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Introduction

An encyclopaedia of science would be a huge project to undertake nowadays, as
would an encyclopaedia of fiction. Either would require several volumes to do any
justice at all to the range and depth of its subject matter. An encyclopaedia of the
connections between science and fiction, on the other hand, can still be contained
within a single volume without seeming stupidly superficial. This testifies to the extent
of fiction’s abiding unconcern with science and technology, by comparison with other
aspects of human thought, action and sentiment.

The volume of both scientific and fictional publication has increased dramatically
over time, accelerating remarkably in the twentieth century when a series of other
media were added to text and oral culture as significant conveyors of fiction. There is
a sense in which the fictional reflections of science and technology have also increased
dramatically in volume over time, similarly accelerating in the twentieth century,
when it became commonplace for the first time to identify a genre of “science
fiction,” but the similarities between these historical processes are outweighed by
their differences.

A modern encyclopaedia of science would have to give due credit to the intellec-
tual achievements of centuries earlier than the twentieth; it would, however, regard
them as transitory phases en route to a fuller understanding, whose triumphs have all
been integrated into more elaborate patterns of ideas. A modern encyclopaedia of
fiction could not see history in the same light; it could not regard the works of
Homer, William Shakespeare, and Marcel Proust as transitional achievements that
have been further elaborated, but as enduring monuments constituting the core of its
concerns. Both encyclopaedias would have to omit a great many minor works and
their authors from the preserved historical record on the grounds that they are of
merely peripheral interest, but they would do so on different grounds.

The encyclopaedia of science would filter the heritage of the past to exclude or
marginalise the incorrect and the repetitive, while the encyclopaedia of fiction would
filter the heritage of the past to exclude or marginalise material considered less
valuable in aesthetic terms. Whereas encyclopaedias of science inevitably favour the
contemporary, as the highest level of attainment, encyclopaedias of fiction are often
critical of the contemporary, comparing it unfavourably with the antique. Encyclo-
paedias of fiction, moreover, routinely represent themselves as encyclopaedias of
literature, in order to emphasise that their selection process is the work of connois-
seurs of value—connoisseurs who are inevitably suspicious of popular fiction, whose
value is often thought to be prejudiced because it appeals to a wide audience.

One of the consequences of aesthetic filtration is the near-erasure from modern
encyclopaedias of literature of the great majority of works containing any significant
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INTRODUCTION

reflection of science and technology, which are routinely considered to be aestheti-
cally valueless by virtue of their choice of subject matter. This generates problems for
any project attempting to bring the connections between science and fiction into
clearer focus. From the viewpoint of science, such a project is bound to seem
unnecessary, since it hardly matters to scientists whether or not they are represented
in fiction. From the literary viewpoint, such a project is likely to seem worthless, in
that it would be bound to devote much of its attention to science fiction.

In spite of these problems, the compilation of a broad overview of the connections
between science and fiction is a useful project, because it helps to illuminate the
history of science and the history of fiction from an unusual angle, which may reveal
aspects of both that are normally obscured. It also helps to illuminate the reasons
why the overlap between the two histories is so slight and so odd, and why the two
histories have diverged even more markedly as time has passed. If it is desirable to
construct and maintain bridges between the cultures of science and fiction, then a
volume like Science Fact and Science Fiction: An Encyclopedia will hopefully consti-
tute a significant bridge in itself as well as mapping the existing ones, and might be of
some assistance in building more.

Science and Literature

To some extent, at least, the histories of science and literature have run parallel; their
rates of evolution have varied according to roughly similar patterns. Insofar as their
histories have been related, however, the relationship has more often seemed inverse
than correspondent, not merely traveling in different directions but actively in
conflict with one another—but that serves to underline the fact that there is a
significant relationship between the two histories.

The anxiety that the progress of science has devalued or devastated the poetic
element of the human imagination—by “unweaving the rainbow”, as John Keats put
it—is as strong now as it ever was, and as plausible. The fact that prose has displaced
poetry to such a drastic extent in the literary marketplace is certainly not unconnect-
ed with the development of the scientific method and the scientific worldview—but to
regard science and literature as antithetical forces pulling in opposed directions
would be a distortion as well as an oversimplification. There is no simple causal
relationship between the evolution of science and the evolution of fiction, and
changes in the two fields cannot usually be linked in any simple fashion to more
remote causes by which they are both affected. Even so, they are not as mutually
irrelevant or hostile as their separate introspective narratives sometimes make them
seem. Hopefully, a book of this kind might be useful in making their relationship
clearer.

Fact and fiction are often defined as fundamental opposites. In the most brutal
sense, facts are true and fiction isn’t. Adding ‘“‘science” to the summation helps
to illustrate the complications that arise when the definitions extend beyond
brutal simplicity, because it introduces the question of how facts are established as
true, and the corollary question of whether facts are the only things that qualify as
truth.

Science affirms (for it cannot swear on oath) that it is the truth, the whole truth
and nothing but the truth: an account of law-bound nature strictly derived from the
evidence. It is, however, often argued that truth is more complicated than scientific
testimony will allow. On the other hand, defining fiction as mere untruth is a drastic
oversimplification. All the major forms of fiction—including myth, legend, and
folklore, as well as literature—aspire to a greater ambition than merely telling lies.
It is not simply that there is an element of attempted truth mingled with their
fabrications, but that it is that attempt that constitutes their raison d’étre, fabrication
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INTRODUCTION

being merely a means to an end. The universality of fiction reflects its utility, and that
utility is dependent on the conviction that there is more to truth than fact, and more
to knowledge than science can obtain.

Science is a method: a process of certification leading to a stamp of assured
quality. The method can easily be anatomised into three components—hypothesis,
observation and experiment-but the order in which the three components are best
arranged is open to question. It was once generally supposed that observations came
first, generating hypotheses that were then subjected to confirmatory experiments,
but it is now more commonly agreed that “observation” is a problematic business,
routinely conditioned by preexistent frames of perception and intellectual organisa-
tion. In this view, the speculative construction of hypotheses either precedes obser-
vation or is inextricably mingled with that process, and the proper function of
experimentation is not to seek confirmation, but to set up rigorous tests in order to
cast out mistaken hypotheses and misconceived observations. However the three
components are mixed, they are obviously not alike. Hypothesis formulation, or
speculation, is a creative process. Experiment is, by contrast, a judgmental process.
Observation seems, at first glance, to be merely cumulative, neither creative nor
judgmental, but more careful analysis suggests that it involves both creative and
judgmental elements.

When the process of fact gathering is broken down in this fashion it becomes
easier to draw useful comparisons with fiction—or, at least, with the component of
fiction that aspires to be more than lies. Fiction also has its hypothetical, observa-
tional and judgemental components, whose appropriate balance has long been a
matter of controversy. Fiction is not judgemental in the same way as scientific
experimentation, having more to do with moral than factual judgement, but intellec-
tually respectable fiction nevertheless aims to put its assertions and evaluations to a
kind of stern proof. The creative element of fiction is more likely to be seen as an end
than a beginning, but that does not mean that it is reckless.

The great difference between scientific and fictional observation lies in the manner
in which the combination of observation and judgement generates a coherent “world-
view”’. The testing of scientific observations ruthlessly eliminates mistaken hypoth-
eses from consideration, while setting moral judgments aside in order to concentrate
narrowly on what is, but the testing of fictional observation is intimately concerned
with moral judgment, and not nearly so ruthless in its treatment of hypotheses.
Fiction is by no means unconcerned with what is, but it usually tries to consider
what is in a broader context of what might be and what ought to be. There is more
necessity than choice in this distinction.

In order to support its method of determining facts, and the theories that render
them coherent, science needs to make certain basic assumptions about the extent to
which the world is ordered, and the nature of that order. The whole edifice rests on a
few fundamental observations, one of which is the assumption that the laws of nature
do not discriminate—that they apply to everything, and to everyone, in exactly the
same way. One corollary of this is Jesus’ observation in Matthew 5:45 that the sun
rises and the rain falls on the just and the unjust alike. In the world of experience—
the world of scientific observation—virtue has no naturally guaranteed reward, and
vice no naturally guaranteed punishment.

This is not a situation of which anyone approves; indeed, it is arguable that the
primary employment of the human mind since the dawn of intelligent consciousness
has been to compensate for the deficit. The compensations have been both pragmatic,
consisting of the institution of artificial rewards and punishments within social
organisation, and imaginative, often involving the assertion that appearances must
be deceptive, and that there must be a world beyond that of experience in which the
moral accounts are ultimately balanced.

Science, by definition, can have nothing to do with the latter kind of compensatory
endeavour; it is concerned with the order that exists, not one that might be preferable.
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Even its dealings with practical compensation are limited and problematic. It can
certainly concern itself with the effects that social institutions actually have, but runs
into difficulties when it tries to deal with the hopes and intentions that they appear or
claim to embody. Science can only admit the hypothesis of a morally interested
creator of the natural world by placing such an entity outside the world of experience;
it cannot admit one that routinely interferes with the indiscrimination of its own
natural laws. Accommodating the hypothesis of morally interested creators of the
social world can be awkward too, because the assumption that people act for the
reasons they give in justification is often dubious.

The world within a fictional text, on the other hand, is organised in a way that is
intrinsically accommodating to creative interference, not only at the level of the
author’s powers of determination, but at the level of the characters’ motivations.
The author not only has the power to determine on whom the rain falls, and when,
but the authority to state without objection why characters do what they do. There is
far less restriction on what can be stated in words than there is on what can happen in
the world of experience, and fiction is therefore flexible in ways that the world of
experience is not. If the world of experience were flexible in that fashion, then science
would have no foundation.

In the “world” contained within a fictional text, it is not only possible for the sun
and the rain to discriminate between the just and unjust, but perfectly routine. All
that the literary creator has to do to make sure that the virtuous thrive and the
wicked suffer is to say so—and that fact is sufficient to create a considerable
expectation on the part of an audience that things will turn out that way. “The good
ended happily and the bad unhappily,” as Miss Prism explains to Cecily in The
Importance of Being Earnest, “‘that is what fiction means.” In fiction, ““poetic justice”
is not always delivered, but it is always potentially accessible—which is why its
deliberate withholding gives rise to the frustrating emotional sensation of tragedy.
Whereas science cannot deal with moral order, fiction must. That is, indeed, “what
fiction means’’; it is, at any rate, a far better definition of fiction than “lying.”

This difference does establish a fundamental dichotomy between science and
fiction, although it is not nearly as simple as the apparent dichotomies between truth
and untruth. The existence of such a dichotomy does not mean that no connections
can be made or comparisons drawn between science and fiction, but it does compli-
cate the process. It also helps to explain the near-nonexistence of a science of fiction,
and the essential awkwardness of fictional treatments of science.

Fiction seems so resistant to scientific analysis that attempts to carry out such
a task have always been tentative, and have commanded very little attention either
in the realm of science or the republic of literary studies; what is generally
called “‘narrative theory” or ‘“narratology” is a very delicate touching point. The
narrative of science is not undeveloped—indeed, it is in some respects very highly
developed—but it sternly insists on representing itself as a nonfictional narrative. It
is not merely that the narrative of science represents itself as a history rather than a
mere story, but that it represents itself as a particular kind of history that has far less
fiction in it than history as a whole—history as a whole being extensively polluted by
myth, legend, folklore, accidental misinformation, and deliberate disinformation, in a
manner that is a constant source of irritation and anxiety for scientifically inclined
historians. The history of science, like science itself, aspires to be a true history, and is
inevitably disturbed by the suggestion that there might be no such thing, or that it
might be unattainable in practice even if it were theoretically conceivable.

Fiction’s dealings with the concept of ‘“‘true history” are far more complicated
than science’s dealings with moral order, which merely attempt its absolute exclusion.
The complexity in question is, in fact, neatly illustrated by an item of fiction whose
title is usually translated as True History: an imaginary voyage penned by the Greek
satirist Lucian, which describes a trip to the moon. Lucian called his story True
History precisely because it was not, in order to make fun of the propensity of
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INTRODUCTION

travellers’ tales to exaggerate, embroider, and embellish in the interests of telling a
more exciting story and making the teller seem more interesting and more heroic. In
the republic of fiction, the concept of frue history is intrinsically ironic.

Science, by definition, is implacably hostile to irony, entirely dependent on state-
ments meaning exactly what they say. Fiction not only accommodates irony but
welcomes it, determinedly extrapolating the principle that statements can imply more
than they actually say, and are quite capable of implying something entirely different.
In other words, science is pedantic, and fiction is anti-pedantic. From the literary
viewpoint, science is bound to seem rigid and humorless; from the scientific view-
point, fiction is bound to seem mercurial and perverse.

Science Fiction

Given all this, it is not surprising that the seemingly oxymoronic phrase ‘“‘science
fiction” is of recent and disreputable coinage, routinely seeming offensive to scientists
and literary men alike, nor that, while science evolved so rapidly and so wondrously in
the seventeenth and eighteenth centuries, the reflections of that triumphant progress
in the literary world were fragmentary, elliptical, and grudging. Nor is it any wonder
that even in the nineteenth and twentieth centuries—while science went from strength
to strength in establishing its empire of belief—the vast majority of litterateurs
remained conspicuously diffident or dissident, mostly refusing to have any truck with
it except to hurl occasional abuse. The surprising thing is not that “science fiction”
was born despicable in an age of scientific glory, but that it was ever born at all.

When the term “‘science fiction” was reinvented in the 1920s to describe a new
genre of popular fiction—whose commodification was eventually successful, though
gradual and far from unproblematic—its inventors and adherents had little difficulty
in constructing a literary tradition going back fifty years, and a little more, but they
had to recognise that the body of work in question was a mere trickle compared to
the vast surge of the literary “mainstream’: a tradition that had been and remained
stubbornly indifferent to, if not proudly ignorant of, the progress of science. Nor did
the advent of science fiction signal or hold out any hope for a modification of policy;
indeed, science fiction emerged as a labeled genre at exactly the moment in history at
which the last vestiges of intellectual communion between scientific and literary men
were in the process of being severed, resulting in the emergence, in C. P. Snow’s
famous formulation, of “the two cultures.”

The evolution of generic science fiction since the label was coined—as tracked in
such volumes as the Encyclopedia of Science Fiction compiled by John Clute and
Peter Nicholls in 1992—has not involved any conspicuous sophistication of the
relationship between its two ostensible components. Indeed, the label was so pro-
miscuously applied that it became necessary within a few decades of its coinage to
invent a special term (“hard” science fiction)—to describe the small fraction of texts
published under the label that attempted to maintain a manifest respect for the
scientific method and its produce. Within a few decades more, even that term had
been cheapened to the point at which it was routinely used to refer to any texts
sheltering under the label’s umbrella that contained any reference whatsoever to
science, the vast majority having none at all.

The Encyclopaedia

For this reason, Science Fact and Science Fiction: An Encyclopedia is not an “en-
cyclopaedia of science fiction”, and bears little resemblance to books bearing that
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INTRODUCTION

title. Such books are obliged to classify and describe all of the produce gathered
under the label; if they take any account of the scientific notions deployed in the
fiction, such notions have to be treated as a peripheral matter. Much of the material
that has to be included in encyclopaedias of science fiction, on the grounds that it is
so labelled in the marketplace, is of no significance to the present volume, because it is
devoid of scientific inspiration and speculation. The term has broadened out to cover
virtually all works set in the future and a great many others that have borrowed
science-fictional imagery while carefully severing the threads of explanation that
bound the original models to ideas in science.

Although this volume does contain numerous entries on writers of fiction, most of
those individually annotated have been included because of the relevance of their
work to issues in science, rather than their importance within the history of genre
science fiction. Particular priority has been given to writers who are practicing
scientists as well as writers of fiction, and to the links between the various aspects
of their careers. Those entries do not make up the kind of textual backbone here that
entries on writers would have to constitute in an encyclopaedia of science fiction; that
function is served in the present volume by thematic entries on various sciences and
their subsections.

When studies of science fiction set out to focus more narrowly on the genre’s
scientific links, as in such projects as The Science in Science Fiction (1982) edited by
Peter Nicholls, they tend to become preoccupied with the extent to which science-
fictional representations are rationally plausible, concentrating much of their effort
on discriminating between ‘“‘bad science” and ‘““good science” within the fiction. In
the present volume, by contrast, the principal flow of concern runs in the opposite
direction. Instead of starting with a defined field of “science fiction” and working
back towards its scientific content, this volume attempts to start with science and
work forwards to its fictional representations, reflections and responses. These are, of
course, far more abundant in some areas of science than in others and differ signifi-
cantly in character from one area to another.

In order to attempt explanations of this extremely uneven pattern of representa-
tion, reflection, and response—a matter that does not arise in studies that begin with
the fiction—it is necessary to look more closely at the fundamental contrasts between
the nature and purposes of science and the nature and purposes of fiction. For this
reason, the present volume pays more attention to “‘the science of fiction” than other
books whose explorations touch on similar subject matter. This is evident not merely
in its entry on narrative theory but in a network of subsidiary entries examining such
issues as the generation of plausibility, the psychological estimation of probability,
and the literary uses of impossibility.

In much the same way that it is selectively interested in the scientific correlations of
fiction, the present volume is also selectively interested in the fictional correlations of
science. The summaries of scientific progress with which most of its thematic entries
begin are not usually very dissimilar to those offered by encyclopaedias of science,
but they often emphasise those aspects of scientific evolution that served as triggers to
significant literary endeavour, and they tend to be ruthlessly synoptic in their
accounts of knowledge production. More importantly, they are often concerned with
those aspects of the history of individual sciences that lend themselves to narrativisa-
tion and make a significant contribution to the rhetoric of science. Because science
represents itself as truth, and its history as (unironic) true history, encyclopaedias of
science rarely pay much attention to the rhetoric of science, or to such phenomena as
the popularisation of science and the reportage of science. This volume has entries on
all these subjects, because they constitute an important link between scientific and
fictional techniques.

One significant effect of the dual concern of the present volume is that it has to be
broader in its scope than books on either of its singular subjects usually need to be.
An encyclopaedia of science fiction can easily confine its discussions of everything
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that happened before 1870 to a mere handful of peripheral articles. An encyclopaedia
of science can do the same for everything that happened before 1600, although many
historical studies do trace the ideas that became fundamental to science at that time
to their roots in Classical philosophy. When one attempts to trace both the scientific
antecedents of literary notions and the literary antecedents of scientific notions,
however, it is useful to trace the historical sequences from their Classical—or even
prehistoric—beginnings. It is also useful in considering the overlaps between science
and fiction, to pay attention to ideas and theories thrown out by science (as fictions)
but maintained in the world of fiction as ‘“‘alternatives” to science or systems of
thought still linked to its periphery.

