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Abstract

During the last twenty-five years, literary critics have become increasingly aware of the
complexities surrounding the relationship between the so-called two cultures of science and
literature. Instead of regarding them as antagonistic endeavours, many now argue that the
two emerge from the common ground of language, and often deal with and respond to
similar questions, although their methods of doing it are different. While this thesis does
not suggest that science should simply be treated as an instance of discursive practices, it
shows that our understanding of scientific ideas is to a considerable extent guided by the
employment of linguistic structures that allow genres of science writing such as popular
science to express arguments in a persuasive manner. In this task figurative language plays
a significant role, as it helps create a close link between content and form, the latter not
only stylistically supporting the former but also frequently epitomizing the philosophy
behind what is said and establishing various kinds of argumentative logic. As many
previous studies have tended to focus only on the use of metaphor in scientific arguments,
this thesis seeks to widen the scope by also analysing the use of other figures of speech.
Because of its important role in popular science writing, figurative language constitutes
a bridge to literature employing scientific ideas. While popular science employs figurative
language to enhance its rhetoric and literary qualities, such literature portrays science by
using its own techniques of representation, with the rhetoric of popularized accounts
evident in the portrayals. By a comparative analysis of contemporary popular science
writing and literature, this study discusses how the two often reciprocally affect each
other’s means of representation while approaching shared topics, such as identity and
knowledge, thus together contributing to the process of signification through which

scientific ideas are given their human meaning and relevance.
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1. Introduction

1.1 From the Two Cultures Debate towards a Third Culture

Studies focusing on some of the various aspects of the relationship between science and
literature often begin by referring to the so-called two cultures debate, and — for better or
worse — mine is no exception. Of its various historical manifestations such as the
publication of Jonathan Swift’s satire on the discussion on the merits of classical and
modern learning in The Battle of the Books in 1704,|1:|the clash of Romanticism and
Classicism in the late eighteenth and early nineteenth centuries,lz:lthe exchange of views
between Matthew Arnold and T. H. Huxley at the end of the nineteenth century,fjhe Two

Cultures debate between C. P. Snow and F. R. Leavis in the 1960s, and the Science Wars of

' Swift attacks the battle between the so-called Ancients and Moderns, which originated at the end of the
seventeenth century with the publication of Sir William Temple’s Of Ancient and Modern Learning (1690).
This debate primarily concerned the question about the value given to two different kinds of knowledge: the
backward-looking Renaissance humanism and the forward-looking natural philosophy, or science. Siding
with the Ancients, Swift criticizes science for its attempt to monopolize truth. John H. Cartwright and Brian
Baker, Literature and Science: Social Impact and Interaction, Science and Society: Impact and Interaction
(Santa Barbara: ABC-CLIO, 2005), p. 267. Further references to this book are given in parenthesis.

? Like the battle between the Ancients and the Moderns, this one rose from the question concerning the truth-
value of two different types of knowledge: the ‘emotional, aesthetic, and moral truths’ of Romantic poetry
and the ‘factual truths’ (Cartwright and Baker, p. 270) of Enlightenment science.

? The Huxley-Arnold debate links the question of knowledge to that of education. While the biologist Huxley
spoke for the importance of science for education, the poet and critic Arnold thought that the learning of
languages and literature should form its core (Cartwright and Baker, p. 270).



the 199Os,|4:|it is perhaps the last but one that serves as the proper starting point for my own
discussion. The intense dispute between Snow and Leavis was sparked off by the famous
lecture given by the former in Cambridge in 1959, ‘The Two Cultures and the Scientific
Revolution’, in which the novelist-scientist argued that the cultural climate of post-war
Britain was characterized by a division into two antagonistic paradigms of thought: in
Snow’s view the technologically progressive world of science stood in opposition to the
conservative thinking of the humanities, with little communication going on between the
two.ls:rgnow aimed his main criticism at literary intellectuals, who in his opinion failed to
recognize the role of science as a fundamental force in society, thus implying that the
natural sciences were less valuable than literature and the arts in the eyes of the country’s
literary intellectuals.l(’j\/loreover, the lecture closely linked the question of the cultural value
of scientific knowledge to the critique of the British education system, whose emphasis on
specialization Snow saw as further contributing to the split.|7:|This shows that instead of
arguing about what an ideal culture should look like, Snow and Leavis were attacking each

other over the educational means of attaining that culture (Cordle, pp. 15-16).

* As the name implies, the latest stage of the two cultures debate, the so-called Science Wars, took the
discussion to a whole new level, particularly with its extremely heated nature. Generally speaking, the
Science Wars in all its complexity was a debate between two types of views of science: realist and
constructivist. While the proponents of the realist view of science accused the academic left of needlessly
criticizing science for political and ideological ends (see, for instance, Higher Superstition: The Academic
Left and Its Quarrels with Science (Baltimore: The Johns Hopkins University Press, 1994) by Norman Levitt
and Paul Gross), the constructivists defended themselves by insisting that the realists lacked proper
understanding of schools of thought such as poststructuralism and social constructivism.

> Patricia Waugh, ‘Revising the Two Cultures Debate: Science, Literature, and Value’, in The Arts and
Sciences of Criticism, ed. by David Fuller and Patricia Waugh (Oxford: Oxford University Press, 1999), pp.
33-59 (pp. 33-34).

6 Waugh, ‘Revising the Two Cultures Debate’, pp. 33-59 (pp. 33-34).

" Daniel Cordle, Postmodern Postures: Literature, Science and the Two Cultures Debate (Aldershot: Ashgate,
1999), pp. 15-16. Further references to this book are given in parenthesis.



Four years later, in an expanded essay version of the original lecture titled The Two
Cultures: And a Second Look (1963), Snow made a prediction concerning an emerging
third culture that would facilitate a creative exchange of ideas between literary intellectuals
and scientists. Discussing the role of social sciences in the two cultures debate, he argued
that they might function as a bridge between the views of the natural sciences and the
humanities.lg:ISnow decided to label this intermediary space ‘social history’, which was to
include representatives from fields as diverse as sociology, demography, political science,
economics, psychology, medicine, architecture, and so forth. Although we can
retrospectively see that the third culture never quite materialized in the way Snow predicted
it would — writing during the Science Wars in 1996, the mathematician Alan Sokal noted
that the worlds of the natural sciences and the humanities ‘are probably farther apart in
mentality than at any time in the past 50 years’9|j— it is nevertheless possible to observe the
emergence of a slightly different kind of third culture. The editor John Brockman notes in
his introduction to The Third Culture: Beyond the Scientific Revolution (1995), a collection
of essays by notable scientists on the major questions of contemporary science, that instead
of communicating with the ‘quarrelsome mandarin class’ (‘Third Culture’) of literary
intellectuals, many professional scientists are now concerned with expressing their thoughts
to audiences that have little or no scientific training through the medium of popular science

books. In fact, it could be argued, as John Carey, the editor of The Faber Book of Science

% John Brockman, ‘Introduction: The Emerging Third Culture’, in The Third Culture: Beyond the Scientific
Revolution, ed. by John Brockman (New York: Simon & Schuster, 1995)
<http://www.edge.org/documents/ThirdCulture/f-Introduction.htmI> [accessed 11 January 2005]. Further
references to this chapter are given in parenthesis.

? Alan Sokal, ‘Transgressing the Boundaries: An Afterword’, Dissent, 43.4 (1996), 93-99 (p. 94).



(1995), does, that there has been both a quantitative and qualitative explosion of popular
science from the 1960s onwards.ﬁ Writers who are either practising scientists themselves
or who have an education in the natural sciences — such as Isaac Asimov, Oliver Sacks,
Bill Bryson, Arthur C. Clarke, Paul Davies, Lewis Thomas, Carl Sagan, Steven Weinberg,
Richard Feynman, Stephen Jay Gould, Peter Medawar, Stephen Hawking, James Watson,
and Richard Dawkins — have placed profound scientific ideas within the reach of readers
who cannot be expected to learn about science by perusing scientific research articles.
Consequently, as Carey puts it, contemporary popular science writing has become ‘a new

kind of late twentieth-century literature, which demands to be recognized as a separate

s 11

genre D

The importance of this massive genre has for some time been also recognized by
literary critics and scholars. For instance, Murdo William McRae, the editor of the essay
collection The Literature of Science: Perspectives on Popular Scientific Writing (1993),
observes that contrary to the notion that such writing is merely a simplified form of the
more technical expositions, ‘science popularizations are anything but intellectually
jejune’.lﬁ Although they lack the technical precision of the scientific paper, report, article or

textbook, popularizations are nevertheless better equipped to communicate the culturally

significant aspects of science: the thrill of discovery, the uniqueness and rarity of findings

' John Carey, ‘Introduction’, in The Faber Book of Science, ed. by John Carey (London: Faber and Faber,
1995), pp. xili—xxvii (p. xiii).

' Carey, p. xiv.

"2 Murdo William McRae, ‘Introduction: Science in Culture’, in The Literature of Science: Perspectives of
Popular Scientific Writing, ed. by Murdo William McRae (Athens: The University of Georgia Press, 1993),
pp- 1-13 (p. 10). Further references to this chapter are given in parenthesis.



and theories, and the meaning of scientific ideas for human life (Cartwright and Baker, p.
302). Hence, rather than associating the attribute popular with something that is
qualitatively inferior, we would be well advised to see such writing ‘not as mere popular
transmission of superior scientific knowledge but as sophisticated production of knowledge
in its own right’ (p. 11) — a position that my study wholeheartedly embraces.llj

At the same time, as much as the aim of popular science writing to tell its stories
through strong narratives contributes to the shaping of the cultural value and meaning of
science, it has long been evident that the process of signification is by no means restricted
to non-fiction, with especially contemporary literature showing a considerable awareness of
recent developments in the natural sciences. Excluding the genre of science fiction, which
explicitly incorporates scientific ideas into its body, we can observe how notable novelists
and dramatists such as Thomas Pynchon, John Fowles, Don DeLillo, Martin Amis, Jeanette
Winterson, Richard Powers, Tom Stoppard, and Michael Frayn have either employed
scientific ideas as important thematic and structural elements in their work or implicitly
responded to questions raised by science.|1:4| In addition, a more recent yet equally

interesting trend is professional scientists’ exploration of the human aspects of science

" Studies on written popular science tend to vary in terms of referring to the actual genre. For instance, while
McRae uses popular scientific writing, Daniel Cordle simply talks about science writing in order to avoid
making ‘an easy distinction between low and high culture’ (p. 64). The term used in my study is thus an
amalgam of the ones used by critics such as McRae and Cordle, as it wants to avoid a possible confusion
between scientific writing and academic writing, and as it preserves the adjective popular in order to
emphasize the fact that the writing analysed in the discussion is primarily aimed at non-specialists.

' See, for instance, V (1963), The Crying of Lot 49 (1966), and Gravity’s Rainbow (1973) by Pynchon; The
Magus (1965, 1977) by Fowles; White Noise (1985) by DelLillo; Time’s Arrow (1991) by Amis; Gut
Symmetries (1997) by Winterson; Hapgood (1988) and Arcadia (1993) by Stoppard; and Copenhagen (1998)
by Frayn.



through means provided by fiction, as the books of Carl Djerassi and Alan Lightman
illustrate.[>

It is therefore obvious that popular science writing and literature are significant
channels through which scientific ideas are disseminated to large audiences today, the
former presenting them through entertaining narratives and the latter appropriating and
responding to them in various ways. As such, a study that seeks to explore popular science
and literature side by side should offer us a comprehensive view of not only how the two
cultures interact through writing but also how science is generally perceived in our culture

in terms of its human meaning and relevance.

15 See, for instance, Cantor’s Dilemma (1989), The Bourbaki Gambit (1994), Menachem’s Seed (1997), and
NO (1998) by Djerassi; and Einstein’s Dreams (1993) and Good Benito (1995) by Lightman.



1.2 The Aim, Argument, and Relevance of This Study

Given the fact that both popular science writing and literature using or responding to
scientific ideas play crucial roles in shaping cultural science — a term referring to
‘anything that contributes to the general perception — the cultural “value” — of science’
(p. 51), as the critic Daniel Cordle aptly puts it — this study aims to examine their means of
doing it by answering two interlinked questions: What kinds of means do contemporary
popularizers of scientific ideas use in order to convince their audiences of the plausibility of
their ideas? How has modern literature responded to ideas in popular science? The third
major question explored in my study in turn concerns the cultural meaning of science: How
have contemporary popular science writing and modern literature approached topics and
concerns shared by both? Since it can be assumed that there are many equally valid ways of
dealing with these kinds of questions, I decided to limit my discussion on popular science
writing to its rhetorical aspects, since one of the main aims of the genre is to persuade
audiences to accept the validity of authors’ own viewpoints and theories. The study of the
rhetorical aspects of my chosen material mainly focuses on the various figures of speech
that can be said to have distinct stylistic and argumentative functions — as 1 argue
throughout my thesis, the two are usually inseparable from each other, with the form
16

determining the content and the content determining the form.l:l This choice is to a

considerable extent motivated by the fact that it is through figures of speech such as

'® This does not mean that I aim to reduce rhetoric to figures of speech; see 1.4 for my reasons for focusing on
the figurative language of popular science writing.



metaphor and simile that popularizers seek to introduce new perspectives for viewing
scientific issues as well as to state key insights (‘human beings are like particles’, ‘human
genes are selfish’, ‘evolution is a branching bush’, ‘the brain is a computer’, for instance).
Equally important is the role of figures of speech as epitomes through which the philosophy
underlying a particular insight is effectively communicated to readers.

In addition to discussing this aspect of popular science, I analyse how contemporary
literature has represented scientific ideas, thus studying the history of scientific ideas in
literature. For instance, in chapter 4.2 I examine the implications of the evolutionary
biologist Richard Dawkins’s famous selfish gene metaphor by asking whether
contemporary fiction agrees with his controversial claim that human behaviour is
fundamentally conditioned by the genetic make-up of the individual or whether it suggests
that humankind truly possesses free will unaffected by biological determinism. In this way,
I show that there are crucial topics and concerns that popular science writing and literature
share — identity and knowledge being the most common ones — whose representation is
to a considerable extent determined or directed by formal features of language such as those
embodied by various figures of speech in popularizations. In chapter 2.2, for instance, I
discuss how popular science’s representation of the various paradoxical features of
quantum physics reflects the underlying logic of the figure of speech known as synoeciosis,
which popularizers use to argue that two seemingly opposite qualities can exist side by side
without cancelling each other. I then study how this particular idea communicated through
this particular linguistic form resonates with literary characterizations that portray human
identity in terms of a fundamental duality, or division, between two clashing qualities of the

self.



On the basis on these ideas, I argue that it is possible to identify significant links
between the rhetoric of popular science writing and the literary representation of scientific
ideas, so that they become two interlinked aspects of cultural science, each continuously
shaping our understanding of certain common concerns of science and literature, such as
human knowledge and identity.

In addition to defining my aim and argument, I would like to make three points about
the relevance of my study. Firstly, it should be noted that the importance of popular science
writing as a vast body of texts through which both science and other areas of culture can be
assessed is great. Murdo William McRae, for instance, states that ‘science must be related
to the ideologies, values, habits of thought, and linguistic and rhetorical practices that
shape our culture if we are to understand both its power and its limitations’ (p. 1; emphasis
original). Hence, it is possible to argue that literary criticism has an important role as a
balancing factor in the complex relationship between the natural sciences and the
humanities:

The interface of science with other disciplines has become a matter of urgency in our time,
because science is the dominant intellectual discipline, whose authority, influence and,
through its practical applications, financial and political power are unequalled. Even on
‘ultimate’ questions science today has taken the place of both theology and philosophy, and
books offering scientific answers to the age-old questions of the formations and the end of

the universe, the essential character of human nature and consciousness, and the parameters
of decision-making about matters of life and death have attained remarkable popularity.El

"7 Elinor S. Shaffer, ‘Introduction: The Third Culture — Negotiating the “two cultures™, in The Third
Culture: Literature and Science, ed. by Elinor S. Shaffer, European Cultures: Studies in Literature and the
Arts, 9 (Berlin: de Gruyter, 1998), pp. 1-12 (pp. 2-3). Further references to this chapter are given in
parenthesis.
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The methodological tools and knowledge of literary critics should thus enable the critical
assessment of the question of how scientific texts build their arguments concerning
important topics while attempting to convince audiences of the validity of their claims.
Secondly, and this is linked to the first point, the study of popular science writing is
directly relevant to the exploration of questions in genre studies and literary history. This
too can be thought of as a task in which the analytical skills of the literary critic are highly
productive. ‘Popular scientific writing’, as Elinor S. Shaffer writes, ‘brings into play a
range of fictional techniques that the literary analyst may be well placed to recognize’ (p.
4).ﬁ Despite this exciting state of affairs, however, relatively little research has actually
been conducted on popular science writing proper.|1:9| As Jack Selzer observes, although
‘there is now general agreement that science is indeed a rhetorical enterprise, specific
demonstrations of that contention have been rare’,lz:ol and thus it has been established that
‘science writing offers an expansive, generally unexplored, vista for literary and cultural

analysis’ (Cordle, p. 63). For this reason, critics have in recent years called for studies that

'" Envisioning a third culture in which literary scholars play an active role, Shaffer argues that our
understanding of the representatives of the third culture should not be restricted to Snow’s social historians or
Brockman’s scientists-cum-popularizers. Instead, she points to those literary theorists who study the
interaction of the two cultures on the basis of the assumption that as science exerts influence on literature, it is
simultaneously guided by the narrative and rhetorical conventions of literature, thus giving rise to ‘a scientific

prose’ (p. 3).

' For studies on popular science writing, see, for instance, McRae’s The Literature of Science, which focuses
on writing targeted at non-specialist, general audiences. Structured around three themes, ‘Language and
Rhetoric’, ‘History, Myth, and Narrative’, and ‘Ideology and Culture’, the shared theoretical assumption of
the contributors is that science cannot be separated from external factors such as cultural values, ideology,
rhetoric, and linguistic practices. Hence, even though the essays approach the popularization of science from a
multitude of angles, their theoretical framework is to a considerable extent guided by the position of cultural
relativism. In doing so, they stand in opposition to the views of theorists such as Paisley Livingston who
argue that science is less affected by the external factors than the relativists claim.

2 Jack Selzer, ‘Introduction’, in Understanding Scientific Prose, ed. by Jack Selzer, Rhetoric of the Human
Sciences (Madison: The University of Wisconsin Press, 1993), pp. 3-19 (p. 6).
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focus on how scientific texts use language in practice: “We need thoroughgoing and wide-
ranging research into the historical and current rhetoric within the sciences [...] to gain a
grasp of the range of [linguistic] practices [in science]’ﬁ — a task in which my study
directly participates.

Thirdly, and connected to the points made above, the study of scientific texts in
juxtaposition with literary texts is valuable from an interdisciplinary viewpoint. For critics
such as Cordle, on whose ideas the theoretical framework and methodology of my study is
to a considerable extent based, this approach constitutes ‘the most common and the most
interesting form that literature-science criticism currently takes, and it is in this form that
there is the truest link between the two cultures’ (p. 65). It is through these kinds of studies
that we may thus learn to view science and literature as dynamic and interactive rather than
static and isolated disciplines — as Patricia Waugh observes, ‘one virtue of studying their
relations as an aspect of intellectual history is that it encourages us to recognize the fluidity
of their boundaries and relational identities’.#4 As I will show in my discussion, literature
and science are engaged in continuous interaction: while literature dramatizes the often
unspoken implications of scientific ideas, popular science writing constantly employs
specific literary techniques such as the use of figural language and certain narrative
structures in order to make those ideas accessible to large audiences. For this reason,

studies such as mine may make us more aware of the fact that both fields to some extent

*! Charles Bazerman, Shaping Written Knowledge: The Genre and the Activity of the Experimental Article in
Science (Madison: The University of Wisconsin Press, 1988), p. 332.

** Patricia Waugh, ‘Revolutions of the Word: Knowledge’, in Revolutions of the Word: Intellectual Contexts
for the Study of Modern Literature, ed. by Patricia Waugh (London: Arnold, 1997), pp. 33-55 (p. 38). Further
references to this chapter are given in parenthesis.
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use devices that ultimately belong to ‘the common stuff of human reasoning’,lzj therefore
emerging from the common ground of language. This realization serves as an important
reminder of the notion of the two fields as interlinked products of a shared culture rather
than separate domains of thought and activity. Consequently, it may be argued that at the
general level of culture, studies exploring scientific and literary texts side by side
participate in what Alan G. Gross calls ‘the task of reconciliation’lzfl between the apparently
antagonistic two cultures of the natural sciences and the humanities, as we are encouraged
to see the two as interrelated expressions of one underlying culture. The recognition of this
fact may help us build and develop an advanced model of culture in which the relationships
between its various domains are not needlessly simplified — as in the Snow-Leavis
debate’s portrayal of the humanities and the natural sciences as each other’s antagonists —
but studied in terms of their complex, many-levelled interaction.

In the light of these considerations, it should be clear that much can be achieved by the
detailed study of popular science writing’s use of figurative language and literature’s
representation of science. Yet, as in all kinds of research, the necessity of limiting the scope
of discussion often leads to the feeling that one has to leave out observations that could be
relevant from the viewpoint of one’s topic. For instance, one possible objection to my way
of analysing popular science might be that by focusing on figures of speech, 1 have
neglected other important areas of rhetorical enquiry. Another objection might concern the

fact that I hold figurative language as a bridge joining the two fields. Moreover, for a more

» Jeanne Fahnestock, Rhetorical Figures in Science (New York: Oxford University Press, 1999), p. 44.
Further references to this book are given in parenthesis.

* Alan G. Gross, The Rhetoric of Science (Cambridge, Mass.: Harvard University Press, 1990), p. 20.
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ideologically conscious researcher, my deliberate unwillingness to comment on the
ideological, social, or political aspects of cultural science might appear as a reluctance to
take a specific stance on such matters. However, while my discussion hopefully invalidates
objections such as the second one by showing how figures connect rhetoric and literary
representation, its vast scope necessitates the omitting of the analysis of the other areas of
rhetoric as well as the analysis of the extratextual dimension. As such, instead of indicating
defects in my thesis, the omitted subjects could possibly point to directions in which

interested critics might consider heading in future studies.
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1.3  The Scope and Overview of the Primary Material

As the scope of my study covers roughly thirty years of popular science writing and
literature, I am obliged to offer readers a look of what has been done in the two fields that is
perhaps more wide than deep, meaning that my discussion covers a large amount of
different kinds of material instead of just focusing on a few key texts in extensive detail.
Because both genres offer so many possible critical choices, I decided to focus only on
those books that are somehow relevant from the viewpoint of the shared concerns of
science and literature. In consequence, while some of my choices in regard to contemporary
popular science writing represent well-known classics and best-sellers of the genre such as
Fritjof Capra’s The Tao of Physics: An Exploration of the Parallels Between Modern
Physics and Eastern Mysticism (1975), Richard Dawkins’s The Selfish Gene (1976), James
Gleick’s Chaos: Making a New Science (1987), Stephen Jay Gould’s Wonderful Life: The
Burgess Shale and the Nature of History (1989), and Joseph Weizenbaum’s Computer
Power and Human Reason: From Judgment to Calculation (1976), others might be less
familiar to readers. In the same way, the fictional material contains both major (Ian
McEwan’s The Child in Time (1987), Stoppard’s Arcadia, and William Gibson’s
Neuromancer (1984), and so forth) and minor works (for instance, Ruth Brandon’s The
Uncertainty Principle (1996), Robert Littell’s The Visiting Professor (1993), and Daniel
Hecht’s The Babel Effect (2001)). Hence, although my primary material is quite large, it
should be made clear that instead of trying to create a canonical paradigm of texts, I have
sought to select books that serve an illustrative purpose in terms of my argument while

covering a substantial part of the two genres. This in turn means that I am not really
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concerned with making judgments concerning either the quality of writing or the scientific
accuracy of representation, as the only thing that matters in my study is the relevancy of the
material for the overall discussion.

The analyses of the primary material have been arranged by four fields of the natural
sciences: the so-called new physics of relativity theory and quantum physics, chaos theory
and complexity, evolutionary biology, and computer and information technology. In
addition to the fact that these fields probably represent the most important areas of inquiry
in the natural sciences in the twentieth century, the order in which they are dealt with
creates a kind of narrative arc for my discussion. Following the revolutionary insights of
the new physics concerning the subatomic world, space, and time, chaos theory has
contributed much to our understanding of systems in the macroscopic world. Evolutionary
theory, with its direct relevance for defining human identity, in turn serves as a platform for
speculations about the future of humankind in the visions of those working on the
implications and effects of new technologies in fields such as machine intelligence. Hence,
each of these four fields provides a different angle for discussing what it means to be

human from the viewpoint of science.
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1.4  Theoretical Background and Methodology

Since a notable increase in the number of studies examining the relationship between
science and literature in the early 1980s — including classics such as Ronald E. Martin’s
American Literature and the Universe of Force (1981), Michel Serres’s Hermes:
Literature, Science, Philosophy (1982), Gillian Beer’s Darwin’s Plots: Evolutionary
Narrative in Darwin, George Eliot and Nineteenth-Century Fiction (1983), Sally
Shuttleworth’s George Eliot and Science: The Make-Believe of a Beginning (1984), and N.
Katherine Hayles’s The Cosmic Web: Scientific Field Models and Literary Strategies in the
Twentieth Century (1984) — many critics and scholars have been engaged in a process of
self-interrogation by critically examining their own theories and methodologies. To a
considerable extent drawing on the work of the sociologists of science such as Thomas S.
Kuhn, Paul Feyerabend, Michel Foucault, Francois Jacob, Serres, Bruno Latour, and Jean-
Frangois Lyotard, they have come to agree on the notion of science as a discourse built on
historical and social contingencies and adopted theoretical positions that enable the study of
both science and literature with the same methods of textual analysis. For instance, writing
in 1987, George Levine suggests that our contemporary understanding of the relationship of
the two cultures should be guided by the following three postulates:

First, that science and literature are two alternative but related expressions of a culture’s
values, assumptions, and intellectual frameworks; second, that understanding science in its
relation to culture and literature requires some understanding not only of its own internal

processes, but of the pressures upon it exercised by social, political, aesthetic,
psychological, and biographical forces; third, that the idea of “influence” of one upon the
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other must work both ways — it is not only science that influences literature, but literature
that influences scienceEl

Using the parlance of poststructuralism, Stuart Peterfreund states more explicitly the notion
of science as a fundamentally social and textual construction in 1990. According to him,

critics of science and literature work

out of the assumption that, typically, the discourse of literature and science, like any other
discourse of a given culture, is language-bound — logocircumferential, not logocentric —
and that language itself is the repository of ideological values and critical and
methodological praxis, as well as the boundary between the operational (“doing” science or
“doing” literature) and the valuative (“discovering” scientific laws and theories “arriving
at” literary insights or truths). Within this literature and science seek to confront the
indeterminacies that lie beyond, although without any false hope of reducing, let alone
totalizing, those indeterminacies.

Because of the textually constructed nature of science, it must follow that the language of
science, like that of any other discourse, cannot function as a perfectly transparent window
between consciousness and the world. This is David Locke writing in a poststructuralist
and constructivist mode in 1992:

Traditional science [...] has a view of the representational character of its discourse that
must be challenged. Such representation, I argue, is not, as the traditional view would hold,
a verbal image of an external, pre-existent real but rather a conventionalized formulation of

a contextualized, conceptualized “real,” a re-presentation of a concept, not a representation
ofa realﬂ

» George Levine, ‘Preface’, in One Culture: Essays in Science and Literature, ed. by George Levine
(Madison: The University of Wisconsin Press, 1987), pp. vii—viii (p. vii).

% Stuart Peterfreund, ‘Introduction’, in Literature and Science: Theory and Practice, ed. by Stuart
Peterfreund (Boston, Mass.: Northeastern University Press, 1990), pp. 3-13 (p. 6).

" David Locke, Science as Writing (New Haven: Yale University Press, 1992), p. 35.
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By suggesting that scientific claims about the world and consequently about truth are texts
indicative of various culturally determined social, political, and ideological concerns rather
than unproblematic descriptions of how nature really is in itself, this kind of textual
constructivism in the late 1980s and early 1990s undermined the notion of science as being
able to uncover universal truths through empirical methods (see Cordle, pp. 44—46).

If we accept the idea that science and literature are cultural discourses and hence yield
to the methodology of cultural and literary analysis, how should we proceed to construct a
model describing their relationship? Somewhat ironically, Levine refers to them as
expressions of an underlying one culture, meaning that their languages, or discourses, are
different although they often articulate shared concerns.ﬁ This idea is also evident in
Patricia Waugh'’s discussion in Revolutions of the Word: Intellectual Contexts for the Study
of Modern Literature (1997) on the common problems encountered by twentieth-century
scientists, philosophers, and artists during the epistemological revolution brought about by
quantum mechanics: Waugh notes the frustration of luminaries such as Werner Heisenberg,
Ludwig Wittgenstein, A. N. Whitehead, Ezra Pound, and T. S. Eliot at the seemingly
impossible task of attempting to capture the nature of reality by linguistic means
(‘Revolutions of the Word’, pp. 33-34, p. 36). This shows that contrary to C. P. Snow’s
claims, the third culture — if understood as a dialogue between science and literature on
shared concerns — has in fact existed all along. ‘Yet’, Waugh writes, ‘if we bring

imagination and flexibility to the examination of the relations of [Snow’s] two cultures, it

* George Levine, ‘One Culture: Science and Literature’, in One Culture: Essays in Science and Literature
(see Levine, above), pp. 3-32 (p. 4).
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should be evident that communication has been under way for most of the century’
(‘Revolutions of the Word’, p. 38).

Thus, if we acknowledge the existence of problems common for science and literature,
we are confronted with the question of how they relate to each other while tackling issues
such as language, knowledge, identity, and so forth. Because it focuses on identifying
possible connections between two similar-yet-different discourses, science-literature
criticism often encounters the problem of establishing them ‘without inevitably forging
causal links’.|2:9| Indeed, in her examination of the intellectual context of Virginia Woolf’s
To the Lighthouse (1927), Waugh remarks that in determining the relation of the novel to
ideas in other areas of culture in the 1920s,
our own critical vocabulary seems inadequate: ‘influence’ seems too strong, ‘epistemic’
situatedness too weak. The first implies too much intentionality, the latter perhaps not
enough. Fancifully, we might imagine the writer, any creative writer, like Gulliver in
Lilliput — caught and tied to the ground of culture by numerous, infinitesimal strings,
finally breaking loose, and discovering the ties that initially bind may be woven into new
and more fantastic tapestries. (‘Revolutions of the Word’, p. 39)

Waugh’s comparison is useful in the sense that it helps us understand better how fiction
such as that of Woolf, who in To the Lighthouse responds to ideas as diverse as those of the
German art historian Wilhelm Worringer, T. E. Hulme, T. S. Eliot, and Ezra Pound, often
contains references to ideas at an implicit rather than explicit level. Explaining the same
idea, Gillian Beer notes that instead of explicit, ‘total’ reference, scientific ideas sometimes

emerge through ‘local’ reference of ‘the fugitive allusion, the half-understood concept,

[and] the evasive reference whose significance takes us only some way’ (p. 185). In other

* Gillian Beer, Open Fields: Science in Cultural Encounter (Oxford: Clarendon Press, 1996), p. 177. Further
references to this book are given in parenthesis.
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words, while literature might not contain explicit references to scientific ideas, its language
and other formal elements may nevertheless reflect the effect of scientific ideas and
theories, indicating that the ideas have become an implicit part of fiction’s tapestry (Beer,
p. 228).

Instead of thinking in terms of rather self-evident causal links, then, it may be
worthwhile to approach the relationship between science and literature through a more
flexible model in order not to ignore its complexity. An early, influential example of such a
model is the so-called field model of cultural interchange that N. Katherine Hayles uses to
describe the relations between interconnected cultural phenomena:

Perhaps most essential to the field concept is the notion that things are interconnected. |...].
In marked contrast to the atomistic Newtonian idea of reality [...] a field view of reality
pictures objects, events, and observer as belonging inextricably to the same field; the
disposition of each, in this view, is influenced [...] by the disposition of the others.m

When science and literature are studied as parts of the same field, emphasis is put on their
status as discourses that simultaneously both create and absorb ideas. Accordingly, for
Hayles it is the continuous interaction of the things in the field that creates the space of
culture as well as the objects located in it. (For this reason it is impossible to observe the
field from the outside, because our perception is — to borrow the famous phrase used by
Jacques Derrida and others — ‘always already’ conditioned by it.)|3:1| Structurally, the field

model is vertical (science and literature often influence each other implicitly) rather than

% N. Katherine Hayles, The Cosmic Web: Scientific Field Models and Literary Strategies in the Twentieth
Century (Ithaca: Cornell University Press, 1984), pp. 9-10; emphasis original.

*! See N. Katherine Hayles, Chaos Bound: Orderly Disorder in Contemporary Literature and Science (Ithaca:
Cornell University Press, 1990), pp. xi—xii. Further references to this book are given in parenthesis.
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horizontal (science influences literature directly), so that like Levine’s idea of one culture,
it postulates that literature and science emerge from an underlying cultural matrix.|3:2|

The concept of a cultural ‘field’, which Hayles borrowed to the critical parlance of
cultural and literary studies from physics, thus implies a revised version of the traditional
way of imagining the relationship between the two cultures. In contrast to the simplistic
forms of the two cultures model, Hayles’s model suggests that causality never functions in
a rigid, unidirectional fashion but always within an interconnected field, in which ideas,
theories, images, and figures of speech travel in all directions:
One of the many ideas that the field view revises is the notion of a one-way chain of
reaction between the event labeled as the “cause” and that labeled the “effect.” [...]. I do
not mean to imply by this that the literature is “caused” by scientific field models. Rather,
the literature is an imaginative response to complexities and ambiguities that are implicit in
the models but that are often not explicitly recognized. Thus a comprehensive picture of the
field concept is more likely to emerge from the literature and from science viewed together
than from either one alone. In this sense the literature is as much an influence on the
scientific models as the models are on the literature, for both affect our understanding of
what the field concept means in totalityEl
In order to examine literature and science without simplifying the nature of their
relationship, we are invited to understand that links between them are often created in an
indirect fashion — an example of this might be, for instance, shared everyday experiences
through which scientists and artists are introduced to each other’s thought (Hayles, Chaos

Bound, pp. 4-5). In a culture where the dissemination of information occurs on so massive

a scale, such interdisciplinary meetings might take place through shared activities, such as

?% See N. Katherine Hayles, ‘Information or Noise? Economy of Explanation in Barthes’s S/Z and Shannon’s
Information Theory’, in One Culture: Essays in Science and Literature (see Levine, above), pp. 119-42 (p.
120).

3 Hayles, Cosmic Web, p. 10.
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reading books and magazines, watching documentaries, browsing the Internet, going to
exhibitions, listening to music, and so forth. Therefore, we do not have to assume that the
representatives of one culture necessarily have to be conscious of the ideas of the other one
in order to be influenced by them:

When enough of the implications in these activities point in the same direction, they create
a cultural field within which certain questions or concepts become highly charged. Perhaps,
for example, Brian Eno might first learn about Roland Barthes through Time magazine.
Intrigued, he might read one of Barthes’s books. Or he might not. The brief article
summarizing Barthes’s ideas would then become one of the elements in Eno’s cultural
field, available to be reinforced by other elements until a resonance built up which was
strong enough to be a contributing factor in his work. (Hayles, Chaos Bound, pp. 4-5)

In this way, Hayles proposes that it is possible to argue that the accumulation of certain
powerful, shared cultural experiences between two different areas of culture might account
for a conceptual isomorphism between them.

Both the two cultures model of Snow and Leavis as well as Hayles’s field model have
been developed further by Daniel Cordle in Postmodern Postures: Literature, Science and
the Two Cultures Debate (1999), a critical work seeking to build a model of the
relationship between science and literature that would improve the one abstracted from the
two cultures debate by better doing justice to the complexity of their relations. Discussing
the implications of the Snow-Leavis debate, Cordle first points out three major flaws in the
thinking of the combatants: the two cultures model ‘fails to address the vibrant role that
science plays in our culture’ (pp. 41-42), ‘suggests that there is an essential, natural
difference between scientific and literary modes of knowledge’ (p. 42), and paints a

‘stereotypical’ (p. 43) picture of science and literature. Having identified the problems, he

begins to envision a new and better model by defining the term culture. Rather than
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understanding it in a restricted, value-laden sense as Snow and Leavis did, Cordle, citing
the early anthropologist Edward B. Tyler, simply notes that the term refers to ‘that complex
whole which includes knowledge, belief, art, morals, laws, customs, and any other
capabilities and habits acquired by man as a member of society’ (quoted in Cordle, p. 53;
emphasis original), a definition that avoids the problematic and simplistic division between
the so-called high and low forms of culture in the two cultures debate. He goes on to argue
that culture consists of interlinked discourses that like culture, can be given both general
and restricted meanings. Generally speaking, then, the term discourse can refer to ‘a
conversation’, ‘a talk’, ‘a dissertation’ or ‘a treatise’, ‘a lecture’ or ‘a sermon’, or to ‘a
connected series of utterances; a text’ .2 Cordle, however, uses it in the same sense as
contemporary cultural studies do, summarizing its three main functions as follows:

Firstly, discourse implies a manifestation of power as a consequence of its deployment
(perhaps, for instance, as a result of a claim to truth within a particular discourse).
Secondly, it operates as a sort of unspoken narrative, a story which is taken to be so
fundamental as generally to pass unchallenged when it is invoked by a specific narrative.
Thirdly, and importantly, it makes other narratives possible (this is perhaps where its power
lies) because it embodies all those assumptions which are fundamental for the working of
those narratives. (p. 54)

In contrast to discourse, the term narrative refers to a specific text in which the assumptions
of discourses are located — ‘narrative is what is spoken, and discourse is what remains
largely unspoken’ (p. 54), as Cordle expresses the distinction between the two. He also

notes that their relationship might also be apprehended in the manner of Roland Barthes by

examining the relationship between readers and texts:

** The Oxford English Reference Dictionary, ed. by Judy Pearsall and Bill Trumble, 2" edn (Oxford: Oxford
University Press, 1996), p. 405.
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Another way of conceiving of the difference between narrative and discourse in a book is to
imagine the narrative as a horizontal line which represents the sequence of words the reader
encounters in reading the book. The various discourses which underpin that book can then
be thought of as a series of vertical lines that intersect the narrative at numerous points,
informing the meaning the reader extracts from the book. This meaning will, of course,
vary from reader to reader, but it is reasonable to identify certain discourses as culturally
favoured, and therefore more likely to be shared by most readers. (p. 55)

Uniting the numerous scientific and fictitious narratives in my study are discourses that
typically concern scientific questions with distinct human relevance. For instance, in the
first part of my discussion I show how both popular science writing and literature use the
new physics as a means of examining shared topics, such as the nature of human identity,
knowledge, and the experience of time.

It should be observed that although the above model seems to suggest that these vertical
lines run through all types of scientific texts, I am not proposing that all science is
culturally determined, as extreme versions of social constructivism do. In order to avoid the
problems related to making such claims, Cordle distinguishes between what he calls
professional and cultural forms of science. He defines professional science by comparing it
to ‘an archipelago of islands slightly apart from the rest (though not a completely separate
field as it is in the two cultures model)’ (p. 56), suggesting that it is to some extent
culturally determined — although perhaps not so much as social constructivists would have
us to believe. Through his comparison Cordle also argues that the relationship between
professional science and other cultural areas can be approached from three different angles,
depending on how the truth-value of professional science is understood. Viewed from the

first angle, science mirrors nature unproblematically and is ‘fed only by the internal logic of

the development of ideas’ (Cordle, p. 56), influencing the rest of the culture in a
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unidirectional fashion through the presentation of its ideas. In contrast, the second angle
allows for a multidirectional movement of ‘currents’ between the archipelago of
professional science and the rest of the culture, although the flow is still stronger from the
former towards the latter, thus acknowledging the idea that the epistemological status of
science is partly restricted by political decisions, economy, and ideological factors (Cordle,
pp- 56-57). The third angle in turn suggests that professional science is to a considerable
extent a social and cultural construct: the flow of these currents is not restricted at all, and it
is in fact the other areas of culture that help construct professional science, implying that
the truth-value of professional science does not depend on purely objective observation of
nature (Cordle, p. 57). (The three angles thus correspond to the three major positions in
recent versions of the two cultures debate, such as the Science Wars.)

In whatever way one wishes to define their relationship, the importance of making a
clear distinction between professional and cultural science lies in the fact that it can prevent
the critic from making claims that are too general in their scope — in other words, it is a
way of avoiding intellectual fuzziness. While professional science refers to work done by
trained scientists, with whom the public rarely communicates directly, the concept of
cultural science points to all the ways in which the scientifically untrained general
audiences come into contact with scientific ideas (Cordle, p. 51). From this follows that
because as a literary scholar I am not competent to judge the claims of professional science,
my study cannot be directly concerned with it. Instead, by focusing my attention on popular
science writing and literature, 1 ensure that I do not step outside my area of expertise,

literary criticism.
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Like its theoretical basis, the methodology of my study owes much to Cordle’s effort of
disciplinary self-examination. Postmodern Postures is unique in recent science-literature
criticism in the sense that it provides a useful way of categorizing different types of
research areas available in the field, including topics as diverse as ‘The Two Cultures
Debate’ (p. 61), ‘The Influence of Science and Technology on Writers’ (p. 62), ‘The
Representation of Science, Scientists and Technology in Literature’, ‘Science Writing as a
Genre of Literature’ (p. 63), ‘Shared Metaphors and Discourses’ (p. 65), “The Responses of
Literature and Science to Common Topics’, and ‘Relations Between Literary Theory and
Science’ (p. 68). While not strictly speaking methodologies as such, these titles refer to
seven foci for the critical study of the relationship between science and literature, and
Cordle’s descriptions of them contain suggestions for possible methods through which they
can be profitably approached. (It should be noted that while each of the categories can be
studied separately, there exists a considerable overlap between some of them. For instance,
while the first and seventh foci represent more or less independent areas of research, the
second, third, fourth, fifth, and sixth categories share many concerns.)

My own focus falls on the fourth, fifth, and sixth categories. In the case of the first of
these, ‘Science Writing as a Genre of Literature’, Cordle suggests that while popular
science writing can be approached by ‘mapping its influences upon, for instance, works of
literature’, critics could also attempt to ‘identify and consider the literary techniques
employed in science writing [...] or [...] to analyse the language in which certain scientific
ideas are caged’ (p. 65). There are, of course, many roads that could be taken in the analysis
of such writing, but, as noted above, for the purpose of accomplishing the aim of my study,

I have found it useful to focus mainly on the figurative language of popular science writing,
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thus engaging in the study of an important aspect of the genre’s rhetoric.|3:5| Inspired by the
work of rhetoricians and philosophers and historians of science such as Kenneth Burke,
Chaim Perelman, Thomas S. Kuhn, Michael Polanyi, Jiirgen Habermas, Paul Feyerabend,
and Stephen Toulmin in the earlier decades, scholars in the 1980s began to pay attention to
rhetorical elements in the language of science, consequently producing several important
studies.|3:6| Although approaching scientific texts from a variety of angles, literary and
linguistic analyses of rhetoric of science usually focus on three features: style, presentation,
and argument.fj In their study of the history of the scientific article, Alan G. Gross, Joseph
E. Harmon, and Michael Reidy define these terms as follows: style refers to the syntactical

and linguistic features of texts; presentation covers the organization and structure of texts

and the representation of the data; and argument points to the various ways in which the

> To put it briefly, rhetoric of science concerns itself with ‘the study of how scientists persuade and dissuade
each other and the rest of us about nature, — the study of how scientists argue in the making of knowledge’.
Randy Allen Harris, ‘Introduction’, in Landmark Essays on Rhetoric of Science: Case Studies, ed. by Randy
Allen Harris, Landmark Essays, 11 (Mahwah: Hermagoras Press, 1997), pp. xi—xlv (p. xii).

%% Selzer, pp. 5-6; Harris, p. xv. These include, for instance, Bazerman’s Shaping the Written Knowledge: The
Genre and Activity of the Experimental Article in Science, Gross’s The Rhetoric of Science, Lawrence J.
Prelli’s A Rhetoric of Science: Inventing Scientific Discourse (Columbia: University of South Carolina Press,
1989), Greg Myers’s Writing Biology: Texts in the Social Construction of Scientific Knowledge (Madison:
University of Wisconsin Press, 1990), Locke’s Science as Writing, Jean Dietz Moss’s Novelties in the
Heavens: Rhetoric and Science in the Copernican Controversy (Chicago: University of Chicago Press, 1993)
and Rhetoric and Dialectic in the Time of Galileo (Washington, DC: Catholic University of America Press,
2003), Marcello Pera’s The Discourses of Science (Chicago: University of Chicago Press, 1994),
Fahnestock’s Rhetorical Figures in Science, and Alan G. Gross, Joseph E. Harmon, and Michael Reidy’s
Communicating Science: The Scientific Article from the 17" Century to the Present. Essay collections on this
topic include The Rhetorical Turn: Invention and Persuasion in the Conduct of Inquiry (Chicago: University
of Chicago Press, 1990; edited by Herbert W. Simons), The Literary Structure of Scientific Argument
(Philadelphia: University of Pennsylvania Press, 1991; edited by Peter Dear), Persuading Science: The Art of
Scientific Rhetoric (Canton, Mass.: Science History Publications, 1991; edited by Marcello Pera and William
R. Shea), Understanding Scientific Prose, Rhetorical Hermeneutics: Invention and Interpretation in the Age
of Science (New York: State University of New York Press, 1997; edited by Alan G. Gross and William M.
Keith), and Landmark Essays on the Rhetoric of Science: Case Studies.

7 Alan G. Gross, Joseph E. Harmon, and Michael Reidy, Communicating Science: The Scientific Article from
the 17" Century to the Present (Oxford: Oxford University Press, 2002), p. 9.
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claims are supported in scientific texts.|3:8| According to this definition, the emphasis of my
study is on style, with presentation and argument being discussed insofar as they are
directly linked to the first category (figurative language as a stylistic means of persuasively
supporting the argument).

A study that I have found particularly useful for the analysis of the figurative language
of science is Jeanne Fahnestock’s Rhetorical Figures in Science. Fahnestock argues that
there are certain linguistic structures (figures of speech) in language that through their
syntactic form lead into certain kinds of arguments in science. Focusing on the use of
figures drawn from classical rhetoric such as antithesis, antimetabole, gradatio,
incrementum, and ploche in the history of scientific arguments, she shows how they often
epitomize the essences of arguments, their linguistic structures expressing the main content
of arguments in rhetorically persuasive forms. (At the level of interdisciplinary relations,
this again reminds us of the fact that both the natural sciences and the humanities draw
from the common means of verbal expression and cognitive resources — the shared matrix
of culture — thus employing certain universal types of human reasoning (Fahnestock, p.
viii)). In doing so, figurative language often embodies the whole philosophy underlying the
argument, and it is precisely for this reason that its study is so important when we examine
the representation of scientific ideas and the shared concerns of science and literature.

In terms of the analysis of rhetoric of science, Fahnestock’s monograph is very useful
because it expands the scope of the study of figurative language from metaphor to other

figures. As Brian Vickers, the author of In Defence of Rhetoric (1988), argues, it is

3% Gross, Harmon, and Reidy, p. 9.
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regrettable that studies of rhetoric have for a long time focused almost exclusively on
certain figures while paying little or no attention to others. Vickers notes that the
‘progressive atrophy of the discipline’|3:9| in modern times has its roots in Giambattista
Vico’s reduction of rhetorical tropes to metaphor, metonymy, synecdoche, and irony.
Influenced by Vico’s classification of tropes, modern scholars such as Kenneth Burke and
Hayden White have worked on the basis on a four-trope system while Roman Jakobson
reduced the number even further to two (metaphor and metonymy).ﬁ Inspired by the efforts
of critics such as Fahnestock and Vickers, my study aims to show the wide range of use of
rhetorical figures in popular science writing, thus covering the variety of their uses in that
particular genre. (It should be noted that rhetoric is not a method in itself. The importance
of rhetoric for my study stems from the fact that its vocabulary helps me identify linguistic
structures and patterns that have argumentatively significant roles in popular science
writing.)

