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The nature and scope
of this work

Roberto Mangabeira Unger and Lee Smolin

To think of the universe as a whole rather than of something within
the universe is one of the two most ambitious tasks that thought can
undertake. Nothing matches it in ambition other than our attempts to
form a view of ourselves. In addressing this topic, we soon reach the
limits of what we know and even of what we can ever hope to know.
We press science to the point at which it passes into philosophy and
philosophy to the point at which it easily deceives itself into claiming
powers that it lacks.

Yet we cannot cast this topic aside. First, we cannot avoid it
because we are driven to understand whatever we can about our place
in the world, even if what we do know, or might discover, represents
only a small and superficial part of the enigmas of nature. Second, we
should not seek to escape it because no one can develop and defend
ideas about parts of natural reality without making assumptions, even
if they remain inexplicit, about nature as a whole. Third, we need not
turn away from it because among the greatest and most startling
discoveries of science in recent times are discoveries about the uni-
verse and its history. The most important such discovery is that the
universe has a history. Part of the task is to distinguish what science
has actually found out about the world from the metaphysical commit-
ments for which the findings of science are often mistaken.

P
In this book, we deal with this subject directly. Three ideas are central
to our argument.

The first idea is the singular existence of the universe. (We use
singular here in the sense of unique, not in the sense in which relativ-

ists use it to mean a singularity at which the curvature of spacetime



THE NATURE AND SCOPE OF THIS WORK Xi

and other quantities become infinite. In fact we later argue that the
universe cannot be singular in that sense.) There is only one universe at
a time, with the qualifications that we discuss. The most important
thing about the natural world is that it is what it is and not something
else. This idea contradicts the notion of a multiverse ~ of a plurality of
simultaneously existing universes — which has sometimes been used
to disguise certain explanatory failures of contemporary physics as
explanatory successes.

The second idea is the inclusive reality of time. Time is real.
Indeed, it is the most real feature of the world, by which we mean that
it is the aspect of nature of which we have most reason to say that it
does not emerge from any other aspect. Time does not emerge from
space, although space may emerge from time.

That time is inclusive as well as real means that nothing in
nature lasts forever. Everything changes sooner or later, including
change itself. The laws of nature are not exempt from this imperma-
nence. By implying the mutability of the laws of nature, the idea of the
inclusive reality of time contradicts a dominant interpretation of what
the physics and cosmology of the last hundred years teach us about the
workings of nature.

Twentieth-century science overthrew the conception of an
invariant background in space and time to the events and phenomena
of nature. Einstein’s greatest accomplishment in inventing general
relativity was to replace Newton’s absolute space and time with a
conception of spacetime that is both relational and dynamical. When
he did so, however, he reaffirmed the notion of an immutable frame-
work of natural laws. We have ordinarily expected such timeless laws
to supply warrants to our practice of causal explanation. If the laws of
nature change, how can we hope to establish scientific inquiry on a
secure basis? A major concern of this book is to propose answers to this
question.

Now, however, we have grounds to overthrow the view that was
reaffirmed when belief in an invariant background of space and time

was abandoned. Unless we accomplish this second overturning we
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cannot do justice to the most important discovery made by the cos-
mology of the twentieth century: the discovery that the universe, and
everything in it, has a history. The prevailing accounts tell that history
against a background of immutable laws of nature. We argue that there
is more reason to read that history as including the evolution of the
laws themselves. History then subjects the laws as well as everything
else to the effects of time.

If time is inclusively real in cosmology, which has the whole
universe for its subject matter, it must be inclusively real in every
department of science and in every piece of nature.

The third idea is the selective realism of mathematics. (We use
realism here in the sense of relation to the one real natural world, in
opposition to what is often described as mathematical Platonism:
a belief in the real existence, apart from nature, of mathematical
entities.) Now dominant conceptions of what the most basic natural
science is and can become have been formed in the context of
beliefs about mathematics and of its relation to both science and
nature. The laws of nature, which it has been the supreme object of
science to discern, are supposed to be written in the language of
mathematics.

We cannot give an adequate account of the singular existence of
the universe and of the inclusive reality of time without developing
and vindicating a certain view of mathematics. Mathematics has two
subject matters: nature (viewed in its most general aspects) and itself.
It begins in an exploration of the most general relations in the world,
abstracted from time and of phenomenal particularity, but it soon
escapes the confines of our perceptual experience. It invents new con-
cepts and new ways of connecting them, inspired by its previous ideas
as well as by the riddles of natural science.

Our mathematical inventions offer us no shortcut to timeless
truth either about nature or about some special realm of mathematical
objects outside nature. They have no prophetic role, notwithstanding
the vast power and prestige of mathematics. They may or may not be

useful. They never replace the work of scientific discovery and of
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imagination. The effectiveness of mathematics in natural science is
reasonable because it is limited and relative.

The singular existence of the universe, the inclusive reality of
time, implying the mutability of the laws of nature, and the selective
realism of mathematics all have justifications of their own. However,
they are more than a collection of separate and loosely related propo-
sitions. The more deeply we understand them, and appreciate the
reasons for holding them to be true, the more clearly do we come to
recognize their many and intimate relations to one another. They
represent three sides of the same comprehensive view. They support
and refine one another. It is only when we appreciate their connections
that we can grasp just how much they require us to break with certain
ideas that continue to enjoy wide influence both within and outside
science.

* %

This work deals with foundational problems in basic science. It
proposes a reinterpretation of some of the most important discov-
eries of twentieth-century cosmology and physics, the historical
character of the universe first among them. The reinterpretation
has consequences for the future agenda of these sciences. It seeks to
distinguish what we in fact know - the hard empirical residue of
scientific discovery — from the lens of assumptions through which
we are accustomed to see the larger significance of these factual
findings.

The history of physics and cosmology has been in large part the
history of a marriage between two sources of inspiration. One source is
our probing of the manifest world, through observation and experi-
ment, conditioned by our success at inventing and deploying equip-
ment that enables us to extend or exceed our powers of perception. The
other source is a vision of reality at the center of which there often
stands an ontological program: a view of the kinds of things that there
ultimately are and of the ways in which they connect. Such were the
ontological programs associated with the science of Aristotle, of

Newton, and of Einstein.
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It will sometimes happen that no fundamental progress can be
achieved in science without dissolving this marriage between the
empirical residue and the philosophical gloss. Once theé marriage is
dissolved, it becomes possible to see the discoveries of science with
new eyes. It is never possible, however, to do so without changing
some of our beliefs about how nature works.

Two large philosophical traditions inform the ideas of this book.
They can be placed under two labels: the relational approach to nature
and the priority of becoming over being. In this work, we make no
attempt to justify them as philosophical conceptions outside the sci-
entific contexts in which we make use of them. The case for them here
lies in the insights that they together make possible.

The relational idea is that we should understand time and space
as orderings of events or phenomena rather than as entities in them-
selves. More generally, it is the view that within a network of causal
connections, extending outward to a causally connected universe,
everything influences everything else through causal links. In under-
standing the operation of nature, this relational structure matters more
than any of its parts. Its parts matter, and exert their effects, by virtue of
the role that they perform within the relational network to which they
belong.

In the history of physics and of natural philosophy the two chief
statements of the relational view have been those formulated by
Gottfried Leibniz in the late seventeenth century and by Ernst
Mach in the late nineteenth century. A complication of our argument
is that neither of these versions of the relational approach is wholly
adequate to our purpose. We must therefore develop another version
along the way.

A second philosophical inspiration of this book is less easy to
associate with a single doctrine, a ready-made description, or a few
names. It is the tradition of thought that affirms the primacy of becom-
ing over being, of process over structure, and therefore as well of time
over space. It insists on the impermanence of everything that exists. On

this view, the rudimentary constituents of nature, described by particle
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physics, are impermanent. So, too, are the laws of nature, expressed in
the language of mathematics, which it has been the chief ambition of
modern science to establish.

The present quest for a grand theory of everything — of the
fundamental forces and fields in nature — goes forward on the basis of
viewing these law-like regularities and elementary constituents as if
they were forever. As a result, we argue, it fails fully to appreciate the
most important cosmological discovery: that the universe has a his-
tory. Cosmology must be a historical science if it is to be a science at
all: a historical science first, a structural science only second, not the
other way around.

In the history of Western philosophy, the line of thought that
affirms the impermanence of structure has spoken in the voices of
thinkers as different as Heraclitus, Hegel, Bergson, and Whitehead.
Among the philosophical schools of other civilizations, notably of
ancient India, it represented the hegemonic metaphysic.

Although it is not a view that has ever enjoyed commanding
influence over the physics that Galileo and Newton inaugurated, it
plays a major part in the life sciences as well as in the study of society
and of human history. The structures investigated by the naturalist,
the historian, or the social scientist may be enduring. No one, however,
thinks of them as eternal. Moreover, insofar as there are regularities or
laws that govern their workings, they evolve together with the phe-
nomena that they govern.

The philosophical ideas that have guided and interpreted the
program of modern physics have traditionally regarded this lack of
eternal structures and laws in the life sciences and in the study of
human affairs as a sign of the derivative or precarious character
of those disciplines. The gold standard of scientific inquiry continues
to be supplied, in the eyes of this tradition, by a way of thinking that
treats impermanence, and thus time itself, as threats to the achieve-
ment of our most far-reaching explanatory endeavors.

One of our aims in this book is to show that the idea of the

primacy of becoming over being deserves to hold in cosmology a place
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no less central than the one that it occupies in the supposedly less happy
and less basic sciences. If it is entitled to this role in cosmology, which
is the science of the whole universe and its history, it must merit it as
well in physics, which studies pieces of the universe and moments of
its history.

Among the implications of this philosophical conception, and
of the idea of the inclusive reality of time, is the thesis that the new
can emerge and does emerge during the evolution of the universe. The
new is not simply a possible state of affairs, prefigured by eternal
laws of nature. It is not simply waiting to fulfill the conditions that,
according to such laws, allow it to move from possibility to actuality.
The new represents a change in the workings of nature. Such change
embraces the regularities — that is to say, the laws — as well as the
states of affairs.

The emergence of the new is a repeated event in the history of
the universe. It continues, under novel forms and constraints, in our
own experience: the appearance of mind and the exercise of our human
power to accelerate the production of novelty in the universe. Our
science and our mathematics rank among the most notable instances
of the exercise of this power.

The relational approach to space, time, and other physical prop-
erties and the primacy of becoming over being each solve a problem
that the other leaves unsolved. Timeless versions of relational space-
time leave inexplicable basic features of nature such as the choice
of laws and of initial conditions. Our best hope of explaining these
enigmas is to put the laws of nature under the dominion of time: to
hypothesize that they are mutable and that they have become what
they are by evolving in real time. On the other hand, the priority of
becoming over being has often been affirmed against the backdrop of
an absolute rather than a relational view of time. The result may be to
substitute a mystical notion for a scientific program by invoking
an external force or entity that produces becoming in an otherwise
passive universe. Only when we understand becoming from the per-

spective of relational time can we subject it to a dynamics that is
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internal to the universe. Only then can we lay it open to explanation by
the methods of science.

The development of our three central ideas, in the spirit of these
two traditions of thought, defines a position that can be labeled tem-
poral naturalism. This position in turn informs an approach to the
central problems and future agenda of cosmology.

. %
The discourse in which we present our argument invokes, and seeks to
reinvent, the vanished genre of natural philosophy.

This book is not an essay in popular science: the presentation of
contemporary scientific developments to a broad readership. We hope
that it will be accessible to readers who come to it from many different
backgrounds, not just to cosmologists and physicists. Nowhere, how-
ever, have we deliberately compromised the formulation of the ideas to
malke them more accessible. The limitations of our arguments are those
that are imposed by the limits of our understanding; they do not result
from deliberate simplification.

In the absence of an established discourse of natural philosophy,
scientists have often used the presentation of ideas to a general edu-
cated public as a device by which to address one another with regard to
the foundational matters that they cannot readily explore in their
technical writings. Here, however, we set our hands to natural philos-
ophy directly, not under the mask of popularization.

The discourse of this book is also to be distinguished from the
philosophy of science as that discipline is now ordinarily practiced. The
work of the philosophy of science is to argue about the meaning,
implications, and assumptions of present or past scientific ideas. It
offers a view of part of science, from outside or above it, not an inter-
vention within science that seeks to criticize and redirect it. It fore-
swears revisionist intentions.

The proximate subject matter of the philosophy of science is
science. The proximate subject matter of natural philosophy is nature.
Unlike the philosophy of science, natural philosophy shares its subject

matter with science.
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A natural-philosophical argument about the universe and its
history is not simply or chiefly an argument about cosmology. It is a
cosmological argument. It intervenes, and takes a position, in the cos-
mological debates with which it deals. It does so on the basis of ideas
and considerations both internal to contemporary science and external
to it. It tries to describe and to explore a broader range of intellectual
options than is represented in the contemporary practice of the fields
that it addresses. Its goals are frankly revisionist: to propose and defend
a redirection of cosmology that has implications for the path that
physics can and should take.

In all these respects, the discourse of this book resembles noth-
ing so much as what was known, up to the middle of the nineteenth
century, as natural philosophy. The trouble is that, despite occasional
and exceptional efforts by individual scientists and philosophers, natu-
ral philosophy has long ceased to exist as a recognized genre. (A major
exception to its near-disappearance in the intervening period was
the work of Ernst Mach at the turn of the twentieth century, together
with the way in which Albert Einstein made use of Mach’s ideas.
Another exception was the natural-philosophical writing of Mach’s
contemporary, Henri Poincaré. To this day, biology has benefited
from a long line of natural philosophers, many of them active scien-
tists.) The duo of popular science and philosophy of science has
usurped the place of natural philosophy.

Here we seek to breathe new life and form into this defunct way
of thinking and writing. It is impossible to do justice to the intellectual
difficulties and opportunities that we explore without defying the
limits of the established technical discourse of cosmology and physics.
Neither, however, can we advance the agenda that we set for ourselves
without engaging these disciplines on their own terms as well as on
terms that remain foreign to them.

The reasons to cross, in both directions, the frontier between
science and philosophy, go beyond the practical need to find broader
sources of inspiration when confronted with perplexities that estab-

lished scientific ideas may be insufficient to overcome. These reasons
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have to do, as well, with an ideal of scientific inquiry and with a
conception of the mind.
Science is corrupted when it abandons the discipline of empirical

validation or disconfirmation. It is also weakened when it mistakes its

assumptions for facts and its ready-made philosophy for the way things

are. The dialectic between openness to the promptings of experience
and openness to the surprises of the imagination is the vital require-
ment of its progress. When “normal science” begins to take on some of
the characteristics of “revolutionary science” — the science of “para-
digm change” — what results is a higher, more powerful practice of
scientific work. Natural philosophy can be an ally of science in this
effort to raise the sights and to enhance the powers of scientific
thinking.

It is an effort that can succeed because the mind is what it is. We
can always see and discover more than any set of methods and presup-
positions, in any discipline, can prospectively. Vision exceeds method,
and reshapes practice and discourse, according to its needs.

Natural philosophy, however, cannot be at the beginning of the
twenty-first century what it was at the beginning of the nineteenth. It
must turn into something else. Rather than providing a theory of this
something else, we here offer an example of it.

*ox ok

Each of us presents separately the whole argument of this book, record-
ing, each in his own way, the product of eight years of collaboration and
discussion. One of us renders our joint argument as a systematic view
in natural philosophy. The other expresses it in a version that, without
ceasing to be natural philosophy, comes closer to the debates and
theories of cosmology and physics today. He states it in the context
of problems and ideas immediately familiar to contemporary cosmol-
ogists and physicists. He explores its implications for their present and
future work.

The two of us agree about the overall direction and the central
claims of the argument. We do not, however, agree about all the

matters on which we touch. Some of the differences between us are
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minor. Others are substantial. Whether small or large, these differ-
ences serve as a salutary reminder that there are many ways to develop
the same general view. We list and explore these disagreements in a
note at the end of this book.
. x

Our subject of study is the universe and its history. Our negative thesis
is that the ways of thinking about the universe and its history that now
enjoy the widest influence within cosmology fail adequately to convey
the significance of what cosmology has found out about the world.
They provide a flawed basis for its future development. Our affirmative
thesis is that the intellectual instruments are already at hand to
develop another and better way of thinking about these issues. This
alternative is incompatible with commonly held views about the plu-
rality of universes, the emergent or illusory nature of time, and the
power of mathematics to serve science as its oracle and prophet.

The subject matter could not be more fundamental. Nothing
can be properly compared to it other than our study of ourselves.
Cosmology is not just one more specialized science. It is the study of
the universe as a whole, beyond which, for science, there lies nothing.

All our ideas about parts of nature will be influenced, whether
knowingly or not, by our assumptions about the whole universe.
Contemporary physics and cosmology have repeatedly inverted this
principle: they have tried to apply to the study of the universe and of
its history procedures that are useful only when applied to the study of
local phenomena. This inversion has led them into some of their
gravest mistakes.

The science of cosmology, by which we mean the scientific
study of the universe as a whole, cannot be just the physics of local
or small phenomena, scaled up to the largest scales, as it usually has
been. For reasons that we consider, physics has been the study of
subsystems of the universe. This approach is incapable of providing
answers to the central questions of cosmology, such as the nature of
time and space and the origins or explanations of the laws and initial

conditions of the universe. To answer these questions scientifically,
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with hypotheses open to empirical confirmation or falsification,
requires a new approach, based on new principles and enlisting new
methods. Our aim is to develop methods and principles adequate to a
science of cosmology that is not simply a scaled-up version of contem-
porary physics. To develop them, we take as points of departure three
conceptions: the singular existence of the universe, the inclusive rea-

lity of time, and the selective realism of mathematics.



Part] Roberto Mangabeira Unger



2 PARTI ROBERTO MANGABEIRA UNGER

1

The science of the one universe in time
The singular existence of the universe

The inclusive reality of time

The selective realism of mathematics

The first cosmological fallacy

The second cosmological fallacy

Causality without laws

The context and consequences of the argument

The argument and recent physics and cosmology

The argument and the physics of the first half of the twentieth
century

The argument and natural history

The argument and social and historical study

Reinventing natural philosophy

What is at stake

The singular existence of the universe

The conception of the singular existence of the universe
introduced

Arguments for the singular existence of the universe
Implications for the agenda of cosmology

The finite and the infinite at the beginning of the universe
The initial conditions of the history of the universe

The unexplained constants of nature

The inclusive reality of time

The problem presented: How much of nature exists in time?
The argument in science and natural philiosophy

Time as the transformation of transformation

Attributes of time: non-emergent, global, irreversible, and
continuous

The proto-ontological assumptions of this view of time

The idea of the inclusive reality of time restated

From being to becoming

15
18
23
32

46
46

49
54
67
75
89

100

100
116
141
144
147
156

162
162
170
222

226
239
245
249



PARTI ROBERTO MANGABEIRA UNGER 3j

5 The mutability of the laws of nature 259
Changing laws 259
The conundrum of the meta-laws 275
The problem of causation in the early universe revisited 277

The best hope for resolving the conundrum of the meta-laws 280
From speculative conception to empirical inquiry 288

Implications of the inclusive reality of time for some

fundamental ideas 292
6 The selective realism of mathematics 302
The problem 302
Mathematics as discovery and mathematics as invention 303
The attributes of mathematics 305
A natural-evolutionary conjecture 323

The history of mathematics reconsidered: soaring above the

world without escaping it 325
The history of mathematics reconsidered: right and wrong in ‘
Hilbert’s program 342

A deflationary and naturalistic view of mathematics 345



1 The science of the one universe
in time

THE SINGULAR EXISTENCE OF THE UNIVERSE

This book develops three connected ideas about the nature of the
universe and of our relation to it. The first idea is that there is only
one universe at a time. The second idea is that time is real and inclu-
sive. Nothing, including the laws of nature, stands outside time. The
third idea is that mathematics has this one real, time-drenched world
as its subject matter, from a vantage point abstracting from both time
and phenomenal particularity.

On the view defined by these three ideas, the universe is all that
exists. That there is only one universe at a time justifies using the terms
universe and world interchangeably. If there were a plurality of uni-
verses, the world would be that plurality. The singular universe must,
however, be distinguished from the observable universe, for our uni-
verse may be much larger than the part of it that we can observe. In this
book, we use the words cosmology and cosmological to designate what
pertains to the universe as a whole, not just to its observable portion.
Observational astronomy has continued, in recent decades, to make
remarkable discoveries about the observable universe. Cosmology,
however, risks losing its way. The arguments of this work are cosmo-
logical: they concern the whole of the universe and the way to think
about it.

Each of the three central ideas developed in this book has impli-
cations for how we interpret what science, especially in physics and
cosmology, has already discovered about the world and for how we
view what science can and should do next. It has consequences as
well for our view of the place of these scientific discoveries in our

self-understanding.
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The first idea is the solitary existence of the universe. We have
reason to believe in the existence of only one universe at a time, the
universe in which we find ourselves. Nothing science has discovered
up to now justifies the belief that our universe is only one of many,
although the universe may well have predecessors. The multiplication
of universes in contemporary cosmology has not resulted from any
empirical discovery or inference from observation; it has been the
outcome of an attempt to convert, through this fabrication, an explan-
atory failure into an explanatory success. The explanatory failure is the
compatibility of a prevalent view of how nature works at the level of its
elementary constituents with many states of nature other than the one
that we observe. (Today, in the early twenty-first century, string
theory, with its prodigious surfeit of alternative consistent versions,
almost all of them not realized in the observed universe, provides the
most striking example of such underdetermination of phenomena by
prevailing theories.) The conversion of failure into success proceeds by
the simple expedient of supposing that for each version or interpreta-
tion of the theory in favor there is a corresponding universe in which
what it says is true.

If these unobserved universes were held to be merely possible,
the question would arise why only one of the possible universes in fact
exists. Therefore, the most radical form of the conversion of failure
into success consists in claiming that these other universes are more
than merely possible; they are actual, even though we have no evi-
dence of their existence (the multiverse idea).

The most widely accepted causal hypothesis today to explain the
genesis of such a multiverse is “eternal inflation,” postulating the
creation of an infinite number of universes formed as bubbles from
phase transitions on an eternally inflating medium. Within string
theory, it is plausible to believe that such bubble universes are
described by laws, chosen by a stochastic process from the immense
range of theories that are compatible with the string-theoretical
approach. The retrospective teleology of the “strong anthropic princi-
ple,” according to which the criterion of selection of the laws in our
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universe is that they make possible our human life and consciousness,
closes the circle of prestidigitation.

The sleight of hand represented by this combination of ideas
amounts to an ominous turn in the history of science. It is a turn
away from some of the methods, standards, and presuppositions that
have guided and disciplined science until relatively recently.

Although the opposing idea, of the singular existence of the
universe, may appear self-evident to some scientists and to many
non-scientists, it raises a problem of the first order. Individual being,
wrote Aristotle, is ineffable. We can provide law-like explanations of
recurrent phenomena in parts of the universe. But how can there be a
law-like explanation of the universe as a whole if the universe is one of
a kind? How can we offer such an account if we are not entitled to
represent and to explain our world as one of many possible or even
actual worlds? The theory of the universe would have to be the theory
of an individual entity. For such a theory the history of science offers no

model.

THE INCLUSIVE REALITY OF TIME

The second idea defended and developed in this book is that time is
inclusively real. According to this thesis, nothing in this singular
universe of ours remains outside time.

The reality of time may seem an empty truism. In fact, it is a
revolutionary proposition. It contradicts not only certain speculative
doctrines that openly affirm the illusory character of time, but also
ideas about causation and scientific explanation that may seem
beyond reproach and doubt.

When the idea of the reality of time is combined with the idea of
the unique existence of the observed universe, it results in the view
that this one world of ours and every piece of it have a history.
Everything changes sooner or later.

Recognition of the reality of time gives rise to a philosophical
conundrum about causation. If time were not real, there could be no
causal relations for the reason that there would be no before (the cause)
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and after (the effect). Causes and consequences would be simultaneous.
They would therefore be unreal or mean something different from what
we take them to mean. Nothing would distinguish causal connections,
which are time-bound, from logical or mathematical relations of impli-
cation, which stand outside time. What we, in causal language, call
causes and effects would in fact be aspects of a relational grid in a
timeless reality.

If, however, everything is time-bound, that principle must apply
as well to the laws, symmetries, and constants of nature. There are then
no timeless regularities capable of underwriting our causal judgments.
Change changes. It is not just the phenomena that change; so do the
regularities: the laws, symmetries, and supposed constants of nature.

Our conventional picture of causation must be confused. For we
seem to believe, on the evidence of the way in which we use our causal
language, outside science as well as within it, that time is real, but not
too real. It must be somewhat real; otherwise there would be no causal
connections at all. It must not, however, be so real that our causal
judgments are all adrift on a sea of changing laws.

In this book we argue that the evidence of science — the deliver-
ances of the science of today, viewed in the light of its recent history -
does not entitle us to circumscribe the reality or the reach of time. Our
causal judgments cannot indeed be anchored in immutable laws and
symmetries. That need not mean, however, that we stand condemned
to explanatory impotence. Causal explanation, properly reinterpreted
and redirected, can survive the overcoming of our equivocations about
the reality of time. It can make peace with the view that time is real
and that nothing remains beyond its reach.

This intellectual program brings us face to face with a further
riddle, a puzzle that comes into sight when we begin to take seriously
the notion that the laws of nature, as well as its other regularities —
symmetries and supposed constants — are within time, and therefore
susceptible to change, rather than outside time, and therefore change-
less. We seem faced with an unacceptable choice between two troubling

positions.
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One position is that higher-order or meta-laws govern the change
of the laws and other regularities of nature. In this event, however, the
problem presented by the time dependence of the laws is simply
pushed to the next level. Either such higher-order laws are themselves
within time and liable to change, or they are timeless and changeless.
Nothing fundamental would have shifted in the structure of the
problem.

The other possibility is that no such higher-order laws exist.
Then our causal judgments would remain bereft of any apparent
basis. The change of laws would seem an enigma for which no adequate
explanation can exist: change requires causal explanation, and causal
explanation must in turn be warranted, or so it is traditionally
believed, by laws and symmetries of nature.

We consider ways out of this dilemma. One of them plays an
especially large role in our argument, as it has in the development of
the life and earth sciences and of social and historical study, although
not of physics. According to this view, the laws, symmetries, and
supposed constants change together with the phenomena. Causal con-
nections are, on this view, a primitive feature of nature. In our cooled-
down universe, they recur over a discriminate structure of natural
phenomena, which is to say that they exhibit law-like form. In other,
extreme states of nature, however, those that occurred in the very early
history of the universe, they may be, or have been, lawless.

The idea that the laws of nature are susceptible to change and
that the laws may develop coevally with the phenomena that we take
them to govern may be puzzling: for the reasons that I have suggested,
it renders unstable the laws of nature that we habitually take as
warrants of causal explanation. However, it is neither nonsensical
nor unprecedented. We are accustomed to invoke it in the life sciences
as well as in social and historical study. It saves us from needing to
appeal to speculative metaphysical conjectures, such as the notion of a
multitude of unobservable worlds.

The conjecture of the mutability of the laws of nature seems to

give rise to insuperable paradoxes. The impression of paradox, however,
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begins to dissolve once we turn on its head the conventional picture of
the relation between laws and causal connections, and recognize that
the former may derive from the latter rather than the other way around.
This idea may lead us to think in a new light of a broad range of familiar
and intractable facts. Among these facts are the unexplained values of
the universal constants of nature, especially of those constants that we
do not and cannot use as conventional units of measurement and that
are, for this reason, conventionally called dimensionless. Their seem-
ingly arbitrary values may be the result of earlier states of the universe
and of the operation of laws or symmetries different from those that now
hold. They may be vestigial forms of a suppressed and forgotten history:
testimonials to a vanished world - the one real world earlier on.
. %

A simple way to grasp what is at stake for science in the idea of the
inclusive reality of time and of its corollary, the conjecture of the muta-
bility of the laws, symmetries, and supposed constants of nature, is to ask
the question: Where do these regularities come from? Because the laws
and symmetries of nature, as we now understand them, fail to account
uniquely for the initial conditions of the universe, we need to ask as well
a second question: Where do these initial conditions come from? (The
mysterious constants of nature help describe these conditions. They do
not explain them. On the contrary, they require explanation, which the
established laws and symmetries fail to provide. Thus, even though we
can count the constants, together with the laws and symmetries, as
regularities, we cannot expect them to help explain the initial conditions
of the universe. They form, from the outset, part of the problem rather
than part of the solution.)

There are, broadly, three ways to approach these questions.

A first approach is to say that the laws and symmetries comprise
an immutable framework of natural events. They are what they are. If
they fail to apply to the very earliest moments of the universe or to
explain its initial conditions that must be only because our knowledge
of the laws and symmetries remains incipient and incomplete. It is this
first approach that, at least until recently, has been ascendant in the
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history of physics, from Newton to Einstein. It represents part of the
intellectual backdrop to the major discoveries of twentieth-century
cosmology.

An objection to this approach is that what we already know
about the very early universe suggests that the laws and symmetries
as we now formulate them could not have held in the extreme con-
ditions that existed then and that may exist again later in the history of
the universe: for example, in the interior of black holes. How can we
speak of laws and symmetries if, in such extreme states, there is no
discriminate structure —no stable repertory of different kinds of things,
such as those described by the standard model of particle physics,
interacting in ways that laws and symmetries can capture?

Another objection is that the initial conditions of the universe,
and therefore its subsequent evolution, seem extremely unlikely if
nature is indeed constituted as our laws and symmetries say that it
is. Under this first approach, the initial conditions of the universe
remain unexplained by the laws and symmetries. The laws and sym-
metries seem applicable only to a universe that has already organized
itself in the ways that are characteristic of the cooled-down universe.

It is true that so long as it resists the temptation to succumb to a
rationalist metaphysics science can never show that the universe had
to be what it has become. Science must in the end recognize what I
here call the facticity of the universe: that it just happens to be what it
is rather than something else. The problem with the first approach,
however, is that it may prematurely and unnecessarily narrow the field
open to causal inquiry. It may mistake nature for a subset of natural

“processes. It may codify as laws and symmetries how nature works in
these familiar variations: those that prevail in the relatively cold and
differentiated universe in which we find ourselves.

It is one thing to respect the inability of science to show that the
universe must be what it is. It is another thing to reduce science to a
body of precise laws, symmetries, and constants that are unable to
account either for themselves or for the initial conditions of the

universe.
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A second approach to the question of where the laws and initial
conditions of our universe come from is to take this universe as only
one of a multitude. The chief object of explanatory ambition shifts,
under this approach, from the laws, symmetries, and constants that
happen to prevail in this universe of ours to the laws and mathematical
conceptions governing the multitude of universes, of which ours
would be only one. It will soon appear that there is hardly any differ-
ence in this view between laws and mathematical notions.

The effective laws that have up until now been the chief object of
science become, under this approach, simply a variant among many
sets of higher-order laws applying to the crowd of universes. The
strangeness of the initial conditions of our universe can be discounted
as a trait of a universe that happens to be an outlier in the crowd.
The detachment of the higher-order laws from the realities of the
universe that we observe, and their multifarious content, lend them
all the more to marriage with mathematics.

The resulting ideas are not so much physical theories expressed
in the language of mathematics as they are mathematical conceptions
presented as physical theories. Under such a view, the distinction
between laws and initial conditions disappears.

The extreme limit of this idea is the notion that natural realities
are nothing but mathematical structures. Because such structures are
timeless, so must the states of nature that they comprise be timeless.
To each mathematical structure there corresponds a universe, instan-
tiating that structure in all its particulars. Observational surprises
reveal mathematical ignorance.

This second approach (whether or not in its extreme form) is an
invention of the late twentieth and the early twenty-first centuries.
It has been almost entirely foreign to the history of physics and
cosmology until the last few decades. It arose by the circumstantial
convergence of developments in particle physics, culminating in string
theory, with the conjecture of a multiverse and the appeal to anthropic
reasoning. It found inspiration and reinforcement in mathematics,
given the central role that it assigned to mathematical ideas.
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An initial objection to this approach is at once methodological
and moral. It invents imaginary entities — all the other unobserved and
unobservable universes (in cosmology) or states of affairs (in particle
physics) — to save itself from having to confront, in either particle
physics or cosmology, the failure of its theoretical conceptions to
account for nature as we encounter it. In this way, it wastes the
treasure of science, its enigmas.

A second, related objection is that, by using this stratagem, it
inverts the relation of physical science to mathematics and elides the
difference between them. If mathematics is a storehouse of ideas about
the ways in which pieces of reality may connect with one another, then
physics, in this account, becomes the identification of each of these
mathematical connections with a physical reality. It is, we argue in
this book, a practice resting on a misguided view of the relation of
mathematics to science and nature.

A third objection — and the one that will be most telling to a
scientist —is that at the end of the day this approach evades the work of
explanation. It subsumes the unexplained laws and initial conditions
under a vast framework of possible variations of nature, all but a tiny
number attributed to unobservable universes and unknown states of
affairs.

We develop a third approach. Its working assumption is that the
more promising way to explain the regularities as well as the structure of
nature, and so too the initial conditions of the one real universe, is to
explain them historically. This approach proposes that cosmology com-
plete its transformation into a historical science. It seeks empirical sup-
port in the most important findings of the cosmology of the last hundred
years: those that have to do with the history of the universe and that have
been codified incompletely in the now standard cosmological model.
Structure results from history more than history derives from structure.

This third approach has many counterparts in the life and earth
sciences as well as in the historical study of human society. However,
unlike the other two approaches, it counts on few representatives in
the history of modern physics and cosmology.
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It fails to explain away the factitious character of the universe — that
the universe just happens to be one way rather than another. However, it
vastly enlarges the field of causal inquiry. As a result, it suggests an
agenda of empirical research that communicates with the major discov-
eries that cosmology has made over the last hundred years and continues
to make now.

The historical approach, as we here understand and develop it,
makes use of each of the three chief claims of this book. It discards the
fabrication of imaginary universes in favor of a focus on the one real
universe and its history. It takes the reality of time so seriously that it
refuses to exempt either the basic structure or the fundamental regu-
larities of nature from susceptibility to change. It wants to put math-
ematics in its place, as an instrument of physical theory rather than as
a substitute for it.

Such an approach raises daunting problems. I have already
touched on two of them in this early stage of our argument.

The first problem is that if there is only one universe at a time, we
must conceive the seemingly paradoxical endeavor of developing the sci-
ence of a singular entity. The traditional way of avoiding this problem in
cosmology is to scale up: to extend explanations developed to address
pieces of the universe into ideas about the whole universe. In the cooled-
down universe, with its discriminate structure, exhibiting laws and
symmetries, such pieces of the universe — for example, patches of space-
time — come in multiple instances conforming to the same regularities.
Cosmology relies on the amalgamation of theories aboutlocal phenomena.

However, scaling up from piecemeal theories of nature to cos-
mological conceptions, at least insofar as it relies on a distinction
between stipulated initial conditions and unchanging laws, deserves
to be resisted. It is just what the argument against the first
cosmological fallacy and its Newtonian paradigm — an argument
developed later in this chapter — forbids. We must face, without the
relief that this procedure offers, the difficulty that the universe, as a
reality both unique and historical, presents to science: Aristotle’s
conundrum about the ineffable character of individual being.



I THE SCIENCE OF THE ONE UNIVERSE IN TIME If§

The second problem is that if everything in this one universe,
including its regularities and its structure, changes sooner or later, we
cannot accept a move that has helped define the path taken by physics
and cosmology at least since the formulation of special and general
relativity and of quantum mechanics in the early twentieth century.
The move is to combine denial of an absolute background of space and
time, distinguishable from physical events, with the reaffirmation of
belief in a permanent structure of ultimate constituents of nature and
in an immutable framework of laws and symmetries. The rejection of
these twin ideas requires us to change our view of causality and of the

relation of causal connections to the laws and symmetries of nature.

THE SELECTIVE REALISM OF MATHEMATICS

The third idea central to our argument is a conception of mathematics
and of its relation to nature and to science. Mathematics, according to
this idea, represents a world eviscerated of time and phenomenal
particularity. It is a visionary exploration of a simulacrum of the
world, from which both time and phenomenal distinction have been
sucked out.