Having said what there is to be said in explanation and justification of the present
volume, it must still be admitted that the idea of an encyclopaedia of ‘“‘science fact
and science fiction’ might be judged by some observers as an attempt to combine the
irreconcilable rather than a heroic bridging operation. Previous attempts to lay the
foundations of such cultural bridges have had a slightly troubled history. The
Modern Language Association Division on Literature and Science came to the brink
of abolition in 1978 because it seemed awkwardly irrelevant to many of the organisa-
tion’s members. It did, however, avoid that fate, and the abolition debate helped to
reinvigorate an interest that was soon reflected on the other shore of the cultural
divide, where a Society for Literature and Science was founded in 1985 by the
International Congress of the History of Science.

Although these endeavours remain on the peripheries of their host organisations,
they have helped to generate an increasing flow of academic publications devoted to
such topics as the influence of Darwinism on Victorian literature and the scientific
interests of the Romantic poets. Very few such studies, as yet, have been prepared to
take the risk of acknowledging that there is such a thing as ““science fiction,” let alone
attempting to include it in their range of concern. On the other hand, exercises in the
popularisation of science have become much more likely in recent years to use—or
even to create—works of science fiction as examples, because they can be very useful
in that regard. Popular science is often regarded with as much suspicion in academic
circles as popular fiction, but the necessity of making scientific ideas more accessible,
in the interests of education, is widely recognised.

Bibliographic References

The ground covered by the 300 entries in Science Fact and Science Fiction is very
extensive, and it would have been impractical to give full bibliographical details for
every one of the thousands of texts to which it refers. Other bibliographies containing
fuller details of many texts cited in the articles are listed in the first section of this
volume’s bibliography.

In the interests of economy a number of abbreviations have been employed in the
brief bibliographical citations that are included: aka (also known as), ed. (edited by),
exp. (expanded), rev. (revised), and trans. (translated). I have retained the term
“science fiction” for the US-born genre, retaining “scientific romance” for British
material produced before the importation of the label after World War II and using
“speculative fiction” as a blanket term for all fictions of that sort.

Cross-References

I have used prefatory asterisks to indicate substantial cross-references; these are
sometimes subject to slight ambiguity because of the duplication of key words in
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different articles (for example, “‘matter” and “matter transmitter”’, and “time’” and
“time travel”) and I have often found it convenient to attach them to grammatical
derivatives of the terms used in the relevant entry’s title (e.g., “astronomer” rather
than “astronomy”, or “medical” rather than “medicine”), but I hope that the relative
unobtrusiveness of the device will make up for its occasional awkwardness.

Brian Stableford
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ACOUSTICS

The science of hearing, relating to the perception of
sounds produced by vibrations in air or another me-
dium; it bears the same relation to sound as optics
does to light. In scientific terms, the fundamental
phenomenon of sound turned out to be less challeng-
ing than the phenomenon of light, but in matters of
aesthetic sensibility the technical challenges posed by
*music are at least equal to those of visual art. The
phonetics of human speech are equally complex, and
underlie the visual technology of *writing.

The Classical works that laid the foundations of
acoustics, including Ptolemy’s Harmonics, were
based on *Pythagorean ideas that emphasised the
mathematics of harmony, and consideration of
sound phenomena tended to be overlaid by musical
theory in both science and literature until the seven-
teenth century. Attention was also paid to various
kinds of natural sounds, especially those associated
with the weather and the spontaneous sounds asso-
ciated with particular emotions, including cries of
pain and triumph, moans, groans, and sobs. Outside
of music and alarms, the most significant artificial
sounds prior to the nineteenth century were the loud
bangs associated with explosions, whose clamour
increased markedly from the fourteenth century
onwards. Literary works frequently draw analogies
between these various categories of sound, often
extrapolating the “pathetic fallacy” of *meteorologi-
cal representation.

Although the Pythagoreans knew that the pitch of
a musical note produced by a plucked string depends

on the length of the string, it was left to the Roman
engineer Marcus Vitruvius Pollio to propose a vibra-
tional theory of sound in the first century B.C., and it
was largely disregarded thereafter. Pierre Gassendi
made the first recorded measurements of the velocity
of sound in 1635, but Marin Mersenne and Isaac
*Newton were the chief advocates of the notion that
sound was a vibration of the air. A general mathemat-
ical formula for wave propagation was proposed by
Jean d’Alembert in 1747, assisting the understanding
of the different kinds of vibrations produced by vari-
ous musical instruments, although a comprehensive
analysis of sound had to await the mathematical tools
provided by Joseph Fourier in the early nineteenth
century. The modern science of acoustics is based on
Georg Simon Ohm’s 1843 hypothesis that the ear
analyses complex sounds into simple tones in a way
that can be represented mathematically by Fourier
analysis.

There was little in this sequence of theoretical
developments to inspire literary works that would
bring acoustics phenomena into the foreground, but
the possibilities imaginable in the Renaissance are
neatly summarised in the account of the “Sound-
Houses” in Francis Bacon’s New Atlantis (1627),
which refers to amplifying devices for use as hearing
aids, artificial echoes that modified the pitch of
sounds and various means of transmitting sounds
through ““trunks and pipes”. The usefulness of infor-
mation learned by eavesdropping as a plot lever
encouraged the occasional use in fiction of “whisper-
ing galleries”, like the one in St. Paul’s Cathedral, that
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bring sound waves into focus some distance from
their source; the effect is speculatively extrapolated
in Lucretia P. Hale’s “The Spider’s Eye” (1856).

The development of the electric telegraph in the
1830s, and its adaptation to transmit messages in
sound by means of Morse code, was a dramatic stim-
ulus to the literary imagination. The tapping out of
messages in Morse code became a standard feature of
melodramatic crime fiction in the latter half of the
century. Léon Scott’s phonautograph (1857) could not
play back the sounds it traced, so Thomas *Edison’s
phonograph (1877) represented a prodigious advance.
The method of recording by cutting a groove in wax,
developed in 1885, increased its convenience. Emile
Berliner’s gramophone system was more convenient
still when it went into mass production after 1900.
Early fictional representations of sound recording in-
clude J. D. Whelpley’s “The Atoms of Chladni’ (1860)
and Florence McLandburgh’s “The Automaton Ear”
(1873), while Arthur Conan Doyle’s “The Voice of
Silence (1891) set an early precedent for countless
twentieth-century accounts of the phonographic cap-
ture of unwary confessions. The development of the
*telephone had an even more dramatic effect on the
strategies of popular fiction, and the development of
*radio continued the process of transformation.

Twentieth-century progress in the refinement of
sound-recording technology was swift. Tales of espio-
nage found abundant melodramatic opportunities in
keeping abreast or slightly ahead of the sequence of
advances, and a rich mythology of “bugging” devel-
oped as eavesdropping became an art form, and
“wearing a wire” became a key instrument of ficti-
tious police procedure. As coding techniques for con-
cealing information in auditory signals increased in
sophistication, the literary spinoff of the science of
*cryptography became correspondingly complex. The
speculative dimension of such fiction was amply dis-
played in *technothrillers. Godwin Walsh’s The Voice
of the Murderer (1926), which features an ultrasensi-
tive microphone designed to capture residual sounds
from the past, illustrates the smallness of the imagi-
native step required to overreach the boundary of
rational plausibility.

Just as the human eye is only sensitive to a limited
range of electromagnetic emissions that constitute
visible light, the human ear only experiences a limited
range of vibrations as sound—usually between 20 and
20,000 cycles per second. Some animals can perceive
vibrations outside of this range, but hearing is not
nearly as widespread a sense as sight, being found in
only two major groups: arthropods and vertebrates.
Some representatives of both groups are sensitive to
supersonic or ultrasonic vibrations that the human
ear cannot perceive. The heroes of E. E. Smith’s

Triplanetary (1934; rev. book 1948) have difficulty
communicating with an amphibian race because of
different ranges of aural sensitivity—a problem repro-
duced in actuality when humans began trying to com-
municate with dolphins in the 1960s. Sounds outside
the range of human hearing are employed in various
ingenious ways in L. Sprague de Camp’s “Ultrasonic
God” (1951; aka “The Galton Whistle”), Lloyd
Biggle Jr.’s “Silence Is Deadly” (1957), and James E.
Gunn’s “Deadly Silence” (1958). J. B. Priestley’s
comedy Low Notes on a High Level (1954) features a
device that emits the lowest possible notes.

As the titles of some of these stories imply, it is
often the absence rather than the presence of sound
that seems significant; it was the fact that the dog did
not bark that put Sherlock Holmes on the right track
in Conan Doyle’s “Silver Blaze” (1892). The calcula-
ted suppression or obliteration of sound is the subject
matter of such stories as A. M. McNeill’s “The Noise
Killer” (1930), Arthur C. *Clarke’s “Silence Please”
(1954), T. L. Sherred’s “Cue for Quiet” (1953), J. G.
Ballard’s “The Sound Sweep”(1960), and Christopher
Anvil’s “Gadget vs. Trend” (1962). On the other
hand, the fact that sound cannot be transmitted
through a vacuum is routinely ignored by the manu-
facturers of sound effects in science fiction *cinema
and *TV shows, where battles in space are often
impossibly loud. The plausibility of such auditory
imagery is not merely a careless reflection of the
noise of earthly battles; one acoustic phenomenon
that acquired iconic status in the twentieth century
was the “sonic boom” associated with “breaking the
sound barrier”’—a feat first achieved by the rocket-
engined Bell X-1 in 1947. Although jet fighters rou-
tinely operated at speeds above the charismatically
named Mach-1 after 1960, the association of very
high speeds with acoustic phenomena, sealed in the
early days of space exploration, continued to exercise
a certain imaginative authority long thereafter. Allen
Adler’s Mach 1: A Story of Planet Ionus (1957) fea-
tures a supersonic sea-sled.

Unmusical variants of the seductive song of the
sirens are featured in A. E. van Vogt’s “The Sound”
(1950) and Jack Vance’s “Noise” (1952). Alien acous-
tics—which cause sounds that are perceived as identi-
cal by one species to seem very different to another—
cause trouble in translation in H. Beam Piper’s
“Naudsonce” (1962). New acoustic technology
enables the use of music as weapon in Christopher
Hodder-Williams’ 98.4 (1969), Colin Cooper’s Darga-
son (1977), and Paul H. Cook’s Tintagel (1981).
Disturbing ultrasonics are produced by a “‘saser”
in Isaac *Asimov’s “The Dim Rumble” (1982), and
an ingenious means of committing murder by
means of an acoustic phenomenon is featured in



Laurence M. Janifer’s “The Dead Beat” (1997). The
similarity of the grooves made on rotating cylinders
by Edison’s first phonograph to grooves made on
certain kinds of pots turned on wheels encouraged
some archaeologists to wonder whether accidental
sound recording might have been achieved in the
distant past; Larry Eisenberg’s “Duckworth and the
Sound Probe” (1971) and Gregory Benford’s “Time
Shards” (1979) develop the thesis ironically.

The analogy between light and sound led to the
development of the concept of “white noise”, com-
prising a mixture of all audible frequencies. It was
easy to produce, but seemed to have no function
until it was deployed in sensory deprivation experi-
ments to blank out other auditory stimuli—to which
the ear becomes hypersensitive after exposure to si-
lence. The mind’s tendency to search for significance
in randomness—also associated with radio “‘static”
and the malady of tinnitus—can lend a sinister quality
to such phenomena, as explored and extrapolated in
such works as Eando Binder’s “Static” (1936) and the
movie White Noise (2005).

AERONAUTICS

The applied science of flight. The notion of an artifi-
cial means of giving human beings the ability to fly is
very old; the power of its attraction is blended with a
dutiful note of caution in the myth of Daedalus and
Icarus. Flying machines are among the most venerable
types of imaginary technology, prominently featured
in *Leonardo da Vinci’s notebooks and in the techno-
logical prospectus mapped out in John Wilkins’ Math-
ematicall Magick (1648).

Artificial wings like those constructed by Daedalus
crop up continually in imaginative fiction, although
carriages drawn aloft by flights of birds are mostly
confined to farcical satires such as Francis Godwin’s
The Man in the Moone (1638). The winged machine
featured in Ralph Morris’ Adventures of John Daniel
(1751) is a relatively earnest depiction of an ornithop-
ter, and Robert Paltock’s The Life and Adventures of
Peter Wilkins (1751) offers a detailed depiction of a
society that has mastered the art of flight. Nicolas
Restif de la Bretonne’s Découverte Australe par un
homme volant (1781), Tom Greer’s A Modern Dedalus
(1885), and Charles Godfrey Leland’s Flaxius (1902)
use similar apparatus as a facilitating device, although
hypothetical humanoids naturally equipped with
wings are far more common in fiction than ordinary
people equipped with artificial wings.

The placing of the realm of the gods in the sky by
Classical mythology and scripture alike meant that
messengers therefrom were routinely equipped with
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wings; it is not surprising that wings are a common
accoutrement of extraterrestrial species, ranging from
W. S. Lach-Szyrma’s A Voice from Another World
(1874; aka Aleriel) through Leslie F. Stone’s “Men
with Wings” (1929) to Poul *Anderson’s The Man
Who Counts (1958; aka War of the Wing-Men) and
The People of the Wind (1973). The power of aeronau-
tical dreams is reflected in Olaf Stapledon’s conten-
tion in Last and First Men (1930) that the human race
engineered for flight on Venus is the happiest of all
Homo sapiens’ descendant species.

Actual aeronautical technology took its first signif-
icant step forward with the development of hot air
balloons, which gained a great deal of publicity when
Joseph and Etienne Montgolfier staged the first public
flight in 1783. The first hydrogen balloon was flown in
the same year by Jacques Charles, and manned flights
soon became common. Balloons did not become a
practical means of transportation until dirigible air-
ships were developed at the beginning of the twentieth
century, and they played a very limited role even then.
Their effect on the literary imagination was, however,
tremendous; in Félix Bodin’s groundbreaking Le
roman de ['avenir (1834) flying machines are central
icons of “futuristic”” imagery, and they retained that
status in futuristic fiction for the remainder of the
century, extravagantly displayed in such works as
Albert Robida’s Le vingtieme siecle (1882-1883;
trans. as The Twentieth Century) and Julian
Hawthorne’s “June 1993” (1893).

It was evident that even if the problem of steering
could be solved, balloons were never likely to reach
high speeds. Emile Souvestre’s Le monde tel qu'il sera
(1846; trans. as The World as It Shall Be) imagines
express air travel involving shells fired from giant
cannon—but the majesty of soaring seemed aptly
symbolic of the spirit and thrust of technological
progress. It was used to that effect in Alfred, Lord
Tennyson’s “Locksley Hall”” (1842), in the lines: “For
I dipped into the future, far as human eye could see, /
Saw the Vision of the world, and all the wonder that
would be: / Saw the heavens fill with commerce, argo-
sies of magic sails, / Pilots of the purple twilight,
dropping down with costly bales; / Heard the heavens
filled with shouting, and there rain’d a ghastly dew /
From the nations’ airy navies grappling in the central
blue”. Tennyson’s final image was soon darkly elabo-
rated in Herrmann Lang’s The Air Battle (1859),
while the optimistic thrust of his vision was amplified
in Victor Hugo’s “Plein ciel” [Open Sky] in La
Légende des Siecles: Vingtieme Siecle (1859).

Balloons were used to gain access to numerous
nineteenth-century Utopias, from the Baron de
Launay’s Le ballon aérien (1810) to William Westall’s
The Phantom City (1886), and were often employed as
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a means of *space travel. Jules Verne’s long series of
voyages extraordinaires began with Cing semaines en
ballon (1863; trans. as Five Weeks in a Balloon) and he
went on to use balloons in many other novels in the
sequence, including Le tour du monde en quatre-vingt
jours (1873; trans. as Around the World in Eighty
Days) and L’ile mysterieuse (1874-1875; trans. as
The Mysterious Island). His influence was enormous,
with one early spinoff being George Sand’s Laura:
voyage dans le cristal (1870; trans. as Journey Within
the Crystal).

The analogy of marine transport was so readily
available to nineteenth-century futurists that early
images of dirigible ‘“‘airships” tended to look very
similar to marine ships, with masts and sails mounted
atop gas-enclosing hulls. The definitive imagery of
this type was provided by Fred T. Jane, the illustrator
of George Griffith’s The Angel of the Revolution
(1893) and other works in the same vein; his name
was eventually to become permanently associated
with Jane’s Fighting Ships and Jane’s Fighting Air-
craft. Griffith had presumably taken his own lead
from Jules Verne’s detailed account of the dirigible
airship employed by Robur le conquérant (1886), which
had become the eponymous Clipper of the Clouds
in the English translation. Analogues of the marine
propeller—first devised in 1842 by Isambard Kingdom
Brunel for the Great Britain—were also featured abun-
dantly on the imaginary airships of the nineteenth
century, but the more fanciful accoutrements of imag-
inary airships were largely set aside after Count
Zeppelin’s dirigible made its first test flight in 1900,
generating a new iconic image.

Although the principle of airflow-generated lift had
been explained in the eighteenth century by Daniel
Bernoulli, aircraft with fixed wings did not offer seri-
ous competition to airships in the literary imagination
until they were on the brink of realisation. H. G. Wells’
When the Sleeper Wakes (1899) featured them promi-
nently, although Wells withdrew the suggestion that
they might be vital to the conduct of future warfare in
the futurological essays he collected in Anticipations
(1900) and felt forced to write The War in the Air
(1906) when he changed his mind back again. The
advent of actual aeroplanes in the first decade of
the twentieth century—stridently dramatised by the
Wright brothers’ manned flight at Kitty Hawk in
1903 and Albert Santos-Dumont’s European ven-
tures—began a new phase in the conquest of the air
that immediately spilled over into imaginative fiction,
especially in connection with the assumption that mas-
tery of the air would be essential to the winning of
future wars and the establishment of future empires.

This assumption was graphically extrapolated in
such novels as James Standish O’Grady’s Queen of

the World (1900, by-lined Luke Netterville), James
Blyth’s The Aerial Burglars (1906), William Holt-
White’s The Man Who Stole the Earth (1909), George
Glendon’s The Emperor of the Air (1910), and George
Allan England’s “The Empire in the Air” (1914),
whereas a more sophisticated imagery of social trans-
formation by rapid and reliable aerial transport was
offered in Rudyard Kipling’s With the Night Mail
(1905; exp. 1909) and “As Easy as A.B.C”. (1912).
The sophistication of aircraft technology in World
War I[—anticipated in such novels as J. L. Carter’s
Peggy the Aeronaut (1910) and Louis Gastoine’s Les
torpilleurs de l'air (1912; trans. as War in Space)—
seemed to confirm the assumption, even though air
forces made little military difference to the strategy of
the war or the resolution of ground conflicts. The
threats loomed larger in the imagination even while
the war was being fought, reflected in such novels as
Marc Gouvrieux’s Haut les Ailes! (1914; trans. as
With Wings Outspread), Claude Grahame-White and
Harry Harper’s The Invisible War-Plane (1915), Guy
Thorne’s The Secret Sea-Plane (1915), and William le
Queux’s The Zeppelin Destroyer (1916).

