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Foreword
by
Sam Nilsson

Few theories have had such a profound influence on society as that published in
Philosophiae naturalis principia mathematica, by Isaac Newton. The book was presented to
the Royal Society in England on April 28, 1687, that is, 300 years ago. It was the culmi-
nation of an unprecedented creative process which established the (then) ‘new science' for
mankind.

In the 300 years that have passed since the publication of Newton's work, scientific
method has become so powerful a way of thinking that its principles have often been ap-
plied even elsewhere, leading 10 new modes of thinking about humanity, societies, eco-
nomics and politics.

Harlan Cleveland says of Newton's Principia in his contribution 1o the Lisbon
Symposium that:

"The logic is linear and mechanistic. As we decipher the riddies of nature, we must
naturally give thought to the technologies the new science makes possible; because
the new technologies are possible they also must be necessary; if the new technoio-
gies enable us 1o make new machines and processes, we must actually design, con-
struct and deploy them.”

This linear logic is now on trial by scientists, artists, spiritual leaders and indeed by the
public in general.

What could be more natural then for a "World Academy of Art and Science’ than to
celebrate the tercentennial of Newion's Principia by a symposium at which artists, sci-
entists and other scholars would have the opportunily to discuss the ‘ending' of the mech-
anistic paradigm and the emergence of a new logic. The idea of such a WAAS symposium in
connection with the general assembly meeting was born in June 1986 at the summer cot-
tage of the president, Carl-Gdran Hedén, which lies sufficiently and appropriately distant
from the urban linearities of Stockholm.

Thanks to the generosity of Professor Menano of the Gulbenkian Institute of Science
in Portugal and the Salén Foundation in Sweden, it was possible 10 hold the symposium at
the Gulbenkian Foundation in Lisbon on May 11, 1987, almost exactly 300 years after the
public debut of Newton's Principia.

WAAS was able to attract a number of eminent scientists and artists as speakers at
this symposium, and the speeches covered topics ranging from cosmology to ecclogy, ans
and economics. The organizers believe thal the theme, or as it turned out, themes of the
symposium will be of greal interest to all the Fellows of WAAS. We hope that the material
contained in them might initiate debate among the Fellows via the WAAS Newsletter; in-
volving humanists, artists and scientists. We could think of no better forum for a debate
on the subject of the shift of paradigm in science and society, and decided therefore that the
proceedings of the Lisbon Symposium should be made more widely available, in the form of
this publication.

The desire to understand the meaning of his own existence, and the need 1o rationalize
and justify it within some coherent framework, has been and still is one of the most pow-
erful motivating forces of the human being. This profound desire, which has given rise 10
all the myths and religions of humanity, and to the great philosophical concepts, also lies
al the roots of the formulation of scientific methed.

But, as Jacques Monod pointed out in his famous book Chance and Necessity:
“While the myths, religions and philosophies did bring positive answers to the prob-
lem of meaning, and whie it was believed for a long time that Science would bring



the final, definite solution, we now begin to realize, at last, that the problem of
meaning is the one to which no sclentific answer will ever be provided.”

Since man first began inquiring into the meaning of his own existence, the ethics and
values resulting from this inquiry have always been based on some essential relationship
assumied to exist between him and the universe. We now know that the only authentic re-
lationship is via the abstract, the no-osphere; that man, the stranger in the cosmos, can
only conquer the universe through knowledge.

In his paper, cosmologist Professor Edgard Gunzig from Professor Prigogine's
innovative research team in Brussels points out that we are presently witnessing a new
situation in physics in which any improvement in our understanding of the universe ieads
directly to improvements in our understanding of the fundamental interactions controlling
the elementary particle world — and vice-versa. For the first time we have a true inter-
play between the understanding of the macro-cosmos and the micro-cosmos.

Protessor Gunzig calls his paper "Why is there something rather than nothing - for
instance, a universe?" He proposes a cosmological history in which the traditional singu-
lar Big Bang event is replaced by &n instability in an enormous vacuum. This vacuum makes
a transiton to a first "inflationary exponential space-time stretch® during which the
cosmological constituents are created from the vacuum. After some 1037 seconds the
production mechanism stops and this primordial stage shifts over to a stage governed by a
more common expansion law which has lasted up to the present stage of the universe, i.e.
about 15 billion years. The universe and the vacuum appear therefore as two phases of one
and the same sublract. From this very recent theory of the universe, it appears that this
universe will have a cyclic history on a gigantic cosmological scale.

The question of how long this primordial vacuum will last before it blows up sud-
denly is thus invalidated. By this new approach to the time-ordered sequence of events, we
are simply the protagonists and observers of gne particular cosmological cycle among an
infinite sequence of identical cosmological histories!

Professor Paul C. W. Davies, in his paper "The New Physics and World
Paradigms”, touches on the same basic question as Professor Gunzig: the question of the
initial conditions of a physical law: in Professor Davies' paper, Newton's laws of gravity
and motion.

Davies points out that, paradoxically, scientists are happy to believe in mathemati-
cal statements that describe laws, but until recently they have turned away completely
from any statements about ultimate initial conditions, claiming that such conditions lie
outside the scope of science.

He refers here to some very recent work by James Hartle and Stephen Hawking in
England, who have made the first serious attempt 1o formulate a "law of initial conditions"”.
The same work is referred 10 by Professor Gunzig in his paper. Hartle and Hawking solve
the problem of cosmic initial conditions by abolishing the origin of the universe alto-
gether! In this system tima is still finite and bound in the past, but space-time has no
boundary or edge, no event that corresponds to an act of metaphysical creation.

Their approach results, says Davies, in a form of expanding space and matter which is
entirely consistent with what is observed by experiments today. Davies believes that
however refined the present new science of creation becomes, it will never resurrect the
old world view of a clockwork universe. Newton's famous laws do indeed uniquely determine
subsequent states of a system once the initial conditions have been given. But there are now
many reasons for rejecting this mechanistic Newtonian paradigm.

The existence of the complex systems, physical or biological, which we observe today
is not fixed by the initial state of the universe. The particular form of a complex sys-



tem, according to the new theories, is something that arises purely spontaneously, withou!
any underlying lawful reason. According to this viewpoin, there is nothing inevitable
about the existence of living matter: it is merely a fortuitous accident of nature.

These additional laws and principles of nature explain, for the first time, the rather
extraordinary innate tendency of matter and energy to undergo 'self-organization'; to leap
spontaneously into states of even greater organization and complexity. How nature pos-
sesses such amazing creative power has always been a mystery.

All this points towards a post-Newtonian paradigm in which complex organization-is
recognized as a primary phenomenon and not as an obscure derivative of the physics of
elementary particles plus initial conditions fixed @ons ago. Professor Davies finishes by
stating that the world paradigms of Newton, which served so well to advance physical sci-
ence for three centuries but inadvertently inculcated an obsession with reductionism,
have now run their course.

*Three hundred years on, Man and Mind are once again emerging as central aspects
of Cosmic reality.”

Protessor Peter M. Allen, another scientist from the Brussels school, presented
a paper called "Ecodynamics: Life beyond the Newlonian paradigm”, which extends the
current theory and concepts to the bio-social world. Professor Allen is the scientist who,
probably more than anybody else, has applied Progogine's theory to real world problems.

He begins by pointing out that when the laws of Newtonian physics and thermo-
dynamics were applied to fields such as economics, biclogy and anthropology,
‘understanding’ was based on assumplions aboul ‘equilibrium’ and the search for the
‘appropriate’ potential function which governed the evolution of these systems — utility,
fitness, efficiency etc.

However, the equilibrium hypothesis remains tenacious, mainly because it avoids
all the real difficulties of life, and can lead 1o elegant theorems and lemmas which are the
very siuff of PhDs, professional appointments and honorary degrees. Despile enormous
investments in research into economic, ecological and social systems, equilibrium con-
cepts have failed to provide satisfactory models, and our understanding of the evolution we
observe remains, essentially, based on ‘experience’.

The fundamental reason for this, says Allen, is that the basic paradigm - our whole
way of thinking about such things — is wrong. The complex systems which we see around us
are neither @t nor necessarily gn their way to being in equilibrium. All living things have
in fact evolved in a state of pon-equilibrium! Professor Allen then goes on to give exten-
sive and highly lllustrative examples of how non-equilibrium systems become ‘creative’,
generating new structure and complexity. The price we pay for this is a loss of
‘predictability’. For example, symmetry-breaking transitions can occur spontaneously so
that truly ‘new’ structures can be created. In this fact lies the real source of innovation in
the physical and biological world.

When we turn to human systems, the same principles apply. If all individuals were
identical, and had the same 'values', there would be no choice of behavior available. The
whole population would 'lock on' to a single behavior pattern, and there would be no in-
formation on what it would be like to do anything else. Such a system would not possess any
adaptive capacity.

Any simple model constructed in terms of averages, supposing a deterministic link
between environment and behavior, misses the essential nature of the evolutionary pro-
cess. The fundamental point raised in Prfoessor Allen's paper is that discovery and inno-
vation in biological human systems can only be achieved by going ‘beyond’ the present
system. In human systems we need what he calls 'stochasts’ who, for whatever reason, do
not simply respond to the information which exists about the presenl returns on effort.
However we also need 'cartesians’, who are the backbone of the system and its conserving
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force. The overall success of the system is determined by the balanced co-existence of these
two types, and by the manner in which new information is channelled into the system.

Traditionally, science has accepted a description of the internal functioning of an
object considered in isolation as the ‘explanation’ of its behavior. Here, however, we see
innovation and change as part of an evolving whole, and the explanation provided by his-
tory reflects the inherent unity of the living world. Allen appropriately finishes by saying
that flife begins beyond Newton'.

ation from Allen's paper leads directly and naturally 1o the ideas contained in
the two socially orientated papers presented in Lisbon: Professor Harlan Cleveland's paper
on the "Information Society* and Dr Calestous Juma's paper on "Non-Equilibrium
Economics”.

Professor Harlan Cleveland begins by stating that in the 300 years since
Newton, Science has elbowed aside the Church - all churches, reformed and orthodox - to
become a kind of secular religion. It was not, Cleveland says, until Newton had pictured the
universe as guided by precise laws of motion tending to harmonize the forces of nature, that
John Locke found in ‘laws of nature’ the foundation for human society; Adam Smith
discovered an "invisible hand" to guide trade and industry according to the (natural) law of
supply and demand (in equilibrium); and James Madison wrote that a balance among
i‘fadions' might, like the counterpoise of heavenly bodies, provide a democracy with built-
n self-control.

The Jeffersonian model for a republic, with its reasonable, self-reliant citizens, its
orderly and effective institutions and its 'mild government, was thoroughly Newtonian in
spirit and conception. Cleveland eventually arrives at the conclusion that the convergence of
two separate lines of already powerful science-and-technology, i.e. faster computers and
more reliable broad-band telecommunications, is creating societies where i
resource s information, the dominant activity is no longer the production and exchange of
things but the production and sharing of symbols.

Information-as-resource (unlike land and other 'natural resources'’) he says, can
expand as it is used, can be transported at the speed of light, and is much harder than tan-
glble resources to hide or hoard. Information cannot be owned, The one thing we cannot do,
in the Age of Information, is to keep people ignorant or quiet about things that are going on
in the world around them.

Cleveland presents an interesting model for the ethic of ecology as an interlocking
system of human self-control, a creative combination of human limits and human oppor-
tunities. He concludes by saying that, 300 years after Newton, we have come 10 a new wa-
tershed in the unfolding story of humankind. What we now decide to do 1o the natural en-
vironment may, for the first time in world history, be even more significant than what
Nature does 1o, and for, its human species.

The purpose of science and technology, the unleashing of curiosity and harnessing the
human urge to invent and innovate, is to contribute to the fulfillment of basic needs, ma-
terial and spiritual, of humanity. A new socio-ethical paradigm is emerging.

Calestous Juma from Kenya argues, in his very extensive paper "Non-
Equilibrium Economics: Alternative paradigms and technology policy”, that part of the
failure of social and political policies in Africa must be attributed to the extensive
dependence on Newtonian metaphors used in the analysis of its economic and ecological pro-
blems. Most of the proposed solutions for Africa, he says, are based on reductionism and
static Weberan institutional mechanisms.



What is In fact needed is an analytical framework that recognizes the fact that
economies are open systems which evolve and are constantly reorganized through the in-
wroduction of new information and technology. A non-mechanistic approach would lead to
altamative policies not preoccupied with the restoration of economic equilibirum, but
which instead emphasize the accumulation of technological capability, organizational
flexibility, social experimentation, recognition of diversity and autonomy. In other words,
the same innovative adaptability that Allen spoke of. It is indeed interesting to see how
close the arguments of Juma and Allen are. Juma points out that it was Marshall - not
#darx - who first argued that economics was like biology, because they both deal with "a
matter, of which the inner nature and constitution, as well as the outer form are con-
stantly changing™. For Marshall, the subject matter of economics was "human beings who
are impelled, for good or evil, to change and progress”.

Juma states in his conclusion that the 300 year grip that Newtonian concepts have
had on economic thought is beginning to wane. Mainstream economic thought has not yet
come to terms with the philosphical and practical implications of non-equilibirum ideas.
The reason for this, Juma says, is that economics, in his opinion, is one of the most
Nawtonian of the social sciences. As in the Prigoginian world, change will involve a long-
tarm process of moving from being to becoming.

Two papers from the Arts were also presented in Lisbon: one by the Swedish archi-
tect and artist Professor Hans Nordenstrom, and the other by art historian Professor
Rorence Hetzler from the USA.