Our causal explanations are steeped in time: the cause precedes
the effect. If time were illusory, so would any causal nexus be an
illusion. On the other hand, however, if time were real and inclusive
to the point of resulting in the mutability of the laws of nature, our
causal judgments would lack a stable warrant. Our conventional
ideas about causation are confused; they assume that time is real,
but not too real.

The relations between mathematical and logical propositions
are, however, timeless: the conclusion of a syllogism is simultaneous
with its premise. They are timeless, even though we reason them
through in time, and use them in the analysis of events in time.

In the philosophical and scientific tradition within which the
ideas of the singular existence of the universe and of the inclusive
reality of time have remained decisive, mathematics has gained a

power that none of the well-known positions in the philosophy of
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mathematics seem adequately to explain or to justify. The laws of
nature appear to be written in the language of mathematics. But why
and with what significance? The “unreasonable effectiveness of math-
ematics” remains a riddle without a convincing solution.

In the history of philosophical ideas about mathematics, two sets
of conceptions have come close to exhausting approaches to the sol-
ution of this riddle. According to the first set, mathematics is discovery
of an independent realm of mathematical entities and relations.
According to the second set, mathematics is invention: made-up con-
ceptual entities, manipulated according to made-up rules of inference.
The problem is that neither of these approaches to mathematics seems
to help explain the applicability of mathematics to the world.

We propose a different view, one that begins from the acknowl-
edgment of the contrast between the temporal character of every
causal nexus and the timeless quality of mathematical and logical
relations. Mathematics is about the world, viewed under the aspect
of structured wholes and bundles of relations, disembodied from the
time-bound particulars that make up the actual world: effacement of
particularity goes together with denial of time.

The world studied by mathematics is not quite our world, the one
real world, soaked through and through in time. Neither, however, is it
another world, of eternal mathematical objects, separated from ours by
an unbridgeable gulf. It is a proxy for our world, a counterfeit version of
it, a simulacrum, distinguished from it because in it everything is
denuded of placement in time and of phenomenal particularity.

It is as if our mathematical and logical reasoning represented a
Trojan Horse, placed in the mind against the recognition of the ultimate
reality of time and difference. However, its selectivity — its disregard for
time and particularity — is the source of its usefulness.

Instead of regarding our faculty of mathematical and logical
reasoning as a way of overcoming the limits of our natural constitu-
tion, we should understand it as a part of that constitution. By enabling
us to expand and recombine our ideas of how pieces of the world can

connect with other pieces, independently of the particulars of any
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given time-bound circumstance, this faculty vastly enhances the scope
of our problem-solving capabilities. It conferred an evolutionary
advantage when we were simpler than we now are, and continues to
confer one now that we have become more complicated.

The foundation of this advantage lies in its simplifying approach to
the one real natural world, rather than in a direct access to another world of
timeless and therefore unnatural objects or to an array of possible worlds
that never wore the garment of reality. Itis a natural faculty that has nature
as its subject. However, it increases its power by virtue of its distinct
approach to the particulars of this one time-bound universe of ours.

In its early stages, the relation of mathematics to the world of
temporal change and of phenomenal particularity is direct: less by induc-
tion than by what Pierce called abduction - an imaginative jumping off
from an open-ended series of particulars. Soon, however, the predomi-
nant relation of mathematics to nature becomes indirect. We begin to
expand the range of mathematical ideas by analogy, without license or
even provocation from natural experience. We go, for example, from the
three-dimensional space of Euclidean geometry, with its simplification
of our sensual experience, to geometries that have no counterpart in our
perception. We move from the natural integers by which we count things
in the world to numbers useless in counting anything we will ever
directly encounter and experience with our senses.

The mathematics that we develop on the basis of this indirect
relation to nature, driven by an agenda internal to mathematics itself,
may or may not apply to the elucidation of natural phenomena. It may or
may not be useful in the work of natural science. There is no assurance
that it will be serviceable, although it often is. The ultimate source of its
power is that it combines connection to nature with distance from nature.

This power perennially tempts us to succumb to two connected
illusions. The first illusion is that we have in mathematics a shortcut
to indubitable and eternal truth, somehow superior to the rest of our
fallible knowledge. The second illusion is that, as the relations among
mathematical propositions are timeless, the world itself must
somehow participate in the timelessness of mathematics.
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Here we offer an account of mathematics that has no truck with
either of these illusions. It is a realistic and deflationary view. It
claims that we cannot make adequate sense of the effectiveness of
mathematics in natural science by treating mathematics either as the
exploration of a separate world of timeless mathematical objects or as
the free invention of ideas about number and space that turn out,
mysteriously, to be applicable to nature.

We enjoy our mathematical powers for natural reasons. We
develop them at first inspired by nature, eviscerated of time and partic-
ularity, and then at a distance from the original sources of our inspiration.
Mathematics, however, is smaller, not greater, than nature. It achieves
its force through a simplification that we can easily persuade ourselves to
mistake for a revelation and a liberation.

The view of mathematics as the imagination of a counterfeit
version of the world, robbed of time and phenomenal particularity,
acquires its full force and meaning only when combined with the
other two ideas central to our argument: that there is only one real
world and that everything in this world changes sooner or later. One
world. Real time. Mathematics is about the one world in real time, not
about something else. Instead of trying to find what else mathematics
could be about other than the world (there is nothing else), we should
be concerned to understand in just what sense it can be about a world
to the manifest qualities of which it is so strikingly and willfully blind.

THE FIRST COSMOLOGICAL FALLACY
There is one real universe. Time is real, and nothing lies beyond its reach.
Mathematics has the one real, time-soaked world as its subject matter
and inspiration. It is useful to the understanding of this world precisely
because it explores the most general features of relations among pieces of
the world abstracted from both time and phenomenal particularity.
These three propositions form the axis of the argument of this
book. To recognize and to develop the truth that they express, we must
reject two fallacies. Each of these fallacies enjoys widespread influence

within and outside physics and cosmology. They are closely connected.
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Taken together, they summarize much of what is misguided in our
received understanding of the discoveries of science.

Call them the two cosmological fallacies. Both of them mistake a

part for the whole. They make different but connected mistakes. The
first fallacy applies to the whole of the universe methods and ideas that
can be successful only when applied to part of it. It is a fallacy of false
universality: it treats the whole universe as if the whole were one more
part. The second fallacy embraces a view of nature and of its laws that
is inspired by the forms that nature takes during part of the history of
the universe. It is a fallacy of universal anachronism: it applies to the
whole history of the universe ideas that are pertinent only to part of
that history. Its view of the workings of the natural world is too
parochial to do justice to the metamorphoses of nature.
The first cosmological fallacy — a fallacy of false universality —
applies to the whole of the universe, and therefore to the central
problems of cosmology, what we here call the Newtonian paradigm.
The Newtonian paradigm is the chief method of explanation that
physics and cosmology have deployed since the time of Galileo and
Newton. Relativity and quantum mechanisms have not disturbed
its ascendancy however much they may have modified its
application.

Under the Newtonian paradigm, we construct a configuration
space within which the movements and changes of a certain range of
phenomena can be explained by unchanging laws. The range of experi-
ence defined by the configuration space and explained by the laws can in
principle be reproduced, either by being found in another part of the
universe or by being deliberately copied by the scientist. The recurrence
of the same movements and the same changes under the same conditions,
or the same provocations, confirms the validity of the laws.

The configuration space within which changeless laws apply
to changing phenomena is marked out by initial conditions. These
conditions are the factual stipulations defining the background to the

phenomena explained by the laws. The stipulations mark out
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the configuration space: the space within which laws apply to the
explained phenomena. By definition, they are not themselves
explained by the laws that explain movements and changes within
the configuration space. They are assumed rather than explained.

However, that they perform in a particular part of science the
role of unexplained stipulations rather than of explained phenomena
does not mean that they cannot reappear in another chapter of scien-
tific inquiry as subjects for explanation. In the practice of the
Newtonian paradigm what is stipulation for some purpose becomes
the subject matter to be explained for another. That the roles of what is
to be explained and what does the explaining can in this way be
reversed ensures that we can hope to explain all of the universe, part
by part.

The observer stands, both in principle and in fact, outside the
configuration space. Conceptually, his relation to it resembles the
relation of God to the world, in the Semitic monotheisms — Judaism,
Christianity, and Islam: not as creator but as observer. He looks upon
it, to use an astronomical metaphor, from the vantage point of the
stars. The laws go together with this ideal observer. They govern what
happens inside the configuration space. They have, however, no his-
tory of their own within that space — or anywhere else.

The laws determine changes or movements within the config-
uration space. Thus, they can be used to explain events in time. To
explain changes of the phenomena, it is first necessary to represent
them. The most familiar way in which to do so is to plot them as
movements along an axis. Time is converted into space.

The laws are timeless. They have no history. They underlie and
justify our causal explanations. They are, however, themselves with-
out explanation. To ask why they are what they are is to pose a
question that lies in principle beyond the limits of a natural science
conforming to the Newtonian paradigm.

Those whose ideas about the practice of science have been
formed in this mold may hope to find in mathematics the beginnings
of insight into why the laws are what they are. This conjecture
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remains, however, no more than a metaphysical speculation with
limited practical significance for the conduct of science under the
guidance of the Newtonian paradigm.

The first cosmological fallacy consists in the application of this
way of doing science to the universe as a whole, which is to say to the
problems that are distinctive to cosmology. When the topic is the
whole of the universe and its history, rather than a part of the universe,
the distinction between law-governed phenomena within a configura-
tion space and the stipulated factual conditions defining that space
ceases to make sense. There is no place outside the configuration space
for anything else to be; that space has become the entire universe. It is
no longer thinkable, even in principle, to prepare or even to discover
copies for what we are to explain, now the entire universe, so that we
can test the constant validity of the laws.

Deaf to Newton’s warning not to feign hypotheses, we may
appeal to the idea of multiple, parallel universes in an effort to rescue
the cosmological uses of the Newtonian paradigm. If, however, these
other universes are, as they must be, causally unconnected with our
own, and no light-borne information can travel from them to us, this
conjecture will amount to no more than a vain metaphysical fantasy,
disguised as science.

The process by which what is the factitious stipulation of an
initial condition in one local explanation becomes an explained phe-
nomenon in another is now interrupted. In an account regarding the
whole universe and its history, no occasion arises for such a reversal of
roles. Thus no hope can be well founded that by accumulating local
explanations we slowly approach an explanation of the whole.

The observer can no longer stand outside the configuration
space, and claim to adopt the godlike view from the stars; all the
stars, and everything around them, are dragged down into the field of
explanation. If the laws of nature are somehow exempt from the
violent changes that nature undergoes, they must exist on
some other plane of reality, in the company of mathematics, as it is

understood by mathematical Platonists.
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Thus, every feature of the Newtonian paradigm fails when its
subject matter ceases to be a region of the universe and becomes the
entire universe. The denial of this failure is the substance of the first
cosmological fallacy. It results in a series of equivocations that corrupt
the practice of scientific inquiry and prevent cosmology from remaining
faithful to its vocation to be a master science rather than a sideshow.

A major stratagem by which to dismiss or diminish the implications
of seeing the first cosmological fallacy for what it is consists in treating the
problems of cosmology as peripheral to the agenda of physics in particular
and of natural science in general. The parts of the universe, however, are
parts of the universe. Our view of the universe and its history has impli-
cations for our understanding of all of its parts. If, for example, there is a
succession rather than a plurality of universes and if the causal connection
between successive universes, although stressed, is never broken, many
features of our world may have their origin and explanation in the traits of
the very early universe or of universes that preceded them.

An influential variation on the strategy of marginalizing cosmol-
ogy the better to suppress the embarrassments it creates for established
scientific ideas and practices is to represent the earliest moments of
the universe as characterized by infinite degrees of temperature and
energy. That is precisely what marks a singularity in the strict and
conventional sense. Once we cross the threshold of the infinite in
the representation of nature (rather than just in the exercise of the
mathematical imagination), we can no longer make use of any of
the explanatory practices, including the Newtonian paradigm, that
we are accustomed to apply to the world of nature that we know.
Thus, under the view that the present universe began in a singularity
the parameters of which are infinite, rather than in a violent event of
extreme but finite parameters, we can attribute to the enigmas of the
infinite what are in fact confusions and contradictions resulting from
the illegitimate universalization of local explanations. It is as if the
jump from the finite to the infinite provided a generic license for ideas
that, in the absence of such license, would readily be dismissed as

untenable.
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THE SECOND COSMOLOGICAL FALLACY

The second cosmological fallacy ~ a fallacy of universal anachronism —
sees the entire history of the universe from the standpoint of ideas that
may be pertinent to only part of that history. It incorporates into our
practices of scientific explanation a view of the workings of nature that
accounts for those workings only in certain states of nature but not in
others. The substance of the second cosmological fallacy is to treat the
form that nature takes in the differentiated, cooled-down universe as
its sole and permanent form. This model of the workings of nature can
then be read backward as well as forward, to earlier and later moments
of the history of the present universe, as its one and only mode; hence
the mark of universal anachronism.

It is a cosmological fallacy because it can arise only within
cosmology and as a result of its most significant discovery: the discov-
ery that the universe has a history. The second cosmological fallacy is
thus no mere methodological misstep. It amounts to a misreading of
the facts of the matter. It concerns the most important contribution
that cosmology has made to our understanding of the world.

The import of the second cosmological fallacy is that our
received image of both nature and natural science is modeled on a
historically parochial view of how nature works. Cosmology has long
since denied us any entitlement to such parochialism. We nevertheless
remain reluctant to give it up.

There is no invariant or quintessential scientific method. Qur
views of the practice of science develop together with the content of
our scientific ideas. The discovery that the universe has a history,
and so therefore must everything within it be historical, has impli-
cations for the practice of science. We have so far failed to acknowl-
edge them.

It is not just any history. It is a particular history. We already
know enough about it to begin to form the idea that nature can exist in
different states or wear different masks. Our prevailing conception and
practice of scientific explanation take only one of these states for

granted, and identify that state with the necessary and universal
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workings of nature. In so doing, however, they fail to take adequate
account of what cosmology has already discovered to be the facts of the
matter — at least if we interpret its findings undistracted by metaphys-
ical prejudice.

Yet on any of the accounts of the origins of the present universe
that now command authority, we have reason (although we have no
direct evidence) to think that the workings and characteristics of
nature were once very different from what they have since become.
These views can be broadly grouped into two main families of ideas.

One family of ideas, predominant to this day, traces the origins of
the observed universe to a singularity in the now conventional sense:
an original state in which the energy density of nature reached infinite
value. Another family of ideas, which the argument of this book
accepts, follows the history of the present universe to an original
state in which the energy density of nature was extreme but never-
theless finite. In this second family of ideas, the conjecture of an
original state of extreme energy density is readily married to the
further conjecture of a succession of universes.

What is striking is that on either of these two sets of conceptions,
we have reason to suppose that the familiar divisions within the
mature and evolving universe — the structural distinctions and rudi-
mentary components of nature described at one level by the standard
model of contemporary particle physics and at another level by the
periodic table — may once not have existed. (Of course, the chemical
description of nature, as summarized in Mendeleev’s periodic table, is
not fundamental. It is nevertheless connected through many inter-
mediate links, such as the Dirac equation and the Pauli exclusion
principle, to the fundamental description offered by particle physics.
The idea of a permanent differentiated structure of natural phenomena
is central to the dominant tradition of modern science. Darwinism
and, more broadly, the earth and life sciences have barely made a
dent in the ascendancy of this vision. The idea of an ahistorical differ-
entiated structure does not live exclusively in the forms of science that
explore fundamental levels of reality — particle physics first among
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them — but also in the sciences — chemistry, for example — that address
nature at less fundamental levels. Unless we are to subscribe to a
radical reductionism, incompatible with the way in which the physical
sciences have developed, there is no reason to disregard the less funda-
mental descriptions and to focus solely on the more fundamental ones.
The notion of a timeless structure must be contested and overthrown
at all levels: the less fundamental ones as well as the more fundamental
ones. In the meantime, chemistry, like particle physics, continues to
be a structural science rather than a historical one.)

It is not simply, on this line of reasoning, that other structural
distinctions and rudimentary components marked nature in the very
early universe. It is that the presentation of nature as a differentiated
structure, and its working as an interaction of clearly distinct forces or
fields, may then have failed to obtain. Such distinctions and interac-
tions could not have existed under the conditions of the very early
universe. If they existed at all in the circumstance of the original
extremes, they would have had to have been radically different, and
to have worked in a radically different way, from how they later came
to be and to work. A premise of much established thinking in cosmol-
ogy and physics is, nevertheless, that nature works always and every-
where as a structure of distinct parts (particles, fields, forces)
interaéting with one another in conformity to unchanging laws.

The criticism of the second cosmological fallacy has as its aim to
explore this contradiction within our present beliefs about the history
of the universe and to consider its implications for the practice of
science as well as for the content of some of our most comprehensive
scientific theories. The whole argument represents a natural-
philosophical reflection on what it would mean to take altogether
seriously the idea that has been central to cosmology ever since
Lemaitre’s conjecture about the origins of the universe gained wide-
spread acceptance.

In this reflection, I resort to a heuristic device. I imagine two
states of nature and say nothing about the transition from one to the

other. This contrast, in the terms in which I sketch it, far exceeds the
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authority of the evidence. Moreover, it is couched in terms that could
not figure among the formulations of a developed scientific theory.
Nevertheless, it serves a legitimate analytic purpose: the aim of exposing
the logic of the idea that nothing in nature lasts forever. In particular, it
makes this logic explicit in the context of the second family of beliefs to
which I have just referred: those that presuppose extreme but not infinite
values of the earliest states of affairs in the history of the universe.
The strategy of the heuristic argument is to contrast only two states of
nature and to suggest nothing about the transition from one to the other.

The stark simplifications and the metaphorical language to
which I here appeal in no way undermine the usefulness of the argu-
mentative device. The core point is that the research agenda and the
way of thinking inspired by Lemaitre’s conjecture fail to be fully
achieved if we content ourselves with the idea that the early universe
had a different structure. The implication of the conception of the
original state is that it had no structure at all, in the familiar sense of
the concept of structure to which the scientific study of the mature
universe has accustomed us. Because it had no such structure, it must
also be supposed to have worked in a different way.

Moreover, the significance of the device is not limited to finitistic
views of the original state: accounts of the original state of the universe
that restrict all parameters to finite values. It is pertinent as well, albeit
in a different way, to views that invoke a finitude-defying singularity.
For, according to such views, there must also have been a moment when
the distinctions and interactions of the mature universe did not yet
exist. There must have been a transition and a transformation leading
from the universe then to the universe later. Indeed, the transition and
the transformation must have been all the more far-reaching if they
accommodated, as they must have for such conceptions to make
sense, a passage from the infinite to the finite.

In one state, nature appears and works as it does in the formed,
cooled-down universe: the universe that we observe. Nature is divided
up into discontinuous elementary components, the most basic of
which are the particles, fields, and interactions studied by particle
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physics. More generally, nature is constituted in this state by kinds of
things or natural kinds: a fact that inspires the projects of classical
ontology as well as of natural science. It is in this way that nature was
seen in the tradition of Aristotle. It is likewise in this way that nature
continues to be represented in the tradition that began with Galileo
and Newton and continues to today.

Natural phenomena present themselves, according to this con-
ception, within a limited range of parameters of energy and temperature.
They display only modest degrees of freedom. The penumbra of the
adjacent possible around each phenomenon - what it can become
next, given what it is then — remains restricted or thin. The laws of
nature — both the effective laws operating in particular domains, and the
fundamental laws or principles cutting across domains — are clearly
distinct from the phenomena that they govern. It is only a short step
from these conceptions to the idea that changing states of affairs are
governed by unchanging laws.

Nature, however, to follow the logic of this heuristic device,
admittedly beyond the boundaries of the evidence before us but not
contradictory to any of it, may also appear in another mode. It may
have existed in this other way in the very early history of the present
universe as well as at the beginnings or at the ends of other universes, if
our universe was preceded by earlier ones. Nature may so appear again
in its very late history. It may also from time to time present thus in
particular regions, subject to extreme conditions. These local realities
would then depart from the model of the workings of nature established
in the cooled-down universe.

In this second state of the universe (the first, however, in the order
of time), the structural distinctions among elementary constituents of
nature have broken down or not yet taken shape. The parameters of
temperature and energy are extreme but they are not infinite (as they
are under the standard concept of a cosmological singularity).
Consequently, no insuperable obstacle of principle exists to investigating
and explaining them; it is not true that nature is open to our under-

standing only in its first state but not in its second.
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Much higher degrees of freedom are excited than we observe in
the cooled-down universe, and the penumbra of the adjacent possible
around each phenomenon now becomes thick and rich. It does so
whether we account for this wealth of transformative opportunity in
the language of either causal or statistical determination. The laws —
at least the effective laws applicable to particular domains - cease to
be readily distinguishable from the states of affairs that they govern. If
the phenomena change, the laws change coevally with them. This
last characteristic of the second state of nature is intimately related to
all the other traits: to the absence of clear and stable structural
divisions (and thus of distinct domains to which different sets of
effective laws would apply); to the extreme though finite physical
parameters; and to the enhanced degrees of freedom enjoyed by
the phenomena — the range of other phenomena that the existing
phenomena can become and the facility with which they can turn
into them.

The second cosmological fallacy is the disposition to take
account of only the first state of nature while disregarding the second,
and to do so in our methods as well as in our theories. When we
succumb to this fallacy, our conception of how to practice science, as
well as our view of the workings of nature, allows itself to be shaped by
an intellectual engagement with only one set of the variations of
nature. It becomes in a sense the science of a special case. It conse-
quently remains limited in the reach of its insight even into that
special case. The deepest enigmas of nature escape it.

Itisnot just the Newtonian paradigm that takes this path. It is an
entire approach to science that has been shaped by the assumption that
the first of these two states of nature (the second in the order of time)
represents the ultimate and constant character of reality. In developing
and supporting the idea that the universe has a history, cosmology,
however, has already given us grounds to reject this assumption as
false. On one interpretation of its findings (for which we argue in this
book), everything is emergent — everything comes and goes — except

time.
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The emergence of everything except time is one of the ways in
which the first state of nature ceases to represent the essential and
enduring character of reality. It is not the only way. Every version of
the now standard account of the origins of the present universe sug-
gests that nature at the earliest moments in the formation of the
present, observed universe may have displayed traits very different
from those that it later came to exhibit as it cooled down and assumed
the structured form in which we now observe it.

It is simply that under many of the most influential cosmological
theories — those that appeal to the idea of an initial singularity — the
alternative traits of nature remain hidden under the veil of the infinite.
The state that these theories purport to describe is one in which the
parameters of the phenomena had infinite values. To ascribe infinite
values to them is to place them effectively beyond the reach of inquiry
and understanding: the ultimate secrets of universal history would
remain sealed behind a door that we could never open. The result
would be - indeed, it has been — to allow us to treat the variations
and workings of nature as we encounter them this side of that door as if
they were its permanent traits. It would also be to regard the practice of
science that relies on this assumption as what science must always be.

If nature wears multiple disguises — the states through which it
passes — a science that presupposes a stable structure of ultimate
constituents of nature — the structure represented at one scale by the
standard model of particle physics and at another scale by the periodic
table — and a framework of immutable laws or symmetries clearly
distinct from the phenomena that they govern cannot be more than
the science of a special case, even if a special case of broad and enduring
application. Such a science — the science that we in fact have — will be
bereft of the cosmological equivalent of the physics of phase transi-
tions: an account of the transitions from one state of nature to another.

Unlike the physics of phase transitions, such an account is
universal rather than local. Unlike the physics of phase transitions, it
requires a style of scientific explanation that dispenses with both the

idea of a framework of immutable laws of nature and the picture of
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nature as a differentiated structure, made up of distinct elementary
constituents — forces, fields, and particles — interacting with one
another in conformity to such laws.
MR

The two cosmological fallacies are closely connected. They reinforce
each other. They make each other seem to be unavoidable conceptions —
indispensable to the practice of scientific inquiry — rather than the
contestable options that they in fact are.

The second cosmological fallacy limits our understanding of the
variations of nature. In so doing, it makes the cosmological use of the
Newtonian paradigm seem less troubling than it would otherwise be. It
fails to solve the problem of the breakdown, in a cosmological context,
of any distinction between initial conditions and a local configuration
space of law-governed phenomena. Similarly, it does nothing to show
how we can be justified in using the Newtonian paradigm in a setting
in which we have no hope of observing or preparing copies of the
explained phenomena. Nevertheless, the second cosmological fallacy
represents nature as working always and everywhere in the way in
which the Newtonian paradigm supposes it to work: by the conformity
of distinct elements or phenomena, within a differentiated structure,
to changeless laws.

The first cosmological fallacy presupposes a view of the
workings of nature that makes any other conception of how
nature works seem to be incompatible with the requirements of
science. All the better then if nature can provide us with an
excuse for the limitations of our insight by taking refuge in an
exceptional condition that, because it has infinite parameters, is
forever barred to investigation and understanding. It is for this
reason that the conventional idea of the cosmological singularity
helps makes the universalization of the Newtonian paradigm
seem legitimate. By associating the finite with the workings of
nature in the cooled-down state of the universe and any other
variant of nature with the impenetrable infinite, it lends appeal

to the second cosmological fallacy.
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Despite their reciprocal connections, the two cosmological fal-
lacies have different characters and consequences. The second is more
fundamental, and more far-reaching in its implications, than the first.

The first cosmological fallacy commits a mistake of method,
with empirical assumptions and implications. The second cosmolog-
ical fallacy amounts to a mistake about the facts of the matter, with
wide consequence for the practice of science. The matter that it
mistakes is the most important in science: the nature and history of
the universe.

The argument against the first cosmological fallacy ends in a
negative claim: the claim that we are not entitled to apply to the whole
world the methods and habits of mind that modern science has applied
to parts of the world. This negative claim in turn evokes the need for a
way of thinking different from the one that the Newtonian practice
exXpresses.

The argument against the second cosmological fallacy results in
a positive claim: the claim that there is already more — implied if not
shown — in what science has discovered about the universe than our
established natural philosophy — the lens under which we read these
discoveries —is willing to countenance. It suggests that this something
more is baffling but in principle not inscrutable and that our under-
standings have not yet caught up to our findings. It inspires the need for
a practice of science that can persevere in the endeavor of scientific
inquiry even when the two features of nature that have seemed
most indispensable to science are missing: the presence of distinct
and constant elements or types and their interaction according to
law-like regularities.

The arguments against the two cosmological fallacies require us
to think historically about nature and its laws. As a result, they force us
to confront what we here call the conundrum of the meta-laws. If the
laws of nature have a history inseparable from the history of nature, it
seems unacceptable to say either that their history is itself law-governed
or that it is not. If the history of the laws of nature is law-governed, we

seem to have rescued part of the standard view of science only by
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equivocating about the reality of time and by separating the content of
the laws from the vicissitudes of the phenomena. If their history is not
law-governed, it appears to lack an explanation, in violation of the
principle of sufficient reason. Moreover, our causal explanations, relying
as they do on the picture of a law-governed world, are rendered insecure.
‘They will remain insecure until we change our understanding of the
relation between causal connections and laws of nature.

The meta-laws conundrum is central to the agenda of cosmol-
ogy. The solution to this conundrum bears on the meaning of every
proposition within natural science. Cosmology is not an afterthought
to physics. It is the part of natural science that has the most general

implications for all the other parts.

CAUSALITY WITHOUT LAWS

The three central claims of this book (about the world, time, and
mathematics) and the argument against the two cosmological fallacies
cannot be advanced without revising our view of causality and of its
relation to laws of nature.

The approach to causation that has been predominant for several
centuries rests on two pillars. The first pillar is the notion of causal
links as mental constructs rather than as real connections in nature.
The second pillar is the principle that causal explanations presuppose
laws of nature: the laws serve as the warrants justifying causal explan-
ations. We cannot have the latter without invoking the former.

That we should understand causation as a device of the mind - a
requirement of the way in which we cope with the world and seek to
understand it — rather than as a description of the workings of nature has
been the prevailing view in philosophy since Hume and Kant. According
to this view, causality is an indispensable habit of the mind, a requirement
of our efforts to make sense of reality, an unavoidable simplification, a
proxy for ultimate truths about nature that are forever denied us. So long
as the inquiries and actions that we undertake under the aegis of the idea
of causality produce acceptable results, either as theory or as practice, we

have no reason to rebel.
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One of the many benefits that this view of causation as mental
construct renders to the ruling ideas about nature and science is to
disguise or muffle the disharmony between causal connections among
parts of nature and relationships among mathematical propositions.
Nature, it is believed, works according to laws that are written in the
language of mathematics. But how can there be such a comprehensive
consonance between nature and mathematics if causal relations imply
time (as effects succeed their causes) whereas mathematical relations
are timeless (as the conclusions of a mathematical inference are con-
ceptually simultaneous with its premises or points of departure or,
rather, have nothing to do with the passage of time)? By treating
causality as a necessary projection of the mind onto the workings of
nature, which we would otherwise be unable to decipher and which we
can grasp only under the constraints of human understanding,
we make the paradox of the application of the timeless to the time-
bound seem less troubling.

That causal explanations depend on an appeal, however tacit, to
laws as well as to symmetries and constants of nature is a proposition
that may seem all but self-evident. If causality has a clear and constant
meaning, its proper usage appears to imply an appeal to regularities of
nature. These regularities are laws, symmetries, and constants.
However, it is laws, rather than symmetries and constants, that are
easier to enlist, and have been most commonly enlisted, in the effort to
explain why or how the same effects follow in similar circumstances
from the same causes. Under this view, the laws of nature not only
account for recurrent causal connections, they also establish which
circumstances count as similar.

Causality without laws would seem to be a senseless notion:
what would make the effect follow the cause? Without laws, relations
of cause and effect would, according to this widespread conception, be
arbitrary — mere coincidences — or express something different from
what they seem to reveal. For example, they might describe relation-
ships of reciprocal implication, better represented in the language of

mathematics than in the vocabulary of cause and effect.
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The view of causality as mental construct is not, strictly speak-
ing, inseparable from the thesis that causal explanations presuppose
laws of nature. Nevertheless the two ideas reinforce each other. Each
makes the other look yet more natural. If causality represents an
enabling condition of our ability to reason about reality, then we can
easily extend this supposedly indispensable syntax of concepts to
include the partnership between causal accounts and law-like explan-
ations. If causal explanations rely, implicitly or explicitly, on an
appeal to regularities, especially laws of nature, then we can have
more confidence that whatever the limits on our power to grasp
“things in themselves” may be, we can at least bring order and clarity
to our practices of inquiry, and hope to distinguish justified from
unjustified beliefs about the workings of nature.

We do better to destroy these twin bases of the modern view
of causation and of laws, and to think in another way. A different
conception fits better with the ideas of the singular existence of the
universe, of the inclusive reality of time, and of the selective realism of
mathematics that we here develop and defend. It also conforms more
closely to the empirical and experimental spirit of science. Causal
connections, according to this alternative view, form a real feature of
nature. They are not just an indispensable invention or projection of
the mind.

Because they are real features of nature, they can take as many
different forms as nature takes in the course of the history of the
universe. Whether causal connections are always law-like is not a matter
that we can determine by investigating the logic of our conceptual
categories or the implications of our habits of mind. It is something
that we can clarify only by finding out how nature in fact works, not
universally and once and for all but rather variably, over time. It depends
on facts of the matter about nature, not just on facts of the matter about
human understanding.

If change changes, if the forms of connection and transformation
evolve in the course of the history of the universe together with the

states of affairs, then the real causal connections that bind nature
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together and that we describe in our theories may also undergo
transformation.
. x x

In the most rudimentary sense, a causal connection is the influence
that a state of affairs exercises over what follows it. The key presup-
position of causality is therefore not the recurrence of the same
connections: their law-like form. It is time. If time is not real,
causality, understood in this way, cannot be real. It must be assimi-
lated, or reduced, to something else: for example, to relationships of
reciprocal implication, such as those that mathematics and logic
represent.

Causal relations usually connect recurrent phenomena. Such
will ordinarily be the case in what I earlier called the first state of the
universe (which is the second state in order of time): the state in which
a fixed structure of distinct elements of nature (as described by particle
physics and by the periodic table) has taken shape, the laws or regu-
larities of nature can be clearly distinguished from the phenomena that
they govern, and there are tight constraints on the change from one
state of affairs into another.

However, it may also happen that phenomena have not yet
become, or no longer are, recurrent, if only because no structure of
distinct elements or parts of nature has been established or main-
tained, the laws of nature are not yet, or have ceased to be,
distinguishable from states of affairs, and the range of transformative
opportunity — for the change of some states of affairs into others —
remains ample. In such a circumstance — what I called earlier the
second state of nature (but the first in the order of time, as in the
early history of the present universe) — there can be causality without
laws.

Causality will then continue to describe real relations in the one
real, time-haunted world. However, there will not then be the element
of recurrence or repetition enabling us, in similar circumstances, to
attribute the same effects to the same causes. In this sense, the world

will then be lawless.
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The character of causation in each of these variants of nature is
not a subject separate from scientific inquiry; it forms part of that
inquiry. A theory in physics, cosmology, or any other branch of science
is, among other things, an account of the real workings and changes of
nature. We may, however, seek to develop a view of the similarities
and differences among such causal connections: of what they are and of
how they change.

Such a view will belong as much to natural science as to natural
philosophy, and serve as an example of the porousness of the boundaries
between them. Recognition of the real, rather than ideal, character of
causal connections makes it possible to affirm their mutability and
variety.

Under this conception, the character of causality cannot be uni-
form for the reason that everything in nature changes over time,
including the forms of connection and of change. However, although
change changes, it changes on the basis of what it was before. One state
of affairs influences the next one. One way in which a state of affairs
shapes its sequel influences a subsequent way in which it exerts this
power over its aftermath. We should thus expect that despite the
absence of a single form and meaning of causation there will be a
substantial overlap among the forms and meanings of causal connec-
tion over time, the time of the history of an evolving universe. The
common thread will be influence upon succession: causation is always
about how every state of affairs in nature influences the states of affairs
that succeed it in time.

“In time” is the decisive qualification: a universe in which causal
connections form no part of nature (because they are mere construc-
tions of the human intellect) is one in which time plays a secondary or
epiphenomenal role. In such a universe there may be time-reversible
laws of nature, as in Newton’s mechanics. Reversibility of the laws
diminishes the reality of time. Or there may be a timeless relational
grid, as in Leibniz. The existence of a grid of that kind solves the
contradiction between time-bound causality and time-denying logical
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or mathematical implication by reducing the former to the latter. Or the
view may be offered that an appearance of causal succession merely
disguises the workings of some other providential force coordinating
events in nature and producing the false impression of causal connection.
Such was the doctrine of the occasionalists, like Malebranche. These
positions in the natural philosophy of the seventeenth and eighteenth
centuries may seem more or less quaint until we realize that they remain
alive in other less evident and all the more dangerous contemporary
counterparts.

The preceding contrasts show that the reality of causal connection
is closely or internally related to the reality of time. This relation has at
least three aspects. First and most fundamentally, causation takes place
in time and implies the reality of time. Second, time would not be
inclusively real if causal connections simply enacted timeless laws of
nature. From the idea of causal connection as such an enactment, it is
only one step to the notion of time-reversible laws of nature {as in
Newtonian mechanics). Third, the variety and mutability of causal
connections — properties that they can meaningfully possess only if
they are realities of nature rather than simply constructions of the
mind — help us better understand what is implied in the claim that
time is real.

That everything in nature can change — the kinds of things that
there are as well as the ways in which they change — means that
nothing stands outside time. It also modifies our understanding of
what time is: part of what is at stake in the thesis of the reality and
inclusiveness of time is that no absolute framework, whether of space
or of laws or of mathematical truths and relations, envelops time. It is
time, on this view, that envelops everything else. It is the only feature
of nature that enjoys absolutely the attribute of non-emergence.

On this account, the long-held conventional view of the relation
between causal connections and laws of nature is turned upside down. It
is the causal connections, not the laws of nature, that are primitive and
fundamental, though also time-bound, diverse, and mutable. By the laws
of nature, we designate a feature that causal connections sometimes
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fail to possess: that they recur because they bind together recurrent
phenomena.