The period between the two world wars was a
heroic era of aviation in which new records were set
on a regular basis, the most important including J. W.
Alcock and A. W. Brown’s first transatlantic flight in
June 1919, Charles Lindbergh’s solo flight from New
York to Paris in May 1927, Amy Johnson’s solo flight
from London to Australia in May 1930, and Howard
Hughes’ round the world flight in July 1938. The fact
that Johnson, like her fellow aviatrix Amelia Earhart,
died in the pursuit of her vocation only added to the
romance of human flight, which was equipped with a
spiritual dimension by their fellow casualty Antoine
de Saint-Exupéry, in such celebratory works as Vol
de nuit (1931; trans. as Night Flight) and Terre des
hommes (1939; trans. as Wind, Sand and Stars).
Fixed-wing aircraft had already reduced airships to
near irrelevance in the futuristic imagination when the
R-101 disaster of 1930 put an abrupt end to a pattern
of development that had climaxed in the Graf Zeppe-
lin’s circumnavigation of the globe a year earlier. The
first successful helicopter flight in 1919, on the other
hand, encouraged the notion that portable, personal
flying apparatus might soon become practicable.

It is unsurprising, in this context, that aviation
fiction was one of the many candidate genres tried
out in the American pulp magazines, as an adjunct of
the war genre in such pulps as War Birds (1928-1937),
Daredevil Aces (1933-1940), Sky Fighters (1933—
1939), Battle Birds (1932-1934; retitled Dusty Ayres
and His Battle Birds, 1934-1935), and G-8 and His
Battle Aces (1933-1944). Dusty Ayres and G-8 rou-
tinely battled scientifically advanced invaders, and



aviation fiction briefly became a designated branch
of science fiction in Hugo *Gernsback’s Air Wonder
Stories (1929-1930). The pulp genre was too
specialised to survive, but aviation fiction continued
to form a significant fraction of war fiction and thril-
ler fiction thereafter. Although the commercialisation
of air travel in the late 1930s eroded the heroic and
romantic dimensions of civil aviation, it retained a
particular glamour exploited by such writers as
Nevil Shute and Ernest K. Gann.

The notion that air power might play a central role
in future world politics was sustained for a while in
such fantasies as Michael Arlen’s Kiplingesque Man'’s
Mortality (1933) and the section of H. G. Wells’ The
Shape of Things to Come (1933) detailing the Air
Dictatorship, but the surrealised air force of Rex
Warner’s The Aerodrome (1941) marked the conclu-
sion of the trend. World War II demonstrated the
brutal limitations as well as the power of the bomber.
The Enola Gay—whose delivery of the first *atom
bomb in 1945 allowed it to overtake Lindbergh’s
Spirit of St. Louis as the most iconic aircraft of the
twentieth century—provided a dramatic lesson, but
the failure of Adolf Hitler’s blitzkrieg tactics had
already demonstrated that anxieties about what
bomber fleets might accomplish had been exagger-
ated. The destructive and demoralising effects of
conventional bombing proved mild by comparison
with the fears displayed in such future war novels as
Cicely Hamilton’s Theodore Savage (1922), Shaw
Desmond’s Ragnarok (1926), Frank Mcllraith and
Roy Connolly’s Invasion from the Air (1934), Joseph
O’Neill’s Day of Wrath (1936), and S. Fowler
Wright’s Four Days War (1936).

European anxiety about the destructive power of
airfleets seemed irrelevant in America, which seemed
virtually inaccessible to enemy action of that sort—an
assumption reflected in Curt Siodmak’s F.P./
Antwortet Nicht (1931; trans. as F.P.I Does Not
Reply), about the construction of a mid-Atlantic
refuelling station—so images of the future of flight
produced between the wars in the United States were
much more upbeat. The cityscapes featured in the
illustrations in the pulp science fiction magazines
often featured flyers equipped with miniature helicop-
ters or jet-packs, and such imagery became an intrin-
sic feature of the “Gernsback continuum”. The first
actual jet engine was a turbine tested by Frank Whittle
in 1937, but the technology had been extensively
explored as a corollary of extensive science-fictional
interest in *rockets as a means of space travel.

As air travel became routine in the second half of
the twentieth century it became increasingly difficult
for aircraft and aviators to maintain the charismatic
status previously afforded to such literary artefacts as
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Walther Eidlitz’s Zodiak (1931) and such characters
as W. E. Johns’ Biggles. Test pilots—especially those
associated with the early days of the space
programme, as celebrated in Tom Wolfe’s The Right
Stuff (1979)—retained a certain glamour, but the ro-
mance of aeronautics followed a literal upward tra-
jectory towards the margins of the void. Cutting-edge
military aircraft—including the Northrop B-2 and
other “stealth” craft with minimal radar reflection—
became a regular feature of *technothriller fiction, as
in Jack Sharkey’s “The Business, as Usual” (1960),
Joe Poyer’s “Mission ‘Red Clash’’ (1965), Ben Bova’s
Out of the Sun (1968), and Dean Ing’s The Ransom of
Black Stealth One (1989), but the transmutation of
the U.S. National Advisory Committee for Aeronau-
tics (established 1915) into the National Aeronautics
and Space Administration (NASA) in 1958 marked
the beginning of a new era. Test-pilot stories, such as
Lee Correy’s “Design Flaw” (1955), Hank Searls’ The
Big X (1959), and Jeff Sutton’s Spacehive (1961),
became explicit celebrants of the aeronautical motto
per ardua ad astra.

The jet era was the culmination of aviation history;
Pratt and Whitney’s attempt to develop a nuclear-
powered aircraft came to nothing, although its suc-
cess was imagined in a novel by one of the engineers
who worked on the project, Hilbert Schenck’s Steam
Bird (1988). The race to develop supersonic flight,
celebrated in such novels as Donald Gordon’s Star-
Raker (1962), petered out into anticlimax when the
Anglo-French supersonic passenger jet Concorde, put
into development in 1962 and commercial usage in
1976, was withdrawn from the world stage in 2001.
Ideas for further sophistication—observed in such
designs as the skyport (a giant flying wing), as
depicted in Timothy Zahn’s “Between a Rock and a
High Place” (1982)—came to seem peripheral.

The fascination of aviation was never reduced en-
tirely to mundanity; a Saint-Exupéry—esque spiritual
dimension continued to echo in such works of avia-
tion fiction as Christopher Hodder-Williams’ Final
Approach (1960), Turbulence (1961), and The Higher
They Fly (1964) and Arthur C. *Clarke’s Glide Path
(1963). Thriller fiction developed a subgenre of
aeroplane emergency stories, which proved highly
adaptable to the cinema in such melodramas as Zero
Hour! (1957) and the series begun with Airport (1970).
Gradually, however, the romance of aeronautics
became nostalgic, expressed in such historical novels
as James Helvick’s Overdraft on Glory (1955), such
timeslip romances as Jack Finney’s “Quit Zoomin’
Those Hands Through the Air” (1951) and Dean R.
McLaughlin’s “Hawk Among the Sparrows’ (1968),
and such baroque alternative histories as Richard A.
Lupoff’s Circumpolar! (1984), in which Amelia
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Earhart, Howard Hughes, and Charles Lindbergh
race to circumnavigate a toroidal Earth. Late twenti-
eth-century speculative fiction retained a mildly ironic
fascination with the romance of flight in such stories
as J. G. Ballard’s “The Ultimate City’ (1976) and The
Unlimited Dream Company (1979) and Jay Lake’s
Rocket Science (2005), but such works seemed jaded
by comparison with such fantasies of individual flight
as Larry Niven’s “Handicap” (1967), George R. R.
Martin and Lisa Tuttle’s “The Storms of Windha-
ven” (1975; incorporated into Windhaven, 1981), and
Bob Shaw’s Vertigo (1978).

Balloons made something of a comeback in the
final decades of the twentieth century, when brightly
coloured hot air balloons became a familiar sight in
the summer sky and the heroic era of aviation was
belatedly recalled by the exploits of Richard Branson
and Steve Fossett. That kind of romance was exag-
gerated by science-fictional improvisation in such
works as C. C. MacApp’s Prisoners of the Sky
(1969), Bob Shaw’s The Ragged Astronauts (1986),
John Brosnan’s The Sky Lords (1988), Kenneth
Oppel’s Airborn (2004), Matthew Claxton’s “Chang-
ing the Guard” (2004), and the stories in A//-Star
Zeppelin Adventure Stories (2004) edited by David
Moles and Jay Lake. Such imagery was exported
into children’s fiction in Philip Pullman’s Northern
Lights (1995) and Philip Reeve’s Mortal Engines
(2001). Dreams of individual flight were partially rea-
lised by a series of inventions such as the paraglider
and—more significantly—the hang glider, whose lack
of motive power was compensated for by the artistry
of their deployment. It was not, after all, necessary to
go to the lengths featured in Robert A. Heinlein’s
“The Menace from Earth” (1957)—in which a lunar
valley is roofed over and filled with air—in order that
people might learn to fly.

AESTHETICS

A philosophical discipline developing theories of ar-
tistic response, particularly in respect of such concepts
as beauty, elegance, and harmony. The deliberate
evocation of aesthetic responses in oral and written
discourse is an aspect of the pathetic component of
*rhetoric, but aesthetic responses to *nature, the visu-
al *arts, and *music are generally given separate con-
sideration. Although Classical philosophy did attempt
to deal with questions of aesthetics, the modern disci-
pline takes its name from Alexander Baumgarten, who
redefined the term in 1735 in a work translated as
Reflections on Poetry, but died before completing his
definitive Aesthetika (1750-1758).

Science has an aesthetic dimension of its own,
although its exact nature is difficult to pin down.
The truth is often held to be innately beautiful, but
literary “truth” and scientific truth are sometimes
seen as distinct phenomena; John Keats’ assertion in
“Ode on a Grecian Urn” (1820) that ““Beauty is truth,
truth beauty” was not intended as a compliment to
science. The notion that *mathematical reasoning has
a particular beauty, reflected in certain equations, is
also commonplace; Henri Poincaré attempted in La
science et I’hypothése (1902) and two further volumes
(collectively translated as The Foundations of Science)
to compile a detailed account of the process of scien-
tific creativity and its aesthetics. Albert Einstein was
an eloquent advocate of this thesis, and it is celebrat-
ed in Graham Farmelo’s anthology It Must Be Beau-
tiful: Great Equations of Modern Science (2002). On
the other hand, Thomas Henry Huxley referred, in
Biogenesis and Abiogenesis (1870), to “the great trag-
edy of Science—the slaying of a beautiful hypothesis
by an ugly fact”, recognising that ideas that are
aesthetically pleasing can turn out to be false. Deni-
grators of science often raise objections to it on aes-
thetic grounds, considering scientific truth to be
“plain”, “boring”, “cold”, or “vulgar”, but such
denigrators usually deem aesthetic responses to be
essentially emotional—so that the scientist’s attempts
to make judgments dispassionate and objective be-
come necessarily anti-aesthetic—whereas aesthetic
philosophers like Poincaré are more interested in the
cognitive aspects of aesthetic responses.

Literary aesthetics overlap the aesthetics of science,
in that the aesthetics of good reasoning are reflected
in the craft of elegant plotting and the achievement of
satisfactory climactic conclusions. This is most obvi-
ous in detective fiction, whose core exercise is the
construction of elaborate puzzles and their elegant
solution. Works of speculative fiction are often con-
structed in a similar fashion, with complex puzzles
yielding to elegant logical analyses, but speculative
fiction is more closely related to a different aspect of
the aesthetics of science, which fans of science fiction
often refer to as the “sense of wonder”. By this they
mean a particular sensation of enlightenment pro-
voked by discovery, whose extreme is an awe-
inspiring expansion of imaginative perspective. This
kind of response is noted in Aristotle’s Poetics, which
observes that the “wonderful” aspects of epic poetry
and tragic drama are not only pleasing but always
lend themselves to further exaggeration when stories
are retold. The sense of wonder associated with scien-
tific discovery and speculative fiction received abun-
dant fuel as the philosophical revolution that began at
the end of the sixteenth century gradually revealed the



true scales of space and time on which the universe
needed to be measured.

The notion that there might be a significant aes-
thetic connection between the cosmologist’s construc-
tion of new models of the universe and the literary
artist’s construction of worlds within texts had been
raised before the advent of the New Learning in the
sixteenth century, but it acquired a new significance at
that time. Philip Sidney’s Defence of Poesy (1595)
adopted a view of artistic creativity as a matter of
the creation of “small worlds”, which resemble hypo-
thetical models rather than mimetic representations.
This notion was echoed by Gottfried Leibniz, whose
consideration of “possible worlds” allowed that
works of art might contain worlds markedly differ-
ent from the world of experience. Baumgarten’s
Aesthetika is a Leibnizian exercise, making much of
Leibniz’s representation of literature as a mode of
cognition aspiring to “‘perceptual clarity”—thus fo-
cusing attention on matters of order, pattern, and
symmetry.

Leibniz argued in his Theodicy (1710) that ours
must be the best of all possible worlds; on this basis,
Baumgarten argued that the highest ideal of artistic
“secondary creation” is to produce simulacra of the
world of experience rather than to venture into the
innately inferior practice of ‘“heterocosmic™ creativ-
ity. The intrusion of fantastic elements into a simula-
crum of the world of experience, even in the cause of
trying to envisage a better state of nature—as, for
instance, in Sidney’s Arcadia (1581)—or a better po-
litical organisation of society, seemed to Baumgarten
to be an insult to the competence of the primary
creation. This view subsequently became orthodox
even among critics who had little sympathy for Leib-
nizian optimism, although Edmund Burke’s Philo-
sophical Enquiry into the Origin of Our Ideas of the
Sublime and Beautiful (1757) opposed it with argu-
ments extrapolated from Mark Akenside’s exposition
in blank verse of The Pleasures of the Imagination
(1744), asserting that the healthy imagination requires
mental exercise, just as the healthy body requires
physical exercise.

Burke’s purpose was to broaden aesthetic discus-
sion to take fuller account of the aesthetic response he
characterised as “the sublime”. This notion also ori-
ginated in Classical times, apparently in a lost treatise
by a Sicilian Jew named Cecilius, although the key
surviving document is a slightly later essay by Long-
inus (first century A.D.). Longinus had a considerable
influence on sixteenth- and seventeenth-century Ital-
ian aesthetic theory, and on such writers as Torquato
Tasso. Burke’s theory—rooted in emotions rather
than “‘perceptual clarity”—connects beauty with
loving emotions while associating the sublime with
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“astonishment”. According to Burke, sublimity is
associated with danger, power, vacuity, darkness, sol-
itude, silence, vastness, potential, difficulty, and col-
our; his thesis helped pave the way for *Romanticism,
especially its Gothic component.

Although Burke discussed the sublime primarily in
terms of the rapt contemplation of *nature, he ob-
served that the information of his gaze by contempo-
rary natural philosophy had done nothing to diminish
its capacity for astonishment, or the component of
*horror therein. He was not alone in this; many of his
contemporaries found the revelations of science in-
nately horrific, although others considered their re-
sponse more akin to exaltation. This division of
opinion remains very obvious in literary reflections
of science, and also in the marked contrast between
the characteristic rhetoric of the popularisation of
science and that of popular reportage of science.

When nineteenth-century discoveries in astronomy
and geology began to produce newly awe-inspiring
images of the universe and Earth’s past, Burke’s no-
tion of sublimity was largely replaced by champion-
ship of a more enthusiastic sense of wonder by such
writers as Humphry Davy, Edgar Allan *Poe, Robert
Hunt, and Camille *Flammarion, whose endeavors
contrasted sharply with writers who found all scien-
tific and technological progress darkly ominous. The
latter company formed the majority within the parlia-
ment of literature, but the opposition continued to
hold sway within the ranks of scientists—and, in large
measure, in earnest speculative fiction. The notion of
the sublime was significantly revisited in such works
as David E. Nye’s American Technological Sublime
(1996), which discusses the aesthetics of America’s
long romance with technology and the reasons for
an apparent twentieth-century decline in technologi-
cal charisma, and the critical work of the Romanian
literary theorist Cornel Robu, especially O cheie pen-
tru science-fiction (2004), whose central thesis was
summarised in “A Key to Science Fiction: The Sub-
lime” (1988). Burke’s distinction is recalled in such
reflective works of science fiction as Bruce Sterling’s
“The Beautiful and the Sublime” (1986).

The notion that aesthetics might become a science
rooted in physiological psychology was extensively
developed in the nineteenth century by such writers
as the historian Hippolyte Taine (author of the *posi-
tivist Philosophie de I’Art, 1865), the scientist and
musicologist Hermann von Helmholtz, and the
human scientist and evolutionist Herbert Spencer. It
persisted well into the twentieth century in the writ-
ings of such literary critics as I. A. Richards, but never
found any secure grounding. John Ruskin’s Modern
Painters (1856) blithely anticipated the development
of “a science of the aspects of things” that would
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study their effects on the “eye and heart”, but his own
attempt to get to grips with the aesthetics of *crystal-
lographic science in The Ethics of the Dust (1866) was
rather bizarre. Nineteenth-century analyses of the
physiology and psychology of aesthetics tended to
focus on the pleasure innate in certain kinds of
sensory experience—an approach foreshadowed in
the empiricism of John Locke and further developed
by Immanuel Kant, whose emphasis on the joy of
understanding and abstract appreciation of the dy-
namics of creativity contrasted with the ideas of
theorists who supposed “pleasure” to be intimately
connected with the sexual impulse.

A summation and systematisation of the notion
that aesthetics is an aspect of the psychology of plea-
sure was attempted by George Santayana’s The Sense
of Beauty (1896), although Thomas Munro’s Scienti-
fic Method in Aesthetics (1928) pays more attention to
the physiological basis of pleasure. John Dewey’s Art
as Experience (1934), on the other hand, attempted to
develop a theory based in the physiology of percep-
tion, particularly the perception of patterns of associ-
ation and disassociation, and their significance in the
comprehension of the world’s dynamism. More re-
cently, the physiological school of aesthetics has
been carried forward by evolutionary psychologists
employing the logic of *sociobiology, most signifi-
cantly in Ellen Dissanayake’s Home Aestheticus:
Where Art Comes From and Why (1992), which char-
acterises Homo Aestheticus in terms of “‘tendencies to
recognise an extra-ordinary as opposed to an ordi-
nary dimension of experience” and a ‘“‘capacity to
experience a transformative or self-transcendent emo-
tional state”, attempting to examine the selective
value of such traits.