In the case of literature (the fifth and sixth categories), in turn, I follow Cordle’s
suggestion that the shared topics of science and literature may be approached by ‘looking
[...] for evidence of a linking discourse in the metaphors shared by literature and science
writing’ (p. 68) — although, as noted, I will modify this by extending the study of
figurative language in popular science writing to concern also other important figures —
identifying specific scientific ideas and theories in literature, and discussing literature’s
overall representation of science. In practice, this means that I primarily focus on figurative

language, imagery and symbolism, explications of scientific ideas by characters and

% Brian Vickers, In Defence of Rhetoric (Oxford: Clarendon Press, 1988), pp. 439-40.

* Vickers, pp. 440—42.
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narrators, characterization, and narrative structure in order to explore how literary

techniques have been used to approach the common concerns of science and literature.
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1.5 Structure

My discussion is divided into four main chapters, each of which begins with a brief
introduction to the science in question. In general, after introducing central scientific
notions in a particular field, I analyse popular science writing and literature by placing the
two side by side in order to highlight their various intersections, or shared topics and
concerns. Each chapter then ends with a conclusion showing the main implications of the
analysis.

Chapter 2 focuses on the new physics, examining how popular science and literature
have approach the shared topics of knowledge, identity, and time through the ideas of
relativity theory and quantum physics — in other words, I study how science and literature
contribute to the creation of the metaphysics of the new physics.

Chapter 3 discusses one of the most influential areas in late twentieth-century science:
chaos theory and the study of complex phenomena. In this chapter I analyse how chaos and
complexity are made relevant from the human point of view in popular science and
literature, focusing on the implications of their ideas on humankind’s perception and
knowledge of nature.

In chapter 4 I study the popularization and literary representation of evolutionary
biology, concentrating on its effect on our understanding of human identity. In order to
capture something of the contested nature of the field, I have organized my discussion
around two more or less antagonistic theoretical positions: the notion of humans as
fundamentally selfish creatures is set against a view that emphasizes our capacity for

unselfish behaviour and cooperation. In addition to examining this debate, I discuss how
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recent representations of evolutionary biology have challenged the Darwinian idea of
evolution as gradual change with the notion of sudden, catastrophic change as its true
motor.

Finally, chapter 5 explores computer and information technology by examining the
relationship between humanity and its computers in the context of the development of
artificial intelligence. As in chapter 4 the organization of the subchapters reflects two
clashing views in an on-going debate: the idea that computers are capable of becoming
intelligent in the same way that humans are intelligent is set against the notion that the
human brain and consciousness contain elements that cannot be reduced to computer

algorithms.
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2. The Metaphysics of the New Physics

Let me begin my discussion on the rhetoric of contemporary popular science writing and
the representation of science in literature by considering a field that underwent a veritable
revolution during the first half of the twentieth century: physics. Although the paradigm
shift from the classical, Newtonian physics to the strange and exciting ‘new physics’ of
relativity and quantum theory was well under way by the 1930s, the large-scale
popularization of their essential ideas did not start until much later.leriting in 1983, the
physicist Paul Davies observes:

Over fifty years ago something strange happened in physical science. Bizarre and stunning
new ideas about space and time, mind and matter, erupted among the scientific community.
Only now are these ideas beginning to reach the general public. Concepts that have
intrigued and inspired physicists themselves for two generations are at last gaining the
attention of ordinary people, who never suspected that a major revolution in human thought
had occurred. The new physics has come of age.

It is difficult to say why there has been such a time-lag between the birth of the

revolutionary ideas of modern physics and their introduction to general audiences, and

Davies in his best-selling book on the topic, God and the New Physics (1983), does not

! Note, however, that some of the early quantum physicists and other scientists did popularize ideas in the
new physics prior to and after the Second World War. Well-known examples include, for instance, Sir Arthur
Eddington’s The Nature of the Physical World: Gifford Lectures 1927 (Cambridge: Cambridge University
Press, 1928), New Pathways in Science: Messenger Lectures 1934 (Cambridge: Cambridge University Press,
1935), and The Philosophy of Physical Science: Tarner Lectures 1938 (Cambridge: Cambridge University
Press, 1939), Max Born’s The Restless Universe (New York: Dover Publications, 1951), Heisenberg’s The
Physicist’s Conception of Nature and Physics and Philosophy, and George Gamow’s The Atom and Its
Nucleus (Englewood Cliffs: Prentice-Hall, 1961) — not to mention the numerous interviews and lectures
given by Einstein on the topic of relativity.

% Paul Davies, God and the New Physics (London: Dent, 1983; New York: Simon & Schuster, 1984), p. vii.
Further references to this book are given in parenthesis.
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seek reasons for it. What is certain, however, is that the ideas of the new physics truly
begun to resonate with the rest of the culture during the socially turbulent late 1960s and
early 1970s. ‘The fruits of this revolution’, Davies goes on, ‘are only now starting to be
plucked by philosophers and theologians. Many ordinary people, too, searching for a
deeper meaning behind their lives, find their beliefs about the world very much in tune with
the new physics’ (p. vii). In other words, Davies argues that the new physics has become a
culturally significant phenomenon because it invites the anchoring of human thought on its
authoritative yet flexible conceptual framework that has its basis in nothing less than the
fundamental constituents of matter. As my discussion in this chapter shows, contemporary
popularizations often seek to address questions about the nature of knowledge, the
experience of time, and even human identity through the theories of the new physics, thus
attempting to link together the intangible subatomic world and the world of everyday life.
Because of the wide range of applicability of the ideas of the new physics on what are
essentially philosophical questions, it comes as no surprise that contemporary
popularizations on physics approach the link between science and human life in different
ways. While many books discuss philosophical issues related to physics, they generally
avoid making definite conclusions about them, thus presenting the links between science
and philosophy as speculative possibilities rather than established truths.fjn contrast, other
books deliberately cross the line between science and philosophy, often seeking to offer

their readers metaphysical systems based on the theories of modern physics.* My analyses

[

? This is the approach taken, for instance, by Davies’s God and the New Physics and the science writer John
Gribbin’s In Search of Schrodinger’s Cat: Quantum Physics and Reality (Toronto: Bantam Books, 1984).

* This category includes books that usually link the new physics to what is distinctively New Age thought.
See, for instance, Fred Alan Wolf’s Taking the Quantum Leap: The New Physics for Nonscientists (New
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below contain examples of both kinds of approaches: while the books discussed in 2.2,
Fritjof Capra’s The Tao of Physics, Gary Zukav’s The Dancing Wu Li Masters: An
Overview of the New Physics (1979), and Danah Zohar’s The Quantum Self (1990), are
mainly concerned with articulating a metaphysics based on the insights of the new physics
and various philosophies, Davies’s God and the New Physics (1983) and About Time:
Einstein’s Unfinished Revolution (1995), analysed in 2.3, prefer a more conservative
approach.

The narrative fiction and drama examined alongside the popular science, Jeanette
Winterson’s Gut Symmetries, Ruth Brandon’s The Uncertainty Principle, Tom Stoppard’s
Hapgood, Michael Frayn’s Copenhagen, and lan McEwan’s The Child in Time, illustrate
the various ways in which written art has responded to the ideas of the new physics and in
so doing points to three major topics shared by science and literature: identity, knowledge,
and time. As in the other analytical chapters, then, my focus is on how popular science
writing and literature together participate in the creation of cultural science by approaching
common concerns.

Before going into the actual analyses, however, let us take a brief look at the history and
philosophical implications of the new physics in order to establish a proper context for the

discussion.

York: Harper & Row, 1982), Star Wave: Mind, Consciousness, and Quantum Physics (New York:
Macmillan, 1984), The Body Quantum: The New Physics of Body, Mind, and Health (New York: Macmillan,
1986), and The Spiritual Universe: One Physicist’s Vision of Spirit, Soul, Matter, and Self (New York: Simon
& Schuster, 1996).
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2.1 From Classical Physics to the New Physics

The paradigm shift from Newton’s classical physics to the new physics of relativity theory
and quantum physics was famously initiated by Einstein’s formulation of the special theory
of relativity, which, as the physicist Heinz Pagels notes, ‘changed forever the way we think
about space and time’.ls:lEinstein’s crucial insight in his 1905 paper was that all our
measurements of space and time are relative to our movement, which effectively
demolished the Newtonian notion of the universality and independency of these concepts.r]
Ten years later Einstein formulated his general theory of relativity by extending the ideas of
the special theory to the phenomena of accelerated motion and gravitation, envisioning
gravity as a curvature of the space-time continuum. He predicted that light curves as it
travels in the four-dimensional field of space, replacing Newton’s idea that gravitation
occurs because of a force between bodies of matter with the idea that matter affects the
geometry of space surrounding it.

The early years of the twentieth century also saw the development of quantum theory,
which became the basis of the second revolution in modern physics. Quantum theory
originated with the German theoretical physicist Max Planck, who in 1900 presented a
theory according to which atoms and molecules emit energy in fixed amounts, or quanta.

Planck’s hypothesis led Einstein to suggest that forms of electromagnetic radiation such as

> Heinz R. Pagels, The Cosmic Code: Quantum Physics and the Language of Nature (New York: Simon &
Schuster, 1982), p. 16.

% See Paul Davies, About Time: Einstein’s Unfinished Revolution (London: Penguin, 1995), pp. 47-49.
Further references to this book are given in parenthesis.
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light can be thought of consisting of particles and to consequently propose an alternative to
the earlier description of light as a wave-like pattern. The next crucial moment in the
history of quantum theory came in 1913, when the Danish theoretical physicist Niels Bohr
proposed that electrons orbiting the nuclei of atoms correspond to particular amounts of
energy, thus creating a new model of the atom. In 1924 Louis-Victor de Broglie in turn
attempted to expand these insights by hypothesizing that just as light waves exhibit
particle-like behaviour, particles such as electrons could behave like waves.

In the minds of physicists such as Erwin Schrodinger, Werner Heisenberg, Max Born,
Wolfgang Pauli, and Paul Dirac, these early visions developed into a theory of atomic
structure called quantum mechanics during the latter half of the 1920s. Schrédinger
suggested that instead of being particles, electrons are material waves, thus giving birth to
the so-called wave mechanics that enabled him to describe subatomic phenomena
mathematically — a Schrodinger equation is a differential equation for the wave function
of a particle that can be used to describe everything in observable physical reality.
Heisenberg, Born, Pauli, and Dirac in turn formulated the so-called matrix mechanics,
which they used to create a purely mathematical atomic theory. Although the theories of
Schrédinger and Heisenberg were incompatible in respect to each other — the former
described the behaviour of electrons as continuous waves while the latter saw it as
discontinuous and non-localizable — it became evident that their equations gave precisely
the same predictive results, consequently establishing the mathematical basis of quantum
mechanics. From the viewpoint of the philosophical implications of the new physics, it is
important to observe that as they describe the behaviour of subatomic particles statistically,

these theories deal with knowledge that is probable rather than certain. From this state of
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affairs follows that because we cannot precisely describe the motion of subatomic particles,
our knowledge of the world is bound to be incomplete.

The suggestion that reality cannot be described in its totality is perhaps most evident in
Heisenberg’s famous uncertainty principle, which the German mathematical physicist and
philosopher formulated in 1927. The uncertainty principle — or the principle of
indeterminacy, as it is sometimes called — can be summarized as follows: It is impossible
to measure precisely certain pairs of physical properties at the same time, such as the
momentum and position of subatomic particles (these properties are uncertain in the sense
that instead of existing as definite values, they are events within a range of probability).
The fact that we can measure only one property at a time suggests ‘that there are limits on
what is measurable and [that] it is impossible to do anything other than speculate on what
is not measurable’.hln other words, our measurement of subatomic particles always gives
us only one half of the story while the other half remains hidden.

In addition to the view of knowledge, the uncertainty principle has important
implications for our understanding of causality and the linguistic description of physical
reality. Because scientists cannot rely on precise measurement when observing quantum
phenomena, they cannot make accurate predictions concerning the behaviour of particles.
In contrast to the causal clarity of the Newtonian universe in which events follow neatly
from prior events, the fundamental level of matter as described by quantum physics appears
to be quite ephemeral: whereas classical physics assumes that the basic laws of nature are

differential equations describing the incremental, continuous change of the coordinates of

7 Jim Baggott, The Meaning of Quantum Theory (Oxford: Oxford University Press, 1992), pp. 32-33;
emphasis original.
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time and space, quantum physics maintains that these changes are discontinuous in the
sense that they entail a series of finite steps that do not allow for an exact description.
Consequently, it is impossible to describe physical reality in an entirely deterministic
fashion, as such descriptions would be incompatible with our observations of reality.
Because it is impossible to make precise predictions about the behaviour of particles,
quantum physics suggests that at its most fundamental level, matter cannot be represented
accurately. Accordingly, although it is possible to model reality, we are forced to admit that
it might be impossible to describe things as they really are in themselves. “What we observe
is not nature itself,” Heisenberg notes, ‘but nature exposed to our method of questioning.’|8:|
This means that ‘there is no deep reality for us to discover in the traditional sense, only a
description of it’ |9:|

In addition to implying that °‘physical events [are] forever unknowable and
unpredictable’,lﬁ quantum theory made certain counterintuitive statements about reality.
For instance, Born’s interpretation of Schrédinger’s wave functions proposes that matter
has a paradoxical dual nature, as it can simultaneously display particle-like and wave-like
qualities. This realization led Niels Bohr to formulate his principle of complementarity in
1927 as a means of accounting for the paradox. In the so-called Copenhagen interpretation
of quantum theory — of which the uncertainty principle forms a crucial part — Bohr

suggests a view of reality that regards the qualities of particles (speed and location, for

¥ Werner Heisenberg, Physics and Philosophy: The Revolution in Modern Science, ed. by Ruth Nanda Anshen
(New York: Harper, 1958), p. 58.

® John D. Barrow, The World Within the World (Oxford: Oxford University Press, 1988), p. 150.

1 Pagels, p. 65.
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instance) as complementary features of reality, indicating that the qualities are meaningful
only when compared to each other.ll:ll

The importance of complementarity for the philosophy of quantum physics is evident
not only in what it says about matter but also in what it suggests about the relationship of
humankind and nature. Because it is impossible to make observations of physical reality
without interacting with the observed phenomena (using a particle such as a photon to
bombard another particle in order to measure one quality inevitably alters the value of its
complementary quality), observers are always inseparable from the systems they observe.
As Heisenberg puts it, ‘Science no longer confronts nature as an objective observer, but
sees itself as actor in this interplay between man and nature.’lﬁ Bohr too recognized this.
‘An independent reality in the ordinary physical sense’, he writes, ‘can neither be ascribed
to the phenomena nor to the agencies of observation.’llj Hence, when scientists measure the
behaviour of particles, the measuring instruments themselves always affect the outcome of
the experiment, and the observers cease to be neutral agents, as they must make the
decision to focus on one quality at the expense of the other.

On the basis of points such as the ones made above, it has been suggested that the
discoveries of quantum physics question some of the fundamental assumptions of Western

philosophy. For instance, cultural critics Steven Best and Douglas Kellner observe that the

Aristotelian either-or logic may not appear as a valid way of describing reality if it is taken

' Baggott, pp. 85-86.

' Werner Heisenberg, The Physicist’s Conception of Nature, trans. by Arnold J. Pomerans (New York:
Harcourt, 1958), p. 29.

" Niels Bohr, Atomic Theory and the Description of Nature (Cambridge: Cambridge University Press, 1934),
p. 54.
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for granted that what we see is determined not only by what we want to see (the scientist
chooses to focus on one half of a complementary pair of qualities) but also by the devices
used for making observations.lﬁ Light, as noted, exhibits the properties of both waves and
particles, and it is not until we decide which aspect we want to focus on that it appears as
one of the two (Best and Kellner, The Postmodern Turn, p. 216). Because complementarity
thus suggests the logic of both/and rather than either/or, Best and Kellner note that the
philosophy of quantum physics implies that no single interpretation does full justice to the
world’s complexity, taking us further away from modern monoperspectivism towards
postmodern multiperspectivism (The Postmodern Turn, pp. 216, 225).

In contrast to the revolutions of the early decades of the twentieth century, it seems to
be unclear whether or not the future of physics will have further intellectual upheavals.
While many scientists working in the field of superstring theory, a theory that seeks to unite
relativity and quantum physics into a so-called theory of everything, appear to be optimistic
about the ability of physics to make significant discoveries about reality, others feel that
physics is unlikely to achieve them. As one of the scientists interviewed by the science
writer John Horgan for the book The End of Science: Facing the Limits of Knowledge in the
Twilight of the Scientific Ageﬁl (1996) puts it, the ‘truth is, there is nothing — there is

nothing — of the same order of magnitude as the accomplishments of the invention of

4" Steven Best and Douglas Kellner, The Postmodern Turn, Critical Perspectives (New York: Guilford Press,
1997), p. 215. Further references to this book are given in parenthesis.

> As regards its argument, Horgan’s book is rather controversial: through individual portraits of famous
scientists such as Lynn Margulis, Roger Penrose, Richard Dawkins, Murray Gell-Mann, Stephen Jay Gould,
and others, Horgan argues that contemporary science is characterized by a deep-seated sense of exhaustion, as
the future does not appear to promise any major intellectual breakthroughs.
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quantum mechanics or of the double helix or of relativity’.llj For Horgan, such
pronouncements show that the efforts of today’s physics are ultimately ironic: exceedingly
speculative and abstract, the claims of those working on theories of everything are currently
impossible to prove empirically (p. 62). (For instance, a hypothetical particle accelerator
that could provide physicists with information about the environment of the infinitesimally
tiny strings (superstrings) would have to be of astronomical proportions (Horgan, p. 62).)
Whatever the future of contemporary physics may bring, it is clear that the ideas of the
new physics have had a deep impact on our understanding of the external reality and, as the
following analyses show, they have also provided our culture a conceptual means of
understanding both ourselves and our relationship with the world. Below I first discuss how
contemporary popular science writing and literature have approached questions concerning
identity and knowledge through the new physics. I then conclude my discussion by

considering yet another shared topic: time.

'® Quoted in John Horgan, The End of Science: Facing the Limits of Knowledge in the Twilight of the
Scientific Age (Boston, Mass.: Addison-Wesley, 1996; London: Little, 1997), p. 28. Further references to this
book are given in parenthesis.



43

2.2 The Physics of Knowledge and Identity

Although the philosophical implications of the discoveries of the new physics continued to
occupy the minds of the field’s seminal figures such as Niels Bohr and Werner Heisenberg,
it was not until the middle of the 1970s that there emerged the tendency to explicitly link
the science of the microscopic to the world of human affairs.El While many professional
scientists have been rather cautious in establishing analogies between the two, those
responsible for the popularization of the new physics in the last thirty years have often gone
in the opposite direction. For instance, best-selling writers such as Fritjof Capra, Gary
Zukav, Ken Wilber, and Fred Alan Wolf have sought in quantum physics solutions to
various issues in human life: the relationship of science and religion, the mind-body
problem, the nature of consciousness, individual development, and social issues appear as
recurrent themes in their writing. At times strongly flavoured by New Age thinking, such
writing habitually seeks to find confirmation for the validity of various mystical and
holistic ideas in the authoritative theories of what has been considered the most
fundamental of the natural sciences.

Regardless of how one may feel about the acceptability of making a metaphorical link

between the microscopic and the macroscopic,' it should be acknowledged that the

O

' For discussions by Bohr and Heisenberg on the philosophical side of quantum physics, see, for instance, the
former’s The Unity of Knowledge (New York: Doubleday, 1955) and Atomic Physics and Human Knowledge
(New York: John Wiley, 1958), and the latter’s Physics and Philosophy.

'8 For instance, the cognitive scientist and author Douglas R. Hofstadter claims that much of the philosophical
confusion around ideas such as the uncertainty principle stems from careless analogies drawn between the
subatomic world and the world of human affairs. Douglas R. Hofstadter, ‘Heisenberg’s Uncertainty Principle
and the Many-Worlds Interpretation of Quantum Mechanics’, in Metamagical Themas: Questing for the
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phenomenon became so widespread in the popularization of the new physics in the 1970s
and 1980s that dismissing it altogether would leave our discussion of the cultural meanings
of science incomplete. Hence, the analyses below seek neither to question nor affirm the
validity of the authors’ claims but to examine the link between their rhetoric and the

portrayal of ideas derived from the new physics in narrative fiction and drama.

2.2.1 Drawing the Analogy between the Microscopic and the

Macroscopic

I begin my analysis by discussing the first — and probably the best-known —
popularization on the new physics that explicitly links the science to a certain philosophy:
the Austrian-born physicist Fritjof Capra’s The Tao of Physics. Published in 1975, this
seminal precursor to a whole subgenre of similar books attempts to build a bridge between
the worldviews of modern physics and, mainly, Eastern philosophies. Using a tripartite
structure (the first part offers a brief history of twentieth-century physics and a discussion
on the problems of description in quantum physics; the second part features an introduction
to the doctrines of the various schools — Hinduism, Buddhism, Chinese philosophy,

Taoism, and Zen — of Eastern mysticism; and the third part draws the actual parallels

Essence of Mind and Pattern (New York: Basic Books, 1985), pp. 455-77 (pp. 455-57). Noting that
Heisenberg’s mathematical formulation of uncertainty does not state that there is an observer that somehow
affects the observed, Hofstadter writes that ‘it is a total misinterpretation of Heisenberg’s uncertainty principle

to suppose that it applies to macroscopic observers making macroscopic measurements’. Hofstadter, pp. 463—
64.
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between Western science and Eastern thought), Capra’s bases his argument on numerous
analogies that he draws between the discoveries of the new physics and various systems of
thought. ‘The parallels to modern physics’, he claims in the introduction to his book,
‘appear not only the Vedas of Hinduism, in the I Ching, or in the Buddhist sutras, but also
in the fragments of Heraclitus, in the Sufism of Ibn Arabi, or in the teachings of the Yaqui
sorcerer Don Juan.’|1:9| In this way, Capra argues that in spite of their different ways of
expressing things, the new physics and mysticism converge through their remarkably
similar descriptions of the world, with the former providing tangible scientific evidence for
the claims of the latter. For Capra, the building of such a conceptual bridge is also a means
of ‘improving the image of science’ (p. 12), as the incorporation of Eastern views into
science could in his opinion introduce a measure of spirituality to its technological
applications.

The Tao of Physics begins by directing its readers’ attention to a specific philosophical
problem for which it proposes a solution through scientific insight. Capra notes that
individuals living in modern society suffer from ‘inner fragmentation’ (p. 9) caused by the
Cartesian division of mind and body. This split is in turn reflected in the way in which
humankind experiences the world: instead of forming interconnected wholes, objects and
phenomena are viewed as if they existed in strict separation from each other (p. 9). This
state of affairs in the human psyche, Capra argues, has led to a ‘series of social, ecological,
and cultural crises’ (p. 9) that manifest themselves as alienation from both nature and other

individuals, economic and political imbalance, violence, pollution, and other similar

' Fritjof Capra, The Tao of Physics: An Exploration of the Parallels between Modern Physics and Eastern
Mysticism (Boulder: Shambhala, 1975; London: Bantam, 1977), p. 5. Further references to this book are given
in parenthesis.
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problems. In order to propose an alternative to the considerably mechanistic worldview of
Cartesianism, Capra suggests that we adopt the worldview of Eastern thought, which is
characterized by an emphasis on the organic unity of things: instead of postulating the
existence of atomistic and static individual units, Eastern philosophies conceive the world
in terms of relationships that constitute a unified fundamental reality (p. 10). In this respect,
then, there are two main themes in Eastern thought that Capra wishes to integrate into the
worldview of Western thought: ‘the unity and interrelation of all phenomena and the
intrinsically dynamic nature of the universe’ (p. 11).

Accordingly, the primary metaphor of the book portrays the world as an interconnected
web. ‘The most important characteristic of the Eastern world’, Capra notes, ‘is the
awareness of the unity and mutual interrelation of all things and events, the experience of
all phenomena in the world as manifestations of a basic oneness’ (pp. 116—17). In order to
illustrate the idea that all binary opposites — phenomena ordinarily perceived as separate
— form unities, he uses the rhetorical strategy of linking the opposite terms through a
figure of speech known in classical rhetoric as synoeciosis, the bringing together of
contraries in order to show their essential oneness.ﬁ As mystics transcend the world of
duality, Capra observes, they realize ‘that good and bad, pleasure and pain, life and death,
are not absolute experiences belonging to different categories, but are merely two sides of
the same reality; extreme parts of a single whole’ (p. 130). In the same manner, he notes

how the ‘notion that all opposites are polar — that light and dark, winning and losing, good

%% The definitions of the various rhetorical terms used in my study mainly derive from Jeanne Fahnestock’s
Rhetorical Figures in Science and Brian Vickers’s In Defence of Rhetoric. When the definitions are so general
that they can be regarded as universally accepted statements concerning the meanings of the terms, I have
omitted references. In addition to printed sources, the interested reader will find related terminology and
definitions on the Internet (see, for instance, Silva Rhetoricee at http://humanities.byu.edu/rhetoric/silva.htm).
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and evil, are merely different aspects of the same phenomenon — is one of the basic
principles of the Eastern way of life’ (p. 131). This idea is also conveyed by Capra’s
quotation of a Zen poem, which, characteristically of Zen thought, expresses a paradox
through the linguistic means of bringing together two seemingly contradictory images: ‘At
dusk the cock announces dawn; | At midnight, the bright sun’ (quoted in Capra, p. 131).
Noting that such insights are by no means limited to Eastern philosophies, Capra also
quotes the Greek philosopher Heraclitus, who apparently viewed the universe in terms of
constantly changing polar opposites: ‘God is day night, winter summer, war peace, satiety
hunger’ (quoted in Capra, p. 104). In other words, the opposites are joined together through
linguistic structures that juxtapose two seemingly contradictory terms in order to emphasize
oneness rather than difference. (Note that in the last example the pairing of the opposites is
done in a way more characteristic of oxymoron than synoeciosis, as the terms are placed
adjacent to one another.)

The idea of polar opposites forming complementary pairs is also found in the familiar
visual image of male-female (yang-yin) polarity, which features the circle of Tao divided
into wave-shaped halves, each containing a small circle against the background of the other
half’s colour. Rhetorically speaking, this image, which appears as an illustration both on the
cover and in the pages of The Tao of Physics, can be thought of as a visual antimetabole, a
figure that in its linguistic form repeats two words in successive clauses while reversing
their grammatical order: rotationally symmetrical, the yang half contains the ‘seed’ of yin
while the yin half contains the ‘seed’ of yang.?' In Capra’s argument the sense of symmetry

0

! In her study of rhetorical figures in science Fahnestock defines antimetabole as an inverted ‘bicolon’ (p.
123), in which not less than two terms from the first colon must be transported to the second one in order for
the bicolon to qualify as an antimetabole. Although it is hence structurally similar to another figure of
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characteristic of antimetabole in this way supports the notion of intuition and rationality as
approaches to knowledge that instead of being opposed complement each other. Suggesting
that the two are interrelated concepts through its form, the antimetabole in the circle of Tao
thus has the distinctive function of conveying a sense of completeness and balance, as it
links together two terms that for Capra have often been seen as diametrical opposites in the
history of Western thought.

Moreover, the sense of symmetry associated with this figure foregrounds the idea that
relationships between complementary pairs are dynamic rather than static. As one of the
polar forces rotates to its limit, the other one begins a similar motion because the former
already contains the seed of the latter. In the chapter on Chinese thought, for instance,
Capra cites Tao—te—Chinglz:zl as follows: ‘The yang having reached its climax retreats in favor
of the yin; the yin having reached its climax retreats in the favor of the yang’ (quoted in
Capra, p. 96; emphases original). This passage gives the visual antimetabole a verbal form,
with the reversal of the main terms conveying a sense of dynamic interplay between the
two forces. The same idea is evident in a passage quoted by Capra from the Taoist mystic

and prose writer Chuang-tzu, a student of the famous Lao-tzu:>

conceptual reversal, chiasmus, which for Fahnestock is ‘a variant of the antimetabole’ (p. 123), textbook
antimetaboles preserve the exact form of the reversed words. In contrast, in chiasmus a word in the first colon
is often replaced by a synonym, a word of an opposite meaning, or a word belonging to the same conceptual
category in the second, as in ‘Napoleon was defeated by a Russian winter and the snows of Leningrad
destroyed Hitler’ (quoted in Fahnestock, p. 123). Because of the reversed repetition of the key terms,
antimetaboles are usually not only easy to identify but also easy to memorize. For instance, in the history of
political speeches, the suggestion ‘Ask not what your country can do for you; ask what you can do for your
country’ (quoted in Fahnestock, p. 123) from John F. Kennedy’s inauguration speech in 1961 is probably one
of the most memorable examples of this figure.

> Written around the fourth and third centuries BCE, Tao-Te-Ching is the central Taoist text, defining the
concept of Tao and the philosophy of Taoism.

* Lao-tzu is the mythical founder is Taoism to whom Tao-te-Ching is ascribed.
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The “this” is also “that.” The “that” is also “this.” [...] That the “that” and the “this” cease
to be opposites is the very essence of Tao. Only this essence, an axis as it were, is the center
of the circle responding to the endless changes. (quoted in Capra, p. 102; emphasis original)
As in the previous quotation, the reversal of the main terms establishes a sense of balance
and completeness: the opposites this and that form a complementary, dynamic relationship
with each other, which ceases to exist when the Taoist mystic supposedly perceives reality
directly by transgressing the illusory world of binary opposites.

The notion of everything as a part of an interconnected web is present also in Capra’s
discussion on how modern physics has come to redefine some of the important concepts of
classical physics. For instance, he notes that classical physics made a clear distinction
between matter and empty space, but general relativity, however, showed that the two are
inseparable, as ‘matter cannot be separated from its field of gravity, and the field of gravity
cannot be separated from the curved space’ (p. 194). Note how Capra again uses
antimetabole’s characteristic reversal of the main terms in order to foreground their
interdependent relationship, arguing that Einstein’s theory connected what were considered
separate concepts in the atomistic visions of Democritus and Newton. Instead of particles
existing as separate building blocks of matter, then, they are now viewed as part of a
quantum field, which, Capra argues, corresponds to the concept of ‘the Void’ in Eastern
mysticism: ‘The phenomenal manifestations of the mystical Void, like the subatomic
particles, are not static and permanent, but dynamic and transitory, coming into being and
vanishing in one ceaseless dance of movement and energy’ (p. 198). In this passage Capra

first employs antithesis to separate the views of classical physics and quantum physics on
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matter from each otherﬁ After having established the difference, he proceeds to use
synoeciosis (coming into being and vanishing) in order to describe the dynamic nature of
the quantum field: instead of Newton’s universe of indestructible, solid particles moving
through a void, we are offered the image of the quantum field as a metaphoric dance of
energy in which particles are constantly created and destroyed. Moreover, in order to
describe the dance of the particles linguistically, Capra juxtaposes the above antithesis with
a quotation from the Upanishadszl:sl as follows: ‘Tranquil, let one worship [the Void] | As
that from which he came forth, | As that into which he will be dissolved, | As that in which
he breathes’ (quoted in Capra, p. 198). The anaphora in this poetic description emphasizes
the notion of life as a ceaseless cycle of birth and death that Capra compares to the dynamic
nature of the all-pervasive quantum field, uniting the microcosm of the individual
consciousness to the macrocosm of the universe.

The concepts of the quantum field and the Void provide Capra a means of giving an
answer to ‘the old question whether matter consists of indivisible atoms or of an underlying
continuum’ (p. 201). ‘“The field’, he writes, ‘is a continuum which is present everywhere in

space and yet in its particle aspect has a discontinuous, “granular” structure’ (p. 201).

** The syntax of antithetical constructions favours a parallel structure, which makes them both visually and
aurally recognisable (Fahnestock, pp. 49-50). (Note, however, that antitheses may also be constructed
through structures that do not employ parallelism.) Jeanne Fahnestock notes that in most cases, writers derive
antitheses from three sources: the terms may be contrary (clean/dirty), contradictory (clean/unclean), or
correlative (teacher/student) in relation to each other (pp. 47-49). Although audiences can be expected to be
familiar with certain culturally well-established antitheses (human/machine, male/female, and so forth),
writers may for argumentative purposes deliberately introduce antitheses that go against these expectations.
Moreover, antitheses are often used to reconfigure oppositions that already exist as conceptual oppositions or
contrasts, but although such operations do not make the antithesis disappear, they nevertheless change or
reconfigure it (Fahnestock, p. 58).

> The name Upanishad refers to each of a series of Hindu sacred writings that are based on the Vedas, written
around 800-200 BCE.
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Hence, as in many arguments that seek to unify two opposing ideas, Capra introduces a pre-
existing third term that encompasses both: when understood in terms of the quantum field
or the Void, the two views on the composition of matter are shown to be complementary
rather than contradictory.lzj After placing them under the third term, Capra proceeds to draw
an analogy between ‘a similar dynamic unity between the Void and the forms which it
creates’ (p. 201). In order to underline the notion that opposite concepts are always
complementary aspects of an underlying whole, Capra cites a Buddhist Sutra as follows:
‘Form is emptiness, and emptiness is indeed form. Emptiness is not different from form;
form is not different from emptiness. What is form that is emptiness; what is emptiness that
is form’ (quoted in Capra, pp. 201-02). Through the Sutra’s three consecutive
antimetaboles, Capra foregrounds the idea that form and emptiness, matter and empty
space, are not — as common sense would have it — mutually exclusive opposites but
interrelated expressions of the same reality.

Consequently, because the universe allegedly is an interconnected web in which
particles dance their endless dance, Capra argues the new physics forces us to view
everything around us in terms of relationships rather than individual units, since we cannot
talk about ‘elementary particles or fundamental fields’ (p. 275) anymore. Instead of
reducing the world to basic units as atomism does, then, Capra suggests that Western
thought adopt a worldview based on the web metaphor:

In the new world-view, the universe is seen as a dynamic web of interrelated events. None
of the properties of any part of this web is fundamental; they all follow from the properties

%% Using such a term is basically a means of undoing or challenging an established antithesis, as it gives the
opposing terms a common predicate (X and Y are both parts of Z) (Fahnestock, p. 88).
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of the other parts, and the overall consistency of their mutual interrelations determines the
structure of the entire web. (p. 276)

Having delineated his vision in these terms, he proceeds to draw yet another comparison
between the new physics and Eastern philosophies by finding a parallel idea in Taoism for
the dynamic model of Western science. In order to illustrate the notion of the universe as a
web of self-consistent, interrelated phenomena, Capra again cites Tao-te-Ching: ‘Man
follows the laws of earth; | Earth follows the laws of heaven; | Heaven follows the laws of
Tao; | Tao follows the laws of its intrinsic nature’ (quoted in Capra, p. 279; emphases
original). The passage’s rhetorical effectiveness in the context of Capra’s argument stems
from the fact that it uses repetition to form a series of causally linked items. More
specifically, the passage employs gradatio — or climax, as the figure is also known as — a
series of clauses or sentences, each of which repeats the end of the previous clause or
sentence.lzj The ascending gradatio points to the idea that as a web of relations, the universe
cannot be reduced to things such as fundamental particles because the particles themselves
exist only in relation to other particles. In the totality of Tao, the underlying principle of the
universe, then, the parts of the universe do not emerge from fundamental laws but function
according to their intrinsic nature within a hierarchy of wholes, all parts being equal and
linked to each other, as the repetition of the items in the series aims to show. Moreover,
Capra quotes the yogi Sri Aurobindo in order to illustrate the notion of how interdependent
parts form a hierarchical whole: ‘Nothing to the supramental sense is really finite; it is

founded on a feeling of all in each and of each in all’ (quoted in Capra, p. 282) — the

" In this sense, gradatio is a figure that combines the formal characteristics of incrementum, a figure that lists
items according to the order of their importance, and anadiplosis, a figure of repetition that repeats the ending
of a structure at the beginning of the next (Fahnestock, pp. 93-94).
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passage uses antimetabole as a linguistic means of epitomizing the underlying holistic
philosophy.

In addition to the web metaphor, Capra finds a parallel to the idea expressed by the
above gradatio in Leibniz’s monadology: like the interrelated web of Taoism, a monad can
be pictured as a self-contained unit of being that forms relationships with other similar
entities. He begins his discussion of this parallel by quoting the English translation of
Lehrsditze iiber die Monadologie (1720) as follows:

Each portion of matter may be conceived of as a garden full of plants, and as a pond full of
fishes. But each branch of the plant, each member of the animal, each drop of its humors, is
also such a garden or such a pond. (quoted in Capra, pp. 288-89)

The rhetorical force of this passage stems from Leibniz’s use of a figure of repetition called
ploche, the syntactically free repetition of the same word or phrase. This simple figure that
repeats the adjective each places emphasis on the idea presented in Sri Aurobindo’s
antimetabole: the part and the whole are reflections of each other and form the totality of
the world. Linking different concepts together, the ploche amplifies the sense of everything
being a part of an interconnected web of relations, supporting Capra’s argument about the
similarity of the ways in which philosophy and the new physics describe the relationship
between the part and the whole. ‘If the poet’, he writes, alluding to the Romantic vision of
William Blake, ‘sees the world in a grain of sand, the modern physicist sees the world in a
hadron’ (p. 288).

In fact, it is to a considerable extent this kind of model on which the new vision in The
Tao of Physics is based. While confessing that its implications are purely speculative at the

moment, Capra expresses his belief that the theory will eventually become a ‘vision of
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nature’ (p. 292; emphasis original) that goes beyond the range of human intellect and
language, thus becoming what he calls complete knowledge (p. 292). In order to epitomize
his argument, he cites Lao-tzu as follows: ‘He who knows does not speak, | He who speaks
does not know’ (quoted in Capra, p. 292). In this passage antimetabole is used to
distinguish between two types of knowledge: the complete knowledge that is essentially
incommunicable and the incomplete knowledge conveyed by human sign systems. Hence,
the status Capra grants to a future version of the new physics is similar to that of mystical
knowledge that exists beyond the limits of human reason.

At the end of The Tao of Physics, the problem of knowledge emerges as a shared
problem for the mystic and the scientist. For Capra, the fact that both mysticism and
science verbally interpret their observations makes knowledge based on the use of language
incomplete by default. He finds an apt description of this situation in Einstein’s aphorism
that makes a comment on the limits of mathematical knowledge: ‘As far as the laws of
mathematics refer to reality, they are not certain; and as far as they are certain, they do not
refer to reality’ (quoted in Capra, p. 27). That Einstein’s antimetabole contains two
negations suggests a strong denial of the possibility that mathematics could ever directly
represent reality. Human knowledge is always bound to be approximate, since scientific
models and verbal descriptions of mystical experiences can describe them only in an
indirect way, capturing just a part of their essential reality. Complete knowledge, in
contrast, is by default inaccessible by language and conceptual thought because access to it
requires an unmediated contact with reality. ‘The problem of language encountered by the
Eastern mystic’, he notes, ‘is exactly the same as the problem the modern physicist faces’

(p- 33). As we have seen above, the problem of describing the world is especially evident in
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the case of the various paradoxes that characterize the conceptual content of both fields. For
instance, the dual nature of light is one of the constitutive paradoxes of quantum physics, as
light can exhibit the behaviour of both waves and particles depending on the method of
observation. The paradoxes of Zen Buddhism in turn juxtapose contradictory terms in the
manner of synoeciosis in order to point to the notion of reality as a unified whole, as a
quotation from the well-known Japanese writer on Buddhism and Zen, D. T. Suzuki,
shows: “‘We were parted many thousands of kalpas [a Vedic unit of time], yet we have not
been separated even for a moment. We are facing each other all day long, yet we have
never met’ (quoted in Capra, p. 35).

Although the two types of knowledge appear to form another pair of binary opposites,
in the context of Capra’s vision they can be understood as complementary ways of
approaching reality. In this sense, the new vision of nature functions as a reconciliatory
theory uniting the opposites that the mystic and the physicist, the intuition and the intellect,
and the complete and the incomplete knowledge, represent. “The mystic and the physicist
arrive at the same conclusion’, Capra concludes, ‘one starting from the inner realm, the
other from the outer world’ (p. 296). In order to argue that the relationship between the two
is complementary rather than antagonistic, Capra makes a reference to Taoism: ‘To
paraphrase an old Chinese saying, mystics understand the roots of the Tao but not its
branches; scientists understand its branches but not its roots’ (p. 297). This antimetabole
suggests that rather than being reducible to one another, mysticism and science can
supplement each other’s views, thus giving rise to a holistic worldview. In the penultimate
paragraph of the book’s epilogue, Capra defines their relationship though yet another

antimetabole: ‘Science does not need mysticism and mysticism does not need science, but
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man needs both’ (p. 297). What this reversal of terms does is that it epitomizes Capra’s call
for a new kind of morality by foregrounding the importance of a holistic view of the
universe for human beings, as what is at stake is no less than the survival of the species,

endangered by the fragmentation of humankind’s inner vision (see p. 298).

In many ways, the ideas discussed in Capra’s book are also explored in another influential
popularization that seeks to explain the principles of the new physics through references to
the insights of Eastern philosophies: Gary Zukav’s The Dancing Wu Li Masters, which was
published four years after The Tao of Physics. Like Capra, Zukav argues that one of the
most profound insights that these two types of knowledge have given us is ‘that we are not
separate from the rest of the world as we once thought’.ﬁ Thus, like Capra, Zukav
maintains that the insights of the new physics are of immense importance to humankind: he
does not say that the survival of the species depends on a morality drawn from them but
nevertheless states that when experienced in full, they are ‘capable of changing us in such
ways that we never again are able to view the world as we did before’ (p. 16). In other
words, then, here too science is claimed to have deep relevance in terms of the future of
humankind.

Throughout his book Zukav argues that one of the fundamental implications of quantum

physics is that humankind and the world are inseparable from each other. ‘Without us,” he

* Gary Zukav, The Dancing Wu-Li Masters: An Overview of the New Physics (New York: Morrow, 1979;
New York: Bantam Books, 1980), p. 16. Further references to this book are given in parenthesis.
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writes, ‘or by implication, anything else to interact with, light does not exist. This
remarkable conclusion is only half the story. The other half is that, in a similar manner,
without light, or, by implication, anything else to interact with, we do not exist!” (p. 95;
emphasis original). By using a loosely formulated antimetabole, the passage illustrates
Heisenberg’s idea that in the universe described by the new physics, there are neither
independent observers nor independently observed phenomena. On this view, everything
that seems to exist independently is in fact born through interaction with other things: ‘We
are part of nature,” Zukav notes, ‘and when we study nature there is no way around the fact
that nature is studying itself” (p. 31). Hence, assisted by the reciprocal logic of

antimetabole, he undoes what he terms as a false opposition between ‘an “I”’ which is “in

[3 299

here” and nature that is ““‘out there™ (p. 30): the two antimetaboles propose that since
humans are an inextricable part of the nature they are studying, it is impossible to adopt a
completely objective viewpoint that would remain unaffected by the object of the study.
Because it makes a statement about the nature of the relationship between observers and
the observed, this insight is closely related to the question about the truth-value of science.
Zukav notes that with the formulation of the Copenhagen interpretation of quantum
physics, physicists were forced to admit that the strange reality of the subatomic world did
not correspond to their ideas of how reality should look like or behave — in other words,
the Copenhagen interpretation showed that there could never be a perfect fit between theory
and the observed reality (p. 38). Thus, they had to admit that reality contains elements that
could not be apprehended directly through ordinary sense perception. In order to illustrate

this, Zukav draws an analogy between the findings of the early quantum physicists and the

structure of human brain: by encountering the strange reality of the subatomic realm, the
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pioneers of quantum physics discovered, as it were, the qualities associated with the right
side of the brain (intuitiveness, irrationality, and so forth) (pp. 39—40).

Since it has succeeded in mapping previously uncharted territory, for Zukav, the
quantum mechanical view of the world is capable of offering us a more complete picture of
reality than the exclusively rational Newtonian physics of the left side of the brain. “Wu Li
Masters [the metaphorical teachers teaching the essence of the new physics]’, he writes,
‘perceive in both ways, the rational and the irrational, the assertive and the receptive, the
masculine and the feminine. They reject neither one nor the other’ (p. 41). Note how the
passage uses synoeciosis in order to foreground the idea that reality should be understood in
terms of qualities that are in a complementary rather than an antithetical relationship to
each other — as Zukav later goes on to remark, ‘there is a growing body of evidence that
the distinction between the “in here” and “out there” is illusion’ (p. 92).

Like Capra, then, Zukav uses synoeciosis as a rhetorical means of giving linguistic form
to the notion of seemingly opposite qualities in a complementary relationship to each other
in a manner that is reminiscent of Niels Bohr’s philosophy of complementarity. Discussing
the wave-particle duality of light, he notes that although light cannot exhibit both kinds of
behaviour simultaneously, ‘both [types of behaviour] are necessary to understand light’ (p.
93; emphasis original). In this sense the logic of complementarity is the logic of both/and
rather than that of either/or: ‘Not only are waves particles, [...] but particles are also
waves!” (p. 96) and ‘Just as waves have particle-like characteristics [...], particles also have
wave-like characteristics’ (p. 107). These antimetaboles foreground the idea that

complementarity gives rise to a distinctively symmetrical universe. Explaining the
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convertibility of mass and energy in the special theory of relativity, Zukav makes a
comparison between their relationship and various pairs of natural antonyms:

One side of the circle is called “yin” and other side is called “yang.” Where there is yin,
there is yang. Where there is high, there is also low. Where there is day, there is night.
Where there is death, there is also birth. The concept of yin-yang, which is really a very old
law of symmetry, is yet another way of saying that the physical universe is a whole that
seeks balance within itself. (p. 158)

Although energy and mass, of course, are not natural antonyms like the other terms in the
passage, their juxtaposition through synoeciosis suggests a relationship similar to the ones
created by the semantic opposites. Moreover, we may observe that as used in this context,
synoeciosis has the same function as antimetabole would have, since both figures aim to
convey the sense of interconnectedness and balance. Indeed, it is not surprising that Zukav
uses the latter figure when describing Einstein’s fundamental insight in the theory: ‘Mass
may be converted into energy and energy may be converted into mass, but the total amount
of mass-energy in the universe does not change’ (p. 157).

As noted above, the intertwined nature of the relationship between the observer and the
observed in quantum physics is perhaps most evident in Heisenberg’s uncertainty principle.
Zukav notes that at the subatomic level, our measurements of physical objects are bound to
be imprecise, as ‘we reach a certain point of at which one part or another of our picture of
nature becomes blurred, and there is no way to reclarify that part without blurring another
part of the picture’ (p. 111). Hence, at this level the fact that there are no individual entities

but only interaction becomes an insurmountable obstacle for accurate measurement. Zukav

employs another antimetabole in order to illustrate this:
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As we make the final adjustments, we are astonished to discover that when the right side of
the picture clears, the left side of the picture becomes completely unfocused and nothing in
it is recognizable. When we try to focus the left side of the picture, the right side starts to
blur and soon the situation is reversed. (p. 111)
In this passage the reversed syntax characteristic of antimetabole functions as an illustrative
means of describing the kind of two-way causality that is at the heart of the uncertainty
principle. Just as the observer affects the observed during measurement, then, the observed
affects the observer: ‘If we precisely determine the position of the particle, then, strange as
it sounds, there is nothing that we can know about its momentum. If we precisely determine
the momentum of the particle, there is no way to determine its position’ (p. 111; emphasis
original). In this way, the reversal of the main terms epitomizes the primary implication of
the uncertainty principle for human knowledge: ‘At the subatomic level, we cannot observe
something without changing it’ (p. 112; emphasis original).