In the mature, cooled-down universe, most natural phenomena
possess this feature. Suppose, however, that we take the long, cosmo-
logical view, especially when we prefer the idea of a succession of
universes, or of states or phases of the universe, to the idea of a plurality
of universes, and reject the notion that the universe began in an infinite
initial singularity. The way is then open to think that causal connec-
tions may at times have failed to work as recurrent connections among
recurrent phenomena. They may have failed to exhibit the feature of
recurrence in the early universe: the universe before (or after) a discrim-
inate structure emerged and laws became distinguishable from states of
affairs. They may again fail to exhibit that feature later on, in extreme
states of nature during the evolution of the cooled-down universe.

In this conception, the laws, like the bonds of causality, represent
real features of the workings of nature. They are no mere heuristic
devices. Theirs, however, is a derivative reality by contrast to the prim-
itive and fundamental reality of causal connections. The invocation of
laws describes a special case — the standard case in the mature universe.
By using the vocabulary of laws we allude, as if by shorthand, to defining
features of this standard case: regularity in the ties among repetitious
phenomena. It is, in more senses than one, the inverse of the now
conventional account of the relation between causal connections and
laws of nature. In that account, it is the causal connections that are
derivative from the laws of nature, and affirmed only for the conven-
ience of human understanding. If my argument is correct, we should
invert this line of reasoning.

This inverted view has implications for the conundrum of the
meta-laws: the problem of how to think about change of the laws of
nature, given that either of two apparent solutions to this problem
seems unacceptable. One of these solutions appeals to the idea of
higher-order laws governing change of the laws. It triggers an infinite
regress and circumscribes, unjustifiably, the inclusive reality of time.
The other solution dispenses with the idea of higher-order laws. It
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makes the change of the laws seem to be uncaused, if indeed causation
presupposes the operation of laws.

In discussing the conundrum of the meta-laws I suggested a
response to the conundrum: the co-evolution of the laws and of the
phenomena, an idea familiar in the life sciences as well as in social and
historical study. This idea, however, remains incomplete and unneces-
sarily baffling if not complemented by the idea of the primitive reality
of causal connections.

The idea of the co-evolution of laws and phenomena makes sense
if, and only if, causal connections are real in nature. Because they are real,
and imply time, indeed in a sense embody time, they can change over
time. If causal connections were only mental constructs, to say that they
change would be indistinguishable from saying that our ideas about
them change. We would have no basis on which, and even no vocabulary
with which, to distinguish change in theories about causal connections
from change in such connections.

The idea of the reality of causal connections remains unfinished
and enigmatic so long as it fails to be developed into a view of how, in
the course of the history of the universe, causation acquires a law-like
form. Such a view leads into an account of how the laws may change as
the phenomena and their connections change.

Thus, it is a mistake to regard the idea of the co-evolution of laws
and phenomena and the idea of the real and primitive character of
causal connections as two separate conceptions, much less as rival
ones. Rather they represent two aspects of the same approach.
Together, they suggest the beginning of a solution to the conundrum
of the meta-laws. They bring greater clarity and support to the central
theses of this book: that there is only one real universe, that time is real
and inclusive, and that mathematics gains its power by exploring a
counterfeit version of the world, bereft of time and particularity. These
ideas do their work at the cost of attacking the foundations on which
much of our thinking about causes and laws has wrongly come to rest.

That the laws of nature supervene on causal connections, which

are primitive in nature, is a view diametrically opposed to the
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conventional conception, according to which causal connections are
mere instances of the laws of nature.* Causal connections regularly
assume law-like form in the observed, cooled-down universe. There
may, however, be states of natural reality in which they exhibit no such
form. Such states (by inference from current standard cosmological ideas)
may have played a central role in the formative moments of the present
universe as well as in extreme conditions (such as those that prevail in the
interior of black holes} occurring in its subsequent history.

That causality can exist without laws is a proposition that may
seem paradoxical to the point of absurdity when entertained in the
context of physics. Yet it has become a commonplace, though an
inadequately explained one, in the life and earth sciences as well as
in the study of society and history.

In Chapter 2, I discuss how this problem has been expressed in
the history of social theory and of social science. Those who insist on
the vital influence of formative institutional and ideological structures
in society and of structural discontinuity in history are, for the most
part, no longer able to believe in laws of historical change, driving
forward the succession of such structures. They have, for example,
largely abandoned explanatory practices, like the one Karl Marx
embraced, that represent history as a law-like progression of indivisible

* It is also to be distinguished from views holding that the empirical discoveries of
science are best understood without any reliance whatsoever on the idea of laws of
nature in any state of the universe. See, notably, Bas C. van Fraassen, Laws and
Symmetry, 1989, proposing that symmetries rather than laws deserve to be placed at
the center of our understanding of scientific inquiry. In this argument I take invar-
iant symmetries, just as I take laws of nature, to be a mode of causation rather than
its basis. They characterize the workings of nature over much of the history of the
universe. They need not characterize these workings always and everywhere. I focus
on the relation of causes to laws rather than to symmetries because of the central
role that the idea of timeless laws of nature has played in the development of the
traditions that we here oppose. Regularities in the workings of nature are laws,
symmetries, or constants. A symmetry may be defined informally as a-transforma-
tion that leaves all relevant structure intact. Relevance is determined with respect
to a theoretically chosen and interpreted context. The concept of symmetry is
intimately related to the idea of invariance. Thus, symmetries, if invariance con-
stitutes part of their nature, impose a restraint on the inclusive reality of time, as do
immutable laws.
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institutional regimes: the modes of production in his social theory. The
task then becomes to do justice to causal influence and constraint in
the succession of such regimes without appealing to unbelievable laws
of history. This problem is analogous, in some ways but not in others,
to the conundrum of causality without laws in cosmology and physics.

Change changes. That it changes is much of what the thesis of the
inclusive reality of time means. The transformation of transformation
implies that the laws of nature are in principle mutable. It also implies
that the way in which a prior state of affairs can influence a later state of
affairs, when causality exists without laws, can also change.

Causation works with what exists at any given time, including
the established forms of change. It does not work by selecting from a
range of states of affairs marked as possible according to the criterion of
some abstraction from nature, such as the criterion of the varieties of
phenomenal connection that we are able to represent mathematically.
Nor does it operate by returning to some no longer existing form of
connection, unless that prior form of connection retains a vestigial
presence in the universe that now exists; otherwise, the recurrence
would represent the temporal equivalent to action at a distance.

Wherever, as in most of the observed universe, there exists a
differentiated structure, a clear distinction between states of affairs
and laws of nature, and tight constraints on what can happen next, the
change of change will be rare. It will take the form of the appearance of
emergent phenomena, with new properties, displaying new regular-
ities, or governed by new laws. Such is the case with the phenomena
studied by the earth and life sciences, and then again with those
realities that we address when we try, through the study of mind,
society, and history, to understand ourselves. Complexity may expand
the range of the adjacent possible — of the theres that nature can reach
from any given here. In so doing, it creates a basis for emergent
phenomena, exhibiting novel regularities.

Suppose nature can also exist in another form, the second state
evoked in my discussion of the second cosmological fallacy, in which

there is no differentiated structure and no clear contrast between laws
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and phenomena, in which many degrees of freedom are excited, and in
which there persists ample transformative opportunity. In such a state,
the restraints on the change of change will be weakened. Degrees of
freedom, the adjacent possible, and emergent phenomena and propez-
ties will no longer be concepts that can be clearly distinguished when
applied to such a presentation of nature.

We are accustomed, by the dominant tradition of physics, estab-
lished as the supreme model of successful science, to regard historical
explanation as ancillary to structural explanation. On the view that we
here defend, this hierarchy must be reversed: structure results
from history. Historical explanation is, thus, more fundamental than
structural explanation. Cosmology affirms its ambition to be the
most comprehensive natural science when it understands itself as a
historical science first, and as a structural science only second.

The primacy of historical over structural explanation should give
no offense to science, so long as we qualify the demand for causal
explanation of everything in two ways (neither of which would be
acceptable to those who espouse the metaphysical rationalism of
Leibniz’s principle of sufficient reason). The first qualification is that
we allow a historical explanation to count as a causal account in cos-
mology and physics as in other branches of sciences, indeed as the most
characteristic form of causal explanation when the subject matter of
science becomes the whole universe. Under a historical view, a state of
affairs is the way it is because of the influence of an earlier state of affairs,
not because it conforms to timeless and invariant regularities. We shall
not always be able to account for the influence of the earlier on the later
by invoking such regularities. The second qualification is that we be
willing to pay the price of a practice of historical explanation that is not
subordinate to structural explanation.

This price has, in turn, two parts. The first part is that there is no
absolute beginning. Time, we argue in this book, is not emergent.
At any given moment in the history of science, our ability to draw
inferences, supported by observation, is limited. Moreover, even if it
were unlimited, we could not peer into the beginning of time; on this
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account, time has no beginning. Thus, historical explanation is by its
nature incomplete.

The second part of the price is that change in how change occurs, as
described by a historical science, has an ineradicable matter-of-fact-ness
or facticity. We can increase the extent to which we are able to make
sense of the transformation of transformation. At the end of the day,
however, nature will always be found to have an irreducible factitious
element: it is what it is. If it were not what it is, but rather the conse-
quence of some mode of rational necessity, history would once again be
subordinate to structure.

We can attenuate such just-so-ness. We cannot abolish it.
Examples of how we can attenuate it are the proposals that we make
later in this book for the resolution of the dilemma of the meta-laws in
cosmology, conceived as a historical science: we have reason to resist
accepting either that change of laws of nature is governed by higher-order
laws or that it is not.

. % x
These propositions require us to believe that the workings of nature are
not necessary, even though they are causally determined. There is no
univocal, unambiguous notion of necessity in science. Necessity des-
ignates the limit of the least mutable realities that are represented in a
given set of ideas: what is necessary is whatever, according to that way
of thinking, could least be other than it is.

In the tradition of physics that began with Galileo and Newton,
the content of this limiting ideal of necessity is given by the conver-
gence of three commitments.

The first commitment is to what we call the Newtonian
paradigm: the extrapolation to the whole universe of an explanatory
strategy, distinguished by the contrast between initial conditions and
timeless laws applying within a configuration space demarcated by
stipulated initial conditions. This procedure is legitimate only when
applied to parts of the universe. To repudiate its cosmological applica-

tion was the aim of my argument against the first cosmological fallacy.
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The second commitment is to the premise that the characteristic
form of the observed, cooled-down universe, with its stable, differenti-
ated structure, its apparent contrast between laws and phenomena, and
its severe constraint on degrees of freedom, on the range of the adjacent
possible, and on the facility for the appearance of emergent phenomena
and properties, that is to say, of the new, is the only form of nature. To
reject this temporal generalization of the form that nature takes in the
cooled-down universe was the purpose of my criticism of the second
cosmological fallacy.

The third commitment is to the sovereignty of mathematics
over physics. On the view presupposed by that commitment, what is
physically realized is what can be mathematically represented and
justified. Mathematics stands to physics as both oracle and prophet,
divining the ultimate nature of reality. Given the non-temporal and
ahistorical character of the relations among mathematical proposi-
tions, this commitment is intimately related to the assumption of
the immutability of the laws of nature and to the invariance of its
symmetries, expressed as mathematical equations. One form of this
ambition is to conceive the universe as isomorphic to a mathematical
construction or even as a mathematical structure. Another form is to
infer the laws and symmetries of nature from the most consistent and
comprehensive mathematical ideas. To contest the third commitment
is the goal of my discussion of mathematics in Chapter 6.

Neither any law or symmetry of nature, however fundamental it
may appear to be, nor any working of causality, in the absence of such
laws and symmetries, is necessary if by necessity we mean an idea of
necessary realities and relations that is defined by the coexistence of
these three commitments.

It does not follow, however, that the meaning of the thesis of
causality without laws is to affirm the radical contingency of the way
in which nature, at any given time, works. Radical contingency is a
metaphysical, not a scientific, idea. Its function is to express a disap-
pointment: that we cannot infer the way things are from the imperatives
of reason (in the spirit of Leibniz’s principle of sufficient reason). Its
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invocation betrays bad faith or confusion: a surreptitious genuflection to
rationalist metaphysics by those who pride themselves on having cast off
its shackles. It is an homage that has often had an ulterior religious,
moral, or political motive.

The way things are is, for science, just what they are. The sub-
ordination of structure to history ensures the defeat of the rationalizing
metaphysical project that the dominant tradition in physics has
patiently served. It has served this project in the conviction that in so
doing it would be able to wed mathematics, and serve itself. As dowry,
it received from mathematics a poisoned gift: the means with which to
explain temporal events by timeless laws.

Structure results from history. The combination of fundamental
historical explanation with derivative structural explanation is the
basis of science.

It falls to science to make sense of how and why the workings of
nature are what they are. To guard against illusion, it must do so,
however, without taking the why part of this endeavor as an invitation
to infer natural reality from rational necessity. The universe is more
neutrally described as factitious than as radically contingent: its most
important attribute is that it is what it is rather than something else. It

is what it is because it was what it was.



o The context and consequences
of the argument

THE ARGUMENT AND RECENT PHYSICS
AND COSMOLOGY
The historical context of the argument helps clarify its intentions.
Consider four such contexts: the physics and cosmology of the last
few decades, the physics of the first half of the twentieth century, the
rise of the life sciences and their relation to physics, and the study of
human history and society. To place the argument in these multiple
contexts is to understand how much is at stake in these disputes. It is
also to undermine the fake authority that clings to widespread ideas
about the plurality of worlds, the restricted reality of time, and the
power of mathematics to serve as a privileged window on reality.
* % %

In its relentless quest for a definitive unification — a view that would
bring gravity under the same theories that account for the electro-
magnetic, the strong, and the weak forces — much of contemporary
physics and cosmology has despaired of explanations that meet the
traditional and exacting standards of either deterministic or probabil-
istic causality. It has settled for explanations that admit a vast array of
states of affairs, of which the observed states of affairs represent no
more than particular variations. Rather than acknowledging such
underdetermination as a limit or a failure of insight, it has tried to
turn a detriment into a benefit by describing the former as the latter.

In particle physics, the chief vehicle of this operation has been
string theory. The results have yet to meet the explanatory standards
of classical physics. Only a few of the resulting equations, or of the
specifications of their parameters, describe states of affairs that we find
in the observed universe. The large preponderance of the equations, or

of their admissible parameters, refer to circumstances that we have
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never found and may never, even in principle, find. The temptation is
strong to convert the explanatory embarrassment into explanatory
triumph by fiat. Such a conversion of failure into success relies on
the thesis that the unobserved states of affairs allowed by the equations
exist — somewhere else.

In cosmology, the move has been from the conception of an
inflating universe, even an eternally inflating universe, to the idea of
a multitude of unobservable universes — a multiverse. The reciprocal
adjustment that I earlier mentioned applies here with a vengeance: the
actual, observed world — the only one we do or ever could observe —
lends some of its reality to the many other, unobserved and unobserv-
able worlds. It becomes less real so that they can become more real.
The distinctions between the mathematically conceivable and the
physically possible, and then between the physically possible and the
physically actual, are attenuated or even effaced.

In both particle physics and cosmology, the explanatory failures
of the doctrine of multiple universes find partial relief in the appeal
to the so-called anthropic principle. In its strong version, this principle
seeks to explain the observed states of affairs backwards, as the
uniquely selected variation on the possible or actual states of affairs
from which we humans - who now observe and theorize —~ could
emerge. One instance of special pleading is pressed into the service of
another.

The outcome is a watering down of the rules and standards by
which the practice of natural science has been conducted over the last
few centuries. On one side, it is a dilution of the task of causal explan-
ation: to explain why things are what they are, not just to show how they
are possible, or susceptible to mathematical representation, among
many other things that no one has seen or even could see. Instead of
trying to show how the possible becomes actual, such a way of thinking
rests content with the discovery that the actual can be brought under
the aegis of ideas that are also compatible with a vast array of states of
nature that no one has ever or could ever observe. Together with this

inversion of the standard task of explanation goes further movement in
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a direction that much of physics has been taking for a longer time: the
substitution of structural analysis for causal explanation: views of how
things are put together instead of ideas about why they change into other
things.

On the other side, weakening of the standards of natural science
takes the form of a distancing from the discipline of empirical verifi-
cation or falsification. It is one thing to develop a theoretical apparatus
that becomes verifiable or falsifiable only at the periphery of its impli-
cations. The core ideas and presuppositions are subject to empirical
challenge, albeit indirectly, through the testing of such implications.
It is another thing to propose theories lacking in the power so to be
challenged, through critical experiments or observations, even at such
a periphery.

The twofold dilution, of determination and of empiricism, made
more visible by the appeal to the strong anthropic principle, sounds as
the thirteenth chime of a clock, which not only disturbs us but also
makes us wonder about the previous twelve chimes. The tendencies in
recent physics and cosmology that have produced this outcome demon-
strate the consequences of relying on assumptions that it is the purpose
of our argument to oppose: that our universe is best understood as
simply one of many; that time is less real than it seems to be; that, in
any event, it does not threaten the permanence either of the basic
structures of nature or of its fundamental laws, which supposedly gov-
ern the crowd of universes, all but ours inaccessible to observation; and
that mathematics, as the language in which such timeless laws about
the multitude of worlds are written, offers privileged insight into ulti-
mate reality.

The scientific practices and theories that have proceeded on these
assumptions break with the requirements — of explanatory power and
of vulnerability to empirical test — that, together with theoretical imagi-
nation, have enabled natural science to progress on its revolutionary
course over the last three hundred years. Any assumptions that
threaten to derail science from this course, by weakening the disci-

plines that chasten and guide it, deserve to be reconsidered.
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THE ARGUMENT AND THE PHYSICS OF THE FIRST

HALF OF THE TWENTIETH CENTURY

The physics of the first half of the twentieth century undermined the
idea, characteristic of Newtonian mechanics, that we can draw a clear
distinction between the physical events of the world and their setting
in space and time. In the two-step movement of special relativity and
general relativity, Einstein destroyed the basis for this distinction.
Spacetime became part of the unfolding drama rather than just a piece
of the unchanging background.

In this respect, the new physics reinstated what had always been
a tradition, although a suppressed or recessive one, within the old
physics: the relational view, most famously associated with Leibniz.
According to this view, each event is the sum total of its relations to
other events. Spacetime forms part of that relational grid; it is not its
changeless seat.

The argument of this book bears on this momentous shift in the
following way. In tearing down the contrast between the events and
their background in space and time, the new physics nevertheless
reaffirmed two other distinctions of many-sided importance, which it
should now be our aim to overturn.

The first was the difference between the phenomenal world and
an invariant background, not of space and time, but of universal laws
and symmetries and elementary constituents of nature. (In the meth-
odological disputes provoked by the rise of quantum mechanics, the
focus fell on the respective claims of deterministic and statistical
explanation; all parties to the dispute continued to accept the idea of
unchanging and generally applicable laws.) The second was the dis-
tinction between initial conditions and the law-like workings of nature
in a configuration space bounded by such conditions. A straightfor-
ward way to state the core thesis of our argument is that these two
distinctions, reaffirmed by the revolutionaries of the early twentieth
century, now deserve to be cast aside.

Consider the relation between the two contrasts that we reject.

The difference, so central to established physics, between stipulated
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initial conditions and the law-like workings of nature within a certain
region of reality — a configuration space — breaks down when we try to
apply this distinction to the universe as a whole. The boundaries of the
configuration space then become those of the universe.

There is no place outside this one real world from which to
deliver the specified initial conditions. Nothing remains other than
the universe and its history. We can no longer say, as we do when
dealing with a segment of the universe or a part of reality, that what is
given as brute fact from the standpoint of the laws that account for the
workings of local phenomena may become a subject of explanation by
other laws. Such other laws might apply when we redraw the bounda-
ries of the configuration space. When, however, we deal with the whole
universe we cannot redraw boundaries in this way. We have reached
the top; we have nowhere else to go.

No sooner do we begin to subvert the distinction between initial
conditions and laws applicable to particular configuration spaces, by
generalizing the terrain of its application to the whole of the universe,
than we are forced to question the idea of timeless laws governing a
world the elementary structure of which is also timeless. Particular
sciences report to us that the way in which things change also changes.
For example, life on Earth introduces a new set of mechanisms of
change, which in turn keep changing (as in the appearance of
Mendelian mechanisms in the context of sexual reproduction). The
idea of timeless laws begins to seem a convenience or an approxima-
tion that remains plausible and useful only so long as we focus on one
configuration space at a time.

Cosmology is the part of physics in which we are brought up
short in trying to preserve these two connected contrasts: between
stipulated initial conditions and the law-like workings of nature as
well as between spacetime and the timeless and universal laws of
nature. The issue is whether we should think of the breakdown, within
cosmology, of these two related distinctions as an exception, or a
limiting situation, peculiar to that science or, on the contrary, as a
revelation of truths relevant to all science and all nature. We here offer
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reasons to take the cosmological perspective — the view from the stars
as it were — as a paradigm rather than as a peculiarity.

If our argument is correct, the overtuming of the distinction
between the events and their backdrop in space and time, which marked
the physics of the first half of the twentieth century, should now be
followed, in the first half of the twenty-first century, by the overcoming
of the two related contrasts that were reaffirmed when that one was
demolished. The method of distinguishing between initial conditions
and law-like explanation within a configuration space should be recog-
nized to be the less legitimate the more it is universalized. It is an
expedient that depends for its legitimacy on the localism of its applica-
tions. The contrast between the physical manifold of events, space, and
time and a set of unchanging laws, symmetries, and constants should be
undermined. The laws of nature as well as its symmetries and apparent
constants should be included in the history of the universe, rather than
placed outside it, just as space and time ceased to be represented by the
new physics of the early twentieth century as an independent and abso-
lute background to natural phenomena.

This is an agenda for the future of science. It suggests, however, a
reinterpretation of its past, which in turn helps shed light on what we
can and should do next.

A standard view of the history of physics over the last hundred
and fifty years distinguishes the main line of intellectual advance from
what has been largely seen as a side line. At the source of both the
putative main line and the supposed side line lies the combination of
Newton’s mechanics with Clerk Maxwell’s electrodynamics, consis-
tent with Newton, as well as with Maxwell’s non-Newtonian concep-
tion of fields. The unification of Newton’s and Maxwell’s equations in
the early twentieth century shaped the course on which physics has
remained ever since: the quest for a view capable of unifying the
theoretical treatment of the basic forces at work in nature.

According to the dominant interpretation of the history of physics,

the main line is the one that goes from Newton and Maxwell to
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contemporary string theory by two distinct routes. One route is special
relativity, followed by general relativity. The other route is quantum
theory, followed by the “standard model” of particle physics as well as
by the theoretical foundations of this model, including quantum chro-
modynamics and electro-weak theory.

On the same interpretation, the side line is the theoretical suc-
cession that goes from thermodynamics, before it was given atomic
foundations, to Maxwell and to an atomically founded thermody-
namics and from there to Boltzmann’s kinetic theory and statistical
mechanics. Remarkably, in this narrative of the history of physics over
the last century and a half, otherwise so obsessed with the unification
of theory, no clear link exists between the progress of the main line and
the advance of the side line. The difference between the two histories
is often trivialized as a distinction between the microscopic study of
the ultimate constituents of nature (the main line) and the macro-
scopic study of aggregate phenomena (the side line).

The divergence between the main line and the side line was
foreshadowed in the founding pair of Newton and Maxwell. Newton
and Maxwell were reconciled. Nevertheless, what distinguished the
side line from the main line sprung directly from Maxwell’s discoveries
and ideas.

In fact, the two lines have harbored contrasting approaches to
some of the problems central to the argument of this book. In the
main line, time began by being treated as part of the absolute backdrop
to physical events. When it was later promoted from the scenery to a
performing part, it was still assigned a role accessory to the role granted
to space. General relativity, under its most influential interpretations,
was more inclined to spatialize time than to temporalize space, as the
geometrical metaphor of time as the “fourth dimension” suggests. The
willingness to see mathematics, with its core focus on number and on
space, as a vehicle of privileged access to fundamental and hidden truths
about nature only reinforced the anti-temporal bias.

In the side line, however, the opposite took place. The under-

standing of time, real time, going all the way down and including
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everything, was given a real basis in the directional force of entropy
and in the account of the workings of nature of which the concept of
entropy formed part.

That the side line has a claim to be taken as at least as funda-
mental in its significance and as general in its scope of application as
the theories generated in the main line was presaged by an incident in
the history of physics whose significance has gone largely unrecog-
nized. Einstein’s demonstration in the arguments for special relativity
of the primacy of the so-called Lorentz transformation showed that
Maxwell did not deserve to be treated as the junior partner to Newton.
Einstein taught that the coordinate transformation that held the
Maxwell equations constant, rather than the one that preserved the
Newtonian equations, was the most general and reliable transforma-
tion. Newtonian mechanics, however powerful, had to be reinter-
preted as the theory of a limiting case.

A revisionist reading of the history of physics would seek inspi-
ration for a historical way of thinking about the universe in the line
that begins in thermodynamics before Maxwell, continues in thermo-
dynamics after him, and leads to the contemporary study of cosmo-
logical difficulties such as the so-called horizon and flatness problems.
It is a recessive strand in the past of physics that could become dom-
inant in its future. In that strand, time is not accessory to space. Events
are not time symmetrical. The historical character of natural reality is
not an accidental or peculiar feature of certain sets of aggregate phe-
nomena; it is an attribute of the one real universe. The analysis of
microscopic structure is no substitute for the explanation of macro-
scopic history; on the contrary, the former can be understood only in
the light of the latter. And the elusive final unification of theory is a
fool’s errand if we advance it only by putting ideas that analyze how the
forces and phenomena of nature work in place of theories that explain
how they came to be what they are.

Such is the view of the past and prospects of physics that
the argument of this book suggests and from which it draws

encouragement.
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THE ARGUMENT AND NATURAL HISTORY

The history of our thinking about these issues has always suffered the
influence of a prejudice about the hierarchy of the sciences and the
exemplary practice of scientific method. According to this prejudice,
physics, especially as represented by Newton’s mechanics, is the
supreme practice of science. Biology is a kind of weak physics: weak
in the relative generality and simplicity of its law-like propositional
claims. Historical and social analysis is, by the same token and in a
similar sense, a kind of weak biology.

The prejudice lives in a form independent of any strict ontolog-
ical reductionism: it need not require us to believe that all significant
explanations at one level can be readily translated into explanations at
the supposedly deeper or more fundamental level. All it demands is a
view of what a scientific explanation should aspire to be at the height
of its ambition.

The experience of the life and earth sciences — or, more broadly,
of natural history — shows that the abandonment of the ideas that the
argument of this book opposes need not compromise the practice of
scientific inquiry.

Poincaré believed the idea of immutable laws of nature to be
an indispensable presupposition of natural science. The working
assumptions of many physicists and cosmologists go much further:
they embrace the two cosmological fallacies, as well as the presuppo-
sitions about nature and mathematics underlying those fallacies. They
embrace the fallacies and their presuppositions not just as contestable
scientific theories or philosophical doctrines, but as necessary require-
ments of science. The development of the life and earth sciences since
the eighteenth century shows the opposite: science can survive the
overthrow of the ideas against which we here rebel. If it can survive
their overthrow in natural history, it can also survive it in cosmology
and physics.

The claim that biology must use explanations different from
those deployed by physics has often been associated, in the history

of ideas, with vitalism: the idea that life is not only an emergent
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phenomenon but also a radical novelty. According to this viev(z,
living beings conform to regularities entirely distinct from those
that operate in lifeless nature. Thus, the life sciences would be safe
in a clearly circumscribed domain of their own, neither subordinate
to physics nor threatening its entrenched practices and established
self:conception.

Nothing in the argument of the next few pages relies on the
thesis of vitalism or on the acceptance of this strategy of peaceful,
unthreatening coexistence with the styles of explanation that prevail
in physics. The history of the universe witnesses the occasional emer-
gence of new structures, new phenomena, and new forms of change.
Such novelties do not begin with the origins of life; they begin before
life. The forms of explanation deployed, however crudely and incho-
ately, by natural history extend backward beyond the life world to
lifeless nature, on Earth and in the cosmos. The question of how far
back into the history of the universe and how far up into cosmology the
value of the way of thinking that we associate with natural history may
go remains open and unanswered.

* % %

Before advancing, it is important to dispose of the confusions engen-
dered by the longstanding controversy about reductionism. In all its
versions, strong or weak, reductionism serves the idea that there is a
hierarchy of forms of explanation. Physics towers at the top of the
rank order. Relative place in this hierarchy conforms to a many-sided
standard: how general and fundamental an explanation is; how fully it
embodies the explanatory strategies and assumptions of the Newtonian
paradigm; and how qualified it is to wed mathematics. At the summit
of the hierarchy stands the tradition of physics that Galileo and Newton
inaugurated and that Maxwell, Einstein, and Bohr continued. It is the
same science whose matchless accomplishments are marred by the
two cosmological fallacies.

One of the most important standards distinguishing the suppo-
sedly more perfect from the seemingly less perfect in this methodo-
logical hierarchy is the place of time, of history, and of historical
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contingency. There are three distinct and connected elements in this
alleged descent from the high ground of the most exacting standard of
scientific explanation. The first element is the extent to which the
subject matter of the discipline is a unique and irreversible process.
The second element is the looseness of the connections among the
independent causal sequences that make up any real transformation
in history. (To take a simple example: in natural history the effects
of natural selection on speciation are shaped by, among many other
factors, the connections and separations of the land masses of
the planet.) The third element is the diminished measure in which
subject matter and explanations lend themselves to mathematical
representation.

The less powerful the explanation and the less complete the
approach to the ideal of science, the more the events subject to explan-
ation assume the form of unrepeated and even unrepeatable processes,
mired in the accidents of causal sequences bereft of close causal con-
nection, and recalcitrant to mathematical depiction and analysis. The
hierarchical prejudice survives whether or not one accepts the stron-
gest, ontological variants of reductionism.

A major ambition of our argument is to interpret what physics
and cosmology have already discovered and to suggest what they might
discover once unburdened from the incubus of these connected meth-
odological biases. In the achievement of this goal, it is crucial that the
idea of biology as weak physics and of social and historical analysis
as weak biology not be replaced by the opposite superstition: the view
of physics as weak biology, and of biology as weak history. It is also
important that the introduction into cosmology and physics of a histo-
rical style of explanation not appear to represent a lowering of sights, a
retreat from exacting explanatory ambition.

If we could only free ourselves from the established superstitions
without surrendering to their mirror image we might suddenly see in a
new light the discoveries of physics and cosmology. We might change
our understanding of their agenda. We would learn how to seek in one

domain inspiration for insight in another.
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Strong reductionism claims that all truths about nature, includ-
ing the truths of natural history, can ultimately be stated in the lan-
guage of the laws of physics: that is to say, of this tradition of physics.

Strong reductionism is not a scientific theory: it is a metaphysical
program. This program has never even begun to be implemented. Its
professed aim is to unify science on the basis of the established model of
mathematical physics. Its real role is to insulate this model from attack
by presenting it as the gold standard of scientific explanation.

The most effective response to strong reductionism is the dem-
onstration of the failure of the scientific practice that it regards as
exemplary to make sense of what cosmology has found out about the
universe: that it has a particular history. To provide such a response to
strong reductionism is one of the aims of this book.

Weak reductionism recognizes that we are entitled to explanations
different from those of basic physics. Alternative styles of explanation
allow us to disregard some characteristics of certain phenomena and to
focus on others. Thus, for example, with regard to living beings, we may
want explanations that address their distinctive attributes, such as the
reproduction of genetic invariance by result-sensitive or goal-directed
structures, formed through independent ontogeny. A more complete and
fundamental physical explanation may not.be useful because it may fail
to be adequately selective.

The mistake made by weak reductionism is to suppose, in con-
formity to the same idea of a stable hierarchy of scientific explanations,
that there is correspondence between domains of nature and the estab-
lished methods of the different sciences. Under such a view, historical
explanations, because.they enjoy the right selectivity, may have a
larger place in biology and geology but can have only a smaller role in
physics and cosmology. For the physicist and the cosmologist, histo-
rical reasoning must, according to this point of view, be subordinate to
structural analysis.

The most effective response to this diluted dogmatism is to show
thatno such reliable correspondence exists. Biology is not weak physics,

and physics is not weak biology. The hierarchical dogma and its inverse
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are preconceptions inhibiting the progress of science. There is as much
reason to move forms of explanation established in biology back into
geology, and from there into physics and cosmology, as there is to
proceed in the opposite direction.

Suppose that the universe has a history, as cosmology has taught

us, and that nature exists in widely different states, in some of which it
fails to present in the form of discrete elements interacting according
to fixed laws distinct from the states of affairs that they govern, as our
fragmentary knowledge of the history of the universe suggests. Under
these assumptions, the question of which styles of explanation are
good for which domains is open to an extent much greater than even
the weak reductionist is willing to allow. Such is the circumstance
in which we find ourselves. It creates the possibility that the styles of
explanation that are now characteristic of the life and earth sciences
have a role to play in cosmology. They may even suggest ways to solve
what we call the conundrum of the meta-laws.
Consider three styles of explanation that have wide-ranging use in
natural history. Their use is by no means confined to evolutionary
biology or even to biology as a whole. It includes, for example, geology
as well. If their application is not limited to life but extends as well to
the study of lifeless objects, we have no good reason to reject out of
hand their application in thinking about the universe and its history.

Whether and how they apply in a cosmological context is an
issue about how nature in fact works. It cannot be settled by a meth-
odological dogma. If we redescribe these styles of explanation as prin-
ciples, we can call them the principle of path dependence, the principle
of the mutability of natural kinds, and the principle of the co-evolution
of laws and phenomena.

The principle of path dependence affirms that in natural history
(whether it is the history of lifeless phenomena or of living beings) a
present state of affairs is decisively shaped by a history made of chains
of events that may be only loosely connected. (Path dependence might

also be called hysteresis were it not for the conventional and restricted
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usage of this term in contemporary cosmology.) To say that they are
loosely connected is to claim that the regularities or effective laws
underlying each of them fail to mesh together into a unified system.
They converge only by their common reliance on more fundamental
laws or principles. These fundamental laws or principles may be insuf-
ficient to explain the particulars that interest us.

The causal chains may be more or less independent of each other,
even within the same science (e.g. geology) and with respect to similar
phenomena (e.g. different kinds of rock formation). The more inde-
pendent they are of each other, the more does their outcome appear
to us to be marked by chance or contingency. No higher-order laws
explain why a causal sequence interacted with a certain other succes-
sion of causally connected events rather than with a different one. A
consequence of such particularity is that any given outcome depends
on a particular history: a history that without violation of fundamental
laws, formulated at a deeper and more general level, might have been
different from what it in fact was.

The most important source of path dependence in natural his-
tory is not the relatively irreversible character of entropy. It is some-
thing at once more superficial and more basic: the particularity of
nature, its division into distinct types or kinds, mired in different
sequences of change, in what, in an earlier argument about the two
cosmological fallacies, I called the first state of nature.

Path dependence is pervasive in the evolutionary history of living
beings. If, for example, marsupial mammals are caught in an isolated
part of the world, and there become subject to non-competitive extinc-
tions, the main axis of mammalian evolution may become the placental
line for reasons that have nothing to do with the competitive advantages
of marsupials and placentals. The forces influencing the movement of
the land masses described by plate tectonics may have no connection
{except at the vanishing horizon of fundamental laws) with the struc-
tural or functional constraints on the evolution of mammalian body
types. A different disposition of the land masses might, in this simplified
hypothetical, have made the marsupials the predominant mammals.
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The importance of path dependence becomes unmistakable in
the origins and building blocks of the biosphere as well as in the details
of Darwinian evolution. As it happens, the nucleic acids serve as the
vehicle of genetic invariance, especially as it is inscribed in DNA,
while the proteins perform the crucial role in the operation and devel-
opment of the regulatory mechanisms on which even a unicellular
organism depends. If the roles of these two classes of macromolecules
capable of replication had been reversed, an emergent reality might
have resulted that resembled life, as it has come to be, in some ways
but differed from it in other ways.

Thus, it is not only the particular forms of life but also its basic
structure and attributes that appear to be relatively accidental by the
light of natural history. This history may not violate any of the effec-
tive or fundamental laws exhibited by the world before the emergence
of life. However, its course cannot be inferred from such laws.