Professor Nordenstrém discussed the similarities and differences between the
arts and sciences, in particular their relations to ethics and the contemporary human
condition. He felt that the relationships between these two sides of human creativity should
be strengthened. There is a need, Nordenstrdm claims, to re-create the connection between
the useful and the beautiful - a new ethic.

Professor Florence Hetzler concentrates her paper on the influence that
Newton's theories and philosophy have had on the arts and literature. She refers, for in-
stance, 10 Einstein, who once said about Newton:

*In one person he combined the experimenter, the mechanic and, not least, the artist
in expostion. He stands before Us strong, certain and alone, his joy in creation and his
minute precision are evident in every word and in every figure.”

Einstein thus makes Newton not only one who has influenced artists, as he did in his
Opticks, but presents Newton also as a literary figure and a writer of literature.

A common denominator of all the papers presented in Lisbon is spontaneous
creativity, whether in cosmos or human systems; creativity that results in deviation from
the average and innovative adaptability, and creates alternatives 1o what already exists.

It is ironic, perhaps, that we are now asking for alternatives to that mechanistic
world view which is so much attributed to Newton's work, while at the same time we all
recognize that Newton represented an enormous crealive power far from the 'linear av-
erages’ of his time. He was a man of greal imagination and creativity, concepts which we
find are not different in science from what they are in art.

Dr Forti and myself state in our opening paper that the new vision of the world
which is gradually emerging from the work of Heisenberg, Einstein, Popper, Picasso,
Satam, Prigogine, and many other scientists and artists, is more stochastic and less de-
terministic, but it gives back to man a sense of grealer freedom. the sense of hazard and
adventure. This, in our opinion, is the most important feature of modern science and
modem art - it gives back to humankind the ethical and spiritual dimension.



300 Years After Newton — The end of a paradigm?
by
Augusto Forti and Sam Nilsson

The era when Calouste Guibenkian amassed his fortune and as a great mecene estab-
lished the Gulbenkian Foundation, was an era when we were confident that the earth's re-
sources were infinite and eternal, just like the movements of the planets in the ‘perfect’
universe of Newtonian theory.

Thirty years later, the Club of Rome' made known what geologists had already known
for some time: that oil was a finite resource, just like coal or any other natural resource,
regardless of the beliefs of many of the economists of the early part of this century.

The challenge of science has always been to formulate a coherent and acceplable pic-
wre of the world and the universe in which we live. As Popper says: "In this endeavor,
physics, with its blend of speculative crealivity and opening to experience, has long been
the leading science and tool for understanding the world, before chemistry and biology.”

But scientific theories and ideas are alive during the evolution of human thought for
a longer, or a shorler, time.

The birth of a paradigm

Three hundred years ago, Newton published Philosophiae naturalis principia
mathematica. This mathematical masterpiece, which encompassed in a simple formula the
movements of the planets, as well as the laws of ballistics, was to influence, even rule,
our lives for more than three centuries.

Some historians link the rise of modern science to the disengagement of science from
philosophy. but both Descartes and Newton were against this idea. In his day, Newton, like
his contemporaries, fought against the supremacy of philosophy and theology over science,
but never intended the separation of science and philosophy. The philsophers of the 17th
century consiructed theoretical defences in order to free scientific research from the
power of theological dogma. And just as this philosophical thought was a defence, a guide
and even an inspiration for scientific research, so oo did scientific research become a
guide and inspiration for many enlightened spirits of the time, such as Spinoza, Hobbes
and Locke. At that time, there existed a symbiosis between science and philosophy which
was closer than it had ever previously been (or probably will be again), and this might
explain the strong influence that the ideas arising from this unique period have since had
on the development of mankind.

The period was born with the thinking of William of Occam, Duns Scotus, Jean de
Joudun and many others, who stated that nature should be explained with its own princi-
ples and laws, following from the theory of the "double truth®; vis-a-vis the sacred
writings. Similar ideas were expressed by Galileo and Bruno. Inductive methods were
given more and more credence, and were used increasingly. This intensive cooperation
between science and philosophy reached its apogee with Galileo, when theories and ideas
became more clearly formulated, and this paved the way for the establishment of the
Newtonian vision of the world.

After Galileo, three ideas were commonly accepled:

1. Nature is filled with facts and behavior which conform rigorously to exact and
irrevocable laws. Sometimes the workings of a gigantic mechanism, like the system of the
planets, can be deduced from the observation of behavior and laws to which more common
objects like a projectile weapon, or a pendulum, are subject;

2. Therefore our minds can comprehend the ultimate truth of natural phenomena;



3. Because mathematics and geometry are the instruments for expressing this
truth, they must be the ideal model for thinking. If philosophy wants to be freed from
generalizations and uncertainties and to progress successfully like science, it should also
adopt such instruments.

Isaac Newton was born in the year of Galileo's death. Newton had an incredible mental
capacity and a powerful grasp of mathematical concepts. He invented a new tool known as
the differential calculus. Einstein himself said that Newton's inteliectual achievements
were 1o be considered the greatest advance in thought that any single individual was ever
able to make. Newton produced a synthesis between the empirical inductive method of
Bacon and the rational deductive method of Descartes. The result was a splendid mathe-
matical construction that rules many physical phenomena and even today leaves us
astonished.

In 1684, Edmund Halley visited Newton at Trinity College to discuss with him the
problem of elliptical orbits, which had long puzzled astronomers and mathemalicians and
seemed 1o contradict Kepler's third law. Newton, who had solved this problem two years
earfier told Halley that is was mathematically possible to solve it, but that unfortunately
he had lost his notes. Halley persisted, and Newton started to work on this research again,
night and day; so hard that his mind paid a high price. But he succeeded in building a uni-
verse ruled by mathematical laws.

For Newton, space was the three-dimensional space of classical Euclidian geometry,
It was an empty container, independent of the physical phenomena occurring inside it.
Absolute truth and mathematical time fiow uniformly of themselves, without regard to any
external influence.

Apart from a nervous breakdown, Newlon's work resulted in a beautiful vision of the
universe which linked the movements of planets and comets, the earth and the moon, the
@des of the oceans elc, to advanced mathematics and a simple formula. Through this the-
ory, it was also possible to calculate the mass of the sun and the planets. Newton used to
say that he felt like a boy finding a white stone or nice shell on a beach from time to time,
on the shore of the vast ocean of truth which has no limits.

In 1686 he presented the complete manuscript of his masterpiece, Philosophiae
maturalis principia mathematica., at the Royal Society. Difficulties arose regarding its
publication, and it is again thanks to Halley that it was published in 1687, in Acta
Eruditorum in Leipzig. The review was written by Newton himself, since few of his con-
temporaries would have been able 1o understand his work. Newton was probably the only
one then able 1o talk about Newton.

As we know, Newton's theories have influenced subsequent thinking in science,
philosophy, economics and practically all other fields of human endeavor. They were soon
taught at Oxford and Cambridge, but it was 50 years before Newlon's theories were taught
at the Sorbonne in France.

The Newtonian mechanistic view of nature became widely accepted and clearly re-
kated 10 a rigorous determinism: the giant cosmic machine was completely causal and pre-
dictable. With the firm implantation of the mechanistic world view in the 18th century,
physics became the basis for all the sciences. Descartes wrote that "all philosophy is like
a tree: the roots are metaphysics, the trunk is physics and the branches are all the other

|

Science also made it more difficult to believe in God, leaving a spiritual vacuum
became one of the hallmarks, and anomalies, of our culture. Newtonian theories and
belief in the rational and mechanistic approach to solving all human problems spread
among the 18th-century middle classes: Le Siecle des Lumieres. The extraordi-
influence of the Newtonian paradigm can be illustrated by the words of one of the
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foremeost scientists of the 19th century, Hermann von Helmholtz. He was primarily a
physiologist, but he said: "To me no theory has the status of a scientific theory, unless it
can be formulated in terms of Newtonian mechanics.”

Newton became the new Moses. Alexander Pope proposed his famous epitaph for Isaac
Newton when he died in 1727:

"Nature and Nature's laws lay hid in night.

God said, 'Let Newton be,” and all was light.”

So in 18th-century England, Newton was the new Moses who had been shown the
"Tablets of the Law". The Graeek hubris!

In the Newtonian universe, romantic philosophers discovered an enchanted world
animated by 'natural' (Newtonian) forces. For positivists, it meant the success of a
methodology, a recipe identifiable with the very definition of science. The difference in the
perception of nature and the universe can be lllustrated by the views of Emanuel Kant
(1724-1804) and Johann Wolfgang von Goethe (1748-1832).

When Kant began to trace the boundaries between mathematics and metaphysics
(mathematics, which is privileged to proceed with a deductive method from concepts of its
own creation, and metaphysics which was privileged to do the same), he observed that the
procedures and mathodology of philosophers and thinkers in the field of metaphysics were
close to those of scientists. The true method of metaphysics, he explained, is identical to
the one Newton produced in science and which has proven to be so productive. Like Newton,
the philosopher has to search through establishable experiences 10 find the rules that
govern natural phenomena. The complex phenomena of nature will be explained when we
are able to formulate these rules and lo demonstrate how these phenomena are embodied in
them, even implied by them. Kant is therefore the emblematic example of a series of
thinkers who proceeded 'enfranchised’ by the illumination supplied by Newton.

Goethe, on the other hand, took the metaphysical point of view that nature lay in the
depth of the mysterious unknown created by God, and that this was not something that could
be rendered ordered and unified by any knowledge mankind could possess. So while Kant
believed that with man's advances in knowledge nature would eventually be explained en-
tirely, Goethe took the more modest view that nature is filled with God and that man had
“investigated all that can be investigated and should humbly respect those things that can-
not be investigated.”

Kant's views are thus close 1o the modern scientific paradigms following Newton's,
and Goethe's views are closer o those which are growing today in society in general, most
notably among creationists and certain religious fundamentalists.

A values crisis

As we approach the 21st century, the evidence of a deep crisis in values is becoming
more and more evident. One side of this crisis is the gradua! destruction of nature, anoihe
is the collapse of social order, particularly visible in countries which we call developing
and which are trying to adopt mechanistic (Western) principles and methods (rationalism
and industrialization) for their development.

Despite some differences in their thinking, Thomas Hobbes (1588-1679), John
Locke (1632-1704) and Jean-Jacques Rousseau (1712-1788) firmly established the
social conlract theory as an unshakeable foundation for the social framework. Their anal-
ysis fitted so perfectly with academic Newtonian techniques used in the natural sciences of
their times that it left little scope for doubt that there was a common philosophical
framework linking natural sciences and social sciences and that the methodologies used in
natural sciences could therefore well be used in the field of the social sciences.




It may well be, however, that the fundamental cause of the two crises we referred to
above lies precisely here: that we attempt to analyze and solve society's problems with the
finear mechanistic thinking and methods which have been so successful in bringing
Western society to its present level of material well-being.

Dennis Gabor (1900-1979), Nobel Laureate in physics (1970), once said: "The
so-called Western civilization is based on an extfaord-nariy successful science and
technology, but spiritually on practically nothing." Shlgeo Kurebayashi, Directer of the
International Economic Research Center in Tokyo, has given four principles on which
modern (mechanistic) Western society is founded:

i. rationalism
ii. liberalism
ili. individualism
iv. utilitarianism

The principle on which all others are founded, he says, is rationalism, By helping
man to overcome superstition, and by liberating the human spirit from the oppression of
the Church and the landlords of the Middie Ages, rationalism brought about liberalism as a
natural consequence. Since liberalism regards the free will and actions of the individual
with respect (John Stuart Mill), individualism took root in the same way. A set of stan-
dards with which to evaluate the effect produced by rationalism was needed, and so utili-
tarianism emerged as its sole system of values.

Having concluded that rationalism is the fundamental principie holding the others to-
gether, it becomes clear that while rationalism frees the soul from spiritual and material
oppression, it also places man in the highest position in nature, making him free to ex-
ploit, in his own supreme interests, all other species. Darwin, Mendel, Marx and Adam
Smith are consequential to this type of thinking.

The industrial revolution

The social contract theory came into being within the framework of rationalist
thought. Rational and "scientific” in its methodology, it analyzes society and assumes that
the smallest unit of society is the individual (reductionism) and that the relationships
between society and the individual are contractual. In fact, a very few thinkers during a
short period of time shaped the mechanistic world view of the Industrial Revolution that
started the exo-somatic machine revolution.

The philosophy of René Descartes (1596-1650), not to mention that of Francis
Bacon, is based on the existence of man's “self* as supreme truth. Cogito, ergo sum — |
think, therefore | am. Descartes stated that the key to understanding the world, to con-
trofling it for human purposes, was to be found in one word: mathematics. The Greek view
of history as unfolding chaos and decay was deemed unmathematical and therefore false.
Newton's theory became the ultimate proof of this view.

John Locke brought the workings of government and society into line with the new
world paradigm, and Adam Smith (1723-1790), as well as Marx, did the same for eco-
nomics. "The negation of nature,” said Locke, “is the way lowards happiness.” Smith, like
Locke, believed that the basis of all human activity is material self-interest. Classical
economists after Smith based their ideas squarely on the philosophical framework of the
times, namely rationalism and individualism. It was believed that private profits would
contribute 10 the public interest, and other values were discarded as irrelevant. Laissez-
faire became the order of the day.