Another fundamental implication of Heisenberg’s discovery has to do with the concept
of moving particles. Given the fact that we cannot measure the position and momentum of a
subatomic particle simultaneously, we cannot literally talk about moving particles because
such a concept would require that both variables be known at the same time. This means
that for us observers, knowledge of such things is determined to remain partial. In order to
illustrate the staggering implications of this realization for human knowledge, Zukav quotes
Heisenberg’s famous statement ‘What we observe is not nature itself, but nature exposed to
our method of questioning’ (quoted in Zukav, p. 114). Through a simple textbook antithesis
Heisenberg makes a profound statement concerning all our epistemological interactions

with the world: when approaching the subatomic realm, we cannot make a clear-cut
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distinction between the observer and the observed, as the interaction between the two
necessarily makes their boundary vague.

Such interaction manifests itself also in the mutual relationships of subatomic particles.
Noting how new particles are constantly created in collisions, Zukav writes that ‘the
subatomic world is a continual dance of creation and annihilation, of mass changing to
energy and energy changing to mass’ (p. 197). In this short yet rhetorically rich passage, we
may detect three figures of speech that all have a specific, important function. Firstly, like
Capra’s idea of the quantum field as an endless cosmic dance, it introduces the metaphor of
the world of matter as dance. Secondly, it illustrates one of the main implications of this
metaphor through synoeciosis: in the dance of particles, creation, and annihilation are
complementary rather than antithetical activities. Thirdly, the antimetabole at the end of the
passage implies that the relationships between the dancers, subatomic particles, are based
on creative interaction that ties them together.

Moreover, as is obvious in this example, one of the main functions of the dance
metaphor is to foreground the idea that at the level of subatomic particles, dichotomies such
as the one between creation and annihilation cease to exist. Indeed, Zukav states that ‘in
particle physics there is no distinction between empty [...] and not-empty, or between
something and not-something’ (p. 194). Instead, he argues, ‘the world view of particle
physics is a picture of chaos beneath order’ (p. 194; emphasis original). The italicized
phrase again employs the form of synoeciosis: instead of picturing chaos and order as
antithetical entities, it invites readers to consider their relationship in terms of
complementarity rather than exclusion. What the figure also does is that it gives a

rhetorically persuasive form to the idea that the worldview of quantum physics has inverted
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some of the fundamental assumptions of the previous paradigm: Zukav notes that ‘the old
world view [of classical physics] was a picture of order beneath chaos’ (p. 194). In contrast
to the view of physical bodies following their predetermined paths in the macroscopic
world, then, the microscopic entities exist in a stochastic universe of continuous
transformation.

The dance metaphor also indicates that the dance of particles is basically an interactive
phenomenon. This means that we cannot really picture particles as separate entities in
possession of immutable identities. As a result, Zukav notes, ‘physical reality is essentially
nonsubstantial’ (p. 200; emphasis original), so that instead of matter having concrete
existence, it has a tendency to exist in the form of fields described by quantum field theory.
In order to epitomize this fact, Zukav uses antithesis to make a clear distinction between
matter as it is commonly thought and the interactive quantum fields: ‘According to
quantum field theory, fields alone are real. They are the substance of the universe and not
“matter’”” (p. 200; emphasis original). Hence, Zukav’s antithesis expresses another
conceptual inversion born out of the strangeness of the quantum world: although everyday
thinking sees matter forming the fundamental basis of all existence, quantum physics shows
that the substantial nature of matter is an illusion, as the real reality is created by the
insubstantial quantum fields. Therefore, Zukav argues, the question about the ultimate
essence of matter becomes meaningless — or, at any rate, impossible to answer. He uses a
descending series in order to illustrate this idea:

Suppose, for example, that we ask of an ordinary toothpick, “What is it made of?” The
answer of, of course, is “wood.” However, the question itself has taken us into a hall of
mirrors because now we can ask about the wood, “What is it made of?”’ Closer examination

reveals that wood is made of fibers, but what fibres are made of is another question, and so
on.
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}[’.ﬁ.}/]s'icists are people who have pursued tenaciously this endless series of questions. What

they have found is startling. Wood fibers, to continue the example, are actually patterns of
cells. Cells, under higher magnification, are discovered to be patterns of atoms, and, lastly,
atoms have turned out to be patterns of subatomic particles. In other words, “matter” is
actually a series of patterns out of focus. The search for the ultimate stuff of the universe
ends with the discovery that there isn’t any. (p. 193; emphases original)
In this passage gradatio provides the appropriate linguistic form for Zukav’s reasoning. Its
characteristic repetition that links together the items in the series conveys the idea of more
or less infinite, mirror-reflecting-mirror type of recursion. Instead of concrete matter, then,
at the fundamental level of physical existence there are only ‘interactions of energy with
energy’ (Zukav, p. 193), as subatomic particles continuously collide with each other. It is in
this state of affairs that we again encounter the collapse of the logic of either/or, which is so
characteristic of subatomic events: using synoeciosis-like structures — the words around
the coordinating conjunctions do not strictly speaking represent semantic opposites —
Zukayv states that ‘there is no longer a clear distinction between what is and what happens,
between the actor and the action. At the subatomic level the dancer and the dance are one’
(p- 193).

In this sense, like the phrase chaos beneath order, the term quantum field theory 1is
suggestive of the essentially paradoxical nature of the subatomic world. From the viewpoint
of rhetoric, it consequently represents yet another union of contraries: while the word
quantum means a part of ‘an indivisible whole’ (Zukav, p. 200), field, of course, refers to a
whole rather than a part. Like synoeciosis, the term thus juxtaposes two concepts that are
often viewed in opposition to each other. However, given the complementary nature of

such paradoxes at the subatomic level, it is obvious that the dichotomy is only apparent,

and Zukav illustrates this point through reference to qualities found in the macroscopic
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world: ‘In human terms, [understanding the subatomic world] means that the same person
can be good and evil, bold and timid, a lion and a lamb (p. 201; emphases original). As in
other similar cases, such as the examples of quantum paradoxes discussed by Capra, then,
synoeciosis appears to be an apt means of linguistically portraying the logic of both/and
that characterizes relationships in the subatomic world. (In contrast, traditional everyday
thinking often seems to rely more heavily on the logic of either/or.)

Indeed, most likely influenced by the approach taken by writers such as Capra, Zukav
discusses what he sees as similarities between the paradoxes of quantum physics and Zen
Buddhist koans, riddles designed to help students transgress the simplistic either/or logic.
‘According to eastern philosophy in general,” he notes, ‘opposites, such as good-bad,
beautiful-ugly, birth-death, and so on, are “false distinctions”. One cannot exist without the
other. They are mental structures which we have created’ (p. 205). In addition to the
examples discussed above, one such paradox is the concept of massless particle, which is
used to describe particles that have no rest mass, such as photons and the hypothetical
gravitons. However, if we study these kinds of concepts from the viewpoint of rhetoric, it is
clear that they can be regarded as instances of oxymoron: because we are used to regarding
particles as objects that have a definite mass, a term like massless particle obviously
represents a contradiction in terms. The form of oxymoron, however, suggests a
paradoxical juxtaposition of both an object and the quality of a non-object that aligns itself
with the logic of both/and.

It is therefore not surprising to discover that the analogy that Zukav draws between the

microscopic and the macroscopic is to a considerable extent based on the idea of shared
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paradoxical aspects existing at the fundamental level of matter. ‘Hindu mythology’, he
writes,

is virtually a large-scale projection into the psychological realm of microscopic scientific
discoveries. Hindu deities such as Shiva and Vishnu continually dance the creation and
destruction of universes while the Buddhist image of the wheel of life symbolizes the
unending process of birth, death, and rebirth which is a part of the world of form, which is
emptiness, which is form. (p. 217)

Note how the passage uses synoeciosis (the dance of creation and destruction) to illustrate
the principle of complementarity. Its end in turn foregrounds the same idea by linking form
and emptiness to each other in a circular fashion.

Zukav discusses this notion of two opposite concepts linked to each other in
complementary fashion in more detail when he introduces the metaphor of Indra’s net.
Referring to ‘a vast network of gems which overhangs the palace of [...] Indra [the god of
war and storm in Hinduism]’ (Zukav, p. 238), the metaphor represents a means of
portraying the subatomic world as an interconnected network. In this network, according to
The Flower Garland Sutra of Mahayana Buddhism, ‘each object [...] is not merely itself
but involves every other object and in fact is everything else’ (quoted in Zukav, p. 239;
emphasis original). He proceeds to illustrate the meaning of the metaphor by quoting The
Heart Sutra of Mahayana Buddhism, which states that ‘form is emptiness, emptiness is
form’ (quoted in Zukav, p. 240). Using the form of antimetabole, the passage thus
articulates the idea presented through the reference to the Buddhist wheel of life: seemingly
opposite concepts such as form and emptiness can only be defined in relation to each other,
with each concept being both itself and the other concept. Accordingly, Zukav sees in

particle interaction ‘an exquisite dance of emptiness becoming form and form becoming
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emptiness’ and, following the same logic, argues that ‘vacuum diagrams [Feynman
diagrams depicting the interactions of particles in a vacuum] are representations of
remarkable transformations of “something” into “nothing” and “nothing” into “something™’
(p. 241).

Because of its strong insistence to describe the subatomic world in terms of a network
of relationships, it is not surprising that like The Tao of Physics, The Dancing Wu-Li
Masters implicitly calls for a holistic vision of the universe. In the chapter ‘More Than
Both’, Zukav argues that although ‘the physical world [seems to consist] of many separate
parts’ (p. 255), the parts are in the end ‘manifestations of the same whole” (p. 256). He
finds the scientific proof for this essentially metaphysical statement in the so-called Bell’s
theorem. Originally published in 1964 by the British physicist John S. Bell, the theorem
argues against the claim that the quantum mechanical description of nature is incomplete, a
proposition first put forth by Einstein, Podolsky, and Rosen in their famous 1935 paper
‘Can quantum-mechanical description of physical reality be considered complete?’ and
later by physicists such as David Bohm. In short, the views arguing for the incompleteness
of the orthodox quantum theory suggest that there is an objective foundation behind the
level of indeterminacy, a deeper level of reality, so to speak. However, the most important
implication of Bell’s theorem for Zukav’s own argument is the suggestion that the
microscopic and the macroscopic share one fundamental characteristic: irrationality. Bell’s
theorem, Zukav states,
says that not only do events in the realm of the very small behave in ways which are utterly
different from our commonsense view of the world, but also that events in the world at

large, the world of freeways and sports cars, behave in ways which are utterly different
from our commonsense view of them. (pp. 290-91)
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One hypothetical example of such behaviour that Zukav mentions is the argument that
Bell’s theorem proves false the principle of locality, which Einstein and company
championed in their paper: while the principle of locality states that distant objects cannot
directly influence each other, Bell’s theorem suggests that two separate objects in space are
able to interact without a mediator. Consequently, Zukav argues that

what happens here is intimately and immediately connected to what happens elsewhere in
the universe, which, in turn, is intimately and immediately connected to what happens
elsewhere in the universe, and so on. (pp. 296-97)

Note how the passage uses gradatio to linguistically convey the idea of everything being
connected to everything else. Through the repetition of the phrase what happens here is
intimately and immediately connected to, it creates the image of an infinite series of items
connected to each other, as also suggested by the metaphor of Indra’s net.

In addition to rhetorical tools such as gradatio, Zukav employs repetition to illustrate the
idea that the microscopic and the macroscopic are both essentially interactive networks of
objects: “That which is is that which is. That which is not is that which is. There is nothing
which is not that which is. There is nothing other than that which is. Everything is that
which is. We are a part of that which is. In fact, we are that which is’ (p. 282; emphasis
original). While the first sentence in the passage features the use of a figure of repetition
known as epanalepsis, which repeats the beginning of the sentence at its end, the remaining
sentences employ epistrophe, the repetition of the endings of successive structures. In the
same way, discussing David Bohm’s notion of the parts of the universe forming an
‘unbroken wholeness’, he notes that it is difficult for us to understand the world in such

terms because we habitually conceptualize it through the logic of either/or:
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According to this mode of thought, only Being is. Therefore, Non-being is not. This way of
thinking gives us a practical tool for dealing with the world, but it doesn’t describe what
happens. Actually, Non-being also is. Both Being and Non-being are that-which-is.
Everything, even “emptiness” is that-which-is. There is nothing which is not that-which-is.
(p- 308; emphases original)

By subjecting Being and Non-being to the concept of that-which-is — which is again
repeated through the use of epistrophe — Zukav foregrounds the idea that the network of
interactive objects is based on complementary relationships instead of antithetical ones. In

this sense, it exemplifies the logic of both/and by proposing that the relationships of the

parts not only constitute the whole but also are the whole.

Having discussed Capra’s and Zukav’s use of figurative language in their attempts to build
a bridge between two types of knowledge, I now turn to a book that instead of trying to
create a link between Western science and Eastern philosophies seeks to describe human
personality and consciousness through the ideas of quantum physics: the psychiatrist and
psychologist Danah Zohar’s The Quantum Self. Arguing that ‘like elementary particle
systems, we too — our personalities, our selves — are quantum systems’,{j Zohar finds in
the theories of contemporary physics a scientific foundation for her exploration of various
philosophical and metaphysical topics, including consciousness, the relationship between

the mind and the body, the self and its relationship to others, immortality, freedom of will,

* Danah Zohar, The Quantum Self (London: Bloomsbury, 1990; London: HarperCollins, 1991), p. 114.
Further references to this book are given in parenthesis.
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creativity, aesthetics, and divinity. Of these the problem of consciousness is especially
important for her: ‘It is the central argument of this book that we conscious human beings
are the natural bridge between the everyday world and the world of quantum physics’, she
states, ‘and that a closer look at the nature and role of consciousness [...] will lead to a
deeper philosophical understanding of the everyday and to a more complete picture of
quantum theory’ (p. 6). What follows from this is that for Zohar the macroscopic world of
human existence and the microscopic world of subatomic particles are mirrors of each
other, since the same quantum processes govern both (p. 6).

As in the case of so many representatives of what Martin Eger calls the new epic of
science,f:ol Zohar’s exploration of the human relevance of science has a definite socio-
philosophical, reconciliatory purpose: to alleviate the sense of alienation in society, which,
according to her, springs from our flawed understanding of fundamental relationships, such
as that between mind and matter. Noting that individuals in contemporary society suffer
from an acute sense of alienation and separation, Zohar identifies problematic dichotomies
such as those between mind and body, the individual and society, and nature and culture as
the main sources of their sentiments (pp. 217-19). In order to overcome these kinds of
problems, she suggests, we must turn to quantum physics in order to realize that the

dichotomies are illusory rather than real:

%% Writing in 1993, Eger defines this as ‘literature which has come to the fore during the past quarter century
or so, mostly full-length books combining high-quality writing with scientific depth. Typically it deals with
subjects that have philosophical or social or humane implications. It is aimed neither at the specialist nor at
the casual reader. It is a body of writing in which scientific and literary seriousness are blended and offered up
consciously in an attempt to break through professional barriers with a message deemed important enough to
be worth the effort of demanding reading’. Martin Eger, ‘Hermeneutics and the New Epic of Science’, in The
Literature of Science: Perspectives of Popular Scientific Writing, ed. by Murdo William McRae (see McRae,
above), pp. 186-209 (p. 186). Further references to this article are given in parenthesis.
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It is my conviction that in quantum physics we now have the foundations of physics upon
which we can base both our science and our psychology, and that through a wedding of
physics and psychology we, too, can live in a reconciled universe, a universe in which we
and our culture are fully, and meaningfully, part of the scheme of things. (p. 7)

In its desire to achieve reconciliation between two different types of knowledge, The
Quantum Self resembles much the efforts of Capra and Zukav, who aim at the unification of
Western and Eastern worldviews.

Zohar proceeds to reconcile the opposition between mind and body — or, in general,
the opposition between consciousness and matter — by discussing the views she wants to
argue against. She first cites Descartes’s observation that ‘it is [...] certain that I am truly
distinct from my body, and can exist without it’ (quoted in Zohar, p. 74) and sums up the
materialist argument about the relationship between the two by using gradatio: ‘For
something to exist [...] it must be substantial, the substantial is the physical, and the
physical is made out of matter which in turn is made out of atoms’ (p. 77). The descending
series thus exemplifies the idea that for the materialist, mental phenomena are ultimately
reducible to the smallest constituents of matter.

After dismissing both dualistic and materialistic accounts of the relationship between
mind and body as inadequate, Zohar goes on to talk about the philosophical position that
best supports her own views: a ‘limited panpsychism’ (p. 78).|3:1| ‘If bodies without minds

are too brute,” she says of the faults of dualism and materialism, ‘and minds without bodies

too ethereal, perhaps there is no way they can be separated after all. Perhaps the mental is

*' In short, although it entails various positions, panpsychism argues that all matter is to some degree
constituted by mind, thus being sentient. In this sense, it derives from idealism, which holds that mind is the
fundamental essence of reality. William Seager and Sean Allen-Hermanson, ‘Panpsychism’, in The Stanford
Encyclopedia of  Philosophy, online edn, ed. by Edward N. Zalta, 2005
<http://plato.stanford.edu/archives/sum2005/entries/panpsychism/> [accessed 30 May 2006].
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really a basic property of the material and vice versa’ (p. 78). The last sentence uses an
implied antimetabole to suggest that mind and body are inseparable from each other, thus
foregrounding their mutual interdependence in panpsychism.

What follows from this is that in Zohar’s account, there is no antithetical relationship
between conscious and not-conscious beings. Instead consciousness — or mind — is an all-
pervasive phenomenon that exists as a continuum consisting of different types of
consciousnesses. She illustrates this idea by drawing a link between mind and the
relationship between fermions (electrons, protons, and neutrons) and bosons (photons, +/- z
particles, neutral z particles, gluons, and gravitons), the two types of particles in the
subatomic world. While the former are ‘individuals’ with no complete overlap of wave
functions, the latter ‘surrender all claims to individuality’ (p. 86) because their wave
functions are capable of overlapping completely. However, despite these differences, Zohar
argues, their ‘mutually creative dialogue’ gives rise to the notion of mind and matter as
inseparable entities:

Without bosons, fermions would seldom get together and build anything; without fermions,
bosons would have nothing to draw into relationship and thus nothing with which to order
and structure their own more complex coherence. (p. 206)

As we can see, in this passage Zohar again uses antimetabole’s reversal of the main terms
in order to foreground their causal interdependence. She suggests that because fermions are
the building blocks of matter and bosons ‘the most primary antecedent of consciousness’
(p- 206), mind and matter are interdependent phenomena already at the level of subatomic

particles. In this way, she is able to establish a rhetorically persuasive argumentative basis



72

for her view that life is characterized by different degrees of consciousness, from subatomic
particles to human beings.

Zohar strengthens the sense of interdependence by making an analogy between the
relationship between mind and body, and the relationship existing between the two modes
of particle existence. ‘The wave/particle duality of quantum ‘stuff”, she writes, ‘becomes
the most primary mind/body relationship in the world and the core of all that, at higher
levels, we recognize as the mental and physical aspects of life’ (p. 80; emphasis original).
Just as the two complementary modes of particle behaviour are inseparable from each other
at the subatomic level, mind and body are complementary phenomena in the world of
human beings. Thus, conceiving the microscopic and the macroscopic as metaphorical
mirrors of each other, Zohar goes on to build a similar comparison between humankind and
the universe. At the fundamental level of its existence, she argues, the former is a
microcosm of the latter:

We are, in our essential being, made of the same stuff and held together by the same
dynamics as those which account for everything else in the universe. And equally [...] the
universe is made of the same stuff and held together by the same dynamics as those which
account for us. (p. 83)

This passage employs antimetabole in order to establish a link between the main terms.
Basically, it argues for correspondence between two types of complementarity: since the
mind-body complementarity in humans is analogous to the wave-particle complementarity
in matter, the individual and the universe are reflections of each other, just as both are
products of quantum events. Since humankind is an inseparable part of the universe, Zohar
sees the individual self as a quantum self, a self partaking of the same fundamental physical

processes as the world surrounding it.
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After having argued for the inseparability of mind and matter, Zohar turns to the
question of identity, which she sees being closely linked to the problem of consciousness.
‘The unity of the person, or his supposed unity’, she writes, ‘is much the same problem as
the more basic unity of consciousness’ (p. 90). More specifically, the dilemma lies in
deciding what it is that actually constitutes individual identities: Zohar’s main argument
concerning identity is that what we call the self is a composite of many subselves, and as
such, it is a much more fluid entity than we would normally think. In order to describe the
self in a way that can best account for its fluid, dynamic nature, she makes a comparison
between subatomic particles and human beings:

Like the self, elementary particle systems are wholes within wholes, or ‘individuals’ within
‘individuals’. Because of the wave/particle duality, the constituent members of particle
systems carry at all times the properties of both waves and particles. With their particle
aspect they have the capacity to be something in particular which can be ‘pinned down’, if
only briefly and only somewhat. With their wave aspect they have the capacity to relate to
other ‘individuals’ through the partial overlapping of their wave functions. Through their
relationships, their overlapping wave functions, some of their qualities merge in such a way
that a new whole is formed. (p. 95)

In this passage the simile indicating a comparison between the self and the characteristics
of particles makes the fluid and endlessly fluctuating quality of the latter constitutive of the
former. The analogy also supports Zohar claim that materialism’s reductionist view of the
self is wrong. The self, the sense of I, is really unity in multiplicity, as it consists of various
subselves whose level of integration fluctuates continuously, and for this reason the
properties of the whole that they form cannot be reduced to the properties of the
constituents themselves (pp. 95-96).

Although this might suggest that the self is a fragmented, messy affair, Zohar argues

that there is a factor that provides continuity for our experience of the various subselves:
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memory. In order to show how the relationship between the self and memory has been
misunderstood in earlier theories, she discusses the British philosopher Derek Parfit’s
theory that treats memory and the self as two separate things. Because for Parfit the self is
reducible to the ever-changing brain states of the individual, there is no continuity between
selves that occupy different positions in time: ‘If I say, “It will not be me, but one of my
future selves,” I do not imply that I will be that future self. [...]. There is no underlying
person who we both are’ (quoted in Zohar, p. 101). However, for Zohar, who sees both
individuals and particles in terms of relationships, the lack of continuity between different
selves makes Parfit’s view ‘too disjointed and Newtonian’ (p. 101). Thus, as in the case of
the dichotomy between consciousness and matter, she proceeds to link the terms to each
other by treating both as manifestations of quantum phenomena, so that just as various
selves overlap each other in the model of the quantum self, also the memories of the
successive selves overlap each other in Zohar’s model of the so-called quantum memory. It
is this kind of memory that provides continuity to the individual experience of the self, as
the person’s present I is shaped by a constant ‘dialogue with the past [selves]” (p. 104).
Once again making a comparison to the behaviour of particles, Zohar notes that the
dialogue resembles the way in which ‘the wave functions of two elementary particles
overlap to form a new quantum system’ (p. 102) — the selves of the individual are thus
born out of the overlap of one’s memories of the past and the present consciousness.
Foregrounding the notion of identity and memory as inseparable concepts, she epitomizes
the idea of the dialogic nature of the self through antimetabole: ‘My relived past can no
more be separated from my present than my present can be separated from my past’ (p.

106).
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Having established a link between the self and memory, Zohar proceeds to discuss the
nature of the relationships that individuals form between themselves. She argues that many
of the problems concerning our understanding of relationships stem from a ‘tension’
between the incompatible philosophical positions of those that support ‘the philosophy of
radical individualism’ (p. 108) and those that emphasize the status of the individual as a
product of history and society. As in the case of the dichotomies discussed above, Zohar
aims to overcome the problems of this opposition by opening up a middle ground between
the antagonistic views.

Aiming to show that individuals are neither fundamentally separated from each other
and the world nor exclusively products of their relationships between each other and the
world, Zohar returns to the idea of the quantum self and claims that because of its fluid and
dynamic nature, ‘there is no clear way to say where “I”’ end and “you” begin’ (p. 121). In
order to illustrate this claim, she again draws a comparison between the world of subatomic
events and that of human affairs:

People involved in an intimate relationship can share each other’s characteristics, as in
projective identification, or they can trade characteristics, as happens in role reversals. The
latter can be accounted for by a quantum resonance phenomenon in which two coupled
quantum systems (or two non-locally related quantum systems), each with its own
characteristic oscillation, suddenly swap oscillations. In this case, I would become you and
you me. (p. 120)

With its focus on interaction in both microscopic and macroscopic worlds, the passage
foregrounds the interchangeable nature of both particles and human identities. Note also
how the reversal of terms in the antimetabole of the last sentence emphasizes the notion of

the self as a constant dialogue between the individual and others. (The dynamic nature of

such dialogue is described earlier in the book through synoeciosis, which pairs semantic
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opposites such as ‘rise and fall’, ‘construction and decline’, ‘emergence and return’, and
‘beginning and ceasing’ (p. 13).) Accordingly, then, for Zohar the logic of interpersonal
relationships reflects the logic of both/and rather than that of either/or. “We need to see’,
she writes, ‘how it is [...] that “we” can be both a compound of “I” and “you” and a new
thing in itself with its own qualities’ (p. 113; emphasis original).

The notion of the self as a product a continuous process of interaction with others and
the world is also evident in Zohar’s discussion on the relationship between the self and
time. ‘On a quantum view’, she writes, ‘there is no way to draw any sharp distinction
between my persistence through time, my close relationship to others, and my survival after
death’ (p. 131). Zohar illustrates how individuals are inextricably interwoven in the texture
of reality by once again comparing humans to particles:

Like electrons, each of us is a ‘point source’ in space and time (our particle aspect) and at
the same time a complex pattern woven from our co-mingling with others (our wave
aspect). We, too, are patterns of active energy, patterns arising from within ourselves (our
genetic code, the structure of our bodies, our sense and all our experience) and from beyond
ourselves (the structure and experience of others, many of whom have lived before us and
others who will live after). For each of us, there is no clear way to say where that pattern
begins or ends. ‘In my beginning is my end’, but also, ‘In my end is my beginning’. (p.
132)

In addition to using simile and metaphor for strengthening the analogy between the
microscopic and the macroscopic, the passage contains a quotation from the first and last
lines of T. S. Eliot’s East Coker (1940) for the same aim. Eliot’s antimetabole, which he
uses to describe the paradoxical relationship between life and death, suggests that the

individual sense of I is continuously shaped by interaction with others through time. At the

end of her argument Zohar employs another antimetabole to express the idea that this kind
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of interaction includes not only other human beings but also the universe: ‘I am made of the
stuff of which the universe is made and the universe shall be made of me’ (p. 133).

The notion of the individual being inextricably linked to the stuff of the universe can
also be seen in Zohar’s example of a child and a clay pot, which she uses to illustrate her
argument concerning the relationship between the individual and the world. After stating
that through their dialogic involvement with the material world individuals ‘transform’ not
only that world but also themselves, she goes on to describe the situation as follows:
‘Without the child’s conscious intention, the clay would never have become a pot, but
equally, without that pot, the child’s sense of beauty would never have incarnated’ (p. 186).
Hence, by again using antimetabole to reverse the main terms in order to foreground their
interdependent relationship, Zohar is able to make rhetorically more persuasive her
argument that instead of being fundamentally separated from the rest of the world, humans
engage in continuous creative interaction with their surroundings. Like the analogy linking
human and particle interaction, the antimetabole reconfigures the dichotomy between the
individual and the world by suggesting that neither the former nor the relationship of the
former to the latter should be considered primary, as the sense of individual self is

fundamentally an outcome of the self’s interaction with the world.

To sum up, a significant feature in the rhetoric of the writers analysed above is that they
tend employ figurative language that places emphasis on concepts such as unity,

interaction, and dynamism. Capra and Zukav repeatedly use synoeciosis, oxymoron,
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antimetabole, gradatio, and various figures of repetition in order to linguistically
accommodate the notion of the universe as a dynamic, interlinked web in which seemingly
contradictory concepts are united. In doing so, they espouse the logic of complementarity
— the logic of both/and — which acknowledges the idea presented in various schools of
Eastern metaphysics that underlying the fragmentation of the modern world, there is an
unbroken wholeness. Zohar in turn uses mostly antimetabole in order to establish a link
between consciousness and the subatomic world, arguing that the interaction between the
subselves of the individual self and the interaction between elementary particles mirror
each other. She also employs the same figure to portray the relations between both
individuals and the individual and the macroscopic world and proposes that there are no
sharply defined boundaries between parts and wholes, as they exist on a continuum of
consciousness that ranges from subatomic particles to the universe.

Next, let us see how the use of such syntactic forms establishes a link to the

representation of quantum physics in contemporary fiction and drama.

2.2.2 Uncertainties and Quantum Selves

Having analysed how best-selling popularizations on the new physics have found in the
subatomic an apt model for approaching the human concerns of knowledge and identity, I
now turn to discuss how contemporary literature has approached the ideas of the new

physics.?” I begin by considering similar topics in Jeanette Winterson’s Gut Symmetries, a

0

2 For discussion on the relationship between the new physics and literature, see also Robert Nadeau’s
Readings from the New Book on Nature: Physics and Metaphysics in the Modern Novel (Amherst: The
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novel that establishes a close link between the world studied by quantum physics and the
world of human affairs. Quite a typical novel for Winterson, it explores issues familiar from
her other novels, including the nature of history, the experience of time, the binary logic of
the Western culture, the relationship of fact and fiction, the relationship between different
types of knowledge, and the question of identity.fj More pronounced than in her other
work, however, is her extensive use of certain scientific ideas that form the underlying
conceptual basis for the exploration of these issues. In their discussion on the various kinds
of discourses — scientific, pseudoscientific, and sexual — in the novel, the critics Helena
Grice and Tim Woods note that Gut Symmetries represents ‘another reworking of the urge
to discover a fundamental structure to all the natural phenomena in the universe’.”* Yet this

I_I
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University of Massachusetts Press, 1981) and Susan Strehle’s Fiction in the Quantum Universe (Chapel Hill:
University of North Carolina Press, 1992).

** During the last ten years or so, Winterson’s novels have become objects of academic study because of their
relevance to important issues in contemporary literary and cultural studies such as the fictional nature of
history, the problem of linguistic reference, the relationship between the text and the reader, and the politics
of sexuality. Helena Grice and Tim Woods, ‘Reading Jeanette Winterson’s Writing’, in ‘I'm telling you
stories’: Jeanette Winterson and the Politics of Reading, Postmodern Studies, 25, ed. by Helena Grice and
Tim Woods (Amsterdam: Rodopi, 1998), pp. 1-11 (pp. 1-2). For Linda Hutcheon, the affinity of Winterson’s
novels to postmodernism is apparent particularly in the way they approach the question of history: because
they emphasize the status of history as a discourse with a recognizable ideological content, the novels are
‘historiographic metafictions’, narratives that display the qualities of self-reflexivity and historical awareness.
Linda Hutcheon, A Poetics of Postmodernism (London: Routledge, 1989), p. 5. Yet another distinct link to
recent theoretical discussions can be found in Winterson’s treatment of space and time: the critic Lyn Pykett,
for instance, notes how the novels Oranges Are Not the Only Fruit (1985), The Passion (1987), and Sexing
the Cherry (1989) ‘repeatedly “demonstrate” [...] a distrust of the possibility of mapping and measuring space
and time’. Lyn Pykett, ‘A New Way with Words? Jeanette Winterson’s Post-Modernism’, in ‘I’m telling you
stories’: Jeanette Winterson and the Politics of Reading, (see Grice and Woods, above), pp. 53-60 (p. 54).
Placed in the context of the theoretical framework of postmodernism, this distrust reflects the way in which
postmodernist theory and fiction question simplistic approaches to knowledge and representation. Pykett, pp.
53-60 (pp. 54-55).

** Helena Grice and Tim Woods, ‘Grand (Dis)Unified Theories? Dislocated Discourses in Gut Symmetries’,
in ‘I'm telling you stories’: Jeanette Winterson and the Politics of Reading, (see Grice and Woods, above),
pp- 117-26 (p. 117). Further references to this article are given in parenthesis. On the one hand, the title of the
novel obviously alludes to grand unified theories (GUTs) in contemporary physics that seek to give a single
explanation of the electromagnetic, strong, and weak interactions between subatomic particles. On the other
hand, the title may be seen as a reference to the fundamental emotional forces that drive human existence,
such as love and sexual desire.
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urge is countered by a manifest — if stereotypical — rejection of essentialism, which is
especially evident in the opposition that the story sets up between two antagonistic ways of
viewing and knowing the world: the scientific (rational) and the mystical (irrational).

Structurally, the clash of the two worldviews emerges from characterization. The novel
features three main characters, who take turns as narrators. Alice is a theoretical physicist
who has boarded the QE2 for an overseas journey to the United States. During the journey
she lectures on the relationship between the new physics and esoteric thought and begins an
affair with Jove, a masculine and rational theoretical physicist working on ‘a new model of
the cosmos, dimensionality of hyperspace [and] ghost universes’.|3:5| When they reach New
York, Alice meets Jove’s wife, the mystically minded and unstable Stella, and becomes
also her lover. Hence, while Jove and Stella to a considerable extent embody qualities
associated with the opposition of rationalism (masculinity, rationality, and stability) and
mysticism (femininity, irrationality, and instability), Alice, with her interest in both science
and the occult, appears to symbolize their reconciliation.

By setting Jove and Stella against each other in terms of their qualities — significantly,
throughout the story their relationship is a stormy one — and Alice as their lover,
Winterson, like Fritjof Capra and Gary Zukav, seeks to build a conceptual bridge between
two apparently opposing systems of thought. In a manner similar to that of Capra and
Zukav, Alice’s lengthy expositions on the subjects of her lectures foreground the notion of
the scientific and the esoteric as each other’s mirrors. For instance, both contemporary

physics and Renaissance alchemy appear to regard reality as an undivided totality:

> Jeanette Winterson, Gut Symmetries (London: Granta, 1997; 1998), p. 15. Further references to this book
are given in parenthesis.
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The Miracle of the One that the alchemists sought is not so very far from the infant theory
of hyperspace, where all the seeming dislocations and separations of the atomic and sub-
atomic worlds are unified into a co-operating whole. (p. 2)

As the passage clearly indicates, at the heart of both Alice’s lecture and the novel itself is
the notion of theory — be it scientific or esoteric — as a more or less complete description
of the essential structure of the individual psyche and the world. In the same way, Alice
establishes a link between the Pythagorean notion of ‘the universe as a musical instrument,
vibrating divine harmonies’ (p. 98) and the superstring theory, a grand unified theory that
seeks to give one all-encompassing theoretical explanation of all fundamental particles and
forces by describing them as infinitesimally small strings of vibrating energy. ‘Following
the Superstring theory’, she notes, ‘the symmetry we observe in our universe in only a
remnant of the symmetry to be observed in perfect ten-dimensional space’ (pp. 98-99), thus
envisioning the universe as a whole containing correspondent parts from the smallest
building blocks of matter to the galaxies.

Since humankind is a part of the interconnected physical reality, it follows that also the
individual and the universe are reflections of each other. Speaking of the esoteric theories
of the Renaissance alchemist and occultist Paracelsus, Alice notes that the Swiss physician
‘was a student of Correspondences: “As above, so below.” The zodiac in the sky is

imprinted in the body. “The galaxa goes through the belly”” (p. 2).*° Like Danah Zohar,

[

%% The phrase As above, so below derives from the so-called Emerald Table (Tabula Smaragdina), a short
esoteric text attributed to Hermes Trismegistus, a mythical religious and philosophical authority appearing in
Medieval and Renaissance writings on alchemy. Interestingly, some of its translations use an exemplary
antimetabole to capture the notion of the microcosm and the macrocosm forming a unified whole: ‘That
which is above is like to that which is below, and that which is below is like to that which is above, to
accomplish the miracles of one thing.” Hermes Trismegistus, The Emerald Table (Tabula Smaragdina), in
The Alchemy Reader: From Hermes Trismegistus to Isaac Newton, ed. by Stanton J. Linden (Cambridge:
Cambridge University Press, 2003), pp. 27-28 (p. 27).
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whose rhetoric emphasizes the inseparability of the individual and the universe, she argues
for a close link between the two. As parts of an interconnected whole, the microscopic and
the macroscopic are one:

If the Superstring theory is correct there is no table. There is no basic building block, no
firm stable first principle on which to pile the rest. The cups and saucers are in the air, the
cloth levitating under them, the table itself is notional, we would feel uncomfortable eating
our dinner without it, in fact it is a vibration as unsolid as ourselves. (p. 159)

The passage quite clearly draws an analogy between the individual and the universe.
Composed of the same matter, they are united by virtue of being parts of the same
underlying whole. Through her comparison Alice also makes a direct comment on the
nature of human identity, suggesting that in the sense of it being a manifestation of
vibrating energy, it does not seem to possess any fundamental essence. In this way, then,
she finds in the new physics justification for an essentially anti-essentialist model of the
self.

However, while some strands of postmodern thought would find such anti-essentialism
highly laudable, the idea that human identity has no solid basis proves to be a major source
of anxiety for the characters of Gut Symmetries. This is especially true of Alice, whom the
speculative theories of contemporary physics continuously force to question the nature of
her own identity and self. Pondering on her relationship to the world, she is overcome by a
sense of instability. ‘“Those well-built trig points,” she observes,
those physical determinants of parents, background, school, family, birth, marriage, death,

love, work, are themselves as much in motion as I am. What should be stable, shifts. What I
am told is solid, slips. (pp. 9-10)
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Alice’s confusion about her identity is particularly evident in Winterson’s use of the image
of the mirror, a common metaphor for the individual self: “What or who? I cannot name
myself. [...]. The hall of mirrors set around me has been angled to distort. Everywhere I go,
reflection. Everywhere a caught image of who I am. In all of that who am I?” (p. 12). In this
way, the novel models the macroscopic world of its characters’ lives after the fluid and
ephemeral world of subatomic particles, suggesting that Alice’s main problem is that she
cannot relate to the world in meaningful terms and is thus unable to experience the same
kind of unity that her theories describe.

As it portrays both physical reality and identity as fluid processes rather than stable
phenomena, it is not surprising that the novel links them closely to its exploration of time.
Following the speculations of contemporary physics, Alice denies the commonsense
assumption that time — and human life in general — unfolds as a linear sequence from the
past towards the future. ‘If the universe is movement’, she muses, ‘it will not be in one
direction only. We think of our lives as linear but it is the spin of the earth that allows us to
observe time’ (p. 218). Instead of a linear progression, she envisions the past and the future
intertwined in the present moment (‘History and futurity are now’ (p. 219)), replacing the
Newtonian metaphor for time, the arrow, by an image of a twisting and turning river:

A river cannot flow against its current, but it can flow in circles; its eddies and whirlpools
regularly break up its strong press forward. The riverrun is maverick, there is a high chance
of cross-current, a snag of time that returns us without warning to a place we thought we
had sailed through long since. (p. 104)

The notion that the past, the present, and the future are inseparable from each other

impinges on the question of identity, as is evident in the life history of Alice. Noting that
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‘only in the present do I begin to recognise my own past’ (p. 200), she imagines individual
histories as streams in the river:

My time, my father’s time, my grandmother’s time. Now separate, now flowing together,
and joined with the floods and cries of men and women I have never met, places and years
that snag their movement in mine and choose me, for a moment, as a conscious depot of
history. (p. 218)

Through their synoeciosis-like juxtaposition of opposite concepts (present and past,
separate and together), Alice’s words point to the paradoxical logic of both/and, which in
the novel characterizes relationships and individual identity in the macroscopic world.
Reminiscent of Zohar’s idea of the quantum self, the passage suggests that the individual’s
past and present are in a dialogue with each other, continuously moulding the self. Indeed,
Alice’s present is moulded by her past, which catches up with her in her relationships. ‘It
had been the same with my father’ (p. 104), as she observes of her affair with Jove.

What is notable in this is that instead of the various selves of the individual remaining
separate from each other, their boundaries overlap, causing new selves to emerge from the
interplay of the memories of the past and the consciousness of the present moment. This
idea again foregrounds the fluidity of the individual self, which is more akin to a process
than a static phenomenon, and as such creates even more anxiety in the minds of the
novel’s characters: ‘The past comes with us and occasionally kidnaps the present, so that
the distinctions we depend on for safety, for sanity disappear. [...]. When this happens we
are no longer sure who we are, or perhaps we can no longer pretend to be sure who we are’
(p- 105). Rather than celebrating the sense of fluid identity that the collapse of the
boundaries between the past and the present creates, the characters in Gut Symmetries are

constantly troubled by it. For instance, at the end of the novel Jove and Stella find
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themselves lost at sea — an event that in the context of the characters’ inability to know
themselves can be interpreted as symbolizing the basic condition of human existence —
and the latter’s sense of stable identity is consequently compromised. ‘The point that I am’,
she notes, ‘the definite bounded thing in time, is beginning to break up. I am dispersing
myself through my known past and my unknown future. The present is without meaning’
(pp- 185-86). Again pointing to the paradoxical quantum logic of both/and through the
juxtaposition of opposite concepts such as known and unknown, the novel uses the idea of a
divided self as a means of describing the ‘postmodern sense of the instability and perpetual
flux of the universe’ (Grice and Woods, ‘Grand (Dis)Unified Theories?’, p. 118) that the
characters of Alice and Stella embody.

The impact of time on identity is also emphasized through the paradoxical idea that
while the past affects the present and the future of the characters, their present and future
seem to equally affect their past. For instance, Stella’s description of her own sense of
identity reflects this. ‘I can’t go back into the past and change it’, she notes, ‘but I have
noticed that the future changes the past. What I call the past is my memory of it and my
memory is conditioned by who I am now. Who I will be’ (p. 45). Although stating the
rather self-evident idea that one’s past changes as one’s memory of it changes, Stella’s
remark nevertheless foregrounds the interdependent — indeed, antimetabolic — nature of
the three categories of time: just as the past is created by the present and the future, so the
present and the future determine the meaning of our past for us. In this sense, her ideas
echo Zohar’s use of antimetabole in her notion of memory as the crucial link between the

individual’s past and present selves.
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Although Alice and Stella thus seem to inhabit a world of instability, the novel suggests
that there are balancing factors against the sense of almost unmanageable fluidity. For
instance, as in Winterson’s stories in general, narratives and the act of narration are means
of introducing stability into a world of constant change. Alice, who considers herself ‘a
fool’ (p. 24) because of her attempt to understand the elusive universe, tries to find solidity
in the narratives of science. ‘I know I am a fool,” she confesses, ‘trying to make
connections out of scraps but how else is there to proceed? The fragmentariness of life
makes coherence suspect but to babble is a different kind of treachery’ (p. 24). In a world
of continuous change, she realizes that telling stories fulfils the vital function of making
sense of it: ‘Some story we must have. Stray words on a crumpled paper. A weak signal
into the outer space of each other’ (p. 25). This suggests that her own grand narrative of
esoteric thought mixed with physics mainly functions to satisfy her need for stability and
order amidst change. Storytelling hence emerges as a survival strategy against the anxiety
caused by the realization that reality might resist our attempts of making it into a neat story.
‘Walk with me’, Winterson encourages her readers through Alice, ‘Hand in hand through
the nightmare of narrative. Need to tell a story when no story can be told. Walk the level
reassuring floor towards the open trapdoor’ (p. 157).

In addition to narratives and storytelling, the novel explores relationships as something
that transforms the anxiety produced by ceaseless change into a sense of meaningfulness.
Although she seems unable to grasp the nature of the relationship between her self and the
world, Alice nevertheless maintains that the new physics has shown how ‘our place in the
universe and the place of the universe in us [...] is proving to be one of active relationship’

(pp- 97-98). Hence, like Capra, Zukav, and Zohar, she uses an antimetabolic formulation to
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register the shift from the Newtonian worldview, which regards objects as separate entities,
to the view held by contemporary physics (‘The hard-hat bull-nose building blocks of
matter, manipulated by classical physics, now have to be returned as an infinite web of
relationships’ (p. 161)).

This view is evident in the way the novel creates a parallel between the seemingly

opposing epistemologies of the new physics and the cabbala, the tradition of Jewish
mysticism. The two are brought together through the poet Stella, for whom there is no
distinction between different types of knowledge:
In the Torah, the Hebrew ‘to know’, often used in a sexual context, is not about facts but
about connections. Knowledge, not as accumulation but as charge and discharge. A release
of energy from one site to another. Instead of a hoard of certainties, bug-collected, to make
me feel secure, I can give up taxonomy and invite myself to the dance: the patterns,
rhythms, multiplicities, paradoxes, shifts, currents, cross-currents, irregularities,
irrationalities, geniuses, joints, pivots, worked over time, and through time, to find the lines
of thought that still transmit.

The facts cut me off. The clean boxes of history, geography, science, art. What is the
separateness of things when the current that flows each to each is live? It is the livingness I
want. Not mummification. (pp. 82-83)

In contrast to Alice’s anxious relationship to reality and Jove’s rational, detached attitude
(“There 1s nothing mystical about the universe. There are things we cannot explain yet. That
is all’ (p. 191)), Stella celebrates the strange and dynamic fluidity of the world around her,
indicated by the synoeciosis-like juxtaposition of seemingly opposite concepts such as
charge and discharge. Like that of Capra, Zukav, and Zohar, her worldview emphasizes
interaction and blending between categories thought separate from each other, therefore

clashing with the views of Jove, who wishes to ‘make a clear distinction between inner and

outer’ (p. 191).
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The idea that it might not be possible to separate the scientific from the mystical, or the
rational from the irrational, emerges in the pivotal episode in which Stella and Jove get lost
at sea in their yacht. Stella, living inside her subjective universe of cabbalistic
correspondences, confronts the objectivity of the material world — literally — head on, as
she hits her head and suffers concussion as a result. Jove in turn has something of a
mystical experience, as he grows weak from hunger and thirst. In the isolation of the ocean,
he notes, “I think therefore I am” had no meaning anymore. Quite often I had the
disagreeable sensation that I was being thought’ (pp. 194-95), a remark indicating the
breakdown of his rationalism. In a manner that is simultaneously gruesome and humorous,
the rational Jove and mystic Stella are united as ‘one flesh’ (p. 196), as the former about to
starve to death engages in an act of cannibalism by devouring the latter’s buttock. (A
similar link between the epistemologies of the new physics and mysticism is established, as
it is revealed that Stella’s father, also a student of cabbala, was in close correspondence
with Heisenberg, recognizing ‘in the paradoxes of Kabbalah [...] the paradoxes of new
physics’ (p. 168).) This again reflects the reciprocal logic of antimetabole in Capra and
Zukav, as science and mysticism move closer to each other.

The same kind of dynamic interplay that characterizes the relationships of the characters
with the world is also evident in the novel’s portrayal of interpersonal relationships. Alice
and Stella encounter the possibility of transformation in their love for each other. In
contrast to the insubstantial and ephemeral reality of contemporary physics, love appears to
provide — at least temporarily — the sense of stability that especially Alice longs for:
‘Cogito ergo sum or is it Amo ergo sum?’, she asks, ‘I think therefore I am? I love therefore

I am? What has defined me at the clearest point of my out-spread life has been my love for
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you. Not a raft or a lifebelt. A fix in the flux’ (pp. 206-07). However, like individual
identities, relationships in the novel seem to be fluid rather than stable. Following the
analogy between the microscopic and the macroscopic, human relationships behave as
subatomic particles do, thus suggesting the ‘postmodern lexicon of slippage, fluidity and
dynamism’ (Grice and Woods, ‘Grand (Dis)Unified Theories?’, p. 117). Like the smallest
building blocks of matter, Alice, Stella, and Jove are constantly engaged in paradoxical
behaviour in regard to each other. ‘I touch you’, Alice notes of Jove, ‘and you disappear.
Always you escape me. The nearer I come to you the further off you seem. The more I
know of you the more enigmatical you are’ (p. 206). Just as Capra and Zukav with their use
of synoeciosis and oxymoron in their portrayals of the paradoxical qualities of subatomic
particles, then, Winterson depicts the relationships of her characters by juxtaposing
seemingly opposite qualities that seek to become united through love.