The same principle applies in the absence of life. Consider an
elementary geological example. Igneous rocks, crystallizing from a

‘molten liquid, can be explained directly by reference to the composi-
tion, temperature, and cooling rate of the parent magma. The historical
element in the explanation remains limited.

Composition, temperature, and cooling determine the formation
of metamorphic rocks only much more imperfectly. There are multi-
ple pathways to a similar piece of gneiss; its formation is, to a greater
extent, sunk in historical particularity, with the result that even the
classification of metamorphic rocks into foliated and unfoliated is
much looser than the classification of igneous rocks into phaneritic
and aphanitic.

Sedimentary rocks, produced by the settling of particles through
aqueous mediums, by organic secretion or by direct precipitation out of
water or brine, result from a wide range of combinations and sequen-
ces. Such series cannot be shown to have simple or close connections
to general physical laws, nor can their rich detail be explained by a
small number of laws of any other sort. The classification of sedimen-

tary rocks is complex and tentative; it is the subject matter of a special
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branch of geology, stratigraphy. Each sedimentary rock has a multi-
farious individuality of its own.

The modification of law-like explanation by irreversible path

dependence thus extends beyond the biosphere to the lifeless natural
world. If path dependence can operate at the sublunary scale of earth
science, it can in principle also work at the cosmic scale of the history
of the universe. The foundation of its applicability is a basic attribute of
nature in the relatively formed and cooled-down universe that we
observe: that it is a discriminate structure consisting of many parts.
Once distinct, these parts can have histories of their own.
The world investigated by natural history is not a repository of perma-
nent types or kinds: types of livings beings (the distribution of life
into species) or types of lifeless things (the macroscopic distribution
of matter into kinds of objects with distinct attributes and origins).
Although often stable for long periods of time, all these types are
mutable. They have a history. Despite their stability, they always
remain susceptible to transformation. This fact is expressed by a prin-
ciple of the mutability of types.

The mutability of types expresses itself most clearly at the scale
of macroscopic objects: of species and of kinds of things. It reaches as
well into the microscopic world. DNA, once created, is tenaciously
stable and strikingly similar throughout the biosphere. However, it did
not exist even relatively late in the history of the planet as well as of
the universe. That it is subject to change both by mutation and by our
intentional intervention we already know for a fact.

The periodic table and the elementary particles described by the
standard model of particle physics have a much older history, going
back to the very early moments of the present universe. Nevertheless,
on our present cosmological views, they too have not existed forever.
They have a genealogy that we are not yet able fully to describe. That
they are susceptible to change, on a much larger time scale, as well as
on a short time scale through our forceful intervention, is therefore the

only reasonable conjecture. The alternative is to suppose that a natural
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kind with a definite historical origin has no future history other than to
remain forever stable and identical to itself.

The principle of the mutability of the types, at least as applied to
species of living things and to macroscopic objects, may seem trivial
to the point of self-evidence. In fact, it is astonishing in the reach of its
implications. Consider its significance first in a particular domain —
the realm of living beings — and then for our thinking about the
universe.

In the biosphere, the natural kinds are the species. They are often
remarkably stable. Many have barely changed for hundreds of millions
of years. The stability of species has a threefold basis: in the constancy
of DNA and the modesty of its variations; in the unmatched power of
the function that this constancy performs — the preservation of genetic
invariance; and in the very restricted repertory of structural forms and
materials with which autonomous morphogenesis works.

Nevertheless, despite all these forces, there is a prodigious history
of speciation, marked by both bursts of innovation and long periods of
relative stability. We cannot infer this history, in its significant details,
from laws of any sort. There is no permanent repertory of forms of life.
No species has a ticket to last as long as the planet.

What holds for speciation holds more generally for the emer-
gence and transformation of natural kinds. In its familiar, cooled-
down state, the universe exists in clearly differentiated form (which
physics is tempted to understand by analogy to the mathematical idea
of a differentiable manifold), composed of distinct structures or of parts
interacting in certain ways. All of these parts, however elementary, are
historical entities subject to transformation. At any moment, some-
thing can happen that is absolutely new — not only unprecedented but
also impossible to predict on the basis of the regularities exhibited by
the previous history of nature. One such novelty is the emergence on
the planet Earth of the kinds of beings that we describe as living.

The principle of the mutability of types is thus not confined to
life and to the life sciences. It is a general feature of what I earlier called

the first state of nature (the second in the order of time). In this state,
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nature is differentiated but no aspect of its differentiation, expressed in
a set of types or natural kinds, is essential or eternal. The principle of
the mutability of types is only derivatively a biological principle. Itis in
the first instance a cosmological principle. It requires us to import into
cosmology some of the ways of thinking that we associate with natural
history.

It contradicts the project of classical ontology, which sought to
provide an account of the abiding varieties of being. It conflicts as well
with any practice of science that treats a permanent structure of being
as one of its presuppositions.

An important and surprising aspect of the mutability of types is
the transformation of the sense or the way in which they are types, that
is to say of the nature of the distinctions among them. One species of
animals does not differ from another in the same way in which one
type of rock differs from another. Indeed, one igneous rock does not
differ from another in the way in which one metamorphic rock differs
from another. The processes of formation and of change impart a
distinct character to the separateness of the type. This fact connects
the mutability of types to a third principle of natural history: the
co-evolution of phenomena and of the laws governing them.

It can be generalized in the following form in its broadest, cos-
mological application. Not only does the universe lack a stable and
permanent repertory of natural kinds but the way in which the natural
kinds differ from one another is also subject to change. If nature in its
first and normal state presents itself as a structured and differentiable
manifold, the character of its divisions is as impermanent as their
content.

N
The laws and symmetries by which we explain events in natural
history manifest themselves together with the phenomena whose
workings we use them to explain. (In this context, I often use the term
regularities and laws as synonyms, give that symmetries and constants
do not play in natural history the role that they may play in physics and
cosmology.) Contrary to the claims of strong reductionism, such laws
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could not, and cannot, be inferred from the laws governing the rest of
nature, or of nature as it existed before these phenomena appeared. All
we can say is that they are compatible with those prior laws. Nothing in
what I called weak reductionism, much less in any way of thinking
about science and nature that has rid itself of the illusions of weak
reductionism, prevents us from regarding the law-like regularities of
any part of natural history as coeval with the phenomena that they help
us explain. To represent these regularities as part of the eternal and
timeless framework of the universe is a philosophical move with no
operational meaning or justification.

The phenomena change, and so, together with them, does the
way in which they change: that is to say, their laws. That is the
principle of the co-evolution of phenomena and laws: a third aspect
of the explanatory approach that natural history habitually uses. In the
history that the naturalist studies, change changes discontinuously
and repeatedly. Once again the range of application of the principle of
the co-evolution of phenomena and laws is not coterminous with the
limits of the biosphere. It too extends backward to lifeless nature and
thus has an open frontier of application to the history of the universe.

The methods of change, which we express as explanatory laws,
shift with the appearance of life. They change again with the emergence
of multicellular organisms. And then again with sexual reproduction
and the Mendelian mechanisms. They change with the emergence of
consciousness and its equipment by language. These are not just
changes in the kinds of beings — in this instance, living beings — that
exist. They are also changes in the way in which phenomena change as
well as in the distinctions between them, as the broader interpretation
of the mutability of types suggests.

The co-evolution of phenomena and of laws outreaches the bio-
sphere. It characterizes geology or earth science, as well as applied and
hybrid disciplines such as plate tectonics and the science of tides. In
all these applications, it is closely associated with both the influence
of path dependence and the mutability of types (and of the distinction
of natural kinds from one another). The formation of crystals, for
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example, represents a mechanism for the reproduction of invariance
that is very different from genetic replication in the biosphere and that
conforms to entirely different principles.

Where does the range of application of the principle of co-evolution
of phenomena and laws stop? Nowhere, it seems, short of the entire
universe and its history. The co-evolution of regularities and phenomena
that we observe on the planet Earth must be susceptible to occurrence
anywhere in the universe and at any time in its history. There is no
reason to suppose that it is limited to either a particular scale of pheno-
mena or to a certain period of universal history.

The cosmological application of the principle of co-evolution
of phenomena and laws does not repeat the error of the first cosmo-
logical fallacy: the life and earth sciences have never conformed to the
Newtonian paradigm, although many attempts have been made to
obtain their surrender. What the redefinition of cosmology as a histor-
ical science does force us to confront is the problem that we call in this
book the conundrum of the meta-laws.

N

It follows from these considerations that nothing in this argument
about the relevance of natural history to cosmology has turned on the
idea that the principles of path dependence, of the mutability of types,
and of the co-evolution of the phenomena and their laws are unique to
the domain of living beings. They are not. Their range of application
extends unmistakably beyond the boundaries of the life world to lifeless
nature. As a result, we can mobilize for cosmological use a way of
thinking that remains untainted by the illusions of vitalism.

Contemporary biology has opened the way to this conclusion by
its development, in the context of life, of ideas that enjoy varied and
demonstrated non-biological applications: complexity, self-organization,
punctuated equilibrium, critical thresholds, and their endogenous but
catastrophic undoing. By developing biology as a science of structure as
well as of function and by reinterpreting and revising the neo-Darwinian
synthesis in evolutionary biology in the light of this intellectual program,
it has torn down the false walls between life and the lifeless.
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This intellectual program makes it possible to represent the
principles of natural history, as Thave here discussed them, in a fashion
overriding the difference between life and its absence. Such an
approach does not imply that the biosphere lacks distinctive features.
On the contrary, it has so many of them that its emergence is unpre-
dictable and unaccountable on the basis of the laws of nature prior to
the beginnings of life. However, the specificity of life on Earth is only a
special case of a pervasive phenomenon in the history of the universe:
the appearance of the new, manifest in the mutability of types and in
the co-evolution of phenomena and of laws.

Recall what are conventionally described as the distinctive
attributes of life: the reproduction of genetic invariance through the
medium of an enduring biochemical structure — DNA; the develop-
ment of an apparatus — the organism - that can literally have no
purpose but that acts, through regulatory mechanisms, as if it were
purpose driven (teleonomy, as Monod called it, without teleology); and
the formation of this apparatus through independent morphogenesis
(the more complex forms of which come to be the subject matter of
embryology). Of these three attributes, the first two have rough coun-
terparts in other natural phenomena.

It is, surprisingly, the third attribute, the independent self-
construction of the body, which at first seems to be only the lowly
instrument or embodiment of the other two attributes, that is most
distinctive. The ontogenetic development of the organism represents
a striking instance both of the mutability of types and of the co-evolution
of phenomena and laws. A new kind of being appears, forming itself in
a novel way and exhibiting unexpected regularities.

-
The significance of this argument about the analogical application to
cosmology of ways of thinking characteristic of natural history is not
that the life and earth sciences serve as a model for cosmology, much
less that they hold the secret of solutions to the enigmas resulting from
rejection of the two cosmological fallacies. The point of the argument

is rather that the problems cosmology confronts once it rejects those
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fallacies and pursues unflinchingly the implications of its discovery
that the universe has a history are not unique to its domain of inquiry.
They reappear in other areas of science, in some of which their impor-
tance has long been recognized.

It is not enough to say that cosmology is a historical science that
can resort with benefit to some of the ideas and methods of natural
history. The deep question presented is how the study of the universe
can be both historical and a science. The conundrum of the meta-laws
is simply the sharpest expression of this more general problem.

Natural history provides only an imperfect model of the path
toward a solution to this problem. It is an imperfect model because
the scope of its inquiries is merely local. It is also imperfect because the
generality and simplicity of its explanations remain limited for the
reasons that the principle of path dependence makes clear. The ques-
tion of how cosmology can be both historical and a science remains

unanswered. To answer it is one of the chief goals of this book.

THE ARGUMENT AND SOCIAL

AND HISTORICAL STUDY

The problems addressed in this book have striking analogies across the
whole field of social and historical study. Once we free ourselves from
the superstitions that prompt us to see the study of society and history
as weak biology and biology as weak physics, we are free to recognize
these analogies and to learn from them.

The ideas that everything changes — laws and even symmetries
and supposed constants; that the stable and recurrent relations that our
causal explanations ordinarily invoke cannot be constant or eternal
but rather must co-evolve together with the states of affairs; that there
may be causality without laws; and that, more generally, no particular
organization of reality lasts forever may seem strange to those whose
minds have been schooled in the traditions of physics. These ideas
occur, however, inescapably to whoever engages the study of society
and history. Puzzles related to those that are central to this cosmolog-

ical argument have there long been evident.
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The point is not that we can find in the theoretical study of
society and history the solutions to our enigmas. It is that, as a theme
and variations, the same riddles reappear, each time with a distinct
character, in each domain of inquiry. Because, however, these problems
appeared in social and historical study earlier and more clearly than in
physics and cosmology, they provoked the development of habits of
mind and stratagems of thought that may prove useful to natural
philosophy. Students of society and history have not found the solu-
tions to the problems that concern us here. Nevertheless, the discov-
eries that they have made, and the setbacks that they have suffered in
their more longstanding search, can help light our way.

In this pursuit, the mind can stock itself with intellectual resour-
ces, richer than those that the traditions of physical science make
available, with which to confront the tasks of natural philosophy.
They are resources with which to reimagine the relation of laws, or
other regularities, to states of affairs, of history to structure, and of the
repetitious to the new.

It is futile to look, as natural scientists are accustomed to do, to
mathematics for inspiration in the solution of these problems. What
we find in mathematics is a peerless body of conceptions of the most
general relations among features of the world, robbed, however, of all
phenomenal particularity and temporal depth: a lifeless and faceless
terracotta army. Mathematics is powerless to suggest how nature can
escape any one established order without falling into anarchy, how
the rules of nature can change together with the ruled phenomena,
and how there could ever be something new in the universe that isnot
just a ghostlike possible — a pre-reality — waiting to be made actual.

Once we form views of these matters, we may find in mathe-
matics instruments with which to represent them, or invent new
mathematical or non-mathematical representations if the analytical
instruments that we need are not yet ready to hand. Guidance can
come from our reckoning with all of reality — social as well as natural.

Through such confrontation, we can broaden our sense of how parts of
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reality may connect and of how something that exists may give way to
something that never existed before.

Consider the status of structural change and of law-like regulari-
ties in both classical European social theory and in contemporary posi-
tive social science. The origins of modern social thought lie in the work
of thinkers, like Montesquieu and Vico, who developed, against the
background of doctrines as old as those of Aristotle’s Politics, the view
that social order can take radically different directions. Each of these
directions draws, in its own way, on our pre-existing predispositions.
Each makes possible certain forms of life, encouraging the development
of particular powers and varieties of experience while discouraging
others. Each relies for the integrity of its characteristic institutional
arrangements on the cultivation of distinctive virtues or forms of
consciousness.

It was the revolutionary accomplishment of the social theory
of the nineteenth century to carry this conception into a more far-
reaching claim: that the structures of social life are made and imagined.
They are not to be treated as natural phenomena, as part of the furniture
of the universe. (Many currents of nineteenth- and early twentieth-
century thought, such as the sociology of Durkheim, nevertheless
worked in the opposite direction, presaging the posture of contemporary
positive social science.)

Vico remarked that we can understand the arrangements of
society because we made them. If their mutability imposes a con-
straint on the understanding, it also opens an opportunity that we are
denied in the study of nature: the opportunity to know the structure of
society from within, in the manner in which a creator may know his
creation.

The thesis that the structures of society are made and imagined
has as one of its many corollaries the appreciation of structural dis-
continuity and structural alternatives in history. The most accom-
plished and influential expression of this insight in classical social
theory was Karl Marx’s critique of English political economy. What
the economists took to be the universal laws of economic life were, by
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the terms of this criticism, only the laws of one particular “mode of
production”: capitalism. They were, in the conventional language of
today’s philosophy of science, effective rather than fundamental laws.
The false universality claimed on their behalf rendered them mislead-
ing even for the historically specific domain to which they properly
applied.

The idea that society is made and imagined can then be deepened
into a view that has yet another range of implications: all the arrange-
ments of society — its institutions and practices as well as the concep-
tions that represent the established order as an intelligible and
defensible plan of social life — amount to a frozen politics. They result
from a temporary containment or interruption of our struggle over the
terms of social life: politics understood more broadly than contest over
the mastery and uses of governmental power.

A corollary of this thesis is that the structures of society and of
culture can exist in different ways. The harder they are to challenge and
to change, the more they assume the false appearance of natural phe-
nomena. The easier they are to reconstruct in the midst of the ordinary
business of life, the less can they wear the semblance of natural objects.
According to this view, we can change the quality as well as the content
of our arrangements. We can so organize them that they enable us to
shorten the distance between the ordinary moves that we make within
an institutional and ideological framework that we take for granted and
the extraordinary moves by which we revise pieces of that framework.
By taking the arrangements of social life in this direction, we make
change less dependent on crisis, weaken the power of the dead over the
living, and strengthen our mastery over the otherwise entrenched
regimes of society and culture.

The idea that the structures of society represent artifacts of our
own creation, so powerfully evoked in the work of Karl Marx as well as
in many other currents of classical social theory, failed to develop into
such a broader account of social structures as frozen politics. It was
stopped from such an evolution by its juxtaposition, in the work of
Marx and others, with ideas that limited its reach and compromised its



2 THE CONTEXT AND CONSEQUENCES OF THE ARGUMENT 71

force. These compromises were the illusions of false necessity. Three
such illusions have exercised paramount influence.

The first illusion has been the idea of a closed list of alternative
institutional and ideological systems, such as feudalism, capitalism,
and socialism, available in the entire course of human history for the
organization of society. Every society must belong to one of these
types. In fact, there is no such closed list of types of social, political,
and economic organization. The impression that there is one becomes
plausible only to the extent that each type is defined with so little
institutional specificity that the definition can apply elastically and
loses explanatory power. The most important example of this misun-
derstanding lies in the equivocal uses of the concept of capitalism.
When defined at the level of institutional detail required to give it
the power to explain the economic, political, and discursive practices
of a particular social world, an institutional and ideological settlement,
like the array of such settlements that we traditionally label capital-
ism, ceases to exemplify a type that we can plausibly take to recur
across a wide range of social and historical circumstance.

The second illusion has been the idea that each such type is an
indivisible system, all the parts of which stand or fall together. Politics
must therefore be either the reformist management of one of these
systems or its revolutionary substitution by another system: for exam-
ple, feudalism by capitalism. In fact, the formative institutional and
ideological contexts of social life change step by step and piece by
piece. Change that is fragmentary and gradual in its method can never-
theless be radical in its outcome if it persists in a certain direction
and comes to be informed by a certain conception. Such revolutionary
reform is the standard mode of structural change in history. The whole-
sale replacement of one institutional and ideological order for another
amounts to no more than the exceptional, limiting case.

The third illusion has been the idea that higher-order laws of
historical change drive forward the succession of indivisible institu-
tional systems in history. As there are effective laws governing parti-
cular institutional systems, so there are fundamental or meta-laws
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guiding the movement from one system to the next. In Marx’s social
theory, they are the laws of historical materialism, as summarized in
The Communist Manifesto: the interaction between the forces and the
relations of production that anoint a particular social class as the bearer
of the universal interests of humanity in overturning the established
relations of production for the sake of the fullest development of the
forces of production.

If such meta-laws existed, they would endow history with a pre-
written script. The script may be susceptible to discovery only in
retrospect or at least late in its enactment. That we come belatedly to
understand it only confirms and increases its power. There is conse-
quently no legitimate role for programmatic thinking: the imaginative
construction of the adjacent possible. History supplies the program.

In fact, the fundamental laws of history do not exist. History has
no script. There is nevertheless a path-dependent trajectory of con-
straints and causal connections that are no less real because we are
unable to infer them from laws of historical change. We can build the
next steps in historical experience only with the materials — physical,
institutional, and conceptual — made available by what came before.
However, the force and character of this legacy of constraint is itself
up for grabs in history. By creating institutional and ideological struc-
tures that facilitate their own revision and diminish the dependence of
change on crisis, we can lighten the burden of the past.

In the subsequent history of social theory, these three necessi-
tarian illusions have ceased, increasingly, to be believable. Yet stu-
dents of society continue to use a vocabulary that relies on them and to
display habits of mind formed through their use. For example, those
who profess not to believe in any of them resort to a concept like
capitalism as if they did.

The illusion of the higher-order laws of historical transformation
has been the first to fall. The illusions of the closed list of alternative
institutional systems and of their indivisibility have sometimes
survived, in a climate of half-belief. When they persist, they imply a

conception that, although it may seem plausible to many social
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theorists and historians, remains undeveloped and unsupported: that
there are laws specific to different institutional and ideological forma-
tions in history. Such effective laws, however, emerge and evolve
together with the formations themselves. No fundamental laws
stand behind them guiding their co-evolution. It is a view reminiscent
of ways of thinking long established, although also unexplained, in the
life sciences, but, to this day, foreign to physics.

A major reason why the idea of the co-evolution of laws and of
states of affairs has failed to be more developed in our thinking about
society and history is that contemporary social science has for the most
part taken an entirely different direction. Social science has repudiated
the necessitarian assumptions only because it has rejected the central
insight of classical social theory: the insight into the made and imag-
ined character of social life and therefore as well into structural dis-
continuity and structural alternatives in history. Its dominant tendency
is to naturalize the established institutions and practices by represent-
ing them as the outcome of a progressive, functional evolution.

According to this view, the established arrangements of contem-
porary societies result from cumulative trial by experience. What
works better survives. What works less well, relative to the competing
solutions on offer, fails. We may therefore expect to see in history a
halting but cumulative convergence of societies to the same set of best
practices and institutions. Nowhere is this view more fully developed
than in the most influential social science, economics, at least as soon
as economics abandons the refuge that it has taken, ever since late
nineteenth-century Marginalism, in analytical purity and deploys its
methods in the design of policy and in the explanation of behavior.
According to this view, there is no special problem about the structure.
A market economy works best, and it has a largely predetermined
legal and institutional content: a content exemplified by the regimes
of private property and of free contract that have come to prevail in the
North-Atlantic societies.

The result of this way of thinking is to conceal under a veneer

of naturalness and necessity what is most decisive and enigmatic in
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historical experience: the ways in which the institutional and concep-
tual presuppositions of social life get established and remade. In the
absence of insight into this most fundamental problem of social and
historical study, the vital link between insight into the actual and
imagination of the adjacent possible is severed. Social science then
degenerates into rightwing Hegelianism: the retrospective rationaliza-
tion of a world whose historical vicissitudes and transformative oppor-
tunities it is powerless to grasp.

The task presented to social thought by this history of ideas is to
salvage and radicalize the central insight of classical social theory into
the made and variable character of the structures of social life: the
institutional arrangements and ideological assumptions shaping the
routine activities and conflicts of a society. These institutional and
ideological regimes are frozen politics. We must rescue this insight
from the necessitarian assumptions that eviscerated its meaning and
reach in that theoretical tradition. We must recognize our stake in the
creation of structures that are so arranged that they empower us to defy
and revise them without needing crisis as the condition of change. We
must acknowledge the reality of constraint and the power of sequence
that help explain the prevailing arrangements and assumptions. We
must acknowledge it, however, without conferring on such influences
a mendacious semblance of necessity and authority. We must reestab-
lish the indispensable link, in social and historical study, between
insight into the actual and exploration of the adjacent possible. On this
basis, we must exercise the prerogative of the programmatic imagina-
tion: the vision of alternatives, connected by intermediate steps to the
here and now, especially alternative institutional forms of democracy,
markets, and free civil societies.

Such a project provides no model for a cosmology that does justice
to the singular existence of the universe as well as to the inclusive
reality of time. It nevertheless has an affinity to such a cosmology. It
is connected to it by its commitment to a practice of causal explanation
that dispenses with the invocation of timeless laws governing events

in time. It is bound to it as well by its insistence on seeing the basic
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constituents of the reality that it addresses - for social and history study,
the formative institutional and ideological contexts of social life; for
physics, the elementary constituents of nature — as evolving, discontin-
uously, in time. The institutional and ideological regimes melt down,
periodically in those incandescent moments, of practical and visionary
strife, and become, at such times, more available to reshaping. So, too,
nature passes through times in which its arrangements break down and
its regularities undergo accelerated change. A difference is that we can
hope to change forever the character of the structures and their relation
to our structure-defying freedom. Nature, so far as we know, enjoys no
such escape.

The two kindred projects, of cosmology and social theory, cannot
take for granted either an immutable catalog of types of being or a

changeless framework of laws.

REINVENTING NATURAL PHILOSOPHY

This book is neither an exercise in the popularization of science nor an
essay in the philosophy of science, as that discipline is now commonly
understood. We seek here to recover, to reinterpret, and to revise a way
of thinking and of writing that has long ceased to exist. It used to be
called natural philosophy. Up to the middle of the nineteenth century,
natural philosophy remained an accepted genre. It gained a brief after-
life in the work of Mach and Poincaré in the early twentieth century
and continues today to be represented chiefly in the writings of philo-
sophical biologists. Here are some of its enduring characteristics, all
of them important features of the type of discourse most useful to the
development of our argument.

Its first hallmark is to take nature as its topic: not science but the
world itself. It engages in controversy about the direction and practice
of part of science only as part of a larger argument about nature. The
proximate subject matter of the philosophy of science, as now under-
stood and practiced, is science. The proximate subject matter of natural
philosophy is, and has always been, nature. Science and natural philoso-
phy have the same subject matter, but not the same powers and methods.
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A second characteristic of natural philosophy is to question the
present agenda or the established methods in particular sciences. It
does so from a distance rather than from within science. It makes no
new empirical discoveries nor does it subject new conjectures to direct
empirical test.

Natural philosophy tries to distinguish what scientists have dis-
covered about nature from their interpretation of these discoveries.
The interpretation is regularly influenced by metaphysical preconcep-
tions, especially supra-empirical ontologies — views of the kinds of
things that there are in the domain addressed by the science. Such
views form an unavoidable part of scientific theorizing. The more
ambitious the theory, the larger their role is likely to be. The cost for
relying on them is an unacknowledged blindness: the progress of sci-
ence requires that they be occasionally identified, resisted, overturned,
and replaced.

Natural philosophy can be useful in the early stages of such an
effort. It cannot accomplish, or even justify, a reorientation of the
agenda of any science relying solely on its own limited resources. Yet
from the outset, and unlike much of the now established philosophy
of science, its intentions may be revisionist, not merely analytic or
interpretive. On what basis and by what method it can hope to do this
revisionist work is what I seek to elucidate in this section.

The argument of this book disputes widespread accounts of what
cosmology and physics have discovered about the universe, including
accounts that continue to exert influence within these sciences, not
simply in philosophical or popularizing discourse about them. It con-
tradicts, for example, leading interpretations of general relativity as
well as cosmological conceptions such as the notion of a multiverse
that have commanded a wide following.

A third trait of natural philosophy, as we exemplify it here,
represents a break with much of the way in which natural philosophers
used to view their own work when natural philosophy was an accepted
genre. We deal with proBlems that are both basic and general. We do so,

however, without depending on metaphysical ideas outside or above
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science. We do not think of the natural philosophy that would now be
most useful, or indeed of philosophy in general, as a super-science in
which untrammeled speculation can take the place of the dialectic of
empirical inquiry and theoretical analysis that moves science forward.
Our watchword is to take on foundational matters on terms that
dispense with foundational doctrines.

A fourth characteristic of natural philosophy, as we here inter-
pret and try to recover it, is that, as it intervenes in discussion of
the agenda of natural science, it attenuates the clarity of the divide
between a discourse within science and a discourse about science. It
cannot claim the authority of a scientific inquiry: you will find here no
hypotheses closely embedded in a context of empirical testing or
falsification and equipped with any of the mathematical and techno-
logical tools with which natural science has armed itself.

Nevertheless, the issues that we address and the ideas that we
present do not simply take the present direction of physics and cos-
mology for granted. They have implications for our beliefs about what
should happen next in cosmology and physics. They even provide a
perspective outside science from which to assess the path that con-
temporary science in these fields has taken. They have revisionist
potential as well as revisionist intentions.

How can ideas manifestly lacking in any of the mathematical or
technological instruments of science nevertheless claim to speak to
the direction of a science like cosmology? The answer lies in an under-
standing of the proper relation between a first-order discourse and a
higher-order or meta-discourse. It lies as well in the practice of three
methods that make use of such an understanding in the advancement
of its revisionist program.

A first-order discourse is a discourse within a particular science
or discipline. It begins from where that science or discipline finds
itself at a given moment and even at a particular place: its organizing
controversies; its accepted methods of analysis, explanation, argu-
ment, and proof; and its guiding assumptions about nature and about
thought.
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For natural science, some of the most important presuppositions
are those that have to do with laws and symmetries and their relation
to structure and change in nature. Others deal with mathematics as
well as with the relation of mathematical analysis to causal explana-
tion. Even for a first-order discourse, however, the ruling ideas, the
dominant theories, and the accepted methods need not to be the point
of arrival although they are sure to be the point of departure. They
can be revised piece by piece, under the pressure of discovery and
imagination.

A higher-order discourse addresses such presuppositions directly
and passes judgment on them in the name of considerations that may
include those that would be acknowledged to carry weight within the
particular science or discipline but that are not limited to such consid-
erations. A defining move in a higher-order discourse may be to suggest
a change in some of these presuppositions. Such a change may be
motivated by the hope that it will throw surprising and revealing light
on well-established facts and suggest a shift of direction: a new way of
looking at the familiar, offering a path into the unfamiliar. To serve as a
terrain for the development of such proposals has historically been the
province of philosophy.

A common tendency in contemporary philosophy is to depreci-
ate such higher-order discourse as an exorbitant attempt to claim for
speculative reason an authority that belongs only to the specialized
forms of inquiry and, in particular, to the distinct sciences. The only
meta-discourse we need, according to this view, is a meta-discourse
that discredits the pretensions of all meta-discourses. Natural philos-
ophy has no place in such a view.

One of the most important justifications of natural philosophy is
the relativity of the distinction between a first-order discourse and a
meta-discourse. The more far-reaching a new conception at the first-
order level is, the more likely it is to imply and to require a change in
established presuppositions about method or content in a science.
Conversely, any proposal in a higher-order discourse to revise substan-

tive or methodological assumptions will and should be assessed by its
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effect on the insights to be gained down below: its consequences for the
work of particular disciplines.

It is sheer dogmatism to stipulate from where forward move-
ment will come. Normally, it will come from the internal conflicts of
first-order discourses. As such controversies escalate, they soon begin
to cross the frontiers that separate them from the higher-order con-
versation. Occasionally, however, breakthroughs of insight will begin
in this second-order conversation and then gain interest as their impli-
cations for the first-order discussion become clear.

One criterion of intellectual ferment — and of the advance in
insight that such ferment may encourage — is the frequency and the
intensity with which this double movement, from higher-order to first-
order discourse and back again, takes place. A byproduct of such double
movement is to attenuate rigid divisions among sciences. Debates tran-
scending the distinctions between higher-order and first-order discourse
are likely to engage more than one field and to bring into question the
orthodoxies of method and of vision around which each such field is
organized.

Alongside the difference between higher-order and first-order
discourse and the divisions among disciplines wedded to methods, a
third distinction will be weakened by this intellectual turn: the con-
trast between normal and revolutionary science. We can best under-
stand the significance of this third subversion by a political and
historical comparison. After all, the contrast between revolutionary
and normal science (as described by Thomas Kuhn) is itself the product
of just such an analogy.

The dominant traditions of classical social theory, Marxism
included, distinguished between the revolutionary substitution of
one system (e.g. socialism) for another (e.g. capitalism) and the man-
agement of a system and its “contradictions.” They imagined each
such framework to be an indivisible whole, all the parts of which
stand or fall together. Consequently they divided politics into reform-
ist tinkering and revolutionary transformation, associating gradualism
with the former and sudden, violent change with the latter.
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These categorical contrasts are misguided. There are no indivi-
sible and historically recurrent institutional systems such as capital-
ism, each with its built-in logic of reproduction and transformation.
Change can be fragmentary and gradualist in its method and never-
theless radical in its outcome if it continues in a certain direction,
especially if it is informed by an idea. Revolutionary reform represents
the characteristic form of structural change; wholesale revolution
supplies only the limiting case.

However, the relation between the reproduction of a certain
institutional order and its transformation is far from being a constant
in history. It is a variable. We can indeed distinguish between the
normal moves we make within a framework of institutions and con-
ceptions that we take for granted and the exceptional moves by which
we change pieces of such a framework. Once again, the distance and
the distinction between these two sets of activities vary. Our institu-
tional arrangements and discursive practices can be arranged to either
increase or diminish the distinction and the distance.

An institutional and ideological ordering of social life can have,
in superior degree, the attribute of laying itself open to criticism and
revision. As a result, it can allow the transformation of society and
culture to arise more constantly out of the daily activities by which, as
individuals and as groups, we pursue our interests and ideals within the
established context. Our most powerful material and moral interests
are engaged in the enhancement of this attribute of social and cultural
regimes. Such an enhancement is causally connected to the conditions
for the development of our productive capabilities (through economic
growth and technological and organizational innovation). It is also cau-
sally related to the conditions for the disentanglement of our practical,
emotional, and cognitive dealings with one another from entrenched
social division and hierarchy.

Practical progress requires freedom to experiment and to recom-
bine not just things but also people, practices, and ideas. Moral eman-
cipation demands that we be able to relate to another as the context
and role-transcending individuals that we now all hope to be, rather
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than as placeholders in some grinding scheme of hierarchical order and
pre-established division in society. Neither of these two sets of require-
ments is likely to be satisfied unless we succeed in building societies
and cultures that facilitate their own reconstruction, weakening the
power of the past to define the future and diminishing the extent to
which crisis must serve as midwife to change.

In addition to the service that it renders to these fundamental
material and moral interests, this property of self-revision has inde-
pendent value. It attenuates the contrast between being within an
institutionalized or discursive context and being outside it. We can
never establish the definitive context of life or of belief: the one that
would accommodate everything that we have reason to prize. The next
best thing to finding the definitive, all-inclusive context is to develop
arrangements and assumptions that in satisfying our fundamental
material and moral interests also best lend themselves to correction
in the light of experience. Corrigibility supersedes finality.

We can engage in such an order, even single-mindedly and whole-
heartedly, without surrendering to it. In the midst of our ordinary busi-
ness, we can keep the last word to ourselves rather than giving it to the
regime. In this way, the social world that we inhabit becomes less of a
place of exile and torment; it no longer separates us from ourselves by
exacting surrender as the price of engagement and isolation as the price
of transcendence.

An institutional and ideological framework of social life that is
endowed with this power to facilitate its own remaking enjoys an evolu-
tionary advantage over the rivals. However, we do not select from a closed
list of ways of organizing society and culture an institutional system
readymade to seize this advantage; we choose from the messy materials
of a relatively accidental history and turn them into something else.

Every word in these remarks about culture and society applies, by
analogy and with adjustment, to the structure of our scientific beliefs
and practices. The nature and the extent of the contrast between normal
science and scientific revolution are at stake in the history of science.

A stronger, deeper science would be one exhibiting in its normal
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practice some of the characteristics that we ascribe to its revolutionary
interludes.

One of these characteristics is a more ample dialectic among
theories, instruments, observations, and experiments than is ordina-
rily practiced. Another is the investigation of problems that require
crossing boundaries among fields as well as among the methods around
which each field is organized. Yet another is the deliberate and explicit
mixing of higher-order and first-order discourse. Viewed in this light,
natural philosophy works to overcome the contrast between normal
and revolutionary science.

We aim simultaneously to recover and to reorient the
eighteenth-century genre of natural philosophy. Not idle speculation,
but engagement in the agenda of science and in our ideas about the
relation of science to the rest of our world view, should be the ambition
of a reconstructed natural philosophy. It must be, as I argue below, an
engagement defined by concerns, limitations, and methods distin-
guishing natural philosophy from science.

Today, natural philosophy has not disappeared completely. It lives
under disguise. Scientists write popular books, for the general educated
public, professing to make their ideas about the science that they prac-
tice accessible to non-scientists. They use these books to speculate
about the larger meaning of their discoveries for our understanding of
the universe and of our place within it. They also have another audience,
however: their colleagues in science, addressed under the disguise of
popularization. The popularizing books have become a secret form of
the vanished genre, a crypto natural philosophy.