Economic theories are all equilibrium theories, which of course derive from natural
, a a would automafically be achieved by the market
pmclple (the 'lnvlslble hand”). The explosive development of the natural sciences during
the past two hundred years is first of all due 1o its practical applications. Science has be-



come more integrated with technology and less preoccupied with the understanding of na-
ture and our existence.

As technology led to a feeling of power, we ware led to believe that man is now much
less at the mercy of nature than he was earlier in history. But we have to realize that the
power generated by technology is collective, not individual. And that in contrast to reli-
gion, technology is ethically indifferent. Man can do wonders with technology, but he
knows no rules or limits for these 'wonders'. We have accumulated an unbounded confi-
dence in technology and lost the sense of our own limits.

In the mass-production and mass-consumption assembly line society, humans are
also looked upon as “raw materials™ for labor or information. We focus all our interest on
the efficiency of the process: the goal is of secondary importance.

We badly need a new philosophy of science, a new vision of the role of science and
technology in our society.

Ethics and material consumption

After Adam Smith, classical economists, Marx included, based their ideas on the
philosophical framework of the times: rationalism and the mechanistic view of the world.
The view of Smith himself was that man must retain "sympathy™ as his principle of be-
havior; a laissez-faire economy would thus not obstruct the welfare of society. But his-
tory has proven otherwise, ‘Homo economis * is rather values-free, and bases his deci-
sions on narrow and selfish motives.

In contrast to Smith's microeconomics, macroeconomics tock the stance that the
study of economics should begin by observing the aggregate sum of the national economy. It
was claimed that gquilibrium could not be attained by the mechanisms of an entirely free
market, that some sort of economic policy was necessary.

One might say that such an argument is totalitarian, since i1 seeks the value of eco-
nomic activity in the composite or national economy, and not in the individual. Keynes
(1883-1948) points this out in his book The End of Freedom, which became the founda-
tion stone of Keynesian economics.

The Keynesian revolution may be compared with the Copernican revolution, since it
became a turning point in the paradigm of economics. Keynes believed that economics must
be a study of the ethics of rational economy, and his principal objective was full employ-
ment,

After the Second World War, concepts of government and economics underwent fur-
ther changes. It was now considered to be the state's duty to provide citizens with a certain
minimum standard of living and to provide social security for the disadvantaged. Al the
same time, the state became responsible for maintaining a certain standard in industrial
activities in order to preven! economic depression. These post-war modifications initiated
the creation of the welfare state and the expansion of the public sector.

For about two decades, this post-Keynesian policy worked remarkably well, but we
all know that the welfare state, with its growing bureaucracies and huge public sector, is
now under serious attack. It seems that Keynes no longer functions at the national level,
nor do Marxist theories, both somehow progeny of Isaac Newton. We see clear signs of re-
verting to Smith's /aissez-faire economy, in which the Darwinian "survival ol the fittest”
is a leitmotiv.

We believe that Western societies in particular are gradually coming back 1o a

strictly mechanistic and reductionist paradigm. The social contract theory following the
analytical methods of the natural sciences is again breaking down society into its smaliest
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unit: the individual. And we are facing a serious crisis in values at both the national and
global levels. This is the same crisis that science went through 50 years ago. But the new
concept of science and the new scientific paradigm which emerged from this crisis have
not yet been absorbed into and mastered by society in its social, economic and political
behavior. As mentioned earlier, it took 50 years before the Newlon theories were taught at
the Sorbonne in Paris.

The efforts of Prigogine and many others to create a bridge between the new vision of
the world being shaped by science and the old vision still held by our decision-makers may
well still manage to re-direct the healthy inertia of human society. The new vision of the
world which is emerging from the work of Heisenberg, Einstein, Picasso, Popper,
Prigogine, Salam and many others is more stochastic, less deterministic, more
“uncertain” surely, but it gives back to man a sense of more freedom, the sense of hazard
and adventure, and this, in our opinion, is the mos! important feature of modern science
and modern art. It gives back to man his ethical and spiritual dimension.
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Why is there something rather than nothing - For instance,
A Universe?
by
Edgard Gunzig

One of the outstanding features of the physical sciences at present is the very recent
shift of the old question "Why is there something rather than nothing?" from the area of
metaphysics to the rational framework of scientific investigation. This represents a beau-
tiful example of the marriage between two a priori distinct facets of reality as described
in contemporary physics: Einstein's general theory of relativity on the one hand, which
unveils the nature of gravitation; and the quantum theory on the other hand, which pro-
vides a description of the microscopic world at the level of the elementary conslituents of
matter.

In fact, we are presently witnessing a fascinating new situation in physics wherein
any improvement in our perception of the universe leads directly to wholesale returns in
our understanding of the fundamental interactions controlling the elementary particie
world, and vice-versa.

This represents an alternative to the old dream of the unification of all types of
interactions in nature as different facets of a single unique proto-force. This unification
seems now to be true for all interactions with the exception of gravitation, which for
several decades resisted inclusion into such a unified description. At present, we are wit-
nessing a subtle feedback interplay between the unified quantum laws controlling the mi-
croscopic world, and the singular, deviating, classical gravitational interaction. This
phenomenon has its origins in a very specific and unique property of the gravitational in-
teraction: its universality. This properly is probably one of the most fundamental in na-
ture, The absence of just this property would undoubtedly have prevented the emergence of
a universe, or at least drastically altered its cosmological landscape.

What is the significance of this universality? Only one type of gravitational inter-
action exists: that of attraction. In other interactions two opposites co-exist: attraction
and repulsion. A direct corollary of this state of affairs is the absence of gravitationally
neutral aggregates: nothing is gravitationally insensitive, everything gravitates; no form
of matter-energy is able to escape gravitational interaction. Even the gravitational force
itsel! gravitates! 1t is this unique property which makes the gravitational interaction so
very specific. Although by far the weakest interaction in nature, it is the dominant one
with regard to large amounts of energy-matter distributed over huge regions of space.
This interaction therefore plays a dominant role with respect to the structure and evolu-
tion of the universe. My purpose here is to emphasize thal universal gravitation not only
directs and drives our cosmological history, but was responsible for the genesis of the
universe itself! Indeed, an unavoidable fallout of the universality of the gravitational in-
teraction is its influence on the microscopic world, and hence also on the "quantum
vacuum".

What is the quantum vacuum? In classical physics, a vacuum is just the absence of
anything. But a corollary of the contemporary view of the structure of the microscopic
world, quantum physics, is that a vacuum is the seat of a turbulent and incessant activity.
In fact, the quantum vacuum conslitutes what is left when everything possible has been
erased. What remains is the world of “virtual particles”. According to the quantum ruies
controlling the microscopic world, an unavoidable uncertainty exists as 1o the energy
(hence the mass) of any system, in relation to the time of its existence: the shorter its
lifetime, the greater the uncertainty about its mass (energy).

A direct consequence of this fundamental property is the existence of a strange 200"

of would-be particles, emerging anywhere spontaneously from the vacuum in pairs,
whose fate is to promptly annihilate each other, leaving nothing behind. They exist the
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@me of an uncertainty - they are not real particles in the sense that they are not able to
propogate freely, and therefore do not allow direct experimental detection. But their
existence "polarizes” the vacuum, thereby inducing a series of observable phenomena.

A principal question concerns the possible actualization of these potential entities:
can we provide conditions which make the annihilations of the virtual particles impos-
sible, transforming them into real particies which are able 1o participate in the usual
atomic structures? One appropriate technique adapted to this purpose exists: it is to pro-
vide these virtual pairs with a definite amount of energy, the amount corresponding to
their mass. This process occurs perpetually in the vicinity of atomic nuclei, where the
virtual pairs extract the required energy from the electrical field in these regions. The
virtual particles are subjected, like any other forms of matter-energy, to universal
gravitational interaction. Could it be possible to conceive an actualization of virtual par-
ticles by an appropriate energy extraction from gravitation?

The answer is quite unexpected. It appears indeed that there Is a peculiar gravita-
tional mode, linked with the large-scale space-time curvature, which carries an energy
opposite to the conventional positive matter-energy, i.e. negative energy! In other words,
an intrinsic internal negative energy reservoir exists unbounded from below - the large-
scale geometry itself - from which the matter-gravitational system may exiract any
amount of positive energy. In an initial quantum vacuum this may then be transferred 1o
virtual particles, converting them into real ones. Stated in another manner, real particles
carmying positive energy are created at the expense of appropriately curving the initial
flat quantum vacuum space-time, and vice-versa: the more particles are created, the
more space-time is curved. The positive energy carried by the former is perpetually and
exactly compensated by the negafive energy associated with the latter, maintaining the to-
tal energy at its zero initial vacuum value. Such a process and the corresponding cosmo-
logical history will be hereafter denoted as Self-Consistent (S.C.).

Although permissable in principle, is such a mechanism plausible and is it realized?
In other words, is there some profound reason for the initial vaccum 1o transit to a S.C.
cosmology, rather than keeping its virtual population? The answer to this question is also
quite unexpected: the quantum vacuum is unstable in the unavoidable presence of gravita-
sional interaction! Moreover, this instability forces the vacuum to blow up! It then tran-
sits to a unique realization of a S.C. cosmology: the “inflationary universe”, wherein any
space-time voiume becomes inflated exponentially with the elapse of time. A perpetual

ion of particles insures that the energy density of this universe remains constant

during this inflationary cosmological regime.

We are, of course, not living at present in such a rapidly expanding universe. A
motivation has to be found for the end of the inflationary cosmological regime and the onset
of the expansion as observed at present. The phenomenon is the following: the nature of the
generic vacuum instability, as well as the resulting S.C. cosmological stage, imply that the
primordially created cosmological constituents are mini black holes, characterized by a
mass approximately equal to 50 times the Planck mass mg (Mg = 106 grams).

It is known from the work of S. Hawking that black holes are not really black, as
they emit particles as well as radiation: they evaporate. It is precisely this evaporation
@me which marks the end of the inflationary stage and the onset of the expansion slage, as
cbserved at present. This evaporation time, corresponding 1o the mass of the S.C.-created
mini black holes, is approximately equal to 10°37 seconds. Hence this primordial regime
Iasts only a very short time: 10-37 geconds! The following regime extends from that time
on up until the present epoch, i.e. around 15 billion years.

The important fact is that the connection between both regimes imposes severe con-

straints on the cosmological properties observed at present: the latter are indeed placed in
relation 1o the instability phenomenon as well as the properties of the inflationary stage.
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These are dependent on the value of three fundamental constants in nature only: the speed
of light, the characteristic constant controlling the quantum laws and the gravitational
constant appearing in Newton's (or Einstein’s) gravitational law. The connection between
the two evolutionary cosmological regimes imposes the condition that the present observed
data be equally dependent on these fundamental constants only. Moreover, their explicit
dependence is fixed by this cosmological history.

The power of a theory depends not only on its internal consistency, but on its pre-
dictive value as well. And the S.C. cosmology presented here fulfills both of these require-
ments: apart from its internal consistency, its quantitative predictions are characterized
by an unexpected agreement with the specific cosmological data obtained from observations
at present.

In conclusion, we propose a cosmological history in which the traditional singular
Big Bang event is replaced by an instability in the vacuum. This instability is unable to
sustain the presence of sufficiently energetic virtual particies subject to the universal
effect of the gravitational interaction. The vacuum then transits to a first inflationary
exponential space-time stretch during which the cosmological constituents are created
from the vacuum. After some 10°37 seconds, the production mechanism stops and this
primordial stage shifts 10 a usual expansion law which lasts up to the present epoch.

We saw that the 1otal energy of the matter-gravitational system in this $.C. scheme
keeps its initial zero vacuum energy. The universe and the vacuum appear therefore as
two phases of one and the same subject!

As the universe expands, the "cosmological fluid* becomes more and more dilute,
tending towards a configuration reminiscent of the vacuum. A new instability phenomenon
will then occur beyond a certain dilution, hence in a given future. We are now calculating
the "gestation period” of our old universe, before it is rejuvenated. From that point of
view, it appears that this universe will undergo a cyclical history on a huge cosmological
scale.

Hence the question *How long does the primordial vacuum last before suddenly
blowing up?" is eradicated by this new avenue of approach to the time-ordered sequence of
events. From the point of view of the present theoretical approach, we are just the pro-
tagonists and observers of one particular cosmological cycle in an infinite sequence of
identical cosmological histories!
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The New Physics and World Paradigms
by
Paul Davies

To most people it is obvious that the cosmos is an organized unity. Everywhere we
look, from the deepest recesses of the atom to the most far-flung galaxies , we encounter
order. The diverse systems of nature, their richness and complexity notwithstanding, co-
exist in harmony. Furthermore, complexity — in all its forms — co-exists with the as-
tonishing simplicity of the underlying laws of physics, so that the world is at once both

simple and complex.

We celebrate here 300 years of Newtonian influence on scientific and non-scientific
thought. Newton's greatest contribution was to demonstrate that the systematic imaging of
the world in simple mathematical statements could lead to accurate predictions — predic-
tions of the positions of the planets, the paths of projectiles and, ultimately, the motions of
individual atoms. His laws of motions encapsulated the fact thal material bodies do not move
in a random or haphazard way, but according to strict mathematical rules. In our modern
way of speaking, we say that matter moves according to certain differential equations.

I would like to address a particular aspect of Newton's mathematical laws, an aspect
that carries through to all other fundamental laws of physics, and is a central part of the
Newtonian paradigm. | refer to the questions of initial conditions. The issue goes to the
very heart of what we mean by law. The whole idea of a law is that it expresses a regular-
ity of nature, and a regularity is something that recurs again and again in similar
systems.