Such fluidity and dynamism are also suggested by the way in which the relationships
between the characters form an interconnected whole, thus resembling the network universe
of Capra and Zukav. For instance, Alice describes her relationship to her father in terms of
love that transcends the boundaries of culturally accepted behaviour: ‘I loved my father
incestuously. I would have coupled with him in a different morality’ (p. 126). It is hinted
that Alice’s father, a shipping magnate from Liverpool, and Stella’s mother may have had
an affair when the former had gone to New York to be employed by a shipping company:
recalling his family’s history, Jove notes that his ‘wife’s mother had an affair with an
Englishman brought over to run a shipping line’ (p. 190), while Alice reveals she had
discovered letters signed by Stella’s mother in her father’s room (p. 199). Suggestively, in

Alice’s mind the boundaries between herself and those close to her are blurred: ‘I could not
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fully distinguish which was my father/myself, Stella/Uta, whether the distance we imagine
separates one event from another had folded up’ (p. 199). In this way, the logic governing
relationships in Winterson’s novel is similar to the one on which Zohar builds her theory of
quantum relationships: drawing from the logic of both/and suggested by wave-particle
duality, her portrayal pictures the individual as a compound of a subjective sense of I and
the other.

Moreover, it is possible to observe how the notion of relationships as an overlap of
identities is closely linked to the novel’s sexual politics. Helen Grice and Tim Woods argue
that Winterson’s portrayal of the love triangle of Alice, Jove, and Stella is a means of
questioning the male-female binary opposition: the fact that the lesbian relationship of
Alice and Stella dominates the middle of the novel, while the heterosexual acts between
Alice and Jove, and Stella and Jove, respectively, occur at the beginning and the end, shifts
the narrative focus from the depiction of male-female relations to female-female ones,
placing emphasis on sexual relations between members of the same sex rather than those of
opposite sexes (pp. 123-24). Through Alice’s gaze on Stella, Winterson refers to the
Narcissus myth in order to foreground the fluidity of the boundaries of the lovers’ selves:
Her breasts as my breasts, her mouth as my mouth, were more than Narcissus hypnotised
by his own likeness. Everybody knows how the story changes when he disturbs the water. I
did disturb the water and the perfect picture broke. You see, I could have rested there
beside her, [...] a mirror confusion of bodies and sighs, undifferentiated, she in me, me in
she and no longer exhausted by someone else’s shape over mine. (p. 119)

By using synoeciosis (her and my) and antimetabole (she in me, me in she) in the manner of
Zohar, Winterson portrays the individual as a composite of I and you, as the boundary

between the self and the other becomes blurred. With Jove thus banished from the top of
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the triangle, Alice and Stella are no longer competitors for the love of the same man. (At
the beginning of the novel Alice describes their ménage a trois through a comparison to
Euclidian geometry: ‘the angles of a triangle add up to 180 degrees and parallel lines never
meet. Everyone knows the score, and the women are held in tension, away from one
another’ (p. 17).) In this way, the novel replaces the binary logic (man/woman) with the
logic of oneness (woman/woman) — a characteristic evident in the questioning of
fundamental binary oppositions by notable feminist theorists, such as Hélene Cixous and

Luce Irigaray (Grice and Woods, ‘Grand (Dis)Unified Theories?’, p. 124).

The microscopic also functions as a model for the macroscopic in the British novelist Ruth
Brandon’s The Uncertainty Principle, which creates an analogy between scientific and
human types of uncertainty. The story’s protagonist, Helen Spiro, a scriptwriter, and her
scientist husband, Benny, have lost their daughter Laura years ago in a traffic accident. One
day at a shopping centre, Helen sees a girl who physically resembles Laura and begins a
search to discover the girl’s identity. The search eventually reveals not only the girl’s
identity but also the double life Helen’s husband has led: the girl was fathered by Benny
with a woman working for a shadowy research centre that studies the link between
contemporary physics and paranormal phenomena called the Synchrony Institute. Thus,
Brandon explores the relationship between science and religion, taking up the idea

expressed forcefully in the work of writers such as Mary Midgley and Margaret Wertheim,
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who argue that science has become the religion of the twentieth century by providing
answers to what are essentially metaphysical questions.|3:7|

The novel establishes a link between the subatomic world and the world of human
affairs by suggesting that like particles, individuals possess hidden identities in addition to
the observable ones — an idea also explored in Tom Stoppard’s Hapgood and Michael
Frayn’s Copenhagen. Helen, for instance, is unaware of her husband’s political activism in
his native South Africa, his involvement with the Synchrony Institute, and his relationship
to his former girlfriend. Benny in turn does not know that he is not the biological father of
his son with Helen. Even Helen’s best friend, Colette, whose friendship Helen has always
thought as a ‘constant thing’,|3:8| becomes potentially untrustworthy because of her possible
intimate involvement with Benny. ‘Colette has suddenly changed roles’, the narrator voices
Helen’s thoughts, ‘What part is she playing now? Helen can’t be certain’ (p. 221).
Moreover, other uncertainties plague Helen’s mind: while Helen’s workmate Patrick
disappears without explanation, Patrick’s son, Declan, disappears to spend time with Benny
at the Synchrony Institute. Hence, the more Helen knows about the people in her life, the
more she realizes how little she has known about them. Because of such gaps in
knowledge, ‘the unsaid, the unseen, the unperceived’, Helen’s world is becoming
increasingly insubstantial: ‘Nothing is solid, nothing is what it seems’ (p. 134). By thus

focusing on the idea that like the fundamentally dualistic subatomic particles, individuals

7 See especially Midgley’s Evolution as a Religion: Strange Hopes and Stranger Fears (London: Methuen,
1985) and Science as Salvation: A Modern Myth and Its Meaning (London: Routledge, 1992) and Wertheim’s
Pythagoras’ Trousers: God, Physics, and the Gender Wars (New York: W. W. Norton, 1995).

* Ruth Brandon, The Uncertainty Principle (London: Cape, 1996; London: Random House, 1997), p. 220.
Further references to this book are given after quotations.
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are dual personalities, the novel creates a link between knowledge and identity at the
macroscopic level of human life. The notion that just as it is possible to observe only one
aspect of a particle’s behaviour at a time, so our knowledge of the lives of others is always
bound to be partial reflects Zukav’s antimetabolic formulation of the uncertainty principle:
if we know one part of someone’s personality, there is another part that remains hidden
from us and vice versa.

The notion of individuals as particles of whom our knowledge is bound to be uncertain
is given a scientific basis through the exposition of the theories of Stefan Kertes, the
Synchrony Institute’s leader, whose aim is ‘to relate quantum physics to the real world” (p.
69), that is, to reconcile the features of the microscopic world with those of the
macroscopic one. In Kertes’s thinking the idea of both particles and human beings
possessing dual identities is linked to the concept of parallel universes explored in the so-
called many-worlds interpretation of quantum physics, which has been favoured by
theoretical physicists such as Hugh Everett, who formulated the interpretation in 1957, and
more recently, by David Deutsch.|3:9| This interpretation states that reality consists of an
infinite number of parallel worlds (or universes) in which all possible outcomes of all
possible decisions are actualized. Extending the metaphorical implications of this idea for
life in the macroscopic world, The Uncertainty Principle suggests that its characters appear
to occupy parallel worlds that are simultaneously partly visible to and partly hidden from

the others. Just as there is ‘an infinity of universes’ containing ‘every possibility” (p. 107)

%% Everett explored this interpretation in his PhD thesis The Theory of the Universal Wave Function. Deutsch
is a physicist who has popularized the many-worlds interpretation in books such as The Fabric of Reality: The
Science of Parallel Universes and Its Implications (London: Penguin, 1998).
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in the parallel worlds, so ‘each possible position of a particle exists inside its own universe’
(p- 108) in their microscopic counterparts.

The notion of characters occupying private worlds serves not only to emphasize the
duality of identity but also to form a conceptual basis for the novel’s exploration of the
problem of free will. This is evident in Helen’s constant pondering on the choices she has
made during the course of her life. ‘Benny [...] always hated the notion of karma’, Helen
observes of her husband’s attitude towards the question of free will,
that vacant fatalism that threatened to consume them all during the sixties and seventies.
That was one of the things that drew them together, the shared violent certainty that their
lives were theirs to mould. You chose one thing, and then you chose another.

But what of all those paths untaken, the possibilities unexplored? What happened to all
those myriad Bennies and Helens, Patricks and Colettes, the ones who might have been?
The ones whose paths diverged? Do they exist somewhere, as Benny later proclaimed?
What are their worlds like? (pp. 21-22)

For Benny, the many-worlds interpretation offers scientific validation for the idea that
individuals can choose among infinite futures, that they are in possession of complete
freedom of will. In this sense, Benny’s reasoning is a means of entertaining the possibility
that although physically dead in this world, Laura might still be alive in another dimension.

Yet, in order to foreground the problems involved with such a view, the novel sets it
against the concept of predetermination. The idea that the paths of our lives are determined
in advance emerges, for instance, in a passage in which the narrator describes how the
young Helen engages in conversation with a fellow applicant while waiting to be
interviewed at Oxford University:

Suppose Helen had liked Annabel Anderson. Suppose she had been impressed, had tried to
impress in her turn. [...]. What would have happened to that Helen? Would she have met
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Benny Spiro — could he ever have entered her orbit? Or she his? Inconceivable. (p. 25;
emphasis original)

Echoing Zohar’s comparisons between particles and human beings, Brandon likens her
characters to particles that traverse on their individual paths in the subatomic world. Just as
it is impossible to make precise predictions concerning both the speed and location of the
latter, so it seems to be difficult to say whether the former are bound for specific paths or
not. In this way, although the passage does not reveal whether Helen’s decision to
eventually not to make Annabel’s acquaintance was predetermined or not, the idea of a
fixed future is mentioned as a speculative possibility that counterbalances Benny’s idea of
unlimited free will — the narrator’s comment that it was a ‘crucial moment’ (p. 26) in
Helen’s life because she would not have met Colette had she introduced herself to Annabel
leaves room for both kinds of views.

While leaving open the question about predetermination, the novel suggests that
contrary to the new-age metaphysics of Benny and Kertes, people actually exercise less
control over their futures than they might think. This is evident in the motif of
synchronicity, a term that in the Jungian version of psychoanalysis — we learn that Kertes
‘was a patient of Jung’ (p. 114) — refers to a meaningful coincidence between events that
are not causally related. For instance, Tim, the son of Helen and Benny, sees Benny’s book
Immortality and the New Physics only moments before Helen informs him of his father’s
death (p. 22); when Helen and Colette meet for the first time, they are carrying similar
proof copies of Iris Murdoch’s latest novel (p. 27); Kertes catches a big trout before he sees
a book with fish symbols on its pages and is consequently freed from mental paralysis (pp.

114-15); Patrick meets the screenwriter of his upcoming film project when he accidentally
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tries to get into the latter’s car (which is similar to Patrick’s), and it is also revealed that
both are headed for the same flight (p. 155); Benny finds his way to Synchrony Institute by
following a small black dog that leads him to its gate, as the decision to follow the dog is
motivated by its resemblance to Laura (pp. 187-88); Colette’s call on Helen and Benny is
preceded by two visits from a scarab, the image of which is found on Colette’s wedding
ring (pp. 192-93); and so forth. This would suggest that the lives of the novel’s characters
are indeed to a great extent predetermined, since the various meaningful coincidences
indicate that they are meant to choose one particular path out of a myriad of possibilities.

In addition to this kind of archetypal predetermination, there is biological determinism
that equally effectively seems to decide the futures of the characters. Describing Helen’s
relationship history, the narrator notes that attraction has a definite chemical basis: “The
mysterious ingredient which ensures that one thing will lead rapidly to another, shortly to
be followed by total obsession, is a scent-carrying particle called a pheromone’ (p. 52).
This suggests that even though we might think we are exercising our free will when
choosing prospective partners, the actual decisions have nothing to do with conscious
judgment — the young Helen, for instance, is not destined to become a wife to a successful
politician because the ‘pheromones just aren’t there’ (p. 53).

In the end, the fact that the novel subjects its characters to these kinds of determinisms
makes the idea of individuals freely choosing their futures appear untenable. On the one
hand, Benny realizes this and states that
time is just another dimension [...]. Past, present and future are all there, just like up and

down. And of course the same is true of all the parallel universes. And if the future is as
real as the present and the past, then all the choices have already been made. (p. 180)
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On the other hand, he claims it might be possible for humans to evade determinism by
travelling mentally forwards and backwards in space-time, so that they could choose
between different kinds of pasts and futures that exist simultaneously as parallel universes.
Yet, rather than attempting to perform such science-fictionesque feats, Benny chooses the
more mundane option of becoming father to Cherry, the girl Helen at first took for Laura,
as he wants to ensure that ‘this time his daughter will have her chance, like all the other
children’ (p. 253). Ironically, the fact that Cherry is born autistic prevents her from having
her chance, and Benny’s sense of his own failure forces him to abandon her, which makes
him commit suicide. This suggests that it is Benny’s hubristic desire to control the future
for his selfish ends that eventually leads to such unpredictable consequences. Helen too
learns that ‘life does not offer a rewind facility’ (p. 259), and she is freed from uncertainty,
as she discovers ‘Laura’s’ real identity while at the same time accepting the ‘finality of
death’ (p. 264). Indeed, in the final scene of the novel, Helen becomes the observer in a
situation akin to the setting of Schrodinger’s famous Gedankenexperiment with a member
of the feline species: she approaches the door of Benny’s study and opens it, thus
symbolically causing the collapse of the alive-dead opposition — instead of opening a door
to a parallel universe in which her husband is alive, she discovers an empty room in which

Benny lives only in the past of her memories.

Like The Uncertainty Principle, Tom Stoppard’s play Hapgood builds a link between the

microscopic and the macroscopic through an analogy drawn between the dual nature of
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particle behaviour and human identity. Its epigraph, taken from Richard Feynman’s The
Character of the Physical Law (1967), draws our attention to the crucial role wave-particle
duality plays in quantum physics:

We choose to examine a phenomenon which is impossible, absolutely impossible, to
explain in any classical way, and which has in it the heart of quantum mechanics. In reality
it contains the only mystery ... Any other situation in quantum mechanics, it turns out, can
always be explained by saying, ‘You remember the case of the experiment with the two
holes? It’s the same thing’.

Stoppard’s comments on the play make it clear that he has found in wave-particle duality
an apt metaphor for describing human identity. ‘The trigger for the play’, he explained in a
television interview, ‘was the notion that duality in particle physics had some sort of
correspondence to duality in human personality.’ﬁ Like Brandon, then, Stoppard uses the
analogy to introduce the idea that human identity is made up of elements that are often in
conflict with each other and that behind a person’s appearance there are selves hidden from
the eyes of the observer.

Stoppard’s examination of the dual nature of human personality takes place in the
deceptive world of international espionage. The task of the play’s protagonist, the British
secret agent Elizabeth Hapgood, is to locate her assistant, Ridley, who is apparently a
double agent working for the KGB, along with what apparently is Ridley’s identical twin
brother. The Soviets are interested in the research of the physicist Joseph Kerner, who has

worked as a double agent for the British, but who may have gone over to the Soviet side,

* Quoted in Tom Stoppard, Arcadia, in Tom Stoppard: Plays Five (London: Faber and Faber, 1993; 1999),
pp- 1-137 (p. 483; emphases original). Further references to this play are given in parenthesis.

*!'Interview with Kate Kellaway, BBC TV, 13 March 1988.
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thus becoming a triple agent. The situation is further complicated by the fact that Hapgood
and Kerner have a son, Joe, whom the Soviets plan to kidnap if they do not get access to
Kerner’s classified information. In order to prevent her son from being kidnapped,
Hapgood must assist the Soviets, thus becoming a double agent herself.

Along with wave-particle duality, the double agent functions as a metaphor for the self,
allowing Stoppard to study the question of identity in terms of the logic of both/and rather
than that of either/or. The analogy is introduced already in the opening scene of the play, in
which Hapgood and the other British agents spy the meeting of the Ridley twins and two
Soviet agents — who are also twins — at a public swimming pool. In terms of the issue of
identity, the significant fact is that the twin going into a cubicle for the purpose of
exchanging information is not the same twin that comes out of the same cubicle (see pp.
491-92). As such, the scene is modelled after the famous double-slit experiment in physics,
to which Feynman refers in the play’s epigraph: there are the observers (the British agents)
and the observed (the Ridleys and the Soviets), and the identity of the latter changes while
unobserved, suggesting that the observers are able to observe only one of the two aspects at
a time.ﬁ Indeed, at the end of the first act, the analogy between particles and characters is
made explicit through Kerner’s musings on the nature of light. An electron, he explains to
Hapgood,

is like a moth which was there a moment ago, it gains or loses a quantum of energy and it
jumps, and at the moment of quantum jump it is like fwo moths, one to be here and one to

*2 This experiment was first conducted at the beginning of the nineteenth by the English scientist Thomas
Young, who used it to find out whether light consists of particles or waves moving across the ether. While
Young’s experiment indicated the latter, Einstein later proved that light is composed of photons, thus showing
that particles such as photons behave in the manner of both particles and waves.
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stop being there; an electron is like twins, each one unique, a unique twin. (p. 545;
emphasis original)

By the passage’s similes the play creates a comparison between the microscopic of the
subatomic world and the macroscopic world of human affairs. Because particles have such
a dual nature in the subatomic world, it follows that the observation of individuals in the
macroscopic world is problematic. For instance, Merryweather, one of the British agents
trailing Ridley and the Soviets, follows the wrong twin out because of the twin’s
paradoxical uniqueness-in-similarity (p. 493). Like the characters in Ruth Brandon’s The
Uncertainty Principle, then, the twins are like particles that are capable of exhibiting two
different aspects of themselves, depending on the focus of observation.

As Stoppard’s use of synoeciosis (one to be here and one to stop being there) and
oxymoron (a unique twin) — which echoes the similar syntactic constructions in the
writing of Capra and Zukav — indicates, the various twins can be understood as the
contradictory qualities that individual characters simultaneously exhibit. Hapgood, for
instance, plays the role of a tough, professional intelligence officer but is simultaneously a
devoted and caring mother to her kidnapped son. From the viewpoint of international
politics, she is Kerner’s enemy but from the viewpoint of individual affairs, she is — as his
lover — Kerner’s ally. Similarly, Ridley betrays Hapgood but is clearly romantically
attached to her, trying to rescue Hapgood’s son, whom he thinks has been kidnapped by the
Soviets (‘I'll get her kid back for her but it’s only personal’ (p. 584)). (It is eventually
revealed that the kidnapping was staged — without Hapgood’s authorization — by the
British side in order to lure Ridley into a trap (see p. 590).) Moreover, both Blair,

Hapgood’s senior officer, and Kerner seem to embody contradictory elements in their work.
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‘We’re all doubles’, Kerner explains to Blair, ‘Even you. Your cover is Bachelor of Arts
first class, with an amusing incomprehension of the sciences, but you insist on laboratory
standards for reality, while I insist on its artfulness’ (p. 572). Like Capra’s yin-yang image
of polar opposites containing the seeds of each other, then, Blair and Kerner represent
personalities that antimetabolically embody each other’s traits.

Grounding its model of the self on a scientific idea that appears to validate the logic of
both/and, Hapgood undermines the notion of contradictory elements necessarily excluding
each other. It is Kerner’s exposition of the subatomic world that contains the key to
understanding the identity of the characters in the play. Kerner makes a comment on Blair
having been ‘too long in the spy business’ and consequently thinking that because
‘everybody has no secret or one big secret, they are what they seem or they are the
opposite’ (p. 572), thus implying that Blair prefers to think in terms of the logic of
either/or.ﬁ As an alternative to Blair’s logic, however, the logic of both/and suggests that
like their counterparts in the microscopic world, human beings embody contradictory
qualities that do not cancel each other out, but which are revealed to observers when the
observational focus shifts from one aspect to the other. For instance, in the fifth scene of the
second act this idea is illustrated by a scene in which things — literally — look different in
a different light. Being led on by the British team, Ridley is in a hotel room with somebody
who he thinks is Hapgood’s sister; in the cover of the dark evening setting, the sister
becomes the Hapgood of Ridley’s sexual fantasies, ‘Hapgood without the brains or the

taste’ (p. 585). In contrast, Hapgood’s tightly controlled daytime self is rather different

* See also William W. Demastes, Theatre of Chaos: Beyond Absurdism, into Orderly Disorder (Cambridge:
Cambridge University Press, 1998), p. 45. Further references to this book are given in parenthesis.
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from her night-time self, as can be observed, for instance, from her habit of substituting the
more forceful curses with mild expressions such as ‘Oh, fiddle!” (p. 542) when overcome
by emotion. As Paul Delaney perceptively puts it, Hapgood’s plan of deceiving Ridley by
playing the role of a non-existent sister ‘ultimately reveals to Hapgood not so much
Ridley’s duplicity as her own duality’ ﬁ

Kerner, as I noted above, is also an embodiment of the idea that the individual self is
more a both-and rather than an either-or affair. Reflecting the idea that in the subatomic
world knowledge is probabilistic rather than certain, it is never entirely clear whether he
has become a triple agent or not. On the one hand, Kerner’s confession that he is an
information source for the Soviets is a part of the plan to catch Ridley, while on the other
hand, the dialogue between Blair and Kerner in the third scene of the second act suggests
that he did really deliver information to the Soviets. Stoppard leaves the truth of the matter
open, thus merely foregrounding the idea that individuals consist of multiple selves that
may be simultaneously engaged in contradictory activities. In the same way, the end of the
play does not reveal whether Kerner decides to stay with Hapgood or not. He says goodbye
to her at Joe’s rugby game and is about to take his leave but nevertheless turns back to
watch the game (p. 593). It is, however, implied that even Kerner himself cannot answer
these questions: regarding his status as an agent, he explains to Hapgood that ‘Paul thinks I
was triple, but I was definitely not, I was past that, quadruple at least, maybe quintuple’ (p.
592). Hence, the play suggests that because of the self’s fundamental duality, uncertainty

characterizes our perceptions of not only others but also ourselves — a metaphysical idea

* Paul Delaney, Tom Stoppard: The Moral Vision of the Major Plays (London: Macmillan, 1990), p. 136.
Further references to this book are given in parenthesis.
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drawn from quantum physics that is also explored at length in Michael Frayn’s
Copenhagen.

In addition to Kerner, it is Ridley who along with his twin exemplifies the notion of the
self as a both-and construction (Demastes, p. 46). Unlike Blair, he cannot separate his
professional self from the private one, allowing himself to entertain the possibility of an
intimate relationship with Hapgood. In the end, however, it becomes clear that he is unable
to integrate the two sides of his self in the way Kerner does: while the selves of the latter
eventually fuse into a unified whole as a result of realizing that not all his roles are
mutually exclusive, the former remains fundamentally divided until the end of the play
(Demastes, p. 46). As he considers the option of freeing Hapgood’s son from the hands of
the Russians, Ridley is still thinking in terms of the logic of either/or: ‘I’ll get her kid back
for her but it’s only personal. If she’s set me up I'll kill her’ (p. 584). In other words,
instead of trying to act as both an intimate friend and agent, he thinks in terms of two
mutually exclusive options, choosing the latter alternative after he realizes that he has been
set up by Blair and Hapgood — Ridley’s failure to carry out his plans is thus suggestive of
his inability to choose two possibilities instead of one (see Demastes, pp. 47, 50).

What the logic of both/and suggests, then, is that the play shows the individual self to be
a concept that is as evasive as the identity of particles. This, as Paul Delaney correctly
points out, is evident in the names characters use of each other. For instance, Hapgood is
‘Mother’ to those under her command, ‘Mum’ to her son, ‘Mrs Hapgood’ to society,
‘Elizabeth’ to Blair, and ‘Yelizaveta’ and ‘Lilya’ to Kerner (Delaney, pp. 132-33).
Moreover, she refers to herself as ‘Betty’ when playing the role of her twin sister, Mrs

Celia Newton; ‘Betty’ in turn is referred to by Ridley as ‘Auntie’ (Delaney, p. 133).
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Similarly, Kerner is ‘Joe’ to Hapgood in two simultaneous senses: he is ‘Joe’ to her in
affectionate terms but also ‘one of [Hapgood’s] Joes’ (p. 542) in the sense that Kerner was
employed as a double agent, a ‘joe’, by Hapgood. Hence, like particles whose aspects can
only be observed one at a time, Hapgood and Kerner play different roles depending on the
context in which they are situated.

Finally, as with Stoppard’s other plays, it should be noted that the intellectual content of
Hapgood cannot be separated from what are essentially questions of morality and values.
This, however, is not to say that the play derives its values from quantum physics. Instead,
the ambiguous nature of the individual self, to which the wave-particle duality functions as
a metaphor, leads to a questioning of moral certainties (see also Delaney, p. 138). In a
world of constantly shifting, multiple identities, the play thus asks whether there can be a
solid, universal foundation for human values or not.

Like the characters of Alice and Stella in Winterson’s Gut Symmetries, Hapgood and
Kerner seem to indicate that this is indeed possible, as their love is a factor that transcends
their ideological commitments. ‘There is something terrible about love’, Kerner notes to
Blair, ‘It uses up all one’s moral judgement. Afterwards it is like returning to a system of
values, or at least to the attempt’ (p. 573). For Kerner, then, commitment to ideology
matters less than commitment to individuals: as I observed above, it is suggested that he
does betray the British government by leaking information to the Soviets, but he does not
betray the individuals he is committed to (see also Delaney, p. 138). In contrast, as also
noted above, we find out that it is Blair who puts the life of Hapgood’s son in jeopardy by
delivering him into Ridley’s hands as a part of the plan to catch Ridley. Hence, for Blair,

the value of individual life is overridden by national concerns, perhaps owing to the fact
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that he plays by the either-or rules of the spy game (‘We can’t afford to lose. It’s them or
us, isn’t it?’ (p. 591)).

Hapgood in turn appears to recognize the truth of the idea that the logic of either/or may
needlessly simplify one’s approach to reality. ‘Oh, the KGB! The opposition!’, she cries in
exasperation at Blair’s way of thinking, ‘Paul we’re just keeping each other in business, we
should send each other Christmas cards — oh, f-f-fuck it, Paul!” (p. 591). Disillusioned by
the world of spying, Hapgood eventually returns to the values she left behind for national
interests: she has kept her involvement with Kerner a secret for the purpose of not revealing
her identity to the Soviets but at the end of the play lets her personal commitment to Joe
and Kerner override her commitment to the government. Indeed, in Hapgood’s decision it
is possible to see a renouncement of the logic of either/or: as Paul Delaney observes,
‘Hapgood, who first thinks of herself as being the good spy counteracting the bad spies,
eventually comes to the conclusion that the values implicit in spying are the same for both
sides’ (p. 143). Hapgood and Kerner thus learn to make decisions between right and wrong,
even though the situation in which they are made might make such an achievement appear
impossible (Delaney, p. 148). In the end, then, Hapgood foregrounds the value of concrete
acts of goodness in individual relationships over the rather abstract notion of goodness in
competing ideologies, especially as the latter type merely functions to justify the use of

individuals for political ends.
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As in The Uncertainty Principle and Hapgood, wave-particle duality functions as a model
for the self in Michael Frayn’s Copenhagen, which probes into the mind of the father of
uncertainty, Werner Heisenberg. The historical setting of the play is based on one of the
less well-documented events in the Second World War: a meeting between the German
physicist Werner Heisenberg and his Danish colleague, the pioneer of quantum physics,
Niels Bohr, in the German-occupied Copenhagen in 1941. As Frayn’s detailed discussion
of the meeting in the postscript makes clear, the play seeks to address the question of
Heisenberg’s motivation for visiting Bohr, a topic that has puzzled numerous historians and
biographers over the yearsﬁ In addition, although the meeting constitutes the central event
of the play, Frayn links its portrayal to other thematically relevant historical episodes, such
as the development of the German and Allied nuclear research programmes, the deportation
of Danish Jews in 1943, and various occurrences in the lives of the two physicists.

Given the scientific role of the play’s protagonists, it should be noted that in addition to
referring to the meeting place of Heisenberg and Bohr, the play’s title is an obvious allusion
to the Copenhagen interpretation of quantum physics, which I touched on in 2.1.
Formulated by Bohr, Heisenberg, and the Austrian-born American physicist Wolfgang
Pauli in 1927, this interpretation — which is still the orthodox interpretation of quantum
physics — 1is based on three interlinked elements: the probabilistic interpretation of wave
function, the wave-particle duality of subatomic matter, and the uncertainty principle — in
other words, more or less the same scientific ideas that Winterson, Brandon, and Stoppard

use in their treatment of human knowledge and identity. For Frayn too wave-particle

*> Michael Frayn, ‘Postscript’, in Copenhagen (see Frayn, below), pp. 95-132 (p. 95). Further references to
this chapter are given in parenthesis.
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duality and uncertainty are means of portraying the mysterious and elusive nature of human
consciousness.ﬁ Like the three writers discussed above, then, he creates an analogy
between nature and mind, the behaviour of particles and the constitution of the individual
self, and suggests that there is a certain limit not only to what we can know about the nature
and others but also to what we can know about ourselves.

The play’s three protagonists are the ghosts of Bohr, Heisenberg, and Bohr’s wife,
Margrethe, who have gathered together to seek explanation for Heisenberg’s visit, which
continues to haunt their minds even after death. The persistent nature of the question is
reflected in the distinctively circular structure of the two-act play: Heisenberg arrives at the
Bohrs’ house three times, each time initiating a cycle in which the characters attack the
question from a different angle. The fact that Heisenberg, Bohr, and Margrethe do never
seem to arrive at a final explanation suggests that it might be impossible to give an
unambiguous answer, thus foregrounding the idea that like the subatomic world, history
and consciousness are phenomena that resist human efforts of knowing them completely
(even though the play at the same time voices Frayn’s own tentative proposal for the

solution for the mystery).

% Frayn notes that Heisenberg’s biographers have used uncertainty in a metaphorical sense in order to
describe a major conflict in the physicist’s life. For instance, David Cassidy’s Uncertainty: The Life and
Science of Werner Heisenberg (New York: W. H. Freeman, 1992) suggests that the kind of uncertainty that
characterizes Heisenberg’s person in the eyes of posterity stems from the numerous conflicting views on his
wartime role in Germany (see ‘Postscript’, p. 97). Thomas Powers in turn echoes Cassidy in Heisenberg’s
War: The Secret History of the German Bomb (New York: Knopf, 1993), suggesting that Heisenberg’s role in
the German atomic programme ‘introduces an element of irreducible uncertainty’ (quoted in Frayn,
‘Postscript’, p. 98).
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The beginning of Copenhagen explores these ideas through the memories of the

¢4 that

characters. Bohr and Heisenberg compare memory to a ‘curious sort of diary
obscures rather than reveals. “You open the pages’, Heisenberg says, ‘and all the neat
headings and tidy jottings dissolve around you’ (p. 6). It is in this simple sense that memory
is uncertain in the play, with the characters seeming to be unable to provide definite
answers for the questions they raise. For instance, when Margrethe suggests that one of the
reasons for Heisenberg’s visit to Copenhagen might have been the need for forgiveness
from Bohr, Heisenberg denies it only to accept it moments later: ‘Absolution. [...] Is that
what I’ve come for? It’s like trying to remember who was at that lunch [Bohr] gave me at
the Institute. Around the table sit all the different explanations for everything I did” (p. 39).
Bohr in his turn does not remember having told Heisenberg the things his friend claims he
had. Moreover, the memories of Bohr and Heisenberg regarding the development of the
Copenhagen interpretation differ from that of Margrethe: while the scientists remember
having worked on it together, Margrethe corrects them by insisting that they arrived at the
important insights individually (see pp. 61-63). By foregrounding the imprecise nature of
human memory, the play points to the difficulty of writing objective history: because our
sense of what happened is filtered through a collection of subjective memories, the events,
like the histories of subatomic particles, appear as probabilities rather than certainties.

This view is evident in the way the play creates an analogy between observations
conducted at two different levels: the microscopic level of subatomic particles and the

macroscopic level of human consciousness. While trying to focus on events from their

*" Michael Frayn, Copenhagen (London: Methuen, 1998; New York: Random House, 2000), p. 6. Further
references to this play are given in parenthesis.
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personal histories — Heisenberg opens the diary of memory, and his gaze causes its
contents to scatter — Bohr and Heisenberg are like observers of the subatomic world whose
observation instruments necessarily disturb the observed, thus leaving knowledge of it

partial:

MARGRETHE If it’s Heisenberg at the centre of the universe, then
the one bit of the universe that he can’t see is
Heisenberg.

HEISENBERG So ...

MARGRETHE So it’s no good asking him why he came to
Copenhagen in 1941. He doesn’t know!

HEISENBERG I thought for a moment just then I caught a glimpse
of it.

MARGRETHE Then you turned to look.

HEISENBERG And away it went. (p. 72)

Heisenberg visualizes the various explanations for his visit as faces that disappear when he
tries to focus his attention on them (p. 77). Just as at the microscopic level, then,
macroscopic forms of observation — thinking, remembering, and so forth — appear to
disturb whatever it is that is being observed. The analogy thus suggests that the observer
and the observed are also inextricably linked to each other in human consciousness.
Interestingly, like Capra, Zukav, and Zohar, who often employ antimetaboles to link the
microscopic and the macroscopic together, Margrethe notes this through her exemplary use
of the figure: ‘If you’re doing something you have to concentrate on you can’t also be
thinking about doing it, and if you’re thinking about doing it then you can’t actually be
doing it’ (p. 72). Moreover, using the same linguistic construction, Bohr makes the same

point when he compares Heisenberg’s way of skiing to his way of doing science:
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At the speed you were going you were up against the uncertainty relationship. If you knew
where you were when you were down you didn’t know how fast you’d got there. If you
knew how fast you’d been going you didn’t know you were down. (p. 24)

Through conceptual reversals such as these, the play introduces the idea that we really do
not know ourselves because there is so much happening in one’s mind that eludes
conscious thought. (Note that Margrethe’s first line in the first quotation of the paragraph
creates a similar sense of circularity through its use of epanalepsis, suggesting the crucial
idea that because Heisenberg is simultaneously the observer and the observed, he will never
come to know his own motives.)

Heisenberg’s last appearance at the Bohrs’ door also highlights this problem. Before
Bohr comes to open the door, Heisenberg is aware of the reason for his visit because he has
not yet focused his consciousness on it: ‘Why have I come? I know perfectly well. Know so
well that I’ve no need to ask myself. Until once again the heavy front door opens’ (p. 86).
The irony of the situation is, of course, that now that he knows, he does not want to ask,
while when he does ask, he does not know. In order to show the similarity between
microscopic and macroscopic uncertainty of knowledge, the play makes a comparison
between particles and the contents of human consciousness:

He stands on the doorstep blinking in the sudden flood of light from the house. Until this
instant his thoughts have been everywhere and nowhere, like unobserved particles, through
all the slits in the diffraction grating simultaneously. Now they have to be observed and
specified. (p. 86)

The light coming from the house is symbolic not only of the attempt of Heisenberg’s
consciousness to focus on a particular thought but also of the moment photons hit the

observed particles, causing their dispersal. Consequently, because the light of his
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consciousness scatters his thoughts every time he focuses on them, Heisenberg continues to
come to the Bohrs’ front door without getting any closer to what he thinks is the real reason
for his visit.

Hence, perhaps it is not too far-fetched to argue that the kind of circularity that
characterizes the structure of the play reflects the nature of Heisenberg’s problem: a mind
caught in a loop of two inextricable strands of thought. This is most clearly evident at the
end of the second act, where the characters discuss Heisenberg’s involvement in the
building of the atom bomb. While Margrethe — voicing the view of Samuel Goudsmit,
Heisenberg’s colleague who portrayed him in an unfavourable light in his memoirs (see
Frayn, ‘Postscript’, p. 106) — claims that the German physicist did not understand the
difference between a uranium reactor and a bomb, Heisenberg defends himself by saying
that he understood the difference but wanted to delay the project as much as possible (p.
80). Heisenberg says that for this reason he never made the calculation concerning the
amount of uranium needed for the chain reaction, thus effectively terminating the project.
Bohr, however, suggests that the reason for Heisenberg’s failure to make the calculation
may be found not in his unwillingness to support the German atomic programme but in the
ambiguous and contradictory nature of human thought: Heisenberg did not make the
calculation because he ‘hadn’t consciously realized there was a calculation to be made’ (p.
89), as Bohr explains to him. Bohr’s explanation voices Frayn’s own solution to the
problem, and it is interesting to note that Frayn uses antimetabole to describe the ‘seamless
circle’ in Heisenberg’s mind: ‘he didn’t try the calculation because he didn’t think it was
worth doing — he didn’t think it was worth doing because he didn’t try it” (p. 123) — as

we saw above, the same grammatical form epitomizes the logic of uncertainty in
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Margrethe’s and Bohr’s lines. In this way, then, Frayn again foregrounds the idea that
human consciousness is fundamentally uncertain because it is incapable of focusing on
itself and that for this reason we can never know all the motives and intentions behind our
own actions.

[

As the play insists that the light of consciousness and the dark of unconsciousness, the
observer and the observed, exist simultaneously without cancelling each other out, it is
evident that it models human identity on the basis of complementarity. On this view, the
self is a fundamentally divided affair, with the two opposites forming the totality of the
whole. Heisenberg’s description of the process leading to the formulation of the uncertainty
principle constitutes another example illustrating this kind of duality:

I start to think about what you’d see, if you could train a telescope on me from the
mountains of Norway. You’d see me by the street-lamps on the Blegdamsvej, then nothing
as I vanished into the darkness, then another glimpse of me as I passed the lamp-post in
front of the bandstand. (p. 66)

In this passage Heisenberg clearly compares himself to a particle under observation. The
observer cannot trace the whole history of the route he takes on his walk because of the
uncertainty inherent in every act of observation. Consequently, what we get is a
probabilistic rather than an objective history of Heisenberg’s walk, a ‘series of glimpses’

(p- 66) with ‘no precise addresses’ (p. 67), suggesting that while subjective interpretations

* Here Frayn seems to follow the reasoning of Thomas Powers, who uses uncertainty as an apt image for
describing the contradictory — or dual — nature of his subject’s life during the Second World War: Powers
claims that while actively engaged in German atomic research, Heisenberg was apparently hesitant of using
his knowledge for potentially destructive ends. In order to explain the situation, Powers suggests that
Heisenberg may not have been conscious of everything going on in his mind, as ‘questions of motive and
intention cannot be established more clearly than he was willing to state them’ (quoted in Frayn, ‘Postscript’,
p- 98). Thus, it may well be that his two roles were so inseparable that he could not resolve the tension
between them.
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may illuminate the different aspects of the self, its totality cannot be exhausted by a single
explanation. Copenhagen thus reminds us of the fact that the individual self is always
perceived from a certain angle, as different perspectives illuminate certain aspects of the
observed while leaving others in the dark. Often, as in the case of Heisenberg himself, we
get diametrically opposite accounts of events and persons that do not cancel each other out
but testify to a need for a multifaceted view in which truth is the totality of complementary
aspects — a view in accordance with the holistic positions of Capra and Zukav.
Heisenberg’s remark to Bohr shows that he recognizes this in himself: ‘I’'m your enemy;
I’m also your friend. I'm a danger to mankind; I’'m also your guest. I'm a particle; I’'m also
a wave’ (p. 77). Hence, juxtaposing seemingly opposite concepts in the manner of Capra’s
and Zukav’s use of synoeciosis, the play foregrounds the idea that depending on the angle
from which he is observed, Heisenberg appears to play a variety of apparently contradictory
roles.

As in Ruth Brandon’s The Uncertainty Principle, the idea that individuals are to a large
extent driven by motives not known to either themselves or others raises the question about
freedom of will and the possibility of controlling one’s actions. Bohr thinks that it is
Heisenberg’s unconscious that prevented him from realizing the necessity of the
calculation. ‘So, you bluffed yourself’, he concludes, ‘the way I did at poker with the
straight I never had’ (p. 86), thus suggesting that the motives behind our decisions are not
necessarily conscious. In this light, it is not surprising that like Brandon’s story, the play
constantly foregrounds the motif of making choices. For instance, Heisenberg describes

downhill skiing in terms of facing a series of crucial choices:

HEISENBERG Decisions make themselves when you’re coming



114

downhill at seventy kilometres an hour. Suddenly
there’s the edge of nothingness in front of you.
Swerve left? Swerve right? Or think about it and
die? In your head you swerve both ways ...

MARGRETHE Like that particle.
HEISENBERG What particle?
MARGRETHE The one that you said goes through two different

slits at the same time. (p. 25)

Another example of making decisions is Heisenberg’s story of meeting a young woman at a
concert in which he plays the piano:
I look up from the piano to see if the others are ready to start the final presto. And in that
instant I catch a glimpse of a young woman sitting at the side of the room. Just the briefest
glimpse, but of course at once I’ve carried her off to Bayrischzell, we’re engaged, we’re
married, etc — the usual hopeless romantic fantasies. Then off we go into the presto, and
it’s terrifyingly fast — so fast there’s no time to be afraid. And suddenly everything in the
world seems easy. We reach the end and I just carry on ski-ing [sic]. Get myself introduced
to the young woman — see her home — and, yes, a week later I’ve carried her off to
Bayrischzell — another week and we’re engaged — three months and we’re married. All
on the sheer momentum of that presto! (p. 28)
Both passages foreground the idea that choices are made somewhere else than in the
conscious part of the mind (in the first passage Heisenberg reacts automatically to danger
while in the second one he focuses on the music) that in the end cannot but — perhaps
uselessly — speculate on the motives of its unconscious partner, to which it does not have
an access. More than anything, as Margrethe’s simile for wave-particle duality in the first
passage suggests, unconscious decisions, like events in the microscopic world, are
mysteriously random from the viewpoint of the conscious mind.

In other words, such scenes do not leave much space for free will, if free will is

understood as freedom to make conscious decisions. Indeed, Heisenberg on the one hand

notes that the individual’s trajectory is ‘completely determined by your genes and the
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various physical forces acting on you’ (p. 69). On the other hand, your trajectory is ‘also
completely determined by your own entirely inscrutable whims from one moment to the
next’ (p. 69). Between biological and psychological determinism, then, the conscious mind
occupies the role of the eternal questioner who can only watch and wonder, not act.

In addition, given the historical context of the play, there is also a third form of
determinism: the socio-political. Because of the war, the two physicists are placed in a
situation in which it is very hard for individuals to make morally acceptable choices.
Heisenberg, for instance, is torn between his duty as a human being and the duty as a
German. On the one hand, stopping the German atomic research programme might prevent
mass destruction. On the other hand, it might also facilitate the destruction of Germany
were the Allied to succeed in building the bomb first. In the end, however, Heisenberg and
Bohr are saved the moral responsibility of making the choice: while the former does not
have to make the decision because his mind gets caught in the circle of circular reasoning,
in the latter’s case ‘the decision had been taken long before’ (p. 46) by other Allied
physicists. Hence, rather than basing their decisions on moral grounds, the choices in the
lives of Heisenberg and Bohr are made for them by factors outside their conscious control.

Heisenberg’s long anecdote about the last days of the war at the end of the second act
also foregrounds the idea that there is an element of uncontrollable randomness involved in
moral decisions. On his way home during the last days of war in Europe, Heisenberg is
stopped by an SS man who is about to shoot him as a deserter, but he survives the incident
by offering the man a pack of Lucky Strikes (p. 92-93). We are not revealed the reason for
the man’s random act of kindness, as he could easily have taken the cigarettes and then shot

Heisenberg — in the context of what has been said about Heisenberg’s inability to discover
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his own motivations, we might make the educated guess that he too does not know. Placed
at the end of the play, the scene therefore epitomizes what is perhaps the greatest irony in
the worldview based on the Copenhagen interpretation of quantum physics: although as
observers individuals occupy the symbolic centre of the universe, they are nevertheless

incapable of ever completely knowing themselves.

While in 2.2.1 we saw how Fritjof Capra, Gary Zukav, and Danah Zohar use figurative
language in order to establish an analogy between the microscopic and the macroscopic, in
this subchapter I discussed how literature approaches the same task. I observed that
literature relies heavily on characterization as a means of linking the two: in terms of their
traits and relationships, the characters of Winterson, Brandon, Stoppard, and Frayn behave
like particles under observation. Whereas Winterson depicts the identities of her novel’s
protagonists as overlapping and mutable as the ones of the building blocks of matter,
Brandon, Stoppard, and Frayn use wave-particle duality as a metaphor for the self,
suggesting that our knowledge about both ourselves and others is as uncertain as our
knowledge about the behaviour of subatomic particles.

In addition, these writers occasionally employ figurative language similar to that in the
three popularizations. Winterson, for instance, uses antimetabole and synoeciosis in her
portrayal of the relationship between the individual protagonists on the one hand, and the
protagonists and the world on the other. Frayn too finds in these two figures an apt means

of approaching the topics of knowledge and identity: he uses antimetabole to portray the
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relationship between the observer and the observed and synoeciosis to describe the
contradictory traits of the self. Antimetabole and synoeciosis are also present — although in
a more implicit manner — in Brandon’s and Stoppard’s representations of the new physics,
where they underlie the depiction of the uncertainty principle’s implications for the two

topics.
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2.3  Experiencing Time

I began my exploration of the various intersections of popularized new physics and
contemporary literature by discussing two important topics that they share: knowledge and
identity. Let me now finish my discussion by considering a third shared topic: time. While
the question of time has always occupied the minds of novelists, poets, and playwrights,
discussion about its relevance for human life has also become an important topic in popular
science writing. In other words, with the appearance of numerous popularizations focusing
on the scientific understanding of time in the 1980s, the importance of science for our
perception of time has become one of the central topics of the genre.ﬁ The author whose
books on time and related issues are analysed below represents one of the most prolific and
well-known writers on this topic: the English physicist Paul Davies. Mainly known as a
popularizer of ideas in contemporary physics and cosmology, Davies has also explored the
philosophical implications of the new physics, and in God and the New Physics he attempts
to approach essentially religious and philosophical issues, such as the question of free will,
through the theories of contemporary physicsﬁ While my analysis mainly centres on About
Time, a popular science book dealing with the question of why relativity theory fails to

explain the human experience of time, I also discuss Davies’s treatment of the subject in

God and the New Physics, focusing on his discussion of the relationship between physical

* In addition to the work of the writer discussed in this chapter, Paul Davies, see, for instance, Stephen
Hawking’s A Brief History of Time (London: Bantam Press, 1988) and A Briefer History of Time (London:
Bantam Press, 2005).

*% Like many of his colleagues, Davies has also put his writing talents to use in fiction — his science fiction
novel, Fireball, was published in 1987.
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time (the measurable time of physics) and subjective time (our consciousness of physical
time), which he sees as ‘the greatest outstanding riddle’ (About Time, p. 283) concerning
time. The literary text I read alongside Davies’s books is Ian McEwan’s The Child in Time,
which approaches the same question through a story about a married couple’s attempts to

cope with the loss of their daughter.

2.3.1 Are Physical and Psychological Time Irreconcilable Opposites?

In About Time Davies examines the implications of relativity theory and quantum physics
for our understanding of time. Rather than trying to answer what time is, he discusses the
current controversy surrounding this elusive subject. Davies argues that relativity theory’s
explanation of time is unsatisfactory because it fails to take into account the human
experience of time (p. 10). For this reason, he says, we should look for the missing pieces
of time’s puzzle in other areas of research in physics and cosmology, such as black holes,
time travel, quantum effects, the big bang, the arrow of time, as well as the relationship
between physical and psychological time (pp. 280—83). Davies uses the speculative answers
provided by these areas as a means for exploring the metaphysics of time, focusing
especially on the questions of free will and human identity. Time, he argues, ‘is in some
ways the most basic aspect of our experience of the world. After all, the very concept of
selthood hinges on the preservation of personal identity through time’ (p. 16). Similarly, in
God and the New Physics, which deals with the philosophical aspects of time in less detail

than About Time, Davies states that ‘it is only in the flowing river of time that we can
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perceive ourselves’ (p. 127), suggesting that the human mind can be properly understood
only when time is properly understood.