The aesthetics of science has never received more
than a tiny fraction of the attention devoted to the
aesthetics of works of art. Logically, works of art
inspired by scientific discovery should not have been
downgraded by value judgments tied to the notion
that the finest art was the most accurately representa-
tive, but their tendency to suffer that fate was exag-
gerated as the discoveries of nineteenth-century
science exposed the limitations of the human eye,
and began to construct a mathematical model of real-
ity that was divorced from the aesthetics of direct
perception. In the same period, scientific writing de-
veloped and perfected a style of its own, aspiring to a
kind of pedantry from which “literary embellish-
ments” were purged. Literary works that retained
the language and argumentative style of scientific
writing thus came to seem not merely unliterary but
anti-literary.

This trend was unaffected by the development in
the late nineteenth century of various schools of

nonrepresentative art, whose fashionability event-
ually overtook that of the kinds of simulatory paint-
ing of which Baumgarten approved. The development
of critical schools that went to an opposite extreme in
championing the absolute autonomy of art—as in the
polemics of Théophile Gautier and Walter Pater—
made little difference, because they regarded “hetero-
cosmic creativity’ as a self-enclosed activity, isolated
from such disciplines as scientific speculation and
mathematical extrapolation. The distancing effects
of Gautier’s doctrine of “art pour l’art” (usually
translated as “‘art for art’s sake’) were exaggerated
by resentment against the perceived cost of the prog-
ress of scientific truth, as measured in ideas cursed
thereby with *impossibility and, hence, with apparent
obsolescence. Oscar Wilde’s essay on “The Decay of
Lying” (1891) lamented the loss of entertaining
fancies slain by the brutality of skeptical analysis,
and demanded that heterocosmic creators should for-
sake the truth—at least in its duller aspects—and
boldly commit themselves to the invention of bigger,
better, and bolder lies.

Wilde’s tongue-in-cheek argument reflected the
fact that a powerful nostalgia for the mythic past
had survived the post-Baumgartenian quest for nar-
rative realism, and had began to reassert itself within
the literary tradition, initially in the context of Ro-
manticism. Its champions increasingly chose to follow
up Keats’ complaint that “cold philosophy’ had done
harm in ‘“‘unweaving the rainbow”, venting their
spleen on the supposed corrosions of science rather
than the narrowness of naturalistic art. It was partly
for this reason that the development of scientific ro-
mance and science fiction seemed perverse, and that
both genres were always manifestly chimerical, em-
bracing works castigating science as a destroyer of
beauty and sublimity as well as works celebrating
the beauty and sublimity of science.

Although there were conspicuous early twentieth-
century movements in the visual arts and music that
endeavored to embrace Futurist manifestos, fiction—
especially popular fiction—hardly benefited at all
from such outbursts of enthusiasm. Although the
notion of an artistic avant-garde implies that its prac-
titioners are attempting to embody and exemplify a
pattern of progress, twentieth-century literary avant-
gardes tended to be very scrupulous in divorcing their
notions of progress from those implicit in new tech-
nologies and the refinement of scientific theory.
Although twentieth-century literary avant-gardism
readily embraced such missions as the more accurate
representation of the “stream of consciousness”—a
term invented by the psychologist William James
rather than his brother Henry—it remained jealous
of the privileges of its introspective method, and was



only peripherally affected by scientific attempts to
understand the phenomenon.

The peculiarities of this pattern of evolution are
ironically reflected in literary images of hypothetical
societies guided by aesthetics, such as those featured in
Gabriel Tarde’s “Fragment d’histoire future” (1896;
trans. as Underground Man) and André Maurois’
Voyage au pays des Articoles (1927; trans. as The Island
of the Articoles), and descriptions of futuristic “artist’s
colonies” such as those featured in J. G. Ballard’s
Vermilion Sands (1971), Lee Killough’s Aventine
(1982), and Eric Brown’s Meridian Days (1992). Such
works experience immense difficulty when attempting
to anticipate the future of literary art, and are far more
inventive in imagining new forms of visual, musical,
and conceptual art. The most provocative aspect of
speculative fiction dealing with aesthetics is contained
in its attempts to anticipate future technological
impacts on artistic opportunity—a topic first signifi-
cantly addressed by Walter Benjamin’s essay transla-
ted as “The Work of Art in the Age of Mechanical
Reproduction” (1936). Many such stories—Walter M.
Miller’s “The Darfsteller” (1955) is a cardinal
example—are concerned with the alleged superiority
of the organic over the mechanical; aesthetic issues
are a subsidiary but nevertheless significant concern
of many stories featuring *robots and other kinds of
*artificial intelligence.

Aesthetic evaluation is often treated as an essen-
tially static discipline, as if the ideas of beauty and
sublimity were themselves unchanging no matter
how variable their manifestation might be. It is not
obvious that this is true; feminist analyses such as
Naomi Wolf’s The Beauty Myth (1990) suggest that
perceptions of sexual attractiveness are culturally
conditioned and, hence, subject to alteration. The
argument is extrapolated in Ted Chiang’s conte philo-
sophique “Liking What You See: A Documentary”
(2002), which features a hypothetical proposition to
compel the use of a treatment to disable the ability to
see beauty in human faces, in order to eliminate
“lookism”. Whether the aesthetics of science are sub-
ject to similar alterations in perception is debatable,
but it is arguable that the aesthetics of *cosmology
has undergone significant shifts as the closed Aristo-
telian cosmos was replaced by the open Newtonian
cosmos, whose essentially static frame was replaced
in its turn by the dynamic and relativistic cosmos of
*Big Bang theory. The advent of computers, and the
enhancement of their ability to translate mathemati-
cal operations into visual form, may also have added
further dimensions of complexity to the concept of
beauty, as described in Clifford A. Pickover’s Com-
puters, Patterns, Chaos, and Beauty (1990). Pickover’s
Chaos in Wonderland (1995) includes a conte
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philosophigue about aliens whose aesthetic estimation
of one another is based in the beauty of the chaotic
attractors they can generate.

A sense of wonder or sublimity is a wasting asset;
familiarity with the revelations of one century’s scien-
tific discoveries tends to breed a certain amount of
contempt in the next. The extrapolation of theoretical
physics into the subatomic microcosm and back to
the primal Big Bang, and the parallel development of
a sophisticated genetic theory based on the remark-
able elegance of the DNA double helix, renewed the
twentieth-century sense of wonder in no uncertain
terms, but it is not obvious that revelations of equal
magnitude will emerge in the future as these notions
become familiar. On the other hand, it is at least
conceivable that the sensitivity of observers to the
aesthetics of science may become more refined, or
even significantly altered, in such a way as to encour-
age new and different patterns of artistic reflection in
the twenty-first century.

AIR
One of the four Classical *elements, whose native
sphere in the Aristotelian model of the cosmos was
between that of water and fire. Scientific terminology
eventually replaced the relevant sphere with the notion
of the atmosphere: a mixture of gaseous substances
forming an envelope surrounding the planet. William
Whewell’s History of the Inductive Sciences (1837) con-
tains a section on ‘“atmology”, but the term never
caught on, and twentieth-century atmospheric science
is usually subsumed under the title of *meteorology.
The scientific study of the atmosphere began with
Evangelista Torricelli’s pioneering studies of air
pressure in the seventeenth century—including his
invention of the mercury barometer in 1644—but
determination of the chemical composition of the
atmosphere only began in earnest in the late eigh-
teenth century, early findings being reported in Joseph
Priestley’s Experiments and Observations on Air (1777).
Priestley’s experiments assisted Antoine Lavoisier to
realise the significance of oxygen (Priestley’s “dephlo-
gisticated air”) and carbon dioxide (Joseph Black’s
“fixed air”) and thus to revise the theory of combus-
tion, laying vital foundations for the development of
modern *chemistry. Priestley also identified the non-
respirable major component of the air as nitrogen,
while Henry Cavendish isolated hydrogen (“inflam-
mable air”’). The remaining inert constituents had to
wait until the 1890s, when the liquefaction of the major
components at extremely low temperatures and spec-
troscopic analysis of the residue allowed William
Ramsay to discover the full set of noble gases.
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The eighteenth-century discoveries helped clarify
the problems caused by industrial air *pollution and
the dangers posed to miners by various kinds of nox-
ious gases (including methane, carbon monoxide, and
carbon dioxide), but made little immediate impact on
theories of disease based in the notion of toxic
“miasmas”. They also facilitated the development of
balloons and the advent of *aeronautics; the further
investigation of the structure of the atmosphere
provided balloons with their principal practical uti-
lity. The first flight undertaken expressly for scientific
purposes was made by Etienne Robertson in 1803.
The use of balloons in fiction by Jules *Verne and
his contemporaries is carefully respectful of this as-
pect of their utility. The extreme danger associated
with manned flights above 30,000 feet was a signifi-
cant source of aeronautical melodrama, but it was the
potential scientific rewards rather than the lust for
adventure that led August Piccard to develop the
pressurised gondola that made stratosphere balloon-
ing feasible in 1931.

In other respects, the atmosphere seemed a poor
source of melodramatic potential, by virtue of the
evident inability of clouds to bear actual castles in
the air in any but the wildest literary fantasies. The
notion that the upper reaches of the atmosphere
might be inhabited was, however, developed in such
scientific romances as Maurice Renard’s Le péril bleu
(1910), which imagines a civilisation of “‘ethereal” life-
forms fishing for airborne prey. Inhabitants of such a
civilisation descend to Earth in a “subaerine’ in John
Nathan Raphael’s Up Above (1913). Buoyant eco-
spheres are featured in Arthur Conan Doyle’s “The
Horror of the Heights” (1913) and Sophie Wenzel
Ellis” “The Shadow World” (1932). Alien atmospheres
designed to contain airborne ecosystems were more
versatile, as evidenced by Robert Reed’s The Leeshore
(1987). The notion that Earth’s atmosphere might
offer scope for colonisation was fugitively preserved
in such fantasies as Frank Belknap Long’s “Exiles of
the Stratosphere” (1935) and Eando Binder’s “Queen
of the Skies” (1937). Reports of strange things falling
from the sky sparked one of Charles *Fort’s most
extravagant imaginative rhapsodies, and his work
helped to sustain the notion that the upper atmosphere
might be more interesting than it seemed. The notion
that massive atmosphere-dwelling creatures might be
responsible for many *flying saucer sightings was
maintained in Fortean “nonfiction” by such works
as Trevor James Constable’s The Cosmic Pulse of
Life (1975).

The preciousness of earthly air was recognised in
such futuristic fantasies as George Alan England’s
The Air Trust (1915), but was unappreciated in early
accounts of *space travel, most of which took a
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cavalier attitude to its provision in spaceships and
the likelihood that alien worlds would have readily
breathable atmospheres. As the twentieth century ad-
vanced, however, the difficulties of transporting air
and the unlikelihood of finding it elsewhere were rea-
lised and accommodated within space fiction. Air was
foregrounded as a vital commodity in such interplan-
etary fantasies as Victor Valding’s “Atmospherics”
(1939), and the assumption that spacefarers would
have to pay handsomely for air provision was
routinised in Robert A. *Heinlein’s and Arthur C.
*Clarke’s accounts of the early phases of the *Space
Age before being foregrounded again in Grey Rollins’
“Something in the Air” (1990). Exotic atmospheres
became a key component of *exobiological fantasy,
greatly encouraged by James *Lovelock’s popularisa-
tion of the evolution of the earthly atmosphere as a
product of biological activity.

The atmospheric discovery that had the greatest
impact on speculative fiction was the radio-opaque
Heaviside layer, whose existence was conclusively
demonstrated in 1925. This was rapidly reflected in
pulp science fiction, in such stories as S. P. Meek’s
“Beyond the Heaviside Layer” (1930), and helped
renew interest in the notion of transparent shells sur-
rounding the planet. The ozone layer seemed uninter-
esting until holes began to appear in it in the 1980s,
resulting in a good deal of interest in *ecocatastrophe
stories, although such technological regeneration pro-
grams as the one depicted in Joan Slonczewski’s The
Wall Around Eden (1989) remained too implausible to
be credited to human agency.

The advent of radio introduced a new meaning for
the term ““air”, as a verb synonymous with broadcast,
whose noun derivative became familiar in the phrase
“on the air”. This opened up scope for the kind of
wordplay displayed in such novels as Geoff Ryman’s
Air (or Have Not Have) (2003), which features ““air-
heads” whose brains are directly connected to the
Internet. The evolution of air-conditioning technolo-
gies also had some impact on speculative fiction, in-
cluding such accounts of exotic engineering as Walt
and Leigh Richmond’s “Shortstack” (1964)—al-
though a much more ambitious project of atmosphe-
ric engineering is described in Lewis Shiner’s
alternative history “White City” (1990), in which
Nicholas Tesla finds a means of achieving permanent
atmospheric illumination.

ALCHEMY

A mystical pseudoscience ultimately displaced by
*chemistry. Although its history is dubious, it was
first extensively developed in Egypt in the first century



B.C. Many of its legendary practitioners were women,
the most famous of whom was Maria the Jewess.
The central objective of alchemy was the philosopher’s
stone, a magical catalyst that would cure all physical
ills and permit the transmutation of physical
substances.

Alchemy underwent a dramatic revival and revi-
sion in the thirteenth century, when its most notable
academic pioneer was Ramon Lull; its new practi-
tioners equipped it with an elaborate imaginary his-
tory that associated it very closely with *astrology and
made it a fundamental aspect of the holistic fabric of
*occult science. It remained one of the favourite
objects of *scholarly fantasy thereafter, although its
careful mystification might also reflect the economic
desirability of maintaining secrecy with respect to new
metallurgical and dyeing techniques. The theory of
Renaissance alchemy embraced the Classical theory
of the four *elements and its *medical counterpart,
the theory of bodily humors. Its new practitioners
supplemented this basic pattern with various volatile
“spirits” (including alcohol and various acids), numer-
ous “salts”, and a set of seven metals whose alleged
properties were confused by *astrological associations
with the seven planets.

Renaissance alchemists credited the legendary phi-
losopher’s stone with the power to transmute the five
“base” metals (iron, mercury, tin, copper, and lead)
into the “pure” metals (gold and silver)—an objective
often faked by clever tricksters, which exerted a pow-
erful influence on the literary imagination. Its medical
properties were often hived off to another legendary
objective, the elixir of life, which was reputedly capa-
ble of conferring extreme *longevity on its possessors.
Renaissance alchemists in search of the secret of
the philosopher’s stone routinely attempted to reduce
complex substances to a “primal matter”” from which
they had allegedly been formed, in order that they
might be reconstituted in a different form; their
attempts to reduce substances to simpler forms by
such processes as distillation and heating in crucibles
encouraged the development of useful laboratory
equipment and familiarised experimenters with
many chemical transactions that might not otherwise
have been subjected to scrutiny. The principal contri-
bution of alchemical legend to the literary image of
science was its influence on the decor of fictitious
laboratories, which were routinely equipped with
alembics, crucibles, and other apparatus likely to be
found in alchemists’ lairs.

A comprehensive account of Renaissance alchemy
is contained in Geoffrey Chaucer’s “The Canon’s
Yeoman’s Tale” (ca. 1390), which is told from the
viewpoint of a skeptical apprentice. This skepticism
did not prevent practicing alchemists from becoming
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Chaucerian poets. George Ripley prefaced his enor-
mously popular Compound of Alchemie (ca. 1470)
with a poetic allegory of the alchemical quest,
known as Cantilena or Ripley’s Song; Thomas
Norton, author of the Ordinall of Alchimy (1477),
also wrote several alchemical poems, possibly includ-
ing a group attributed to “Pearce the Black Monk”.
Ripley’s Compound, also known as The Castle of Al-
chemy, helped to renew the popularity of the subject
when it was printed for the first time in 1591—a
renewal that assisted the remolding of popular images
of Roger *Bacon and John *Dee. The effects of the
repopularisation lingered long into the seventeenth
century, attracting the attention of such pillars of
the scientific revolution as Isaac *Newton.

The transformation of alchemy into chemistry
was encouraged by the revisionism of *Paracelsus,
whose attempt to build a theory of chemical “quin-
tessence” was carried forward by Johann van
Helmont. Helmont’s fascination with the notion of
the alkahest (a universal solvent) assisted him to
make substantial strides in the investigation of salts
and to refine the alchemical notion of a spirit into the
chemical notion of a ““gas”. The supersession of alche-
my by chemistry is celebrated retrospectively in his-
tories of science and in such literary works as Robert
Browning’s Paracelsus (1835), but mystical alchemy
retained a secure place in the canon of occult science.

Alchemists often feature in post-Renaissance liter-
ature as confidence tricksters, as in Ben Jonson’s The
Alchemist (1610), or as obsessive pursuers of futile
dreams, as in Honoré de Balzac’s La recherche de
l'absolu (1834; trans. as The Quest for the Absolute)
and Nathaniel Hawthorne’s unfinished novel whose
posthumous versions include Septimius (1872), The
Dolliver Romance (1876), and Doctor Grimshawe's
Secret (1882). This image was cemented by a long
chapter on “The Alchymists” in the first volume of
Charles Mackay’s Memoirs of Extraordinary Popular
Delusions (1841; exp. as Extraordinary Popular Delu-
sions and the Madness of Crowds), which collected
numerous popular anecdotes and became a useful
source for writers of fiction, including Edward
Bulwer-Lytton’s Zanoni (1842) and A Strange Story
(1862), which reimported the credulity that Mackay
disdained. Alexandre Dumas’ Joseph Balsamo (1846;
trans. as Memoirs of a Physician) begins in a credu-
lous fashion, although its final phases and its sequels
echo Mackay’s skeptical judgment of the legendary
Count Cagliostro. Alchemical writings of the Renais-
sance period were often couched in elaborate symbol-
ic codes and equipped with a protective clothing of
pretentious piety; such artifices were extravagantly
elaborated by occult scientists, encouraging later
commentators to argue that alchemical endeavour
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was essentially a quest for spiritual enlightenment—a
notion reflected in such earnest literary representa-
tions as Vladimir Odoevsky’s stories translated as
“The Sylph” (1837), “The Cosmorama” (1839), and
“The Salamander” (1841).