Let me give an example. It is a consequence of Newlon's laws of gravity and motion
that all balls thrown in the air follow a parabolic path. They do not, however, all follow
the same path. Some parabolas are low and gently curving, others are high and arching.
The point about a law of nature is that it constrains the behavior of a physical system
without uniquely determining it. If there existed laws that uniquely fixed how projectiles
move, games such as football and, cricket would be pretty dull.

Although Newton's laws fix the general shape of the path, then, the specific
parabolic shape is determined by something in addition to the laws, namely, the initial
conditions. In this case the initial conditions are the speed and angle of projection.
According to Newton's laws, once these conditions are specified, the path of the ball is
uniquely determined. There is no longer any freedom left. This is a mathematical fact
which can be rigorously proved. And what is true for the ball Is true of planets and atoms.
Indeed, it is true for every material body in the universe, and hence for the universe as a
whole.

This world view of the 'clockwork universe' reached its most extreme form with a
famous statement by Pierre Laplace:

Consider an intelligence which, at any instant, could have a knowledge of all forces
controlling nature, together with the momentary conditions of the the entities of
which nature consists, If this intelligence were powerful enough to submit all this data
to analysis it would be able to embrace in a single formula the movements of the
largest bodies in the universe and those of the lightest atom; for it nothing would be
uncertain; the future and the past would be equally present to its eyes.

Laplace's statement implies that everything that has ever happened in the universe,
everything that is happening now and everything that ever will happen, including all the
actions of human beings, and right down to the tiniest wobble of every atom, is already
fixed and unalterable; indeed, has been laid down since the beginning of time. The universe
is thus reduced to a machine, slavishly implementing a set of instructions built into it at
the beginning in the form of its initial conditions.
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What of those initial conditions? | have already noted that the motion of a ball is
determined uniquely be its initial conditions. But what determines those conditions? If the
system that projects the ball is also subject to deterministic laws, then the initial condi-
tions of projection of the ball are in turn fixed by the initial conditions of the projector,
which in turn are fixed by the some larger system and so on. Eventually our considera-
tions encompass the entire cosmos, and we are forced to ask about the initial conditions for
the universe as a whole.

Throughout most of the history of science, scientists have generally ducked the issue
of initial cosmic conditions. Either they have regarded the subject as more properly lying
in the province of theology than physics, or they have assumed an eternal universe, i.e. a
universe which had no origin in time, but which has existed for ever in one form or an-
other. Newton, however, realized that there is a problem here concerning gravitation.
According to his theory of universal gravitation, published in the Principia, gravity is
always an atiractive force which pulls all matter towards all other matter. Every star,
every galaxy, pulls on all its neighbors. Why then, asked Newton, did not the whole as-
semblage of stars all fall together in one great mass?

Newton had a clever idea to rescue the universe from gravitational collapse. He ar-
gued that if the universe were infinite in spatial extent, and uniformly populated, on av-
erage, with stars, then the average pull of gravity on a given body would be the same in
every direction. The forces would therefore tend to cancel each other out. There would be
no privileged center towards which the body would be pulled. In this way, the universe
could apparently endure for ever without falling in on itseli. If thal were the case, the
question of initial conditions could then be sidestepped, because there was no actual be-
ginning — no 'ultimate initial state’. The initial conditions could be pushed further and
further back in time, back to infinity.

Modern cosmology came face to face with the same issue when Einstein replaced
Newton’s theory of gravitation with his general theory of relativity in 1915. Again, grav-
itational attraction threatened the universe with collapse. Einstein sought to prop it up by
introducing a remarkable new feature — antigravity. He suggested that the force of attrac-
tion between the stars could be balanced out with a universal repulsive force, a force what
grows larger with distance. While negligible on the scale of the solar system, this anti-
gravity would accumulate over the cosmos and counteract the gravitation of all the stars.

Unfortunately for Einstein, the idea was a failure. The cosmic balancing act turned
out 1o be unstable. Whether or not antigravity exists, the universe cannot remain static: it
has either to collapse or expand. Then, in the 1920s came Edwin Hubble’s epoch-making
discovery. The universe is not, after all, static. It is, in fact, expanding with every cluster
of galaxies moving away from every other in a remarkably uniform manner.

The expanding universe led immedialely to a very profound conclusion, Playing the
great cosmic movies backwards in time, the galaxies must have been closer together in the
past. A simple calculation shows thal there must have been a moment when all the matter
in the universe was squashed together into a very dense state. In this dense state, the
gravitational forces were immense, and 1o have escaped from this state the universe had to
have been expanding explosively fast. Thus the universe had its origin, it seems, in a gi-
gantic explosion, popularly known as the Big Bang.

Most cosmologists now accept that the universe began with a Big Bang, which oc-
curred about 15 billion years ago. Good confirmation of this theory comes in the form of a
uniform background of heat radiation that bathes the entire cosmos. This radiation is be-
lieved 1o be the fading glow of the primeval heat that accompanied the birth of the cosmos.
It has travelled to us across space almost undisturbed since shortly after the initial fur-
nace cooled.
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There is a common misconception that the Big Bang was the explosion of a lump of
something in a pre-existing void. This is not correct. According to Einstein's general the-
ory of relativity, space and time are ultimately coupled to matter. The extreme compres-
sion of matter represented by the Big Bang implies something equally violent happening to
space and time. Indeed, cosmologists believe that the Big Bang was the origin not only of
matter, but of space and time as well. Thal is, space and time came inlo existence with the
Big Bang. There was no 'before’. This echoes the words of St Augustine, who said that the
world was made with time and not in time.

If there really was an origin of time, then the question of the cosmic initial condi-
tions must be faced squarefy. One can ask, why was there a Big Bang? Why did it have the
energy it did? Where did all the matter and heat come from? Why did they emerge ex-
panding in the way that we see them?

When one comes to look at this more closely it turns out that there are many very
remarkable features about the initial conditions. First, on a large scale (i.e. greater than
the size of a cluster of galaxies)* matter and radiation are distributed with extraordinary
evenness throughout the cosmos. The strength of the background radiation left over from
the Big Bang, for example, is the same in all directions to one part in ten thousand.

On the other hand, the universe is not precisely smooth, Locally, there are small
departures from regularity that are manifest as galaxies and, on a smaller scale, as stars.
It is this local irregularity that gives rise to planets and, ultimately, life. Without it we
would not be here to wonder about these things. Yet the local irregularity is also rather
precise and uniform. Had it been greater in degree, most of the universe would have ended
up In the form of black holes. With less local irregularity, the primeval gases would
never have aggregated into galaxies and stars. The cosmos, then, is therefore in a rather
odd state of aimost but not quite perfect order — large scale regularity combined with small
scale irregularity of a precise degree.

Another surprise concemns the rate at which the universe expands. Had the Big Bang
been bigger, all the material would have dispersed by now and no galaxies would have been
formed. On the other hand, if the explosion had been less vigorous, the whole assemblage of
galaxies would have collapsed back on itself long ago, in a cosmic spectacular, known ‘in
the trade’ as "the Big Crunch®. Evidently the explosive vigor of the Big Bang has been
matched to the gravitating power of the cosmos almost precisely, so that the universe ex-
pands at a rate that puts it exactly on the dividing line between these unpalatable alterna-
tives. To achieve this balancing act the bigness of the Bang had to be fine-tuned to about one

part in 1089}

Not only was the Big Bang exceedingly felicitous in its vigor, it was also uncannily
well-orchestrated in its synchronization. Each region of the universe went bang! at pre-
cisely the same time and with equal strength in every direction, to give a highly regular,
coherent, outward motion. And this happened in spite of the existence of so-called horizons
in space.

Horizons occur because light travels at a finite speed. At any given moment, there-
fore, there will be regions of the universe that have not yet 'seen’ each other, because
light will not have had time to travel between them since the origin of the universe. Now
physicists are convinced that no object or physical influence can travel faster than light.
This means thal regions of space that cannot 'see' each other cannot exert any physical in-
fluence on each other by any means. They are completely causally disconnected. It is then a
great mystery as 1o why these apparently casually unrelated regions should nevertheless
look and behave with remarkable similarity. Indeed, by looking on opposite sides of the
sky, we can see different cosmic regions that have apparently never been in communica-
tion or causal contact since the beginning of time, yet these regions look more or less
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In the early days of the Big Bang theory, these extraordinary features were simply
assumed. That is, the universe was assumed to have started with certain very special ini-
tial conditions, the reason for which lay beyond the scope of science. Today, the New
Physics has revolutionized our thinking on this subject, and opened up the prospect of
being able to explain the initial conditions of the universe in the same way as one explains

its subsequent motion.

Before getting into the details of this, let me discuss the underlying philosophy.
When a physicist claims to have ‘explained’ a natural phenomenon, such as the motion of
the moon, using a Newtonian example, he means thal he is able to write down a law of
physics in the form of a mathematical statement, and that, given the initial conditions of
the problem which have to be found empirically, then the system obeys that mathematical
statement, at least to a certain level of approximation. The physicist cannot say why the
system conformed to that law; he cannot say why the law works. It simply does, as an ob-
servational fact. For some reason the world possesses systematic regularities that we call
laws, and that is simply a brute f.acl.

When it comes to initial conditions however, the situation is a bit different. We can
indeed ask why the ball was thrown at the speed and angle it was. The answer may be
‘because the thrower wanted to hit the wicket' (for those who understand Britain's
‘absurd’ national sport). One could even ask why the moon had the particular initial con-
ditions it did, i.e. why it was in such and such a position on such and such a day. You would
be hard pressed to find the answer, because it depends on the details of the formation of the
solar system, about which we know little, but the question is not meaningless and could be
answered in principle.

All ordinary initial conditions are of this sort. One can in principle answer the
question of why just those conditions, by appealing to a wider system. There is only one
exception: the ultimate initial conditions for the universe as a whole. In this particular
case, because we are dealing with the whole of the physical world, there is no wider sys-
tem that can be used to explain those conditions, unless one appeals to a deity outside the
physical universe.

So the ultimate cosmic initial conditions have the same status, then, as the laws of
physics. They cannot be explained within the context of science. Yet paradoxically scien-
tists are happy to believe in mathematical statements that describe laws, but until re-
cently have they turned away completely from any mathematical statements about ultimate
initial conditions, claiming that such conditions lie outside the scope of science. But | ar-
gue that this is misconceived. Why should physicists not propose mathematical statements,
or "laws’, about the cosmic initial conditions in the same way that they propose mathe-
matical statements about the ordinary ongoing laws of physics?

One anxiety might be this: how can we test such a 'law of initial conditions'? We can't
go back to the Big Bang and see what the conditions were. However, the form of the uni-
verse today carries an imprint of the initial conditions. In principle at least, we can work
backwards from the present structure and motion of the cosmos and deduce the initial
conditions that led to the present state. We can look at such things as the smoothness of
matter and heat radiation, the rate of expansion an so on, and Iry to calculate what initial
states could produce this present state. Thus, at least in principle, laws of initial condi-
tions can be judged empirically, just as ordinary laws are.

As far as | know, it is only very recently, and most notably with the work of James
Hartle and Stephen Hawking, that any serious attempt has been made to write down a “law
of initial conditions’. Their work is formulated in the context of the new Big Bang theory,
which recognizes that the very early universe was dominated by quantum effects. Quantum
physics is normally associated with microscopic systems only such as atoms, but in the
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first fraction of a second quantum physics dominated the behavior of the universe as a
whole.

Quantum physics can lead to many weird effects, but one of the strangest is that it
can turn time into space under some circumstances. Hawking and others have found that
when the universe was sufficiently small in size, time behaved like a fourth dimension of
space. The question then arises as to the geometry and topology of this four-dimensional
space. The choice of this geometry and topology amounts to a stalement about the cosmic
initial conditions, although the word ‘initial’ here is not longer appropriate because we
are no longer taking about time, but space.

Hartle and Hawking choose as their statement abou! the initial quantum state of the
universe a mathematical ansatz that is in many ways very natural because it suggests that
the universe began, in some sense, in the lowest energy state. In other words, it is a
minimalist assumption. Translated into the geometry and topology of the four-dimensional
space mentioned above, the Hartle-Hawking ansatz amounts to supposing that the four-di-
mensional space is shaped rather like a hemisphere. The 'south pole’ of the hemisphere is
what we previously thought of as the Big Bang, the beginning of time. In fact, it is just a
point in four-dimensional space like any other in its vicinity. That is, it does not enjoy
special status. The universe does not begin or end there any more than the Earth begins or
end at the south pole, even though from a map using Mercator's projection one might have
been forgiven for believing so.

Thus, Hartle and Hawking solve the problem of cosmic initial conditions by abol-
ishing the origin of the universe altogether! In this system, time is still finite and bounded
in the past, but space-time has no boundary or edge, no even! that corresponds to an act of
metaphysical creation. Furthermore, the form of the expanding space and matter that
emerges from their ansatz is entirely consistent with what is observed. True, the ansatz
does not make any very strong statements about the worid — it does not lell you how many
stars an average galaxy will have for example. Rather, it tells us only about the overall
general smoothness in the distribution of matter and energy. But it could have led to non-
sense, predicling a world in which the universe expanded in cne direction and contracted in
another, for example.

The Hartle-Hawking ansatz is the first attempt (as far as | know) to bring the cos-
mic initial conditions within the compass of science. One might well ask whether a much
more refined ansatz would explain the form of the universe at a much greater level of de-
tail. It is conceivable, for instance, that an all-embracing elegant statement about the
quantum state of the early universe, 1o be placed alongside similar elegant all-embracing
statements about the lawlike regularities of the universe — would contain within it an
expianation for the initial conditions of the moon? Or the Earth? Or oneself? In other
words, is it conceivable that we will return to the world view of Laplace's demon, but with
an explanation of how the universe achieved the state that it has?