Here we propose to cast the shield down, and to do natural
philosophy in just the sense we have specified without disguise or
apology. We reinterpret the meaning of some of what physics and
cosmology have discovered about the world and argue for a revision
of some of the attitudes, assumptions, and expectations with which we

do science.
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In the pursuit of these goals, natural philosophy can rely on three
strategies among others. Each of these strategies plays a major role in
the arguments of this book.

A first strategy is to identify and exploit the distinction that
exists in any ambitious scientific theory between its hard core of
efnpirically validated insight and of operational procedures and the
supra-empirical ontology with which this hard core is ordinarily com-
bined. Nowhere is this combination more evident and more important
than in the most comprehensive systems of scientific ideas, such as
those of Aristotle, Newton, and Einstein. The same combination
marks as well theoretical systems in science that are much less far-
reaching.

Viewed from one perspective, a physical theory is a guide to
practical orientation and transformative action in part of the world. It
teaches us how certain initiatives can produce certain effects. It shows
us, as well, how we can and must adjust our limited and misleading
perceptions to take account of what happens. Our observational and
experimental equipment is decisive in extending the reach of unaided
perception and of transformative intervention in the workings of
nature. It serves the nearly blind as a walking stick.

In this respect, the arbiter of science is practical success: success
at guiding intervention and at correcting perception. Science, in the
performance of this role, has no message about how things really are,
only about what we must assume them to be like for our limited
purposes. Its assumptions about the workings of nature can be both
parsimonious and accommodating because they are likely to be com-
patible with a range of different conceptions of how part of nature is
organized.

In the history of science, however, there is always another ele-
ment: a representation of how nature works and of how it is structured
in a particular domain. Uniquely for cosmology that domain is the
whole universe. Insofar as science plays this second role, the role of the
revealet, it subscribes to an ontology, though often a fragmentary one:

a conception of the kinds of things that there are in the part of nature
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that it investigates. This ontology is supra-empirical both in the sense
that it can never be read off directly from observations and experiments
and in the sense that what we learn from the experiments and obser-
vations is invariably compatible with more than one such view of the
kinds of things that there are.

The ontological element in science has a twofold source in the
aspiration to make sense of the world and in the conflicted relation of
scientific discovery to perceptual experience. To guide our transforma-
tive interventions in nature, we must know to what extent we can rely
on what we perceive. The need to organize, to extend, and to correct
our perceptual experience, without abandoning it, provides a perma-
nent incitement to ontological speculation. It does so even in those
forms of scientific practice that are most determined to remain close to
the ground of observation and experiment. For this reason, explanatory
modesty fails to exempt science from ontological pre-commitments. If
science cannot avoid such commitments, it becomes crucial to make
them explicit, to weigh their advantages and disadvantages, and to
understand their implications.

The broader the scope of a scientific theory and the greater its
explanatory ambitions, the more significant the presence of this supra-
empirical ontology is likely to be. It is most pronounced in systems,
like those of Aristotle, Newton, and Einstein, that have defined epochs
in the history of science.

Nevertheless, the distinction between the empirical and the
supra-empirical aspects of a theoretical system is likely to be elusive
or even invisible to the author as well as to its converts. The hard core
of insight confirmed by observation and experiment and the metaphys-
ical interpretation superimposed on it appear seamlessly joined as if
they were indissoluble parts of the same discoveries and the same
understanding. The aura of empirical confirmation falls, undeservedly,
on the philosophical gloss as well as on the empirical subtext.

For this reason, a major scientific system represents, in part, a
frozen natural philosophy, just as an established institutional and

ideological regime amounts to a frozen politics, resulting from the
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temporary interruption and the relative containment of conflict over
the terms of social life. Having been accepted by the adepts of the
theories to which it belongs as a fact of the matter, it becomes rela-
tively entrenched against challenge.

In the argument of this book, a major example of this phenom-
enon is the role of Lorentzian spacetime in general relativity and the
spatialization of time - the treatment of time as accessory to the
disposition of matter and motion in the universe — that the notion of
a spacetime continuum has been used to promote. The empirical tests
adduced in favor of general relativity bear, for the most part, only an
oblique and questionable relation to that notion (a matter discussed in
Chapter 4). Yet the conception of the spacetime continuum is almost
universally viewed as validated by the classical and post-classical tests
of general relativity.

In this way, the operational and empirical element in science is
married to a supra-empirical ontology. From time to time, an advance
in science requires that this marriage be dissolved. Here natural phi-
losophy has a vital task. It can provide an antidote to metaphysical
bias, when such bias is disguised as empirical truth. It can help open
the way to an alternative interpretation of the observational and exper-
imental insights of an established theory. In this practice, it can find a
powerful instrument for the pursuit of its revisionist goals.

A second strategy available to natural philosophy is to confront
the practices followed in one branch of science with those that are
preferred in another. The aim is to undermine belief in a necessary
relation between method and subject matter. A consequential change
of direction in any science is likely to have methodological as well as
substantive aspects: no way of practicing a science is likely to survive
unchanged a major innovation in the content of the ideas in that
science.

However, just as empirical discoveries may appear to be naturally
and necessarily joined to an ontological program that they need not, in
fact, imply, so too the relation of a particular science to a conventional

repertory of methods may wear a false semblance of naturalness and
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necessity. A methodological bias, like an ontological one, may then
prevent a science from seizing an opportunity to go forward. It may
inhibit it from seeing its own empirical discoveries and experimental
capabilities in the light afforded by the methods employed in another
science.

Rather than inventing ex nihilo a new method for a new con-
ception, the best prospect of advance may be to begin by jumbling up
the relation of subject matter and method across a range of distinct
scientific disciplines. By looking next door to the neighboring sciences
and asking to what extent some of their practices can be imported, we
begin to free up the connection between method and substance. We
enlarge our sense of intellectual possibility. The point will rarely be
to replace the procedures of one science with those of another; it
will more often be to remove the impediments that a methodological
prejudice imposes on a substantive reorientation. The comparative
and analogical exercise may thus serve as an early step in an itinerary
of theoretical reconstruction. In this way, it too comes to support the
revisionist purposes of natural philosophy.

An example of this strategy in this book is the consideration of
the extent to which moves characteristic of the life and earth sciences
and even in social and historical study may have cosmological uses.
They may help create a cosmology untainted by what I earlier described
as the two cosmological fallacies. Thus, the principles of path depend-
ence, of the mutability of types, and of the joint evolution of types and
regularities, familiar in natural history and, more generally, in geology
and biology, may all have counterparts in a cosmology that has com-
pleted its transformation into a historical science. The ideas of causa-
tion without laws and of an alternation between formative periods in
which structures are rendered relatively inchoate and other, longer
periods in which they take definite and stable shape have an important
place in social theory. They may also prove useful to thinking about the
history of the universe.

A third strategy on which natural philosophy can count is the
atterpt to establish a direct connection between speculative conceptions



2 THE CONTEXT AND CONSEQUENCES OF THE ARGUMENT 87

and opportunities for empirical and experimental discovery, and to do
s0, tentatively and suggestively, without passing, as science normally
must, through an intermediate stage of systematic theory. Natural
philosophy, as we here view and practice it, is not natural science.
Neither, however, is it what the philosophy of science has largely
become: a commentary on scientific ideas, delivered from the dis-
tance of analytic self-restraint and unencumbered by any intention to
intervene in the agenda of a particular science.

If it is to play such a role, even its most speculative conceptions
must be able to form part of a set of ideas that at least at its periphery of
implication, if not in its core conceptions, lays itself open to empirical
challenge and confirmation. Its proposals grow in interest if, despite
their generality and abstraction, they express physical intuitions and
anticipate pathways of empirical inquiry.

The bridge between the speculative conceptions and their
empirical vindication is scientific theory. It is not within the power
of natural philosophy to develop systematic theoretical ideas in sci-
ence, much less to demonstrate how such ideas can be upheld by
observation and experiment. What natural philosophy can and should
do, in its role as scout of science and enemy of the metaphysical and
methodological preconceptions that restrain its progress, is to fore-
shadow theory. It is to prefigure the contours of the theories that
could connect its speculative proposals with an agenda of empirical
research.

Having helped overturn the metaphysical and methodological
obstacles to a reinterpretation of what science has already discovered,
in the service of a solution to problems that otherwise remain unsolved,
natural philosophy can go on to envisage next steps for scientific
inquiry. It can suggest how speculative ideas that may at first seem
paradoxical can in fact begin to take theoretical shape — in fact, alter-
native theoretical shapes. It can help draw around the canon of estab-
lished science a larger penumbra of untapped intellectual opportunity.

Because it is not a science, but only a prophecy of science, or a

prolegomenon to theory, natural philosophy cannot choose among
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these roads. Much less can it travel on them. It can point to that
promised land, but not enter it.

The following chapters provide many examples of this strategy
of seeking to connect the speculative with the empirical by means not
of a single organized and tested theory but of a range of alternative
theoretical possibilities, sketched rather than developed. Among these
examples are the development of the conception of a non-cyclic suc-
cession of universes, as a deepening of the idea of the singular existence
of the present universe; the defense of the existence of a preferred
cosmic time as an aspect of the inclusive reality of time and the
reconciliation of such time with the strictures of general and special
relativity; the conjecture, by analogy to the local physics of phase
transitions, that in the course of universal history nature may take
forms different from those that generally prevail in the cooled uni-
verse; and, above all, the effort to address what we call the conundrum
of the meta-laws — how we can make sense of a joint evolution of
the regularities and of the structures of nature and lay this proposal
of co-evolution open to empirical inquiry.

What is most prominently missing from this account of three
strategies of natural philosophy is an idea both more controversial
and more consequential than all of them. If I fail to list it as a fourth
strategy, I do so because it represents one of the central claims of this
book. This idea is the refusal to take mathematics as more than an
indispensable tool of cosmology and physics: an ante-vision of the
ultimate structure of nature and a supreme judge of right and wrong
in physical science.

The rejection of this view of mathematics and of its role, argued
in Chapter 6, results in an understanding of the prospects of basic
science at odds with the one that is now in command. This under-
standing suggests intellectual problems and opportunities arising from
the divergence between nature and mathematics. It prefers to make of
mathematics a good servant rather than a bad master. It insists on
correcting the biases of the mathematical imagination. Preeminent

among these biases is the trouble that mathematics has with time.
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If mathematics were everything that those who believe in its
premonitory powers make it out to be, natural philosophy would be

both less useful and less dangerous than it is.

WHAT IS AT STAKE

What is at stake in the argument of this book is the future of ideas that
have shaped both how we do science and how we interpret the mean-
ing of some of its major discoveries.

Is real novelty possible in the world, or is what seems to be new
simply the working out of a program inscribed in the ultimate nature of
reality, the actualization of possibilities that awaited their cue to come
onto the stage of the real? Is there only one universe, or is this universe
of ours simply one of many? Are we to think of what lies beyond the
observable universe as the unobserved part of the same universe, as
other universes, in the language of plurality, or as past and future
universes, or past and future states of the universe, in the language of
succession? Is time real, inclusively real, to the point of holding sway
over everything? Or is part of ultimate reality, notably a framework of
unchanging regularities of nature and a structure of ultimate constit-
uents of nature, outside time? If time goes all the way down, must we
admit that the laws, symmetries, and apparent constants of nature
might change and have in fact changed in the course of the history of
this one real world? How should we revise our conventional ideas
about causation so that they accommodate change in the laws and
other regularities on which causal explanations usually rely? And how
should we think of the causation of the change of the laws of nature on
which causal judgments are ordinarily thought to depend? If there are
no higher-order or meta-laws governing how the laws of nature change,
are there nevertheless principles or hypotheses to guide us? If so, can
we assess and confirm or disconfirm them in the light of their empiri-
cal implications or predictions? Are we entitled to say in physics and
cosmology, as we have learned to say in the life and earth sciences and
in social and historical inquiry, that insofar as explanatory laws exist

they may evolve coevally with the explained phenomena and even that
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there may be causality without laws? What light do the inclusive
reality of time and the singular existence of the universe throw on
the nature of mathematics and on its uses in natural science? How can
we make sense of the “unreasonable effectiveness” of mathematics in
science while both affirming the reality of time and recognizing the
timeless character of the relations among mathematical propositions?
How is it that we can come to understand mathematics as being an
analysis of the one real, time-bound, and fragmented universe, but
the universe seen from a vantage point that robs it of both time and
phenomenal particularity? And how can all these questions, and the
answers we give to them, come to form part of a conversation within
science, decisive to its future course, rather than just of a conversation
about science, conducted from a philosophical distance?

In formulating these questions and in proposing answers to them,
we must contend with not one but two adversaries. To grasp the intention
of our argument, it is useful to understand the relation between them.

The chief opponent is a distinct but immensely influential stand
within the tradition of physics and cosmology from Galileo to relativ-
ity and quantum mechanics. It is a way of thinking to which Newton’s
science gave the most powerful impulse, but which has survived in
physics ever since. This tradition devalues, diminishes, or denies the
reality of time. It has done so in two main moments.

The first moment is that of classical mechanics. The decisive
move is the unwarranted generalization of the Newtonian paradigm:
the explanatory practice distinguishing between stipulated initial
conditions and a configuration space of law-governed events. It is a
distinction readily applied to part of the world. However, it is unsuited,
for the reasons I have described, to deal with the universe as a whole: it
has no legitimate cosmological use.

The observer stands outside the configuration space. For him,
everything that happens in the configuration space is present at once
to his mind. The end of each process is in the beginning. The relation
of the observer to the events in the configuration space resembles the
relation of God to the world.
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The ideas informing this tradition deny or devalue the reality of
time twice: first, because within the configuration space everything
is governed by deterministic or statistical laws that, once adequately
understood, foreordain the outcome; and second, because the observer,
in his godlike position, is not himself within time, even in the highly
qualified sense in which time can be said to exist within the configu-
ration space.

The human experience of time has no significance for such an
observer. In his scientific capacity, he frees himself from the dross of
humanity, sunk in time. He sees the world through the lens of timeless
laws of nature, expressed in mathematical propositions standing out-
side time.

A second moment in this way of thinking against time is the one
most closely associated with Einstein’s special and general relativity.
By affirming, in special relativity, the relativity of simultaneity, it
denies the existence of a global time, often the first step in the denial
of the reality of time altogether. By representing, in an influential
interpretation of general relativity, spacetime as an unchanging four-
dimensional block and by representing time spatially, as an additional
“dimension,” it robs time of reality. The spatialization of time in this
“block-universe” view goes further toward denying or circumscribing
the reality of time than classical mechanics had ever done. In
Newton’s physids, despite the time-reversible or symmetrical charac-
ter of the laws of motion, time is preserved as an absolute background,
distinct from the phenomena of a three-dimensional world. (I later
distinguish the hard empirical residue of what special and general
relativity have discovered about the workings of nature, from the
ontological pre-commitments that have shaped the interpretation of
these discoveries.)

The denial or devaluing of time, in these two successive moments
of the history of physics, has as one of its most revealing implications
the privileged position accorded to mathematics. If the laws of nature
are written in the language of mathematics, it must be, according to
this view, that they share in the nature of mathematics. No feature of
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mathematics is more striking than the timelessness of the relation
among its propositions. It is a feature that stands in stark contrast to
the time-bound relation among causes and effects in the world, as
exemplified both in our first-hand acquaintance with nature and in
our conventional use of causal language.

The view that mathematics, with its timelessness, provides
privileged insight into the ultimate language of reality fits, like hand
and glove, with the “block-universe” picture of the world. It accords as
well with the idea that the physical events and the entire manifold of
spacetime happen within a framework of natural laws that is itself
timeless. This framework is, according to the tradition unbroken at
least since Newton, the embodiment of the godlike intellect, the mind
looking in, from a place outside time, upon the world in which, for
human beings, time seems all too real.

Yet this whole tradition, from Galileo and Newton to Einstein
and Bohr, never severed its link with the idea that there is one universe,
all of the parts of which are in causal communion with one another.
The incomparable reality of the one real world, embraced by natural
science in reinforcement of the testimony of experience, has coexisted,
in the history of the tradition, with the demotion of time, in defiance of
other aspects of the reality that the untutored human being perceives
and undergoes.

We argue against this conception, the orthodoxy of natural sci-
ence, at least in physics, from the mid-seventeenth century to today.
Our thesis is that all things considered — all things understood as both
what physics and cosmology have already discovered and as how we
can best connect what they discover with what we also know about the
world and about ourselves from other sources and by other means — we
should drop each of the characteristic elements of this tradition. They
are not science. They amount to a baseless metaphysical gloss on the
hard core, or the empirical residue, of the discoveries of science. What
science has discovered about the world, as distinguished from what
scientists often say about these discoveries, gives us mounting reason
to reject the philosophical prejudice.
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We do better to put the Newtonian paradigm in its place, to drop
the block-universe picture of the universe, to recognize the reality of
time all the way down, to dispense with the notion of a framework of
natural laws outside time, to admit that the laws of nature may change,
and to deflate the claims of mathematics to represent a uniquely
privileged channel of insight into reality. The philosophical assump-
tions needed to establish and develop these views, contrary to the
tradition we resist, are less heroic than the ones we repudiate: they
require much less of a break with how other sciences understand
nature, as well as with our pre-scientific experience of the world.
Most importantly, they accord better with what cosmology has dis-
covered about the universe and its history as distinguished from the
ways in which these discoveries have been interpreted under the lens
of the theoretical traditions that we criticize.

None of these considerations imply that natural science should
obey the lesson of the senses, unassisted by scientific instruments and
theories. After all, part of the point of science is to loosen the restraints
on insight resulting from our condition as fragile, ramshackle, and
mortal organisms, situated in time and in space. It is no goal of this
argument to defend our pre-scientific experience against science or to
reconcile the latter with the former. The view developed here stands in
contrast to many features of our pre-scientific experience, including
our experience of time, as well as to now influential theories in science.
Willingness to defy that experience should, however, be subject to two
qualifications.

The first qualification is that radical denial of the reality of time
is not comparable to a localized correction of our perceptual view such -
as the correction by virtue of which we come to understand that the
Earth is round rather that flat and that it can be round without our
falling off it. Uncompromising denial of the reality of time undermines
the sense of causality as well as many other conceptions that deniers
of time continue habitually to invoke. The temporal element in our
experience is not a thread that we can pull out while leaving all the

others in place. Pulling it out deranges every part of our experience. It
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does so to such an extent that it is no longer clear how we can then
continue to rely on a corrected version of perception either to make our
scientific discoveries or to interpret them. It is not a move to make
lightly, without overwhelming reason to make it and understanding of
its implications. (I consider these issues in Chapter 4.)

The second qualification is that the basis on which we defy
untutored and unequipped perception matters. It is one thing to loosen
the restraints of ordinary experience under the prompting of theory-
guided observation and experiment. It is another to deny them under
the influence of a metaphysical program. If we suspend belief in the
extra-scientific program we attack, we will not be at a loss to move
forward, even to advance in the direction of views that are
counterintuitive, perplexing, and subversive of the present form of
the marriage between empirical discovery and supra-empirical ontol-
ogy in our cosmological ideas.

The picture of the history of the universe that became predom-
inant in the cosmology of the twentieth century, expressed in the now
standard cosmological model, should have been enough to make ques-
tionable the time-denying tradition against which we rebel. According
to this picture, the universe has a beginning and a history. The standard
cosmological model offered powerful reasons to believe that the
present universe began in violent events, whether the values of these
events are represented as finite or infinite. In a moment close in time to
these occurrences, the application of the laws of nature, as we now
understand them, seems to fail and the elementary constituents of
nature, as they are described by the standard model of particle physics
and, at another level, by chemistry, could not have existed or must
have been very different. All the subsequent events that take place in
the universe form part of a history that must include the evolution of
those regularities and of that structure.

The blinkers imposed by the extra-scientific tradition that I have
identified as the chief target of our argument diminish or deface the
significance of these cosmological discoveries for all of physics and
indeed for all of natural science. The denial or diminishment of the



2 THE CONTEXT AND CONSEQUENCES OF THE ARGUMENT 9§

reality of time, and the related view of mathematics as a shortcut to
the understanding of ultimate reality, have survived in the face of the
discovery of the historical character of the universe only through a
series of conceptual maneuvers. The combined and cumulative effect
of these maneuvers is to disguise the contradiction between that tra-
dition and what we have already found out about the universe and its
history.

One such maneuver is the application of the Newtonian para-
digm (of initial conditions and law-governed phenomena within a
configuration space bounded by those conditions) to the whole of the
universe, where it cannot work, rather than to a part of the universe,
where it can. A second maneuver is the acceptance of the features of
the present, differentiated universe as if they were traits that nature
possesses at all times in its history. A third maneuver is the reification
of an idea of scientific practice and of causal explanation that is wedded
to the notion of an immutable framework of natural laws, determi-
nistic or statistical, as well as to the idea of a permanent stock of
ultimate components of nature, as if we could not continue to do
science or explain natural events without embracing these assump-
tions. A fourth maneuver is the marginalization of cosmology. The
premise of this marginalization is that we can understand the workings
of nature through the study of its basic constituents without regard
to their origin and future, which is to say without regard to time and
history.

All these maneuvers, deployed to reconcile the new (and now not
s0 new) cosmology with the tradition that we oppose rely on the very
line of ideas that they are designed to protect. As a result, all of them
are tainted, to a greater or lesser extent, by circularity.

We propose to cast the philosophical prejudices enshrined in
that tradition aside and to consider, free from their restraints, the
implications for physics as well as for science more generally, of our
present view of the universe. We ask the reader to suspend disbelief
and to consider what the cosmological discoveries of the last hundred

years might be taken to mean once we relinquish the impulse to
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reconcile them with the tenets of the time-denying and mathematics-
worshipping tradition that we dispute.

The substance of this part of our argument is contained in the
second and the third of the three main theses of this book: that time is
real and inclusive all the way down (everything changes, including the
laws of nature) and that mathematics is useful to understanding the
world precisely because it abstracts from certain features of the world
(namely time and phenomenal distinction), not because it affords us
privileged insight into timeless truth.

To carry forward this intellectual program, it is not enough to
rebel against the tradition that we have described as our chief enemy. It
is also necessary to contend with a second, lesser adversary, repre-
sented by more recent developments in physics. According to this
secondary target of our argument, the theme that should command
the agenda of physics is the final unification of our theories of the
forces of nature, and in particular the unification of gravity with
the electromagnetic, the strong, and the weak forces, as represented
in the so-called standard model of particle physics.

Physics (in what I earlier called its main line, in contrast to its
side line) has been engaged, at least since the mid-nineteenth cen-
tury, in an effort to bring all the known and basic forces of nature
under the aegis of a single, cohesive set of laws. Only one final,
definitive battle supposedly remains to fight and win: the struggle
to unify our ideas about gravity with our understanding of the other
natural forces. The history of the universe, as presented by contem-
porary cosmology, is, by the lights of this intellectual project, no
more than an interesting sidelight on the ultimate topic. The ulti-
mate topic is the structure of the natural world and the content of the
laws that explain it.

According to this view, the structure can be explained — indeed,
according to this view, it must be explained — without reference to the
history. The structural explanation is much more likely to help explain
the history of the universe than the history of the universe is to explain
the present structure. History would lead us toward narrative and away
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from theory. (Here again we see the power of the time-denying and
mathematics-idolizing tradition.)

All efforts to achieve this unification, on the basis of such an
approach to the relation between theory and history, have thus far
failed. They have failed in a particular way. The unhistorical theories
that would advance the unification project and explain the workings of
nature in its ultimate constituents — in particular, contemporary string
theory in particle physics — all turn out to be compatible with a vast
number of other ways in which nature might also work but does not in
fact work, so far as we can observe.

Moreover, within the observed universe there are a number of
constants or parameters that have mysteriously precise but as yet
unexplained values. Some of these constants we may treat as “dimen-
sional”: that is to say, as measures, like rulers, of the rest of the nature.
Then, however, the seeming arbitrariness of the remaining, dimen-
sionless parameters stares us all the more starkly in the face.

There is, however, this secondary opponent of ours assures us, a
solution to all these problems, or at least a direction in which to look
for a solution. The solution is to treat our universe as simply one of
many universes. In the strongest formulation of this idea, and the one
that has exercised the greatest influence on contemporary cosmology,
these are not just many possible worlds; they are many actual worlds:
the universe that we observe and the many universes that we could not
even in principle observe.

The laws formulated, or discovered, in the course of the unifica-
tion project address the full array of hypothetical universes. What seems
to be a failure — the failure to explain what we observe in terms that
do not also explain what we do not observe - is in fact, they insist, an
achievement: the unified or grand laws account for the totality of
universes, not just for the universe that we happen to inhabit.

The enigmatic constants or parameters, with their disturbingly
precise and unexplained values, will eventually be accounted for by
lower-order deterministic or statistical explanations addressing our
segment of the vastly larger multiverse. We shall be guided toward
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these lower-order explanations by a reverse epistemological engineer-
ing: the selection of that subset of the larger set of laws that would
be capable of producing and of accommodating our existence (the
so-called anthropic principle, in one of its stronger or weaker versions).

Against this descent of science into allegory, circularity, special
pleading, and factless speculation, we affirm the first of our three central
theses: that there is one real universe, all of the parts of which are in
tighter or looser causal communion with one another. There is better
reason to believe today in a succession of causally connected universes
than there is to believe in a plurality of causally unconnected universes.

The lesser enemy against which we direct our argument — the
attempt to promote the unification of physics by multiplying imagi-
nary universes — has as its ulterior motive the concealment of the
vulnerabilities of our chief enemy - the tradition of thought that
throughout the history of modern physics has denied or devalued the
reality of time. The most important service, or disservice, rendered by
the secondary opponent has been the postponement of a reckoning
with the main antagonist.

The lesser enemy has taken care not to bring into question the
tradition of thought that has entangled modern physics, from Galileo
and Newton, to Einstein and quantum mechanics, in the diminish-
ment of time and in the treatment of mathematics as a royal road to
timeless truth. It has therefore failed as well to expose the limits that
this tradition places on our ability to grasp the full range of the impli-
cations of the empirical discoveries of science. Instead it has built a
wall of defense around these equivocations.

A working assumption of the argument of this book is that the
two intellectual campaigns — the one against the denial of time and the
worship of mathematics, the other against the plurality of universes —
are connected. Given the history of these ideas, the first campaign is
the decisive one. The second campaign is important but accessory.

At issue is how we should best approach the future agenda of
physics and cosmology. The association of string theory with the idea
of a plurality of universes (a multiverse) threatens to deepen the
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tradition of thought that has refused fully to recognize the reality of
time and that has insisted on seeing mathematics as a shortcut to
privileged insight into the ultimate nature of reality. Instead of deep-
ening this tradition, we seek to rid ourselves of it. Cast this way of
thinking aside the better to reinterpret past discoveries, and make

future ones, without the restraints that it imposes.



3 The singular existence
of the universe

THE CONCEPTION OF THE SINGULAR EXISTENCE

OF THE UNIVERSE INTRODUCED

There is one real universe. This universe may extend indefinitely back
in time, in a succession of earlier universes or of earlier states of the
universe. We have no sufficient reason to believe in the simultaneous
existence of other universes with which we do not and cannot have,
now or forever, causal contact.

Causal communion is the decisive criterion for the joint mem-
bership of natural phenomena in the same universe. The parts of a
universe are causally connected, directly or indirectly, to all the other
parts over time. Over time is the first and most important qualifica-
tion. Two parts of nature belong to the same universe if they share any
event in their causal past, even if they have subsequently become
causally disjoint. It is the network of causal relations viewed backward
into the past that determines the scope of causal communion and thus
the separate existence of a universe. The criterion is dynamic rather
than static, historical rather than exclusively structural, and presup-
poses the reality of time.

It is then not the constancy of the laws and symmetries of nature
that distinguishes a universe. It is causal connection over time. Causal
connections, as the discussion of the second cosmological fallacy sug-
gested, may not present themselves, in certain states of nature, as
regularities: the laws, symmetries, and constants that we observe in
the cooled-down universe, with its differentiated structure and its
recurrent phenomena. The law-like workings of nature are best under-
stood as a mode of causality rather than as the basis of causation.

What matters to the discrimination of a single universe is that the
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constituents of such a universe display an uninterrupted causal his-
tory, whether or not in law-like and symmetrical fashion.

From the fundamental qualification relating the unity and iden-
tity of the one real universe to causal connection over time there
follows another qualification. Regions of the observable universe
may not now be in causal contact, and what we can observe may
form only a small part of a much larger universe. Nevertheless, cau-
sally disjoint parts of the universe continue to count as parts of the
same universe, the one real one, if they share a common history.

There is no clear distinction between the idea of causally disjoint
parts of the one real universe and the notion of branching, bubbling, or
domain universes that may arise in the course of the history of the
universe. I shall later argue that such universes, if they exist, form part
of a history of succession. The conception of branching universes
describes incidents in a history of succession or of transformation. A
view of such a history is in turn only a variant on the idea of the
singular existence of a universe, formed in the course of events stretch-
ing back indefinitely in time.

Everything in the one real universe, we claim in this book,
including both the fundamental structures and the most general regu-
larities of nature, changes sooner or later, although both the regular-
ities and the structures are remarkably stable in the cooled-down
universe that we observe. That everything in the universe changes
sooner or later cannot be inferred from the idea of the singular exis-
tence of the universe. The development and defense of this thesis is the
concern of Chapters 4 and 5 of this book.

Nevertheless, an understanding of what the singular existence of
the universe implies must anticipate some elements of the later argu-
ment about the mutability of both structures and laws of nature. No
part of the identity of a universe requires that it conserve the same laws
and structures, only that causation, albeit stressed, never be interrup-
ted. Both the continuity of causation and the susceptibility of every-
thing to change, including change itself, represent expressions of the

inclusive reality of time.
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The proposal of the singular existence of the universe leads
immediately to what I shall call the antinomy of cosmogenesis. The
history of the universe, under the thesis of singular existence, may
extend indefinitely back into the past. It seems at first that of two
things, one must be true. At some moment in this past, the universe
and, with it, time may have emerged out of nothing. However, as Lear
said to Cordelia, nothing will come of nothing. An unstable vacuum
state, for example, is not nothing. It is something. It must have a history.

Alternatively, the universe may be eternal. Eternity is infinity in
time. Nothing, however, in nature can be infinite, and time is part of
nature: according to the argument of this book, the most fundamental
part, but part nonetheless. The infinite is a mathematical contrivance.
Only a way of thinking that sees mathematics as the oracle of nature
and the prophet of science can make room for the infinite in its
explanatory practices. One of the aims of this book is to combat that
way of thinking and to offer an alternative to it.

There is an infinite difference between an indefinitely long his-
tory and eternity. The invocation of an eternal universe is no more
defensible than the appeal to an infinite initial singularity at the
beginning of our present universe. In both instances, a mathematical
idea, with no counterpart in physical nature, is made to do service for
missing insight.

We have reason to resist both sides of the antinomy of cosmo-
genesis. Neither science nor natural philosophy has any prospect of
dissolving this antinomy, by justifying one of its sides or by finding a
third, synthetic solution. Rather than pretending that we can find our
way out of this antinomy by a conceptual maneuver, or by the sub-
ordination of natural science to some species of metaphysical ration-
alism, we should recognize this antinomy for what it is: a sign not only
of the limits to the powers of science and of its ally in natural philos-
ophy but also of our groundlessness — our inability to grasp the ground
of being or of existence. Science, and natural philosophy along with it,
can only be corrupted by claiming to have unlocked the secrets of being

and of existence and by seeking to occupy the place of a lost religion.
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It does not follow from our inability to resolve the antinomy of
cosmogenesis that the idea of a history of the one real universe extend-
ing indefinitely back into the past, to earlier universes, or earlier
periods of the universe in which we find ourselves, is either incoherent
or vulnerable to the objections aroused by the two sides of the
antinomy.

Something useful is gained by placing the confrontation with
this antinomy in a remote and inaccessible past, far beyond what, by
the lights of the now standard cosmological model, is represented to be
the incandescent and explosive beginning of our present universe. The
work of empirical inquiry and causal investigation can then retreat,
step by step, to that horizon of past time, within the limits of our
equipment and of our ingenuity. None of that work need make
assumptions offensive to causal reasoning or to our natural experience,
as either the making of something out of nothing or the eternity — that
is to say, the temporal infinity - of the world would. Under this self-
denying and skeptical response, the antinomy of cosmogenesis contin-
ues to hang over us as a reminder of our radical and insuperable
limitations of insight. It need not, however, prevent us from going
forward, without mistaking science for the source of a solution to the
enigma of existence.

This antinomy of cosmogenesis recalls Kant’s first antinomy of
pure reason in his Critique of Pure Reason. In his formulation, the
unacceptable thesis, following immediately upon his introductory
discussion of the system of cosmological ideas, is that “the world has
a beginning in time, and in space it is also enclosed in boundaries.” The
unacceptable antithesis is that “the world has no beginning and no
bounds in space, but is infinite with regard to both time and space.” In
accordance with the spirit of his system, Kant presents both time and
space, as he does causation, as presuppositions of the way in which we
represent phenomena. By contrast, we regard time and space, like
causation, as features of nature and believe that the power of science
to correct our pre-scientific understanding of the world is open-ended

although it is not unlimited.
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Moreover, Kant supposes time and space to share a common fate:
they must both and together be either bounded or infinite. He then
argues that neither possibility is acceptable to reason.

In contemporary cosmology, the insistence on treating space and
time as one, with regard to their boundedness or infinity, is preserved
only in the conception of Riemannian spacetime, assumed (mistakenly,
I argue) by the predominant interpretations of general relativity and of
its field equations to be an integral part of this theory and a beneficiary
of its empirical validations. In rejecting that conception both as an
account of nature and as an indispensable aspect of general relativity,
we open the way to the distinct and unequal treatment of time and
space. Space may be emergent, indeed repeatedly emergent in succes-
sive universes, or periods in the history of the one real universe.
According to accepted topological principles, the universe may be
finite in spatial extent, and yet have no boundaries. Time, however,
we argue, is best regarded as non-emergent, in the sense that it derives
from nothing else and thus, as the susceptibility of what is to change,
represents the most fundamental aspect of natural reality.

We may be tempted to conclude that time can be non-emergent
only if it is eternal, thus admitting the infinite into our account of
nature. However, all that the non-emergence of time may require is
that time have continued indefinitely back into the past. That the
world is temporal, and justifies a temporal naturalism in our under-
standing of it, is an aspect of its being, factitiously, what it is, rather
than something else. As with every other aspect of natural reality, the
inclusive and non-derivative reality of time cannot be inferred from
any higher-order rational necessity.

To resolve the antinomy of cosmogenesis exceeds the capabil-
ities of science. We cannot look into the beginning and the end of time,
if it has a beginning and an end. We cannot explain temporal reality, or
the reality of time, as emergent out of timeless being or out of nothing-
ness. We cannot justifiably circumscribe the reach of time so that
some parts of nature - its basic structures and the regularities that
they exhibit — remain, immutable, outside it. We cannot infer the
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temporal character of nature from supposed constraints on what can or
must be, in obedience to the deliverances of metaphysics or of math-
ematics. All that we can do is to recognize the real as temporal,
according to the lyrics of the country-music song: it is what it is, till
it aint anymore. Yet the recession of the history of the universe to a
remote past gives a cosmology that refuses to inherit the pretenses of
metaphysics and that recognizes its inability to settle the antinomy of
cosmogenesis a vast field in which to work.

In the remainder of this section, I define concepts useful to
making sense of the debate about one or many universes. The next
section (“Arguments for the singular existence of the universe”) out-
lines the arguments for embracing the thesis of singular existence to
the detriment of its rivals. The rest of the chapter develops the thesis
by exploring its implications for the agenda of cosmology.

At the time of this writing, the most influential version of the
idea of many universes was the conception labeled the multiverse, of a
multitude of distinct universes, neither now nor ever in causal contact
with one another (except for the conjecture of collisions among them),
and each possessed of distinct structures and regularities. The most
promising version of the idea of singular existence was the idea of a
universe the history of which extends backward before the formation
of the present cooled-down universes to earlier universes or to earlier
periods in the history of our universe. With the qualifications that I
earlier enumerated, there is, according to the idea of singular existence,
only one universe at a time. The contest between the conjecture of
divergent universes, distinctly ruled and organized, and the conjecture
of one real universe going back in time is the present shape of the
argument.