The late nineteenth-century occult revival followed
Bulwer-Lytton’s example rather than Mackay’s;
Mackay’s own adoptive daughter Minnie—who pre-
ferred to style herself Marie Corelli—became the revi-
val’s most popular literary contributor, and a
defiantly reverent interest in alchemy is also reflected
in the work of more thoughtful writers such as Arthur
Machen, Gustav Meyrink, and John Cowper Powys.
Twentieth-century histories of alchemical scholarly
fantasy by such writers as Mircea Eliade and Frances
Yates provided a further inspirational boost to litera-
teurs, with the result that alchemists are routinely
integrated into conspiratorial secret histories; Neal
Stephenson’s Cryptonomicon (1999) and its sequels
feature John Milton as a alchemist and pay more
attention to Isaac Newton’s alchemical investigations
than his work in optics or physical astronomy.

The idea of alchemy as a spiritual quest, fused with
its analogical use by the symbolist poet Arthur
Rimbaud in the context of his creative quest for an
“alchemy of the word”, has ensured that alchemy is a
persistently powerful notion in literature, many twen-
tieth-century alchemical fantasies being formulated as
exercises in complex symbolism. Notable examples
include Margaret Yourcenar’s L'oeuvre au noir
(1968, trans. as The Abyss), John Crowley’s series
begun with Aegypt (1987), Lindsay Clarke’s The Chy-
mical Wedding (1989), Patrick Harpur’s Mercurius, or
The Marriage of Heaven and Earth (1990), Kate
Thompson’s The Alchemist’s Apprentice (2002), Lisa
Goldstein’s The Alchemist’s Door (2002), and Eileen
Kernaghan’s The Alchemist’s Daughter (2004). Few
novels of this sort retain any significant component
of scientific speculation, although Ian Watson’s The
Gardens of Delight (1980) and Neal Barrett Jr.’s The
Prophecy Machine (2000) are exceptions to the rule.

Notable works of speculative fiction featuring
technologies that emulate alchemical quests include
Robert Duncan Milne’s “A New Alchemy” (1879),
Arthur Conan Doyle’s The Doings of Raffles Haw
(1891), John Taine’s The Gold Tooth (1927), Horace
L. Gold’s “Gold” (1935, by-lined Clyde Crane
Campbell), R. R. Winterbotham’s “Linked Worlds”
(1937), Charles Harness’s “The Alchemist” (1966),
and Mack Reynolds’ “The Golden Rule” (1980).
Reginald Bretnor’s Schimmelhorn’s Gold (1986) is
breezily chimerical in its determination to impose an
element of rationality on a classical account, with
amusing consequences. Paracelsus and John Dee are
the alleged alchemists most frequently featured in
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recent historical fantasy, although literary representa-
tions of *Faust often credit him with alchemical inter-
ests; Nicholas Flamel has also achieved widespread
literary fame by virtue of his citation in J. K. Rowling’s
Harry Potter and the Philosopher’s Stone (1997).

ALDISS, BRIAN W[ILSON] (1925-)

British writer who, after leaving school, served in the
Royal Signals Corps for five years, most of them
stationed in the Far East, and then worked at an
Oxford bookshop until he was able to make a living
as a writer. Although he was not formally educated in
science, Aldiss’ omnivorous intelligence and wide-
ranging interests allowed him to make interesting
sophisticated aesthetic and philosophical connections
between scientific and other ideas. Although his work
in the science fiction genre is not *hard science fiction,
it does manifest a strong interest in scientific ideas and
their implications.

Much of Aldiss’ early work employed far future
scenarios, with those collected in The Canopy of Time
(1959) and Galaxies Like Grains of Sand (1960; re-
stored text, 1979) formulating a broad future history
that pays attention to the possibilities of future evolu-
tion, featuring the eventual emergence of a kind of
“totipotency’ that infuses all of the cells of complex
organisms with intelligence. The episodic novel Hot-
house (1962; aka The Long Afternoon of Earth) is a
complex biological fantasia that uses a philosophical
fungus as a key narrator, which develops a Lovelock-
esque image of an active ecosphere without going
to extremes of *ecological mysticism and illustrates a
hypothetical mechanism of *Panspermia. Some hard
science fiction purists were annoyed by the image of
cobwebs extending between a tidally locked Earth
and the Moon, which became a useful item of contro-
versy in discussion regarding the extent of the poetic
license appropriate to science fiction writing.

Non-Stop (1958; aka Starship) is a paradigmatic
account of conceptual breakthrough set aboard a
generation starship, which deliberately turns back on
itself, in that the greater understanding won by the
characters reveals both the futility of their forgotten
mission and the extent of their own institutionalisa-
tion. The Primal Urge (1961) is a satirical account of
the introduction of “emotional registers” that make
previously private emotional reactions evident—an
intriguing anticipation of the changes that overtook
British society in the “swinging” sixties. The Dark
Light-Years (1964) employs a peculiar *alien species
to satirise human taboos regarding excretion.

Aldiss’ science fiction moved into a new phase with
the publication of Greybeard (1964), an elegiac story



set in the great British tradition of ambiguous *dis-
aster novels, which tracks the gradual evolution of a
plague of sterilisation that condemns the last genera-
tion of humankind to age and die without successors.
He continued to make conscientious attempts to ex-
port his science-fictional interests from generic formats
into conspicuously literary frameworks—as H. G.
Wells had done sixty years before—in such novels as
An Age (1967; aka Cryptozoic), a philosophical fantasy
featuring counterclockwise time, and Report on Prob-
ability A (1968), which features a series of alternative
worlds minimally distinguished as a result of the subtle
operation of Heisenberg’s *uncertainty principle. The
short story “Supertoys Last All Summer Long”
(1969), which explores a potential application of artifi-
cial intelligence, was developed into a series of film
scripts under the aegis of Stanley Kubrick, but only
reached the screen after Kubrick’s death when Steven
Spielberg completed it as 4.1. (2001).

Aldiss’ work was readily co-opted into Michael
Moorcock’s “‘new wave” science fiction, although
his literary experiments tended to lack the keen inter-
est in contemporary cultural developments that were
typical of the movement. He did, however, produce a
hectic account of the *psychotropic fallout of a new
kind of chemical warfare in Barefoot in the Head
(1969). Typically, his attempts to understand the fu-
ture potential of the genre encouraged him to investi-
gate its past with a carefully analytical eye, expressed
in such reflective fantasies as “The Saliva Tree”
(1965)—in which H. G. Wells makes a belated but
highly significant appearance—and such adventures
in speculative nonfiction as The Shape of Further
Things (1970). His reflections culminated in a breezily
informal history of science fiction, Billion Year Spree
(1973; exp. in collaboration with David Wingrove as
Trillion Year Spree, 1986).

Billion Year Spree begins with the proposition that
modern science fiction, in spite of its pretensions to
hardness, remains an essentially “post-Gothic” art
form historically rooted in Mary Shelley’s Franken-
stein—a notion calculated to annoy hard science fic-
tion writers committed to the notion that the
*Frankenstein complex was a thoroughly bad thing.
Although much of Aldiss’ early science fiction had
used the myth of the *Space Age as a convenient
speculative framework his disenchantment within it
became increasingly obvious. His comment on his
own work in the 1996 edition of the St. James Guide
to Science Fiction Writers laments the damage done to
Earth by twentieth-century technology, adding: “Let’s
hope to God that that infantile fantasy of our conquer-
ing the universe never becomes reality!”” His fascina-
tion with Mary Shelley’s ambivalent response to the
Enlightenment was extrapolated in Frankenstein
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Unbound (1973), which led in its turn to other reexa-
minations of classics of imaginative literature in Mor-
eau’s Other Island (1980) and—following Roger
Corman’s film version of Frankenstein Unbound
(1990)—Dracula Unbound (1991).

As with Wells, the science-fictional elements of
Aldiss’ work became increasingly peripheral as his
career extended, although his continued fascination
with scientific and science-fictional ideas was reflected
in the essays collected in This World and Nearer Ones
(1979) and two collections—The Pale Shadow of Sci-
ence (1985) and And the Lurid Glare of the Comet
(1986), subsequently combined as The Detached Reti-
na (1995). Most of his relevant work from the 1970s
was satirical, notably the anti-Soviet political fantasy
Enemies of the System: A Tale of Homo Uniformis
(1978), but he returned to more earnest scientific ro-
mance in an epic trilogy, comprising Helliconia Spring
(1982), Helliconia Summer (1983), and Helliconia
Winter (1985), depicting the cyclical ecological and
social patterns adapted to the climatic extremes
experienced on a planet orbiting one element of a
binary star system. Although he never had Wells’
ambition to change the world by means of polemical
social philosophy—in the same statement cited earli-
er, Aldiss said flatly that “Mine is a literature of
exile”—he was prepared to extrapolate ideas of a
similar sort in collaboration with Sir Roger
Penrose in White Mars; or, The Mind Set Free
(1999). Super-State (2002) returned to the arena of
futuristic satire.

ALIEN

The term conventionally used in modern fiction to
represent sentient extraterrestrial species. The history
of the notion extends back far beyond the hypotheti-
cal science of *exobiology, originating in the
context of the theological debate regarding the possi-
ble *plurality of worlds. Although early participants
in the debate took it for granted that any intelligent
inhabitants of other worlds must be made in God’s
(and hence in humankind’s) image, alternative possi-
bilities inevitably crept in, especially in the wake of
John *Kepler’s speculations regarding life on the
*Moon. Henry Baker’s poem The Universe (1734)
suggested, in considering the planet *Saturn, that
“Who here inhabit, must have other Pow’rs, / Juices,
and Veins, and Sense, and Life than Ours”.

Baker’s proposition was further elaborated in
Voltaire’s Micromégas (1752), which features a giant
Saturnian equipped with more senses than humans,
and an even larger and better endowed interstellar
traveler. Variant sentient life-forms were featured on
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a wholesale basis in Ludwig Holberg’s Nicolaii Klimii
Iter Subterraneum (1741; trans. as A Journey to the
World Underground by Nicholas Klimius), where the
inhabitants of the planet Nazar include tree-men,
civilised simians, the animated stringed instruments
of Crotchet Island, and the Pyglossians, who have no
mouths but can talk through the anus. Another exot-
ically populated subterranean world is featured in
Giacomo Casanova’s Icosameron (1788), whose
“megamicres” set new standards for the comprehen-
sive description of the *biology and *xenology of an
alien race, although they were still recognisably based
on the human model.

The development of theories of *evolution brought
the notion of the alien into a new context, dominated
by ideas of adaptation to exotic environments. In
Catholic France such notions were readily confused
with theological ideas—especially cosmic *palingene-
sis, as in the works of Camille *Flammarion—but in
Britain the thesis of interplanetary reincarnation was
restricted to spiritualist fantasy. After the popularisa-
tion of ideas contained in Charles *Darwin’s Origin of
Species (1859), especially in the version favoured by
Herbert Spencer, British evolutionary philosophy
became preoccupied with the idea of a struggle for
existence whose losers must perish, and English wri-
ters soon began to imagine alien species locked in
deadly competition with one another, as in Hugh
MacColl’'s Mr. Stranger’s Sealed Packet (1889), or
as potential rivals of humankind, as in H. G. Wells’
The War of the Worlds (1898).

The War of the Worlds, which featured aliens as
would-be *colonisers bent on the genocidal conquest
of Earth, set a vital literary precedent by revealing
untapped melodramatic potential of a uniquely
exaggerated variety, whose exploitation required the
representation of aliens as loathsome *monsters.
Wells went on to produce a more subtly horrific de-
scription of an alien society in The First Men in the
Moon (1901), based on the model of the ant hive. He
made no attempt to develop these templates further,
and their influence on early twentieth-century *scien-
tific romance was limited; the most significant repre-
sentations of aliens within that genre were usually
more positive, as in Eden Phillpotts’ Saurus (1938),
and sometimes assumed Flammarionesque cosmic
schemes like the one mapped out in Olaf Stapledon’s
Star Maker (1937). The Wellsian template was, how-
ever, used much more profusely in the United States,
where it became a standard cliché of pulp *science
fiction. Although action-adventure science fiction in
the vein of Edgar Rice Burroughs routinely equipped
other worlds with human inhabitants—including
exotically beautiful females to serve as “love inter-
ests”’—they usually placed such races under threat
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from predatory monsters, which were often insectile
or reptilian in form.

The specialist science fiction magazines that inher-
ited this melodramatic tradition made copious use of
monstrous alien invaders; Edmond Hamilton,
Edward E. Smith, and other pioneers of space opera
rapidly developed a notion of the universe as an
infinite battleground in which humans would natural-
ly ally themselves with peace-loving and democrati-
cally inclined species in order to resist the predations
of nastier species. Physical descriptions of virtuous
aliens were usually compounded from mammalian
and avian characteristics, while those of vicious ones
were often chimerical combinations of the reptilian,
arthropodan, and molluskan. This formula was hand-
ed down to the media that became the natural heirs of
pulp fiction—comic books, cinema, and TV—where it
achieved an even greater dominance; it reached the
apogee of its melodramatic sophistication in such
movies as The Thing from Another World (1951;
loosely based on John W. Campbell Jr.’s “Who
Goes There?”) and Alien (1979) and such TV shows
as The Outer Limits (1963-1965) and The X Files
(1993-2000).

Although the explicitly theological elements of
the scale of moral evolution built into the theory of
cosmic palingenesis were deemphasised in genre sci-
ence fiction, they proved resilient in various disguised
forms. John Campbell’s “The Last Evolution™ (1932)
imagined a powerful selective challenge posed by re-
peated alien assaults forcing the replacement of frail
human flesh by sentient machinery, followed by the
replacement of all material shells by entities of “pure
energy”’. Such carefully secularised images of quasi-
angelic entities recur continually in genre science fic-
tion as representatives of the evolutionary ultimate;
the Campbellian scheme became a key background
assumption of the myth of the *Space Age, whose
residual religious overtones were stressed in the sum-
mary of that scheme set out in Donald A. Wollheim’s
The Universe Makers (1971).

Early genre science fiction writers were occasion-
ally willing to invert their chauvinistic assumptions in
order to represent humans as monstrous invaders, as
in P. Schuyler Miller’s “Forgotten Man of Space”
(1933), or to represent visually horrifying aliens as
noble individuals with whom friendship was both
possible and desirable, as in Raymond Z. Gallun’s
“Old Faithful” (1934) and “Something from Jupiter”
(1938; by-lined Dow Elstar). A more interesting
thread of development was evident in stories focusing
on more exotic kinds of alienness, which rendered
straightforward competitions for resources redun-
dant. Mineral life-forms were featured in such works
as A. Merritt’s The Metal Monster (1920) and John



Taine’s White Lily (1930; aka The Crystal Horde), but
more significant images resulted from the development
of an elementary *ecological awareness by such wri-
ters as Jack Williamson in “The Alien Intelligence”
(1929) and “The Moon Era” (1932) and Stanley
G. Weinbaum in “A Martian Odyssey” (1934).
Weinbaum followed “A Martian Odyssey” with
many other stories in a similar vein that attempted
to integrate intelligent aliens into complex ecosys-
tems, stressing their interdependence with other
species.

This emphasis on ecological relationships com-
bined with influences from political science to pro-
duce a strand of genre science fiction in which the
fundamental problem of alien contact came to be
seen as a difficult diplomatic exercise whose ultimate
goal was peaceful and mutually fruitful coexistence.
Such stories as Murray Leinster’s “First Contact”
and “The Ethical Equations” (both 1945) foresha-
dowed a postwar era in which sophisticated magazine
science fiction moved decisively away from simple
melodramatic formularisation to much more complex
representations of human/alien relationships. The re-
sultant complication of the problems surrounding
first contact, coupled with arguments suggesting that
some such contact was inevitable, produced a consen-
sus that communication with an alien species or a
community of such species would be an unprecedent-
edly momentous event in human history.

The *Social Darwinist assumptions adopted by
H. G. Wells were treated with increasing suspicion
in post-World War II science fiction, whose Cold
War context served to sharpen the tenor of the de-
bate. The political significance of the relevant differ-
ences of opinion is reflected in the representation by
the Soviet science fiction writer Ivan Yefremov of his
“Cor Serpentis” (1959) as an explicit ideological reply
to Leinster’s “First Contact”, the author arguing that
any society sufficiently advanced to go spacefaring
must have evolved a communist society, no matter
how alien it might be in biological terms. Problematic
contacts with biologically exotic aliens became a
prominent feature of the work of such *hard science
fiction writers as Poul *Anderson, Hal *Clement,
Charles *Sheffield, and Robert L. *Forward, but the
contacts featured in soft science fiction were rarely
seen as simple affairs, even when the envisaged aliens
differed from humans only in minor aspects of mores
and folkways.

The twentieth-century literary use of aliens outside
genre science fiction was, inevitably, dominated by
philosophical fabulations constructing hypothetical
alien viewpoints in order to examine and criticise
human attitudes, values, and ambitions. This satirical
tradition became very thin while genre science fiction
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and the popular mythology of *flying saucers acted as
a deterrent to earnest writers of literary fiction, but it
survived in such exercises as Gore Vidal’s play Visit
to a Small Planet (1956; book, 1960) and Kurt
Vonnegut’s The Sirens of Titan (1959), and was ex-
tended to the end of the century in such works as
Gene Brewer’s K-Pax (1995). Genre science fiction
took this kind of function aboard in prolific measure
in the 1950s, sarcastically assaulting a number of
targets. One of the most prominent was the exploita-
tion and cultural vandalism routinely associated with
the adventures in colonisation that were central to
the myth of the Space Age, whose limitations were
mercilessly exposed in Eric Frank Russell’s “The
Waitabits” (1955).

Other obvious directions that investigation of the
notion of physical and psychological “otherness”
might take were somewhat inhibited while science
fiction remained a magazine-based genre, because of
the standards of decency and diplomacy imposed on
the medium as a whole. That did not prevent some
science fiction writers from attempting to use the alien
as a means of coming to grips with issues of sexuality,
as in Philip José¢ Farmer’s The Lovers (1952; exp.
1961) and Theodore Sturgeon’s “The World Well
Lost” (1953). Others were equally ready to tackle
issues of racism, as in Leigh Brackett’s “All the Col-
ours of the Rainbow” (1957) and Mark Clifton’s
“What Now, Little Man” (1959). The problems
involved in establishing communication with an
alien species, even if a convenient means of *space
travel were to be devised, were routinely sidestepped
by such facilitating devices as translation machines
and telepathy—although some skeptics pointed out,
in such contes philosophiques as Hal Clement’s “Im-
pediment” (1942), the extreme improbability of the
proposition that telepathy might assist in communi-
cation with aliens. The problem of alien contact and
communication was, however, treated very differently
when scientists began to take a serious interest in
exobiological speculation and actual *SETI programs
were established.