One of the deepest mysteries of nature is that a world which is governed by aston-
ishing simple underlying laws nevertheless displays extraordinary complexity. Are we 1o
suppose that the existence of highly complex systems such as the human brain owes its
explanation ultimately to a simple mathematical form of the initial quantum state of the
universe as a whole? Is mind built into the Hartle-Hawking ansatz, or something like it?

| believe that however refined the new science of creation becomes, it will never
resurrect the old world view of the 'clockwork universe'. The reason for this is simple.
Even if we can find an ansatz to specify a highly plausible initial quantum state for the
universe, and even if that state is unique, then it is not in itself sufficient to explain ev-
erything that subsequently happens in the universe. It cannot alone explain, for example,
the existence of the human brain. The reason for this is that the concept of determinism on
which the Laplacian idea rests is now utterly discredited.
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Let me remind you that Newton's famous laws do indeed determine subsequent states
once the initial conditions have been given. But there are now many reasons for rejecting
this Newtonian paradigm. Some of these reasons are related 1o the work already described
by Prigogine and Gunzig. That many physical systems are so exquisitely sensitive to their
initial conditions that only if these conditions are fixed with infinite precision can their
behavior be said 1o be determined. Yet infinite precision is an idealization that fails in the
real universe. | have mentioned that the Hartle-Hawking ansalz refers to a quantum de-
scription of the world. It is a fundamental feature of quantum physics that the world is
inherently indeterminate and unpredictable. Specifying the quantum state only suffices to
give the relative probabilities that certain things will occur. No doubt in principle one
could use the Hartle-Hawking ansatz to compute the probability of, say, an Earth-like
planet forming in a particular galaxy, but the quantum state specified by their ansatz does
not compel the universe to produce such a planet.

In addition to the fact that quantum effects introduce an inherent and irreducible
uncertainty into all physical variables, there is also an inherent limitation in the infor-
mation processing capacity of the*cosmos. In other words, even if one had the exact initial
conditions for a system, and commandeered the entire universe as a computer to work out
the subsequent behavior, it would still be the case that for certain familiar unstable sys-
tems (such as the conical pendulum) the cosmic computer would be unabie to maintain the
level of precision necessary to accurately predict the motion for very long.

If | am correct about this, and the existence of the complex systems we observe loday
is not fixed by the initial state of the universe, then how are we to explain those complex
systems? What view are we 1o take of the existence of, say, living organisms or intelligent
life — or even more modest, yet still unpredictable, systems such as hurricanes?

One point of view is 1o regard such systems as without explanation. That is, to claim
that the particular forms of a complex system is something which arises purely sponta-
neously, without any underlying lawful reason. According to this viewpoint, there is
nothing inevitable about the existence of living matter, it is merely a fortuitous accident
of nature. Similar remarks can be made about intelligence. This seems 1o be the fashion-
able position among biologists today.

| dislike this position, because it is unscientific. It simply brushes the problem of
the existence of complex systems aside, claiming essentially that their existence can never
be explained. | strongly believe that the existence of complexity in nature, far from being
fortuitous, is inevitable, not because the initial state of the universe is already pro-
grammed for complexity, but for an altogether different reason. It is my conjecture that
there are lawful regularities of nature that generate complexity. In other words, | main-
tain that alongside the underlying laws of physics that refer to the individual components
of physical systems there are other laws and principles that refer to the collective be-
havior and organization of large assemblies of components. These additional laws and
principles explain the rather extraordinary innate tendency for matter and energy to un-
dergo ‘self-organization’ — to leap spontaneously into states of ever greater organization
and complexity. It has always been a mystery as o how nature possesses such amazing
creative power. How s it that apparently blind and purposeless forces, acting together in
a random and uncontrolled way, can neveriheless conspire 1o produce the awesome rich-
ness and organized complexity of the natural world — the complexity and order of a
snowflake, or a flower, or a brain? What is the origin of this astonishing creative power?

| must emphasize that these new 'organizing principles' to which | refer can be en-
tirely consistent with the known laws of physics. The organizing principles complement
those laws, There is room for such complementary laws as well as the underlying laws of
physics precisely because the universe is non-deterministic. | do not therefore, suggest
anything vitalistic here. | reject the idea of mysterious occult forces shaping matter in
defiance of the laws of physics.
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There is not sufficient space to develop these ideas in detail here. | refer those who
are interested to my forthcoming book “The Cosmic Blueprint™.

Most scientists find the idea of organizing principles repugnant. | believe that this is
due 1o centuries of influence of the Newtonian paradigm, the paradigm that gave us the
‘clockwork universe’ in which everything could be traced back to initial conditions. There
is, however, a growing awareness tha! there are laws of complexity that simply cannot be
reduced 1o the underlying laws of physics — the laws of simplicity. | cite the work of
Prigogine on self-organizing systems, the work of Charles Bennett at IBM on quantifying
complexity, the work on information theory, artificial intelligence and cellular automata,
the study of model neural nets, the ideas of theoretical biology, the discovery of systematic
regularities in so-called chaotic systems and much more. All these topics point towards a
post-Newtonian paradigm, in which complex organization is recognized as a primary
phenomenon, and not an obscure derivative of the physics of elementary particles plus
initial conditions fixed aeons ago.

From the human point of view, perhaps the most exhilarating outcome of this mas-
sive paradigm shift is that the pinnacle of complexity — the human mind — is once again lo
be taken seriously. No longer are mental events — thoughts, emotions, sensations, voli-
tions — to be regarded as mere epiphenomena thal can ultimately be reduced to the activi-
ties of electrons in neural circuitry. They are instead recognized for what they are —
fundamental aspects of nature, requiring those electrons 10 be sure, but requiring much
else besides. It is my belief that the new physics has restored to Man a dignity and purpose
that the old physics robbed him of. The world paradigm of Newton, which served so well to
advance physical science for three centuries, but inadvertently inculcated an obsession
with reductionism, has now run its course. Three hundred years on, Man and Mind are
once again emerging as central aspects of cosmic reality.
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Ecodynamics: Life beyond the Newtonian paradigm
by
Peter M. Allen

; 4 Introduction

In reality, economic change is just one aspect of the more general question of evolu-
tion. The parallel had already been recognized by several of authors who have argued con-
vincingly for the idea that economics should be understocd on the basis of the 'evolutionary
paradigm' , rather than that of the more traditional assumption of equilibrium, or of de-

terministic mechanics 1-4-

But this seems to be only the first step in the recognition of the fact that it is our lack
of understanding of creative processes, adaptation and evolution itself which is the core of
the problem. What we are really faced with is an evolving complex system, and the
creation, acceptance, rejection, diffusion or suppression of innovations and technical
changes cannot be considered in terms of economics, separate from history, culture, social
structure, the ecological system and so on. Thatl we should have ever altempted to do so is &
symplom of our past unwillingness to ‘grasp the nettle' of the holistic, dynamic, more-

than-mechanical nature of the real world®.

The very idea that areas of study can be hived off into separate domains in which
‘closed' sciences can be constructed seems based only on organizational convenience, nol on
what may be seen in reality. Economics is merely one aspect of a human system. Cultural
habits and rituals, music, technology, beliefs, psychological and biological needs are oth-
ers of similar order. Ultimately all ‘economic’ decisions must be based in this wider real-
ity in order 10 both reflect and affect these broader areas. Human values underlie prices,
and either as individuals, or in measures of collective welfare, the monetary and the non-
monetary must meet and interact. Any action will have direct effects on many different
aspects of human systems, and these in turn will influences others, and so on in a complex
chain of responses which defies simple, intuitive evaluation.

It is not enough that we should try to understand economics in evolutionary terms
(though apparently this alone is considered dangerously radical by most economists), but
rather that economics should be seen as just one aspect of evolving, complex systems. And
if this is the case then a proper understanding of innovation and technical change can only
come from improved knowledge about the general problem.

What then, is the science of evolution? What does it have 1o offer as a basis for the
discussion of the discovery and diffusion of improvement and adaptation and what laws
from it can possibly apply?

- Newlonian Clocks and Darwinian Watches

Until recently, the only answer to such a question would have been that which is of-
fered by theories of evolution based on the ideas of Charles Darwin®. But these ideas, al-
though certainly correct as far as they go for biology, present evolution simply as the
fruit of selective forces acting on randomly occurring mutations. The theory is not really
predictive, but is instead a plausible explanation for what is observed. If some animals are
obsarved to behave in a certain way, then it is assumed that a mutant once arose which
behaved in this way, and that the innovation proved to be advantageous. The behavior must
have been selected for, and that is why we see it... While Darwin's theory represented a
tremendous step forward in the biological sciences, its connection to physics was lenuous,
and it was simply assumed that physics and biology applied to quite distinct domains.
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In Newtonian science, a system was undersilood by identifying ils ‘parts’ together
with the causal connections between them. The resulling assemblage of mechanisms then
constituted a model of the system, and provided a tool for understanding observations and
making predictions.

This idea reflected and confirmed the notion of the universe as a kind of giant
‘clockwork' mechanism, conceived of and set in motion by God, and running according to
immutable laws. Science was about discovering what these "laws of nature' were, and hence
revealing the intricacy and power of the Creator's work. And science succeeded in this quite
brilliantly. Two basic assumptions were founded. In the absence of friction (planetary
motion, for example) movement was unchecked and could go on for ever. There was no net
effect from such movement, and there would be no way of telling whether a film of such
events was being shown forwards or backwards. Such movement was reversible.

But with the dissipative processes of friction for example, initial concerted motion
would eventually be dampened until the system reached thermodynamic equilibrium, such
that all its initial high grade energy had been dissipated into random, thermal energy. This
was an irreversible, pre-determined progression towards equilibrium, and the final state
could be predicted as the maximum of the appropriate thermodynamic potential. The image
here is of a universe gradually ‘winding down’ as il uses up its initial potential.

However, evolution in biology or the human sciences, and more specifically, the
understanding of the birth and diffusion of innovations in the modern world, is about cre-
ative forces. It is not so much concerned with the simple functioning of the exisling sys-
tem, although this is of interest. It is instead primarily concerned with how the system
became what it is, and how it will evolve in the future. In other words, if the world is
viewed as some kind of ‘machine’ made up of component parts which influence each other in
causal connections, then instead of simply asking how it works, evolutionary theory must
also be concerned with how it became what it is. Fundamentally, evolutionary theory is
about the origins of qualitative change, and how the parts of a system came into being and
are maintained.

Not so the Newtonian paradigm. It was concerned with mechanical systems, either
running, or running down. At best, the existing structure is maintained in the Newtonian
paradigm, but more commonly it is eroded away as it approaches equilibrium, and entropy
increases. Any representation of creatives processes is entirely absent.

Despite this (to us) obvious shortcoming, the extraordinary success of Newtonian
physics, and thermodynamics — vindicated every day in calculations for industrial pro-
cesses — made it a very templing theoretical framework on which to rest gll complex
systems. Thus, in the fields of economics, biology, ecology, anthropology etc, theories in
which understanding was based on assumptions of equilibrium states, and a search for the
‘appropriate’ potential function which was assumed to govern the evolution of these sys-
tems (utility, fitness, efficiency etc).

But the real difference in approach between this Newtonian-Darwinian view and the
new perspective of today lies in whether we think of evolution as being over, or as still
continuing. The key issue is centered on the passage between the detailed microscopic
complexity of the real world, which clearly can evolve, and any aggregate, macroscopic
model of this. In economics, the passage from micro- 1o macro-economics was achieved by
simply supposing that the system was at economic equilibrium, and therefore that the
evolution was ‘over'. Despite the fact that this assumption flies in the face of everyday
experience, it has nevertheless been the foundation for the entire edifice of economic
theory?. Although, in retrospect the acceptance and adoption of such an assumption may
seem a little extraordinary, the underlying reason for its adoption was simple: there was
no alternative.
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Micro-economics might discuss the individual's and the firm's behavior; Simon
might show the importance of limitations in information flow; and Schumpeter® might
base his thinking on the role of entrepreneurs; but somehow the illusion that whatever
these details were, their sum total was necessarily controlied by the competitive forces
underlying economic equilibrium; and that this state of equilibrium expressed some kind of
optimal use of resources, some kind of "'maximum economic activity, was still clung to. The
image that this presents is one of evolution as a blind watchmaker'?, where the intricate
machinery of the world is comparable to that of a watch. The cogs and bearings are the fruit
of selection, in the past, from unspecified trial and error. Behind this is the idea that
evolution is an optimizing force which has led to the survival of the individuals and
organizations we see because of their functional superiority. In this way, the classical
theories of economics, of evolutionary biology and of anthropological interpretation have
been permeated by the materialist ideas of the mechanical paradigm of classical physics.
Running deep in this is the idea of ‘progress’, of the rightful 'survival of the fittest' and of
a natural ‘justice’ which must characterize the long-term evolution of a complex system.

However, equilibrium models based on these ideas have proved in practice 1o be quite
unsatisfactory as a basis for decision-making. Despite an enormous investment in research
into economic, ecological and social systems, these concepts have failed o provide
satisfactory modeis, and our understanding of the evolution that we observe remains es-
sentially based on 'experience’. The fundamenial reason for this is that the basic paradigm
— our whole way of thinking about such things — is wrong. The systems which we see
around us are neither gl nor necessarily on their way to thermodynamic equilibrium. The
sunlight incident on the Earth makes this certain. All living things have evolved in a state
of pon-equilibrium! And for such systems evolution can lead to the emergence of structure
and form, and to qualitative change even in relatively simple physical systems.