Davies approaches the relationship between physical and psychological time by
analysing the familiar time is a river metaphor. He begins by explaining how relativity
theory envisions the existence of the so-called block time: instead of flowing through a
metaphorical river in logical succession, past, present, and future events are seen to exist
simultaneously as frozen blocks in a four-dimensional space-time continuum (About Time,
p- 253). This, Davies notes, has led scientists and philosophers to regard time as a mental
construction, since the flow characteristic of the human experience of time supposedly
originates in the brain rather than in the world of matter (About Time, p. 253). For this
reason, psychological time may appear as an illusory phenomenon that the human mind
imposes on reality.

In contrast, everyday experience suggests that time has an inherently dynamic quality,
as it seems to flow ‘as a river flows past a bankside observer’ (The New Physics, p. 127).
Davies argues that the root of the conflict can be found in a paradox that characterizes
molecular interaction at the atomic level: while molecular collisions are totally reversible
— time flows symmetrically towards the future as well as towards the past — they
nevertheless give rise to processes that are completely irreversible, such as a perfume
transforming from liquid to scent in the air (The New Physics, p. 126). Hence, while time
symmetry is a common phenomenon in the universe, our everyday experience of the world
speaks for time asymmetry.

Although this state of affairs seems to suggest an irreconcilable dichotomy, Davies

maintains that there is no real conflict involved because time symmetry and time
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asymmetry concern ‘simply two different levels of description’ (The New Physics, p. 127)
that cannot be reduced to the properties of each other.ls:ll Hence, the fact that we see time as
a flowing river indicates that the flow suggested by the metaphor is a mental phenomenon
and as such needs to be separated from another common metaphor: the arrow of time. He
defines the difference between these concepts as follows:

Many people muddle the flow of time with the arrow of time. This is understandable, given
the metaphor. Arrows, after all, fly — as time is supposed to do. But arrows are also
employed as static pointers, such as a compass to indicate north, or a weather wane to show
the direction of wind. It is in the latter sense that arrows are used in connection with time.
(About Time, p. 256)

In this way, Davies argues that time asymmetry — time flows irreversibly from the past
towards the future — does not depend on the flow or flux of time. In order to support this
argument, he uses an analogy that contrasts time asymmetry and a film showing the
breaking of an egg, an obvious example of an irreversible process. If we were to divide the

film into separate frames and then rearrange their order, we would not experience any

difficulty in putting the frames in correct chronological order because we would be able to

> In the last chapter of God and the New Physics, Davies quotes the famous American physicist Richard
Feynman to summarize the implications of this kind of holistic attitude towards scientific explanation: ‘Which
end is nearer to God; if I may use a religious metaphor. Beauty or hope, or the fundamental laws? I think that
the right way, of course, is to say that what we have to look at is the whole structural interconnection of the
thing; and that all the sciences, and not just the sciences but all the efforts of intellectual kinds, are an
endeavour to see the connections of the hierarchies, to connect beauty to history, to connect history to man’s
psychology, man’s psychology to the working of the brain, the brain to the neural impulse, the neural impulse
to chemistry, and so forth, up and down, both ways. And today we cannot, and it is no use making believe that
we can, draw carefully a line all the way from one end of this thing to the other, because we have only just
begun to see that there is this relative hierarchy. And I do not think either end is nearer to God’ (quoted in
Davies, The New Physics, p. 225). As can be seen in this long passage, Feynman uses quite an exemplary
gradatio in order to epitomize his argument that abstract concepts such as beauty cannot be reduced to down
to the fundamental laws governing matter more than fundamental laws can be explained through abstract
concepts. In the same way, Davies’s argument concerning the relationship between physical and
psychological time maintains that the two cannot be used to explain each other, as they belong to different
levels in the structural hierarchy of temporal phenomena.
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determine the direction of time’s arrow without necessarily watching the film again (About
Time, p. 257). For this reason, Davies suggests, time’s arrow ‘is a structural property of the
set of the frames’ (About Time, p. 257) — in other words, the arrow is there regardless
whether the event is represented as a set of separate frames or as a continuous, flowing
film.

However, as noted above, rather than wanting to argue that one of the two types of time
is an illusion, Davies aims to build a bridge between the seemingly contradictory views. He
first notes the sense of contradiction in himself as follows:

As a physicist, I am well aware how much intuition can lead us astray. As I remarked
earlier, intuition suggests that the sun moves around the Earth. Yet, as a human being, I find
it impossible to relinquish the sensation of a flowing time and a moving present moment. It
is something so basic to my experience of the world that I am repelled by the claim that it is
only an illusion or misperception. (About Time, p. 275)

For Davies, the quest of finding the missing link between physical and psychological time
is essentially the same as the age-old attempt of reconciling the gap between the concepts
of being and becoming. He points out that the English astronomer A. S. Eddington saw a
link between the two types of time and quotes him as follows: ‘If I grasp the notion of
existence because I myself exist, I grasp the notion of becoming because I myself become.
It is the innermost Ego of all which is and becomes’ (quoted in Davies, About Time, p. 97;
emphases original). Note that in terms of its linguistic formulation, Eddington’s statement
contains certain elements that give it its distinct rhetorical force. Firstly, both clauses of the
first sentence use parallel syntax that creates a sense of balance between the terms existence
and becoming. Secondly, in the second sentence this sense of balance becomes stronger

because Eddington subjects the terms to a third, all-inclusive term (the innermost Ego), thus
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basing the relationship on complementarity rather than exclusion. Thirdly, Eddington
repeats the main concepts by using their different forms, as the nouns existence and
becoming, and the verbs exist and become carry the rhetorical force of the argument; in this
last sense Eddington’s formulation corresponds to the use of a figure of speech called
polyptoton, the repetition of a word in its different grammatical forms. As a result of such
linguistic manoeuvres, being and becoming, the time of physics and the subjective time of
human experience, are given an equal status as the essential building blocks of subjectivity.
Obviously inspired by Eddington’s efforts of reconciling the two types of time, Davies
speculates on the possibility of ‘postmodern physics’ (About Time, p. 277; emphasis
original) that would help us understand their relationship better. He suggests that some of
its branches, such as chaos theory, might bring us closer to a scientifically verifiable
reconciliation of the two types of time. With their mixture of both orderly and disorderly
elements, Davies argues, chaotic systems, such as the human brain, are fundamentally
indeterministic and as such correspond to static-dynamic dialectic of frozen and flowing
kinds of time (About Time, p. 277). In a different way, he claims, quantum physics too
could create a link between physical and subjective time: the idea that the act of
observation causes the collapse of the wave function (the particle is seen either as a wave or
a particle) — which is by no means a generally accepted view of how potentiality becomes
actuality in quantum physics, but Davies seems to subscribe to it — links consciousness to
physical processes by suggesting that the two are inseparable from each other (About Time,
pp- 277-78). For Davies, then, such physics could give us a reconciliatory scientific theory
that recognizes the reality of both physical and subjective kinds of time without dismissing

one at the expense of the other. This, he concludes, would have far-reaching consequences
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for our understanding of nothing less than ‘the nature of the human self” (About Time, p.
278).

From the viewpoint of Davies’s rhetoric, we could therefore say that postmodern
physics functions as an all-inclusive term to which both scientific and human time are
subjected. As such, the term itself has a reconciliatory function in Davies’s argument, even
though he does not seek to provide conclusive proof for the hypothesis — as noted above,
the innermost Ego has a similar function, as Eddington uses it to undo the opposition
between the apparently opposite concepts of being and becoming.

For Davies, the relationship between the two types of time is closely connected to
another problematic relationship: the one between free will and determinism. He begins the
discussion by noting that the two revolutionary building blocks of the new physics seem
give rise to diametrically opposite views on the issue. While relativity with its block time
suggests that the future ‘in some sense already exists’, thus implying deep-seated
determinism, quantum physics, with the crucial role it gives to the observer, ‘appears to
offer human beings a unique ability to influence the structure of the physical universe’ (The
New Physics, p. 135), a view that would speak for free will. As in the case of the opposition
of physical and psychological time, however, Davies’s intention is to show that the
opposition is merely apparent. Although relativity theory’s four-dimensional model of the
universe also includes future events, it does not say anything about the causal links between
past, present, and future events (The New Physics, p. 137). In this sense, then, relativity,
like quantum physics, describes a universe in which the future is indeterminate (The New

Physics, p. 137).
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Like postmodern physics, the concept of indeterminacy is here used as a term to which
an opposition is subjected. It hence seeks to build a bridge between relativity theory and
quantum physics by showing that both allow the idea of an indeterminate future.

Davies is nevertheless sceptical about whether indeterminism guarantees that
individuals truly possess a free will. ‘Indeed,” he writes, ‘the determinist would argue that
free will is only possible in a deterministic universe’ (The New Physics, p. 137; emphasis
original). Following this logic, we could not say that the inhabitants of an indeterministic
universe would have freedom of will because there are no causal relationships between
events (The New Physics, p. 137). A completely deterministic universe, on the other hand,
would effectively forbid free will because even though people might be able to make
choices, the motivations behind them would be determined beforehand. Once again, Davies
uses an analogy to illustrate his argumentation:

When you choose to drink tea rather than coffee, the decision is due to environmental
influences (such as, tea is cheaper), physiological factors (coffee is a stronger stimulant),
cultural dispositions (tea is a traditional drink), and so on. Determinism asserts that every
decision — every whim — is determined in advance. If that is so, however free you may
feel to choose tea or coffee, in reality your choice was destined from the moment you were
born — even before. (The New Physics, pp. 138-39)

Hence, neither indeterminism nor determinism seems to validate free will, and after
discussing other similar arguments, he has to admit that the philosophical problems
concerning the relationship between determinism and free will ‘seem insurmountable’ (The
New Physics, p. 143). For Davies, then, the new physics does not in itself offer a final
solution to this problem, as both relativity theory and quantum physics neither wholly

affirm nor wholly deny free will. What his argument does, however, is that it makes the

opposition between relativity and quantum physics appear less sharp in regard to the
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question of free will; this constitutes a reconciliatory attempt similar to his reconfiguration

of the opposition between physical and psychological time.

2.3.2 Reconciling the Temporal with the Timeless

The problematic relationship between the time described by physics and the time of human
experience is also explored in lan McEwan’s The Child in Time. The novel tells the story of
Stephen Lewis, a former author of children’s books, whose three-year-old daughter, Kate,
has apparently been abducted. Stephen now works for the governmental ‘Sub-committee on
Reading and Writing’,ls:zl which studies children’s linguistic learning abilities. Because of
his loss, Stephen has become alienated from his wife, work, and society. However, after a
series of deeply meaningful experiences, he gradually emerges from the depths of his
personal trial with a greater understanding of himself and is eventually able to overcome his
estrangement. The relevance of The Child in Time to the discussion on the representation of
time in popular science writing and literature derives from the fact that McEwan studies the
protagonist’s transformation primarily as an experience of different types of time: by its
numerous references to both relativity theory and quantum physics, the novel explicitly sets
the temporal against the timeless as a means of portraying the emergence of Stephen’s new

self. In this way, it uses certain ideas from the new physics in order to emphasize the

32 Tan McEwan, The Child in Time (London: Random House, 1987; 2001), p. 4. Further references to this
book are given in parenthesis.
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meaningfulness of the subjective experience of time in contrast to the everyday experience
of time as a river-like flow of events from the past towards the future. Viewed in a larger
theoretical context, this implies that by turning to the new physics for conceptual
inspiration, McEwan has sought to validate the same kind of view of the temporal
experience that is evident in Romanticism and strands of Modernism such as that of T. S.
Eliot, in which the experience of the timeless gives rise to a meaningful sense of
individuality in the mechanistic and deterministic Newtonian universe.|5:3| As suggested but
not completely affirmed by Paul Davies, then, the ideas of the new physics appear to
promise reconciliation between the opposites of complete determinism and indeterminism,
as the protagonist of the novel is able to renew his relationship to the world through his
experience of the timeless.

The beginning of The Child in Time focuses on Stephen’s experience of time after his
daughter’s disappearance. As he mourns for his daughter, Stephen’s sense of meaning is
dependent on a fantasy that he keeps projecting on the future. ‘Kate’s growing up’, the
narrator notes, ‘had become the essence of time itself. [...]. Without the fantasy of her
continued existence he was lost, time would stop’ (p. 2). In other words, because he
constantly dwells on the past while having unrealistic expectations of the future, Stephen’s
main problem is that he has ceased to live in the present moment, which he experiences as
‘empty time, dry of meaning or purpose’ (p. 30). This is foregrounded, for instance, by the

fact that the portrayal of the meeting of the subcommittee at the beginning of the novel is

>3 See also Marc Delrez, ‘Escape into Innocence: Ian McEwan and the Nightmare of History’, ARIEL: A
Review of International English Literature, 26.2 (1995), 7-23; Paul Edwards, ‘Time, Romanticism,
Modernism and Moderation in Ian McEwan’s The Child in Time’, English: The Journal of the English
Association, 44.178 (1995), 41-55.
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constantly interrupted by Stephen’s memories of his schooldays and the day of Kate’s
disappearance. By thus disrupting the linearity of the narrative, McEwan suggests that
Stephen is unwilling to accept the fact that time flows on, increasing the distance between
him and Kate. At same time, however, Stephen realizes that there is no returning to the lost
past of ‘uninterrupted time’ preceding Kate’s abduction, for the forward motion of time
‘monomanically forbids second chances’ (p. 8). From this follows that Stephen feels unable
to break free from the bleak determinism of ‘the commonplace of irreversible time’ (p.
100): his future seems to be determined by Kate’s loss, with no chance of changing its
direction. As in Davies’s analogy of an observer standing on the bank of a river, then, here
mind acutely experiences time as asymmetry between the past and the future.

Yet, having thus outlined Stephen’s problem of helplessly flowing with the river of
time, the novel turns to T. S. Eliot’s Four Quartets (1943) for a possible solution. Eliot,
who is both alluded to and explicitly quoted in McEwan’s novel, ponders on the meaning
of time from human perspective at the beginning of ‘Burnt Norton’ as follows:

Time present and time past

Are both perhaps present in time future,
And time future contained in time past.
If all time is eternally present

All time is unredeemable.

What might have been is an abstraction
Remaining a perpetual possibility

Only in a world of speculation.

What might have been and what has been
Point to one end, which is always present. (I, 1—10)@

3 T, S. Eliot, ‘Burnt Norton’, in Collected Poems: 1909—1962 (London: Faber and Faber, 1963; 1986), pp.
189-95.
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Note how the antimetabole in first three lines creates a sense of time symmetry, as the past,
the present, and the future seem to exist simultaneously. Unlike the time is a river metaphor
that has them occurring in sequence, this formulation suggests that the three intersect each
other in the present moment of consciousness. In a similar fashion, in the fifth part of ‘The
Dry Salvages’ the speaker of the poem declares that ‘men’s curiosity searches past and
future | And clings to that dimension. But to apprehend | The point of intersection of the
timeless | With time, is an occupation for the saint — (V, 17—20).|5:5| Together with the lines
quoted above they express a — if not the — major paradox in the poems of The Four
Quartets: although human consciousness is characterized by the flux of memories and
fantasies, it is occasionally able to catch a glimpse of the realm of the timeless. That is, the
otherwise meaningless unredeemable time can momentarily be filled with meaning, as
certain types of religious experience suggest — significantly enough we discover that Julie,
Stephen’s wife, who has gone into a countryside retreat to deal with her sorrow, spends her
time reading ‘mystical or sacred texts — St John of the Cross, Blake’s longer poems, Lao-
tzu’ (p. 49).

Accordingly, as Stephen gradually begins to emerge from his condition, the novel
introduces more narrative interruptions as a means of exploring the idea that in addition to
the irreversible, common-sense time, there exists other types of time. For instance, he gets
into a traffic accident in which his perception of time becomes altered: instead of
experiencing time passing at normal speed, he senses that ‘the rapidity of events [during the

accident] was accommodated by the slowing of time’ (p. 91). In this state Stephen

> T. S. Eliot, ‘The Dry Salvages’, in Collected Poems: 1909-1962 (see Eliot, above), pp. 205-13.
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experiences ‘a sense of a new beginning’ (p. 91) that, as we later learn, signals a positive
turn in his life. Later he discusses the accident with his friend, the physicist Thelma Darke,
who is the wife of his close friend and publisher, Charles Darke. Thelma, who has written
her thesis on ‘the nature of time’ (p. 27), explains to Stephen that ‘the common-sense,
everyday version of [time] as linear, regular, absolute, marching from left to right, from the
past through the present to the future, is either nonsense or a tiny fraction of the truth’ (p.
116), thus criticizing the metaphor that likens time to a flowing river. Indeed, the novel
appears to validate Thelma’s thesis by making him experience a vision of a fresh start with
Julie during the accident, thus suggesting a collapse of strict boundaries between the
present and the future.

Similarly, the connection between an experience of timelessness and a meaningful
vision of future is evident in the story of the first encounter of Stephen’s mother with her
future husband, Douglas: she meets him in the clock department of a department store,
where he has come to claim refund for a stopped wristwatch (p. 169). In the context of the
novel’s exploration of the relationship between the temporal and the timeless, the broken
watch can be seen as a symbol of those deeply meaningful moments during which time
seems to stand still, pointing to the eventual union of Stephen’s parents.

The story about Stephen’s parents is linked to an episode in which Stephen visits his
wife’s countryside retreat. While approaching Julie’s cottage, his consciousness becomes
completely focused on the surroundings. ‘He set off,” the narrator notes, ‘and within
minutes found satisfaction in this new landscape. He was marching across a void. All sense
of progress, and therefore, all sense of time, disappeared’ (p. 48). Moments later Stephen

heads for a pub called The Bell to seek shelter from the rain and discovers that he has
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entered a time before his birth: through the pub’s window he sees his future parents, who
seem to be discussing the possibility of abortion (pp. 55-56). Hence, by again portraying an
event that suggests a collapse of the boundaries between the past, the present, and the future
— Stephen’s present consciousness encounters a vision of a meaningful event in his past
that in turn concerns his future — the novel foregrounds the significance of the non-linear
experience of time: it is only after Stephen sees them at The Bell that he realizes how his
own life is inextricably tied to the life of his parents. ‘He understood’, the narrator notes,
‘that his experience there had not only been reciprocal with his parents’, it had been a
continuation, a kind of repetition [through which] all the sorrow, all the empty waiting had
been enclosed within meaningful time, within the richest unfolding conceivable’ (p. 213).
McEwan thus attributes a specifically cyclical nature to time, suggesting that the reality
behind the illusion of one-way time unfolds as meaningful, repetitive patterns.

In spite of such episodes, however, the novel remains somewhat ambiguous about fully
grounding its ontology on Thelma’s explanation. On the one hand, Stephen’s vision of
Douglas and Clare at The Bell might be due to exhaustion from a long walk in the rain. On
the other hand, since Stephen’s mother later verifies the accuracy of his vision, the reader
may be inclined to prefer Thelma’s speculative remarks about parallel universes and the
possibility of ‘backward movement in time’ (p. 116). Hence, although the novel’s scientific
ideas might influence one’s interpretation to a certain extent, they do it without
undermining the dominating sense of realism.sl:(’l In this respect, The Child in Time

emphasizes the reality of subjective experience over authoritative explanations such as

%% See also Delrez, pp. 7-23 (pp. 11, 14).
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those offered by science. ‘You don’t need physics’, as Thelma remarks to the baffled
Stephen, ‘to explain what happened to you. Niels Bohr was probably right all along when
he said that scientists should have nothing to do with reality. Their business is to construct
models which account for their observations’ (p. 118). Her words not only foreground the
difference between scientific and subjective time but also point to Davies’s notion that
because the two belong to different levels of description, they should be regarded as
complementary rather than opposite accounts.

Regardless of how we choose to explain Stephen’s experiences, it is clear from the
above examples that The Child in Time approaches the individual consciousness in terms
that are quite distinctively Romantic in their insistence on portraying the mind as an escape
route from the external world. This is evident especially in the conspicuous motif of
making choices, through which the novel links the act of turning inward to the experience
of timelessness. An event that clearly epitomizes the idea of the flux of consciousness
giving way to single-minded concentration is Stephen’s visit to Charles Darke in the
countryside. After being forced to retire from a high position in the government, Charles,
age forty-nine, has regressed into child-like existence: wearing old-fashioned schoolboy
clothes, he spends his time in a tree house in schoolboy activities. Stephen agrees to climb
to the tree house with Charles, and unexpectedly experiences something akin to an
epiphany. ‘It occurred to him fleetingly’, the narrator observes, ‘that he was engrossed,
fully in the moment. Quite simply, if he allowed another thought to distract him he would
fall out of the tree’ (p. 108). Indeed, as he continues to recover, Stephen realizes that he
must liberate himself from the tyranny of time by intensely focusing on the present

moment; he consequently takes up activities such as learning classical Arabic and tennis in



133

order to still his consciousness (pp. 156-57). (Julie also uses a similar strategy in order to
overcome anxiousness: she practises demanding pieces on her violin for the sole purpose of
stopping herself from thinking (p. 216).) As in the car accident episode, the sense of
timelessness that Stephen experiences during his climb is associated with a sense of a new
beginning that signals liberation from the past. ‘I won’t always be doing this’, he realizes,
‘One day I'll be doing something else’ (p. 109). Hence, the novel portrays the experience of
timelessness as a state that counters the kind of determinism associated with temporal
processes evident, for instance, in thermodynamics: instead of a future unconditionally
determined by the past, the experience of timelessness seems to indicate — to use the
terminology of chaos theory — a point of bifurcation leading to liberation from the past.

This interpretation is to some extent supported by the imagery of the episode. Viewed
from the ground level, the beech tree appears as a ‘dizzying maze of branches dividing and
sub-dividing’ (p. 106). Significantly, the ensuing discussion on the nature of time between
Stephen and Thelma also makes use of branch-like imagery: Thelma explains that the
theory of possible worlds in quantum physics ‘has the world dividing every infinitesimal
fraction of a second into an infinite number of possible versions, constantly branching and
proliferating’ (p. 115). Instead of the notion that the future is always determined by the
past, then, Thelma’s explanation suggests that each moment opens up a multitude of
possible futures of which one is eventually realized.

In this light, it is not surprising that the novel continuously presents situations in which
characters are forced to make significant choices. For instance, Stephen’s own coming into
existence is a result of her mother’s choice between abortion and giving birth to her baby,

as he painfully learns at The Bell; the novel suggests that already at the time when Douglas
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brought his watch to the store, Stephen already existed as a possibility: the hands of the
watch, significantly enough, stood ‘at a quarter to three’ (p. 170). In the same way, the
decision of Stephen and Julie to get back together is described in terms of choosing
between mutually exclusive choices:

They confronted two possibilities, equally weighted, balanced on a honed fulcrum. The
moment they inclined towards one, the other, while never ceasing to exist, would disappear
irrevocably. [...].

Their hesitation was brief, delicious before the forking paths. (pp. 59-60)

At this point it is necessary to make an observation about the use of the term forking paths
in this passage. Given the fact that it points to the intimate link between the experience of
time and making choices, it seems to allude to the forking paths famously portrayed in
Jorge Luis Borges’s short story ‘The Garden of Forking Paths’ (1941). The protagonist of
the story, a professor searching for a mythical labyrinth, discovers the garden of forking
paths in a symbolic form on the pages of a book called The Garden of Forking Paths.
Borges’s story eventually reveals that the book itself functions as a metaphor for time and
the universe:

The Garden of Forking Paths is an incomplete, but not false, image of the universe as Tsui
Pen conceived it. In contrast to Newton and Schopenhauer, Tsui Pen did not believe in a
uniform, absolute time. He believed in an infinite series of times, in a growing, dizzying net
of divergent, convergent, and parallel times. This network of times which approached one

another, forked, broke off, or were unaware of one another for centuries, embraces all
possibilities of time.EI

>7 Jorge Luis Borges, ‘The Garden of Forking Paths’, in Labyrinths: Selected Stories and Other Writings, ed.
by Donald A. Yates and James E. Irby (New York: New Directions Books, 1964), pp. 19-29 (p. 28).



135

In short, Borges’s story conceives time creating an infinite number of parallel worlds, each
of which represents one possibility in a labyrinthine universe. Using strikingly similar
diction and images, McEwan employs the notion of parallel universes as a means of
creating a universe in which different temporal levels continuously intersect each other. In
this way, he questions the notion of uniform time and considers the possibility of making
choices between different futures.

The tree house episode is also noteworthy because it introduces the idea of childhood as
a metaphor for balanced individual consciousness. For Charles, who is torn between his
desire to experience the childhood he apparently never had and the demands of his political
career, childhood constitutes an escape route from time. ‘For children, childhood is
timeless’, he comments on Stephen’s first book, ‘It’s always the present. Everything is in
the present tense. [...] This book is not for children, it’s for a child, and that child is you.
Lemonade is a message from you to a previous self which will never cease to exist. (p. 28).
Unfortunately, however, Charles’s second childhood in adulthood is inauthentic because it
makes him unable to cope with the reality of the present moment. Like Stephen’s refusal to
accept Kate’s disappearance, Charles’s eventual death — he is still wearing his school
uniform when Stephen discovers his body — points to the negative consequences of
resisting change. Significantly, Thelma makes a comparison between Charles’s attitude and
the resistance of scientific thinking towards change, noting that ‘Charles’s case was just an

extreme form of a general problem’ (p. 205), as both — whom the narrator describes as
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Thelma’s two children (p. 39) — are too arrogant, competitive, and egotistical for their own
58
good.l:l
Following the Romantic ideal, the novel makes a different kind of childhood a metaphor
for consciousness that is characterized by a creative kind of openness, concentration, and a
willingness to allow chance encounters to lead one’s way. In contrast to Charles’s false,
compulsive behaviour, such consciousness is capable of fully focusing on the present
moment, as Stephen observes in Thelma’s countryside garden:

Kate would not be aware of the car half a mile behind, or of the wood’s perimeters and all
that lay, beyond them, roads, opinions, Government. He needed her good influence, her
lessons in celebrating the specific; how to fill the present and be filled by it to the point
where identity faded to nothing. He was always partly somewhere else, never quite paying
attention, never wholly serious. Wasn’t that Nietzsche’s idea of true maturity, to attain the
seriousness of a child at play? (p. 103)

It should be noted that this passage represents only one of the numerous instances in which
McEwan creates a contrast between urban surroundings and the countryside. The link he
creates between the latter and Kate’s ability to remain focused suggests that the
metaphorical child is an innocent who escapes the world into the present of its
consciousness — this link is perhaps also implied in the narrator’s description of Stephen’s
train journey from London to the countryside, which in addition to literally showing the

protagonist buildings from different architectural periods, is a metaphorical journey ‘from

the past into the present’ (p. 46) of human consciousness.

>% This is based on the comparison that McEwan makes between classical physics and masculine traits on the
one hand and quantum physics and feminine traits on the other. He quite stereotypically thus associates
classical physics with linear time and stasis, while linking quantum physics to cyclical time and change. In
this sense, then, the character of Charles and classical physics reflect each other’s negative qualities, the death
of the former signalling the end of the latter (with her critical stance on the ideas of classical physics, Thelma
obviously represents the new era of the ‘feminine’ quantum physics).
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It is also the Modernist vision of Eliot that foregrounds such ideas. Suggesting yet
another explicit link between the two texts, the second part of ‘Burnt Norton’ connects the
concept of timelessness to an image of garden, as the speaker stresses the importance of
stilling one’s consciousness from the continuous flux of thought:

Time past and time future

Allow but a little consciousness.

To be conscious is not to be in time

But only in time can the moment in the rose-garden,

The moment in the arbour where the rain beat,

The moment in the draughty church at smokefall

Be remembered; involved with past and future.

Only through time time is conquered. (I, 42—49)@
In these lines Eliot links the consciousness of the present moment to an experience of
eternity, consequently making the image of the rose garden a symbol of a mental state in
which the temporal and the timeless intersect. Like A. S. Eddington’s reconfiguration of the
relationship between being and becoming in Davies, it suggests reconciliation between the
physical and the psychological types of time, as the individual becomes aware of a
meaningful relationship between the external and the inner realities.

Indeed, mirroring the reconciliation of the eternal and the temporal in Eliot’s poem,
Stephen and Julie overcome their estrangement at the end of The Child in Time. As in the
case of the perception of time, the ending emphasizes the role of subjective consciousness
as the place in which change — both individual and social — is initiated. ‘In the wild

expansiveness of their sorrow’, the narrator describes the beginning of the change, ‘they

undertook to heal everyone and everything, the Government, the country, the planet, but

3T. S. Eliot, ‘Burnt Norton’, p- 192.
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they would start with themselves’ (p. 217). Similarly foregrounding the role of timeless
consciousness as a counterforce to the experience of the flowing river of time in the
physical world, the novel ends with Julie giving birth to another child:

Beyond the bed was the window through which they could see the moon sinking into a
gap in the pines. Directly above the moon was a planet. It was Mars, Julie said. It was a
reminder of a harsh world. For now, however, they were immune, it was before the
beginning of time, and they lay watching planet and moon descend through a sky that was
turning blue. (pp. 222-23)

The fact that Stephen and Julie thus find relief from their pain in their timeless condition of
love points to the notion of subjective consciousness as a place untouched by the exterior
world of social existence. Nevertheless, although the above passage suggests an opposition
between the world outside and the happiness of the family, its celestial imagery indicates
that there is also a sense of reconciliation: while Mars, as the narrator notes, is an obvious
symbol of worldly realities, the descending moon implies the eventual banishing of
darkness and a new beginning. Such reconciliation is also suggested by the fact that instead

of turning away from the world, the consciousnesses of Stephen and Julie turn towards it in

the end.

In the above subchapter I discussed how Davies and McEwan attempt to reconcile the
relationship between physical and psychological time by regarding them as complementary
rather than opposite concepts. Although Davies uses figurative language to a lesser extent

than the other popularizers studied in this chapter, he does employ certain rhetorical
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strategies in order to support his argument that the two types of time belong to different
levels of description, and are thus to be regarded as complementary. In addition to using
analogies as illustrative devices, he finds in A. S. Eddington’s words a means of describing
the link between physical and psychological time: Eddington’s use of parallelism, all-
inclusive terms, and repetition help reconfigure the dichotomy and suggest that both are
equally valid ways of understanding time. Inspired by Eddington’s thought, Davies
introduces similar all-inclusive terms, through which he aims to show undo dichotomies
between scientific and human time, and free will and determinism.

McEwan in turn relies on characterization and reserved structural experimentation in
order to juxtapose the temporal and the timeless. He repeatedly interrupts the main
narrative by having the protagonist enter parallel worlds in which his consciousness
becomes altered, as the strict boundaries between the past, the present, and the future break
down. Moreover, McEwan’s imagery at times suggests the possibility of escaping the
tyranny of linear time by turning towards the timeless realm of consciousness and finding a
pathway to the reconciliation of the inner and the outer, the subjective and the objective,

there.
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2.4 The New Physics: Conclusion

In this first analytical chapter I have focused on how the new physics of relativity theory
and quantum physics have been represented in contemporary popular science writing and
literature and how the two approach three shared topics: knowledge, identity, and time.
Beginning with the observation that the popularization of the new physics is a relatively
recent phenomenon, I proceeded to study how the two genres have explored its
metaphysics, and discussed the relationship between the ideas of the new physics and their
links to the three topics. I noted that popular science writing that establishes this kind of
link often seeks to find in scientific theories answers and solutions to various sorts of
human dilemmas, constructing their speculative theories on the authoritative basis of
modern physics.

Because books seeking to create a link between the findings of the new physics and
various distinctive schools of thought, such as Eastern philosophies, represent a substantial
part of popularizations examining the philosophical implications of modern physics, I
began my discussion with two well-known representatives of the trend: Fritjof Capra’s The
Tao of Physics and Gary Zukav’s The Dancing Wu-Li Masters. 1 showed how the books
utilize certain kind of figurative language in order to build an analogy between the
subatomic world and the conceptual world of Eastern philosophies as mirrors of each other.
Employing a similar method of argumentation, Danah Zohar in The Quantum Self attempts
to establish correspondence between the ideas of the new physics and a model of human

identity that emphasizes the fluid and interactive nature of the self.
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Through their use of individual figures of speech such as metaphor, simile,
antimetabole, synoeciosis, oxymoron, and various figures of repetition, the three writers
seek to linguistically accommodate the idea that the macroscopic world constitutes an
unbroken whole of interlinked parts that are in dynamic interaction with each other. In
other words, their language is indicative of strong holism. One of the major consequences
of this is that their use of figurative language gives rise to a philosophy of complementarity,
which aims to replace the Aristotelian logic of either/or (the law of the excluded middle)
with the multiperspectivist logic of both/and. As it seeks to acknowledge the notion that
opposite qualities and concepts co-exist within the same object, the latter logic makes
binary oppositions appear less sharp and absolute, buttressing the authors’ argument that
many problems facing individuals and society today derive from thinking guided by strict
dichotomies.

In the same way, literature using the ideas and terminology of the new physics also
reflects the desire to create an analogy between the microscopic and the macroscopic.
Jeanette Winterson’s Gut Symmetries, Ruth Brandon’s The Uncertainty Principle, Tom
Stoppard’s Hapgood, and Michael Frayn’s Copenhagen foreground the uncertain nature of
human knowledge while comparing characters to subatomic particles in order to stress the
fluidity and duality of the self. Although the portrayals of their characters suggest radically
divided selves, these works present the idea that the relationship between the opposing
traits of the self is based on complementarity rather than opposition. Hence, they too
respond to the notion of quantum physics validating the logic of both/and rather than that of
either/or, consequently espousing a distinctively holistic view of the world. Individual

identity, like everything else in the interconnected web of the universe, is a composite of



142

seemingly opposite qualities that exist side by side. In terms of human knowledge, in turn,
literature tends to highlight a crucial problem in the philosophy of the new physics:
although quantum physics places the observer at the centre of the universe, our interaction
with the world places many fundamental restrictions on us, including our ability to ever
know the universe, other human beings, or even ourselves.

However, in spite of the numerous, essential similarities between popular science
writing and literature on the shared issues of knowledge and identity, there are significant
differences. Whereas both suggest that the new physics validates a new kind of worldview
that is in many ways emancipatory — the rigid logic of either/or is replaced by the more
flexible logic of both/and, the notion of an atomistic self is substituted by a dynamic and
multiple quantum self, and so forth — the latter also focuses on the anxieties that it
produces. Winterson’s characters are constantly troubled by the sense of shifting and
malleable identity, which undermines their efforts of discovering certainty and solidity. For
the other three writers, the difficulty of arriving at certain knowledge is linked to the notion
that the self is composed of opposite qualities: Brandon’s protagonist encounters the hidden
roles played by the people in her life, the multiple identities of Stoppard’s characters
question the possibility of establishing universal moral values, and Frayn’s Heisenberg is
doomed to forever remain unknown to himself.

In the case of the third shared topic, time, I noted that both science and literature have
explored the ways in which we experience it in order to establish its human relevance.
Focusing on the relationship between physical and psychological types of time, Paul
Davies’s About Time and God and the New Physics feature reconciliatory attempts aiming

to show that the two represent complementary rather than opposing ways of understanding
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time. In this sense, Davies espouses a holistic approach similar to that of Capra, Zukav, and
Zohar, although he does not seek to link science to philosophy in the same way that the
three do. Perhaps this is why Davies is quite cautious in his use of rhetorical figures: since
he does not present a forceful argument about what time really is, being content with
merely explaining his readers how the elusive concept has been understood, his writing is
less figurative than that of writers who deliberately aim to unite science and philosophy.
Yet, as already noted, the general framework of holistic thought is evident in his language.
Ian McEwan’s The Child in Time features a similar reconciliatory attempt in that it
emphasizes the role of subjective consciousness in establishing a meaningful relationship
with the world. However, although it too explores the relationship between physical and
psychological types of time, McEwan’s novel extends Davies’s discussion considerably.
The most significant aspect of this is that it acknowledges the reality of the subjective
experience in no uncertain terms, consequently testifying to the fact that Davies’s treatment
of the subject is rooted in major schools of artistic thought, such as Romanticism and the
high Modernism of T. S. Eliot. In this way, the novel affirms the value of subjective
experience in a world dominated by the authoritative theories of science and suggests that

the two complement rather than clash with each other.
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3.  Chaos, Complexity, and Meaning

Having discussed examples illustrating the use of figurative language and the
representation of science as regards the new physics, I now turn to another field of the
natural sciences that many consider truly revolutionary: chaos theory and the study of
complex natural phenomena. As in the previous chapter, I examine not only rhetoric and
representation but also the various intersections between popularizations of the science and
literature influenced by its ideas. More specifically, the analyses below focus on an
overriding theme that all the texts studied in this chapter share: the relationship between
chaos and order, as it is from this fundamental opposition that common concerns such as
the relationship between humankind and nature, the problem of free will, and the question
about the nature of human perception emerge. After briefly introducing chaos and
complexity, I proceed to consider how contemporary popular science writing and literature
delineate their human relevance. The popular books discussed in 3.2 are Ilya Prigogine and
Isabelle Stengers’s Order out of Chaos: Man’s New Dialogue with Nature (1979),
Prigogine’s The End of Certainty: Time, Chaos, and the New Laws of Nature (1996), Paul
Davies’s The Cosmic Blueprint: Order and Complexity at the Edge of Chaos (1987), and
Stuart Kauffman’s At Home in the Universe: The Search for Laws of Self-Organization and
Complexity (1995). I then analyse chaos and complexity in the fiction of Connie Willis’s
Bellwether (1996), Kate Wilhelm’s Death Qualified: A Mystery of Chaos (1991), Michael
Crichton’s Jurassic Park (1991), William Gibson and Bruce Sterling’s The Difference

Engine (1990), Robert Littell’s The Visiting Professor, and Martin Amis’s Time’s Arrow or
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The Nature of the Offense (1991).|1:|In 3.3 I examine a particular feature that in some
instances has been linked to chaos theory: its allegedly Romantic nature. My examples of

this trait are James Gleick’s Chaos and Tom Stoppard’s play Arcadia.

! Except for Amis’s novel, analyses of this selection of chaos-inspired novels can be found in Merja Polvinen,
‘Reading the Texture of Reality: Interpretations of Chaos in Literature and Literary Studies’, New
Formations, 49 (2003), 48-60. Section 3.2.2 presents more detailed readings in support of her general
arguments. Moreover, Polvinen’s discussion of Stoppard’s play can be found in ‘Chaos Theory and Literary
Knowledge in Tom Stoppard’s Arcadia’, in La conoscenza della letteratura, ed. by Angela Locatelli
(Bergamo: Bergamo University Press, 2002), pp. 135-58.
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3.1 From the New Physics to Chaos and Complexity

As noted in the introduction to chapter 1, one of the revolutionary features of quantum
physics is its insistence on the impossibility of attaining exact knowledge at the level of
subatomic events. In mathematics the idea that knowledge could be organized into a
formalized system of axioms, deduction, and proof was seriously questioned by the
Austrian-born American mathematician Kurt Godel’s two incompleteness theorems in
1931. In the first theorem — which is the more famous one — Godel argued that in all
logically consistent formulations of logic and mathematics there exists true formulas that
are neither provable nor disprovable. By this he suggests that the formulations of logic and
mathematics are fundamentally incomplete because the consistency of formal systems
cannot be proved within those systems. As Steven Best and Douglas Kellner note in their
examination of twentieth-century thought, the implications of Godel’s theorem for the
philosophy of science were nothing less than alarming: ‘Because mathematics is the formal
language of science and the standard of rational knowledge and certainty, Godel’s theorems
had disturbing implications for the ideals of formalization and rigorous science’ (The
Postmodern Turn, p. 216).2['

Although the first discoveries related to chaos theory were made already at the turn of
the twentieth century, it was not until the 1960s that the world of the natural sciences was
truly confronted with the implications of Godel’s observations. Scientists such as

mathematicians, physicists, biologists, chemists, and ecologists began to notice that for

* The short history of chaos theory given in the following two paragraphs is mainly based on Polvinen (p. 48).
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some reason, simple natural phenomena tended to act in unpredictable ways. The need to
create more accurate predictions led to the birth of chaos theory, which made it possible to
describe the extremely complex behaviour of non-linear dynamic systems that have reached
the state of chaos.

As readers of popularized accounts of chaos theory know, chaos can be detected in
widely varied natural and man-made phenomena, such as waterfalls, traffic jams, the
movement of animal populations, vortices created by aircraft wings, respiratory disorders,
and chemical reaction rates, to name a few. A shared feature in the behaviour of such
systems is their high sensitivity to very small changes, which gives rise to dramatically
great consequences in a short period of time. These kinds of systems show one of the main
characteristics of chaos: while processes that appear random or chaotic may be seen to
follow mathematically describable laws — thus displaying an underlying order —
processes that supposedly should exhibit predictable behaviour can be shown to be
fundamentally chaotic. This implies that for the layman, the connotations of the word chaos
in the study of complex phenomena are likely to be misleading, as instead of using it to
refer to total randomness, scientists employ it when they talk about the non-linear yet
ordered nature of chaotic systems. Instead of connoting formlessness, then, the scientific
use of the term points to the idea that the final form of the system may prove impossible to
predict, as the mathematician and meteorologist Edward Lorenz’s famous example of the
so-called butterfly effect suggests: theoretically speaking, a butterfly flapping its wings in
Tokyo can create a storm in New York by affecting weather patterns through a complex
chain of events. Hence, the possibility of prediction in the case of chaotic and complex

systems is always limited.
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Because of the radical implications of chaos theory for our knowledge of nature, many
have granted it the status of a revolutionary scientific theory that deserves to be placed after
relativity theory and quantum mechanics as the third revolution in twentieth-century
science. ‘Relativity eliminated the Newtonian illusion of absolute time and space’, as the
physicist Joseph Ford puts it, ‘quantum theory eliminated the Newtonian dream of a
controllable measurement process; and chaos eliminates the Laplacian fantasy of
deterministic predictability.’ﬁiowever, for cultural critics such as Steven Best and Douglas
Kellner, such statements are debatable: in many ways chaos theory can be seen as a
continuation of quantum theory, as it takes the principles of quantum mechanics from the
study of the microscopic world and applies them to the study of chaotic phenomena in the
macroscopic one (The Postmodern Turn, p. 218). Regardless of how one may want to
interpret the status of chaos theory in the history of science, it seems that it in some critical
ways represents a continuation of quantum physics. For instance, Best and Kellner note that
both quantum mechanics and chaos theory offer ‘a dynamic view of reality’ (The
Postmodern Turn, p. 219), in which complexity and unpredictability appear as crucial
features. They argue that discoveries made in these fields point to a new vision of reality
that is based on the idea of ‘a heterogeneous system of forces that interact in complex,
random, and irregular ways’ (The Postmodern Turn, p. 219). For them, such a vision is
distinctively postmodern because it aims at reconciliation between the crucial elements of
Newtonian and post-Newtonian paradigms of thought (The Postmodern Turn, p. 219). On

this view, scientists with a postmodern attitude aspire to develop

3 Quoted in James Gleick, Chaos: Making a New Science (New York: Penguin, 1987; London: Random
House, 1997). Further references to this book are given in parenthesis.
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a synthetic theory where reversibility and irreversibility, chance and necessity, dynamics
and thermodynamics, entropy and evolution, natural selection and self-organization [...] are
synthesized but in which the old paradigm applies only to certain closed subsystems of
nature and in which chance, irregularities, and the dynamic movement of open systems are
the rule rather than the exception. (Best and Kellner, The Postmodern Turn, p. 219)

Consequently, Best and Kellner argue, postmodern thinking in science seeks to go beyond
various binary oppositions that it finds restrictive (The Postmodern Turn, p. 220). An apt
example of this tendency is the relationship between order and disorder: previously seen in
more or less antithetical terms, order and disorder are seen in chaos theory as mutually
inclusive, intertwined concepts — ‘as a kind of order emerges out of chaos, so chaos
underlies order’ (The Postmodern Turn, p. 220), as Best and Kellner put it using an

exemplary antimetabole. As we shall see below, both popular science writing and literature

are also concerned with such reconfiguration of established oppositions.
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3.2  The Chaos of Our World: Order and Disorder in Nature and Human

Life

As in the case of the popularization of the new physics, the widespread dissemination of the
insights of chaos theory and complexity began in the 1980s (as I noted at the beginning of
chapter 1, there was a considerable time lag between the actual discoveries of relativity
theory and quantum physics, and their subsequent popularization). Like the ones on the
new physics, popular books on chaos and complexity have linked the science to a multitude
of topics in ways that can be rather surprising, as with explicit links established between
chaos and business management, chaos and popular psychology, or chaos and esoteric
thought.4|:|Again, whatever one may think about the validity of such connections, they
testify to the dynamic conceptual movement between different cultural areas, as terms and

theories travel far from their places of origin.

3.2.1 Chaos Begetting Order: The Arrow of Time, Nature’s Complexity,

and Self-Organization

* See, for instance, Thriving on Chaos: Handbook for a Management Revolution (New York: Knopf, 1987) by
Tom Peters, The Tao of Chaos: Essence and the Enneagram (Norfolk, Conn.: Bramble Books, 1994) by
Stephen Wolinsky, and Condensed Chaos: An Introduction to Chaos Magic (Tempe: New Falcon
Publications, 1995) by Phil Hine.
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The first book discussed in this subchapter, the Russian-born chemist Ilya Prigogine and
the Belgian philosopher Isabelle Stengers’s Order out of Chaos, is along with James
Gleick’s Chaos one of the seminal popularizations of chaos theory. Prigogine is today
known for his work on the so-called dissipative structures, systems existing far from
thermodynamic equilibrium that are able to give birth to higher levels of order — this,
obviously, is the feature to which the title of Prigogine and Stengers’s book refers. In the
1970s and 1980s Prigogine’s research on such systems led him to argue that self-
organization, a process whereby the internal organization of a system increases without
being affected from the outside, can occur only in systems that are on the edge of chaotic
behaviour. On the basis of his findings in chemistry, Prigogine went on to create a
philosophical framework for his science, focusing especially on the role of time in the
natural sciences. Indeed, in Order out of Chaos Prigogine and Stengers see time as the main
linking factor between the natural and the social sciences on the one hand and philosophy
on the other.

Although dealing with the same topic as Gleick’s book, Order out of Chaos differs from
it in two major respects. Firstly, as mentioned above, the authors’ approach to chaos is
based on the idea that chaotic systems give rise to spontaneous self-organization in the form
of dissipative structures, hence exemplifying what N. Katherine Hayles calls ‘the order-out-
of-chaos paradigm’ (Chaos Bound, p. 10). The second major difference is found in the fact
that Prigogine and Stengers explicitly seek to situate their discussion of chaos in the

framework of certain strands of continental philosophy.’ Because they are interested in how

0

> In terms of the overall tone of argumentation this means that there is a clear contrast between Order out of
Chaos and Chaos: while the former occasionally aims to convey a sense of philosophical sublime, the latter is
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chaos theory relates to the perception of time, they link the science to the ideas presented
not only in the work of prominent scientists such as Darwin, Ludwig Boltzmann, A. S.
Eddington, and Henri Poincaré but also in the thinking of philosophers such as Henri
Bergson, Teilhard de Chardin, Heidegger, C. S. Peirce, and A. N. Whitehead. The authors
argue that because humankind is undergoing ‘a period of transition’,lﬁ:l
there is a need for new relations between man and nature and between man and man. We
can no longer accept the old a priori distinction between scientific and ethical values. This
was possible at a time when the external world and our internal world appeared to be in
conflict, to be nearly orthogonal. Today we know that time is a construction and therefore
carries an ethical responsibility. (p. 312)
Although both Gleick and Prigogine and Stengers represent chaos theory as a revolutionary
science, it is evident that the link the latter establish between the science and an explicit call
for a new kind of morality separates it from Gleick’s treatment of the same subject, which
avoids linking science to philosophy.|7:|

The scientific basis of Prigogine and Stengers’s philosophical vision is the observation

that there are two kinds of temporal processes in the universe: reversible (the movements of

planets, for instance) and irreversible (thermodynamic processes). Their main argument is

much more down to earth with its references to popular culture and a narrative pattern that suggest a suspense
story (Cordle, p. 78).