In a commentary on his story “In Alien Flesh”
(1978), Gregory Benford observed that ‘“‘rendering
the alien is the Holy Grail of science fiction, because
if your attempt can be accurately summarised, you
know you’ve failed”. Quests for this grail are very
numerous; Benford’s other significant attempts in-
clude “Starswarmer” (1978) and Sunborn (2005),
while notable examples by other hands include
Margaret St. Clair’s “Prott” (1953), Terry Carr’s
“Hop-Friend” (1962) and ‘“The Dance of the Changer
and Three” (1968), Colin Kapp’s “Ambassador to
Verdammt” (1967), Frank Herbert’s Whipping Star
(1970; rev. 1977) and The Dosadi Experiment (1977),
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Cynthia Felice’s Godsfire (1978), Jayge Carr’s “The
Wondrous Works of His Hands (1982), Michael J.
Swanwick’s “Ginungagap’ (1980), Robert Chilson’s
“Hand of Friendship” (1983), Patricia Anthony’s Cold
Allies (1993) and Brother Termite (1993), Adam-Troy
Castro’s “The Funeral March of the Marionettes”
(1997) and its sequel, Ted Chiang’s “Story of Your
Life” (1998), Nancy Kress’ “Savior” (2000), and
Phyllis Gotlieb’s Mind*Worlds (2002). An interesting
metafictional account of the paradoxicality of the
problem of representing aliens is set out in Paul
Park’s “If Lions Could Speak: Imagining the Alien”
(2002), while a substantial fraction of the work of the
Polish science fiction writer Stanislaw Lem—including
the novels translated as Eden (1959), Return from the
Stars (1961), Solaris (1961), and The Invincible (1964)
—isdevoted to arguing the impossibility of its solution.

The most intriguing aliens in late twentieth-century
fiction often come in elaborate sets, like those popu-
lating James White’s Sector General series, which
generated a complex classification based on funda-
mental ecological patterns. White’s The Watch Below
(1966), All Judgment Fled (1968), and Federation
World (1988) are further accounts of problematic first
contacts. Larry *Niven’s Known Space series includes
the human-ancestral Pak, the discreet Puppeteers, and
the catlike Kzin. The eponymous aliens of Stephen
Baxter’s Xeelee are remote and enigmatic, but the
series also features the Qax—sentient systems of cells
in turbulent fluid—and various species caught in exotic
existential traps, such as those featured in “The Sun-
People” (1993) and ‘“Cilia-of-Gold” (1994). Sean
Williams and Shane Dix’s series, which began with
Echoes of Earth (2002), features a tense opposition
between the equally enigmatic Spinners and Starfish.

Opposition to xenophobia in tales of alien encoun-
ters eventually reached its extreme in various
accounts of human/alien symbiosis, hybridisation,
and chimerisation, the most notable examples of
which include John Christopher’s “Rock-a-Bye”
(1954), Octavia Butler’s Xenogenesis trilogy (1987-
1989), and Robert Reed’s The Remarkables (1992).
Geoffrey A. Landis’ “Embracing the Alien” (1992)
takes a more skeptical view of such scenarios.
Accounts of more modest alliances forged against
the odds can, however, be given a remarkably power-
ful emotional charge, as in Barry B. Longyear’s
“Enemy Mine” (1979), Robert Chilson’s “Walk with
Me” (1982), and Steven Spielberg’s highly successful
movie ET: The Extraterrestrial (1982).

Accounts of alien invasion and human/alien war-
fare often seem repetitively unimaginative by contrast
with accounts of hard-won rapport, but their melo-
dramatic advantages ensured that they appeared in
much greater profusion throughout the twentieth
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century. Rebecca Ore’s Becoming Alien (1988), Being
Alien (1989), and Human to Human (1990) charge
humans with being “xenoflips”, able to see the aliens
as a menace or as an instrument of salvation, but not
as equal-but-different beings; the short stories in
Ore’s The Alien Bootlegger and Other Stories (1993)
make further attempts to redress that situation, but
the judgment remains broadly sound. In the mean-
time, first contact with aliens remains one of the
archetypal themes of science fiction, its more notable
late twentieth- and early twenty-first-century variants
including Stephen Popkes’ Caliban Landing (1987),
Jerry Oltion and Lee Goodloe’s “Contact” (1991),
Wil McCarthy’s Aggressor Six (1994), Gregory
Benford’s “The Hydrogen Wall” (2003), and James
L. Cambias’ “The Ocean of the Blind” (2004).

ALIENATION

A process or condition of estrangement. The term was
used in various legal contexts before and during the
nineteenth century, but those meanings were gradual-
ly eclipsed by translation of an equivalent German
term employed in the philosophy of G. W. F. Hegel
and the social science of Karl *Marx. Hegel applied it
in the context of spiritual and psychological develop-
ment, but Marx grounded it materially in the alien-
ation of labourers from their produce within the
capitalist system. These usages became the progeni-
tors of an extraordinarily rich literature modeling and
extrapolating notions of alienation, which moved to
an early extreme in Feodor Dostoevsky’s study of
psychological alienation Zapiski iz podpolya (1864;
trans. as Notes from Underground) but proceeded to
search out even more radical representations in the
twentieth century, in such phantasmagoric works as
Franz Kafka’s Die Verwandlung (1912; trans. as
Metamorphosis).

The Marxist notion of objective alienation was
extensively developed in the rhetoric of socialist liter-
ature, but it became increasingly confused with sub-
jective “feelings of alienation” arising from a sense of
dissociation corollary to the march of individualism
in Western society. This phenomenon was also objec-
tified and reconstructed as an object of scientific anal-
ysis by the sociologist Emile Durkheim in the theory
of anomie (normlessness), but literary works inevita-
bly continued to focus on the consciousness of disso-
ciation rather than its environmental causes, tacitly
favouring the hypothesis that solutions to such pro-
blems were matters of attitude rather than context. In
so doing, the literature of alienation reflected—and to
some extent constituted—a marked trend towards the
“eupsychian” mode of *Utopian thought, which is



also reflected in the twentieth-century boom in “self-
help” manuals and philosophies of psychological
“self-actualisation”.

Social scientists of various schools correlated sub-
jective feelings of alienation with an individual’s social
isolation within an evolving “mass society’’ or power-
lessness within large-scale political systems, or with a
sense of meaninglessness engendered by the perceived
devastation of religious faith by science. All of these
perceived aspects of the problem were plangently ech-
oed in early twentieth-century literature, becoming key
foci of the work of such disparate writers as T. S. Eliot,
Thomas Mann, André Gide, and Ernest Hemingway
and inspiring such movements as the Theatre of the
Absurd. Variants of alienation theory were imported
into the philosophy of drama by Alfred Jarry and
Bertolt Brecht—the latter in a specifically Marxist
context—although they regarded it as an effect worthy
of production, following the assertion by the Russian
formalist Victor Shlovsky that the primary function of
art ought to be an intellectually challenging ostranenie
(estrangement).

The development of new schools of “‘existentialist”’
philosophy, which made much of the notion of angst,
gave further emphasis to the perceived problem of
“being”. Martin Heidegger’s Sein und Zeit (1927,
trans. as Being and Time) advanced the proposition
that the human experience of existence is fundamen-
tally and necessarily afflicted by dread occasioned by
the awareness that the future is undetermined—its
outcome dependent on freely exercised choices—
save for the eventual inevitability of death. The resul-
tant angst is said to lead the human imagination to all
manner of contortions in the attempt to escape the
burden of choice and refute the inevitability of death,
thus resulting in various modes of alienation from the
individual’s “true self”.

Existentialist philosophy developed particularly
close links with twentieth-century literature, and the
construction of exemplary fictions mapping the sub-
jective experience of alienation, anomie, and angst
became one of its key methods. Jean-Paul Sartre’s
summary account of L’étre et le néant (1943; trans.
as Being and Nothingness) followed the literary
analysis set out in La nausée (1939; trans. as Nausea),
while Albert Camus coupled his literary study of
L’étranger (1942; trans. as The Outsider) with his
philosophical essay on ‘“Le mythe de Sisyphe”
(1942; trans. as “The Myth of Sispyhus’). Popular-
isations of work in this vein, such as Colin Wilson’s
The Outsider (1956), routinely hybridise literary and
philosophical analysis, and newly minted catch-
phrases such as David Riesman’s The Lonely Crowd
(1950), proved equally appealing to the literary and
academic communities.

ALIENATION

Quests to find, identify, and recover some kind of
“true self” became a major preoccupation of late
twentieth-century literature and lifestyle, often being
formulated as exaggerated literary and lifestyle fanta-
sies. Within such literary and lifestyle fantasies, *tech-
nology is very frequently seen as a hindrance rather
than a means to the desired end. The representation
of industrial technology as an irresistible and dehu-
manising tide—or an all-consuming Moloch, as sym-
bolically visualised in Fritz Lang’s film Metropolis
(1926)—is partly founded in the notion of alienation,
whose ubiquity frequently resulted in the conflation
of technological trends with the other political and
social trends implicated in the generation and magni-
fication of feelings of isolation and powerlessness.
Another argumentative thread that became increas-
ingly important as twentieth-century technology
evolved concerned the alleged alienating effects of
new means of communication, which were placed in
an unholy alliance with automated production in the
rapidly evolving imagery of future *dystopia.

The inevitable effect of such widespread consider-
ation, and the consequent adoption of the term into
common parlance, was that the concept of alienation
became increasingly diluted and diffuse as the century
progressed. Gradually, however, the representation of
alienation became less tragic and more heroic as sym-
pathy migrated from characters inescapably trapped
in victim status to characters who were at least
prepared to mount a good show of defiance. The
production of alienation was initially seen as a signifi-
cant measurement of the evils of dystopia, but as the
century progressed the extremes of dystopia were
often represented as measures calculated to make
alienation impossible by obliterating individualism,
as in Egevny Zamyatin’s My (1920; trans. as We),
Aldous Huxley’s Brave New World (1932), and
George Orwell’s Nineteen Eighty-Four (1949). In
these works, the tragic dimension of alienation is
inverted, the opposite extreme being seen as the great-
er of the two ultimate evils.

Speculative fiction offered a convenient medium
for more various and ingenious models of alienation,
especially when it began to generate a whole spectrum
of potential “outsider” figures in *aliens, *androids,
*mutants, *robots, and *cyborgs—many of which
could easily function as emblems of automation and
could easily be integrated into futuristic images of
media tyranny—but the upbeat tendencies of pulp
science fiction tended to suppress the use of such
icons in that respect until the 1960s, when ‘“new
wave” science fiction adopted the depiction and ex-
ploration of states of alienation as one of its central
projects. The analysis of different subspecies of alien-
ation is a very obvious component of the work of
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such British writers as J. G. Ballard and Michael
Moorcock, and such American writers as Harlan
Ellison and Robert Silverberg. Ballard’s most notable
stories in this vein include “The Waiting Grounds”
(1959), “The Terminal Beach” (1964), and The
Drought (1965); Moorcock’s include The Twilight
Man (1966), Behold the Man (1966; exp. 1969),
and The Black Corridor (1969); Ellison’s include ““‘Re-
pent Harlequin!” said the Ticktockman” (1965), “I
Have No Mouth and I Must Scream” (1967), and
“Shatterday” (1978); Silverberg’s include Thorns
(1967), The Man in the Maze (1969), and Dying Inside
(1972). Another significant science-fictional study of
alienation from the same period is Walter S. Tevis’ The
Man Who Fell to Earth (1963), but the attitudinal
pendulum swing reflected in Utopian fiction was
evident in later generic existential fantasies such as
C. J. Cherryh’s Wave Without a Shore (1981).

The notion of alienation gained a further meaning
when the notion of human alienation from *nature
became a leading theme of environmentalist rhetoric,
especially in fiction with tendencies towards *ecologi-
cal mysticism. This accommodation further increased
the utility of science-fictional imagery in concocting
accounts of alienation, and assisted the spread of
science-fictional ideas into literary fiction. On the
other hand, the community of writers and fans gath-
ered around genre science fiction was itself increasing-
ly subject to sensations of alienation, not merely in
terms of the genre’s perceived alienation from the
literary “mainstream”, but in the perceived alienation
of *hard science fiction from the softer varieties that
proved to be more reader friendly and more likely to
win critical approval. The emergence of genre fantasy
in the last quarter of the twentieth century helped to
increase the sense of science fiction’s own alienation,
although that evolution did open up another popular
arena in which feelings of alienation could be easily
and effectively modeled.

A more specific version of Shlovsky’s ostranenie
was imported into science fiction criticism by Darko
Suvin, who characterised the genre’s fundamental
narrative method as ‘“‘cognitive estrangement”. In
this view, readers acquainting themselves with the
fictitious worlds of naturalistic fiction are merely re-
quired to refine and slightly modify the stocks of
knowledge they use in the understanding of actual
situations, while reading “fantasy’ only requires the
temporary suspension of such stocks, because it does
not require “cognitive believability”’; authentic sci-
ence fiction, by contrast, requires readers to set aside
the stocks of knowledge they use routinely, in order to
construct new sets that are sufficiently coherent and
elaborate to reveal new social and intellectual possi-
bilities. This is a healthy form of estrangement, and a
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wholly constructive mode of alienation, even though
Suvin does not broaden it to take in such radical
fictional estrangements as Hal Clement’s more ex-
treme descriptions of alien life or George Gamow’s
models of universes in which the fundamental physi-
cal constants have different values. It suggests a way
in which positive variants of the terms might be ap-
plied to the feats of imagination required by scientific
theorists when required to make conceptual break-
throughs or to accommodate *paradigm shifts.

ALTERNATIVE HISTORY

An account of the world’s *history as it might have
become in consequence of some hypothetical alter-
ation of a *past event. Some historians employing
the device in *speculative nonfiction prefer the term
“counterfactual history”, and many science fiction
fans prefer “alternate history”. Most such exercises
deal with singular alternative histories, but some sci-
ence fiction stories deal with them on a wholesale
basis, often hypothesising a framework system of
*parallel worlds whose extreme case is a multiverse
containing all possible historical variants.

The usefulness to the historian of hypothetical
exercises of this kind was advertised by Isaac d’Israeli
in “Of a History of Events Which Have Not Hap-
pened” (ca. 1800; reprinted in The Curiosities of Lit-
erature, 1791-1823), who finds examples in the work
of Livy, Francesco Guicciardini, and William Roscoe,
although the most extensive example he gives—in
which Charles Martel fails to expel the Moors from
France—appears to be his own invention. The French
Jesuit historian Jean-Nicolas Loriquet, who wrote
numerous texts for the education of children, sug-
gested in his Histoire de France (1814) that the histor-
ical texts used by society for instructional purposes
should be rewritten to represent a history that would
provide better exemplars for the young than actual
events. Loriquet’s suggestion that Napoleon’s empire
be erased from the historical record may have
prompted Louis-Napoléon Geoffroy to take an
opposite course in Napoléon et la conquéte du monde,
1812-1832 (1836; aka Napoléon apocryphe).

Charles Renouvier’s “Uchronie” (1857) provided a
descriptive term for such exercises, but “uchronia”
remained rare in English until its use began to in-
crease towards the end of the twentieth century.
Early examples of English alternative history include
Nathaniel Hawthorne’s “P’s Correspondence” (1845)
and Edward Everett Hale’s “Hands Off™ (1881),
whose formats hover uneasily between nonfiction
and fiction, but novels set in alternative history frame-
works were beginning to appear by the end of the



nineteenth century, a significant early example being
Castelo N. Holford’s Aristopia (1895). G. M. Trevel-
yan’s essay “If Napoleon Had Won the Battle of
Waterloo” (1907) and Joseph Chamberlin’s twenty-
two-essay collection The Ifs of History (1907)
prompted J. C. Squire to invite various notable wri-
ters of the day to contribute to a showcase anthology,
If It Had Happened Otherwise (1931; exp. 1972; aka
If; or, History Rewritten) but serious historians
continued to use the method sparingly. Robert
Sobel’s For Want of a Nail (1973)—an account of an
alternative American War of Independence—and
Niall Ferguson’s anthology Virtual History: Alterna-
tives and Counterfactuals (1997) are among the most
notable examples.

Alternative history often employs crucial battles as
turning points, Waterloo and Gettysburg being par-
ticular favourites of military war-gamers. The latter is
a crucial turning point in Ward Moore’s novel Bring
the Jubilee (1953) and Mackinlay Kantor’s essay “If
the South Had Won the Civil War” (1960; exp. 1961).
Alternative versions of the battle of the Little Big
Horn are crucial to Martin Cruz Smith’s The Indians
Won (1970) and Douglas Jones’ The Court Martial of
George Armstrong Custer (1976). The largest subcate-
gory of such fictions comprises accounts of the world
following a more-or-less catastrophic allied defeat in
World War II; notable examples include Martin
Hawkin’s When Adolf Came (1943), Sarban’s The
Sound of His Horn (1952), Cyril M. Kornbluth’s
“Two Dooms” (1958), C. S. Forester’s essay “If
Hitler Had Invaded England” (1960), William L.
Shirer’s essay “If Hitler Had Won World War II”
(1961), Philip K. Dick’s The Man in the High Castle
(1962), Frederick Mullally’s Hitler Has Won (1975),
Len Deighton’s SS-GB (1978), Brad Linaweaver’s
Moon of Ice (1982; exp. 1988), Robert Harris’ Father-
land (1992), and Richard Mueller’s “Jew by the Sea”
(2004). A showcase anthology of such stories is Hitler
Victorious (1986) edited by Gregory Benford and
Martin H. Greenberg.

The idea of alternative history was introduced to
pulp science fiction in Murray Leinster’s ““Sidewise in
Time” (1934), in which timeslips turn the Earth’s
surface into a patchwork of contrasted alternatives.
Potential alternative histories use time machines to go
to war in Jack Williamson’s The Legion of Time
(1938) and Fritz Leiber’s Destiny Times Three
(1945); Leiber followed the latter with an extensive
Change War series including The Big Time (1958).
Accounts of competing alternative histories became
an important subgenre of *time travel stories, rou-
tinely involving “‘time police” struggling to maintain
history. Many such stories investigate the ironies of
fate that often frustrate purposive actions, as in John

ALTERNATIVE HISTORY

Crowley’s “Great Work of Time” (1989), in which
attempts to protect the British Empire generate
sweeping unintended consequences.