3. Self-Organizing Systems: The New Evolutionary Synthesis

The central question which arises is that in order to even think about reality, 1o in-
vent words and concepts with which to discuss it, we are forced to reduce its complexity.
We cannot think of the trillion of molecules. living cells, organisms, individuals and events
that surround us, each in its own place and with its own history. We must firs! make a
taxonomic classification, and we must also make a spatial aggregation. This is shown in
Figure 1. On the left, we have the cloudy, confused complexity of the real world. Each part
is special, each point unigue. On the right is a model of that reality, in terms of typical
elements of the system, where classifications and spatial aggregation have been carried out.
But the point is that however good the choice of variables, parameters and interaction
mechanisms may be, these only concern average behavior. If we compare reality with the
predictions of our model, then we shall necessarily find that variables and parameters
fluctuate around average values, and also that there is much greater microscopic diversity
than that considered at the level of the macroscopic model.

By making the right taxonomic and spatial aggregations we can model present reality
by such a system of boxes and arrows. |f in addition we assume that only average elements
make up each category, and that only the most probable events actually occur, then our
model reduces 10 a machine which represents the system in terms of a set of differential
equations governing its variables. But such a machine is only capable of functioning, not
evolving. It cannot restructure itself or insert new cogs and wheels, while reality can! And
this is because of the differences between the left and right sides of Figure 1, which must
mean that the key 10 understanding evolution lies in what has been taken out from compiex
reality in order to reduce it to the right hand section of the model.
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into calegories, which constilule the system. We make a ‘mechanical’ replica of present reality,
But evolution concerns change in this struclure — new boxes and new arrows,

Clearly therefore, evolution is due to two things. Firstly, 1o the effect of non-average
values — fluctuations — of variables and parameters, and secondly, to changes intreduced
by the microscopic diversity which underlies the "taxonomic' classification of the model.
Let us consider these in turn.

4. Dissipative Structures — The Origins of Complexity

The work of many authors on self-organization and synergetic phenomena has demon-
strated the fact that for systems far from equilibrium, basic physical non-linearities can
in fact amplify fluctuations of variables and lead to symmetry breaking instabilities in
which structure and organization appear; of if already present, evolve qualitatively!?-14,

Let us briefly describe a simple example of convection in a fluid which is heated from
below. Initially, for weak temperature gradients, heat passes through the fluid from the
bottom 1o the top by thermal conduction alone. However, as the temperature at the lower
surface is increased, at a critical value, something quite remarkable happens.

Suddenly, the fluid itself starts to move. Thermal energy is now transported ‘bodily’
by the fiuid itself in a convection process. Bul the movement is not just a general random
drift, uniform throughout the system. Instead, a remarkable pattern of regular hexagonal
convection cells appear spontaneously in the fluid, which moves upwards in the center of
each cell, and downwards at the edges (see Figure 2).

In fact, as the temperature is further increased a whole series of successive patierns
appear in the system, until finally, for very strong thermal gradients, complete
turbulence occurs and no structure can any longer be observed.

The pattern which we observe, which involves the coherent behavior of trillions of
molecules, is stable but does not necessarily express any particular ‘optimality’. Does it
give maximum heat transfer between the upper and lower surfaces for example? Is it the
most efficient flow pattern possible, thus minimizing dissipation of thermal energy as it
moves through the system? Or, on the contrary, is it the pattern of maximum dissipation,
taking the most energy out of the heat source?
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Even for such a simple system, we are not able at present to answer these
questions.

This is a fundamental point to which we shall return. In systems which evolved to
thermodynamic equilibrium there was a potential function which governed the evolution of
the system. Either the entropy or the free energy imposed a deterministic relaxation
process towards a pre-determined equilibrium state. And this was where physics got its
powers of prediction from. But non-equilibrium sysiems achieve some kind of autonomy
and freedom which means that they become ‘creative’, generating structure and complexity.
The price which we pay for this, however, is a loss of predictability. Many other examples
of such behavior now exist.

Figure 2. Beyond a well-defined critical temperature gradieni, the Benard convection celis
appear spontaneously.

In reality, we find that the equations which describe the gverage evolution of the
variables really only specify a free of potential behaviors. This branching tree of potential
struclures is typical of non-linear dynamic systems, and is called a bifurcation tree.
Different branches of solution differ from each other gualitatively, i.e. they have distinc-
tive characteristic symmelries, which means essentially that they have different forms -
And yet all of them may be generated by the same simple, unchanging scheme of average
kinetics — providing that it is non-linear. Which pattern is aclually observed in a par-
ticular experiment canno! be controlled from the outside. While the external parameters
can be fixed at the boundary, and may limit the actual choice, the fact remains that it is the
system itself which 'decides’ which of the possible patterns it will in fact adopt.

And really this ‘choice’ is made by the fluctuations which are present in the system.
And this confirms the deduction made above that the key to evolutionary change lay in the
differences between reality and its average representation. Because of fluctuations, the
real system is always in fact probing the stability of the particular situation, and de-
pending on which fluctuation occurs at a critical moment, the system will move 1o one or
another of the stable behaviors which are possible. The real world is therefore much more
‘lively' than its mechanical representation in terms only of average evenls occurring for
average types. Symmetry-breaking transitions can occur spontaneously and so truly new
structures can be created. In this fact lies the real source of innovation in the physical
world.

However, in physics and chemistry, the elements of the system are atoms or
molecules, these are essentially identical and incapable of internal re-organization beyond
that fixed by the chemical transformations. But in the living world, we must examine the
possibility that the internal structure of the individuals or elemental objects themseives
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could evolve in time. Indeed, these elements could themselves be dissipative structures in
competition for the energy and matter that they require to maintain and transcend
themselves.

In this connection then, it is the existence of microscopic diversity and modes of
individual liberty that must be discussed.

5. Evolutionary Drive: The Role of Noise and Error-Making in
Evolution

Studies concerning dissipative structures, and the self-organization of systems have
largely concentrated on the aspects discussed in the preceding section, while the possible
effects of microscopic diversity have been relatively neglected. In some very recent
work15, however, it has been shown that his too is of major importance.

In simple ecological models of competition we have examined the effects of ‘error-
making' in reproduction, which we suppose on average 1o lead 1o less efficient individuals.
Nevertheless, as is summarized in Figure 3, evolution retains the ‘error-making’ popu-
lation rather than one with perfect reproduction. In an evolutionary landscape of hills and
valieys representing levels of functional efficiency of different possible organisms, it is
the error-maker who can move up a hill, eventually out-competing a 'perfectly’ repro-
ducing rival. And this despite the fact that at each and every instant it would be better nof to
make errors, since the majority of these are loss-making.

This work shows that evolution does not lead to optimal behavior, because evelution
concerns not only ‘efficient performance’ but also the constant need for new discoveries.
What is found is that variability at the microscopic level, individual diversity, is part o
the evolutionary strategy of survivers, and this is precisely what mechanical systems
representations do not include. In other words, in the shifting landscape of a world in
continuous evolution, the ability to climb is perhaps what counts, and what we see as a
result of evolution are not species, or firms, with optimal behavior at each instant, but
rather actors that can learn!

Because of this, at any moment behavior in the system itself will not be optimal,
because of the existence of apparently random or highly eccentric behavior, which at that
time is meaningless, and on average, loss-making. However, in order to maintain adapt-
ivity 1o the environment some stochastic, risk-taking behavior is retained by evolution. In
brief, evolution is both driven by, and leads to microscopic diversity and individual
variability. Selection viewed at the macroscopic level of averages cannot destroy the mi-
croscopic diversity. Indeed, it is just this diversity which drives evolution!

The fluctuations, mutations and apparently random movements which are naturally
present in real complex systems, constitute a sort of imaginative or creative force, which
will explore around whatever exists at present. Selection, or rather the dynamic mech-
anisms of the system operate on these attempts which will either regress, or on the con-
trary will sweep the system off to some new state of organization.

We can liken this ecological problem to the situation of many small firms competing
for a particular market. In some of these, the present state of technological know-how is
transiated into a very clear plan of production which is put into operation with little or no
error. In others, however, the plan is less clear, and variations in production technique
lead somewhat randomly to a product of variable aspect, and costs. Of course, most of the
errors will give rise 1o less satisfactory products, but a few of them will be improve-
ments. The information created by this random probing can be used by the discoverers 1o
change their product. If the new production pian is too perfect and clear, then no more
discoveries will be made. What is really required is the right compromise between local
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'experimentation’ (resulting either from error, ignorance or research) and efficient
production techniques.
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Figure 3. In the simple landscape a), the resull of competition between perfectly and im-
perfecily repreducing populations (as far as phenotypical paramelers are concerned, b)) is shown
in c).

Also, because in general, each firm is in competition with others, technological and
organizational changes will lead to responses and counter measures, 10 an ‘arms race'’, with
no obvious end. Evolution therefore is a continuing process, and that is why selection
favors individuals and firms which maintain the ability to adapt and learn new things.

In the biology of simple beings, genetic reproduction ensures that the ‘information’
about a successful strategy resulting from advantageous genetic variability can only be
passed on 1o the descendents. But of course, an entirely new phase of evolution is reached
once information can be ‘perceived’ and imitative modes of behavior are possible. The
fulcrum of evolution passes from genetics to perception-judgement-behavior. For higher
animals, the diverse personalities and circumstances of individuals leads to experimenta-
tions which, when successful, can be imitated by others. For this however a gradient of
some measure of success must be defined in the mind of each individual concerned, and
here, selections will act upon the diverse systems of values, leading to cultural evolution.
Once again, if conformity is too strong, then the creativity of the system will decline.
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2) A behavioral space exists, bul b} it is difficult 10 know what is advantageous.

Figure 4. In human systems, behavior is no longer predominantly shaped by natural selec-
tion. Instead, it is affected by the perceplion of success and imitative processes,

Such a mechanism represents a much faster mode of evolution than that which re-
quired the physical elimination of the ‘unfit’, But in this new more rapid evolutionary
mechanism the discovery of better strategies, and the concealment or diffusion of this in-
formation become the key elements and evolution moves 10 a new focus. Given the complex
complementarities (division of labor, family roles, complex loyalties) and competitive-
ness of the human situation, as well as the existence of processes with long time scales, we
see that a very important element of evolution concerns what individuals decide to consider
as being advantageous. In a complex social sysiem, any single cultural consensus as lo whal
goals are, if strictly adhered 1o, wouid greally reduce the diversity of the system and make
it more fragile and less capable of adaptation. Clearly, the corollary in human sysiems of
the genetic diversity underlying biological evolution is the existence of many different
views and values. This will lead to diverse behaviors and explorations. Information
creation and channelling will be key factors in obtaining the right compromise between a
rigid ‘'mono-culture’ of clear values and duties, and the chaos of totally disparate
individuals with no consensus at all, unable to act together.

The concepts of innovation and the diffusion of technical change are profoundly rooted
in these basic evolutionary issues, and in the next section, | shall briefly discuss some
practical applications of these ideas, in order to point out the way in which these new paths
might be explored.

5. Generic Studies

Science is about! finding generic statements and widely applicable principles which
can be used to understand particular systems, and this should be distinguishable from
simply making descriplive models in case studies. The models described below are based on
mechanisms and processes which underlie appearances. They discuss global behavior which
results from microscopic processes, and recognize the ‘cognilive’ dimension that must be
taken into account when considering human behavior.

The first example 1o be only briefly described here concerns the development of

mathematical models of fisheries. This may seem 1o be a subject rather far removed from
that of 'hi-tech’ and 'silicon valley' , but it will become apparent that it is an example
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which makes the basic issues and problems very clear. It is an ‘archetypical’ complex
system, with many aspects: the physical behavior of the ocean or coastal waters; the com-
plexity of the marine ecosystem with its many levels and species in constant evolution; the
behavior (and technology) of fishermen deciding what and where to fish: the needs and di-
rectives of the processing industry which buys much of what is landed; the need for em-
ployment both in the fishing and processing industries; the demand from both local and
foreign consumers and the competition with other foodstuffs in the international and do-
mestic markelplace.

In several recent papers'6.17 these applications have been described. Here | will
briefly outline some of the main features.

The first and simplest consists of a dynamic model of a fishery corresponding to the
scheme shown in Figure 5. Contrary to the customary management models, the complexity
of the fishermen's behavior over time has been included, and that of the market. Also, the
model is dynamic, and is basad on the effects of mechanisms of growth and decline in fish
populations, fishing fleets, fish prices and fish markets, whereas the models used
presently assume that these are in equilibrium!

OCEAN AND COASTAL EMPLOYHMENT
WATERS

rllurmunn

Oceen currants

FISHING FLEETS

DEMAND FOR FISH
-

‘ werld market ;— ¥
Ihlurntlvo faed praducts r
Transpertation and
stersge technelogy

Figure 5. The dynamic system of our fishing model.