. % %
According to the idea of a plurality of universes, there are many, even
indefinitely many, universes coexisting at the same time, or at least
(given the difficulty of ascertaining their temporal relation to one
another, if indeed time has any reality) existing in such a way that

they cannot be said to have a history. For the reason stated earlier,
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branching, bubbling, or domain universes, emerging out of a common
history, do not, for the purpose of this terminology, represent plural
universes. Plural universes, in the strong sense in which ITuse the term,
share no common history.

Such universes have no causal communion with one another,
and have never enjoyed such contact. We are barred, in principle and
forever, from access to them. A qualification to this property of
plural universes is the conjecture of collisions among them. These
collisions might leave traces of their occurrence, “ripples” in the
cosmic microwave radiation background. Such ripples, however,
have never been observed and, if observed, might have many other
causes. Another qualification, which certain adepts of the multi-
verse idea have proposed, is that these inaccessible universes may
leave in our universe traces of their existence unrelated to colli-
sions. For example, in the early twenty-first century some cosmol-
ogists claimed to find evidence of a “dark flow” in the motion of
galactic clusters. In such flow, they discerned a mark of the presence
of other universes. Even if confirmed, however, such a phenomenon
need not be a signature of another universe; it can be explained in
other ways. As there is no prospect, even in principle, of accessing
these other universes, regardless of the development of our observa-
tional and experimental equipment and capabilities, we cannot
hope to demonstrate a mechanism of causal interaction between
the other universes and our own.

There are two main variants of plurality in this strong sense.
Parallel universes are universes sharing the same fundamental struc-
tures and regularities as our universe but not sharing causal contact or
history. Divergent universes are universes likewise having no such
shared causal contact or history but, unlike parallel universes, possess-
ing distinct regularities (laws, symmetries, and constants) and struc-
tures. In contemporary discussion, the idea of divergent universes
commonly goes under the label multiverse, although the label has
sometimes also been used to express the idea of parallel universes,

with much resulting confusion.
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This simple classification of plurality into parallelism and diver-
gence leaves open, conceptually, two intermediate possibilities: uni-
verses that have the same basic structures without the same
regularities, and universes that have the same regularities without
the same structures. However, the former possibility is absurd: the
same structures would exhibit the same regularities. The latter possi-
bility makes sense only if we suppose that the regularities underdeter-
mine the states of affairs, countenancing a range of possible states of
affairs, manifest in different universes. Such was the reasoning that in
the mid-twentieth century led a few opponents of the Copenhagen
interpretation of quantum mechanics to an early version of the multi-
verse idea and that in the late twentieth century prompted many more
adepts of the string theory school of particle physics to find in the
multiverse view a justification for the latitudinarianism of their doc-
trine. Better, then, to disregard the two intermediate possibilities.

Both the ideas of parallel and of divergent universes have long
genealogies in the histories of science and of natural philosophy. I shall
disregard this history except insofar as its more recent incidents bear
on the issues at stake in my argument.

The notion of parallel universes, with no causal contact or shared
history, but with the same fundamental structures and regularities -
universes that are therefore mirrors of each other — performs no explan-
atory role in contemporary cosmology. If the structures and the
regularities are the same, and are not credited with any potential for
transformative divergence over time, the existence of such postulated
mirror universes does no work other than to express the fecundity of a
repeated cosmogenesis. It would be, however, unlike any similar
fecundity in the evolution of life forms. In the evolution of life, even
before the development of sexual selection and the corresponding
Mendelian mechanisms, multiplication prefigures variation.

The closest that contemporary cosmology comes to exemplify-
ing this idea has been in the loose allusion to multiple cosmogenesis in
theories of eternal inflation, with no explicit account of variation of
structures and regularities in the universes that would be generated by
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the multiple explosive events foreseen by eternal inflation. Moreover, if
such universes existed, they would be better regarded as instances of
succession. It is therefore unsurprising to find the idea of parallel uni-
verses to be a largely unoccupied position in contemporary cosmology.
, The influential contemporary representative of the idea of plu-
rality is that of divergent universes, the multiverse. Each universe,
causally cut off, at all times, from all other universes, has its own
laws and its own organization at the level of its most elementary
constituents. Fach is a world unto itself.

The conception of divergent universes has been proposed at least
twice over the last sixty years. On each occasion, the alleged basis has
been different. However, the theoretical motivation and logic in the
two episodes have been strikingly and revealing similar. In the 1950s
Hugh Everett intimated, and John Wheeler more explicitly proposed,
the genesis of a multitude of universes out of quantum realities; each
outcome of a possible quantum state would exist in a different world.
Thus, the underdetermination of quantum theory, under the predom-
inant Copenhagen interpretation, would be redressed by a proliferation
of worlds, each of them enacting one of the otherwise unrealized
quantum possibilities. What seemed to be underdetermination was
reinterpreted by a theory that took every possible state of affairs to be
real, albeit somewhere else.

In the closing decades of the twentieth century, the chief
impulse to postulate a vast number of universes came from string
theory, and more generally from the marriage of string theory, in a
cosmological setting, to theories of eternal inflation and to anthropic
thinking. To each of its mathematical possibilities, there was imagined
to correspond a different vacuum state or universe, in fact 10°% or
more. This view in particle physics radically underdetermined nature
as we observe it in the cooled-down universe and failed to provide any
criterion of selection among the states of affairs with which it was
compatible. The problem was converted into a solution, and the failure

into an achievement. The conversion relied on the simple device of
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imagining that each of the unobserved states of affairs was enacted in a
different universe, replete with its own distinctive structures and
regularities, in conformity to one of the countless (but not infinite)
variations admitted by the theory.

The circle was closed with the appeal to anthropic reasoning: the
universe in which we find ourselves would be one of this crowd of
universes. Its extraordinarily improbable initial conditions (improb-
able by the standard of ideas used to account for the workings of nature
in the cooled-down universe) and its fine-tuned properties and con-
stants were to be explained retrospectively as the sole combination of
features capable of having resulted in us, the human race, which dis-
covers these truths.

It was, with a basis in this style of particle physics rather than in
quantum mechanics, essentially the same line of reasoning that
Everett had proposed a few decades before. However, it went further
in radicalizing the attitude to mathematics as a prefiguring of natural
reality. It went further as well in its deployment of retrospective
anthropic rationalization as a proxy for causal accounts more canon-
ical in the dominant tradition of physics.

Much of the argument of this chapter is devoted to a criticism of
the multiverse idea and to a development and defense of the thesis of
the singular existence of the universe, going back indefinitely in time:
succession and transformation rather than plurality. There is, how-
ever, a sense in which the idea of plurality, in the form of divergent
universes or a multiverse, resembles the thesis of singular existence
and succession.

The multiverse idea in its contemporary form and in some of its
more radical developments suggests a notion of regional laws of nature.
Although there may be very general and fundamental laws, marking
the perimeter of alternative universes, the effective laws represent the
distinctive regularities of each universe. They are regional rather than
universal. They are in a sense determined by the environment rather
than determining it, as the standard way of thinking in the physics

inaugurated by Galileo and Newton would require. Their regional
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character will be more salient, the more we discount the power of
mathematics to reveal and explain, rather than simply to represent,
the variations of nature.

The thesis of singular existence and of non-cyclic succession

‘may be interpreted to apply to periods in the history of the universe,
or to successive universes, a similar idea of domain-specific laws,
similarly opposed to the idea of the universality of the regularities of
nature. The idea of local laws, or of laws specific to different universes,
has unwittingly prepared the ground for the rejection of the universal-
ity and constancy of the laws and other regularities of nature. There
are, however, two differences of far-reaching consequence.

The first difference is that for the thesis of singularity and suc-
cession, natural variation works through time. The weakening of the
absolute character of the laws of nature is temporal rather than spatial.
The conception of the reality of time becomes inseparable from the
thesis of the singular existence of the universe. The laws and other
regularities of nature are mutable features of the one real universe.

The second difference is that if we regard time as inclusively
real we cannot exempt either the regularities or the structures of
nature from its reach. Neither the laws, symmetries, and supposed
constants of nature nor its elementary constituents are permanent
features of nature, moving and unmoved bystanders to its history,
untouched by reciprocated action. On this view, there are no laws and
structures, no matter how fundamental, that fail to change sooner or
later, and that have not changed, or emerged as the outcome of
change, in the past. Even the extent to which causality displays
recurrent, law-like features may vary, marking some states of nature
but not others. In such a universe, everything changes sooner or later,
including change itself.

. x ok
Consider now the chief variants of the idea of the singular existence of
the universe. The universe may be solitary, without predecessor or
prior history, before the fiery beginning that the standard cosmological
model assigns to it, coming abruptly and out of nothing.
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Alternatively, the universe may have a history extending before
the “bigbang” inferred by that model to have taken place in the earliest
moments of the history of the universe. The reference to such a history
is the thesis of succession, which appears as a development of the idea
of singular existence rather than as an alternative to it. We may picture
this earlier history either as a succession of universes or as a succession
of periods in the history of the one real universe. A preference for one of
these vocabularies over the other is of little consequence if we allow
that causal continuity between successive universes, or between suc-
cessive periods in the history of the one real universe, may be stressed,
but never broken. ,

To say that causal continuity remains unbroken is to signify that
causal succession — the after shaped by the before — persists without
interruption even in such extreme circumstances. To say that it is
stressed means that the distinction between laws and states of affairs
may, in this extremity, break down and causal connection may cease
to present in repetitious law-like form. That would be nature as a world
of singular events: the possibility of which (according to the argument
against the second cosmological fallacy) is predicated on the view that
causal connections are a primitive feature of nature rather than instan-
ces or enactments of laws and symmetries. Consequently it is also
predicated on the idea that laws and symmetries are a mode of causal-
ity — the mode prevailing in the cooled-down universe - rather than the
basis of causality and the warrants of causal explanations.

There are in turn two main variants of the idea of succession:
cyclic and non-cyclic. According to the cyclic view, the basic regular-
ities of nature remain unchanged throughout the history of the uni-
verse or of successive universes. The structural forms of nature change,
but in conformity to these unchanging regularities and in recurrent
stages. These stages remain identical in each iteration of the cycle.
Despite the differences among proposals of a cyclic cosmology
made, over the course of the twentieth century, by Soddy, Tolman,
Friedmann, Sakharov, Rozental, Rosen and Israelit, Penrose,

Steinhardt and Turok, and others, the cyclic view has retained, across
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these variants, a discernible identity and a characteristic argumenta-
tive strategy.

According to the non-cyclic view, there is no unchanging feature
of nature, other than its susceptibility to changing change, which we
call time. The non-cyclic view of succession forms an integral part of
the temporal naturalism developed and defended in this book.

The distinctive explanatory challenges faced by each of these
three forms of the thesis of the singular existence of the universe —
absolute beginning, cyclic succession, and non-cyclic succession - help
elucidate the distinctions among them. The next section (“ Arguments
for the singular existence of the universe”) takes up the argument in
favor of non-cyclic succession against the other two variants of the
thesis of singular existence (absolute beginning and cyclic succession)
as well as against the thesis of plurality.

X % %

In contemporary cosmology, the idea of an absolute beginning is sug-
gested by the initial infinite singularity that a long line of twentieth-
century cosmologists argued to be implied by the field equations of
general relativity. It was, however, widely recognized (even by Einstein
himself) that this inference, rather than describing a physical state of
affairs, revealed a breakdown of the theory when it was carried beyond
its proper domain of application. More generally, as I argue throughout
and as many have recognized in the history of both physics and math-
ematics, the infinite that is invoked in this view is a mathematical
conception with no presence in nature. As with the multiverse idea,
the notion of an absolute beginning attempts to convert a limitation of
insight into a conception of nature and its history.

Moreover, to interpret the thesis of singular existence as if it
required such an absolute beginning is to embrace the first horn of the
antinomy of cosmogenesis: the emergence of something out of noth-
ing. If we lift the screen of the mathematical idea of the infinite,
illegitimately applied in cosmology, we are then faced with a choice
between two accounts of the absolute beginning. On one account,
nothing is nothing: we impose an arbitrary cutoff on causation and
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time, implying that they emerge not of something but out of nothing.
On the alternative account: nothing is something — an unstable vacuum
field, for example. Then, however, we are entitled, indeed required, to
ask where this something comes from and what its earlier history,
before the “big bang,” may be. We have then effectively abandoned the
notion of an absolute beginning in favor of the thesis of succession.

The challenge faced by the thesis of an absolute beginning is thus
to escape these available but unacceptable choices. It does not seem
that it can do so.

. %

When we turn to the views of singularity that combine singularity
with succession (described either as a sequence of universes or as a
sequence of periods in the history of the one real universe), the first
problem that both the cyclic and the non-cyclic variants of succession
must confront is their relation to the agenda of empirical science.
Unlike both the causally disjoint universes of the multiverse concep-
tion and the infinite initial singularity that may be used to represent
the idea of an absolute beginning, both cyclic and non-cyclic variants of
succession are in principle open to empirical research, if not directly,
then indirectly by their signatures, vestiges, or effects. However, it is
not good enough to say that they are open to such research if they fail in
fact to be opened to it, and to help open it, by informing an agenda of
investigation that cosmology can implement as its observational and
experimental equipment becomes more powerful and its theoretical
insight more acute. In the absence of such developments, the thesis of
succession can be justly accused of being as speculative as the multi-
verse conception that it opposes. The presumption of causal continuity
and temporal extension will not suffice to defend it against this
accusation.

Another difficulty that the idea of succession must confront, in
both its cyclic and non-cyclic variants, is the problem presented by the
second horn of the antinomy of cosmogenesis. The cyclic or non-cyclic
succession either has a beginning or it does not. If it has a beginning,
further back in time than the explosive inception of our present
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universe that is pictured by the standard cosmological model, we face
once again the problems of absolute beginning, having only pushed
them into the past. If it has no beginning, the universe, as a succession
of periods or of universes, is eternal. We shall then have reintroduced
with regard to time the infinity that we rejected in other departments
of our cosmological thinking. The reasons to regard time as, unlike
space, non-emergent {which I explore in Chapter 4) may seem to
provide grounds to exempt time, as eternity, from the rule against
the banishment of the infinite from nature and from science.

The adoption of the thesis of the eternity of the world, however,
isneither a necessary consequence of the view of time as non-emergent
nor easy to reconcile with the rule against infinity. It is more appro-
priate to the spirit of a self-denying ordinance in science, relinquishing
metaphysical and theological pretense the better to claim and to exer-
cise other powers, to assume that the universe, or the succession of
universes, extends indefinitely back into the past. Cosmology, at least
in its present condition and with its present insights and instruments,
is not entitled to describe the world as either eternal or as emergent
from an absolute beginning. Time may be held to be non-emergent
because there may be nothing more fundamental than it, and nothing
from which it derives, without it being the case that we have anybasis,
other than rejection of the making of something out of nothing, to
describe it as eternal.

A third challenge with which the idea of succession, in both its
cyclic and non-cyclic versions, must deal is its apparent contradiction
to the now predominant interpretations of general relativity. These
interpretations, with their insistence on the idea that spacetime can
be sliced in countless ways, any one which is arbitrary, and their
approach to time as a derivative feature of the disposition of matter
and motion in the universe, exclude the possibility of a cosmic or
global time that is also preferred: the sense in which I use cosmic
time here. They permit only the choice of spacetime coordinates that
are cosmic in the sense that they cover the whole universe but that

are not preferred. The choice of any such
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spacetime coordinate remains arbitrary from the standpoint of the
theory.

A preferred cosmic time allows every event in the history of the
universe, or of successive universes, to be placed, in principle, on a
single time line. It is hard to see how we can make sense of the idea of
succession, and thus of the singular existence of the universe, without
appealing to a preferred cosmic time. A concern of Chapter 4 is to
discuss the reasons for which, and the manner in which, we can
reinterpret the empirical hard core of general relativity to allow for
the existence of such time, required by the thesis of succession.

The cyclic version of this thesis faces, in addition to these gen-
eral challenges to all variants of succession, a further difficulty. This
version affirms the continuity of both the basic structures of nature,
recurring in particular stages, and the regularities of nature, which
account for such persistence and recurrence. In so doing, it allows
part of nature — its fundamental constituents and regularities — to
remain outside the reach of temporal change and reciprocated action.
We have reason to think, I later argue, that nothing remains outside
that reach.

Moreover, we know already that many aspects of our universe,
for example its chemical constitution, could not have existed early in
its history. Even the most fundamental constituents of nature and
their interactions must have been different in the early, hot, and super-
condensed universe. If everything was different structurally, how
could the regularities of nature have been the same?

We would have to suppose that the same structural transitions
recurred many times before, and did so under the governance of laws,
symmetries, and constants that remained themselves immutable. This
idea, however, is a metaphysical leap, unsupported by anything in our
knowledge of nature other than the stability of the regularities that we
observe in our cooled-down universe and that we infer to have been
stable down to relatively early periods in its history. It is more eco-
nomical, and more in accord with explanatory practice in sciences that
are accustomed to deal with the mutability of their subject matter,
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such as the earth and life sciences, to think that the regularities
evolved together with the structures.

The non-cyclic variant of the thesis of succession, with its insist-
ence that everything, including the structures and the laws, changes
sooner or later, must also overcome two major obstacles, in addition to
the challenges presented to all variants of succession.

The first obstacle is the undeniable stability of the regularities
and constituents of nature in the cooled-down universe that has been,
until recently, the sole subject matter of cosmology and physics. If we
come to think that these constituents and regularities have changed in
the past and may change again, we must reconcile the idea that they
are mutable with the fact that they have been stable.

The second obstacle is the riddle resulting from the idea of their
mutability, which we call the conundrum of the meta-laws. If the laws
and structures evolve jointly, it seems that, in accordance with this
way of thinking and with the continuity of causation, their co-
evolution must be neither law-governed nor uncaused. To address
the conundrum of the meta-laws is one of our main goals in the

subsequent arguments of this book.

ARGUMENTS FOR THE SINGULAR EXISTENCE OF THE
UNIVERSE
I now outline arguments for the singular existence of the universe, as
well as for the non-cyclic succession of universes, and against the
plurality of universes. I refer to the notion of plurality with emphasis
on the form of this notion that has recently acquired influence: the one
that I described in the previous section (“The conception of the singu-
lar existence of the universe introduced”) as divergent rather than
parallel plurality and that is now commonly known as the multiverse.
These arguments have different characters. Some of them are
negative, directed against the idea of plurality. Others are affirmative,
in favor of the ideas of singular existence and of non-cyclic succession.
Some invoke a conception of what the relation between theoretical

speculation and empirical validation can and should be like in
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cosmology. Others appeal to claims about the most persuasive inter-
pretation of past cosmological discoveries. Others yet emphasize the
implications both of the views that I propose and of those that I
criticize for the additional matters that we address in this book: the
reality of time and the role of mathematics. Some of the arguments
touch on foundational issues in science. Others are subsidiary to these
basic claims.

Despite their heterogeneity, however, the arguments connect
and overlap. They exhibit a point of view that should be judged by the
fecundity of the agenda of theoretical reasoning and of empirical
research that it may inform as well as by the merits of its particular
propositions. The rest of this chapter explores the implications of this
way of thinking about the solitary character of the universe for a number

of problems that are important to the present and future of cosmology.

1. The argument from the non-empirical character of the multiverse
idea. Plural universes are in principle beyond the reach of empirical
inquiry. They resist empirical investigation because they are not, and
have never been, in causal contact with our universe. They intersect no
light cone crossing the history of our universe; they share no history
with us. The impossibility of confirming or disconfirming their exis-
tence reduces them to a fabrication. Reliance on any such fabrication
represents a major flaw in a scientific theory.

To establish this point, it is important to exclude from the idea of
plurality branching, bubble, or domain universes that may have
resulted, just as black holes do, from events in the history of our
universe. Such universes should be considered instances of succession
rather than of plurality. Our universe may not enjoy causal contact
with them now. Nevertheless, there was once a time when it did.
Causal communion must be defined historically rather than statically:
another example of the historical character of basic cosmological
concepts.

We may not be able, with our existing equipment and powers of

observation and simulation, to take empirical advantage of these past
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episodes of historical intersection between universes, or among parts
of the universe, that later fell out of causal contact with one another
and with us. Nevertheless, they are in principle accessible — if not now,
later, and if not directly, indirectly — to empirical study.

‘ It is connection over time that provides the criterion by which to
distinguish a universe, whether singular or one of many. Notice that
nothing in this notion of causal connection assumes action at a dis-
tance, the suggestion of which led Einstein to reject “Mach’s
Principle,” after having embraced it and named it. (Such action is
nevertheless now admitted in thinking about fields and quantum
entanglement.) The local inertial field is completely determined by
the dynamical fields of the universe, but it is not determined by the
matter content of the universe without regard to the shape of those
fields.

The net of causal connection must remain uninterrupted even if
at a distance. Everything in a universe must influence everything else
through connecting links or mechanisms for the transmission of causal
influence to occur. The influence, however, may be historical. It then
becomes a major concern of cosmological or physical theory to supply
an account of such links or mechanisms that can be put to observa-
tional or experimental test.

What this criterion of the separate existence of a universe does
presuppose is the continuity of causal connections, whether or not
they assume law-like form, together with the reality of time as a
condition of causality. We cannot affirm the identity of a universe by
viewing it without regard to its evolution; we can affirm it only by
seeing it in evolutionary context, which is to say in time.

What was in causal communion may at some point cease to be in
causal communion. Whether such a division does or will occur is not
something that can be known a priori, or confirmed on the basis of
theoretical considerations. It depends on how the universe in fact
evolves and, in particular, on the nature and rapidity of its expansion.

That branching, bubble, or domain universes do not deserve to be

considered instances of plurality is shown by the absence of any clear



3 THE SINGULAR EXISTENCE OF THE UNIVERSE II9Q

distinction between the idea of universes branching out of a single
universe and of parts of a universe no longer in causal contact with
one another. That parts of even the observed region of our universe
cannot now be in causal contact is a widely accepted tenet of contem-
porary cosmology, helping motivate the theory of cosmological infla-
tion. The unity of our universe is established by causal continuity over
time, not by inclusive causal contact at all times.

Plurality, according to the nomenclature proposed in the earlier
section {“The conception of the singular existence of the universe
introduced”), can take the form of an idea of parallel universes, all
exhibiting the same regularities (laws, symmetries, and constants) or
of divergent universes, each of which displays different regularities and
structures. The idea of divergent universes goes, in contemporary
cosmology, under the name multiverse.

There is no reason to uphold the idea of parallel universes: it
combines an absence of empirical validation, or of susceptibility to
empirical challenge, with a lack of explanatory function. It is therefore
unsurprising that it attracts little interest among present-day cosmol-
ogists. By contrast, the idea of divergent universes combines the same
lack of empirical support or vulnerability with an explanatory role.
This role, however, rather than providing a basis to accept it, supplies
an additional reason to doubt it.

The driving motive to postulate many divergent universes is to
convert an explanatory embarrassment into an explanatory triumph.
The explanatory embarrassment is the failure of the most influential
variant of contemporary particle physics — string theory — to apply
narrowly to the universe that we see rather than applying as well to
countless universes that we do not - and cannot, now or ever — observe.
Even if we impose on perturbative string theories a long series of
constraints (of which conformity to de Sitter spacetime is only one),
no more than a tiny portion of them apply to the observed universe. We
can tell ourselves, so long as we are willing to accept the idea of
plurality, that each of the inapplicable theories is realized in one of

those unobservable universes. By such special pleading, we pretend to
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turn a failure into a success, as if the setback to prevailing ideas were a
taint to be disguised rather than an opportunity to be seized.

It has been argued in favor of the multiverse idea that the particle
theories suggesting this idea have been successful at many other pre-
dictions and that therefore their prediction of a multiverse deserves
deference. This defense, however, is doubly defective. First, it confuses
the extraordinary predictive success of the standard model of particle
physics, which bears no relation to the multiverse conception, with
the claims of string theory, which has had a more questionable record.
Second, and more fundamentally, it abuses the idea of prediction. To
postulate the existence of universes on the ground that each such
universe realizes one of a vast number of possible states of nature
countenanced by the mathematics of a physical theory is a prediction
only in a contrived sense. If the postulated entities cannot ever be
observed, and no trace of them even indirectly found, the application
of the idea of prediction has lost touch with what prediction has meant
in science.

We go even further in redefining riddles as solutions and failures as
triumphs when we combine the multiverse notion with the practice of
anthropic reasoning. Only a few of the possibilities established by string
theory in particle physics approach the realities registered in the observed
universe. (In fact, no version of string theory has completely reproduced
the standard model of particle physics, which has been amply confirmed
by observation and experiment, or even its supersymmetric extension.)
All the other equations and solutions generated by string theory must
describe the inaccessible universes in which the realities to which they
would apply are supposedly realized. In each of these universes, the
regularities are the ones that conform to equations and solutions not
realized in our universe and must therefore differ from the laws, symme-
tries, and constants observed in our cooled-down universe.

By this combination of moves, we seem to dispose of the diffi-
culty presented by the massive underdetermination of reality by
theory in some of the variants of particle physics now commanding

the greatest support. We do so, however, only at the cost of devising a
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research agenda that weakens the vital connection between theoret-
ical insight and empirical discovery.

The opposing idea, of the singular existence of the universe,
conforms to a tradition of several centuries. It avoids resort to meta-
physical fictions. However, its conservatism turns out to be revolu-
tionary. It denies us a facile solution to connected and major
conundrums. As a result, it helps open up another, little explored
way of addressing those same puzzles: a way giving a central role to
the ideas of the reality of time and of the mutability of the laws of
nature. These ideas in turn compel us to reconsider the relation of
mathematics to nature and to science.

Such a'turn invokes no fantastical entities. Many of its aspects
cannot yet be subject to observational or experimental test, while
others can. None of its claims, however, is in principle and forever

immune to empirical challenge.

2. The argument from the preference for a view making it possible to
begin answering the question: Where do the initial conditions of the
universe and the laws of nature come from!? The idea of a multitude of
universes having no causal contact with one another and no shared
history makes it impossible to answer the question: Where do the
laws and the initial conditions of our universe come from? Or, more
precisely, the idea of plurality leaves open only one answer to this
question: they are one of the countless possibilities envisaged by a
fundamental physical theory that also accommodates many other
possibilities. All the other possibilities - the ones not realized in our
universe — are realized in the other universes that we can only
postulate but never inspect, even indirectly.

Let us generalize the argument, without regard to the specific
content of the multiverse idea.

There are in principle three approaches to the question of the
basis of the laws (and other regularities) and the initial conditions of

the universe.
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a. The laws and initial conditions just are what they are. They are a
primitive feature of nature. They cannot be inferred from anything else.
Then the regularities of nature are like surprising singular events,
except that what is not only surprising and singular but also beyond the
reach of further explanation is the universe itself. ‘

Science then presents the apparent disorder of the universe under
the semblance of regularities. This representation, however, only
postpones the confrontation with brute factitiousness. The phenomena
are to be explained by the laws, symmetries, and constants, together
with the unexplained initial conditions of the universe. At the next step
of reasoning, however, both the laws and the initial conditions remain
unexplained.

b. The laws of nature and the initial conditions of the universe can be
inferred from some higher-order set of abstractions: a set of laws of
many possible universes (as in the multiverse idea) or an account of why
only the features of this one universe of ours are possible because, for
example, only they realize in the richest and fullest way the potential of
being.

This approach (expressed in the thought of philosophers as
different as Leibniz and Hegel) always amounts to a mystification of one
kind or another. It seeks to make the brute just-so-ness or factitiousness
of nature appear to vanish under the spell of rational necessity. The
relative ease with which the surprising features of the one real universe
can be made to follow from metaphysical a prioris discredits such efforts
at wholesale retrospective rationalization.

A variant of this approach is the idea that every structure
conceived by mathematics is expressed in some universe as its laws and
symmetries. At the limit, each such universe is one of these
mathematical structures. Because the realities that we observe in our
universe embody only a tiny part of these mathematical structures, all
the other structures must be embodied in other universes. The rational
that is real is mathematics. Taken to the hilt, such a view dismisses the

reality of time and dispenses with the concept of initial conditions.
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c. The laws and initial conditions can be explained historically. Like
everything else in nature, they are the outcomes of earlier states of
affairs. To be sure, the appeal to historical explanation fails to exempt us
from the problem of factitiousness ultimately: that the universe and its
history, or the universe viewed historically, just happen to be one way
rather than another.

This third approach nevertheless has several advantages over the
other two. A first advantage is that it opens an agenda of empirical
inquiry, closely connected with the most important discoveries that
cosmology has made over the last century. All these discoveries have to
do, in one way or another, with aspects of the history of the universe.
They provide incitements to the continuing transformation of
cosmology into a historical science. That transformation remains
incomplete so long as the laws and initial conditions fail to be viewed
historically. A pressing task is to find ways to render these questions
amenable to observational and experimental research, by considering
the empirical consequences in the present universe of alternative
conjectures about its early history, or about the history of previous
universes.

A second advantage of this approach over its rivals is that it
enables us to delay confronting the factitiousness of the universe: that it
is what it is rather than something else and that what it is cannot be
inferred from any higher-order rational necessity. Science is powerless
to determine the ground of being: why there is something rather than
nothing, or why, to take a thesis that we develop in this book, space may
be emergent whereas time may not be. It matters decisively, however,
to science whether the confrontation with the brute just-so-ness of
natural reality, undisguised by the pretense of rational necessity, takes
place early or late in a course of scientific inquiry. From the perspective
of the interests of natural science, the later it takes place, the better: the
dialectic between theoretical imagination and empirical study can then
advance over a broader field and expose itself on that field to the

surprises of experience.
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A third advantage of this approach, in relation to the alternatives,
is that it enables and requires us to dispense with any appeal to the idea
of the infinite. It replaces the infinite with history. At the beginning of
the twentieth century, the most influential interpretation of the field
equations of general relativity argued for an infinite initial singularity at
the beginning of the universe. It was widely recognized that the
invocation of the infinite revealed a breakdown in the application of the
field equations to conditions in the earliest history of the universe
rather than providing an account of a physical state of affairs. (See the
later discussions of the infinite in Chapters 4 and 6.) Here as always the
infinite is a mathematical idea rather than a reality present in nature. A
cosmology insisting that causal continuity between this universe and
its possible predecessors may be stressed rather than broken need make
not invoke the deus ex machina of the mathematical infinite.

Both cyclic and non-cyclic views of succession may enjoy these
three advantages. Non-cyclic views, however, enjoy them more fully
than do their cyclic alternatives. The cyclic views of succession suppose
that the regularities of successive universes remain the same. The
initial conditions of each universe must therefore also either be the
same, or represent a stochastic instance of the states of affairs that such
laws of nature make possible. As a result, any opportunity to explain
why these laws hold rather than others, as well as why these initial
conditions occur rather than others, is drastically foreshortened.

An additional difficulty is that the known laws and symmetries of
nature fail to account for the initial conditions of the universe. These
conditions are in fact highly unlikely in a world described by those laws
and symmetries. It is then hard to see how a cyclic view can adequately
address the task of explaining the initial conditions in early universes or
in earlier states of the present universe. The enigma rather than being
dispelled would be multiplied many times over.

By contrast, a non-cyclic view of succession enables us to ask how
the laws, symmetries, and constants of nature and the initial conditions
of the universe came to be what they are and to seek answers in the

history of succession. Under such a view, we are freed, as I next argue,
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from the need to distinguish between the history of laws and the history
of initial conditions. We must reject any such distinction if we are to
complete the transformation of cosmology into a historical science and
avoid the first cosmological fallacy: resort to what we call the
Newtonian paradigm.

v The question remains whether we have more reason than not to
think that there is such a history of the regularities of nature, despite
their remarkable stability in the cooled-down universe that we observe.

Several of the following arguments imply that we do.

3. The argument from rejection of the first cosmological fallacy. The
ideas of the singular existence of the universe and of non-cyclic suc-
cession allow us to avoid the illegitimate cosmological application of
the Newtonian paradigm.

All major physical theories in the history of modern science
make use of the Newtonian paradigm: classical mechanics, statisti-
cal mechanics, quantum mechanics, and special and general relativ-
ity. The defining feature of the Newtonian paradigm is the
distinction that it draws between stipulated initial conditions and
changeless laws governing changing phenomena within a configu-
ration space bounded by the initial conditions. Throughout this
book, we argue that the Newtonian paradigm has no proper cosmo-
logical use: the distinction between laws of nature and stipulated
initial conditions cannot be maintained when applied to the uni-
verse as a whole rather than to patches of nature or to regions of the
universe.

A multiverse cosmology may appear to mimic the conditions for
the application, across the multitude of universes that it postulates, of
the Newtonian paradigm, properly applied only within a universe. The
analogy, however, is superficial and flawed.

For one thing, in the proper use of the Newtonian paradigm,
which is its application to parts of the universe, only the initial con-

ditions change from one instance of the practice to another; the
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supposedly timeless laws remain always the same. However, in the
multiverse version of plurality — the only variant to have any theo-
retical interest and influence today — the regularities as well as the
initial conditions differ among universes, expressing states of affairs,
allowed by the motivating theory, that are not manifest in our
universe.

For another thing, in the proper use of the Newtonian para-
digm, what is a stipulated initial condition for the purpose of one
instance of the explanatory practice becomes an explained phe-
nomenon for the purpose of the next instance. It is as if the
moving searchlight that defines the configuration space, and
thus the distinction between what is stipulated and what is
explained, illuminated all of nature, piece by piece. No opportu-
nity for such an iteration of the practice exists under the multi-
verse conception. In that conception, each imaginary universe is a
complete and closed entity, bereft of causal contact with any
other universe.

The replacement of plurality by succession and the subordi-
nation of structural to historical explanation open the way to dis-
pensing with the cosmological application of the Newtonian
paradigm. If there is only one universe (with the qualification of
the existence of branching universes as well as of the existence of
unobservable parts of our universe), and succession takes the place
of plurality, we need no longer, with regard to the universe and its
history, try to distinguish unexplained initial conditions from a
configuration space of law-governed changes. The whole cosmolog-
ical evolution, without any such distinction, becomes the topic of
explanation. The realities to be explained, not all at once, but
step by step, include what the Newtonian paradigm distinguishes
as initial conditions, law-governed phenomena, and explanatory
laws.

Once again, the non-cyclic variant of succession enjoys, in these

respects, an advantage over the cyclic one. The regularities of nature
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cease to be eternal bystanders to the history of the universe or of
successive universes and become, instead, protagonists in that history.
I argue later, in this section and in this book (Chapters 4 and 5), that we
have independent reasons to regard the regularities of nature as sus-

ceptible to historical explanation.

4. The argument from the compatibility of the associated ideas of the
singular existence of the universe and of non-cyclic succession with
cosmological inflation and from their irreconcilability with eternal
inflation. The standard cosmological model faces a number of problems
that have to do, in one way or another, with the need to explain how the
observed universe can be flat, homogeneous, and isotropic, when it
might be expected to be highly curved and inhomogeneous. Prominent
among these riddles are the so-called horizon and flatness problems.*
These problems played a major role in motivating the conjecture
of cosmological inflation: of a super-rapid expansion early in the his-
tory of the universe. Instead of a standard causal interaction resulting

in a convergence of temperatures and of densities within the expanding

* The horizon problem has to do with the relation between features of the observed
universe and the lapse of time required by the physical processes needed to produce
them. At the time that it has become conventional to call decoupling, when the
atoms became stable, and light could travel freely, the universe was already, and has
since remained, remarkably homogeneous and isotropic; it everywhere exhibited and
exhibits the same temperature to high accuracy and the same spectrum of small
fluctuations in density. Much too little time had elapsed between the cosmological
singularity, as conventionally viewed, for all of the regions of the universe at its then
size to have been in causal contact. Nothing that we are able to infer about the initial
conditions of the universe, without making arbitrary and ad-hoc stipulations, can
account for such a surprising result. Restated, the horizon problem is that models of
the early universe based on general relativity and assuming only the matter now
known to us, fail to explain the uniformity of the cosmic microwave background. The
parts of that background - vestiges of the earliest universe — could not have interacted
by the time they are observed to be everywhere in equilibrium at the same
temperature.