The relevance of alternative history to metaphysi-
cal notions of *time is explored in Jorge Luis Borges’
“The Garden of the Forking Paths” (1941), and such
metaphysical considerations received a significant
boost in 1957, when Hugh Everett and John A.
Wheeler concocted their interpretation of the *uncer-
tainty of quantum mechanics in terms of the pro-
duction of alternative worlds. The intellectual
implications of more modest exercises are, however,
political. All comparisons of an alternative history
with actual history involve weighing in a moral bal-
ance, and all accounts of history changing and history
protection require some moral justification for the
attempted destruction or defence of a particular
alternative history.

Many alternative history stories investigate ques-
tions of historical causality, with science fiction var-
iants often focusing on issues of *technological
determinism. L. Sprague de Camp’s Lest Darkness
Fall (1939) suggests that the crucial motors of histori-
cal change are not explicit conflicts establishing the
dominion of particular social classes or competing
nations but subtle technical developments whose
eventual impact is rarely obvious to those who devise
or deploy them. Other accounts of the preservation of
the Roman Empire are contained in S. P. Somtow’s
Aquiliad series (1983-1988), Philip Mann’s A Land
Fit for Heroes series (1993-1996), Scott Mackay’s
Orbis (2002), and Robert Silverberg’s Roma Eterna
(2003), while further meditations on issues of techno-
logical determinism include de Camp’s ““Aristotle and
the Gun” (1958), Michael F. Flynn’s In the Country of
the Blind (1987; book, 1990), and John Barnes’ Time-
line Wars series, comprising Patton’s Spaceship
(1997), Washington’s Dirigible (1997), and Caesar’s
Bicycle (1997).

The thesis of Max Weber’s Die Protestantische
Ethik und der Geist des Kapitalismus (1904-1905;
trans. as The Protestant Ethic and the Spirit of Capi-
talism), which argues that the protestant work ethic
was a vital progenitor of capitalist enterprise and,
hence, of the Industrial Revolution, is exploited in
such works as Keith Roberts’ Pavane (1968) and
Kingsley Amis’ The Alteration (1976), in which the
failure of the Reformation is followed by technologi-
cal stagnation. More adventurous alternative his-
tories of religion include J. B. Ryan’s “The Mosaic”
(1940), in which an Islamic time traveller saved by
Charles Martel returns the favour and dooms the
Islamic Empire; John Boyd’s The Last Starship from
Earth (1969) and Kirk Mitchell’s Procurator (1984),
which delete the crucifixion; and L. Neil Smith’s The
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Crystal Empire (1986), in which the fourteenth-cen-
tury obliteration of Christendom allows Islam to
flourish unchecked. Other broadly conceived fantasies
that make sweeping changes to the cultural history
of the West include Kim Stanley Robinson’s The
Years of Rice and Salt (2002) and Robert Reed’s
“Hexagons™ (2003), in which Western technological
development is stopped in its tracks by the Black
Death. A subtle change with dramatic consequences
is explored in Kim Newman and Eugene Byrne’s
satire Back in the USSA (1997), which tracks a twen-
tieth-century history in which the United States was
host to a communist revolution.

It is more convenient for writers to deal with alter-
native histories in which technological progress slows
down than with scenarios in which it is accelerated,
but notable accounts of accelerated progress include
D. R. Bensen’s And Having Writ.... (1978)—which
features a twentieth century transformed by alien
technological input—and James White’s The Silent
Stars Go By (1991), in which an early Hibernian
colonisation of the Americas facilitates such rapid
technological progress that the first interstellar space-
craft is launched in 1492. As *relativist ideas became
more fashionable in the last quarter of the twentieth
century, exercises in alternative history enjoyed a
considerable vogue, almost becoming a genre in
their own right. Such anthology series as What
Might Have Been, edited by Gregory Benford and
Martin H. Greenberg (1989-1992), helped pave the
way for such prolific specialists as Harry Turtledove.
The range of alternatives that came under consider-
ation was dramatically increased by the emergence of
*steampunk fiction.

Notable variants of alternative history fiction in-
clude accounts of ideologically biased perception such
as Philip K. Dick’s Eye in the Sky (1957), and existen-
tial fantasies in which characters meet alternative
selves, such as Joanna Russ’s The Female Man (1975),
Robert Reed’s “Like Minds” (2003), and Kevin J.
Anderson’s “The Bistro of Alternate Realities” (2004).
As *palaeontology made progress during the twentieth
century, writers extended their attention to prehistoric
turning points. Guy Dent’s Emperor of the If (1926)
includes an account of the human race that might
have evolved had Ice Ages not cooled the world; Robert
J. Sawyer’s Neanderthal Parallax trilogy (2002-1903)
compares alternative hominid evolution in parallel
worlds; Harry Harrison’s West of Eden (1984) investi-
gates the evolutionary consequences of *dinosaur
survival.

Alternative history moved into space in the latter
part of the twentieth century, in such works as
Allen Steele’s The Tranquility Alternative (1996) and
Stephen Baxter’s Voyage (1996). The imaginative
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limits of such exercises extend from the *Big Bang
to the *Omega Point; universes derived from different
sets of fundamental physical constants are featured in
George Gamow’s Mr. Tompkins in Wonderland
(1939) and Frederik Pohl and Jack Williamson’s The
Singers of Time (1990). Such exercises may also ex-
tend to alternative metaphysics, as in Howard Wal-
drop’s “...The World, as we Know’t” (1982), which
posits the reality of phlogiston theory. The existential
implications of the obliteration of the past’s apparent
immutability by alternative history fiction can become
a significant aspect of the subject matter of such
stories, as in Robert Reed’s “Past Imperfect” (2001).

ANDERSON, POUL (WILLIAM)

(1926-2001)

U.S. writer. Anderson studied physics at the Univer-
sity of Minnesota, Minneapolis, obtaining his B.S. in
1948. He had already begun publishing science fiction
by then, having contributed an item to Astounding’s
“Probability Zero” feature in 1944. “Tomorrow’s
Children” (1947, with F. N. Waldrop) was a topical
examination of the aftermath of a nuclear war, while
“Logic” (1947) constructed a kind of mission state-
ment for his future work in the form of a polemic in
favour of the scientific mind. He became a full-time
science fiction writer after leaving college, sustained in
that vocation by the last heyday of magazine fiction
and the growth of the paperback medium. Although
he branched out occasionally into such peripheral
genres as historical fiction and magical fantasy, and
also produced some speculative nonfiction, he was
one of very few writers to have embraced science
fiction writing as their sole career.

Anderson’s choice of profession encouraged him to
broaden his scientific education considerably, and he
became very interested in the interfaces between vari-
ous natural and social sciences, whose complex inter-
actions provided many of his plot ideas. His interest
in the psychology, sociology, and economics of the
*Space Age future history that was becoming stan-
dardised within the genre generated such works as
“Gypsy” (1949), which analyses the motivation re-
quired to facilitate that future history. Much of his
early work was colourful space opera written for the
minor pulp magazines—whose contrived romanticism
continued to echo in his work long after the expira-
tion of the pulps—but Anderson became a key mem-
ber of John W. *Campbell’s stable, and one of the
central figures of the *hard science fiction tradition,
consciously carrying forward precedents set by
Robert A. *Heinlein.



Anderson’s best work in the hard science fiction
vein used the framework of Space Age mythology to
deploy a large number of hypothetical planets, includ-
ing many featuring extreme environments as well as
ingeniously varied Earth-clones, all of which were
extrapolated with careful rigor. His plots and charac-
terisation retained a lyrical quality that often
employed poignant poetic references, and he became
a prolific author of sophisticated contes philosophiques.
“The Helping Hand” (1950) is a careful anthropologi-
cal thought-experiment comparing the fates of two
conquered cultures, one of which accepts aid from its
conquerors while the other refuses it. His first novel,
Vault of the Ages (1952), was for juveniles, written
before the paperback boom got under way, and his
second was a heroic fantasy, but his first science fiction
novel for adults, Brain Wave (1954), was a highly
ambitious attempt to describe a sudden planet-wide
increase in intelligence and the consequent reforma-
tion of human society and the ecosphere.

The carefully sophisticated space opera The Long
Way Home (1955; aka No World of Their Own) was
more typical of the work Anderson began to produce
in profusion, its action-adventure plot deftly leavened
with political and psychological issues. The version of
future history he constructed to serve as a backcloth
to much of this work reconfigured the Asimovian
“galactic empire” as a ‘“Polesotechnic League”,
which subsequently became a limited phase of a far-
reaching account of the expansion and contraction of
“Technic Civilisation”. He usually formulated his
plots as adventure stories with a strong mystery com-
ponent.

A notable early series set against the backcloth of
the Polesotechnic League, launched by “Margin of
Profit” (1956), featured the Falstaffian Nicholas van
Rijn, “trader to the stars”. Van Rijn starred in The
Man Who Counts (1958; abr. as War of the Wing-
Men), but he was replaced in the stories collected in
The Trouble Twisters (1966) by his more conscientious
protégé David Falkayn. Other stories featuring the
economically expansive phase of his future history
included Satan’s World (1967), The People of the
Wind (1973), and Mirkheim (1977); The Earth Book
of Stormgate (1978) is an omnibus of earlier items.
Alongside the Polesotechnic League stories Anderson
produced a more romantically inclined series set in
the later era of the Terran Empire, many of them
featuring Dominic Flandry, a swashbuckling trouble-
shooter who first appeared in “A Message in Secret”
(1959; book, 1961, as Mayday Orbit); notable later
items in the series include FEarthman, Go Home!
(1960), The Rebel Worlds (1969), The Day of Their
Return (1973), A Knight of Ghosts and Shadows
(1974), and A4 Stone in Heaven (1979).

ANDERSON, POUL (WILLIAM) (1926-2001)

Another long-term project that Anderson devel-
oped from the 1950s onwards was an *alternative
history series launched with “Time Patrol” (1955).
Early items were collected in Guardians of Time
(1960) before being recombined with further examples
in the omnibuses Annals of the Time Patrol (1984) and
Time Patrol (1991). He also developed an extensive
series of exercises in sophisticated world building, in
which early local examples—the Venus-set “The Big
Rain” (1954) and “Sister Planet” (1959), the Jupiter-
set “Call Me Joe” (1957), and a series featuring the
colonisation of the *asteroids, collected in Tales of the
Flying Mountains (1970)—gradually gave way to such
far-flung endeavours as “The Longest Voyage”
(1960), set on the satellite of a gas giant, and
“Hunter’s Moon” (1983), set in a binary star system.

Anderson continued to add sophistication to his
various raw materials throughout his career, building
on the research he did for his nonfiction book Is There
Life on Other Worlds? (1963) in numerous *exobio-
logical fantasies, including “A Twelvemonth and a
Day” (1960; aka Let the Spacemen Beware and The
Night Face), Fire Time (1974), and The Winter of the
World (1975). His second exercise in the popularisa-
tion of science, Thermonuclear Warfare (1963), inves-
tigated grimmer prospects, but The Infinite Voyage:
Man’s Future in Space (1969) dealt with material
much dearer to his heart. His careful extrapolation of
ideas drawn from theoretical physics is shown to good
effect in The Enemy Stars (1959; exp. 1987), which
employs a *matter transmitter as a means of interstel-
lar travel in order to expose its characters to various
extremes of stress when their ship breaks down while
investigating a dead star, and Shield (1963), which
explores the ramifications of force-field armour.
World Without Stars (1966) describes another struggle
for survival in a cleverly designed hostile environment.
A version of the theory of continuous creation is inge-
niously employed as logic for “‘jumpgates” in “Door to
Anywhere” (1966). Tau Zero (1967; exp. 1970), which
develops the notion of relativistic time-dilatation to
an extreme, became a paradigm example of the hard
science fiction of its era.

The final version of Anderson’s Space Age was
mapped out in a series comprising Harvest of Stars
(1993), The Stars Are Also Fire (1994), Harvest the
Fire (1995), and The Fleet of Stars (1997), whose
account of the slow development of an interstellar
society is more carefully measured, while refusing to
concede that the consequent problems reduce the
myth of galactic colonisation to the status of an idle
fantasy. The *SETI romance Starfarers (1998), which
describes the splinter culture developed by time-dilat-
ed interstellar travelers, places a stronger emphasis on
the difficulties likely to afflict the development of a
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galactic culture. The Boat of a Million Years (1989)
attempts to establish a firm historical context for a
human future of unlimited expansion, using the facil-
itating device of a group of immortals who witness the
progress of human society from the dawn of civilisa-
tion to the advent of interstellar exploration. The
elegiac far-futuristic fantasy Genesis (2000) extended
this context to its further limit, while For Love and
Glory (2003), in which human and alien archacolo-
gists collaborate in solving the mystery of an alien
artefact, similarly embraces a long view of evolution-
ary history.

Anderson’s career was largely shaped by its timing;
he began writing when the magazine market was in its
heyday, although John Campbell’s influence as a
guiding star was on the wane. Significantly, Anderson
allied himself firmly with the Campbellian cause even
as it went into a long decline; equally significantly, he
did not allow himself to be distracted by the 1950s psi-
boom, although one of his numerous award-winning
stories, ““No Truce with Kings” (1963), was a story of
burgeoning parapsychological superhumanity. He
became a prolific novelist when the paperback boom
of the 1970s was in full swing, but never allowed the
formularisation of his work to become repetitive, and
he continually expanded the range of his endeavors
with ventures into fantasy and historical fiction.
When that phase in science fiction’s evolution went
into decline, just as the previous one had, he adapted
his work yet again, always keeping pace with contem-
porary developments in science as well as the demands
of the marketplace, and forging links between them no
matter how difficult it became to do so.

ANDROID

A term originated in *alchemical literature—rendered
“androides” in its first traceable appearance in En-
glish in 1727—with reference to rumoured attempts to
create “homunculi” by such alleged practitioners as
Albertus Magnus and *Paracelsus. The notion is
sometimes traced back by historians to Jewish legends
of golems—a link explicitly acknowledged in stories
of roughly hewn powerful androids with low intelli-
gence, such as those featured in David Brin’s Kiln
People (2002).

“Androides” resurfaced in French, with a signifi-
cance closer to its modern meaning, in Villiers de I'Isle
Adam’s L’Eve future (1886; trans. as Tomorrow’s
Eve), but the term did not become commonplace
until its English equivalent was standardised. In the
context of modern science fiction, the term is usually
employed in such a way as to differentiate it from
*robot, reserving it for artificial humanoids made
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from synthetic flesh rather than inorganic compo-
nents. The usage is not consistent, however; Karel
éapek’s “robots” in R.U.R. (1920; trans. 1923) are
made of synthetic flesh, as are those in Chan Davis’
“Letter to Ellen” (1947), while Philip K. *Dick’s work
habitually uses “android” with reference to mechani-
cal robots designed to simulate human appearance.
The term was initially introduced into pulp science
fiction by Jack Williamson in The Cometeers (1936),
but the conventional distinction between robots and
androids was popularised by Edmond Hamilton’s
tales of the team of superheroes led by Captain Fu-
ture, who had his own pulp magazine from 1940 to
1944; the captain’s mechanical and fleshy sidekicks
required different labels, so they became Grag the
robot and Otho the android, thus pioneering the
terms’ use as contrasted rather than alternative terms.

Capek imagined his artificial men being “‘grown”
in vats, mass produced for use as slave labour; in
R.U.R. they provide a satirical representation of the
dehumanisation of the working classes. Similar pro-
cesses of manufacture are retained in many subsequent
deployments of the motif, its horrific aspects being
exploited in such works as Edgar Rice Burroughs’
Synthetic Men of Mars (1940). éapek’s assertion that
the androids’ acquisition of “‘souls” would lead to
demands for emancipation, whose refusal has the po-
tential to precipitate social conflict, is also reflected in
the imagery of many subsequent stories, including
Walter M. Miller’s “The Soul-Empty Ones” (1951).
Broader accounts of the android existential condition
include John Rackham’s “Goodbye, Doctor Gabriel”
(1961) and “The Dawson Diaries” (1962) and Stephen
Fine’s satirical transfiguration of Daniel Defoe’s Moll
Flanders, Molly Dear: The Autobiography of an An-
droid, or How I Came to My Senses, Was Repaired,
Escaped My Master, and Was Educated in the Ways of
the World (1988). The notion that android bodies
might provide a means of preserving personalities,
even after death, is featured in such works as
Raymond Z. Gallun’s People Minus X (1957) and
Keith Laumer’s “The Body Builders” (1966). The
idea that duplicate personalities housed in androids
might be useful in everyday life is featured in Alan E.
Nourse’s “Prime Difference’ (1957).

Notable accounts of android demands for civil
rights are offered in Clifford Simak’s Time and
Again (1951), William Tenn’s “Down Among the
Dead Men” (1954), Edmund Cooper’s Deadly Image
(1958; aka The Uncertain Midnight), Robert
Silverberg’s Tower of Glass (1970), and Robert L.
Hoskins’ Tomorrow’s Son (1977). The successful inte-
gration of androids into human society in the wake of a
political compromise is described in C. J. Cherryh’s
Cyteen (1988), but android independence is only



finally achieved when humankind is devastated by
plagues in Charles L. Grant’s The Shadow of Alpha
(1976) and its sequels. The Asimovian assumption that
designers of artificial humans would build a submissive
morality into them is far less prominent in accounts of
androids than accounts of robots—James E. Gunn’s
“Little Orphan Android” (1955) is a notable excep-
tion—but the notion that human privileges might be
protected by making creatures of artificial flesh short
lived is more common; the “energumens” in Elizabeth
Hand’s Icarus Descending (1993) are one such species.

Although androids are sometimes technologically
equipped with superhuman abilities, as in Clifford D.
Simak’s The Werewolf Principle (1967), organic
androids usually serve as closer simulations of
human nature than inorganic robots. The motif thus
lends itself even more readily to fabular enquiries into
the question of what the word “human’ might and
ought to mean. Although contes philosophiques fea-
turing androids are closely akin to those featuring
robots, they tend to exaggerate the potential for sub-
stitution. Notable examples of stories in which human
and android identities are confused include J. T.
Mclntosh’s “Made in USA” (1953), Alfred Bester’s
“Fondly Fahrenheit” (1954), Keith Roberts” “Synth”
(1966), Richard Bowker’s Replica (1987), and
Catherine Asaro’s The Phoenix Code (2000).