% Ilya Prigogine and Isabelle Stengers, Order out of Chaos: Man’s New Dialogue with Nature. (New York:
Bantam Books, 1984; London: Fontana, 1985), p. xxx. Further references to this book are given in
parenthesis.

7 This is characteristic of many popular science books that represent what Martin Eger calls the new epic of
science, which for him is basically ‘the story of evolution: evolution explicated in greater detail than ever
before, deepened, unified, extended far beyond biology — “universal” or “cosmic” evolution’ (p. 191). As in
the case of much popular science studied in my thesis, the new epic of science aims through the theme of
evolution to reconcile science with the concerns of human life, thus showing that even though the wonderfully
complex modern science ‘cannot affect our self-concept directly’, its metaphors do affect society through
their ‘action-orienting power’ (Eger, p. 203; emphasis original).
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that non-equilibrium is the fundamental source of order at both macroscopic and

Y

microscopic levels, as ‘nonequilibrium brings “order out of chaos” (p. 287; emphasis
original). Since irreversible processes can proceed only from the past towards the future,
the authors view the new science of chaos as a rediscovery of irreversible time. Indeed, for
Prigogine and Stengers irreversible processes constitute the rule rather than the exception in
nature because they occur frequently not only at the macroscopic level but also at the
microscopic one. The authors even speculate that ‘it would be quite appealing if atoms
interacting with photons (or unstable elementary particles) already carried the arrow of time
that expresses the global evolution of nature’ (p. 288). In short, then, with its claim that
irreversibility is an inherent property of matter, Order out of Chaos is basically a
reinterpretation of the second law of thermodynamics in which the arrow of time has a
distinctively creative role.

For Prigogine and Stengers, the rediscovery of time in chaos theory has many
significant implications for certain deeply entrenched dichotomies in Western culture and
thinking. Perhaps the most important of them is the dichotomy between the concept of
being (timelessness) and that of becoming (temporality), which they see reflecting the
relationship between classical (Newtonian) science and the new science of chaos. The
authors’ ambitious aim is to show that the newly found temporality can provide a solution
for the long-standing philosophical problem about the fundamental nature of existence. At
the heart of Prigogine and Stengers’s argument is the idea that whereas the world of physics
has for a long time been dominated by the notion of reversible time, other sciences such as

evolutionary biology as well as the general human experience of life are based on the

recognition that time flows irreversibly from the past to the future. In other words, the
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authors see the opposition between being and becoming being reflected not only in the
opposition between the two cultures of the natural sciences and the rest of the culture but
also in the one between physics and biology, arguing that the rediscovery of time — or,
more specifically, the rediscovery of the laws of thermodynamics — can help us build a
bridge between them.

Noting at the beginning of Order out of Chaos that ‘there is an obvious contradiction
between the static view of dynamics and the evolutionary paradigm of thermodynamics’ (p.
xXix), the authors go on to propose that the recognition of entropy as a creative process has
important consequences for our understanding of matter. “This transition’, they write, ‘leads
to a new concept of matter, matter that is “active,” as matter leads to irreversible processes
and as irreversible processes organize matter’ (p. xxix). In this passage we can see how
they use the syntactic form characteristic of antimetabole in order to foreground the
intimate link between one-way temporality and matter in the new science of chaos: the
reversal of the main terms helps emphasize the idea that matter is active rather than passive,
as self-organization is necessarily a one-way process leading from chaos to the emergence
of high-level order. Moreover, in terms of the authors’ aim to reconcile the opposition
between being and becoming, it supports the claim that ‘time and reality are closely related’
(p. xxix), the antimetabole linking the human experience of the one-way flow of time to the
view of reversible time prevalent in physics — this bears close resemblance to the
reconciliatory attempts of Paul Davies and Ian McEwan discussed in 2.3. In this way, then,
the notion of classical and quantum physics that the human experience of time is an illusory
phenomenon is questioned by linking it to idea that matter is constantly moulded by

irreversible, thermodynamic processes.
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Prigogine and Stengers also seek to reconcile the relationship between being and
becoming through other means. As noted in many analyses in my thesis, arguments aiming
to undo an opposition between two concepts often employ the rhetorical strategy of
subjecting the opposing terms to a third, all-inclusive term. In Order out of Chaos we can
see how the authors undo the dichotomy between being and becoming by subjecting it to
the microscopic theory of irreversibility. ‘Let us notice’, Prigogine and Stengers remind
their readers, ‘that initial conditions, as summarized in a state of the system, are associated
with Being; in contrast, the laws involving temporal changes are associated with
Becoming’ (p. 310). Then, instead of confirming that there is an antithetical relationship
between being and becoming, the authors suggest that the two are expressions of ‘a more
subtle form of reality that involves both laws and games, time and eternity’ (p. 310). On
this view, then, being and becoming are interrelated expressions of the same underlying
reality and not mutually exclusive concepts as such.

In addition to reconfiguring the relationship between these crucial concepts, Prigogine
and Stengers aim to show the importance of irreversibility from the viewpoint of
humankind. In the first chapter of Order out of Chaos they state that one of most serious
problems modern humankind has to confront is alienation from natural surroundings. ‘How
can we recognize ourselves in the random world of the atoms?’, they ask, ‘Must science be
defined in terms of rupture between man and nature?’” (p. 3). Prigogine and Stengers
proceed to persuade their readers of the new science’s ability to build a bridge between
humankind and nature in the same way as they did in the case of the dichotomy between
being and becoming: subjecting the concepts to irreversibility. The authors argue that both

humankind and nature emerge from the common ground of irreversible processes operating
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on matter, as human beings perceive time as a one-way phenomenon that proceeds from the
past to the future, and nature experiences temporality in the form of evolutionary change. In
this way, the bridge built by the incorporation of an all-inclusive third term makes
humankind and nature parts of what the authors call ‘an evolutionary paradigm’ (p. 298) —
a view closely related to Best and Kellner’s notion of chaos and complexity as
fundamentally dynamic phenomena.

In the case of the dichotomy between the natural sciences and the rest of the culture,
Prigogine and Stengers again suggest that the terms are opposed to each other only in our
minds. They first note how modern physics ‘recognizes that, for an interaction to be real,
the “nature” of the related things must derive from these relations, while at the same time
the relations must derive from the “nature” of the things’ (p. 95). This antimetabole
emphasizes the essentially participatory nature of being in the world: as observers in the
world, we must make our observations within rather than outside the system — or, as the
authors cite Maurice Merleau-Ponty, ‘since we are inside truth and cannot get outside of it,
all that I can do is define a truth within the situation’ (quoted in Prigogine and Stengers, p.
299). Consequently, Prigogine and Stengers argue, there cannot exist any fundamental gulf
between physics and the rest of the culture: ‘As scientists [physicists] belong to their
culture, to which, in their turn, they make an essential contribution” (p. 299). Hence, to
formulate the same idea using an antimetabole, physics influences the rest of the culture in
the same way the rest of the culture influences physics. This reconfiguration thus suggests a

relationship that is essentially dialogic: just as humankind and nature are the twin children
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of irreversibility, physics is a product of an underlying culture, with close links to other
cultural areas.}
i

Prigogine’s last book, The End of Certainty, which was published in English six years
before his death, uses more or less the same arguments as Order out of Chaos. In contrast
to the early best-seller, however, it focuses specifically on the question of time in the
context of Prigogine’s proposal for a ‘unified formulation of quantum theory’ that functions
as the scientific basis for the book’s aim to create ‘an “intermediate” description that lies
somewhere between the two alienating images of a deterministic world and an arbitrary
world of pure chance’.lg:IW ith a reconciliatory aim similar to that of Order out of Chaos, this
book too presents an explicit call for a new kind of philosophical vision. ‘Our belief’,
Prigogine writes, ‘is that our own age can be seen as one of a quest for a new type of unity
in our vision of the world, and that science must play an important role in defining this new
coherence’ (p. 186).

The crucial issue in The End of Certainty concerns the link between time and the
problem how the relationship between determinism and indeterminism should be defined.
‘Is the future given’, Prigogine asks in his introduction to the book, ‘or is it under perpetual
construction? A profound dilemma for all of mankind, as time is the fundamental
dimension of our existence’ (p. 1) — a problem similar to the one concerning the
relationship between being and becoming, to which he returns in his discussion. He then

proceeds to outline the attitude of his position, which he calls ‘the physics of

¥ Note how closely this resembles the theoretical model of the relationship between science and literature
presented in the introduction.

® Ilya Prigogine, The End of Certainty: Time, Chaos, and the New Laws of Nature (New York: Free Press,
1997), p. 189. Further references to this book are given in parenthesis.
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nonequilibrium processes’ (p. 3; emphasis original), towards time by introducing two
metaphors: ‘We are actually the children of the arrow of the time, of evolution, not its
progenitors’ (p. 3). By combining metaphor and antithesis in a single sentence, Prigogine
grants time an essentially creative role in the universe. Instead of seeing the flow of time as
a subjective — and consequently, an illusionary — phenomenon as many physicists do, he
argues that it is present in the same fundamental physical processes that first gave rise to
life, thus repeating his argument in Order out of Chaos.

In his discussion Prigogine again approaches the question about the flow of time in the
context of the relationship between being and becoming. He notes that the problem of their
reconciliation has been with us since antiquity and that it was the introduction of the
Newtonian worldview with its reversible time that gave being the supreme position. For
Prigogine, the most important consequence of the notion of a time-reversible, or non-
temporal, universe was that it made the world into a completely predictable automaton, in
which ‘novelty, choice, and spontaneous action are real only from our human point of
view’ (p. 12). In other words, the Newtonian universe banished indeterminism as an
illusion. He argues that this view, which characterized Einstein’s thoughts about time, is
untenable because it does not take into consideration the human experience of the flow of
time, which ultimately originates from the fundamental — time-asymmetrical — laws of
physics (p. 13—16). Hence, he concludes, indeterminism — in the form of novelty and
chance — is a fundamental property of matter, not only a fancy of the human mind (p. 16).

However, it is obvious that determinism, in the form of reversible processes, is needed
in our description of the universe. Instead of abandoning it altogether, then, Prigogine

wants to reconcile the ‘two conflicting views of nature from the nineteenth century: the
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time-reversible view based on the laws of dynamics and the evolutionary view based on
entropy’ (p. 19). Just as with the similar reconfigurations of apparent dichotomies in Order
out of Chaos, he does this by subjecting the two terms to an all-inclusive third term. Given
the emphasis Prigogine places on irreversible temporal processes, the arrow of time is an
obvious choice for such a concept:

Once we have an arrow of time, we understand immediately the two main characteristics of
nature: its unity and its diversity: unity, because the arrow of time is common to all parts of
the universe (your future is my future; the future of the sun is the future of any other star);
diversity, as in the room where I write, because there is air, a mixture of gases that has
more or less reached thermal equilibrium and is in a state of molecular disorder, and there
are the beautiful flowers arranged by my wife, which are objects far from equilibrium,
highly organized thanks to temporal, irreversible, nonequilibrium processes. (p. 56)

The passage makes thermodynamic processes the origin of order, thus undoing the
dichotomy between being (determinism) and becoming (indeterminism). Although for
Prigogine the latter is the more fundamental of the two — it is the rule while the former is
the exception — both are required in a tenable description of the universe. ‘We need’,

3

Prigogine consequently proclaims, ‘a “divine” point of view to retain the idea of
determinism. But no human measurements, no theoretical predictions, can give us the
initial conditions with infinite precision’ (p. 38). Hence, while it is not possible for human
observers to observe the system from the outside in order to gain absolutely precise
information about it, we need to recognize the fact that the system will nevertheless
develop according to deterministic laws.

Prigogine expresses the same idea in the eighth chapter of his book but this time by

using a different rhetorical strategy. ‘Irreversibility,” he writes, ‘and therefore the flow of

time, starts at the dynamical level. It is amplified at the macroscopic level, then at the level
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of life, and finally at the level of human activity’ (p. 162). The passage uses a figure of
speech called incrementum, or auxesis, which arranges a list of items in a sequence, thus
epitomizing the idea that the dynamic arrow of time passes through all levels of physical
existence.llf' As such, the ascending series has a distinctively reconciliatory function: it
places the arrow of time at the heart of both physics and biology and gives them a common
foundation in irreversible, chaotic processes.

For Prigogine, then, at the root of physical processes are laws of nature that describe
possibilities rather than certainties. Quoting Vladimir Nabokov’s Look at the Harlequins!
(1974), he notes the consequences for the attempt of science to control nature: “What can be
controlled is never completely real; what is real can never be completely controlled’
(quoted in Prigogine, p. 154). Placed in the context of Prigogine’s argument, Nabokov’s
antimetabole foregrounds the idea that while we can try to understand reality, we can never
control it because of its essentially stochastic nature, whose complexity our measuring
devices are unable to measure with complete accuracy. In this sense, Prigogine argues, the
reversible-time universe of classical physics is a universe lacking the characteristic,
dynamic features of human reality: communication, memory, and history, which as
phenomena requiring interaction between °‘the knower and the known’ (p. 153) are
necessarily time-irreversible processes. In order to illustrate the distance between the
reversible-time universe and the world of human experience, he cites himself and Isabelle

Stengers in Entre le Temps et I’Eternité (1988) as follows:

' As Jeanne Fahnestock observes, although incrementum in classical rhetoric usually arranges words or
clauses according to value or force (‘Neither silver, gold, nor precious stones might be compared to her
vertues’), in science it is used for creating various kinds of series on which to build arguments (p. 97).
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No speculation, no teaching has ever affirmed an equivalence between what is done and
what is undone: between a plant that sprouts, flowers and dies, and a plant that resuscitates,
grows younger and returns to its original seed; between a man who grows older and learns,
and one who becomes a child, then an embryo, then a cell. (quoted in Prigogine, p. 154)
Note how the passage juxtaposes ascending and descending incremental series as a means
of emphasizing the idea that as the timeless realm of being does not distinguish between the
past and the future, there cannot be a dialogue between either individuals or the individual
and the world. ‘It is this common arrow of time’, Prigogine thus maintains, ‘that is the
necessary condition of our communication with the physical world; it is the basis of our
communication with our fellow human beings’ (p. 54; emphasis original).

Having thus established an intimate link between the world of irreversible processes and
humankind, Prigogine sums up his philosophy by asserting that ‘time precedes existence’
(p- 163). In order to illustrate how humans are bound to time, he quotes Jorge Luis Borges’s
‘A New Refutation of Time’ (1962):

And yet, and yet [...] denying temporal succession, denying the self, denying the
astronomical universe, are apparent desperations and secret consolations. [...]. Time is the
substance I am made of. Time is a river which sweeps me along, but I am the river; it is the
tiger which destroys me, but I am the tiger; it is a fire which consumes me, but I am the
fire. The world, unfortunately, is real; I, unfortunately, am Borges. (quoted in Prigogine, p.
187)

Here Borges uses a series of metaphors to emphasize the essentially dynamic nature of
time. Interestingly, he combines his metaphors with antimetaboles by linking the first
person singular pronoun and each of the metaphors to each other. In the context of
Prigogine’s argument, the repetition of syntactic reversals foregrounds the idea that identity

and time cannot be separated from each other, for it is the former that both is born and dies

through the latter.
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Whereas Order out of Chaos places heavy emphasis on the role of time in thermodynamic
processes, Paul Davies’s The Cosmic Blueprint approaches chaos and complexity by
focusing on the relationship between accident and design in the creation of natural
complexity, at the same time granting nature an essentially innovative role as an
unpredictable creator of complexly organized phenomena, as Prigogine and Stengers do.
For Davies, the question about the creativity of the universe boils down to two interrelated,
fundamental questions: ‘Are the seemingly endless varieties of natural forms and structures,
which appear as the universe unfolds, simply the accidental products of random forces? Or
are they somehow the inevitable outcome of the creative activity of nature?’llj Although
Davies’s formulation suggests that we might think of accident and creativity as opposing
concepts, the book nevertheless argues that self-organization in complex phenomena
requires the interaction of the two. Hence, as in Prigogine and Stengers’s philosophy of
irreversibility, there is in The Cosmic Blueprint an underlying attempt to reconcile the
relationship between chance and determinism in order to offer readers a new, balanced
vision of nature.

Davies links his discussion of this relationship to the exploration of the relationship
between reductionistic and holistic views of nature. Noting that ‘there was [...] already
present in ancient Greece the deep conflict between holism and reductionism which persists

to this day’ (p. 7), he argues that these seemingly opposing views also need to be reconciled

""" Paul Davies, The Cosmic Blueprint: Order and Complexity at the Edge of Chaos (London: Heinemann,
1987; London: Penguin, 1995), p. 1. Further references to this book are given in parenthesis.
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with each other. Davies observes that scientists working in the field of contemporary
physics and chaos theory are aiming to complement the method of reducing the whole to its
constituent parts with the distinctively holistic approach of examining how the interaction
of those parts functions to give rise to the whole (p. 8). In this sense too Davies’s effort is
much related to Prigogine and Stengers’s attempt of constructing an argument in favour of
a view in which apparently antithetical concepts are treated on the basis of complementarity
rather than opposition.

Davies begins his discussion on chaos by taking a look at the differences between the
Newtonian universe and the world of chaos and complexity. In order to illustrate how the
former is characterized by all-embracing determinism, he quotes the French mathematician
and theoretical physicist Pierre Laplace’s famous description of a hypothetical entity that
knows everything about the physical world with infinite precision:

Consider an intelligence which, at any instant, could have a knowledge of all forces
controlling nature together with the momentary conditions of all the entities of which
nature consists. If this intelligence were powerful enough to submit all this data to analysis
it would be able to embrace in a single formula the movements of the largest bodies in the
universe and those of the lightest atoms; for it nothing would be uncertain; the future and
the past would be equally present to its eyes. (quoted in Davies, p. 10)

By imagining such an entity — which is often referred to as Laplace’s demon — Laplace
draws attention to the fact that in the Newtonian universe, the movement of every particle
has been determined from the very first moment they came into existence (see Davies, p.
10). From the viewpoint of humankind, Davies notes, this amounts to denial of any kind of
free will, as those particles are also the building blocks of human beings (p. 11). Neither the

universe nor its inhabitants, then, seem to be able to make free-willed choices because

‘every event happens of necessity’ (Davies, p. 11; emphasis original).



164

Chaos theory, in contrast, appears to counter the implications of Newton’s universe in
some fundamental respects. When we observe systems that behave chaotically, it is often
impossible to precisely calculate the initial conditions that determine their development,
and our observational errors tend to increase exponentially, as the systems develop over
time (Davies, pp. 53-54). For this reason, the direction of the development of chaotic
systems is very difficult predict, and scientists are forced to just describe them instead of
making predictions about their behaviour (Davies, p. 54).

Davies points out, however, that the differences between linear (Newtonian) and non-
linear (chaotic) systems do not have to imply that there is a genuine opposition between the
determinism of the former and the randomness of the latter. Chaos, he argues, is ‘a bridge
between chance and necessity — between the probabilistic world of coin tossing and
roulette and the clockwork universe of Newton and Laplace’ (p. 52). Hence, he employs the
rhetorical strategy of subjecting the two seemingly opposite concepts to an all-inclusive
third term. On the other hand, it should be noted that like Prigogine in The End of
Certainty, Davies is not really granting the terms equally weighted roles, as chance is in the
end given a more fundamental role than necessity. Although we may theoretically conceive
that the universe features both aspects, he continues, in practice determinism must be
considered ‘a myth’ (p. 55). In this sense, then, the subjecting of chance and determinism to
chaos in The Cosmic Blueprint is used to the same end as the subjecting of being to
becoming in Prigogine and Stengers’s Order out of Chaos. Indeed, the end of Davies’s
fourth chapter makes this point for the practical side of science through antithesis: ‘But in

reality our universe is not a linear Newtonian mechanical system; it is a chaotic system’ (p.



165

56), thus reformulating the relationship between linearity and non-linearity by more or less
reversing the earlier hierarchy between them.

Examining the philosophical implications of a non-linear physical world, Davies links

the question about the relationship between chance and necessity to the dilemma of
predestination, and it is here that his central metaphor, the cosmic blueprint, assumes its
rhetorical force. Davies notes that previous paradigms of thought have given rise to
essentially ‘gloomy’ (p. 200) worldviews: the fate of the universe both in the Newtonian
and the thermodynamic paradigms is ‘inevitable’ (p. 199) — slavish stasis and
degeneration, respectively — and creation in them is a one-time affair that disallows further
novelty. Following Bergson as well as Prigogine and Stengers, he then goes on to define
the relationship of the old and the new paradigms through antithesis. In the new paradigm,
he argues
Creation is not instantaneous; it is an ongoing process. The universe has a life history.
Instead of sliding into featurelessness, it rises out of featurelessness, growing rather than
dying, developing new structures, processes and potentialities all the time, unfolding like a
flower. (p. 200)
The simile between the creative unfolding of the universe and the unfolding of a flower
functions much like the cosmic blueprint metaphor. Both suggest that the universe is
predestined in the sense that since its birth, it has been capable of creating conditions that
are conducive for self-organization and consequently, for the appearance of life. They also
have a distinctively reconciliatory function, which is evident in Davies’s description of the
so-called predestinist theory (to which he subscribes):

Predestiny — or predisposition — must not be confused with predeterminism. It is entirely
possible that the properties of matter are such that is does indeed have a propensity to self-
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organize as far as life, given the right conditions. This is not to say, however, that any
particular life form is inevitable. In other words, predeterminism (of the old Newtonian
sort) held that everything in detail was laid down from time immemorial. Predestiny merely
says that nature has a predisposition to progress along the general lines it has. It therefore
leaves open the essential unknowability [sic] of the future, the possibility for real creativity
and endless novelty. In particular it leaves room for human free will. (p. 201; emphasis
original)

On the basis of this passage, Davies seems to be arguing for the existence of a blueprint
that, in contrast to the Newtonian model of a clockwork universe, constitutes a general
rather than detailed outline. Although the evolution of the universe is predestined in the
sense that the universe creates itself according to the laws of complexity, the results of this
creativity cannot be determined in advance. Interestingly, it is in this feature that Davies
finds the importance of complexity for human life, writing that ‘the knowledge that our
presence in the universe represents a fundamental rather than an incidental feature of
existence offers, I believe, a deep and satisfying basis for human dignity’ (p. 203; emphases
original). Thus, he regards humankind as an expression of the creativity of the universe that
has its basis in self-organizing processes — processes that embody both chance and
necessity.

For Davies, one of the most important consequences of such observations is the
realization that complexity is actually a predominant rather than marginal feature of nature
(p- 22). He begins his discussion of complexity by quoting Bergson in Creative Evolution
(1907) as follows: ‘The universe is not made, but is being made continually’ (quoted in
Davies, p. 255). Placed in the context of Davies’s argument about the status of complexity
in nature, the simple syntactic form of Bergson’s antithesis makes a rhetorically powerful

and straightforward statement: in no uncertain terms it asserts that complexity and chaotic

phenomena play more fundamental and dynamic roles in nature than their more organized
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counterparts. Like Prigogine and Stengers, however, Davies is by no means seeking to
dismiss the role of linear systems; he uses the antithesis to reconfigure the opposition while
later revealing its seeming nature.

The tenth chapter of The Cosmic Blueprint links the discussion on creativity to the
question about the relationship between reductionism and holism. Davies notes that while
the various Theories of Everything in subatomic physics are focused on discovering the
smallest particles of matter in a purely reductionistic fashion, the interdisciplinary study of
physics and biology is interested in relationships inside wholes, thus attempting to
formulate what he calls the Theory of Organization (p. 138). He finds an apt example for
his position in the thinking of the biologist Peter Medawar, who draws a comparison
between ‘the emerging conceptual levels in physics and biology and the levels of structure
and elaboration in mathematics’ (p. 146). ‘He sees’, Davies writes,
this relationship between mathematical levels in a hierarchy of enrichment as paralleled in
biology. Starting with atoms, building up through molecules, cells and organisms to
conscious individuals and society, each level contains and enriches the one below, but can
never be reduced to it. (p. 146)

Because Medawar juxtaposes two series in his argument — the validity of which Davies
obviously accepts — he actually creates what is in rhetorical terms called a double
hierarchy argument. Functioning much like metaphors, such arguments tend to transfer the
qualities or implications of one hierarchy on another for comparison (Fahnestock, pp. 105—
08). Although readers are not given the former (mathematical levels) series in this passage,
it is clear from the latter that both of them feature an ascending incrementum, which
epitomizes the idea of increasing complexity whose properties can never be reduced

downwards. Hence, placed in the context of Davies’s argument, the series suggests an
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essentially holistic philosophy, in which the various systems are fractal-like entities with
their nested constituents.

Although the series thus figuratively illustrates the idea behind the argument ‘that each
new level of organization and complexity in nature demands its own laws and principles’
(Davies, p. 191), it does not perhaps in itself foreground the fact that the relationships of
neighbouring levels are always based on interaction. For this purpose, Davies introduces
the neurologist Roger Sperry’s theory of mental events. Taking the holistic position, Sperry
argues that while mental events can never be reduced to the neural events that give rise to
them, they can act back on the physical components of which the human nervous system
consists: neurones (see Davies, p. 191). For Davies, this means that causation can also be
directed towards the lower levels, as illustrated in a citation from the neurobiologist Donald
MacKay:

In an information system, we can recognize ‘informational’ causality as something
qualitatively distinct from physical causality, coexisting with the latter and just as
efficacious. Roughly speaking, whereas in classical physics the determination of force by
force requires a flow of energy, from the standpoint of information theory the determination
of form by form requires a flow of information. The two are so different that a flow of
information from A to B may require a flow of energy from B to A; yet they are totally
interdependent and complementary, the one process being embodied in the other. (quoted in
Davies, p. 192)

In this passage the interdependent nature of lower and upper levels is suggested through an
antimetabole-like reversal in the last sentence. This simple reversal epitomizes the idea that
there is no reason why causative interaction should not take place between different levels
in addition to happening simultaneously at different individual levels.

In this way, then, Davies argues that reductionism and holism should not be seen as

opposite but complementary concepts. He also captures this idea through a simple analogy
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between scientific thinking and the set-up of the computer. While scientific approaches to
nature can roughly be divided into reductionistic and holistic ones, in the world of
computing there is a similar division between hardware and software: whereas the ‘laws’ of
the former describe the electrical activity of the computer’s circuits and switches, those of
the latter describe the same activity as, for instance, a solution to a mathematical problem
by using equations that are meaningless at the level of hardware laws (Davies, p. 144).
Davies’s point is that the two descriptions are complementary rather than opposite, as there
are different kinds of descriptions for different levels, with each description being valid at
its own level. Consequently, Davies argues, it might be possible for us to see the
reconciliation of reductionism and holism taking place in nature. In his reconciliatory ‘third
alternative’ (p. 142) for the reductionism versus holism question, the hardware laws of
physics would give rise to emergent software laws that ‘govern the behaviour of
organization, information and complexity’ (p. 144). For Davies, this view would validate
both reductionism and holism by a model of how simple laws generate incrementally

increasing complexity and variety.

The theme of evolution that surfaces in Paul Davies’s The Cosmic Blueprint dominates the
American theoretical biologist Stuart Kauffman’s At Home in the Universe. The major
difference between these two books is that whereas Davies discusses chaos mainly in the
context of physics and cosmology, Kauffman approaches it through the framework of a

field called bioinformatics, a mixture of computational mathematics and molecular biology.
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In At Home in the Universe, which is a popularized version of Kauffman’s first book, The
Origins of Order: Self-Organization and Selection in Evolution (1993), he studies the
sources of order in the universe, arguing that life may have begun from a simple and
predictable self-organizing event. From the viewpoint of evolutionary theory, Kauffman’s
provocative argument challenges some of the main assumptions in Darwin’s account of
evolution: instead of placing emphasis solely on natural selection in the production of
order, he argues that it is the combination of natural selection and the ability of complex
systems to spontaneously organize themselves into increasingly higher levels of order that
ultimately produces the order we see not only in biological but also in cultural evolution.llj
In his first chapter Kauffman defines the relationship between the two views of evolution as
follows:

Without a framework to embrace both self-organization and selection, self-organization has
been rendered almost invisible, like the background in a gestalt picture. With a sudden
visual shift, the background can become the foreground, and the former foreground,
selection, can become the background. Neither alone suffices. Life and its evolution have
always depended on the mutual embrace of spontaneous order and selection’s crafting of
that order. (pp. 8-9)

The antimetabole of the second sentence clearly epitomizes the idea that self-organization
and natural selection are inextricably intertwined phenomena. The passage also shows that
Kauffman seeks to reconfigure the relationship between self-organization and natural

selection, suggesting that it is in fact the former that is the more fundamental of the two and

consequently, reversing the original hierarchy. In other words, then, like Prigogine and

"2 Stuart Kauffman, Ar Home in the Universe: The Search for Laws of Self-Organization and Complexity
(New York: Oxford University Press, 1995), p. vii. Further references to this book are given in parenthesis.
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Stengers, and Davies, he attempts to reconcile views that are seen opposite in their
implications.

For Kauffman, the question about the relationship of the two sources of order in
evolution is not only a scientific problem. He argues that the emphasis Darwinism places
on the blind and purposeless nature of natural selection has for long affected our sense of
meaning as human beings:

We live in a world of stunning biological complexity. Molecules of all varieties join in a
metabolic dance to make cells. Cells interact with cells to form organisms; organisms
interact with organisms to form ecosystems, economies, societies. Where did this grand
architecture come from? For more than a century, the only theory that science has offered
to explain how this order arose is natural selection. As Darwin taught us, the order of the
biological world evolves as natural selection sifts among random mutations for the rare,
useful forms. In this view of the history of life, organisms are cobbled-together contraptions

wrought by selection, the silent and opportunistic tinkerer. Science has left us as
unaccountably improbable accidents against the cold, immense backdrop of space and time.

(p. vii)

As in Prigogine and Stengers — and to a lesser extent, in Davies — there is a strong sense
of a desire to articulate a new vision of the world. Kauffman states that ‘we need to paint a
new picture’ (p. 9) that corrects the mistaken assumptions of previous science, at the same
time arguing for its meaningfulness for humankind. Moreover, Kauffman’s formulation of
the second and third sentences indicates that his vision is distinctively holistic: using
gradatio, which through repetition joins together the various levels of complexity, he
foregrounds the idea that we need to focus on the interaction of the parts in order to see the
whole, as the emergent properties of complex systems cannot be explained through
reduction. Like Davies, then, Kauffman sees that humankind is not an accidental but a

likely outcome of interaction between self-organization and natural selection.
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Having thus identified the major problem in the Darwinian worldview as a sense of
alienation between humankind and the world, Kauffman proceeds to outline a philosophy
that might remedy the situation. He introduces this problem at the beginning of the first
chapter, which discusses the various attitudes to the concept of order in the history of
biology and physics, by employing one of the most prominent tools of storytelling in
popular science writing: anecdote. In a lengthy autobiographical description, Kauffman
recalls a visit to the famous Santa Fe Institute, an important centre of complexity studies
situated in New Mexico:

Some months ago, I found myself at lunch with Gunter Mahler, a theoretical physicist from
Munich visiting the Santa Fe institute, where a group of colleagues and I are engaged in a
search for laws of complexity that would explain the strange patterns that spring around us.
Gunter looked northward, past pifion and juniper, taking in the long view of Colorado, and
somewhat astonished me by asking what my image of paradise was. As I groped for an
answer, he proposed one: not the high mountains, or the ocean’s edges, or flat lands.
Rather, he suggested, just such terrain as lay before us, long and rolling under strong light,
far ranges defining a distant horizon toward which graceful and telling land forms march in
fading procession. For reasons I do not completely understand, I felt he was right. We soon
fell to speculation about the landscape of East Africa, and wondered whether, in fact, we
might conceivably carry some genetic memory of our birthplace, our real Eden, our first
home. (p. 3)

Read in the context of Kauffman’s claim that Darwinian evolutionary theory has decisively
contributed to the alienation of humankind from the world, the anecdote obviously points to
the possibility of rediscovering our origins through a novel scientific worldview,
particularly the one offered by the studies of complex phenomena. In other words,
Kauffman’s aim is the reconciliation of humankind and nature through the argument that
because the former is an ‘expected rather than vastly improbable’ (p. viii) outcome of self-

organization, it is therefore capable of enjoying meaningful existence through the

rediscovery of the ‘sense of our own deep worth’ (p. 5). Kauffman epitomizes the
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consequences of this idea through a slogan-like, textbook antithesis coupled with the
anaphoric repetition of the first-person plural pronoun: ‘If I am right, the motto of life is not
We the improbable but We the expected’ (p. 45).

In the third chapter Kauffman notes that the notion of humankind as a probable product
of a self-organizing process poses a serious challenge to the prevailing theory of evolution,
which emphasizes the role of chance in the early replication of RNA molecules. He states
that one of his major tasks is to persuade his readers of the validity of the ‘renegade view’
that ‘life is not shackled to the magic of [RNA] replication’ (p. 47). In order to foreground
how strongly the traditional views link evolution to the mechanisms of replication and
genetic coding for proteins, Kauffman formulates a sentence that reverses the concepts as
follows: ‘Evolution cannot proceed without these mechanisms, and we cannot have these
mechanisms without evolution to tinker them together’ (p. 72). Using the form of
antimetabole, he shows how evolution and chance are inextricably linked to each other in
the orthodox (Darwinian) theory of evolution. In his argument Kauffman thus seeks to
question this link by suggesting that life may have begun through self-organizing chemical
reactions in autocatalytic sets of molecules.

Illustrating how such sets function, Kauffman creates a series that progresses from the
beginning to the end and then begins all over again. “What I call a collectively autocatalytic
system’, he writes, ‘is one in which the molecules speed up the very reactions by which
they themselves are formed: A makes B; B makes C; C makes A again’ (p. 49). Through
the repetition characteristic of gradatio, Kauffman’s series offers a convenient way of
emphasizing causal continuity in molecular interaction. As such, its form epitomizes the

notion of living organisms as sets capable of accelerating chemical reactions by themselves,
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thus giving linguistic form to the idea of circular continuity observed in the ‘self-propelling
loops’ (p. 49) to which autocatalytic processes give birth. Kauffman draws an analogy to
life at the macroscopic level and uses repetition to achieve a similar sense of circularity in
order to argue that autocatalytic processes also occur in culture. ‘What if we think of goods

29 <,

and services as symbol strings that we humans can use as “tools,” “raw materials,” and
“products?””’, he asks, ‘Symbol strings act on symbol strings to create symbol strings’ (p.
283). In the same way, in economy ‘the goods and services previously “invented” create
novel opportunities to create still more goods and services’ (p. 291). Being essentially
circular in their functioning, the symbol strings of our culture are thus analogous to
autocatalytic sets in chemistry. ‘Somehow,” Kauffman goes on while discussing the
emergence of a global civilization,

the string of images we have discussed press themselves on me. The swirl of
transformations of ideologies, fashions begetting fashions begetting fashions, cuisines
begetting novel cuisines, legal codes and precedents begetting the further creating of law,
seem similar in as yet unclear ways to model grammar worlds with their eggs, jets, and
mushrooms. (p. 289)

In this passage too Kauffman uses various forms of repetition to foreground the universality
of self-sustaining evolutionary processes building on themselves in an autocatalytic
fashion. The second clause of the second sentence simply repeats two single words in the
fashion of ploche, while the third clause uses epanalepsis. The fourth clause of the same
sentence in turn uses the phrase legal codes and precedents as a synecdochic means of
referring to the further creating of law, thus producing a similar sense of circularity. (Below

I discuss how the notion of cultural concepts giving birth to cultural concepts through a

circular loop is featured in Connie Willis’s Bellwether.)
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Throughout At Home in the Universe Kauffman maintains that because such sets are
necessarily complex (‘Simpler systems simply do not achieve catalytic closure’ (p. 69)),
they embody holistic principles. He argues that ‘life emerged [...] not simple, but complex
and whole’ (pp. 47-48) in interlinked molecular chains, using antithesis to question the
traditional assumption that the processes operating on matter during the early days of the
universe were somehow less complex than their later counterparts. For him, such processes
exemplify the holistic notion ‘of organisms as autopoetic wholes in which each part exist[s]
both for and by means of the whole, while the whole exist[s] for and by means of the parts’
(p.- 274). Kauffman’s use of antimetabole implies strong causal interdependence between
the whole and the parts. He hence proposes that their interaction makes them inseparable
from each other and that they are equally important in status. By defining the relationship
between the whole and its parts through a syntactic reversal, Kauffman is able to create a
rhetorically persuasive argument against ‘the image of the genome as the central directing
agency that commands the molecular dance’ (p. 69) — the antimetabole suggests that a
holistic approach focuses on the equality of the whole and the parts, cells and organisms
creating themselves without being directed by such an agency.

By emphasizing the importance of taking a holistic approach to the question about life’s
origin, Kauffman seeks to redefine the relationship between the genotype (the genetic
constitution of an individual organism) and the phenotype (the observable characteristics of
organisms). While the orthodox theories of evolution separate the former from the latter in
cells and organisms, Kauffman asserts that ‘with autocatalytic sets, there is no separation
between genotype and phenotype’ (p. 73). In this way, the notion of autocatalysis in

Kauffman’s thinking serves to introduce a new, inclusive term that unites two concepts
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traditionally regarded as being either opposed to or distinct from each other. By undoing
the antithesis between the genotype and the phenotype, Kauffman is able to challenge the
status of natural selection as the only source of order in life: instead of requiring separate
genomes to become alive, systems produce their own genetic material by acting as their
own genomes (p. 73). This redefinition is important because it seeks to achieve
reconciliation between the Darwinian view of evolution and Kauffman’s own holistic,
order-for-free approach, and its implications for humankind are summed up by Kauffman
through antithesis: ‘We are the children of twin sources of order, not a singular source’ (p.
71). Note also how he in another chapter expresses the same idea through a juxtaposition of
opposite concepts: “Whence the order out my window? Self-organization and selection, I
think. We, the expected, and we, the ad hoc. We, the children of the ultimate law. We, the
children of the filigrees of historical accident’ (p. 185; emphases original). In this passage
the opposites are juxtaposed in the manner of synoeciosis, which further foregrounds their
equal status in Kauffman’s vision.

Like the two popular accounts of chaos and complexity discussed above, At Home in the
Universe is concerned with presenting the dialectic of chance and necessity as the
necessary condition for self-organization. This is evident especially in Kauffman’s
discussion on one of the crucial concepts of the book: the ‘edge of chaos’ (p. 28). The edge
of chaos refers to the idea that productive complexity emerges in the middle of the
continuum between order and chaos, rather than at its ends (pp. 2629, 86-92, 257-64). As
such, it is an area of phase transition (the transformation of a thermodynamic system from
one phase to another, such as solid ice turning to liquid turning to gas), in which chaotic

behaviour is most likely to take place. Located at the intersection of order and chaos, the
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edge of chaos is a distinctively reconciliatory concept suggesting that the relationship of
order and chaos is based on complementarity rather than opposition, and in this sense we
could think of it as another all-inclusive third term whose function is to unite two
seemingly opposite terms. Kauffman consequently notes that ‘the fate of all complex
adapting systems in the biosphere — from single cells to economies — is to evolve to a
natural state between order and chaos, a grand compromise between structure and surprise’
(p- 15) — note how the alliteration in structure and surprise emphasizes the equality of
chaos and order in relation to each other.ﬁl

The idea that order and chaos meet each other with productive results at the middle of a
continuum is also discussed in the tenth chapter, but here Kauffman uses a graph to
illustrate it (this particular example concerns ecosystems heading towards the edge of
chaos). Because the graph shows the various intermediate points along the continuum from
order to chaos, it can be thought of as a visual incrementum that represents a series
progressing from an ordered state towards the edge of chaos. Rhetorically speaking, the
argumentative function of the graph decreases the sense of separation between order and
chaos because it presents the difference between them as a difference of degree on a

connected scale. Hence, rather than constituting opposite poles that are not connected to

"> Compare this with the similar use of alliteration in Francis Galton’s discussion on the relationship between
inheritance and education, or ‘nature and nurture’. Through the repetition of initial consonants in his famous
phrase, Galton is able to neatly encapsulate his argument about the factors influencing the development of
individuals. Jeanne Fahnestock notes that although the use of alliteration in this particular phrase may indicate
that the terms are on a par with each other, it nevertheless also points to the possibility of an antithetical
relationship, as Galton thought nature had the upper hand in the formation of personality (pp. 167-68).
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each other, chaos and order merge with each other in Kauffman’s graph. In this case, then,
the focus of the series is on an intermediate point rather than on its beginning or end.|1:4|

The importance of the edge of chaos for Kauffman’s vision in At Home in the Universe
is also evident in the discussion on the question of predictability in chaotic systems.
Kauffman notes that one of the most important characteristics of systems at the edge of
chaos is their unpredictability over long periods of time. ‘We cannot know’, he writes, ‘the
true consequences of our own best actions. All we players can do is be locally wise, not
globally wise’ (p. 29). The antithesis in this passage epitomizes the idea that in a world in
which unpredictability is a rule rather than an exception, humankind should not cultivate an
attitude of hubris towards nature. The title of the subchapter in turn uses a slogan-like
antithesis to convey the same idea: ‘“Wisdom, not Power’ (p. 28). As wisdom and power do
not constitute a natural pair of semantic opposites, they are employed as nonce antonyms in
the specific context of Kauffman’s argument on predictability. This antithetical formulation
questions the possibility of equating knowledge with power and control — which
Kauffman sees dominating the ‘Baconian tradition’ (p. 302) in Western science — by
suggesting that the effects of our actions always contain an element of unpredictability that
might disturb the delicate balance of chaos and order at the edge of chaos in dramatic ways.
It is not surprising, then, that Kauffman finds in such unpredictability ‘a new philosophy of

life’ (p. 243) that emphasizes the importance of respecting nature instead of trying to

' In her discussion on the various uses of argumentative series in science, Fahnestock notes that incremental
series can in this way be employed ‘to dissolve differences between categories and so reconfigure a
conceptual domain, replacing differences in kind between categories by differences in degree within a new
larger category’ (p. 97).
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dominate it: ‘Our smallest moves may trigger small or vast changes in the world we make
and remake together’ (p. 243).

In spite of — or, perhaps, because of — its unpredictable nature, Kauffman sees chaos
as a fundamentally creative force. This can be seen, for instance, in his discussion of co-
evolution. Co-evolution refers to the idea that competing populations strive to climb up
interconnected fitness landscapes to establish niches at fitness peaks. From this follows that
populations transform each other’s fitness landscapes, as they adapt to their surroundings.
In this process Kauffman sees three kinds of evolutionary activity: chaotic, ordered, and
transitional. During the ordered phase the populations that have succeeded in establishing a
niche at a fitness peak are not affected by the co-evolutionary process, whereas during the
climb uphill, or the chaotic phase, fitness peaks may become difficult to reach because of
swift transformations in the landscapes. Thus, the most productive type of co-evolution,
Kauffman argues, occurs when populations move away from the ordered landscapes
towards the more chaotic ones, consequently entering the transitional phase (p. 27; pp. 221-
23).

Like autocatalysis, co-evolution is in Kauffman’s argumentation a reconciliatory term:
it links biological evolution to the evolution of cultural artefacts. Kauffman points out that
we usually think that evolutionary processes in biology and culture are ‘entirely different’
(p- 201), as the former is thought of as a more or less random process while the latter is
regarded as characterized by human intention. He questions the validity of this antithesis by
subjecting it to two new notions: while both processes are subject to the laws of co-
evolution, they are also restricted by similar ‘conflicting design constraints’ that result into

roughly similar ‘rugged but correlated landscapes’ (p. 192). After introducing these
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concepts, Kauffman observes that both types of evolutionary processes display similar
patterns: as in evolutionary diversification, ‘fundamental [cultural] innovations are
followed by rapid, dramatic improvements in a variety of different directions, followed by
successive improvements that are less and less dramatic’ (p. 192). In economy, for instance,
we may observe how ‘goods and services “live” in niches created by other goods and
services’ (p. 217). As in biological evolution, then, some of these products manage to
become more or less immune to changes in the evolutionary process while others become
extinct. The relationship between biological and technological processes, usually
understood in terms of an opposition, is thus examined and questioned through the
introduction of two concepts that aim to make the opposition less sharp. In order to further
foreground the similarity between processes in these domains, Kauffman introduces yet
another new term, ‘technosphere’ (p. 217), as a conceptual counterpart to the more familiar
notion of the biosphere. The analogous form of these two concepts suggests that
fundamentally similar laws of evolution govern them; note how alliteration in the claim
‘Tissue and terracotta may evolve by deeply similar laws’ (p. 192) also points to similarity
between these processes.

The reconciliation of biological and cultural kinds of evolution is important by forming
an argumentative basis for Kauffman’s societal vision. ‘The edge of chaos’, he muses, ‘may
even provide a deep new understanding of the logic of democracy’ (p. 28). Elaborating on
this possibility, he proceeds to draw an analogy between self-organization in natural
systems and the process leading to democracy:

[The] seemingly haphazard process of [solving problems created by conflicting interests]

also shows an ordered regime where poor compromises are found quickly, a chaotic regime
where no compromise is ever settled on, and a phase transition where compromises are
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achieved, but not quickly. The best compromises appear to occur at the phase transition
between order and chaos. (p. 28)
The passage shows how Kauffman bases the analogy on a double hierarchy argument: the
model of the process leading to democracy is juxtaposed with natural processes heading
incrementally towards the transitional zone between order and chaos. Also in this respect
we may observe how Kauffman’s vision seeks to redefine Darwinism and its implications:
instead of a society based on the idea of the survival of only the fittest, Kauffman finds in
the edge of chaos an apt model for tolerant pluralism that gives all individuals ‘a chance to
prosper’ (p. 28) on the basis of the ‘possibility that our social institutions evolve as
expressions of deep natural principles’ (p. 304).|1:5|

As indicated by some of the previous passages, Kauffman’s vision of a society at the
edge of chaos clearly foregrounds a strong sense of collective participation. Stylistically
speaking, he invokes it through the very simple means of repeating the first person plural
pronoun. Although Kauffman uses this technique throughout his book — and especially
when discussing the philosophical implications of self-organization — one example will
suffice. Pointing to the inherent unpredictability of chaotic systems, he mentions the need
to approach nature with respect:
If we find renewed concern about the untellable [sic] consequences of our best actions, that
is wise. It is not as though we could find a stance with either moral or secular certainty. We
make our worlds together. All we can do is be locally wise, even though our own best
efforts will ultimately create the conditions that lead to our transformations to utterly

unforeseeable ways of being. We can only strut and fret our hour, yet this is our own and
only role in the play. We ought, then, play it proudly but humbly. (p. 303)

> For critique of Kauffman’s idea of democracy as a natural outcome of evolutionary processes, see
Benjamin J. Robertson, ‘On Moral Science: The Problematic Politics of Stuart Kauffman’s Order’,
Configurations, 12.2 (2004), 287-312.
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By emphasizing the sense of collective action, the anaphoric repetition of we in passages
such as this does much to embody the underlying ethic of At Home in the Universe. As in
Lynn Margulis and Dorion Sagan’s What is Life?, analysed in the next chapter, it is an ethic
that seeks to re-evaluate the place of humankind in the universe. Kauffman argues that even
though we are at home on the Earth, we should not think of ourselves as having a special
status in comparison to other forms of life. On the contrary, our increasing understanding of
self-organization and complexity implies a need to modify the current, anthropocentric
worldview: ‘We begin to know that proud humankind is still another beast, still embedded

in nature, still spoken for by a larger voice’ (p. 303).