The flatness problem is that in our universe light beams neither converge as they
would under general relativity if space were positively curved, or diverge as they
would under the same theory if space were negatively curved. The flat universe must
have begun close to the preternaturally improbable circumstance in which the
expansion rate and the energy density of the universe compensate for each other’s
effects.
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universe, there is supposed to have occurred, according to this doc-
trine, an explosive ballooning that scaled the universe up. The scaling
up would then have produced what could not have been achieved by a
causal interaction for which there was not enough time.

Proponents of cyclic succession have often claimed that their
theories offer a solution to these problems without invoking cosmo-
logical inflation, for which, they have argued, there has been, at least
until very recently, no direct evidence and only conjectural mecha-
nisms. Theories of succession, whether cyclic or non-cyclic, would
offer such a solution by extending back the time horizon for setting
the pertinent features of the observed universe: its fundamental homo-
geneity and isotropy, its local and detailed inhomogeneities (indispen-
sable to the formation of the observed celestial bodies), and its flatness.

The premise to such solutions is that the properties of the uni-
verse at decoupling should be understood historically, in the light not
only of what happened between the earliest formative events and
decoupling but also of what took place before those events, in the
prior or pre-traumatic universe. Once we admit succession, and rede-
fine the cosmological singularity as a moment at which temperature
and density were extreme rather than infinite, and as an incident in a
longer history rather than as an absolute beginning, there may be
enough time for the parts of the universe to have become homogeneous
and isotropic. Thus, if cosmological inflation fails ultimately to be
confirmed, no difficulty would result for either cyclic or non-cyclic
views of succession.

Suppose, however, that evidence for cosmological inflation
mounts. A fundamental difference exists between the implications
for cyclic and non-cyclic succession. The ekpyrotic version of cyclic
succession (as proposed by Steinhardt and Turok) would then be
unequivocally falsified if only because it supposes the present universe
to have begun in a low-energy state irreconcilable with the inflationary
view.

The many proposals of cyclic succession that have made no such

assumption of an early low-energy state contradict the inflationary
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picture in less obvious ways. If we refuse to understand inflation as a
recurrent event, determined by timeless laws (as it might be repre-
sented under theories of eternal inflation), we need to comprehend it as
triggered by the special and exceedingly improbable initial conditions
of our universe. It thus fits easily into a historical account of the
universe: one that does not suppose that we can infer the history
from the laws, not at least from the known laws. Such an approach to
inflation would demand attention to the question: From where do the
initial conditions of the universe come? If they are not randomly
generated within a multitude of mathematical possibilities (as the
defenders of the multiverse idea propose), they must be explained
by what happened before. We must, that is to say, account for them
historically.

If such evolution is to be explained by immutable laws, they
should be laws that generate over and over again the same initial
conditions. Such are the regularities that theories of cyclic succession
(including the ekpyrotic theory and Penrose’s conformal cyclic cos-
mology) presuppose: carried to their logical extreme, these theories
dispense with the concept of initial conditions of the universe.
Everything, for them, resides in the laws; they see no need to speak of
initial conditions as distinct from the laws and their consequences.

However, the regularities that can explain the initial conditions
of the universe resulting in cosmological inflation could not resemble
the laws, symmetries, and supposed constants of nature with which we
are now acquainted; otherwise, the initial conditions of the universe
would not seem as extraordinarily improbable to us as they do. They
seem improbable because they are not the expected outcome of the
regularities with which we are familiar: those that apply to the cooled-
down universe that we observe.

No such antipathy opposes the combination of the ideas of the
singular existence of the universe and of non-cyclic succession to
cosmological inflation, as distinguished from eternal inflation.
(Assume, for the sake of this argument, that the conjecture of the
super-rapid initial expansion of the universe may be vindicated by
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conclusive inference from observable remnants of the very early uni-
verse.) Cosmological inflation, in such a view, represents the immedi-
ate aftermath of a superdense and superhot moment. In the course of
the events of which it formed part, causal continuity was never
entirely broken; the values of the parameters, although extreme,
never became infinite. If causal continuity remained uninterrupted,
the presumption of science is that it continued indefinitely back into
the past.

We subtract nothing from our present ignorance of that past by
resorting to the speculation of the existence of a vast or infinite array
of other universes. We merely provide ourselves a pretext to stop
looking and to seek in mathematics what we have so far failed to
find in nature.

Inflation fails to contradict non-cyclic succession, proposed
against the background of the idea that there is one causally connected
universe at a time. Eternal inflation does contradict it. It contradicts it
insofar as theories of eternal inflation reenact part of the intellectual
program of steady-state theories in cosmology: a changeless cosmolog-
ical process going on forever and ceaselessly reestablishing the con-
ditions for its own continuance. It contradicts it even more to the
extent that eternal inflation is married to the multiverse idea. The
product of this marriage is the conjecture of an infinity of unobservable
pocket universes generated by eternal inflation. The contradiction is
only mildly attenuated in variants of eternal-inflation theory that
depict inflation as eternal into the future but not into the past, accord-
ing to the view that, under reasonable assumptions, the inflating
region must be incomplete in past directions.

Although it is common to suppose that the idea of eternal infla-
tion represents a natural extension of the conjecture of cosmological
inflation, it has a wholly different character, especially when associated
with the conception of a multiverse. It evokes the picture of a recurrent
process governed by immutable laws. It eludes empirical confirmation
or falsification. It justifies its recalcitrance to empirical challenge by its

appeal to what we here argue to be a misguided view of the relation of
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mathematics to nature and of the place of mathematics in science. In
certain respects it shares the spirit of theories of cyclic succession. As they
do, it teaches that the most important facts about nature — those that
regard its basic structure and fundamental regularities — never change.
The thesis of the singular existence of the universe, as developed
by the conjecture of non-cyclic succession, is compatible with cosmo-
logical inflation. It cannot be reconciled with eternal inflation. Rather
than being a flaw, this incompatibility amounts to a virtue: it defines
one of several ways in which that thesis can be put to the test. Any
evidence for eternal inflation — if, as its proponents claim, there can be
such evidence — amounts to evidence against the twin ideas of the
singular existence of the universe and of the historical, non-cyclic

succession of universes or of states of the universe.

5. The argument from rejection of the second cosmological fallacy.
The ideas of the singular existence of the universe and of non-cyclic
succession enable us to begin making sense of the emergence, in the course
of the history of the universe, both of fundamental structures or constitu-
ents of nature and of law-like regularities in the interactions of these con-
stituents. The now standard (“big bang”) cosmological model has been
immensely successful in providing a framework within which to under-
stand what has already been discovered about the history of the universe.
This model suffers, however, from two basic weaknesses. One
frailty is the continuing reliance of its proponents on the metaphysical
element in the theory of general relativity: the representation of time as
an aspect of a spacetime continuum, described as a four-dimensional
semi-Riemannian manifold, that can be arbitrarily sliced by an infinite
number of spacetime coordinates. I argue in Chapter 4 that Riemannian
spacetime, with its exclusion of a preferred cosmic time, its denial of the
fundamental, non-emergent character of time, and its consequent treat-
ment of time as an accessory incident, together with space, to the dis-
position of matter and motion in the universe, represents a philosophical
gloss on the empirical hard core of general relativity. I go on to argue that
the metaphysical conception of such a spacetime continuum inhibits our
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understanding of what has already been discovered, as well as our open-
ness to what may yet be discovered, about the history of the universe.

Another weakness of the way in which the standard cosmolog-
ical model has developed concerns its picture of events in the very
earliest universe. So long as these events remain hidden behind the
screen of the infinite — an infinite initial singularity, mistaken for an
account of physical events rather than recognized as a mathematical
notion indicating limits to the applicability of the physical theory — we
cannot hope to progress in our understanding of those events. It is only
when we begin to represent the earliest history of the universe as a
condition in which temperature and density had extreme but never-
theless finite values that we can hope to subject it to physical reason-
ing and to lay it open, at least in principle, to empirical inquiry.

In so doing, we satisfy the basic condition for causal continu-
ity between our universe and any universe that may have preceded
it, or between the expanding and contracting of the one real uni-
verse over time.

The idea of succession then arises as the alternative both to the
stability and eternity of the universe (as in the steady-state cosmology
of the early twentieth century) and to the conception of an absolute
beginning of the universe, out of nothing. Succession requires much
less of a break than do its rival conceptions not only with what we
already know about the history of the cooled-down universe in which
we find ourselves but also, more generally, with what we know about
how nature works in the many domains studied by the specialized
sciences.

Up to this point in the analysis, there is no reason to prefer either
a cyclic or a non-cyclic view of succession. Both can accommodate
causal continuity, make sense of the fiery beginnings of the present
universe, and avoid the appeal to the mathematical conceit of the
infinite or to the making of something out of nothing.

The different implications and unequal advantages of cyclic and
non-cyclic views of succession begin to become clear when we con-
sider the problem of the emergence of the basic structure of the
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universe. We already know enough to conclude that chemistry, as
described by the periodic table, could not have existed at the earliest
moments of the history of the universe. Research conducted under the
guidance of the now standard cosmological model also gives increasing
grounds to infer that the elementary constituents of nature, as
described by the similarly successful standard model of particle
physics, could also not have existed, at least not in their present
form, very early in the history of the universe.

The fundamental structure of nature, as we observe it in the
cooled-down universe, has a history. Each of its pieces emerged in
the course of this history. The plasma existing at the beginning of the
universe did not resemble the rudimentary structure portrayed, but not
historically explained, by the standard model of particle physics. There
is no evidence that the standard model of particle physics describes
conditions prior to nucleosynthesis.

There are two distinct sets of reasons for the difficulty that we
experience in developing a historical account of the step-by-step emer-
gence of this structure. A first reason is that, even after we throw down
the principled bar to empirical research represented by the notion of an
infinite initial singularity, we continue to lack the experimental
means with which to simulate conditions in that earliest history.
Temperature was at that time higher than the energies generated in
our present particle colliders. There is, however, no reason of principle
why we cannot hope to develop means for investigating those condi-
tions in the future.

A second reason is that a gap remains between our understanding
of the laws, symmetries, and constants in the earliest history of the
universe and the evolution resulting in the fundamental structure that
we observe. The regularities of nature that we register, and the aston-
ishing stability of which in the cooled-down universe we cannot fail to
acknowledge, may be compatible with the changes producing this
structure. They fail, however, to explain it. They are the regularities

governing the regime forged in the early history of the universe. They
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do not, however, account for either the emergence of this regime or,
consequently, for themselves.

This gap confronts us with a choice between two modes of
thought. According to the way of thinking characteristic of the tradi-
tion of physics inaugurated by Galileo and Newton, the regularities
must have been already and always there, as eternal and unmoved
bystanders, rather than as temporal and shaped participants, in the
history of the universe. It is a view that not only circumscribes the
reach of history and of time but also violates the principles of recip-
rocated action: we imagine that part of nature — the laws, symmetries,
and constants — acts without being acted upon. They fail to explain
themselves: the distinctive and even “finely tuned” content of the
laws, symmetries, and constants, which (the efforts of many philoso-
phers notwithstanding) we are unable to deduce from any more general
rational necessity, remain mysterious.

This approach gains its semblance of plausibility from the undis-
puted stability of the laws, symmetries, and constants in the cooled-down
universe. However, it could not understand these stable regularities to be
eternal if it failed to make, as well, two other moves. The first move is to
treat the stable forms that nature takes in the consolidated though
evolving universe as its permanent canon of forms (the second cosmo-
logical fallacy). The second move is to take the idea of immutable laws,
symmetries, and constants to be an indispensable prerequisite of scien-
tific explanation. Neither of these moves is justified.

The objection to the first move is that we may have reason to
infer that nature in the early universe, as well as in extreme states of its
later history, must have been, and must be, organized in a different way
from the way in which we see it organized now. What remains open is
whether any part of the fundamental order of nature — that it is to say,
its elementary fields and particles as described by the standard model
of particle physics — existed then as it came to exist later. The safest
assumption — the most compatible with the direction of our discov-
eries about the history of the universe —is that none of it was then what

it is now.
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The objection to the second move is that unstinting recognition
of the mutability of nature, in all of its elements, need not undermine
our powers of causal explanation. That it need not do so is shown by
the explanatory practice of the life and earth sciences as well as by the
more remote lessons of social and historical study.

To recognize the force of these objections (developed in earlier
and later parts of this book) is to open the way to another mode of
thought. According to this alternative, the structure of nature and its
regularities evolve jointly. Indeed, causal connections, rather than
being instances of immutable laws of nature, constitute primitive
features of nature. Although we are accustomed to see them display
recurrent and general form in the observed universe, they may exhibit
no such law-like character in extreme states of nature. Among such
extreme states are those that seem likely to have prevailed in the
earliest history of the present universe.

The conception of a plurality of divergent universes, the multi-
verse, each with its own distinctive regularities and structures, loosely
subsumed under the ideas of a physical view such as string theory,
cannot help make sense of these problems. On the contrary, it simply
multiplies the enigma by as many universes as it postulates. For in
each of these universes, the fundamental structure and the regularities
must have come from somewhere through a physical mechanism that
the conceit of their mathematical possibility fails to explain or even to
describe. Moreover, in each of these postulated universes, if we under-
stand them by'analogy to our own (and how else can we understand
them, given that they are forever inaccessible to us?), the distinct
fundamental structure may have been different at the outset {unless
we deny altogether the reality of time). Consequently, for each of
them, the same question arises as to what we imagine the regularities
were doing when the states of affairs that they supposedly govern did
not yet exist.

Only the idea of a singular universe, placed in a historical context
that makes room for a succession of universes or of states of the
universe, can enable us to address these issues, and to do so in a fashion
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that remains, at least in principle, open to empirical study. In this
respect, the non-cyclic view of succession enjoys a decisive advantage
over the cyclic one.

Under the cyclic account of succession, both the fundamental
structure of nature and its laws, symmetries, and constants remain the
same. There is then no prospect of explaining what came later by what
came before. If it is admitted that, in each formative moment of a new
universe, the basic constituents of nature reemerge, they must, under
this conception, always cluster into the same natural kinds and con-
form to the same regularities.

For such an account to be complete, the regularities of nature
that it identifies must explain by what mechanisms the same struc-
tures repeatedly reemerged at each formative moment of each succeed-
ing universe. It is true that we can mount computer simulations
encoding our present understanding of the laws of nature that simulate
the evolution of the universe back to relatively early stages. What we
cannot do, however, is to reverse engineer such a formative process
beyond or before the moment when the basic constituents described by
the standard model of particle physics existed.

The cyclic views of succession are in no better position in
this respect than is the application of the standard model of par-
ticle physics to the early universe; they simply extend the same
riddle back into the eternity of a time without transformation. If
then, as I argue in Chapter 4, time is the change of change, they
equivocate about the reality of time. Moreover, they require, for
these prior universes, an explanation of the recurrent genesis of
structure that we do not possess even for our own universe, or for
its present state.

In all these respects, the non-cyclic view of succession is in a
better place. It conjectures that we will never be able to explain the
genesis of the fundamental structure of the cooled-down universe on
the foundation of the regularities that we observe in a universe marked
by the stability of both this structure and of the regularities that it
exhibits. Such a non-cyclic account of succession provides a basis for
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taking the less heroic and more economical position: that regularities
do not antedate the structures manifesting them. It is a view that may
seem paradoxical only to those who have embraced the dogma that the
laws of nature are either eternal or non-existent and that only if they
are eternal can science do its work.

‘We should be clear about what in this alternative way of thinking
is speculative and what is not, and about the sense in which its spec-
ulative element may nonetheless connect with the empirical agenda of
natural science. That the observed universe exists and that it must
form part of a larger universe, which we cannot observe in its entirety,
are matters of fact. All other universes, whether parallel or divergent
under the aegis of the idea of plurality, or predecessors to our own, are,
at the present time, speculations. The difference is that the parallel or
divergent universes of the thesis of plurality are not only unobservable
now but also forever beyond the reach of direct or indirect empirical
investigation, whereas previous universes, or previous states of the
present universe, are likely to have left marks or vestiges that we can
observe. Moreover, we may be able to simulate in our universe some of
the conditions that attended its beginnings and pre-history. Even then
we cannot reenact the totality of an earlier state of affairs.

The difference is also that we come to the ideas of plurality and of
succession in radically different ways, with different relations to the
interests of natural science. We devise the conception of plurality out
of an attempt to make up for the radical underdetermination of many
of our present physical theories, notably the string theory variant of
particle physics: their compatibility with a multitude of universes
other than our own. By contrast, we arrive at the idea of succession
as a direct consequence of banishing from the interpretation of the
standard cosmological model the mathematical notion of an infinite
initial singularity, which, like all versions of the infinite, can represent
no real physical state of affairs. We reach it as well by fidelity to the
practice of causal explanation and to its underlying assumption that
every state of affairs must have causes and that the relation between

cause and effect is by its very nature temporal. Each after must have a
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before until we can see and think no longer. We are not entitled to
mistake the limits to our understanding of the universe for a moment
when something came out of nothing.

We are then faced with a choice between the cyclic and the non-
cyclic views of succession. We continue to lack any decisive empirical
evidence or theoretical compulsion to choose one of these variants of
succession over the other. Both views are speculative. There are never-
theless clues in what we already know about the history of our uni-
verse as well as about the study of the workings of the parts of nature to
which we have direct access on our planet and in the life around us.
These clues suggest the mutable and historical character of all types of
being or natural kinds, including the basic constituents of nature. From
the recognition of this mutability and historicity it is only a step to
apply in cosmology the working assumption that we deploy elsewhere:
where the structures emerge and change, so must the regularities that
they exhibit and to which they appear to conform.

These clues, taken together with the other arguments that Thave
here outlined, favor the non-cyclic variant of succession over the cyclic
one. The grounds for preference are neither robustly empirical nor
merely speculative. They display the hybrid form characteristic of
the work by which natural philosophy acts as the scout of science
and instigates the dissolution of the marriage between empirical

insight and metaphysical preconception in ruling scientific ideas.

6. The argument from the reciprocal support of the ideas of the
singular existence of the universe, of the inclusive reality of time,
and of the selective realism of mathematics. The thesis of the singular
existence of the universe, extended by the idea of a succession of
universes, should be judged not only on its own merits but also as
part of a more comprehensive view. It is the conception that most
fully coheres with the ideas about time and about mathematics rep-
resenting the other chief proposals of this book. It supports those ideas
and receives support from them. It shares in both their strengths and

their weaknesses.
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The claim that time is inclusively real can be established only if
nothing, including the regularities of nature, remains outside the reach
of time, invulnerable to change. The inclusive reality of time, I argue in
Chapter 4, remains in jeopardy unless there exists a preferred cosmic
time such that everything that has ever happened in the history of
nature can in principle be placed on a single unbroken time chart. Only
then does time cease to be an accessory to something else: in particular
to the placement of matter and the occurrence of motion. There must
be such a preferred cosmic time for time to be inclusively real and for
us to be able to ask and to answer questions such as how old the
universe is. There must be such a time notwithstanding the objections
resulting from the standard interpretations of general relativity, with
their adoption of Lorentzian spacetime, as well as from the relativity of
simultaneity, established by special relativity.

These requirements are in turn readily satisfied only if there is
one universe at a time, with the qualifications that the suggested
existence of branching universes may suggest. A succession of uni-
verses provides a physical basis for the existence of a preferred cosmic
time, and thus as well for the inclusive reality of time. Such a succes-
sion makes it possible for the unified history of our universes to extend
backward into a history of successive universes, or of phases of con-
traction and expansion of the single universal reality.

However, as I acknowledge in Chapter 4, the singular existence
of the universe, extending backward in time through succession, is not
a sufficient condition for the existence of a preferred cosmic time,
although it may be a necessary one. We need to know how such a
time can even in principle be perceived and measured. If it is not
perceptible and measurable, the notion of a preferred cosmic time
would be no better than the untestable conjectures of the multiverse
view; its theoretical advantages would be insufficient to justify its
reception by cosmology.

For a preferred cosmic time to have a legitimate cosmological
role, the universe must also be so arranged, by virtue of its relative
isotropy and homogeneity, that it provides a clock of cosmic time, in
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the twin forms of its equal recession in all directions from preferred
observers, situated in positions expressive of that homogeneity and
isotropy, and of the equal temperature with which its cosmic micro-
wave radiation background strikes these same preferred observers from
all directions in the sky. The clock of cosmic time is the universe itself,
viewed with regard to some of its features. We have reason to believe
that we live in such a universe: one in which cosmic time can in
principle be recognized and measured, not simply asserted as a theo-
retical pre-commitment or dissolved into the countless spacetime
coordinates of the predominant interpretations of general relativity.

There is another way in which the idea of a succession of uni-
verses supports thinking of time asnon-emergent, rather than asderiv-
ative ffom some more basic reality. If time stopped at an initial infinite
singularity, or if it were an aspect of a spacetime continuum, as the
leading interpretations of general relativity imply, it could not be
fundamental. The dynamics of that singularity, or the geometry of
that continuum, rather than time, would be fundamental. The ideas
of singular existence and of succession offer an alternative to these
views. In this alternative, time can berepresented asnon-emergent and
inclusive.

An implication of the inclusive reality of time is the mutability
of the laws, symmetries, and alleged constants of nature, despite their
overwhelming stability in the universe that we see. Another implica-
tion is the metamorphosis of all natural kinds - of the types of being
that there are — down to the most elementary particles and fields. In the
non-cyclic variant of the idea of succession we find a way of thinking
about the coeval history of the structure and of the regularities.

These ideas about the history of the universe are alsoreciprocally
connected with a view of the relation of mathematics to nature and to
science. The multiverse conception is intimately associated with a
view of the prerogatives of mathematics in natural science. A theory
that appears on its face to be physical, like the string theory variant of
particle physics, turns out on closer inspection to be largely mathe-

matical in its inspiration as well as in its expression. It countenances
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many more arrangements of nature at its most fundamental level than
we can see realized. The theorist then conjectures that all the unreal-
ized arrangements must be enacted in universes other than our own,
forever closed to our inspection. In so doing, he reveals a prejudice
about the privileged insight of mathematics into nature.

If, however, there is no such immense plurality of universes,
ensuring the correspondence of a mathematical invention to a natural
reality, if the universe is singular, if it is the outcome of a singular
succession with features that cannot be inferred from mathematical
abstractions (although mathematics may help represent the relations
among its parts), and if the stable structure of the cooled-down uni-
verse amounts to the product of a unique history, rather than the other
way around, a deep chasm opens up between nature and mathematics.

We must then rethink the relation of our mathematical ideas to
the facts of nature and to the discoveries of science. The universe
cannot be homologous to a mathematical object, much less can it be
such an object. The applicability of mathematics to nature must be
selective and conditional. We must reject the assumption that all
constructions valid in mathematics — such as the notion of the infin-
ite — have a guaranteed place in nature by virtue of their mathematical
validity. Above all, we must guard against the anti-temporal biases of
the mathematical imagination, which threaten to mislead us into
discounting or even into denying the reality of time.

The idea of the singular existence of the universe is not an
isolated proposition. It forms part of a wider contest in natural philos-
ophy and cosmology. The more complete our understanding of what is
at stake in this quarrel, the more likely we are to dojustice to each of its

aspects.

IMPLICATIONS FOR THE AGENDA OF COSMOLOGY

The remaining sections of this chapter address a number of debates
that force upon us a choice between the conceptions of many universes
and of a solitary universe, or, more precisely, between the idea of a

plurality of universes and the idea of a succession of universes or
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periods in the history of a singular changing universe. Before address-
ing these debates and their implications, it is useful to say something
further about succession and its relation to plurality.

If the universe has a history and began in a moment of extreme
concentration during which — and maybe before which - its present
laws, symmetries, and regularities failed to hold, it developed either
out of nothing or out of something. The idea that it developed out of
nothing amounts to a way of acknowledging our inability to advance
further in the work of scientific explanation.

Alternatively, the universe developed out of something.
Consequently, it has a pre-history as well as a history: something
preceded the traumatic events that cosmologists call the cosmological
singularity (the “big bang”). In these very early moments of the history
of the universe, as the earlier discussion of the second cosmological
fallacy suggested, causal connections may not yet have assumed law-
like form and the division of nature into enduring natural kinds may
not yet have taken shape. To describe the situation in this way is to
conjecture that some form of causal connection or continuity exists
between successive universes, or between different states of the uni-
verse, before and after the earliest, formative moments of the cooled-
down universe that we observe.

To be sure, such causal connection or continuity between the
present universe and a universe that may have preceded it cannot, on
this view, be a connection or continuity that has for its basis immut-
able laws, symmetries, and constants. Change that is so radical poses a
conundrum that we have already mentioned and to which we shall
repeatedly return. Either the change of laws is itself law-governed or it
is not. If it is, the higher-level laws must themselves be subject to
change. Otherwise, we would have to stipulate, without reason to do
so, that something in the world is exempt from time and change. If,
however, the change of the laws is not itself law-governed, even in the
sense of statistical determination, we would find ourselves face to face
with arbitrariness in nature and with impotence in our explanatory
efforts.
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These are real, not fanciful difficulties, requiring real answers.
They highlight some of the riddles generated by the hypothesis of
succession. However, they do not apply solely to our thinking about
the origins of the universe. They shadow all our causal judgments and
the whole of science, if we have reason to believe that the framework of
natural laws, symmetries, and constants is within time (and therefore
susceptible to change) rather than outside and if we must therefore
reconsider the relation of mathematics to nature and to science. Such
change of the regularities of nature, however, may be discontinuous, as
change in the part of the world of which we have direct experience
generally is: sometimes fast and dramatic, at other times slow and
imperceptible.

Given these refinements, the idea of a succession of universes
should be understood as shorthand for the conception of a history of
the universe, passing through distinct phases or periods. Causal con-
tinuity and connection may be stressed and shaken rather than broken.

On such a view, the substitution of succession for plurality in our
ideas about the universe and about what lies beyond our ken does not
amount to trading one enigma for another, of the same order. The
puzzles attending the idea of succession are those of the relation of
the history of nature to the basis of our causal judgments. States of the
world behind the veil of a traumatic transition, such as the formative
moments of the observed universe, present obstacles to direct obser-
vation and experiment. However, they do not contradict the assump-
tion of causal connection and continuity. Nor do they appeal to
metaphysical entities, such as parallel worlds, inaccessible from our
own, that could not even in principle be open to scientific investiga-
tion, however remote or indirect. They arise from a willingness to take
the reality of time seriously and to treat the history of the universe as
exhibiting a discontinuity more radical than the discontinuity that we
see displayed in the history of each of its parts.

Succession is not adequately described as plurality in the realm
of time rather than of space. It is radical transformation, in time, of the

one real universe.
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THE FINITE AND THE INFINITE AT THE BEGINNING

OF THE UNIVERSE

The characterization of the cosmological singularity (in the contem-
porary technical sense of this term) is the first of several problems in
contemporary cosmology that bring into focus the need to choose
between plurality and succession, as well as succession with and with-
out continuity, across successive universes, or periods of universal
history, of the same regularities of nature.

Penrose and Hawking argued that given a cosmological space-
time without spatial boundary, satisfying a small number of condi-
tions, there is a temporal boundary in the past of finite proper time (for
any observer) beyond which the application of the field equations of
general relativity cannot continue. This result is commonly inter-
preted to show that given the equations of general relativity, together
with reasonable assumptions about the distribution of matter, there is
a cosmological singularity in the past of our universe. By such a singu-
larity (used in the familiar cosmological sense rather than in the special
sense of the thesis of the singular existence of the universe) is meant a
moment of simultaneity at which all physical quantities such as tem-
perature, density, and strength of the gravitational field are infinite.
Upon reaching the circumstance of the cosmological singularity, the
field equations break down. It is impossible to continue solving them
further into the past.

The theory seems to give more precise expression and founda-
tion to the dominant view of the origins of our universe: the “big bang”
cosmology. It appears to imply that the universe began a finite time ago
and out of nothing. In the moment of the infinite natural quantities and
of the undivided unity of all matter and all forces, the laws, regularities,
and symmetries of nature did not yet hold. Time itself, according to
this view, did not exist; it emerged once the threshold of the singularity
was past. Once out of the singularity, the universe began to assume the
form that we are able, directly or indirectly, to observe: a manifold of
distinct structures and forces, deeply united, and subject to a timeless

set of laws governing events situated in emergent time.
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Although this conception does not necessarily imply a plurality
of universes, it characterizes the initial formative moment as so arbi-
trary — so far beyond the reach of observation and explanation alike —
that it removes the initial bar in our thinking against the idea of other
universes, also causally closed and causally unconnected with our
own, that might have begun or might begin in similarly mysterious
circumstances. If the miracle of making something of nothing can be
performed once, why cannot it not be performed often?

There are four major objections to the inference of an infinite
initial singularity.

A first objection, signaled earlier and discussed further in
Chapter 4, on the inclusive reality of time, is that the inference of an
infinite initial singularity is best understood as an indication of the
breakdown of the underlying theory (general relativity) when its field
equations are carried beyond their proper domain of application rather
than as the description of an actual state of affairs. The mathematical
idea of the infinite is not realized in nature. Its introduction represents
a salient example of the dangers of succumbing to the view that
mathematics offers a reliable shortcut to insight into the workings of
nature.

A second objection is to the very notion of something arising out
of nothing: no material, no agent, no circumstance, no time. A plau-
sible interpretation of such a view is that it is less, in this respect, an
account of the beginnings of the universe than it is a confession of our
inability to provide such an account. It seems better simply to
acknowledge that inability than to conceal it under a genealogy that
we cannot translate into any discourse of causal explanation familiar
to us in science.

A third objection is that the passage from the lawless world
before time and distinction to the lawful world of distinction and
time is not only unknown but impossible to represent persuasively in
either the verbal or the mathematical language of science. At some
point, we are asked to believe, infinite quantities became finite, a

distinct structure of nature emerged, the laws governing it began to
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apply, and time started to flow. That we cannot explain such a trans-
formation may be conceded. What is harder to accept is that we cannot
even describe it. The how remains as impenetrable as the why.

A fourth objection is that these suppositions about the infinite
initial singularity are not only hard to square with the rest of the way in
which we think about nature; they are also difficult to reconcile with
some of the empirical implications of contemporary physics. The
picture of the singularity as the emergence of something out of nothing
cannot easily be reconciled, if it can be reconciled at all, with the view
from quantum mechanics. When that view is taken into account, the
cosmological singularity appears to be an extraordinarily but not infin-
itely violent event, in which very large but not infinite temperatures
and densities prevailed. There is an infinite difference between the
finite and the infinite.

The view of the earliest, formative events in the history of the
universe as capable of breaking and changing laws, symmetries, and
constants and of confounding forces and phenomena that we observe
divided in the subsequent universe does not require any suspension of
causality and time. On the contrary, it points toward an extension of
the universe back into time: back into a time prior to this violent
event, when other laws may have held. It points us toward succession,
in the qualified sense in which I have described it, rather than to
plurality and, for the reasons that I earlier adduced, to non-cyclic rather
than to cyclic succession.

It is a matter of indifference or convenience whether we call the
world before this formative moment an earlier state of the universe or
an earlier universe. Given the postulate of causal connection and con-
tinuity, this previous universe, or this earlier state of the universe, is in
principle open to empirical inquiry.

Between it and ourselves stand the fiery beginnings of the
present universe, reinterpreted in a fashion that brings them into the
realm of time and change. If we suppose that the composition and
structure of the world changed more rapidly and radically around the
time of those events than they have changed since then, we can expect
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that our ability to inquire into this early history of the universe will be
limited. However, it will not vanish.

For one thing, there may, on this view, be only a difference of
degree, although a substantial one, between the mutability of the laws
of nature, as well as of the causal explanations that rely on them,
during that formative trauma and their mutability before and after it.
I later consider the reasons to believe that time is more real than the
dominant tradition of natural science has generally acknowledged it to
be and that an implication of its reality, together with its inclusiveness,
is that nothing in nature, not even its most basic structures and regu-
larities, remains exempt from time and change. It is nevertheless
important to reconcile the mutability (in principle) of the laws, sym-
metries, and supposed constants of nature with their stability in the
cooled-down universe.

The mutability of the laws (and other regularities) of nature
introduces a series of intractable difficulties: whether we should regard
these problems as insuperable antinomies or merely as enigmas that
will only slowly yield their secrets forms part of what there is to
discuss. The laws of nature may develop coevally with the phenomena
they govern. Causality may exist without laws. These ideas may shock
in physics. They have, however, long been familiar in the life sciences
as well as in our ideas about society and its history.

For another thing, a previous state of the world must have left
some trace of itself in a later state. If the difference between the cooling
universe, organized as a differentiated structure, and its superhot and
conflating initial state is finite rather than infinite, no absolute barrier
exists to the survival of such traces. Among them may be, for example,
the seemingly arbitrary but precise values of some of the constants of

nature, unexplained by the laws of the post-traumatic universe.

THE INITIAL CONDITIONS OF THE HISTORY
OF THE UNIVERSE
A second controversy revealing the implications of the choice between

the thesis of plurality and the thesis of uniqueness and of non-cyclic
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succession is the way in which we account for the initial conditions of
the universe.

Because the universe is believed to have begun with a non-zero
temperature, it requires an indefinitely large or even infinite amount of
information to describe its initial microscopic state. Another way of
saying this is that the universe sprang into existence complete with an
infinite number of degrees of freedom excited to particular states.
General relativity together with quantum field theory — our most
credible present comprehensive account of the universe — has an infin-
ite number of solutions. Indeed there are an infinite number of solu-
tions that agree with observations and have a cosmological singularity
in their past.

Such alternative solutions — and the alternative states of affairs
that they represent — differ by the exact states of the particles and of
radiation; the universe started very hot and hence full of photons and
other particles. The alternative solutions and states of affairs also differ
by the disposition of the gravitational waves: small deviations from
symmetry. On these facts, the initial condition of the universe, just
after the singularity, seems to defy explanation.

An appeal to stochastic causation to account for such a circum-
stance will confront the obstacle that the conditions are lacking for a
well-formed probabilistic determinism. Ordinary probabilistic analy-
sis conforms to the condition that the sum over all the probabilities for
exclusive outcomes is equal to one. We have no basis under these
conditions to define that sum. We do not know the range of the alter-
native states to which the probabilities apply. We cannot treat as stable
and well-defined the elementary constituents whose combinations the
statistical accounts would be designed to explain, for we are witnessing
the process of their emergence and differentiation. We are not able to
trace the boundaries between the phenomena subject to statistical
explanation and those subject to deterministic causation.

At the root of these problems lies confusion between probability
within the universe and probability about the universe. Stochastic

reasoning applies within the universe. It cannot apply to the making
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or to the history of the universe if the universe is one of a kind. The
multiverse conception tries to reestablish conditions for the applica-
tion of probabilistic thinking to the universe. It does so by fabricating
imaginary universes. The array of universes under the multiverse idea
is limited only by the vast number of conjectural universes accommo-
dated by the mathematics of an underdetermining physical theory: the
string-theory variant of particle physics. We cannot confidently use
probabilistic reasoning in such a circumstance, even under cover of a
view that was designed, in part, to facilitate its use.

We will have no easier a time in deploying deterministic causa-
tion. The canonical model of deterministic explanation in science for
the last several hundred years has been the Newtonian paradigm: the
distinction between the initial conditions of a set of phenomena and
the laws governing their movement or change within a given config-
uration space bounded by those conditions. What counts as stipulated
initial conditions in one explanation of one part of the universe can
figure as the subject matter to be explained - the law-governed phe-
nomena within the configuration space — for another explanation of
another part of the universe. However, the initial conditions of the
universe can never become the explanandum in such an iterative proc-
ess. They are not a piece of nature; they are the whole of it at an earlier
time. In the end, the initial conditions of the universe as well as the
supposedly timeless laws, symmetries, and constants of nature remain
always unexplained by successive applications of the Newtonian
paradigm.

It seems that the circumstances conventionally labeled the ini-
tial conditions of the universe cannot be explained by the standard
explanatory moves of cosmology and physics. They are just facti-
tiously there. The only way in which we could explain them would
be to explain them historically, by the states of affairs that preceded
them. Such an appeal to historical explanation is prohibited if, as the
conventional, technical view of the cosmological singularity supposes,
the universe began in a limiting event of infinite density and temper-

ature. Moreover, the frontier between the factitious stipulations and
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the law-governed phenomena will be elastic; whatever we are unable
to explain, we can simply incorporate into the definition of the myste-
rious initial conditions.

