIND

GEORGE V. COYNE

Introduction

The organizers of this meeting have requested that “the papers should
take the form of sets of suggestions rather than academic lectures”. | will,
therefore, make two suggestions and support them by a brief review of sev-
eral areas of research in modern astronomy. Among those areas | will
emphasize the search for extra-solar planets and planetary systems.

Suggestions

I would like to suggest that all of our planning for the Plenary Session
and other activities of the first year of the new millennium take into
account the following two conclusions which can be drawn from the most
recent research in astrophysics: (1) there is increasing evidence that we
may not be alone in the universe; (2) public opinion to the contrary, our sci-
entific knowledge of the universe is very limited.

We must be very careful in our formulation of the first issue. The ques-
tion to be addressed is not whether there is extraterrestrial intelligence, since
there is no scientific data whereby to even approach an answer. The question
is rather: Are there the physical conditions for Earthlike life elsewhere in the
universe? In other words, is there any evidence that there are planets like the
Earth about stars like the Sun with the macrophysical conditions for life?

As to the matter of our ignorance as regards our scientific understand-
ing of the universe, a brief review will suffice to indicate the limited fron-
tiers of our knowledge. The most significant fields of modern astronomical
research extend over a wide range of topics including the physics of the
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early universe to the search for extra-solar planetary systems. We shall do
that review of selected topics now and subsequently speak in more detail of
the search for extra-solar planets.

Selected Topics in Astrophysics. Frontiers of Ignorance

By combining elementary particle physics with quantum cosmological
models we have a solid understanding of the very early universe, although
not its origins. Less well known are the epochs of the formation of struc-
ture in the universe: galaxies and clusters of galaxies. Despite intense efforts
to determine the ultimate fate of the universe, we do not yet know whether
the mass of the universe exceeds the critical mass to close it. More than a
decade of attempts to identify the dark matter in the universe have left us
still in doubt, although the observational evidence for its existence is over-
whelming. Let us review these topics in more detail.

The deep field observations with the Hubble Space Telescope challenge
all theories accepted to date for the development of structure. A principal
difficulty is that the observations indicate that structure developed much
earlier than can be accounted for in any of the expanding universe cos-
mologies. The detection of non-homogeneity challenges inflationary mod-
els. It is not yet known with certainty as to whether galaxies formed from a
single massive proto-galactic cloud or whether they formed from mergers
of smaller regions where star formation had already begun. This uncer-
tainty is fundamental and is shown graphically in the schematic diagram of
the evolution of the universe in Fig. 1. The formation of galaxies at one bil-
lion years and of the first stars at five billion years is essentially unknown!

The great success of Big Bang cosmologies during this century may
conceal some of the principal problems still remaining. Chief among these
is the determination of the distance scale and, therefore, the time scale for
the expanding universe. The Hubble law relates the velocity of expansion
of the universe, determined by measuring the red-shifts of galaxies and
clusters of galaxies, with distance. This is shown in Fig. 2. It is important
at this point to note an observational problem associated with the Hubble
law. The observational error associated with measuring a red-shift does
not depend on distance, whereas the error in measuring distance increas-
es enormously with increasing distance. For large distances we must make
many assumptions about the uniformly mean brightness of certain kinds
of intrinsically bright objects, for instance, supernovae or globular clus-
ters, and we must apply assumed corrections for the aging of such objects.



102

GEORGE V. COYNE

Distance

i
15 10°
lghtyears

10* Light
-

|

Caul enaugh
for aecms
to exist

Marm-

SLO0IC
life-
ferms

evaive

o001

Sun AlL
swells  sfars
ntad  coak
red gient and
2 die
enguifs t
e Barth

“Heat

Death?

20 10

Age (billions of years)

Fig. 1 — A schematic of the expanding universe. As the universe gets older (abscissa) the
distances between objects increase (ordinate). The epochs at which various principal
events occurred are indicated by arrows. Although shown here, we are not certain about
the epochs at which galaxies and the first stars formed.
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Fig. 2 — The Hubble law shows the velocity at which the universe is expanding at various
distances (1 MPC [megaparsec] = 3.3 million light years). The Hubble constant, H, is the
slope of the relationship and is inversely proportional to the age of the universe. The
three lines show the extreme values and the mean value to the scattered observations.
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The distance limit for the so-called primary methods of measuring cos-
mological distances is about thirty million (3 X 107) light years, only two
thousandths of the way back to the Big Bang. For larger distances the
observational errors result in an uncertainty in the slope of the Hubble law
(the Hubble constant), which is roughly inversely proportional (a specific
cosmological model with a given deceleration parameter must be
assumed) to the age of the universe. Recent observations with Hubble
Space Telescope (HST), for instance, indicate a change in the distance
scale which would essentially decrease the currently estimated age of the
universe by a factor of two. In that case we would have some globular clus-
ters of stars, whose ages are known by methods completely independent of
the Hubble law, with ages about twice that of the universe itself. A prob-
lem, indeed! It is of some interest to note the history of the determinations
of the Hubble constant. The age of the universe has roughly changed by a
factor of five in the course of fifty years!

Two increasingly difficult problems are the quantity and nature of dark
matter in the universe and whether the universe is open or closed. The two
problems are related. From the observed rotation curves of spiral galaxies
and from the gravitational binding of rich clusters of galaxies, it has
become increasingly clear that about ninety percent of the gravitating mat-
ter in the universe does not radiate What is the nature of this dark matter
which is so predominant?

We know that the universe is tantalizingly close to being either open or
closed. There are two approaches to try to resolve which is the case. If we
could measure the curvature of the Hubble law at large distances, then with
certain reasonable theoretical assumptions, we could resolve whether the
universe was open or closed. This is shown schematically in Fig. 3. As we
look at large distances, we are looking back in time and we can compare
the observed expansion rate then to that in more recent times. We can,
therefore, in principle, determine the rate of deceleration of the expanding
universe and whether such a rate is sufficient to close the universe. The
observational problem is precisely the one which we have discussed previ-
ously and is shown by the scatter of the points in Fig. 3. Errors in the meas-
urement of large distances will not allow us to determine accurately enough
which of the Hubble curves (A, B, C or D) is the true one.