To conclude, much of the popular science writing analysed above uses figurative language
to reconcile various kinds of dichotomies, at the same time establishing a link between
nature and humankind. Ilya Prigogine and Isabelle Stengers’s Order out of Chaos and
Prigogine’s The End of Certainty use the strategy of subjecting opposite concepts to all-
inclusive third terms in order to make irreversibility the common ground of humankind and
the world, as well as of determinism and indeterminism. Prigogine also relies on other
figures that epitomize the same reconciliation: while his incremental series suggest that the
arrow of time pierces through all levels of physical existence, the antimetaboles in the
quotations from Nabokov and Borges emphasize the dynamic role of time in defining

human reality. In the same way, Paul Davies in The Cosmic Blueprint makes chaos an
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umbrella term that links chance and necessity while using antithetical formulations to
establish dynamic non-linearity as a fundamental feature of the universe. Davies’s
argument for adopting a holistic view in turn employs incrementum as the basis of a double
hierarchy argument that juxtaposes levels of description in mathematics on the one hand,
and in physics and biology on the other. Finally, Stuart Kauffman in At Home in the
Universe uses a variety of figures for various argumentative purposes: he employs
antimetabole to link concepts such as self-organization and natural selection, and the whole
and the part; antithesis to create slogan-like statements about the role of chance and
unpredictability; umbrella terms to show the similarity of co-evolutionary processes;
incrementum and double hierarchy argument to reconcile the relationship between chaos
and order; and repetition to portray autocatalytic processes and to epitomize the ethos of his

vision.

3.2.2 The Part and the Whole: Holism, Unpredictability, and the

Question of Determinism

Let us now turn to look at how contemporary novelists have appropriated the terminology
and ideas of chaos theory and complexity. Like the new physics yet only more so, chaos
theory has had an impact not only on scientific worldview but also on artistic imagination.
Because of its applicability to events in the realm of the macroscopic, it has proven very

attractive for artists searching for new conceptual tools for the exploration of the
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relationship between the individual and the world. Merja Polvinen neatly summarizes the
main reasons for the charm of chaos theory as follows:
Why should a mathematical theory that describes the behaviour of turbulence be able to
explain the way we experience and gather knowledge about the world? The answer lies in
the inherently ambiguous nature of both the laws of chaos and our experience of the world.
On the one hand, we see ourselves as coherent selves, living our lives in a fairly
straightforward fashion. On the other, we are simultaneously aware of a bombardment of an
infinite variety of sense impressions, memories, feelings and concepts from which that
coherent experience is selected and formed. Similarly, chaos theory describes a reality
which is too fragmented, too variable and too unpredictable to calculate, but which
nevertheless displays startling coherence and harmony. (p. 49)
This summary offers an explanation to why chaos has become so widespread as a cultural
metaphor and symbol. Given the similarity between the human experience of the world and
the way in which the world is described in the models of chaos theory, it is not surprising
that numerous literary works that employ terminology familiar from the studies of chaotic
and complex phenomena have appeared in the last two decades. Although there are many
aspects to the use of chaos in the arts, what is characteristic of such literature is that it uses
chaos as a distinctive thematic element that foregrounds the complex and unpredictable
nature of the relationship between human beings and reality (Polvinen, p. 51). More
specifically, Polvinen argues that there are five thematic main groups in literature inspired
by chaos theory: the relationship between humankind and nature, the issue of human
control over nature, the relationship between fate and free will, the importance of holistic
thinking to the understanding of life, and the nature of human perception (pp. 51-53).

The notion that chaos theory can encourage us to adopt a holistic outlook on life is

evident in the first novel discussed in this subchapter: the American writer Connie Willis’s

Bellwether, which, like Stuart Kauffman’s At Home in the Universe, examines the
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relationship between chaotic systems and cultural trends, suggesting that both evolve
according to similar laws. The protagonist of Willis’s novel, Sandra Foster, is a sociologist
who studies fads in a large corporation. She is particularly interested in their sources,
especially as they seem to emerge ‘for no apparent reason’.ll:ﬁl The plot also features
Sandra’s developing relationship to the chaos theorist and co-worker Bennett O’Reilly,
whose ideas eventually help Sandra understand how large cultural phenomena are born as a
result of a host of small events, so that it becomes impossible to assign a single source of
origin for them. Moreover, Bellwether draws an analogy between chaos and human
relationships: the relationship of Sandra and Bennett emerges as a result of a series of
haphazard events that eventually reaches the ordered state of unification, as the
metaphorical chaos surrounding the relationship reaches a new level of organization.

In the context of our discussion on the common concerns of popular science writing and
fiction, it should be noted that by juxtaposing chaos theory and cultural phenomena, Willis
focuses on one of the major dichotomies discussed in the work of Prigogine and Stengers
and Kauffman: the relationship between humankind and nature. The exploration of this
relationship mainly concerns the shared topics of knowledge and, to some extent, identity.
As discussed above, the argument of Prigogine and Stengers concerning this particular
dichotomy is that with its insistence on the reversibility of temporal processes, the
worldview of classical physics has to a considerable extent contributed to humankind’s
alienation from nature, while for Kauffman Darwinism’s emphasis on the contingent has

similarly alienated humankind from the world. Although Willis’s novel does not deal with

16 Connie Willis, Bellwether (New York: Bantam Books, 1996; 1997), p. 8. Further references to this book are
given in parenthesis.
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the theme of alienation, it does participate in the discussion about the relationship of
humankind and the world by suggesting that the scientific understanding of nature is
directly linked to humankind’s understanding of itself, foregrounding the idea that scientific
models of nature can be used metaphorically to describe things that belong exclusively to
the human realm of experience (Polvinen, p. 51). Since chaos theory allows us to detect an
ordered pattern, a strange attractor, beneath the surface of chaotic activity, it is possible to
make the highly appealing suggestion that similar patterns in human life are indicators of
life’s purposefulness. In other words, chaos is a meaningful phenomenon from the
viewpoint of life in the macroscopic world. The novel thus emphasizes the role of chaos as
a positive force in life: like the highly organized systems studied by chaos theory, fads,
scientific discoveries, and relationships emerge as a result of an essentially creative process
that has its roots in both chance and determinism.

This sense of meaningfulness has much to do with the way in which the novel
approaches the question of holism. As all the popular books discussed above argue, one of
the significant contributions of chaos theory to the philosophy of science is the idea that
systems exhibiting chaotic behaviour cannot be reduced to their basic constituents without
distorting our view of how the systems function. This makes chaos theory and studies of
complexity characteristically synthetic or holistic sciences, as they aim to see how the
interaction of the parts contributes to the functioning of the whole. In Bellwether the
importance of seeing life from a holistic viewpoint is suggested by Sandra’s comparison
between the origins of fads and rivers, as she ponders on the problem of tracing the sources
of the former. ‘It’s almost impossible to pinpoint the beginning of a fad’, she notes, ‘By the

time it starts to look like one, its origins are far in the past, and trying to trace them back is
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exponentially harder than [...] looking for the source of the Nile’ (p. 3). Through repeated
references to major rivers around the world — the Nile, the Thames, the Colorado River,
the Loue, and the Lena — the image of the river becomes a symbol for a whole composed
of interconnected parts:

Rivers are not just wide streams. They are drainage basins for dozens, sometimes hundreds
of tributaries. The Lena River in Siberia, for example, drains an area of over a million
square miles, including the Karenga, the Olekma, the Vitim, and the Aldan rivers, and a

thousand smaller streams and brooks, some of which follow such distant, convoluted
courses it would never occur to you they connected to the Lena, thousands of miles away.

(p- 95)
The idea of a large river as a drainage basin of small rivers foregrounds the suggestion that
because we do not really have knowledge of the whole river until we learn how its
constituent parts interact, the study of its individual tributaries cannot convey a
comprehensive picture of the whole. Reflecting the reciprocal logic of Kauffman’s
antimetabole that epitomizes his view of the relationship between the whole and its parts,
the passage implies that since rivers and tributaries are thus inseparable from each other, it
is clearly impossible to isolate one single main source. In this way, the haphazard collection
of tributaries, streams, and brooks symbolizes the chaotic state of the system before it
reaches a higher level of organization: the river. (The notion of chaos as the predecessor of
order is evident not only in the novel’s imagery but also in its structure: as the suggestive
titles of the parts — ‘Beginning’, ‘Bubblings’, ‘Tributaries’, ‘Rapids’, and ‘Main Channel’
— indicate, the structure of the narrative models the structure of a metaphorical river.)
Sandra’s research into the origin of fads reveals that cultural systems tend to behave in
the manner of nature’s chaotic systems. Like rivers, they flow through culture, functioning

as ‘a facet of the chaotic system of society’ (p. 107). Instead of a single main source, there
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is often a large number of small cultural tributaries that are all equally important in the birth
of a fad. For instance, among the causes for the fad of hair-bobbing Sandra lists ‘female
equality, bicycling, a French fashion designer named Poiret, World War One, and Coco
Chanel’ (p. 89). In this way, the novel suggests that the same kinds of mathematical models
Sandra creates to describe the behaviour of natural phenomena can be extended, as it were,
to processes peculiar to culture. Thus, Bellwether establishes a parallel between two types
of knowledge, scientific and cultural, and suggests that our knowledge of chaotic natural
systems can shed light on similarly chaotic cultural phenomena, the origins of whose
products seem to defy simplistic causal explanations.

Another link that the novel draws between natural and cultural phenomena is the one
between chaotic systems and mental processes, since for Sandra rivers, fads, and scientific
insights are all examples of wholes that emerge from a multitude of sources. Noting that the
link between chaos and important scientific discoveries was first suggested by Henri
Poincaré, she describes how the solution to a major scientific problem became crystallized
in Poincaré’s mind while stepping onto a bus:

The chaotic circumstances — Poincaré’s frustration with the problem, his insomnia, the
distractions of packing for a trip, the change of scenery — created a far-from-equilibrium
situation in which unconnected ideas shifted into new and startling conjunctions with each
other and tiny events could have enormous consequences. (p. 215)

Just as in the river analogy, the chaos of the individual parts gives rise to an integrated
whole, as the chaos surrounding the philosopher’s mind leads into an insight. This idea is
also evident in the portrayal of the situation leading to Einstein’s groundbreaking work. ‘He
discovered relativity’, Sandra notes, ‘while he was working in a dinky patent office, full of

papers and contraptions. When he tried to work at home, it was even worse. Wet laundry



189

hanging everywhere, a baby squalling on one knee, his first wife yelling at him’ (p. 241).
Both examples foreground the idea that instead of merely reducing complex systems to
their constituent parts, they need to be studied on the basis of the interaction of the parts.

Thirdly — and this is where the novel most explicitly creates a link between natural
systems and everyday life — the process leading to the love affair between Sandra and
Bennett is described in terms of chaotic behaviour stabilizing into a new kind of order. The
chaotic phase of the affair is initiated by the company secretary Flip, who fails to deliver a
package to the right person and in doing so inadvertently launches a chain of events that has
many unpredictable consequences. During this phase everything Flip does continues to
increase the amount of chaos in Sandra’s life: she lies to Bennett that Sandra is already
engaged, fails to take photocopies of important pages for a meeting, and so forth.
Eventually the process culminates in Flip unconsciously helping a flock of sheep that
Bennett studies for scientific purposes leave their paddock — the bell-wether of the novel’s
title is the leading sheep of the flock that learns to open the paddock gate by observing Flip
— and enter the corporation’s main building, thus taking chaos to the heart of organized
scientific and commercial activity. In short, with its increasingly chaotic events, this
process resembles much the incremental series that Kauffman uses to depict the heading of
ordered systems towards the edge of chaos.

As in the case of other types of complex phenomena, the sheer number of factors
involved in the relationship makes it impossible to separate the irrelevant from the relevant.
Sandra observes that the chaotic events of her life are continuously ‘iterating and reiterating
and leading inevitably to an outcome’ (p. 195), although the precise nature of that outcome

is impossible to predict. The novel therefore suggests that it is possible to see similar
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patterns in both nature and the lives of individuals, even though it might be impossible to
clearly distinguish between the important and the unimportant factors. In order to fully
understand natural systems as well as cultural and human phenomena, then, one must study
them through a holistic framework that, unlike the reductionistic view, allows us to see the
big picture rather than a mass of meaningless details: although reduction is necessary for
the identification of the individual constituents, it is the study of their relationships that
ultimately reveals us the true nature of the whole (Polvinen, pp. 52-53). This recalls
Davies’s use of double hierarchy argument about how complexity cannot be reduced
downwards: with their interconnected events and levels, both the pattern of Sandra’s life
and the incremental series in Davies’s argument repeat themselves in the fashion of fractal
shapes, creating novel structures.

The idea that it is possible to see a pattern behind seemingly unconnected things by
adopting a holistic outlook is linked to the question about the meaning of the pattern. When
Sandra feeds the various events leading to the birth of fads into her computer, she sees that
they form a strange attractor, an indication of order within chaos: the ‘layer on layer of
events feeding back into each other [...] sprang suddenly into a new design. A beautiful,
elaborate structure, vivid with radical red and cerulean blue’ (p. 236). For Sandra, the
pattern is an indication of purpose, as all the parts appear to contribute to the outcome in a
meaningful way. Seen from the holistic viewpoint, the extraneous noise that is introduced
into Sandra’s life as a result of Flip’s incompetence as a secretary is a fundamentally
creative force that produces new order. Chaos is thus a deeply meaningful phenomenon,
even if its purpose can be revealed only retrospectively, as Sandra notes after having

become aware of the pattern. ‘I had been wrong’, she notes, “The i on [Flip’s] forehead
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didn’t stand for incompetence or itch. Or even influence. It stood for inspiration’ (p. 236;
emphases original). Just as Prigogine and Stengers with their arrow of time and Davies with
his blueprint metaphor, then, Bellwether sees chaos as a fundamentally creative
phenomenon, in which the increase of entropy signals meaningful novelty and beginning
instead of meaningless disorder and ending.

The question of purpose and meaning of chaos is in turn closely linked to the problem
of free will. Significantly, both bell-wethers in the novel, Flip and the sheep that leads the
flock, are described as unaware of their roles as agents of chaos. Sandra notes they are
‘moved by feelings they weren’t aware of, by forces they didn’t understand. Right straight
into the river’ (p. 204), a comment suggesting that humans do not really know the
motivations behind their own actions. At the same time, however, the novel does suggest
that as humans become more and more familiar with the mechanisms of chaos, the
mechanisms may be consciously utilized in creative ways. ‘So many discoveries are made
by scientists outside their field’, as Sandra notes at the end of the novel, ‘Which is why you
[...] choose people working outside their field, because you know how it worked, even if
you didn’t know why’ (p. 242). In this way, the novel captures the ambiguity that surrounds
the implications of chaos theory for humankind: although characters both unconsciously
initiate and experience the unfolding of chaotic patterns, the novel at the same time hints at
the possibility of scientific knowledge helping humankind achieve control over processes
that are seemingly uncontrollable. As in the case of the new physics, then, science is
simultaneously seen as a source of power and a limitation: it gives humans the opportunity

to control nature while exposing a fundamental lack in our knowledge of ourselves.
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The issue of holism is also present in the American science fiction writer Kate Wilhelm’s
Death Qualified. Wilhelm’s story is a traditional murder mystery, in which the protagonist,
an ex-lawyer named Barbara Holloway, defends Nell Kendricks, a woman accused of
killing her husband. During her investigations Barbara finds out that prior to his death, the
victim had been subjected to psychological testing that aimed at the alteration of his
perception: a chaos theorist had used fractal images to make his subject ‘see the world the

way it really is’f

— that is, to experience reality in a way that perception is as little as
possible conditioned by preconceived ideas and beliefs (Polvinen, p. 53). In this way, the
novel examines the relationship between humankind and the world, emphasizing the role of
the mind as the main connecting factor between the two.

Like Bellwether, Death Qualified uses images associated with chaos theory in order to
portray the development of the protagonist’s inner life as well as her relationship to the
world. For instance, the ubiquitous image of fractals forming repetitive, self-similar
patterns at different scales is evident in the narrator’s description of Barbara watching the
flow of a river: in her mind she compares the movement of water with ‘ever-rising fugues,
repeating a theme without end, varying it slightly each time, but always the same theme’ (p.
141). Indeed, the narrator’s descriptions of natural scenery often employ imagery that

makes sameness and difference the complementary elements of a continuous pattern:

‘Trees grew, died, fell; and new trees rose, always the same in the midst of change’ (p.

' Kate Wilhelm, Death Qualified: A Mystery of Chaos (New York: Fawcett, 1991), p. 338. Further references
to this book are given in parenthesis.
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431). The patterns of nature’s processes are in turn reflected in the life of the protagonist,
suggesting an analogy between the two:

The wheel turns, she thought, and we’re all on it. It turns, goes this way and that with a
curious wobble, and sometimes you think it’s taking you to someplace brand-new and
wonderful, everything looks fresh and interesting, and then with the next turn, you’re back
at the same place. Everything different, everything the same. Different details, different cast
of characters, and the same. Ever-rising music, ever-flowing river, ever-changing people;
all the same forever and ever. (p. 143)

The passage uses an image of a wheel to link the idea of fractal self-similarity to a
distinctively cyclical view of time, thus strengthening the link between the processes of
nature and human life. What is more, the synoeciosis-like juxtaposition of the adjectives
different and same suggests that human life is essentially a fractal pattern characterized by
the co-existence of opposite elements.

The link between nature and human life is also suggested by the idea that although the
notion of life as a pattern of difference and sameness might imply certain predictability, the
patterns of both nature and human life are nevertheless fundamentally unpredictable. This
can be seen, for instance, in the way in which the narrator describes her client’s trial:
Nothing unforeseen, everything in order, as predictable as movements in a stately dance in
rhythm with unheard music. What no one could foretell was when the music would become
discordant, when a false note would break the rhythm, or even if that false note had already
been played, if the ripples were already forming, the pattern already altered irretrievably.
(p.- 186)

Describing the progress of the trial as a musical performance, the passage alludes to the
behaviour of chaotic natural phenomena (the word ripples referring to disturbances on the

surface of water). It suggests that in seeming order, there is inherent unpredictability whose

existence makes it impossible to predict the direction in which the system is heading.
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Hence, the novel depicts the pattern of human life as a mixture of deterministic and
indeterministic elements comparable to processes found in nature — note how the same
idea is evident in Prigogine’s reconciliatory portrayal of determinism and indeterminism as
interlinked concepts, as well as Davies’s blueprint metaphor.

However, the most important image that links nature and human life in Death Qualified
is the strange attractor, an equation or fractal set describing a complex pattern in a chaotic
system, which the narrator employs to describe the effects of the actions taken by the
novel’s characters. Before he is killed, Lucas Kendricks, the murdered husband, manages to
escape from the place where he is being subjected to psychological testing; the novel
presents the escape as a crucial event, from which all the other events in the story follow.
The narrator describes the effects of Lucas’s escape on the scientists in the project as
follows:

They had withdrawn into their separate orbits again, the three who remained, but there were
after-effects of the perturbation of a wild player who hadn’t known his orbit, his rightful
place, who had swung erratically back and forth, first into this orbit, then that, and even
though he was gone, his tracks remained, distorting the hard lines of separation everywhere
he had been, and there were no boundaries, no sharp divisions. Where he had been there
was chaos. (p. 150)

Wilhelm models the behaviour of the scientists and Lucas in terms of a strange attractor,
suggesting that the situation is comparable to the one in a system approaching the state of
thermodynamic equilibrium. Like the comparison between the court case and a musical
performance, the analogy drawn between Lucas’s escape and a system heading towards
chaos foregrounds the crucial role played by unpredictability. He knocks the system off

balance from the inside by stealing the information concerning the project, and this has

consequences that affect the other characters in unpredictable ways. In the same way, after
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having been instructed in the basics of chaos theory by the mathematician Mike Dinesen,
Barbara perceives a structural similarity between a strange attractor and her case:

She had learned that a strange attractor was not simply a point but could also be a pattern
that repeated over and over, always similar, never exactly the same, and she felt that the
pattern of those scientists circling around Lucas, the dead boy and the dead Frobisher, all
made up a strange attractor. [...]. She, Barbara, was part of the pattern, she acknowledged,
although she could not say how or why. (p. 178)

This passage reveals a characteristic shared by the novel’s main characters: they are all
caught, as it were, in self-similar patterns and thus cannot perceive the whole formed by the
various events around them — a situation much like the one in which the characters of
Connie Willis’s Bellwether find themselves. As a lawyer Barbara is especially affected by
this dilemma, as her task demands that the jury be made understand how and why the
individual events contribute to the overall picture.

The problem of grasping the whole in all its complexity is also approached through
images suggesting another fundamental characteristic of chaotic systems: turbulence. Mike
Dinesen, who helps Barbara solve the case and eventually begins a relationship with her,
becomes affected by the same fractal images that were used on Lucas, consequently
confronting unpredictability in the form of unmediated sensory data: ‘“The whirlpool will
throw me out sooner or later, the synapses will reconnect in a new pattern, the turbulence
will end and there will be different linkages, but what kind, what will they mean?” (p. 385).
Likening the disorder of Mike’s consciousness to a chaotic natural phenomenon, the
passage draws attention to the role of chaos as a source of novelty whose form is
impossible to predict. Like the dinosaur island in Michael Crichton’s Jurassic Park,

discussed below, both human consciousness and the murder case are hence portrayed as
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metaphorical complex systems whose apparent simplicity obscures their complexity. In the
latter case, although Nell Kendricks seems to many as the most likely candidate for the
murderer, the link between the actual perpetrator, an unsuspected logging company worker
who kills Lucas as a means of making him appear responsible for the murder of a
hitchhiker committed by the worker, and the case is hidden behind a complex network of
other links. This suggests that as observers we are incapable of making totally accurate
predictions because of the complexity of the interaction between the various parts of the
whole.

As in Willis’s novel, the adoption of a holistic view is connected to the discovery of a
deep sense of meaning in the world. In order to teach Barbara to see the world from a new
angle, Mike Dinesen shows her an image of a tree and explains how it models the idea of
self-similarity. ‘Start with the whole tree’, he instructs her, ‘and then the single leaf, and
now the veins in the leaf, and the root system, all similar. [...]. Nothing’s isolated, nothing.
It’s all connected’ (p. 163). In terms of the passage’s figurative language, Wilhelm uses a
descending incrementum to emphasize the notion of similarity across the scale. For the
narrator, however, the idea of self-similarity is primarily a means of describing the
meaningful quality that individuals link to the patterns of their lives:

And just what do you think you’re doing? she demanded of herself, standing at the
bathroom sink holding a bar of soap. But she knew, and so did Mike. They would have
coffee, go out to dinner, come back here, and go to bed together. It had been inevitable
from the moment he had laid his hand on her shoulder because it was a natural thing to do,
and she had accepted the naturalness of the act, from the moment he said her name on the
library stairs, from the moment she dialed his number, from the moment she heard her

father’s voice on her answering machine in Phoenix, from the moment of her birth. It had
been inevitable. (p. 164; emphasis original)
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This passage shows how Wilhelm’s novel uses chaos theory to portray life as a mixture of
deterministic and indeterministic elements. In Barbara’s case determinism in fact manifests
itself as a certain kind of fatalism — it is only our incomplete knowledge that obscures the
fact that everything is predetermined. At the same time, the notion of predetermination
carries with it a pronounced sense of meaningfulness, as the protagonist through her
adoption of a holistic outlook understands that the apparent chaos hides order in the form of
a pattern. Hence, it is suggested that only by understanding how all its details are connected
to each other as a whole are we able to make sense of chaos in human life and that it is this
sense of underlying order and meaning that the protagonist sees as fate.

With her newly found understanding of holism, Barbara is able to regard not only her
own life but also the world from a new perspective. This is evident in the portrayal of her
viewing natural scenery in distinctively holistic terms:

She thought of the great heart of the Earth pumping its life-giving water in tiny rivulets that
appeared only during the rainy season, and then joined the bigger creeks, like Halleck
Creek, which rushed to the McKenzie River, which in turn joined the Willamette, and then
the Columbia and at last made the tremendous flood that fed the great ocean. (p. 291)

This rather new-ageish passage — the heart metaphor clearly anthropomorphizes the planet
— uses a gradatio-like structure that in the fashion of Kauffman’s gradatio describing the
interconnected parts of autocatalytic processes conveys a sense of interconnectedness
between the various parts of the whole. Like the similar image in Bellwether, it
symbolically foregrounds the idea that everything in the world is connected, thus locating
the model for the interconnectedness of human life in nature. In this sense, the notion of
nature and human life mirroring each other is marked especially in the way in which

Barbara’s relationships to other characters are described. Thinking about fractal shapes with
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their same-different patterns, Barbara notes that ‘she and her father were segments of one
of the patterns, swirling about each other, touching, withdrawing, flying off in opposite
directions, returning’ (p. 361). Her relationship to Mike is portrayed in similar terms: ‘They
kept meeting on new grounds, the same two people creating ever-new patterns’ (p. 413).
Barbara’s observations reflect the idea that as parts of such patterns, individuals are not
separate from but connected to each other through the ‘invisible links’ of ‘love, hatred,

jealousy, greed’ (p. 362), thus forming interconnected wholes similar to the ones in nature.

That chaos theory forces us to look at nature holistically is also the underlying idea in
Michael Crichton’s Jurassic Park. Crichton’s bestseller is an adventure story about a zoo-
cum-amusement park built on a Central American island whose inhabitants are genetically
engineered dinosaurs. The story begins with a description of humans being attacked by
miniature dinosaurs in Costa Rica and the attempts of baffled scientists to discover the
origin of the creatures. The explanation for the mystery begins to surface when it is
revealed that the owner of the park, the ambitious businessman John Hammond, has
become worried about the possible risks that the animals might pose to visitor safety and
investments, consequently assembling an interdisciplinary team of experts to assess the
seriousness of the issue. Predictably, the control system of the park turns out to be faulty —
some of the animals have escaped from the island to the mainland in Costa Rica — and the

dinosaurs begin to wreak havoc on each other as well as the humans trying to control them.
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Although the disastrous confrontation of nature and high technology in the novel
obviously functions as a critique of biotechnology and the increasing commercialization of
genetic engineering — the introduction to the story, ‘The InGen Incident’, features a report
on the activities of Hammond’s company that criticizes the alliance of science and
capitalism in molecular biology — Crichton employs chaos-theoretical ideas to examine
whether it is possible to use high technology to control the complex systems of nature
(Polvinen, p. 51). In this way, the novel discusses the consequences of the attempt of trying
to dominate systems that are inherently unpredictable and suggests that instead of taking
such a hubristic approach, humankind should learn to cultivate a holistic attitude towards
nature — an idea that links the novel to Stuart Kauffman’s discussion on the ethical aspects
of scientific knowledge.

Like Bellwether, Jurassic Park uses the idea of systems becoming increasingly chaotic
not only as a thematic element but also as a means of structuring the story. The events
progress through six ‘iterations’ (main chapters) during which the team discovers answers
to the mysteries surrounding the park, and the park personnel on the island are little by little
forced to abandon their attempts of controlling the dinosaurs — this obviously reflects the
park’s change from a stable organized system to an unstable chaotic one. The epigraph to
the first iteration, which is a quotation from the team’s chaos theorist, the mathematician
Ian Malcolm, states that ‘at the earliest drawings of the fractal curve, few clues to the
underlying mathematical structure will be seen’ﬁ pointing to the fact that at this point we

do not yet know why people on the coast of Costa Rica are being attacked by the miniature

8 Michael Crichton, Jurassic Park (London: Random House, 1991), p. 9. Further references to this book are
given in parenthesis.
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dinosaurs. As the second iteration begins, the delicate balance of the ecosystem of the park
is already on its way of becoming unstable (another epigraph quoting Malcolm predicts that
‘sudden changes may appear’ (p. 31) at this point), and the team learns that Hammond has
succeeded in cloning prehistoric animals. Finally, during the rest of the iterations, the team
learns more about the behaviour of the dinosaurs (‘Details emerge more clearly as the
fractal curve is redrawn’ (p. 83)), the amount of chaos in the island still increases, and the
system eventually goes beyond recovery, as all control is lost. In this way, then, the
structure of Jurassic Park reflects the idea that human attempts at the complete mastery of
nature are impossible because it is impossible to accurately predict how complex systems
will develop over long periods of time. Echoing Kauffman’s incremental series, the plot
thus develops step by step towards the edge of chaos.

In the same way, the content of the novel emphasizes the fundamentally unpredictable

nature of chaotic phenomena, as lan Malcolm’s lecture-like explanations of his field of
expertise show. At the heart of Malcolm’s argument is the idea that we can understand the
basic processes of everyday life through mathematical modelling of complex systems.
Explaining to the palaeontologist Alan Grant the relationship between the whole and its
constituent parts, he draws attention to their structural similarity:
When you study fluctuations in cotton prices, you find that the graph of price fluctuations
in the course of a day looks basically like the graph for a week, which looks basically like
the graph for a year, or for ten years. And that’s how things are. A day is like a whole life.
You start out doing one thing, but end up doing something else, plan to run an errand, but
never get there. [...]. And at the end of your life, your whole existence has that same
haphazard quality, too. Your whole life has the same shape as a single day. (p. 171)

Malcolm’s analogy between cotton market fluctuations and the course of an individual’s

life suggests that both are basically fractal patterns, whose essential characteristic is self-
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similarity. Underlying the self-similarity is in turn turbulence that in the form of continuous
fluctuation shapes both the part and the whole. Thus, like Kate Wilhelm’s Death Qualified,
Jurassic Park makes turbulence a metaphor for the inherent unpredictability of everyday
existence. In terms of our discussion of the relationship between the whole and its parts,
then, it is not surprising that many seemingly insignificant events in the novel turn out to
have dramatic or catastrophic consequences. For instance, Dr Wu, the geneticist responsible
for creating the park’s animals, uses amphibian DNA to construct dinosaurs without
realizing that it changes the sex of some of them from female to male, thus allowing the
dinosaurs to breed (Wu had originally planned to make all the dinosaurs female in order to
prevent them from breeding). Similarly, Hammond had refused to pay Dennis Nedry, the
park’s computer expert, for the extensive modifications he had made to the computer
system used for controlling the dinosaurs, resulting in Nedry’s becoming a spy for a rival
company interested in the commercial aspects of gene modification. In order to avoid
getting caught stealing Wu’s dinosaur embryos, Nedry jams the computer system, causing
the fences that restrict the movement of the dinosaurs to malfunction with disastrous
results.

In other words, much of the novel’s critique of what it sees as the dominant attitude of
contemporary (Western) science stems from the idea that ethically responsible science can
only emerge through the cultivation of holistic thinking. This is evident in the way Crichton
juxtaposes the views of Malcolm with those of Wu and the park engineer John Arnold in
order to contrast the holistic view of the former with the myopic vision of the latter.
‘They’re both technicians’, Malcolm says, ‘They don’t have intelligence. They have what |

call “thintelligence.” They see the immediate situation. [...]. They don’t see the surround’
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(p- 284). Hence, voicing its own position through the character of the chaos mathematician,
the novel suggests that their short-sightedness and hubris go hand in hand. For instance,
when one of the park personnel manages to temporarily immobilize a Tyrannosaurus Rex
spreading mayhem in its surroundings, Arnold is depicted acting characteristically
nonchalant, as he uses the control system to trap the animal: ‘He pushed back in his chair,
and grinned as he lit a final cigarette and crumpled the pack. That did it: the final step in
putting the park back in order’ (p. 299). Moments later, however, a power failure hits the
park’s power system, enabling the escape of equally voracious velociraptors. It is obvious
that this happens because of Arnold’s incapability of seeing the big picture. Because he is
so focused on finding the Tyrannosaurus, Arnold does not notice that the security system of
the park is running on insufficient auxiliary power. As Hammond later notes, Arnold
‘hadn’t been organized, and he had missed things. Important things’ (p. 380). Wu’s biggest
failure, in turn, is that he engineers dinosaurs, even though he knows that it is ‘impossible’
(p- 333) to predict their behaviour.

Closely linked to these considerations is a clash between two opposing views of the
park as a system. While Hammond repeatedly emphasizes the simplicity of the idea behind
Jurassic Park, Malcolm argues that behind the apparent simplicity of cloning DNA and
controlling the animals is the complexity of factors more numerous than Hammond and the
others are capable of perceiving (p. 305). While Malcolm’s knowledge of chaos theory
allows him to see that ‘simple systems can produce complex behaviour’ (p. 76) that is
characterized by inherent unpredictability, Hammond erroneously believes that
unpredictable events, such as dinosaurs escaping their confinement or mating, can be

controlled by keeping the system — the island — isolated from its surroundings. Hence, in
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Malcolm’s holistic view, ‘“nature” is in fact a complex system of far greater subtlety than
we are willing to accept’ (p. 93), whereas Hammond’s park represents a simplified model
of the real thing with its unrealistic ideal of complete isolation.

Through the portrayal of chaos theory as a distinctively holistic science, then, Jurassic
Park attributes to it the humility and ethical awareness that genetic engineering lacks. With
its attention to the interaction of the whole and its constituent parts, including the idea that
humankind is inseparable from other species and nature, chaos theory in the novel
embodies values that technological advance seems to have neglected. “When the hunter
goes out in the rain forest to seek food for his family,” Malcolm asks, ‘does he expect to
control nature? No. He imagines that nature is beyond him. Beyond his understanding.
Beyond his control” (p. 349). The inevitable destruction of the park can thus be understood
symbolizing the end of a particular type of scientific mentality: with its short-sighted focus
on gaining profit, genetic engineering represents an outlook blind to its own shortcomings.
In contrast, with its emphasis on unpredictability and holism, chaos theory represents a
humbler attitude towards nature. In this way, the dichotomy between the two views echoes
Kauffman’s antithetical statements concerning the limits of human knowledge and the
predictability of natural processes — instead of aiming at global mastery, humans should

strive to respect nature through local understanding of nature.

The interlinked issues of prediction and control are studied from a different angle in

William Gibson and Bruce Sterling’s The Difference Engine. Consisting of three
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intertwined strands, the story writes an alternative history of the mid-Victorian England by
imagining what that society would have been like had the industrial revolution been
powered by technology more sophisticated than was the case. The protagonist of the first
strand, the daughter of a Luddite agitator called Sybil Gerard, who lives an adventurous life
as a high-class prostitute, comes into possession of a box containing punch cards for the so-
called difference engine, a primitive computer modelled after the nineteenth-century
mathematician Charles Babbage’s mechanical computer, which was designed to accurately
calculate mathematical and astronomical tables. (Although Babbage’s difference engine
could not be built in the lifetime of its inventor, in the novel difference engines exist, and
the Victorians use them to build steam-powered machines that closely resemble their
twentieth-century counterparts, such as ‘gurneys’ (cars), ‘kinotropes’ (cinematographs),
automatic weapons, ‘typing engines’ (typewriters), calculators, and so forth.) The box then
finds its way into the hands of the protagonist of the second strand, the palaeontologist
Edward Mallory, who has recently achieved considerable scientific fame by discovering the
bones of a brontosaurus in North America. From this point on, the second strand follows
Mallory’s attempts of trying to solve the mystery of the cards and his struggle against
various instances that are interested in exploiting them for their own criminal ends. The
third strand in turn focuses on the detective and governmental spy Laurence Oliphant, who
meets Sybil Gerrard in France, thus linking the beginning and the end of the story. Finally,
there is a separate section, ‘Modus’, which is basically a collection of miscellaneous
documents, such as passages from the writings of Charles Babbage, letters by contemporary
politicians, a John Keats interview, song lyrics, a poem, and so forth. More importantly,

however, the final section reveals the nature of the punch cards: containing information for
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the so-called Modus Programme, they were designed by their creator, Ada Lovelace (Ada’s
father, Lord Byron, is in the novel the Prime Minister of England), to drive the difference
engine by using the principle of self-referentiality, thus functioning as a metasystem for
mathematical calculations.

In terms of the novel’s examination of the issue of control, one of its notable features is
that just as the other writers discussed in this subchapter, Gibson and Sterling establish
different kinds of analogies between nature and human life. The first of them illustrates the
functioning of the human mind by suggesting that both nature and mind feature processes
that can be termed chaotic. For instance, the statesman and novelist Benjamin Disraeli, who
is one of the famous Victorian personages appearing in the novel, explains the writing
process to Mallory as follows:

There are tumults of the mind, when, like the great convulsions of nature, all seems anarchy
and returning chaos: yet often, in those moments of vast disturbance, as in the strife of
nature itself, some new principle of order, or some new impulse of conduct, develops itself,
and controls, and regulates, and brings to an harmonious consequence, passions and
elements which seem only to threaten despair and subversion.El

Note how Disraeli’s description of the creative process is reminiscent of the protagonist’s
musings on scientific genius in Willis’s Bellwether. In addition to presenting chaos as a
force capable of innovation, the passage foregrounds the notion of chaos as a self-
sustaining phenomenon that creates order spontaneously.

However, the second type of analogy suggests that it is not only the human mind but

also society that functions and evolves according to the laws of chaos and complexity

" William Gibson and Bruce Sterling, The Difference Engine (London: Gollancz, 1990; 1996), p. 175.
Further references to this book are given in parenthesis.
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(Polvinen, p. 51). Through a process converse to that described in the above quotation,
order gives way to chaos in Gibson and Sterling’s portrayal of London’s incremental
descent into disorder. Mallory observes that the inhabitants of London are ‘like a gas, [...]
like a cloud of minute atomies. The bonds of society broken, they had simply flown apart,
like the perfectly elastic gassy spheres in Boyle’s Laws of Physics’ (p. 219). Following
these similes, Mallory uses another one to compare the disorder of the great city to drunken
behaviour:
London is a complex system out of equilibrium. It’s like — it’s like a drunken man, blind
drunk, in a room with whisky bottles. The whisky is hidden — so he’s always walking
about looking for it. When he finds a bottle, he takes a long drink, but puts it down and
forgets it at once. Then he wonders and looks again, over and over. (p. 202)
At this stage the city — as a complex system — has not yet reached the state of maximal
entropy, or chaos, but is still functioning quite predictably. After this, however, ‘[the man]
instantly runs headlong out of the room and into outer darkness. And anything may happen
then, anything at all, for the outer darkness is Chaos’ (p. 203), thus emphasizing the
unpredictability of chaotic behaviour. Such analogies also make the link between nature
and humankind stronger by attributing certain distinctively human qualities to chaotic
processes: a maximally entropic system implies the creation of a moral vacuum in which
anarchy reigns supreme, as is suggested by Mallory’s observation of how the inhabitants of
London, the ‘puppets of base impulse’ (p. 220), ‘had no proper standards left for judgment
or comparison’ (pp. 219-20).

Shortly after Mallory has made these observations, he witnesses how the previous chaos
gives way to order. Amidst the general anarchy, women and children gather at the Palace of

Palaeontology to clean and protect the building, thus reducing the amount of disorder in the
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city. For Mallory, a firm believer in the values of the British Empire, this event indicates
that ‘the lurching madness had reached its limit. Within the faltering maelstrom, a nucleus
of spontaneous order had arisen! Now, like a cloudy muck resolving into crystals,
everything would change’ (p. 233). Here Gibson and Sterling again use a simile in order to
underline the analogy between natural and social phenomena, foregrounding the idea that
the two are part of a continuum rather than separate things. In terms of the popularized
accounts of chaos and complexity discussed in 3.2.1, it is noteworthy that Mallory regards
the inhabitants’ activity as an example of not just any kind of organization but specifically
of a spontaneous one. This suggests that in the novel chaos functions in the manner of Ilya
Prigogine and Isabelle Stengers’s dissipative structures and Stuart Kauffman’s autocatalytic
processes, both of which possess the capacity to produce order out of chaos on their own. In
this sense, rather than being separate from each other, chaos and order co-exist as each
other’s partners, as is also evident, for instance, in Laurence Oliphant’s thoughts about
England’s current situation. “The physical and more crudely social cataclysm was past now,
certainly,” he notes,

but Byron’s death had triggered successive waves of instability; Oliphant imagined them
spreading out like ripples in a pond, overlapping with others that spread from more obscure
points of impact, creating ominously unpredictable areas of turbulence. (p. 294)
Foregrounding constant, unpredictable change, this image built on yet another simile
indicating the analogy between nature and society suggests that organized systems always
already contain the seeds of chaos and vice versa. For this reason, like the umbrella terms
of Davies and Kauffman (chaos and the edge of chaos, respectively) and the antimetaboles

of Prigogine and Stengers that reconcile being with becoming in order to communicate the
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authors’ claim that future is never given, it presents the idea that unpredictability sets
certain limits for human control.

This interpretation is also suggested by the terms in which Gibson and Sterling
approach the question of biological evolution. Reminiscent of Stephen Jay Gould’s theory
of punctured equilibrium (which I discuss in more detail in 4.3.1), Mallory’s theory of
evolution, catastrophism, foregrounds the role of the contingent and the accidental in the
evolution of the species. He observes how ‘the leaping machineries of Evolution were
loosed in chaos [...] to repopulate the stricken earth with strange new orders of being’ (p.
215) after the catastrophe leading to the extinction of dinosaurs. It is Mallory’s predominant
focus on the sudden appearance of such orders that sets him apart from rival theorists of the
age, as is evident in his comments on the evolutionary fitness of dinosaurs:

The Uniformitarian faction wish these creatures to seem dull and sluggish! Dinosaurs will
then fit their slope of gradual development, a slow progression to the present day. Whereas,
if you grant the role of Catastrophe, you admit a far greater state of Darwinian fitness for
these magnificent creatures [...]. (p. 115)

Modelling the rivalry between the Uniformitarians and the Catastrophists after the
twentieth-century battle between the gradualism of evolutionary biologists such as Richard
Dawkins and the modern catastrophism of Gould and Niles Eldredge, Gibson and Sterling
liken biological evolution to processes in chaotic natural systems. In this way, they propose
that the sudden transformations in systems at the edge of chaos are similar to the leaps that
evolution in the catastrophist view makes from time to time. Indeed, as he observes the
chaotic London, Mallory suggestively links the strangely coloured sky above the city to the
sky seen by dinosaurs at the moment of their demise, drawing a parallel between biological

evolution and complex systems. This comparison recalls Kauffman’s juxtaposition of
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nature and culture through reconciliatory terms pointing to the notion of evolution as a
series of crises, with chaos and disintegration always preceding the formation of a new type
of order. In other words, rather than signalling an evolutionary or a thermodynamic
apocalypse, catastrophe in the novel is an agent of novelty.

A particular example that reflects the difficult-to-predict nature of catastrophic
evolution is the portrayal of Mallory’s death. After noting that Mallory towards the end of
his career had accomplished ‘immortal fame’ (p. 288) as scientist, the narrator describes
how he sits in front of his office desk on the night of his death. The event is framed in terms
of making a choice between two alternatives, which is suggested by the fact that there are
two piles of documents on Mallory’s desk that need to be read. ‘One folder lies to his
right,” the narrator observes, ‘the other to his left, and it cannot be known which he will
choose’ (p. 289). Having stated this, the narrator proceeds to explain the consequence of the
first choice: Mallory chooses the folder on the left, receiving unwelcome news and dying of
a failed artery (p. 289). Fortunately for Mallory, however, the ‘chain of events’ initiated by
this choice ‘does not occur’ (p. 289) because instead of choosing from the left, Mallory
chooses the folder to his right and comes across an interesting field report of a
palaeontological expedition to the British Columbia, which contains a description of
strange fossils that ‘bear no relation to any known creature’ (p. 290).|2:0| This gives the
elderly scientist conclusive proof of the validity of his catastrophe theory, and he dies in a

kind of mystical ecstasy. On the whole, the description of Mallory’s death thus foregrounds

%% This functions as an allusion to Gould’s Wonderful Life, which describes the extinction of Cambrian marine
life forms in Burgess Shale — an evolutionary catastrophe, in other words.
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the fundamentally decisive role of the contingent and the accidental in history — be it
either individual or collective — and the difficulty of predicting the future.

Like Gould’s vision of evolution as an essentially non-progressive phenomenon, The
Difference Engine does not imply that evolution should necessarily be associated with
improvement. Because the ultimate driving force of evolution in Mallory’s catastrophism is
chance, it becomes impossible to predict whether the new type of order constitutes an
improvement in regard to the old one. ‘History works by catastrophe!’, Mallory exclaims,
‘It’s the way of the world, the only way there is, has been, or ever will be. There is no
history — there is only contingency!” (pp. 271-72). While society may increase the level of
its technological sophistication, such progress does not automatically guarantee that there
will be advancement in areas such as ethics or human rights. The difference engines used
by the novel’s Victorians may help them improve their quality of life in certain areas, but at
the same time the steam-driven computer is employed to maintain social inequality instead
of erasing it. For instance, the aim of Laurence Oliphant is to use the difference engine as a
supreme means of social control:

Mightn’t we examine society, sir, with a wholly new precision and intensity? Divining,
thereby, new principles — from the myriad clusterings of population over time, sir; from
the most obscure travels of currency from hand to hand, from the turbulent flows of
traffic... Topics we now vaguely call police matters, health matters, public services — but
perceived, sir, as by an all-searching, an all-pervasive, a scientific eye! (p. 97)

Just as Mallory uses his scientifically trained eye of a palacontologist to ‘[distinguish] form
amid apparent chaos’ (p. 84), so Oliphant envisions a new — and somewhat Orwellian —
instrument of control, a metaphorical eye capable of mathematically describing and

predicting very complex social phenomena.
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Yet, given the fact that the novel — through the explication of Mallory’s theories —
compares society to a chaotic system, it is not surprising that it explicitly questions the
validity of Oliphant’s vision. Although it is implied that the Victorian equivalent of a
modern intelligence agency, the Central Statistics Bureau, has been successful in
developing sophisticated intelligence techniques — as Oliphant enters the Bureau’s main
building, he notes ‘a sense of being observed, somehow — of being known and numbered’
(p- 310) — it is also suggested that complete control of neither nature nor society is
possible. In France Oliphant is told about a French difference engine called Grand
Napoleon, which is presumably based on similar technology as the engines used by the
British. He is informed that although the French computer usually works well, its ‘higher
functions’ are plagued by ‘an outré element of inconsistency’ (p. 347) that points to an
element of unpredictability in the system. Indeed, the final section of Difference Engine
underlines the idea that the Laplacean dream of totally accurate scientific knowledge cannot
ever become reality. ‘The execution of the so-called Modus Programme demonstrated’,
Ada Byron notes, ‘that any formal system must be both incomplete and unable to establish
its own consistency. There 1s no finite mathematical way to express the property of “truth™
(p.- 376; emphases original). That is, the case of the Modus Programme exemplifies the
implications of Godel’s incompleteness theorems in practice, suggesting that totality of the
universe is not reducible to a mathematical summary.

At the same time The Difference Engine plays with the idea that self-referentiality, on
which the functioning of the Modus Programme is based, may be some day utilized to
create self-conscious computers that resemble living systems, thus envisioning a co-

evolution of humankind and machines, with the latter eventually substituting the former.
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The portrayal of this possibility at end of the novel features distinctively dystopian
overtones, as the Eye finally reaches the level of self-consciousness in the London of 1991:
Paper-thin faces billow like sails, twisting, yawning, tumbling through the empty streets,
human faces that are borrowed masks, and lenses for a peering Eye. And when a given face
has served its purpose, it crumbles, frail as ash, bursting into a dry foam of data, its
constituent bits and motes. (p. 382)
From its humble beginning as a vague idea in the minds of Victorians, the Eye has evolved
into a self-aware, god-like entity whose consciousness appears to encompass everything. It
has become so powerful that it has in its mind created a virtual copy of London through
which it maintains and increases its self-awareness. With humankind reduced to electronic
information in the mind of a supreme artificial intelligence, the end of the novel
exemplifies the primary principles of chaotic self-organization and Mallory’s catastrophic
theory of evolution. By creating order through autocatalysis and self-referential iteration,
life evolves through spontaneous, disjunctive leaps towards an unpredictable future that
does not necessarily have anything to do with the present form of humankind, possibly
even eventually blurring the border between organic and non-organic modes of existence.
In terms of the challenge that technological progress poses to the current form of
humankind, then, The Difference Engine displays the same kind of anxiety as many other
contemporary stories — The Terminator (1984), The Matrix Series,ﬁ and so forth — that
focus on the relationship between humans and machines. If it is accepted that the laws of

evolution apply to both biological and technological evolution and that those laws are

ultimately ruled by contingency, it becomes very difficult to predict how closely

! The series consists of the films Matrix (1999), The Matrix Reloaded (2003), and The Matrix Revolutions
(2003).
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humankind will merge with its machines. Such view, of course, clashes strongly with the
more anthropocentric versions of evolution, suggesting that in a fundamentally
indeterministic universe, consciousness and intelligence may not be characteristic
properties of only organic beings. (The idea of artificial intelligence as the next protagonist

of the evolutionary saga is explored in depth in chapter 5.)