The first important result concerns the gualitative nature of the behavior observed.
If we run our mechanical model of Figure 5 purely deterministically from some initial
condition, it will tend to a steady state of equilibrium. It may take some 40m years to get
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there, but there will eventually be an equilibrium. Previous management sirategies are
based on the relation between this equilibrium state and the fishing effort applied by the
fleets! However, if we insert the reality of environmental fluctuations, which affect the
yearly production of young fish, then the result is dramatic. The system amplifies these
short term, random events into large, long term (17 year) cycles of 'boom’ and 'bust’. This
in fact agrees with reality, for the Canadian fisheries which were the subject of our model.
This bears out the points made in Figure 1, where an understanding of the qualitative state
of the system cannot be obtained from the mechanical model. The effects of flucluations
must be considered. Furthermore, if we add in the effects of microscopic diversity of
behavior on the part of fishermen, and the economic success that accrues to those with
faster reflexes and better technology, we see that in fack we can understand the long-term
evolution of most fisheries, as they move from the stable exploitation of a large stock, 1o
the unstable, over-exploitation of a much reduced one.
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Figure 6. Two possible regimes cof operation of a fishery. In one we have ‘normal’ cycles of
boom and bust, based on fish stock variability, and in the other the fish are a rare luxury of a
very high unit value.

Also our model shows that two possible regimes of functioning of the fishery can ex-
ist. The first is the relatively normal one of 'boom' and 'bust’ cycles referred to above. The
second occurs at some time during a system 'crash’. If the elasticity of demand is suffi-
ciently low, the price of the rare fish caught rises dramatically, permitling fishermen to
earn a living from the tiny stock. This means thal they continue their efforts and the stock
remains small, and prices high. The fish have become a 'luxury’ product, and the industry
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may well survive, but as a source of food, the resource has largely disappeared. All of these
results give a far greater understanding of the effects of different policies, and also the
different regimes possible.

In another more detailed fishing model however, we generate the spatial behavior of
the fishing fleets and the fish stocks, and showed how extraordinarily complex behavior
emerges. This model focuses on fishermen's behavior, including the manner in which they
make decisions about where and what to fish.

Our model has two sets of equations, one for the fish in each spatial zone, and the
other for the boats. We shall focus briefly her on the latter. Interested readers should
consult the original publications for more details. The set of equations describes how the
numbers of boats of a given fleet, situated at a point, changes over time due 1o two terms:
an economic ‘selection’ where revenue must exceed costs; and a term governing the move-
ment of the boals to zones of high expected profit.

For us, the important point is that these expected returns can only be formulated in
the light of information about the calches that are being made in the different zones.
Therefore, it requires both the presence of boats making catches in that zone, and the flow
of information between those boats, and the boat that is considering where to fish. This
gives rise to a positive feedback mechanism which will shape the spatial pattern of fishing
effort. This pattern over time will in fact be 'explained’ not according to an oplimal ra-
tionality, but instead according to history, accident and communication.

However, apart from this fairly obvious rational term, there is the dependence of
attractivity, and decision on the personal and beliefs of the skippers. How carefully do
they weigh the evidence? We can identify two extremes. At one extreme, we have "Stoch-
asis”. They pay absolutely no attention to economic rationality, and simply diffuse at
random. At the other extreme, we have "Carlesians”. These weigh absolutely precisely the
information available, and move with probability One to the point which is most attractive
— even if it is only marginally better than elsewhere.

Obviously fishermen fall somewhere between these two extremes, but nevertheless,
the idea of Stochasts and Cartesians seems 1o capture a basic truth about people. in the
Canadian fleets, as elsewhere, we find risk-takers who make the discoveries of new fish
aooreqakles and the others, who are content 1o rely on the information generated by the
risk-takers.

What our model aliows us to do is 10 explore the avolution of such a system, and we
find that a population of Cartesians alone survives poorly on a small part of the system's
potential, never exploring beyond this. However, although Stochasts can beat Cartesians,
they remain too dispersed 10 exploit their discoveries efficiently. A most efficient strategy
for the fishing fleets as a whole is to have Cartesians who spy on Stochasts. We can show
that providing say 10% of the information about catches gets through to them, they succeed
in creaming off the good fishing areas discovered by the Stochasts and make a good living. Of
course, all kinds of complexities such as spying, lying, communicating in code, code-
breaking, alliances etc can emerge, and this has been reported on elsewhere!8, but these
results are of fundamental importance in our discussion of evolution, and of economic
innovation and enterprise.

The key point about these models is that they attempt 1o consider the globality of the
processes taking place in a given region, and also the ‘cognitive’ aspects of the decision-
making behavior. They are really examples of a regional science where the ecosystem and
the economic, social and cultural realities and values are brought together in a unified
framework. A similar initiative, with different emphasis underlies our work in developing
evolutionary models of urban systems.
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In this work dynamic spatial models describing urban and regional evolution of socio-
economic structure have been developed!®.20. Vastly different spatial scales were modelled
from that of a city like Brussels2!,to that of the enlire continental United States22, and
simple versions of these models have also been applied to some French cities23,

The models consists of sets of interacting equations, each of which represents the
change occurring at a particular point in the different activities and populations located
there, In the space available here we shall only attempt to outline the main features of our
model, and interested readers should consult the original articles. We try 1o model the
globaliity of the processes operating in a region, although here the stress is laid more on
the economic, demographic and urban aspects rather than the ecology, and the natural
environment.

There are 4 basic mechanisms at the heart of our dynamic equations:

- the distribution of population for a given distribution of employment through choice of
residence location, taking into account the transportation networks, available housing,
and the different qualities of service and environment.This is evident from the daily
flows of traffic to and from work.

- the patterns of demand for goods and services coming both from the population and from
economic activities which require components and services. This is evident in the flows
of goods and services from the inputs 1o production to the final consumers.

These first two mechanisms are concerned with functional flows reflecting the
operation of the system. But in fact there are at least two possible patterns for each flow,
First, there is the real, observable values of each flow at a given time. Second there is the
potentlal, or desired patiern. If these were identical, then clearly there would be no
evolution and the system would be at equillbrium. But if there are differences in various
sectors at particular points, then we suppose that this will drive evolutionary changes in
the spatial patterns.

The third and fourth mechanisms result from the perception by actors in the
system of these differences batween ‘potential’ and 'real’ values. Of course these changes are
imposed in addition 1o those due to normal demographic processes.

- demegraphic changes and the perception of the pattern of employment and housing
opportunities generating migratory flows of poputation.

- the perception of the pattern of economic opportunities and the distribution of
investments.

At each moment, the model calculates the desired spatial distribution and number of
the different types of actors at each point in the system. It may differ from the actual dis-
tribution cbserved. This may be either because they have never been equal, or because even
though they were at one time, changes e.g. spatial patterns, technology etc) that have since
occurred have upset the equilibrium. The differences between real and potential values
create a pattern of ‘opportunities’ and 'dissatisfactions’, and if they are perceived they lead,
through the third and fourth mechanisms, to redistributions of employment and population.
But this in tum modifies the pattern of potential for homes, and for goods and services in
the next time period, and so a complex chain of successive readjustments is set in motion.

Decisions are taken in response 1o the information concerning patterns of opportu-
nity and dissatisfaction, as we discussed in the section above about the creation of infor-
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mation by Stochasts, and this can only be modelled by calculating some unobservable
potential, comparing it with reality, and supposing that it is responsible for the changes
which occur,

Figure 7 shows a simplified view of the interaction scheme of our model. It shows
how the population and employment of each spatial zone change in the manner we have de-
scribed above, but in the model, economic activities and different populations can be dis-
aggregated in whatever way Is appropriate for the problem. In essence, the computer cal-
culates at each instant how many residents and how much economic activity of each kind
would like to be in the zone, given the potential demand and the advantages and disadvan-
tages of the zone. It compares this with the numbers that are actually there, and the dif-
ferences (if we suppose that they are perceived) then drive the shifts in investment and
population.
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Figure 7. The interaction scheme providing a global framework for the evolution of a city or
region.

As an example, let us consider the changes which occurred in employment in the
manufacturing sector in the different provinces of Belgium. This is taken from a study
which we have made of the ‘evolution’ of Belgium from 1970 to 1985.

In 1970, we know how many jobs there were in this sector in each province. The
economic demand responsible comes not only from different places, but also from different
seclors of the economy. Moreover, economic activity requires input materials and factors
which again may come from different places and seclors. If we are to assess the potential
for manufacturing in each province, then we must calculate its competitiveness as com-
pared to the others. This assessment will therefore depend on the ‘input’ costs for that ac-
tivity in that location, and also distribution costs to clients. Activities are usually also to

34



some extent both clients and suppliers in the system, and their competitiveness mus! take
this into account.

Information concerning the direct exchanges between the different variables are ob-
tained from the InputOutput matrix for the Belgian economy (Figure 8). Thus, for ex-
ample, the manufacturing sector nationally is generated by export markets (37%), by
final consumption by the population (36%) and by firms within the sector itself (8%).
Other connections are 100 weak 1o be of significance in the figure. On the other hand, the
manufacturing sector buys 58% of agriculiural production (food processing falls into this
category) and 11% of the transport. From this, we can suppose that it is possible to cal-
culate both the total demand for this sector and aiso the total generated by this sector for
any paricular province.
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Figure 8. The aggregate interconnection between the different variables of our model of
Belgium, taken from the Input/Output matrix.

Instantaneously, the total economic demand for manufactured goods can be calculated
for each province, and the amount captured by each one can be estimated by considering its
competitiveness among the others.

This includes the external faclors resulting from inter- and intra-sectorial ex-
changes of production input and output which are characteristic of each locality, and
therefore can model the cooperative/compelitive dynamics of industrial and service com-
plexes.

Our model then goes on the caiculate in a similar way the changes that witl occur in
each of the different sectors of employment and in the population resident in each zone.
Afier this, the computer starts the whole calculation process again for the next time in-
terval. In this way, the distribution of population responds to that of employment, and this
in turn responds both 1o itself, and to the distribution of population. Changes in either will
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have repercussions along these channels of response, which reflect sectorial complemen-
tarity and spatial proximity.

Running the model over a long period therefore generates a picture of the evolution of
each employment sector and population in each spatial zone. In doing this it also generates
pictures of the changing flows of commuters, raw materials, intermediate components,
finished products and services between the different sectors of the economy and different
locations. The resulting pictures of evolution can then be compared with that actually
observed, and the parameters which characlerize the different activities adjusted until
they produce an evolutionary picture which agrees with reality.
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Figure 9. The diflerences between polential and real manufacturing capacity in the
provinces of Belgium explains the patierns of growth or decline observed at that time.

In each aggregate category, (manufacturing, services eic) there will in fact be paris
which are growing and others in decline. Evolution resulis not from the average behavior
shown in the input/output table, but from the relative growth and decline of small sub-
sectors which make up the real microscopic diversity of the system. The important point
then is 10 identify the parts (subsectors, particular zones) which are growing, and to
specify more accurately their particular input-output’ matrices. In this way, we can
focus on the "growth system' in the economy, and facilitate the processes of technical
change and innovation.
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We can also examine the axtent to which evolutionary processes are captured by a
mode! such as ours. There are four basic kinds of evolution which can influence an urban or

regional system:

a the spatial diffusion of population and activities according to perceived opportunities,

b the changes resulting from technological progress, changing input and output
requirements and costs,

c entirely new aclivities resulting from some technological breakthrough; changes in
people's expectations and desired life-style.

Our model can in fact deal quite well with the first two of these. The system evolves
through the perception of opportunities by the different actors. These may be due to earlier
changes, to technological advance, demography, or to changing terms of trade. Our model
makes the inputioutpul table dynamic, but underlies the fact that what really matters for
evolution is what is happening at the ‘leading edge' of all this. it is in the growth of
subsectors and the inductive loops of these that the future lies. The model therefore serves
as a framework within which to identify and study these importam diffusing disequilibria.

The third and fourth types of evolution are not really in this model and it is difficult
to see how they could be included in any precise way. Entirely new products cannot be an-
licipated easily, or they would not be new. Neither is it easy to say when and in what way
people may modify their behavior their values, and adopt new goals. Whal could be done
however, would be to explore the consequence of some possible change. If this were done,
some estimate could be made of the advantages for individuais making such a move, and
:‘rkonia that it would be possible perhaps to estimate whether such a change was really very

ely or not.

7. Conclusion

The fundamental point raised in this paper is that discovery and innovation can only
be achieved by going beyond the present system. We require Stochasts who, for whatever
reason, do not respond simply to the information which exists about the present returns on
effort, The Cartesians on the other hand, are the backbone of the system. They represent the
norm and will also be the ones 1o push any particular activity to its ultimate in excellence.
The success of the overall system will be determined by the balanced existence of the two
types, and the manner in which new information is channelled into the system. While the
adaptive capacity of a system lies in its Stochasts, the stability and efficient performance
resides with its Cartesians. A system in harmony must allow discoverers to recuperate
their exploration costs, or risk losing them altogether, and this will depend critically on
the period of ‘monopoly’ aliowed them.

A period of expansion follows a discovery, as the spread of information leads to in-
creased demand and economies of scale. However, after some time either the market begins
o be saturated or the resource required starts to gel scarce. Either way, competition in-
tensifies and a period of ‘rationalization’ follows when investment is directed to making
production more efficient, usually decreasing employment in the sector. Competition in-
creases, and only the discovery of new activities and products, made perhaps, by the
displaced 'stochasts’ can save the situation.

Usually Cartesians will not listen 1o news of discoveries while things in the estab-
lished areas are not in crisis. Hence, venture capital may well be lacking during a period of
prosperity. When a crisis approaches however, the first reaction is the Cartesians o try to
do what they already do, but better! The more they do in this line, the greater the crisis
will be when it finally comes. At this point and only then will information concerning
discoveries be acted upon by all those still in a position to act. New structure will emerge,
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new job definitions and new specializations will come into being and start to fossilize, as
they ‘hill climb' up to apparently greater rationality and efficiency. And so our model
suggests the existence of a 'long wave' or Kondratiev cycle, and offers a real possibility of
its analysis.