We may be tempted to escape our difficulties in applying sto-
chastic reasoning to the explanation of the initial conditions of the
universe by seeking refuge in deterministic explanation. We may try to
redress our difficulties in deploying deterministic reasoning by finding
succor in stochastic reasoning. However, the juxtaposition of two
inadequate solutions to our problem will not provide us with an
adequate one.

If we now compare the deep reasons for the failure of the two
forms of explanation, we can see that they are in fact two species of the
same quandary. The difficulty results, in both instances, in the realm
of probabilistic causation as well as in the domain of deterministic
causality, from a misguided attempt to apply to the whole of the world
forms of reasoning that work only when applied to part of it. Their
partiality is a condition of their success.

To these difficulties, arising from the attempt to explain the
whole by the methods with which we explain the parts, we must
now add a second order of complication, resulting from the special
and surprising content of the initial conditions. The very hot
initial universe might have been expected to turn out more irreg-
ular and entropic than it in fact has. From present observations,
combined with the laws of the standard model and general rela-
tivity, we can infer that the whole universe formed with a remark-
ably symmetrical geometry. The asymmetric movement of
particles within the early hot gas barely perturbed this geometry.
There is, for example, evidence that few black holes existed very
early in the history of the universe. One way to state this point is
to say that matter started very hot, but that the gravitational field
began at absolute zero.

Such a situation is very unlikely, by the standard of the varia-
tions of nature within the cooled-down universe, had the initial con-
ditions been simply random. The significance of this unlikelihood is to
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strengthen further the reason to seek a larger context of explanation in
which to make sense of the development of initial conditions with
such characteristics. The simple application of the familiar forms of
statistical and deterministic reasoning is powerless to solve this prob-
lem, for the reasons just stated.

There are then two large classes of ways in which we can go
about solving it: plurality and succession. In the spirit of plurality, we
take the universe formed in a cosmological singularity (in which the
parameters of the formative events had infinite values) as one of an
indefinitely large or even infinite number of universes shaped by sim-
ilar traumatic events. To the extent that we explain the initial con-
ditions stochastically, the large set of universes can in principle define
the scope of the alternative states of affairs over which the calculus of
probabilities will operate. The strangely symmetrical and isotropic
features of our universe, from its initial conditions on, can be dismissed
as the consequence of its being an outlier among such alternative
universes. Once we account for the initial conditions stochastically,
and thus discount their improbable features, we can carry out the rest
of our explanatory work by whatever combinations of statistical and
deterministic reasoning the science of the day validates. The partial
configuration spaces within which deterministic explanation applies
will all have their ultimate origin in the particular initial conditions of
our universe.

If we are lucky, some of the laws, symmetries, and constants that
we are able to establish will, by this reasoning, apply not just to our
universe but to all the universes. They will be compatible with differ-
ent initial conditions for each universe, with the choice of initial
conditions determined stochastically. The combination of the super-
universal laws with the accidental, universe-specific initial conditions
will in turn generate the set of laws, symmetries, and constants appli-
cable to that universe.

The reader may smile and imagine that he is reading a
passage from Plato’s Timaeus, in updated vocabulary. In fact, this
statement simply explicates and extends the direction that much of
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contemporary cosmology and physics has taken in its approach to the
explanation of the initial conditions of the universe. The point of such
pseudo-scientific speculation is not to replace the standard ways of
thinking stochastically and deterministically about the initial condi-
tions, but rather to make up for their manifest inadequacy: to prop
them up and make them seem more powerful than they are, given that
we do not know how to replace these efforts at explanation.

The alternative basis on which to understand the initial condi-
tions is the idea of succession, interpreted as an instance of the thesis of
the singular existence of the universe rather than as an alternative to
this thesis. The crucial point is that the formative trauma of the ear-
liest moments of the universe remained at every moment within the
realm of the finite: physically finite, albeit very large quantities; geo-
metrically finite, although very small space; and universal time, flow-
ing inexorably, the one reality in nature that deserves to be considered
sovereign.

The significance of the finitude of each of the attributes of the
events from which the present universe originated is that they permit a
causal pass through from the universe before those events to the uni-
verse after them. They suggest a way of accounting for the strange and
improbable initial conditions of the universe on the basis of a historical
explanation.

The deepest complications presented by such an approach are
twofold. The first complication is the difficulty of generalizing when
the subject matter is a class of one: one universe, the one real world,
passing through distinct stages or phases. The analogy to the physics of
phase transitions fails because here we do not deal with a process that
is local as well as recurrent, and indeed recurrent under laws and
symmetries that are stable in the cooled-down universe even if they
are not immutable. We reckon with events that, so far as we know,
may never recur in the same way and with the same characteristics.
The second complication is the difficulty of accounting for changes in
nature so radical that they may be accompanied by changes in the laws,

symmetries, and constants of nature. As a result of this second
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difficulty, we may need to abandon the assumption of a framework of
natural laws that remains unchanged amid the changes of nature. Non-
recurrence and change of the laws and other regularities define the
form of universal history described by the conjecture of non-cyclic
succession.

~ Ahistorical explanation may help account for the relative homo-
geneity and isotropy of the post-traumatic universe. Conversely it may
also help explain the way in which, as well as the extent to which, the
universe displays asymmetrical and possibly non-Gaussian features.

The question then arises whether such an understanding of the
initial conditions of the universe is a mere speculative conjecture or
whether it can be developed, although from the starting point of nat-
ural philosophy, in a fashion that lays it open to empirical inquiry. It is
a question vital to the force of our argument. I address it only in
indirect and fragmentary fashion. (Lee Smolin addresses it directly
and systematically.)

Two sets of observations and experiments would shed light on
the respective merits of these two approaches to the initial conditions
of the present universe. One is an approach relying on the conception
of an infinite initial singularity, with its logic of infinite temperatures
and densities, implied by leading interpretations of general relativity
and of solutions to its field equations. Such an approach invites or
allows elaboration by a cosmology of multiple universes, each of
them causally closed and all of them causally unconnected to one
another, with the qualifications implied by eternal inflation (if eternal
inflation is accepted as part of the approach). The alternative approach
reinterprets the formative events in the present state of the universe to
ensure that they remain within the realm of the finite. It therefore fits
with an idea of succession. (Earlier in this chapter {section entitled
“Arguments for the singular existence of the universe”), I suggested
reasons to prefer non-cyclic to cyclic succession as the working
assumption of a research agenda.) In this second approach, the causal
nexus between the formative events of the present universe and events
preceding them is shaken and stressed, but not broken, by the violent



I54 PART I ROBERTO MANGABEIRA UNGER

origins of the universe in its present condition. The case for the thesis
of the singular existence of the universe around us turns in part on the
reasons to prefer this alternative view.

One set of experiments and observations pertinent to the choice
between these two views goes to the impossibility of generating any
physical process that leaves the domain of the finite to enter the realm
of the infinite. The emergence of a physical process with infinite rather
than merely just very large quantitative attributes is so unlike any-
thing that has ever been observed, and suggests so radical a change in
the workings of nature, that we must ask through what transitions
such a leap could ever take place. It presupposes that the radicalization
of a physical process - its quantitative accentuation — will eventually
reach a threshold at which it jumps into another realm of non-finite
quantities.

The quest for a perpetual-motion machine was abandoned as the
result of a combination of a repeated practical failure with a theoretical
argument about why such an outcome was impossible: the failure to
make such a machine even under what seemed to be the most propi-
tious condition worked together with the persuasive force of the argu-
ment about the impossibility of perpetual motion in a world of friction,
resistance, and entropy. Similarly, we would need to persist in the
experimental radicalization of certain physical processes to observe
whether there is ever a sign in nature of anything that fails to lend itself
to finitistic characterization and explanation. At some point, people
will give up.

A distinct set of experiments and observations would address the
physics of the stressed and shaken but not interrupted causal nexus
between the events prior and subsequent to the extreme changes
that lie at the beginnings of the present state of the universe.
Observationally, we could achieve this goal by studying local circum-
stances in the post-traumatic universe that reproduce certain features
of the traumatic events. Experimentally, we can try to mimic these

conditions. A series of increasingly powerful particle colliders,
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conceived by some in the service of the project of the final unification
of the laws of physics under the aegis of the non-finitistic view of the
cosmological singularity that is suggested by general relativity, can be
enlisted in the service of this goal. (At the present time they have
already been used to generate a quark-gluon plasma, as a way of prob-
ing the strong interactions.)

Having observed or mimicked those fiery circumstances, we can
seek confirmation of the two conjectures that are central to this argu-
ment about the initial conditions of the universe. The first conjecture
is that the events and the structure subsequent to the trauma can be
understood only in the light of the events and the structure prior to the
trauma. The causal pass through is real and indispensable to the under-
standing of the later event.

The second conjecture is that the traumatic and extreme charac-
ter of the formative events may not only change the laws, symmetries,
and constants of nature, as the idea of non-cyclic succession implies;
they may also generate a circumstance in which causal connections
cease to exhibit a general, recurrent, and therefore law-like form.
Because such observations or experiments will always deal with a local-
ized part of the universe as a proxy for the universe as a whole (which we
can neither observe nor tinker with), they will provide only fragmentary
evidence. However, the accumulation of such evidence may throw light
on a question of fundamental interest to cosmology. What combination
of earlier states of the universe, prior to the formative events of the
universe in its present state, as well as of changes in the laws, symme-
tries, and constants of the universe, can help explain the otherwise
inexplicable features of the universe in which we find ourselves?

In this empirical effort, we shall find encouragement in the
thought that one day our scientific equipment and ideas may enable
us to discern more directly in our universe the vestiges of that earlier
universe: nature in two moments of its violently discontinuous his-
tory, changing on a scale of time vastly disproportionate to the scale of

our experience.
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THE UNEXPLAINED CONSTANTS OF NATURE

A third controversy is the unexplained and precise values of a number
of constants of nature, including the free parameters of the standard
model of particle physics as well as of the standard cosmological
model.

Consider first the problem in its most general form. We find
certain constants or constant relations, which we can describe as the
parameters of a wide array of physical theories, omnipresent in the
world. However, we do not know why they have the values that they
do. Their values appear to be brute facts, the unexplained furniture of
the universe. Among them are the masses (and the ratio of the masses)
of the elementary particles, the strength of the different forces or
interactions, the cosmological constant (the energy density of space),
the speed of light, Planck’s constant, and Newton’s gravitational con-
stant. These values have so far defied all attempts to account for them
on the basis of the laws of nature that we are now able to discern.

Three of the unexplained parameters — Newton’s gravitational
constant G, Planck’s constant h, and the speed of light ¢ — are intrinsi-
cally dimensional: to the extent that they fail to vary, we can take them
to define the units by which we measure everything else - including
time, mass, and energy. Their function as part of the equipment by
which we measure the world may give them some exemption from the
query about why each of them has one value rather than another.

However, the enigma of brute, irreducible facticity then attaches
all the more strongly to the remaining unexplained parameters. These
residual parameters are unitless or dimensionless ratios. The mystery
of their having one value rather than another stares us in the face. If the
dimensional parameters do vary, then the ratios of their values at
different times are also dimensionless numbers, with the result that
the mystery applies to them as well.

With regard to the standard model of particle physics, there are
28 dimensionless parameters in addition to the three dimensional

parameters, G, h, and ¢, giving units for counting quantities in nature.
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The problem presented by the pervasive presence of these surprisingly
arbitrary values has two aspects.

The first aspect is the special-tuning riddle: were the parame-
ters even slightly different there might not have emerged stable
nuclei, stable molecules, longlived stars, or life. There seems to
be no mechanism by which the teleological result could exercise
causal influence: that is to say, no mechanism by which the indis-
pensability of those particular values of the parameters to these
outcomes can help explain why they are what they are. Some ver-
sion of the anthropic principle — a reverse causal explanation appeal-
ing to the properties of a universe capable of accommodating us —
then fills the vacuum left open by the failure of an adequate causal
account.

The second aspect is the fine-tuning conundrum. Many of the
parameters are a very small number. The constants are thus specified
with a refinement that makes more disconcerting the absence not only
of an adequate explanation but also of any serious and sustained
attempt to explain them.

As mysterious as the parameters of the standard model of par-
ticle physics are the parameters of the standard cosmological model.
This model works very well at least back to nucleosynthesis, which is
the time when neutrons were created from protons and electrons in the
plasma. However, it depends on additional unexplained parameters.
Many of them also need to be finely tuned for galaxies and stars to form
and for life to exist.

Consider again the larger problem, now in the context of the
enigma presented by the precise but unexplained values of the param-
eters of both the standard model of particle physics and the standard
cosmological model. These parameters surface as constants in the
cooled-down universe. Did any or a few of them but slightly differ
from what they are, everything would be different in the world. That
the human race would never have appeared represents just another

twist on this more fundamental enigma.



I58 PART I ROBERTO MANGABEIRA UNGER

The problem of the unexplained parameters or constants
presents the puzzles of contemporary physics and cosmology from a
distinct vantage point: the perspective of underdetermination. The
prevailing theories fail to show why the values of the parameters or
the constants are what they are rather than something else. In this
sense these theories underdetermine the outcome.

To such problems of underdetermination, there are in general
three classes of solutions: the dialectic of chance and necessity, the
view of our universe as one of a crowd of universes, and the appeal to
historical explanation. Historical explanation includes the possibil-
ity that the laws of nature change, in the course of time, together
with the phenomena that they govern. It is not just the content of
the laws of nature that may change; it is also the law-like character
of causal connection (according to the thesis of causality without
laws).

The third class of solutions is merely undeveloped; part of the
program of this book is to develop it. The first two are irreparably
defective. Their flaws result from their failure to come to terms
with the implications of the inclusive reality of time.

Thus, the completion of our argument about the uniqueness of
the universe, and therefore of the advantages of succession, especially
non-cyclic succession, over plurality in our cosmological thinking,
depends on the argument for the reality of time, presented in
Chapter 4 of this book. The theses of the singular existence of the
universe and of the inclusive reality of time are intimately connected.
It is nevertheless useful to sketch, even before working out the argu-
ment about time, reasons to reject both the dialectic of necessity and
chance and the conception of multiple universes as acceptable solu-
tions to the problem presented by the unexplained parameters or con-
stants of nature.

We may be tempted to attribute the otherwise unexplained value
of the parameters of nature to the effects of probability — the roll of

cosmic dice. It is a solution that becomes increasingly less satisfactory
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as we expand the scope of the explanatory work that we expect it to
carry out. This approach may be useful in helping explain certain phys-
ical and biological events. Expanded, however, into a cosmological
thesis, it is so incomplete as to be unavailing. It is the half rather than
the whole of an answer, and it makes little sense without the missing
half.

To justify the metaphor of the dice, we must be able to say how
such dice are put together, and how they are cast, and within what
setting of changeless or changing reality the cosmic gambling goes on.
No wager sets its own terms; a probabilistic explanation can work
within a framework determined in another way, not when it is used
to account for the most general framework of natural events. On this
vast scale, to make use of probabilistic thinking is to replace one
mystery by another.

A yet more fundamental objection to the use of probability is
that on the assumption of the singular existence of the universe,
there is only one case of a universe at a time. The unexplained
parameters are enduring attributes of nature in this one case.
Such a circumstance violates the first requirement for the applic-
ability of probabilistic reasoning: probability demands a well-
defined group.

A second basic approach to the theoretical underdetermination
of the parameters or constants lies in the appeal to a plurality of
universes. This appeal, we have seen, can take two main forms. In
one, macro form, it is the idea of parallel or divergent universes (the
multiverse), of which our universe represents one — the thesis of
plurality. In another, micro form, it is the notion of multiple states,
realized in different dimensions: a major theme of contemporary
string theory.

The macro idea pushes the laws of nature many levels up, assign-
ing them the role of governing what is common to the multiple or
parallel universes rather than what is peculiar to the universe in which

we find ourselves. The relation of the laws of nature to the unexplained
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parameters or constants would then resemble the relation of basic
biochemical constraints and regularities to the relatively accidental,
path-dependent details of natural history.

The micro idea takes the concept of plural worlds many levels
down, into the multiplication of different ways in which the constitu-
ents of matter can interact. The way in which they do interact in the
observed universe may then be explained as one of such possibilities:
the possibility consistent with our own emergence. We shall then read
the seemingly arbitrary constants in our own world as part of the
indispensable background to our emergence — thus converting, to our
satisfaction, arbitrariness into providence.

In either of these two modes, the invocation of multiple uni-
verses amounts to an evasion rather than to an explanation of the
mysterious factual residue in the present world view of science, man-
ifest in the unexplained constants or parameters as well as in the
strange and finely tuned initial conditions of the universe. Such an
invocation provides no account of why our universe is one of these
many fanciful universes rather than another. The “anthropic princi-
ple,” which presents the values of the parameters or constants back-
wards, as part of the condition for our rise, stands in for a missing
explanation.

The intellectual sin of this latitudinarian perspective is the
transmutation of a scientific enigma into an ontological fantasy: the
notion of the multiverse. Under the weight of this transmutation,
science sinks into allegory; the actual universe takes on some of the
non-reality of the conjectural universes so that the conjectural uni-
verses can borrow some of the reality of the one that we are in.

The result is to rob the world of what, for science as well as for
art, represents its most important attribute: that in all its present, past,
and future particularity, it is what it is, or has been, or will be, given its
all-decisive history. The real world is what it is, not something else.
The more clearly we acknowledge this feature of nature, the deeper
becomes, in our ideas about reality, the abyss between being and non-
being. The conjectural worlds of the rejected allegory would provide
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the tertius between non-being and being and make the contrast less
absolute.

The failure of these two ways of dealing with the factual residue,
whether of the unexplained parameters and constants or of the initial
conditions of the universe, drives us to a third position. According to
this third view, there is facticity because there is history, because time
is both real and inclusive. Here lies the connection between the sin-
gular existence of the universe and the inclusive reality of time. The
phenomena change, and so do the laws. Causal connections exist in
certain states of nature without the feature of recurrence and repeti-
tion that leads us to think of them as based upon laws of nature. The
parameters that we observe in nature — some of them unexplained by
the effective laws established by science — may, according to a con-
jecture suggested by such a view, be explained by the past of nature: the
evolution of its regularities as well as of its structure.

Such a cosmology completes its turn into a historical science. To
do so, however, it must abandon the war that physics, allied to math-
ematics, has long waged against full recognition of the reality of
time. It must cease to rely on the idea of an immutable framework of

natural laws.
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THE PROBLEM PRESENTED: HOW MUCH OF NATURE
EXISTS IN TIME?

Time is real, and everything that exists, or has ever existed, or will ever
exist, takes place in time. From this thesis there results the idea that
the laws of nature must in principle be susceptible to change. Like
everything else in this one real universe, they have a history.

The inclusive reality of time is not a tautology or a truism. It is a
revolutionary proposition. Rightly and therefore radically understood,
it is incompatible with a major element in the dominant tradition of
modern science, the tradition that goes from Galileo and Newton to
the particle physics of today. In particular, it contradicts the “block-
universe” picture of the universe as well as the application of the
Newtonian paradigm — the explanatory practice that explores law-
governed phenomena within a configuration space bounded by initial
conditions — to the universe as a whole. It puts pressure on our conven-
tional notions of causality. It compels us to reconsider our beliefs about
the possible and the new in nature. It suggests that the laws of nature
are mutable and that the relation between laws of nature and states of
affairs varies. It gives us reason fundamentally to invert the relation
between historical and structural explanation in natural science, so
that we may come to see the former as more fundamental than the
latter rather than as derivative from it.

The argument for the inclusive reality of time requires for its
development, and generates as one of its results, a view of the nature of
time. This view is in many respects incompatible with the prevalent

understanding of what contemporary science has discovered about the
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universe and its history but it is not incompatible with what science
has actually discovered. What physics has found out about the work-
ings of nature must be laboriously separated from the metaphysical
pre-commitments in the light of which the significance of these find-
ings is commonly interpreted. The reasoning of this chapter, as of this
whole book, suggests not only a reinterpretation of the discoveries of
science about the universe and its history but also a redirection of the
agenda of empirical inquiry and theoretical work in cosmology and
physics.

The physics of the twentieth century undermined the view of
space and time as an independent background to natural events. In
so doing, however, it reaffirmed the idea of a backdrop of timeless
(because immutable) natural laws. Poincaré and many others claimed
that this idea was not only a matter of fact about the world but also a
requirement of the practice of science. It is a thesis of this book that
the conception of an unchanging framework of natural laws must also
be overturned if science is to advance. We cannot, however, overturn it
within the limits of a way of thinking that treats time as an insub-
stantial extension of space. To carry out this overturning, we must
come to understand time as fundamental, non-emergent, and inclu-
sive: nothing is outside it, not even the laws of nature. Time is not
emergent, although space may be.

That such a view cannot be developed and supported without
trauma to influential ideas and practices, within and outside science,
can immediately be shown by a first impression of its consequences for
some of our most widely held scientific and philosophical beliefs.

Consider how our conventional ideas about causality are inco-
herent for reasons largely unrelated to Hume’s canonical criticism of
them. Causal relations, unlike relations among logical and mathema-
tical propositions, presuppose time. The cause must precede in time
its effect. If time is illusory, effects are simultaneous with their causes.
As a result, no deep distinction then exists between causal and
logical connections. We commonly rely on the legitimacy and the

distinctiveness of causal explanation. To that extent, we assume, in
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our everyday beliefs about causation, as about much else, the reality
of time.

If, however, time goes all the way down, so that the laws of
nature are within rather than outside it, then these laws must sooner
or later be liable to change. As everything else in the world, they have a
history. Causal explanations ordinarily rely on laws of nature, which
serve them as warrants: the idea of recurrent and persistent connec-
tions among phenomena forms a major if not the predominant part
of the ordinary understanding of what laws of nature are. However, if
time is inclusive and the laws of nature are therefore susceptible to
change, all our causal explanations rest on laws that are mutable even
when they fail to change.

Moreover, an unprejudiced reading of what cosmology has
already discovered about the history of the universe may suggest that
nature has existed in forms radically different from those that it takes
in the mature and observed universe, with its definite structure of
elementary constituents, its clear distinction between states of affairs
of laws, and its severe limitation on the range of what, given any state
of affairs, can happen next. When nature fails to exhibit these attri-
butes, causality may exist without laws. If it can exist without laws, it
must be a primitive feature of nature. We do better to regard the laws
that science is able to establish as codifications of recurrent causal
connections in certain states of nature than to see them as the basis and
warrant of causal connections.

The notion of causality without laws extends the reach of the
idea of the mutability of the laws. It does so by making a historical
claim about the universe: that the law-like causality we observe is a
characteristic of certain states of the natural world rather than a per-
manent feature of nature. The development of this idea begins in the
rejection of what I earlier described as the second cosmological fallacy.

Once we confront these problems, we must change how we
think about causation. Our commonplace ideas about causation are
confused. They assume that time is real - real enough to establish the
distinction between logical and causal connections — but not so real
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that it threatens the stability of our causal explanations and the legiti-
macy of our explanatory procedures. This ramshackle compromise,
however, fails to do justice to the truth of the matter. Time is real;
the discoveries of science, embodied in the vision of a universal his-
tory, have given us, over the course of the last century, increasing
reason to acknowledge its all-encompassing reality.

The thesis of the inclusive reality of time exposes the trouble in
the picture of the world presented by contemporary science just as it
reveals the incoherent character of our conventional beliefs about
causation. In the central tradition of physics, time had no sure foot-
hold. In his “scholium on absolute space and time,” Newton famously
wrote: “Absolute, true, and mathematical time, of itself and from its
own nature flows equably without regard to anything external; and by
another name is called duration ....” In Newton’s own physics, how-
ever, no basis exists on which so to affirm the reality of time. Newton’s
laws of motion are time-symmetric; they supply no reason or occasion
to distinguish between forward and backward temporal orderings of
events.

The denial of the reality of time in this Newtonian tradition is
not merely an implication of the reversibility of the laws of motion; it
is also a consequence of the explanatory approach that we label the
Newtonian paradigm. All phenomena are to be explained as if they
took place on a trajectory of movement within a well-defined
configuration space, described by initial conditions that are stipulated
to hold for the purpose of that explanation. These same assumed
starting points may figure as explained phenomena rather than as
stipulated initial conditions for another instance of the same explan-
atory practice.

Given the initial conditions that define the configuration space
and the laws that govern the events within this space, nothing is left
to chance. It is possible, in principle, to infer both future and past
events from present ones. Thus, present, past, and future can all be
held simultaneously in the mind of the observer-theoretician. Such

obstacles as may exist to this collapse of all moments into a single
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moment result only from the frailty of our minds and from the imper-
fection of our knowledge.

The observer stands outside the configuration space. He looks
upon the events from the vantage point of time-symmetric laws
expressed in the timeless propositions of mathematics. The regulative
ideal to which his knowledge conforms (however inadequate in a
particular circumstance his fulfiliment of the ideal may be} is that of
the knowledge that God has of the world he made (with such qualifi-
cations as may be required by the divine provision for human free will).
For such a scientist, past, present, and future are simply now.

The Newtonian paradigm presupposes and reinforces a view of
time from which physics and cosmology have never completely freed
themselves in their subsequent history. According to this view, time
resembles a film made of still photographs.

However, time is not an accumulation of slices. Insistence on
speaking as if it were a film results from the widespread antipathy to an
unconditional recognition of the reality of time. The deep problem
revealed in the film image of time is the difficulty that all our non-
causal categorical schemes — beginning with our logical and mathe-
matical reasoning — have in dealing with the temporal continuum (a
subject that we address in the development of the third of our central
claims: about mathematics and its relation to nature and to natural
science). The slice or film language is yet another way to subordinate
time to the anti-temporal biases of these forms of reasoning. Indeed,
this whole tradition - the commanding tradition of modern science —
has trouble conceding to time the character of a continuum: not a
continuum in the mathematical sense of the real number line but a
continuum in the vulgar sense of unbroken flow, not subject to ana-
lysis into discrete elements. The adherents to this tradition return,
despite themselves, to the conception of a series of still photographs.

In what respect has the subsequent history of natural science
reversed the implications of these ideas and practices and laid a basis
for recognition of the reality of time? The answer to this question
requires us to confront a paradoxical fact, of immense interest to the
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concerns of this chapter and of this book. There is insufficient support,
in the dominant theories of physics since Newton’s day, for recogni-
tion of the radical and inclusive reality of time.

The bodies of ideas that have been regularly invoked as such a
foundation — statistical mechanics (thermodynamics and hydrodyna-
mics) and quantum mechanics - fail to provide a sufficient basis. It is
worth pausing to consider why, for the reasons help elucidate the
enigmas that I here consider. Thermodynamics and hydrodynamics
are regional theories: they address parts or regions of nature. (Einstein
made a similar distinction between what he called principle theories,
which hold by virtue of general principles, and constructive theories,
which depend on assumptions about the composition of matter. He
cited thermodynamics as a prime example of a principle theory, but he
would have seen hydrodynamics as a constructive theory.) Such local
theories foresee, in the parts or regions of nature that they address,
processes that are in principle reversible and that become irreversible
only in the context of particular initial conditions and therefore of a
particular history: not just the history resulting from the initial con-
ditions but also the history resulting in the initial conditions. Despite
their appeal to statistical rather than to deterministic causation, they
apply only through the practice of defining initial conditions and
specifying a configuration space of law-governed phenomena. For the
reasons earlier adduced, this practice cannot be legitimately genera-
lized to the explanation of the whole world (rejection of the first
cosmological fallacy).

The attempt to ground a view of cosmic and preferred, irrever-
sible, continuous, and non-emergent time on the quantum-mechanical
description of the smallest present constituents of nature is misguided
for a different reason. The structural outcome of a historical process,
which is the subject matter of quantum mechanics, can provide frag-
mentary clues to the understanding of such a process but it cannot
support a general theory of the transformation that produced the
outcome. Time evolution in quantum mechanics is thus reversible.
It is often said that the reality or necessity of time results, in quantum
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mechanics, from the phenomenon described as the collapse of the
wave function. However, such time as results from this picture of the
workings of nature at a fundamental level is time in small install-
ments, not time as universal history.

‘ Thus, neither of the two theoretical foundations for the reality of
time that the science of the last hundred and fifty years is credited with
having produced in fact give adequate grounding for the recognition of
that reality. They do not contradict such a recognition. They are con-
sistent with it. They suggest how, once the reality of time is estab-
lished on a different, more general foundation, it can be reconciled with
what we have discovered to be true about the world. However, they do
not, and cannot, accomplish the time-confirming work that they are
widely but mistakenly believed to perform.

If the parts of contemporary science that are often alleged to
provide a sufficient basis for the recognition of the reality of time in
fact fail to do so, the theories with the broadest cosmological scope
have worked against such a recognition. Nowhere did this impulse to
discount the reality of time take more powerful and influential form
than in Einstein’s physics, under what have been its most influential
interpretations. (I discuss in the next section, “The argument in sci-
ence and natural philosophy,” the relation of the thesis of the inclusive
reality of time to special and, above all, general relativity: the point of
greatest tension between the argument of this book and the reigning
ideas in physics.)

Time is absorbed into the geometry of space, captured in the idea
of a spacetime continuum, and made accessory to the disposition of
matter and motion in the universe. Its geometrical representation
provides the key to the understanding of time. The spatial metaphor
describing time as the fourth dimension is the popular rendering of this
explanatory move. It reveals, in proto-scientific language, what is at
stake in this movement of ideas: the spatialization of time.

In all these respects, the central tradition of physics since
Newton has diminished or devalued the reality of time when it has

not entirely denied it. Nevertheless, this same scientific tradition has
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also supported and developed the idea that the universe has a history.
We know enough to assign the present universe an age, of about thir-
teen billion and eight hundred million years. We can infer from the
study of the present universe and of the vestiges, or delayed representa-
tions, of the universe, what the universe at different moments in the
past must have been like. We can project from our knowledge of the
present and past of the universe features of its future. Contemporary
cosmology is almost entirely consumed by debates about this history as
well as about its relation to fundamental physical theories.

How can the idea of a universal history be squared with ideas and
assumptions that diminish, if they do not deny, the reality of time?
The thesis that the universe has a history is not extraneous to the devel-
opment of science; it is one of its most formidable achievements. The
tension between theories (or their associated explanatory practices) that
limit the reality of time and an idea of universal history that makes little
sense unless time is real — more real than we have generally been willing
to allow — draws a fault line within the established body of scientific
ideas. The conception that the universe has a history, a decisive, irrever-
sible history, is the single most important expression within those ideas
of the thesis that time is real. It is therefore also the most important
source of the trouble that recognition of the reality of time makes for the
time-devaluing traditions of science and natural philosophy.

The prosecution of an argument for the unqualified reality of
time thus forces us to address confusion outside science and dishar-
mony within it. Outside science, it exposes the incoherence of some
of our most influential conventional beliefs about how nature works,
such as our beliefs about causality. Within science, it requires us to
deal with the relation between the time-dependent idea of a universal
history and foundational theories that have yet to provide a general and
sufficient basis for acknowledgment of the reality of time.

For the reality of time to be accepted without qualification, we
must radically revise those conventional beliefs and distinguish
between empirically validated insight and supra-empirical speculation
in those foundational theories. We must accord to the idea of a
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universal history the prerogative that it deserves. We must consider to
what extent resistance to this prerogative results from prejudice rather
than from knowledge: from a certain interpretation of what science has
discovered about the universe rather than from those discoveries

themselves.

THE ARGUMENT IN SCIENCE AND NATURAL
PHILOSOPHY

The conception of the inclusive reality of time and of the mutability of
the laws of nature presented in this chapter and Chapter 5 forms part of
a larger set of ideas and arguments. I now mark out this larger terrain,
later to address a particular part of it. I mark it out by emphasizing less
the detailed content of the view that I here present and defend than the
reasons to develop such a view.

Once we place the conception in this larger context, it becomes
clear that it proposes a reorientation of the agenda of cosmology, not
simply a reinterpretation of prevailing scientific ideas. It rests, though
for the most part indirectly, on an empirical basis. It is rich in implica-
tions that lay it open to empirical confirmation or falsification. As with
any set of comprehensive ideas in science or natural philosophy, it faces
the tribunal of the facts of the matter less proposition by proposition
than in the aggregate. It confronts empirical test nonetheless along a
wide periphery of consequences and presuppositions of its tenets.

In the course of developing and establishing these views, we must
overcome a number of metaphysical prejudices that inhibit their under-
standing and acceptance. We must also distinguish, in some of the most
influential scientific ideas of the present, what is scientific discovery
about the workings of nature, supported by observation and experi-
ment, from what is a metaphysical gloss on these findings. This divorce
between discovery and speculation is nowhere more important than
with regard to the place of general relativity in cosmology.

* % %
The universe has a history. Reckoning with its history is the com-
mon element in almost all important cosmological discoveries
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made over the last hundred years. Moreover, according to the view that
now enjoys abundant and increasing empirical support, this history
began in a supercondensed and very hot state. From that state there
developed, by steps, the cooled-down universe that we observe, with its
discriminate structure and its stable regularities. We know how old the
universe is, or, more precisely, the present universe or its present phase
since expansion from the hot and condensed plasma that it once was:
the statement that the universe is about 13.8 billion years old — now
widely agreed among cosmologists — lacks meaning outside a historical
account. We can, by inference from observation and theory, form a view
of the early history of the universe and infer the steps by which the
infant hot and condensed universe became the relatively cool and much
larger universe that we observe. We can see images of its early history in
the distant sky.

Any cosmological or physical idea that fails to do justice to the
historical character of the universe must, on that account alone, be found
wanting. By this standard — empirical rather than merely speculative —
the now dominant cosmological ideas are defective.

The discovery that the universe has a history may be thought to
have little consequence for the basic ideas now ruling in cosmology
and physics. At least such a conclusion may result if the history of the
universe is represented as governed by changeless and timeless laws of
nature and if it leaves untouched the elementary structure of nature, as
described, most notably, by particle physics.

However, any such restraint on the implications of the historical
character of the universe faces two objections, each of them developed
later in this section and in this book. One objection has to do with the
specific content of the history that cosmology and large-scale astron-
omy, for close to a century, have begun to disclose. The other objection
goes to the idea of history.

It would be a fiction to suppose that the initial conditions of the
universe and the making of the basic constituents of nature before
nucleosynthesis can be inferred from the now leading physical theo-
ries. At best, certain aspects of this history can be reconciled with these
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ideas, for example with the string-theory development of particle
physics. The trouble is that these ideas (to stay with the salient
example of string theory) can also be reconciled with a vast number
of universes other than the one that we actually observe. It is this
radical underdetermination of observation by theory that helps moti-
vate the fabrication of imaginary universes in the multiverse concep-
tion, discussed in Chapter 3.

The dominant theories break down in their application to the
earliest moments in the history of the universe. A characteristic sign of
this breakdown, addressed further ahead in this section, is the infer-
ence of an initial infinite singularity from the field equations of general
relativity.

Even on the present hegemonic theoretical ideas, it is hard to
see how the laws of nature, as we now understand them, could have
applied at the beginning of the present universe. One reason why it is
hard is that these laws have as their central subject the interactions
among the basic constituents of nature, in particular as they are repre-
sented by the standard model of particle physics. These constituents,
however, including particles and fields, are themselves protagonists in
this history, rather than part of an eternal backdrop to it. They emerged
in the course of the historical changes, in real time.

It is true that computer models, expressing our present under-
standing of the laws of nature, can “predict” many aspects of the
evolution of the universe, including its chemical evolution, converging
with what we know observationally. It is undisputed that the laws
(the recurrent, formulaic causal connections), symmetries, and dimen-
sional or dimensionless constants of nature have been stable since
early in the history of the universe. It is tempting to infer from the
stability of the laws and other regularities of nature, as well as from our
preconceptions about science, that the laws must be immutable.

Consider, however, four reasons for which we should hesitate to
infer the immutability of the laws of nature from their stability.

A first and most important reason is that the identification of
the stability of the laws with their immutability leaves not only
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unanswered but also unanswerable the question: Where do the laws
and the initial conditions of the universe come from? Historical
explanation makes the question at least in principle susceptible to an
answer. It does so, however, on several provisos: that there 