The question about the relationship between determinism and indeterminism also emerges
in Robert Littell’s The Visiting Professor, which examines these issues in conjunction with
the problem of free will. The protagonist of Littell’s novel is a Russian ‘randomnist’ named
Lemuel Falk, who arrives to New York to do research in chaos theory at the Institute for
Advanced Interdisciplinary Chaos-Related Studies. Lemuel is especially interested in the
workings of entropy, ‘the relentless slide of the universe towards disorder; towards
chaos’,|2:2| and his main aim is to locate ‘pure, unadulterated randomness’ and separate it
from ‘fool’s randomness’ (p. 9), which for him means randomness that is not pure — in
other words, chaos. While working on the problem of true randomness, Lemuel gets
involved in a serial murder case, which he eventually solves by using his knowledge of
randomness: he shows that the murders follow a distinct pattern that underlies the
seemingly chaotic appearance of the case. The notion of order emerging out of chaos is also

foregrounded through an analogy that Littell draws between nature and human life: in

** Robert Littell, The Visiting Professor (London: Faber and Faber, 1993; 1995), p. 5. Further references to
this book are given in parenthesis.
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addition to the portrayal of scientific research, The Visiting Professor features as its subplot
a humorous and chaotic love story in which Lemuel meets Occasional Rain, a hippie-like
hairdresser who introduces him to the peculiarities of American culture.

Lemuel’s research into complex phenomena constitutes an attempt to go beyond chaos,
which for him, as noted above, does not equal pure randomness. ‘Is it not within the realm
of possibility’, he asks, ‘that the real terminus, the theoretical horizon beyond which there
is no other horizon, is pure, unadulterated, non-chaotic randomness?’ (p. 55), thus
regarding chaos as ‘a footprint’ (p. 56), or a concrete piece of evidence, of pure
randomness. In fact, for him ‘chaos is the opposite of [true] randomness’ (p. 181) because
while chaos always contains a seed of order, pure randomness is characterized by ‘perfectly
natural absence of order’ (p. 182).

It is this search that forms the basis of the novel’s exploration of the relationship
between indeterminism (free will) and determinism (fate). In Lemuel’s opinion, finding
evidence of pure randomness would prove that the universe is in some sense truly
indeterministic, as its inhabitants would then be capable of making choices according to
their free will (p. 57). ‘It is because God is alive’, he muses, ‘because He is randomness
incarnate, that all things are permitted. [...]. Goddamn it, if He can be when and where He
will be, then, since we are made in God’s image, we can too’ (p. 182; emphasis original). In
contrast, chaotic systems, in which order underlies apparent chaos, are for Lemuel
examples of ‘deterministic chaos’ (p. 55), whose dynamics derive from their initial
conditions without randomness.

The novel explores this relationship mainly through its characters, setting Lemuel’s

views against those of his roommate, an eccentric rabbi called Rebbe Asher ben Nachman,
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who at their first meeting introduces himself as ‘the gnostic chaoticist’ (p. 16). For the
Rebbe, Yahweh represents ‘the incarnation of randomness’ (p. 21) because the actions of
the deity are apparently restricted by neither time nor space. The Rebbe thinks that
Yahweh’s random nature is evident especially in his way of punishing people, as the
victims can never be certain when and why Yahweh decides to punish them — that is, the
effectiveness of Yahweh’s punishments lies in their unpredictability. This unpredictability,
however, does not for him imply that the world is indeterministic: he states that ‘everything
under the sun is determined even though it’s beyond our power to predict what will come
next’ (p. 212) — note the similarity between this view and the one presented in Kate
Wilhelm’s Death Qualified. For the Rebbe, the world is a chaotic system that behaves
according to deterministic laws, and the choices people make have been determined
beforehand. It is only our inability to make totally accurate predictions, our inability to
know Yahweh, that prevents us from correctly predicting the future. Hence, while the
Rebbe sees determinism indicating the existence of a supreme being, for Lemuel it is only
the idea of pure randomness that can be associated with such an entity.

This clash of positions is reflected in a subplot in which Lemuel assists the police in
solving a case that involves several murders that at first appear to be unconnected to each
other. It soon becomes evident that the police have made the mistake of assuming that
because there are no significant links between the individual murder cases, the murderer
must have chosen the victims at random. However, through his studies of chaotic and
complex phenomena, Lemuel eventually discovers that the apparent randomness in the case
is truly nothing but apparent, as he realizes that the murderer tries to avoid getting caught

by simulating randomness in the choice of his victims. While Lemuel’s computer
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programme for studying randomness fails to find a strange attractor that would indicate a
pattern behind the murders, the very fact that the program comes across only disorder
indicates that there has to be a designer who has deliberately tried to avoid creating such a
pattern (Polvinen, p. 51). In this sense, the murderer is comparable to Yahweh, whose
punishments are only apparently random. The inability of the police to catch the murder
draws readers’ attention to the more general idea that because its lack of knowledge,
humankind is unable to fully grasp the organized complexity of the world, seeing only
randomness where there is in fact order.

In contrast to the notion of chaos as deterministic design, the novel presents the idea
that pure randomness, which is an essentially indeterministic phenomenon, can be
encountered only through chance discovery, not purposeful search — ‘When you see a
three-piece suit, you discover the tailor, you don’t invent him’ (p. 248; emphasis original),
as the Rebbe instructs Lemuel. The relationship of Lemuel and Occasional Rain can be
seen as an event implying the existence of true randomness: instead of revealing an
underlying design, the relationship begins from a chance encounter, as Lemuel goes
looking for a haircut on his arrival in the United States. This interpretation is alluded to in
the Rebbe’s explanation of the correct translation of Yahweh’s name: ‘Yahweh should
maybe be translated, “I will be that I will be”. I am personally reading this to mean, “I will
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be when and where I will be”” (p. 21). Significantly, these are almost the same words that

999

Rain uses to describe herself: ““I am what I goddamn am™ (p. 62), suggesting that
symbolically Lemuel’s chance meeting of Rain represents a meeting with Yahweh, the

embodiment of pure randomness and the designer and creator of chaos. Moreover, it is

Rain’s name that points to her role as a representative of pure randomness: for Lemuel the
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fundamental characteristic of pure randomness is ‘the faintest trace of occasional order’ (p.
184; emphasis original), the italicized phrase alluding to Rain’s whole name. Therefore,
just as the Rebbe finds the ‘the incarnation of randomness’ (p. 21) in Yahweh, Lemuel
discovers — or at least approaches — true randomness in the form of his chance encounter
with Occasional Rain.

Another example of the idea that it is possible to discover true randomness in occasional
rather than designed order is the protagonist’s exploration of mathematics. Lemuel gives a
lecture on chaos theory at the local university and illustrates the concept of pure
randomness by discussing the role of pi as a transcendental number stretching to infinity. ‘I
can say you’, he notes, ‘infinity is something like the horizon seen from a ship — no matter
how much you advance toward it, it is always beyond your reach. Trying to calculate pi
[...] is a going without a getting there’ (p. 174). Lemuel’s comparison suggests that the
values of pi expand infinitely without any discernible pattern — save for ‘occasional
flashes of [...] random order’ (p. 176) — behind the expansion, thus implying pure
randomness. What is more, the phrase a going without a getting there is in this context
significant because it is repeated almost word for word at the end of the novel, as Lemuel
and Rain are married to each other. Lemuel’s observation ‘Marriage, when it works, is also
a trip without getting there’ (p. 263) puts forth the idea that both mathematics and love can
take humans towards the transcendent, which manifests itself as order underlying seeming
chaos.

As in the reconciliatory visions of Prigogine and Stengers and Davies, then, The
Visiting Professor does not propose that the universe is either deterministic or

indeterministic, or that its inhabitants either completely lack free will or possess it. On the
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contrary, it seems to contain both kinds of elements, and Lemuel and the Rebbe hence
represent two different but mutually inclusive views that eventually begin to support each
other. Lemuel, for instance, learns to accept the Rebbe’s view of ‘Yahweh-made
randomness’ (p. 193), while the Rebbe realizes that chaos could be seen as ‘a way-station’
(p- 211) on the road towards pure randomness. Indeed, in his speech on Genesis at the
wedding ceremony, the Rebbe affirms the status of chaos as Yahweh’s creation, thus
suggesting that order and disorder, determinism and indeterminism, and chaos and pure
randomness are always inextricably linked to each other. The marriage of the novel’s
protagonist can thus be understood as a symbolic reconciliation with the world: instead of
being ‘on the lam from terrestrial chaos’ (p. 274), he learns to embrace its unpredictability

and creative potential.

Let me conclude this subchapter by discussing a story that exemplifies yet another
approach to the problem of determinism: Martin Amis’s 7ime’s Arrow. By focusing on the
Holocaust as the key event of the twentieth century, this novel explores the possibility that
history is fundamentally a thermodynamic, irreversible process in the sense that it evolves
in the deterministic fashion of chaotic systems. In terms of its narration, a marked feature of
the story is that its protagonist, who first introduces himself as Tod T. Friendly but whom
we later learn to know by his original German name, Odilo Unverdorben, follows as a
consciousness separate from his body the various events of his life from the present

moment towards the past. This means that instead of simply going through the past in his
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memories, Tod/Odilo — with his other aliases — witnesses the events unfolding backwards
from the time of his death towards his days as one of the camp doctors at Auschwitz, and
ultimately, his birth.

The notion of history being an irreversible, thermodynamic process stems from the
observation that given the historical circumstances of the 1930s and 1940s, the Holocaust
was as unavoidable as the increase of entropy in a closed system.|2:3| For this reason, Amis’s
use of reversed narrative can be seen as an ironic device, since it introduces the notion of
reversible, Newtonian time only to undermine its validity. Although human consciousness
and art may entertain ideas such as time flowing backwards, history itself is impervious to
them, which can be deduced from the fact that as a passive witness to history’s unstoppable
flow, the consciousness occupying Tod/Odilo’s body is ultimately incapable of affecting
what it sees. Unlike in Ian McEwan’s The Child in Time, then, there is no possibility of
momentarily escaping the flow of time, and Amis’s protagonist can merely comment on the
unavoidable.

As the backwards narrative unfolds from the present towards the past, it necessarily
disrupts causality between things, giving rise to a paradoxical logic. For instance, one of the
conceptual oppositions whose causal relationship is affected in this way is the relationship
between creation and destruction: in the temporally reverse world of the disembodied

narrative consciousness, what are essentially destructive acts become acts of creation.

Although Tod has managed to create a successful career in medicine in post-war America,

* Richard Menke, ‘Narrative Reversals and the Thermodynamics of History in Martin Amis’s Time’s Arrow’,
Modern Fiction Studies, 44.4 (1998), 959-80 (p. 973). Further references to this article are given in
parenthesis.
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he is nevertheless subject to recurrent nightmares. ‘Around midnight, sometimes’, the
narrator notes,

Tod Friendly will create things. [...]. Taking hold of the woodwork and the webbing, with
a single blow to the floor, with a single impact, he will create a kitchen chair. With one
fierce and skillful kick of his aching foot he will mend a deep concavity in the refrigerator’s
ﬂankEl

Through passages such as this, Amis’s novel foregrounds the essentially absurd nature of
Tod/Odilo’s time-reversible world: what to an observer in the world of irreversible time
appears as an act of destruction is in the world of the narrative an act of creation.

As the story progresses towards Tod/Odilo’s early days as a doctor in America, this
logic of reversibility becomes the basis of his medical modus operandi, reversing the
causality between the primary task of the doctor, healing, and its opposite, causing pain.
Consequently, when Tod heals the result is pain:

You want to know what I do? All right. Some guy comes in with a bandage around his
head. We don’t mess about. We’ll soon have that off. He’s got a hole in his head. So what
do we do? We stick a nail in it. Get the nail — a good rusty one — from the trash or
whatever. And lead him out to the Waiting Room where he’s allowed to linger and holler
for while before we ferry him back to the night. (p. 76)

Descriptions with a reversed sequence of events such as this one tend to produce the comic
effect of watching a film running backwards. As the narrative begins to reveal information
about Tod’s shameful past, however, the tone of narration becomes darker because reversed

causality appears to exonerate the crimes of the German camp personnel. ‘It was I, Odilo

Unverdorben’, the narrator-protagonist announces, ‘who personally removed the pellets of

* Martin Amis, Time’s Arrow or The Nature of the Offense (London: Cape; New York: Harmony, 1991), p.
54. Further references to this book are given in parenthesis.
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Zyklon B and entrusted them to the pharmacist in his white coat’ (p. 121). In the same way,
Odilo notes that

the guards have a habit of touching the women. Sometimes — certainly — to bestow a
jewel, a ring, a small valuable. [...]. Oh, I think they mean well enough. [...]. And they
only do it with the angry ones. And it definitely has the effect of calming them down. (p.
121)

Understood in the context of the reversed narrative, the ‘Arbeit Macht Frei’ slogan is
purged of its ironic connotations: those assigned to work — no matter whether they die of it
or not — are on a ‘path to recovery’ (p. 122), as they eventually leave the camp alive and
claim their freedom. The officers responsible for separating those fit to work from those
sent to the gas chamber become ‘matchmakers’ (p. 123), who unite families and lovers. As
the final result of this humane process, the Jews are ‘channeled back into society’ (p. 140),
and Germany is made a healthy, whole nation again.

Only when viewed backwards from the perspective of Tod/Odilo’s disembodied
consciousness, then, the events leading to the Holocaust appear to make sense. Indeed, it is
at the beginning of the fifth chapter that the ‘world is going to start making sense’ (p. 116)
for the novel’s protagonist. It is now Odilo who takes the role of the narrator, as his earlier,
split consciousness is unified (‘Was there a secret passenger on the backseat of the bike, or
in some imaginary sidecar? No. I was one’ (p. 116)). In Auschwitz he gradually grows
more powerful and begins his work of healing and creation. Odilo’s observations are still
characterized by the absurd logic that emerges from viewing everything backwards. ‘The
hearty trek and the bracing temperatures’, he notes of inmates returning from the death
march following the evacuation of the camp, ‘had obviously done the men good, though

their condition, on arrival, left much to be desired’ (p. 118). In the same way, destructive
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acts are still acts of creation, as Odilo remarks of the ‘preternatural purpose’ of National
Socialism: the Nazis seek to ‘dream a race. To make a people from the weather. From
thunder and from lightning. With gas, with electricity, with shit, with fire’ (p. 120).

The idea that the Holocaust makes sense only in reverse is further foregrounded by the
fact that Odilo’s world stops ‘making sense again’ (p. 147) at the beginning of the sixth
chapter, where the novel’s narrative duties are once again taken over by the observing
consciousness, allowing Amis to comment on the moral qualities of his protagonist.
Although the Holocaust may seem a senseless phenomenon when studied from the
beginning to the end, there is nothing in the pre-Auschwitz Odilo that could not be
rationally explained. Instead of an Aryan superman, he is in the narrator’s eyes ‘absolutely
unexceptional, liable to do what everybody else does, good or bad, with no limit, once
under the cover of numbers’ (p. 157). With its absurd logic, the backwards narrative is
reminiscent of Prigogine and Stengers’s incrementum that illustrates the notion of
reversible-time universe as an abstraction far removed from physical reality.

The fact that the backwards narrative ultimately leads to the identification of the
protagonist’s moral qualities strongly suggests that his identity is a product of time, of
history. The idea that time is the formative element of human identity is evident in the
novel’s observation that humans are able to imagine histories built on logic that somehow
contradicts their commonsense view of temporal progression through art. The narrator
describes how Tod/Odilo visits the Metropolitan Museum of Art, and becomes aware of the
idea of reversible time through the paintings exhibited there. ‘Like writing,” the
consciousness observes the protagonist’s reactions, ‘paintings seem to hint at a topsy-turvy

world in which, so to speak, time’s arrow moves the other way. The invisible speedlines
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suggest a different nexus of sequence and process’ (p. 87). In contrast, in the physical world
time’s arrow is bound to point to one direction only: the future. Although for Tod/Odilo the
world makes more and more sense as the story progresses towards his past, it is obvious
that for readers living in the world of irreversible time, the reversed narrative portrays a
world devoid of common sense. In this respect, as Richard Menke correctly observes,
Time’s Arrow ‘emphasizes the connection between time and consciousness’ (p. 972),
making irreversible time a basic element of the individual self — indeed, the narrator
acknowledges the existence of this link by noting that ‘time [...] makes us everything we
are’ (p. 68). Hence, like Prigogine and Stengers for whom irreversibility unites the physical
(the world) and the mental (consciousness), Amis grants time a role that is fundamental for
the constitution of human identity. (Note how this also echoes Prigogine’s use of Borges’s
antimetaboles as a means of efficiently establishing a link between irreversible processes
and the constitution of the self.)

However, unlike Prigogine and Stengers, who celebrate the role played by
indeterminism, Amis draws attention to the idea that as the defining features of human life,
time subjects the individual to a certain kind of historical determinism. ‘What goes around
comes around’, the narrative consciousness notes, ‘1066, 1789, 1945” (p. 9). This suggests
that the novel views history as a more or less predictable phenomenon in which certain
kinds of events take place repeatedly. Since history is bound to repeat itself in a cyclical
fashion, the individual appears to be powerless before it: for instance, the narrator remarks
how time ‘pours past unpreventably, like the reflection on a windshield as the car speeds
through city or forest’ (p. 58), as it does for the protagonist. Indeed, like the events leading

to the Holocaust itself, Odilo’s actions are more or less predictable if seen against the
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background of the historical situation in which he is situated. This leads the narrator to
conclude that ‘he could never be an exception; he is dependent on the health of his society’
(p- 157). Therefore, even though time’s arrow reverses its direction in the novel, the
reversal merely serves to underline the fact that there is no escape from the deterministic
one-way time of history (Menke, p. 973).

It is in this respect, then, that the biggest difference between Prigogine and Stengers’s
philosophy of irreversibility and the view of time in Amis’s novel emerges. While both
accounts argue for an inseparable link between time, the world, and the individual, the
former seek to reconcile determinism and indeterminism, arguing that given the stochastic
nature of chaotic processes, the future is not necessarily determined by the past. The latter,
as the above examples show, suggests that history is a more or less deterministic
phenomenon. The reversed narrative of Time’s Arrow cannot but point only to the past,
confirming the narrator’s statement ‘The future always comes true’ (p. 155). As in
Prigogine and Stengers’s representation of chaos, chaotic events do eventually become
organized in Time’s Arrow, but the novel undermines this through the sense of absurd

evoked by the reversed narrative.

The above analyses show that contemporary fiction uses ideas from chaos theory and
complexity in order to approach issues related to knowledge — holism, unpredictability,
and the relationship between determinism and indeterminism. As in the case of literary
works responding to the ideas of the new physics, this is accomplished by drawing an

analogy between nature and human life, the former functioning as a model that structures
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the portrayal of the latter. For instance, in Connie Willis’s Bellwether and Robert Littell’s
Visiting Professor, plots progress from chaos to unification, as characters are eventually
united in the manner characteristic of comedy. In addition, Willis links her portrayal of
human relationships to the portrayal of the relationship between the individual and the
world through imagery suggesting a distinctively holistic outlook. Similarly, Kate
Wilhelm’s Death Qualified stresses the importance of adopting a holistic view by its
structure and images: chaos is presented as a state that precedes the emergence of a new
level of understanding in the protagonist’s consciousness.

The unpredictability associated with chaotic systems is made a part of human life in
Michael Crichton’s Jurassic Park and William Gibson and Bruce Sterling’s The Difference
Engine. Foregrounding holism in the manner of Willis and Wilhelm, Crichton focuses on
the idea that nature’s complexity effectively resists human control by the explication of
chaos theory and the structure of his novel. The notion of vast-scale complexity
undermining the possibility of control is in the same way explored by Gibson and Sterling,
who compare society and history to chaotic systems through various analogies and suggest
that indeterminism is a fundamental feature of temporal processes in both nature and
human life. The question about the relationship between determinism and indeterminism
also underlies Littell’s novel, which through characterization and structure makes them
complementary building blocks of the world. Finally, Martin Amis’s Time’s Arrow presents
yet another angle from which the problem of determinism can be viewed: Amis uses
backwards narrative as a formal element that questions the possibility of changing the
course of thermodynamic processes. Although it in this regard differs from the novels

emphasizing the unpredictability of history, Amis’s novel nevertheless establishes an
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intimate link between the individual and the world by making both products of irreversible

time.
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3.3 Chaos as Romanticism and Romance

Having studied how contemporary popular science writing and fiction examine the human
relevance of chaos and complexity, I now conclude my discussion by considering an
interesting feature that has to some extent contributed to the cultural status of chaos theory:
its representation as a distinctively Romantic science. This feature is worth analysing
because it is so evident in two well-known texts on the subject: James Gleick’s influential
popularization Chaos and Tom Stoppard’s play Arcadia. While Gleick tells the story about
the history of the science by portraying its seminal personalities as more or less
revolutionary Romantic characters, Stoppard makes the link by presenting chaos theory as
an intellectual descendant of Romanticism, as it attends to the irregularity and

unpredictability of the physical world.

3.3.1 Revolutionary Scientists, Revolutionary Ideas

The story of the history of chaos theory in Gleick’s Chaos, which is without a doubt the
most famous popular science book on the topic, is structured around the portraits of various
illustrious personalities behind the science, such as Edward Lorenz, Mitchell Feigenbaum,
Benoit Mandelbrot, David Ruelle, and Robert Shaw.? The common denominator in the

i

> Since Daniel Cordle’s discussion on the shared discourses of contemporary popular science writing and
fiction in Postmodern Postures already features a good analysis of some of the crucial rhetorical strategies in
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thinking of these scientists is that they see chaos as ‘the hidden order that exists within
chaotic systems’ (Hayles, Chaos, p. 9; emphasis original). For this reason, the kind of chaos
that Gleick presents to his readers differs from the concept of true randomness in the sense
that chaotic phenomena is seen to give rise to complex yet ordered patterns of behaviour
that are known as strange attractors (Hayles, Chaos, p. 9). Consequently, as N. Katherine
Hayles observes, the main difference between the strange attractor branch and the order-
out-of-chaos paradigm of Ilya Prigogine and Isabelle Stengers is that the former focuses on
systems that exhibit continuous chaotic behaviour, and is as such mainly interested in ‘the
orderly descent into chaos rather than on the organized structures that emerge from chaos’
(Chaos, p. 10). In other words, theorists working in the strange-attractor branch are
interested in systems that are seemingly disordered but which on a closer inspection reveal
deeply structured order.

Gleick begins his story by focusing on one of the most well-known concepts in the
history of chaos theory: the butterfly effect. Illustrating the idea through its inventor, he
gives an account the life of the meteorologist Edward Lorenz, who is widely regarded as an
early pioneer of chaos. Interestingly, Gleick portrays not only Lorenz’s life but also
describes his physical characteristics and personality:

Indeed, if the eighteenth-century philosophers imagined their creator as a benevolent
noninterventionist, content to remain behind the scenes, they might have imagined someone
like Lorenz. He was an odd sort of meteorologist. He had the worn face of a Yankee

farmer, with surprising bright eyes that made him seem to be laughing whether he was or
not. He seldom spoke about himself or his work, but he listened. He often lost himself in a

Chaos — such as Gleick’s characterization of seminal chaos theorists as Romantics and frontiersmen, and the
book’s narrative structure — my own analysis attempts to extend it by concentrating on the various figures of
speech in Gleick’s portrayal of both the scientists and their ideas.
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realm of calculation or dreaming that his colleagues found inaccessible. His closest friends
felt that Lorenz spent a good deal of his time off in a remote outer space. (pp. 12-13)

This passage shows that as in the case of the other similar vignettes in Chaos, Gleick’s
portrayal of the scientist imposes on him characteristics that are often associated with
Romantic individuals. For instance, Lorenz’s unwillingness — or inability — to
communicate his unique ideas to others and his willingness to pursue his scientific goals
alone are examples of traits traditionally linked to Romantic geniuses. From the viewpoint
of Gleick’s rhetoric, we are thus invited to treat the passage as a figure of description that
identifies the main characteristics of the subject.zl:(’l In the context of Gleick’s history of
chaos theory, the description has an important function because it links the characteristics
of a certain type of individual to the characteristics of the actual science: for Gleick, chaos
is as unique a phenomenon as a science as Lorenz is a unique personality as a scientist. In
this sense, then, we could say that Gleick’s description of Lorenz’s personal traits functions
as a metonymy for the Romantic science of chaos theory.

Gleick then goes on to describe how Lorenz’s mathematical modelling of weather led
him to discover the butterfly effect, noting how Lorenz found out that his models showed
‘order masquerading as randomness’ (p. 22; emphasis original). The meteorologist saw that
there was a link between the fact that weather did not repeat itself and the various
difficulties in predicting weather — that is, Lorenz determined that there was a link
between irregularity and unpredictability (Gleick, p. 22). In the case of chaotic behaviour in

nature, the butterfly effect manifests itself as sensitive dependence on initial conditions,

%% (Classical rhetorical theory lists many types of figures of description, such as characterismus (the general
description of a person’s character), effictio (the description of a person’s bodily features), and ethopoeia (the
description of a person’s habits).
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meaning that it is impossible make long-term predictions concerning the development of
complex systems because such systems are highly sensitive to change. In order to illustrate
how small changes in initial conditions may give rise to large-scale consequences, Gleick
quotes a well-known folk rhyme: ‘For want of a nail, the shoe was lost; | For want of a
shoe, the horse was lost; | For want of a horse, the rider was lost; | For want of a rider, the
battle was lost; | For want of a battle, the kingdom was lost! (quoted in Gleick, p. 23;
emphasis original). Although the rhyme does not strictly follow the syntactic form of
gradatio, it nevertheless uses an interconnected series to create a sense of causal continuity.
As such, it actually exemplifies the use of coenotes, a figure of repetition that like its close
relative, symploche, combines the principles of anaphora and epistrophe to repeat both the
beginning and end of successive structures. Instead of repeating individual words as its
relatives do, however, coenotes repeats phrases at the beginning and end of lines.
Progressing gradually from the smallest item towards the biggest one, the series uses
repetition to foreground the idea that in the development of complex systems ‘a chain of
events can have a point of crisis that could magnify small changes’ (Gleick, p. 23). On the
basis of the above analysis of fiction inspired by chaos theory, we could say that this kind
of figural logic underlies the portrayal of chaotic processes in all the stories, as it describes
interlinked events giving rise to unpredictable novelty.

Gleick’s discussion of another fundamental concept in chaos theory, self-similarity,
employs narrative structure similar to the one in the chapter on Lorenz and the butterfly
effect. Gleick begins examining the concept by first drawing a portrait of its discoverer, the
Polish-born mathematician Benoit Mandelbrot, emphasizing his visionary qualities. ‘Unlike

most mathematicians’, Gleick describes Mandelbrot, ‘he confronted problems by
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depending on his intuition about patterns and shapes. He mistrusted analysis, but he trusted
his mental pictures’ (p. 84). Moreover, like Lorenz, Mandelbrot is characterized as an
isolated figure. ‘He was always an outsider’, Gleick writes,

taking an unorthodox approach to an unfashionable corner of mathematics, exploring
disciplines in which he was rarely welcomed, hiding his grandest ideas in efforts to get his
papers published, surviving mainly on the confidence of his employers. (p. 87)

He thus paints a picture of Mandelbrot as a Romantic visionary, who prefers intuition over
intelligence, and social and professional isolation over communal existence.

After having characterized Mandelbrot in such a manner, Gleick proceeds to discuss his
main contribution to chaos theory: the idea of self-similarity. Working on fields as different
as information theory, economics, and fluid dynamics, Mandelbrot discovered structures in
which the whole is more or less similar to its parts. This means that such structures display
‘symmetry across scale’ (Gleick, p. 103), as the pattern of the whole is repeated at smaller
and smaller scales in the patterns of the individual parts. Probably the most well-known
example of a self-similar pattern is the fractal, a curve or geometrical figure whose parts
have the same statistical character as the whole (famous examples in nature that can be
modelled through fractal geometry include coastlines and snowflakes).

As self-similarity in nature is based on the repetition of patterns across various scales, it
is perhaps not surprising that the accommodation of the notion into language also makes
use of repetition. Gleick notes that when talking about fractals, Mandelbrot had the habit of
quoting the following lines from Jonathan Swift in ‘On Poetry: A Rhapsody’ (1733): ‘So,
Nat’ralists observe, a Flea | Hath smaller Fleas that on him prey, | And these have smaller

Fleas to bite ‘em, | And so proceed ad infinitum’ (quoted in Gleick, p. 103). The quotation
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is rhetorically effective in terms of describing the idea of self-similarity because it is built
on repetition characteristic of gradatio: the interlinked series of fleas can be thought to
extend to infinity at increasingly smaller scales. The same idea is also evident in Gleick’s
own linguistic formulation describing self-similarity, in which a fractal is likened to ‘the
cartoon notion of a fish eating a smaller fish eating a smaller fish eating a smaller fish’ (p.
103). In rhetorical terms, this is epizeuxis, a figure of uninterrupted repetition, which
typically expresses strong emotions. Gleick, however, does not seek to express his awe of
fractals but, like Swift, takes advantage of the iconic potential of those figures of speech
that incorporate repetition in order to linguistically accommodate the notion of nature being
full of seemingly infinite, repetitive patterns.

For Gleick, the claim that self-similarity is indeed a characteristic feature of nature has
important implications concerning the way in which humans perceive natural phenomena.
For instance, if we take for granted the idea that self-similar patterns extend across
different-sized scales, it becomes obvious that we must pay attention not only to individual
phenomena but also to the relationships that they form with other types of phenomena:
Hurricane. By definition, it is a storm of a certain size. But the definition is imposed by
people on nature. In reality, atmospheric scientists are realizing that tumult in the air forms
a continuum, from the gusty swirling of litter on a city street to the vast cyclonic systems
visible from space. Categories mislead. The ends of the continuum are of a piece with the
middle. (p. 108)

In this passage we can see how the idea of self-similarity points to the importance of a
holistic approach to nature. Gleick notes that in evolutionary biology, for instance, it soon
became necessary ‘to recognize patterns of development in genes, in individual organisms,

in species, and in families of species, all at once’ (p. 116). Through this incrementum he
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foregrounds the idea that such an approach focuses on the interaction (as suggested by the
phrase all at once) of the parts of the whole: although the series ascends towards the largest
item, none of the items is privileged over the others, as there are only recurring patterns at
different scales across a continuum.

However, it should also be pointed out that although linguistic structures based on
repetition may help illustrate how nature’s self-similarity is structured, they might lead one
to think that the self-similar patterns are based on the sameness of elements. On the
contrary, such patterns are a mixture of sameness and difference, as Gleick explains when
discussing the work of the French mathematician Adrien Douady and his American
colleague John Hubbard on the structure of the so-called floating molecules:

The mathematicians proved that any segment [...] would, when blown up by the computer
microscope, reveal new molecules, each resembling the main set and yet not quite the
same. Every new molecule would be surrounded by its own spirals and flame-like
projections, and those, inevitably, would reveal molecules tinier still, always similar, never
identical, fulfilling some mandate of infinite variety, a miracle of miniaturization in which
every new detail was sure to be a universe of its own, diverse and entire. (pp. 228-29)

The seemingly antithetical juxtaposition of similarity and difference (each resembling the
main set and yet not quite the same; always similar, never identical; and diverse and entire)
in the passage also recalls other conceptual pairings that seem to be characteristic of chaos
theory. For instance, when talking about the influence of chaos theory on the research of
artificial intelligence, Gleick notes that a ‘physicist thinking of ideas as regions with fuzzy
boundaries, separate yet overlapping, pulling like magnets and yet letting go, would

299

naturally turn to the image of a phase space with “basins of attraction™ (p. 299; emphasis
original). In the same way, he uses the phrase ‘Life sucks order from a sea of disorder’ (p.

299) to describe the manner in which living organisms function, and quotes a scientist
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studying heartbeat sequences as saying that ‘there is often some type regularity in these
numbers, but there is often great irregularity also. It’s one of the slogans in this business:
order in chaos’ (quoted in Gleick, p. 291).

As discussed in 2.2.1, however, instead of suggesting relationships based on opposition,
such juxtapositions indicate complementary relationships of contrary terms and point to the
logic underlying figures of speech such as oxymoron and synoeciosis, which both express
the union of contraries. Indeed, as many of the slogans associated with chaos theory imply,
such pairings make a strong argument about the nature of reality. Instead of encouraging
scientists to follow the logic of either/or in their thinking, chaos theory has forced them to
think in terms of the logic of both/and — just as the new physics has done. Paradoxically,
then, in chaos theory chaos and order are separate yet overlapping phenomena in the same
way the self-similarity created by their interaction displays the characteristic pattern of
sameness and difference — as I showed in my analysis of Kate Wilhelm’s description of
fractal patterns, synoeciosis structures their linguistic representation by juxtaposing
seemingly opposite concepts.

Repetitive linguistic patterns, such as the ones discussed above, also have an iconic
function in Gleick’s discussion on strange attractors. These equations or fractal sets are
used in the representation of systems that characteristically display turbulence, which
develops when the flow of a fluid or air turns from smooth and ordered into uneven and
chaotic. In order to illustrate the structure of turbulence — circular movement contained
within circular movement — Gleick quotes the English mathematician, physicist, and
psychologist Lewis Fry Richardson, who humorously captures the essence of the art and

science of forecasting weather: ‘Big whorls have little whorls | Which feed on their velocity,
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| And little whorls have lesser whorls | And so on to viscosity’ (quoted in Gleick, p. 119;
emphasis original). For Gleick, the gradatio-like pattern of Richardson’s lines is obviously
an apt representation of the modus operandi of turbulence, which, like a fractal, is
fundamentally a phenomenon consisting of many interlinked layers. Hence, the series of
items linked together through repetition linguistically accommodates the idea that
turbulence ‘is a mess of disorder at all scales, small eddies within larger ones’ (Gleick, p.
122).

Mathematically, this kind of phenomena can be described through strange attractors.
Gleick notes that a German medical doctor interested in chemistry and theoretical biology
described a strange attractor as ‘a sausage in a sausage in a sausage in a sausage’ (quoted in
Gleick, p. 141). Through its marked use of repetition, the doctor’s epizeuxis linguistically
represents an important feature found in strange attractors, such as those named after
Edward Lorenz, who in 1963 draw the first model of such a shape, and the French
astronomer Michel Hénon, whom Gleick credits with producing ‘the most illuminating
strange attractor’ (p. 144). ‘Like Lorenz’s attractor,” Gleick notes, ‘Hénon’s displays
infinite regress, like an unending sequence of Russian dolls one inside the other’ (p. 150).
In this way, the epizeuxis offers an iconic way of representing the ‘lines within lines’
(Gleick, p. 160) characteristic of strange attractors.

Because a strange attractor such as the Lorenz attractor is more or less a symmetrical
figure — its two halves are almost mirror images of each other — we could think of it in
terms of the figure of speech that, as we saw in chapter 2, is often used to describe
relationships based on symmetry and balance: antimetabole. This is evident especially in

the pictures of the Lorenz attractor, which for Gleick bears similarity to the highly
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symmetrical shapes of ‘an owl’s mask or butterfly’s wings’ (p. 29). The sense of
symmetrical reciprocity characteristic of antimetabole is reinforced by Gleick’s
commentary on the same image, which compares the visual representation of the
mathematical equation to a water-wheel in motion:

Because the system never exactly repeats itself, the trajectory never intersects itself. Instead
it loops around and around forever. Motion of the attractor is abstract, but it conveys the
flavor of the motion of the real system. For example, the crossover from wing of the
attractor to the other corresponds to a reversal in the direction of spin of the waterwheel or
convecting fluid. (p. 29)

In terms of the notion of the Lorenz attractor as a visual antimetabole, the key phrases and
words in the passage are loops around and around forever, crossover, and most
importantly, reversal. In this way, the visual antimetabole shows that the system forms a
continuous loop in which motion reverses its direction each time it crosses from one wing
to the other.

As stated in the introduction of this chapter, one of the major insights of chaos theory is
that chaotic phenomena are a rule rather than exception in nature — a discovery that
invalidates the earlier view of disorder and irregularity as marginal features. Gleick
approaches the question about the universality of chaos through the portrayal of yet another
seminal pioneer of chaos theory: the mathematical physicist Mitchell Feigenbaum, whose
main contribution to the emerging field during its early days was the discovery that
‘different [real-world] systems [...] behave identically’ (p. 180). The discussion begins
with a description of Feigenbaum observing the flow of a stream in a natural setting:

A few dozen yards upstream from a waterfall, a smooth flowing stream seems to intuit the

coming drop. The water begins to speed and shudder. Individual rivulets stand out like
coarse, throbbing veins. Mitchell Feigenbaum stands at a streamside. He is sweating
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slightly in sports coat and corduroys and puffing on a cigarette. He has been walking with
friends, but they have gone ahead to the quieter pools upstream. (p. 157)

Given the fact that Gleick portrays the history of chaos theory as a distinctively
revolutionary phenomenon, it may be significant that the passage depicts Feigenbaum
having parted with his company to watch the flow of water turn from ordered to turbulent.
This act draws attention to the notion of chaos as a science created by similarly
revolutionary solitary visionaries, who have chosen to take paths of research ignored by
other scientists. In contrast, with their consensus of vision and limited insight, the others are
content to study easier questions, as suggested by the phrase the quieter pools, which links
their research to ordered, non-chaotic natural phenomena.

In addition to this description, there are other features in Gleick’s story of chaos that
make Feigenbaum a crucial character; as Daniel Cordle observes he is ‘the figure who
draws all the other stories about chaos together’ (p. 82). In fact, Feigenbaum is the
character that most clearly embodies the Romantic qualities associated with his science. For
instance, in the prologue Gleick describes Feigenbaum’s appearance as follows: ‘His hair
was a ragged mane, sweeping back from his wide brow in the style of the busts of German
composers. His eyes were sudden and passionate’ (p. 2). Suggestive of the various
sculptures of Beethoven, the passage links Feigenbaum to Germany and through Germany,
to a seminal Romantic whom Gleick in the same chapter names as a paradigmatic example
of the holistic approach: Goethe. (Gleick’s characterization of Feigenbaum also
foregrounds the observation that the scientist ‘tended to drop articles and pronouns in a

vaguely middle European way’ (p. 2) and that his record collection was ‘solidly Germanic’
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(p- 184).) Hence, by portraying Feigenbaum in certain settings and through his external

appearance, Gleick metonymically links him to the Romantic tradition.

3.3.2 Reconciling Reason and Emotion

The idea that chaos theory is a fundamentally Romantic science with revolutionary ideas
conjured up by equally revolutionary individual practitioners is also found in contemporary
drama. An evident example of this is Tom Stoppard’s Arcadia, which, like Hapgood,
approaches questions related to human identity and knowledge through the theories of the
natural sciences.lzj More specifically, like Kate Wilhelm’s Death Qualified, Stoppard’s play
uses chaos theory as a means of constructing an intellectual framework for studying the
relationship between human perception and the world. This relationship is present in two
fundamental insights that the play’s characters encounter: firstly, they realize that like that
of nature, the complexity of life always exceeds the human ability to perceive and
understand it in full; secondly, in spite of this, they are made aware of the idea that the
chaos of human life is not devoid of purpose although it may appear to be so (Polvinen, p.

53). Stoppard thus does not suggest that the fundamentally chaotic nature of the world

prevents access to accurate knowledge: although chaotic behaviour is a result of a vast

*7 Stoppard acknowledges his intellectual debt to Gleick’s popularization in an interview in which he states
that he ‘got tremendously interested in a book called Chaos by James Gleick which is about this new kind
mathematics’. Tom Stoppard, ‘In a Country Garden (If It Is a Garden)’, in Tom Stoppard in Conversation, ed.
by Paul Delaney (Ann Arbor: University of Michigan Press, 1994), pp. 261-64 (p. 263).
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number of interconnected factors, we do not need to be aware of all of them in order to
arrive at such knowledge (Polvinen, p. 53). In other words, the play emphasizes the
necessity of adopting a holistic viewpoint through which to approach the seemingly chaotic
complexity of life.

The action of Arcadia takes place in a single room in Sidley Park, a country house
owned by the aristocratic Coverlys during two periods, 1809—12 and the present day. While
the former period follows the education of the thirteen-year-old Thomasina Coverley by her
tutor, Septimus Hodge, the latter period focuses on the attempts of the author Hannah Jarvis
and the literary scholar Bernard Nightingale to discover answers to questions concerning a
famous visitor in Sidley Park’s past, Lord Byron. At the same time, Valentine Coverly, heir
to Sidley Park, discovers Thomasina’s notebooks on mathematics and realizes that the work
of their young author should be considered a rough precursor of modern studies in complex
natural phenomena. Hence, through these events the plot of the play creates a continuum
between the past and the present of the country house.

In terms of the play’s portrayal of chaos theory, it is significant that Stoppard has
chosen to juxtapose the middle of the Romantic period with the present day, hence
suggesting a close link between Romanticism and ideas in modern natural sciences
(Valentine is engaged in biological research by using mathematical models of complex
behaviour). More specifically, Stoppard portrays the former period as a transitional period
during which the ideas of the Enlightenment gave way to those of Romanticism and in this
way explores the relationship between two different types of knowledge, as the rational
worldview of the former creates a contrast to the emphasis given to inspiration and

irrationality in the latter.
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In the context of the scientific ideas used in the play, this contrast is manifest especially
in the question about the status of order and disorder as the two complementary organizing
principles of reality. More specifically, Stoppard approaches their relationship by depicting
Thomasina’s education. Growing up in the early 1800s, she is taught to think in terms of
the worldview of the Enlightenment, in which the world functions as a gigantic, predictable
clockwork mechanism. However, during Septimus’s lessons in mathematics, Thomasina’s
perceptive and critical mind makes her wonder whether ‘God is a Newtonian’2|:8| or not.
Alluding to the idea of God as the supreme mathematician, she summarizes the
implications of Newtonian physics for predicting the future as follows:

If you could stop every atom in its position and direction, and if your mind could
comprehend all the actions thus suspended, then if you were really, really good at algebra
you could write the formula for all the future; and although nobody can be so clever as to
do it, the formula must exist just as if one could. (p. 13; emphasis original)

From the viewpoint of the Newtonian worldview, then, it is theoretically possible to
accurately predict future, because ‘everything from the furthest planet to the smallest atom
of our brain acts according to Newton’s law of motion’ (p. 13) in a strictly deterministic
fashion. From this follows that in such a universe, temporal processes are in theory
completely reversible because they always follow the same universal laws.

Thomasina, however, has observed that in real life, temporal processes cannot be
reversed in the manner of Newtonian mechanics. For instance, she notices that it is
impossible to reverse the process of mixing jam into rice pudding: ‘if you stir backward, the

jam will not come together again. Indeed, the pudding does not notice and continues to turn

* Tom Stoppard, Arcadia, in Tom Stoppard: Plays Five (London: Faber and Faber, 1993; 1999), pp. 1-137
(p. 13). Further references to this play are given in parenthesis.
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pink just as before’ (p. 12). On the basis of her everyday observations, she begins to see the
limitations of the Newtonian worldview, especially regarding the fact that Newton’s
equations are incapable of accommodating the complexity of nature. She complains to
Septimus that the equations she studies under his tutelage give rise to forms that are
‘nothing but arcs and angles’, which allow the divine watchmaker the limited choice of
‘only mak[ing] a cabinet’ (p. 55). Frustrated by the limitations of such mathematics,
Thomasina turns to the world of complex natural shapes by deciding to write an equation
for an apple leaf.

By turning her focus from the predictable and regular — the preferred shapes of the
Enlightenment thought — to the random and irregular, Thomasina becomes an early
pioneer of chaos theory. The fact that there is continuity between her vision and the thought
of twentieth-century explorers of natural complexity is shown by the portrayal of Valentine
as continuing Thomasina’s work: the latter’s studies on iterated algorithms, which she plans
to use in order to calculate the equation for the apple leaf, are based on the same ideas as
his mathematics of grouse populations. At the level of the play’s symbolism, this is
represented by Hannah’s act of picking up an apple leaf, as she listens to Valentine’s
explanation on iterated algorithms. Hence, both the leaf and grouse populations are
examples of ‘the mathematics of the natural world” (p. 65), which attempts to capture the
essential complexity of nature.

The link between Thomasina’s interest in irregularity and Romanticism is also evident
in the way the play contrasts the geometry of shapes such as that of the apple leaf to the
regularity of early nineteenth-century gardens. The surroundings of Sidley Park are being

redesigned by Mr Noakes, a landscape architect, who plans to change their appearance
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from symmetrical to the newly fashionable irregular. In Hannah’s retrospective view, the
change taking place in the surroundings of Sidley Park becomes a symbol of the paradigm
shift from the Enlightenment to Romanticism. Indeed, at the beginning of the second act,
we learn of her hypothesis that after Thomasina’s death, Septimus went to live in a
hermitage built in the park’s premises. This too symbolically represents the shift in the
relationship between the two types of knowledge, ‘The Age of Enlightenment banished into
the Romantic wilderness’ (p. 94), as Hannah puts it. For her, however, the change is on the
whole a negative one because it signals the ‘decline from thinking to feeling’, as the focus
of the new paradigm turns from reason and order to what she sees as ‘cheap thrills and false
emotion’ (p. 43). This, as William W. Demastes observes, shows that the Newtonian
mindset is still very much alive in the play’s modern setting, although characters such as
Hannah are eventually forced to face its limitations when confronted with the world’s
complexity (p. 99).

However, in the context of the play’s juxtaposition of order and chaos, the
Enlightenment and Romanticism, Hannah’s views function only to highlight her own
inability to cope with emotions, especially when they concern the opposite sex. ‘Chaps
sometimes wanted to marry me,” she notes, ‘and I don’t know a worse bargain. Available
sex against not being allowed to fart in bed’ (p. 90). Moreover, in the fifth scene of the
second act, we learn that she does not believe in Bernard’s theory that Byron would have
actually fought a duel because of his passion for Mrs Chater, the wife of the poet and
amateur biologist Ezra Chater, who is one of the guests staying at Sidley Park at the time of
Byron’s visit. Hannah also disapproves of Chlo€ Coverly’s budding sexuality and remains

indifferent to the interest that Gus Coverly and Valentine show in her. Because of her
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defensive attitude towards the emotional side of human life, she prefers to see the
Enlightenment version of Sidley Park as a ‘paradise in the age of reason’ simply because all
emotion has been banished from it through exclusive reliance on ‘intellectual rigor’ (p. 43).
In this sense, then, Hannah’s character embodies the notion of reason and emotion as
opposite concepts.

Through the exposition of ideas related to chaos theory, however, the play suggests that
ideally, reason and emotion should be balanced with each other. This is alluded to in
Valentine’s description of order and disorder as the two complementary forces that create
the geometry of the natural world: ‘The unpredictable and the predetermined unfold
together to make everything the way it is. It’s how nature creates itself, on every scale, the
snowflake and the snowstorm’ (p. 68). Indeed, the last scene of the play indicates that even
the emotionally detached Hannah needs to complement her rationality with emotion: after
receiving Thomasina’s original folio as a gift from Gus, which confirms her thesis that
Septimus was the hermit of Sidley Park, she accepts her admirer’s invitation to dance.
Similarly, the dance of Septimus and Thomasina, which structurally parallels that of Gus
and Hannah, can be understood as an eventual reconciliation between the values of the
Enlightenment and Romanticism, blending order and disorder, and intellect and emotion, in
the deterministic chaos of chaos theory. Reminiscent of Gleick’s idea that chaos has made
scientists regard the world in terms of complementary qualities — which Gleick expresses
through synoeciosis — these examples imply that like Hapgood, Arcadia seeks to show
how a new kind of worldview needs to acknowledge the coexistence of seemingly opposite

qualities.
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Closely linked to such considerations is the question about the science’s relevance to
our understanding of time and, consequently, the role of chaos in shaping a worldview that
is meaningful from the viewpoint of humankind. 