This underlines the aim of this approach. It is not intended 1o predict the future.
Instead, it is intended to offer an integrating framework into which existing knowledge can
be placed. With this, the future can be explored and better imagined. However, the real
world is really much richer than any model, and therefore will always manage 1o evolve in
ways that have not been included in this model. This is not a reason to abandon model-
making, but rather the opposite. Without the model, we would not be able 10 order the
system to an extent sufficient to realize that something inexplicable was occurring. With
it, we can become aware of the emergence of new mechanisms or factors and we can then
search for the best manner in which to include them. The model we have of a particular
situation will probably always require modification because the real worid is itself
evolving.

The real message of the new concepts in science is that change and disequilibria are
probably more natural than equilibrium and stasis. Those who can adapt and learn will
survive. And this is dependent on their creativity. For example, when we suppose that
change is a response to perceived opportunities, then it is saying that the potential for
growth and diversity in any region or city depends to an extent on the imagination of the
people that live there. What openings for which activities do they perceive? This will
depend on the finer details of their history, culture and social interactions. Generally
speaking, microscopic diversity resulting from the mixing of cultures, conflicting doc-
trines and individual freedom will be an important ingredient in this response. In other
words, technical change and economic evolution are related to factors such as originality,
risk-taking and creativity in a population.

Hopelully, the ideas discussed here can help to lay the foundations of a new synthesis
in the human sciences. Creativity and change find a place together with structure and
function in this new scientific paradigm. Although the reassuring feeling lent by deter-
minism has had 10 be sacrificed, in return we now have a unified view of the world that
bridges the gap between the physical and human sciences. And it is nol true that this rep-
resents a final reduction of human and social phenomena to the mechanical dictates of
physics! Instead the latter has been elevated and had had to abandon its immature search for
absolute certainties. What we now see is a multi-faceted world, perceived in different
ways evolving through successive states of organization as a result of non-average events
and individuals, Instead of being limited to approaching human systems from a descriptive
or ideological standpoint, science now offers us a mathematical basis on which to under-
stand how such complex systems came into being, and how they may evolve in the future.
The next decade will see a rapid growth in research aimed at exploring this new and
exciting path.
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Theses of a New Reformation
The Social Fallout of Science 300 Years After Newton
by
Harlan Cleveland

The bold political thinking that led to the Conslitution of the United States 200 years
ago was rooted in an even bolder leap of the human imagination just a hundred years before.

That was when Isaac Newton, standing on the shoulders of Copernicus and Kepler,
proposed a force of universal gravitation to explain why the planets revolved around the
sun in elliptical paths. This force, he figured, loses effect by the square of the distance.
that same force, he also guessed, keeps the moon in motion around the Earth, holds our feet
on the ground, and causes objects (such as Newton's famous apple) to fall to Earth. This is

still a pretty good guess.

But Newton, in 1687, could not guess that the scientific revolution he helped start
would in time become a kind of secular religion, the scientific method binding together an
influential new international priesthood.

He certainly did not foresee that in a scant three centuries, people might through
science acquire the power to do more to their natural environment than nature does to, and
for, people. Yet this is where we are today. This ironic anonymous couplet says it all:

Strange that man should make up lists of
living things in danger,

Why he fails to list himself is really
even stranger.

Isaac Newton's Principia is sometimes taken as the beginning of the Scientific
Revolution, the watershed that separates the modern from the medieval era.

In the West, that moment in hislory was also an early milestone in the long sliding
slope for the medieval Church. Science energized a cultural Renaissance, expanded eco-
nomic potentials, and made possible a politics of pluralism and participation that swept
away the divinity of monarchs and eroded the infallibility of the Pope. In the non-Western
world, craft-based technology colonized the Americas, Africa and much of Asia; opened the
glued-tight culture of the Japanese islands; and for a time even mesmerized the Chinese,
inheritors of the world's wisest traditional culture.

In medieval times, Church and State were linked as master is to servant. Monarchs
assumed or asserted a divine right to rule. The State was an expression of the Church, the
instrument of public administration in secular affairs for a superior authority run by
men who spoke for God.

In the three centuries since Newton, science has elbowed the Church aside — all
churches, reformed and otherwise — to become a kind of secular religion. Science gradu-
ally took over the funclions of the medieval Church, to establish an educated priesthood of
those with access 1o closely held mysteries; to legitimate those who held the posts, exer-
cised the perogatives and enjoyed the perquisites of economic and political leadership; to
bless the orthodoxies in which people were permitted to believe,

In time, Science and the State came In their turn to be linked as master and servant.
The source of legitimacy for statecraft is whatever looks properly scientific. Government
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officials, or those who seek public subsidies and permessos, must argue their case with the
metaphors of physics, the methodologies of microeconomics, the mathematics of cost-
benefit analysis, and discounted future values. What people want, how far they will follow
the leaders, is ascenained by survey research, the scientific sampling of “public opinion®.
In the modern marketplaces of ideas, the means of exchange and measure of value are
numbers. What can't be counted is treated as an "externality” — that is, a disturbingly
relevant factor that just doesn't fit the current fashion in systematic thought and is
therefore put on the shelf to think about later.

We got into this fix because our thinking about society — about economics, business,
politics, even about philosophy and religion — was mesmerized by the success story of
"natural® science.

It was no! until Newton had pictured the universe as guided by precise laws of mo-
tion, tending to harmonize the forces of nature, that John Locke found in "laws of nature”
the foundation for human society, Adam Smith discovered an “invisible hand" to guide trade
and industry according to the (natural) law of supply and demand, and James Madison
wrote that a balance among “factions” might, like the counterpoise of heavenly bodies,
provide a democracy with built-in self-control.

Eighty years after the Uniled States of America was born in this Newtonian mold,
Charles Darwin’s theory of natural evolution made room for a nastier mode of social
thinking. In this world view, unpremeditated struggle, wasteful and chaotic, replaced order
and reason as the central dynamic.

The already rich and powerful soon found in Darwin's idea an argument against
compassion, a justification for cruelty and selfishness. If you were poor, that just proved
you were unfil, (The theme still reverberates in today's welfare debate.)

After another half-century, along came Albert Einstein with his guess that matter
and energy are aspects of each other, and his search for a general theory of relativity.
Einstein was hardly what we would now call a "relativist®. He was looking for physical
laws that could be applied to all systems; in effect an absolute equation. But the notion that
“everything is relative™ became a powerful new social metaphor, popularizing the behav-
ioral approach to social science and further eroding churches that depended for their clout
on moral discipline and unquestioning faith.

It became quite respectable to believe that eternal verities might well be proven
wrong by further scientific study — the students meanwhile suspending judgement on
whatever they might earlier have leamed at home, in church or at school. the Pope, vis-
iting the United States last year, encountered science-based skepticism at every whistle
stop.

The global spread of social relativity may even have contributed 1o the growing con-
viction, in colonial and other less-developed countries, that the sell-evident principles by
which the suppression of subject peoples had been justified and their natural resources
appropriated might in a new world view prove unjustifiable.

Since the 1960s, yet another new social outiook has emerged from the profound
discoveries of the life sciences (the cracking of genetic codes, new ways of guessing what
goes on inside a cell) and growing scientific interest in the linkage of biology, chemistry,
physics, meteorology, economics, and geophysics to decipher food-climate-population-
energy puzzles. Quite suddenly the evidence seemed overwheiming that everything really is
related somehow to everything else, and word "ecology™, used earlier in public management
by John Gans and David Lilienthal, came inlo general vogue.
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In a luminous essay about the messages cells send to each other, Lewis Thomas
observes that, in order to sustain life, "using one signal or another, each form of life
announces its proximity to the others around it, setting limits on encroachment or
spreading welcome to potential symbionts.” The Earth itself might be thought of as an
"immense organism” where "chemical signals might serve the function of global hormones,
keeping balance and symmetry in the operation of various interrelated working parts,
informing tissues in the vegetation of the Alps about the state of the eels in the Sargasso
Sea, by long interminable relays of interconnected messages between all kinds of other
creatures.”

Ecological science directs attention to the way varieties of life relate 1o one another,
and the environmental "support systems” that make life possible. The key word, paraliel to
harmeny, struggle and relalivity in the earlier cosmologies, is now interdependence.

V.

The revolutions of our lime are still driven, more and more, by sclentific discoveries
and their technological progeny.

A dimensional change in explosive power has created dangers without precedent
(Hiroshima, Chernobyl), has provided an alternative source of energy and additional tools
for medicine, and has required fundamental rethinking of military strategy. By making it
possible to invent weapons too powerful to use, science may even, by an accident of
frightfulness, have placed a lid on the scale of human violence, for the first time in human
history.

A breakthrough in understanding the inherited information in our genes has provided
us with a vast array of biglechnologies, with application ranging from the correction of
birth defects in an individual fetus 1o genocide with biological warfare.

Atmospheric gases, products of industrial civilization, may now be the agents of large
and ireversible changes in the global climate. This "global change” couid double back on
human civilization, radically redistributing moisture and, in the span of a single human
lifetime, inundating most of the worid's great seaports.

Above all, the convergence of two separate lines of science-and-technology, that is,
faster computers and more reliable wide-band telecommunications, is creating societies
where the dominant resource is information: the dominant activity no longer the production
and exchange of things, but the production and sharing of symbols.

Shortly before her death in 1946, Gertrude Stein complained that "Everybody gets so
much information all day long that they lose their common sense.” To regain our common
sense, the informatization of society requires us to rethink the very fundaments of our
philosophy; to rethink an economics in which value inheres in scarcity; rethink a

nce based on secrecy; rethink laws based on ownership and rethink management
based on hierarchy.
V.

These concurrent and interactive revolutions contain their own inner-directed ethic:
the more we can discover, the better off we shall be.

Almost a century before Newton, in 1597, Francls Bacon had speculated (also in
Latin) that "knowledge is power". Imbedded in the logic of science and technology is the
buoyant optimism of Newton's harmonious equations: the orbiting planets of power which
knowledge creates will somehow not collide with each other to the detriment of the human
species. The logic is linear: as we decipher the riddles of nature, we must naturally give
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thought to the technologies the new science makes possible. Because the new technologies
are possible, they also must be necessary. If the new technologies enable us 10 make new
machines and processes, we mus! assuredly design, construct and deploy them.

But nowadays the mood s different. Modern societies no longer stand still for the un-
critical translation of scientific insights in social dogmas. Science-and-technology has
produced so much dirt and smog and ugliness, so many explosions and crashes in fail-safe
systems, so much wasted weaponry and undisposable waste, that popular resistance to the
“internal logic" of the scientific method grows louder every year, even though (so powerful
is the metaphor of the scientific method) the objections themselves are expressed in the
language of scientific rationalism.

It we are powerful enough to despoil the human environment, some say, we are surely
rational enough 1o protect, conserve and even enhance it. If we can produce enough for all,
why can't we distribute it more rationally? If we truly value differing traditional values,
can't they be rationally studied, adapted to, and reconciled with, rather than overridden by,
the standardizing “progress” brought about by science-and-technology?

Evidence of the new ambivalent mood, still mesmerized by science, but newly aware
of technology, is all around us. In environmental matters it was symbolized and spurred 26
years ago, in 1962, by Rachel Carson's influential book Silent Spriog. "The ‘control of
nature™ she wrote, "is a phrase conceived in arrogance, born of the Neanderthal age of
biclogy and philosophy, when it was supposed thal nature exists for the convenience of
man.” The following year, President John F. Kennedy caught the wave in a Commencement
speech at American University: "in the final analysis, our most basic link is that we all
inhabit this small planet. We all breathe the same air. We all cherish our children's fu-
ture. And we are all mortal.” In our time the Swedish microbiclogist Carl-Gdran Hedén
puts it this way: "..... ledmologymuslbetailoredloMan.itnlsoolngtobeounyusoal
all. If technology goes beyond the average man's comprehension, and in addition is governed
by experts in distant places, this gives rise to insecurity and this, in its turn, breeds
distrust and inaction.”

In the United States, a growing body of laws, regulations and practices expresses the
new mood. Estimates of environmental impact have become routine, industrial safety
standards strict, the practice of birth control widespread. The nuclear power industry,
which failed to do its homework on safety, waste and proliferation, was brought to a
standstill by a handful of stubborn and knowledgeable skeptics. “Technology assessment”,
the ambition of distinguishing in advance the benign from the malign faces of new inven-
tions and processes, is no konger an exotic idea.

Around the world the technological backlash has taken a variety of forms. It has
penetrated party politics (the "Greenies”), business (baby formula, auto safety, smoking),
public policy (clean water, acid rain, smog, aircraft noise), and international relations
(arms control and agreements to restrain pollution and promote aircraft safety). Thinkers
in developing countries have been talking (though governments are not doing much) about
alternative modes of development that would not require the waste and unfairness which
seem, in industrial society, to be the handmaidens of “progress”. From time to time, a
major man-bites-dog decision is taken not to manufacture and deploy something new even
though we know how. For example, the U.S. Senate checkmated the project for a supersonic
transport (the SST), and more recently the two superpowers agreed not to deploy anti-
ballistic missile (ABM) systems.

VL.

What emerges as a prospect, 300 years after Newton, is a creative combination of
human limits and human opportunities; the opportunities presenting themseives only if
the human species can control itself. The emerging ethic of ecology is an interlocking sys-
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