The fleshy elements of Philip K. Dick’s “androids”
are only skin deep; his many stories featuring such
individuals have more in common with orthodox an-
droid fabulations than the vast majority of robot
stories, in which the mechanical nature of the robots
is obvious. The most notable Dick stories of this kind
include Do Androids Dream of Electric Sheep? (1968),
“The Electric Ant” (1969), and We Can Build You
(1972); the central motif is further discussed in his
essays “The Android and the Human” (1972) and
“Man, Android and Machine” (1976). Dick argued
that many humans are, in fact, in a morally anaesthe-
tised “androidal” state—especially those exhibiting
*psychopathological symptoms of schizophrenia—
complementing this generalisation with images of
machines, both humanoid and non humanoid in
form, that have developed the sympathies that entitle
them to be considered human.

As with other not-quite-human characters,
androids are useful as supposedly objective observers
of human foibles. The best-known so-called android,
Data in the TV show Star Trek: The Next Generation,
often functions in this way, as does the protagonist of
Charles Platt’s Less Than Human (1986). The utility
of androids as labourers tends to suffer by compari-
son with robots, on the grounds that creatures made
of metal seem potentially stronger, but one arena in
which androids obviously have the upper hand is the
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sex industry; androids designed to provide intimate
personal services are featured in Thomas N. Scortia’s
“The Icebox Blonde” (1959), Gordon Eklund’s
“Lovemaker” (1973), lan Watson’s Orgasmachine
(1976 in French), and Robert Reed’s The Hormone
Jungle (1988). Human/android love affairs routinely
go wrong, usually because of human rather than an-
droid failings; examples include Kate Wilhelm’s
“Andover and the Android” (1963).

ANTHROPOLOGY

A term derived from the Greek to describe a specific
science of humankind; its early usage was confused
because there were several different views in the nine-
teenth century of how the contents of that science
ought to be defined. In the twentieth century the
term was most commonly used as a tacit abbreviation
of the phrase “cultural anthropology”, describing the
comparative study of tribal societies. That discipline
had been more usually labeled *ethnology in the
nineteenth century, and the present article focuses
more narrowly on what twentieth-century parlance
describes as “‘physical anthropology’: the study of
the various biological species belonging to the genus
Homo. All but one of those species are now extinct,
the remainder being known by courtesy of discoveries
in *palacontology, but those alleged to be ancestral to
Homo sapiens are of intense interest in the context of
the theory of *evolution and its opposition by the
doctrine of *creationism.

One obvious foundation-stone of a general science
of anthropology—the taxonomic classification of
human types—raised questions that were first ad-
dressed in the eighteenth century. Carolus Linnaeus
attempted to define the genus Homo in the tenth edi-
tion of System of Nature (1758), which prompted the
Comte du Buffon to take up the topic in the fourteenth
volume of his Natural History (1766). Linnaeus cate-
gorised humankind into four species: Homo europaeus
albus, H. americanus rubescens, H. asiaticus fuscus, and
H. africranus niger. The problem of defining and enu-
merating human types was inevitably confused with
that of distinguishing human beings from apes. Obser-
vations of the physical similarities between humans
and apes had been recorded in Classical times by
Aristotle and Galen, but more detailed comparisons
had been made in the late seventeenth century by
Edward Tyson, who incorporated a record of his dis-
section of a chimpanzee in Ourang-Outang; or, The
Anatomy of a Pygmy Compared with That of a Monkey,
an Ape, and a Man (1727).

Eighteenth-century descriptions of the great apes
were still rather sketchy, the “ourang-outang”
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remaining mysterious and the gorilla virtually un-
known. But a new description of the former published
in Petrus Camper’s “Account of the Organs of Speech
in the Orang Outang” (1779) greatly interested James
Burnet, Lord Monboddo, who was in the process of
producing an account “Of the Origin and Progress of
Language” (1779-1799); Monboddo’s reflections on
the question of whether or not the “orang outang”
should be classified as human were satirically reflected
by Thomas Love Peacock in Melincourt; or, Sir
Orang Haut-Ton (1817). Orang-utans and other
great apes were, however, rudely expelled from the
register of human types by early anthropologists—a
move obliquely echoed by Edgar Allan Poe’s account
of the perpetrator of “The Murders in the Rue
Morgue” (1841).

Discussion of human taxonomy was isolated as
a topic of specific concern in such works as J. F.
Blumenbach’s De Generis Humani Varietate Nativa
(1775) and J. C. Prichard’s Researches into the Physi-
cal History of Man (1813). Both writers preferred
“race” rather than “species” as a basic category; al-
though they assumed natural species to be products of
separate creation rather than evolution, they also
granted the strong probability that all the human
races had a common ancestry. Prichard suggested
that Adam must have been black, but Blumenbach’s
judgment that the human ““stem race’ must have been
white, originating in the Caucasus Mountains, was far
more popular. In this view, the Caucasian had given
rise to the Mongolian, Ethiopian, American, and
Malayan races by a process of ‘“degeneration”—an
idea elaborately developed and extrapolated in such
works as Count Gobineau’s Essai sue ['inégalité des
races humaines (1853-1955), and echoed in the same
author’s numerous works of fiction. Early calcula-
tions of the number of human types varied very wide-
ly; Jean-Frangois Virey made do with two (black and
white), while Ernst Haeckel distinguished thirty-four.
Louis-Antoine Desmoulins’ Histoire naturelle des
races humaines (1826) made race a subcategory of
species, but then went on to distinguish sixteen
human species.

The racial theories favoured by different nine-
teenth-century schools of anthropology were inevita-
bly vulnerable to ideological bias. The American
school founded by Josiah C. Nott, stubbornly defen-
sive of the institution of slavery and fearful of the
possible consequences of miscegenation, avidly
sought scientific justification of its sociopolitical con-

victions in Nott and George R. Gliddon’s Types of

Mankind (1854). In Britain, Robert Knox’s The Races
of Men (1850)—whose publication helped redeem the
reputation its author had lost in 1828 by virtue of
his association with the notorious body-snatchers
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William Burke and William Hare—argued that the
human races were embroiled in an enduring war for
supremacy, which the two imperially inclined Euro-
pean races (Saxons and Celts) were destined to
win. Knox’s ideas were enthusiastically taken up by
James Hunt, who founded the British Anthropologi-
cal Society in 1863, and were frequently reproduced in
adventure fiction set in the far-flung outposts of the
Empire. Race theory also extended into futuristic
fantasies such as William Delisle Hay’s Three Hun-
dred Years Hence (1880) and Louis Tracy’s The Final
War (1896).

Ernst Haeckel’s Anthropogénie (1874; trans. as The
Evolution of Man) attempted to add human embryol-
ogy to the science, extrapolating a “biogenetic law”
proposed by von Baer into the contention that
humankind’s evolutionary ancestry is biologically
recapitulated in the phases of embryonic develop-
ment. A similar principle lay behind the assumption
that the phases of a single linear pattern of social
evolution could be traced in examples provided by
extant tribal societies that were more or less “ad-
vanced” culturally and technologically. Although
both of these notions were abandoned or drastically
weakened in twentieth-century thought, they exer-
cised a tremendous influence over the early history
of human science and its fictional reflections; the no-
tion that ethnological data can be rearranged to pro-
vide an image of a fundamental pattern of cultural
evolution is largely responsible for the confusion of
cultural and physical anthropology.

Accounts connecting cultural and physical evolu-
tion encouraged the development of a literary sub-
genre of speculative prehistoric fantasy—pioneered in
such works as Cornelius Mathews’ Behemoth: A Leg-
end of the Mound-Builders (1839)—even before the
sensational discovery of the remains of ‘““Neanderthal
man” in a valley near Diisseldorf in 1857, after which
the subgenre became increasingly popular. Inevitably,
the early characterisation of Neanderthalers in science
and fiction alike stressed the species’ supposed brutal-
ity and savagery, in a context provided by such works
as Charles Lyell’s Geological Evidences of the Antiquity
of Man (1863), Thomas Henry Huxley’s Man’s Place in
Nature (1863), and Sir John Lubbock’s Prehistoric
Times (1865) and The Origin of Civilization and the
Primitive Condition of Man (1870). Haeckel’s contri-
butions to the storm of speculation included the pos-
tulation that a speechless proto-human species must
have inhabited a lost continent drowned beneath the
Indian Ocean—a notion that gave birth to the concept
of the ““missing link’” and encouraged the proliferation
of *geographical fantasies attempting to explain the
global distribution of human types. Haeckel called
his hypothetical missing link Pithecanthropus, a label



borrowed in 1891 by Eugene Dubois, who identified a
skull found in Java as Pithecanthropus erectus.

The accommodation of Neanderthal man within
anthropological theory was greatly assisted by the
input of Charles *Darwin’s theory of evolution,
which was published shortly after the discovery. It
was partly the influence of prevailing anthropological
wisdom that prevented the arguments relating to co-
operation and nurture contained in Darwin’s The
Descent of Man (1871) and The Expression of Emotion
in Man and Animals (1872) from making more impact,
and prehistoric fantasy found far more scope for
melodrama by integrating fierce struggles for exis-
tence into its various accounts of the evolution of
savagery. Literary arguments usually related the in-
creasing supremacy of the human species over rival
primates to technological advancement, particularly
the mastery of fire and the development of new weap-
ons. These notions dominated prehistoric fiction pro-
duced before and after the turn of the century, whose
most prolific exponent was J. H. Rosny ainé, author
of Vamireh (1892), Eyrimah (1893), La guerre du feu
(1909; trans. as Quest for Fire), and many others.

Rosny’s precedents gave rise to a French tradition
whose later highlights included Claude Anet’s La fin
d’un monde (1922; trans. as The End of a World) and
Max Begouén’s Les bisons d’Argile (1925; trans. as
Bison of Clay). English equivalents, including H. G.
Wells’ “A Story of the Stone Age” (1897) and “The
Grisly Folk” (1921), gave even heavier emphasis to
the notion of Darwinian competition and the crucial
role of technological supremacy in such a context.
American dramatisations were more controversial
than European ones by virtue of the stridency of the
United States’ religious culture; Austin Bierbower’s
From Monkey to Man (1894) accommodated religious
ideas by representing early human evolution as a
metaphorical expulsion from Eden, and similar meta-
phors hover in the background of Stanley Waterloo’s
The Story of Ab (1897), Gouverneur Morris’ The
Pagan’s Progress (1904), and Jack London’s Before
Adam (1906), although they were blithely purged
from Edgar Rice Burroughs’ The Eternal Lover
(1914; aka The Eternal Savage) and The Cave Girl
(1913-1917) and Richard Tooker’s The Day of the
Brown Horde (1929). By contrast, the Soviet anthro-
pologist V. G. Bogoraz railed against religious
superstition in The Sons of the Mammoth (trans.
1929). Attempts to map the whole course of human
*progress from prehistoric to modern times are rou-
tinely formulated as extensive meditations on issues
of this sort.

The preoccupation of prehistoric fantasy with a
supposed threshold whose crossing wrought a crucial
category distinction between beast and man resulted
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in the production of a great deal of fiction featuring
various kinds of transitional “ape-men”. Even pre-
Darwinian works featuring intelligent apes, such as
Léon Gozlan’s satirical Les émotions du Polydore
Marasquin (1856; trans. as A Man Among the
Monkeys and Monkey Island), touch on this question,
but the question became far more discomfiting in such
earnest post-Darwinian works as F. C. Constable’s
The Curse of Intellect (1895) and Jules Verne’s Le
village aérien (1901; trans. as The Village in the Tree-
tops) and such broad satires as Andrew Lang’s “The
Romance of the First Radical” (1886) and Henry
Curwen’s Zit and Xoe (1887). Rousseauesque ideas
of noble savagery ultimately achieved a significant
popular breakthrough in this arena in the establish-
ment of Edgar Rice Burroughs’ Tarzan as a signifi-
cant modern hero myth.

When changes of scientific perspective deempha-
sised the link between physical and cultural anthro-
pology, prehistoric fantasy began to offer explicit
challenges to the idea of a single path of progress
leading triumphantly from savage primitivism to civi-
lised sophistication. Norman Springer’s The Dark
River (1928) adopts a more generous view of its hypo-
thetical Neanderthal survivals. S. Fowler Wright’s
loosely knit trilogy, which began with Dream; or the
Simian Maid (1929), is unusually prolific in its inven-
tion of proto-human species, and unusually fervent in
its Rousseauesque insistence on the fact that modern
Western man is merely one element in a vast spec-
trum, nearer to the worst than the best. J. Leslie
Mitchell’s Three Go Back (1932) compares Cro-
Magnon culture favourably with both its Neanderthal
rivals and its modern descendants; the same author’s
“The Woman of Leadenhall Street” (1936, by-lined
Lewis Grassic Gibbon) brought a new lyricism to the
subgenre, recapitulated in William Golding’s The
Inheritors (1955), which glorified the Neanderthalers
at the expense of modern humankind’s direct ances-
tors. Similar sentiments were echoed in many other
nostalgia-steeped accounts of Neanderthal relics, in-
cluding Lester del Rey’s “When Day Is Done” (1939),
Isaac Asimov’s “Lastborn” (1958; aka “The Ugly
Little Boy’), Philip José Farmer’s “The Alley Man”
(1959), Clive King’s Stig of the Dump (1963), Robert
Nathan’s The Mallott Diaries (1965), Stephen Popkes’
“A Capella Blues” (1982), and Terry Bisson’s
“Scout’s Honour” (2003).

The twentieth century saw a considerable elabora-
tion of physical anthropology once palaeontologists
began extensive investigations in Africa where early
proto-human evolution seemed to have taken place.
In 1924 Raymond Dart discovered a skull in
Tanzania that he attributed to the genus Australo-
pithecus; Robert Broom found further examples in
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the late 1930s. Louis Leakey began a long series of
expeditions in Kenya in 1926, but it was not until the
1950s that his exploration of Olduvai Gorge with his
wife Mary began to bear fruit; the Leakeys made a
series of significant discoveries during the next two
decades, revealing more Australopithecine species as
well as contemporary fossils attributable to the genus
Homo, which the Leakeys named Homo habilis. In the
meantime, the discovery in Asia of other remains of
Dubois’ “Java man” resulted in the reclassification of
that species as Homo erectus, hypothesising that the
species was the descendant of H. habilis and the an-
cestor of H. sapiens. The Leakeys’ discoveries were
popularised in the United States by Robert Ardrey’s
journalistic African Genesis (1961), which caused con-
siderable controversy in a nation where the creationist
crusade was still being fought.

These discoveries encouraged the production of
anthropological fantasies dramatising and elaborat-
ing the implications of new information. The sub-
genre remained esoteric until 1980, when such
exemplary parables as Cleve Cartmill’s “Link”
(1942), Theodore L. Thomas’s “The Doctor” (1967),
and Bernard Deitchman’s “Cousins’ (1978) began
to appear alongside such didactic fantasies as Chad
Oliver’s Mists of Dawn (1952) and such satires as
Robert Nathan’s “Digging the Weans” (1956) and
Roy Lewis’s What We Did to Father (1960; aka The
Evolution Man). The unexpected breakthrough to
best-sellerdom accomplished by Jean Auel’s The
Clan of the Cave Bear (1980)—which deftly combined
a realistic aspect based on modern scientific under-
standing with a fervent literary romanticism—trans-
formed the situation, unleashing a flood whose most
notable examples included Tom Case’s Cook (1981),
Michael Bishop’s No Enemy But Time (1982) and
Ancient of Days (1985), Douglas Orgill and John
Gribbin’s Brother Esau (1982) and Gribbin’s Father
to the Man (1989), Roger McBride Allen’s Orphan of
Creation (1988), Harry Turtledove’s A Different Flesh
(1988), Peter Dickinson’s 4 Bone from a Dry Sea
(1992) and The Kin (1998; also in 4 vols. as Suth,
Noll, Po, and Mana), Mike Resnick’s “Seven Views
of Olduvai Gorge” (1993), Robert Reed’s “The
Prophet Ugly’” (2000), and Robert J. Sawyer’s Homi-
nids (2002), Humans (2003), and Hybrids (2003).

Speculative fiction extrapolating the perspectives
of physical anthropology found some scope for ex-
pansion into future narrative space, but for much of
the twentieth century images of future physical an-
thropology were dominated by the degenerative
image of “The Man of the Year Million” (1893)
produced by H. G. Wells. This image, based on the
assumption that heads were destined to grow larger as
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Homo sapiens’ descendant species made further
intellectual progress, while limbs would atrophy as
their work was taken over by machinery, became a
cliché, replicated with variations in such works as
J. D. Beresford’s The Hampdenshire Wonder (1911)
and taken to further extremes by pulp science fiction
stories such as Donald Wandrei’s “The Red Brain”
(1927) and Harry Bates’ “Alas, All Thinking!” (1935).
A more elaborate account of future human evolu-
tion was set out by Olaf Stapledon in Last and First
Men (1930), but the most significant fictional rival
to the Wellsian notion of anthropological destiny
was the kind of *superman featured in stories in
which mental evolution rendered physical evolution
redundant.

The notion that the future physical evolution of
humankind would be controlled by *biotechnological
engineering rather than natural selection was pio-
neered in J. B. S. Haldane’s Daedalus (1923), but the
consequences of that hypothesis were not extensively
explored—save for rare exceptions such as James
Blish’s The Seedling Stars (1957)—until the last
decades of the twentieth century, when *posthuman
imagery began to make rapid progress. A more im-
mediate effect of the elaboration of genetics and the
emergent possibilities of *genetic engineering was to
produce newly sophisticated stories exploring the
interface between humans and apes, especially chim-
panzees. These included accounts of hybrid half-
humans, such as Maureen Duffy’s Gor Saga (1981),
as well as subtler accounts of awkward marginality
such as Judith Moffett’s “Surviving” (1986), Pat
Murphy’s “Rachel in Love” (1987), Peter Dickinson’s
Eva (1988), and Charles Sheffield’s ‘““Humanity
Test” (1989).

Although the possibility that there might be extant
species intermediate between humans and apes yet
to be discovered had lost its plausibility by the time
Vercors’ used it in a fabular spirit in Les animaux
dénaturés (1953; trans. as You Shall Know Them
and Borderline), the notion that there might be extinct
human species as-yet-undisclosed by palacontological
research seemed far more probable. The notorious
“Piltdown man” hoax of 1912 encouraged a certain
wariness, but such stories as A. M. Phillips’ “A
Chapter from the Beginning” (1940) explored the
idea before its plausibility was spectacularly enhanced
by the discovery of the remains of an alleged
dwarf variant of Homo erectus, Homo floresiensis, on
an Indonesian island in 2003. The most extensive
fictionalisation of anthropological data is Stephen
Baxter’s Evolution (2003), which presents a compre-
hensive history of human evolution from its earliest
beginnings.



ARCHAEOLOGY

The study of ancient cultural artefacts. The scientific
discipline grew out of the amateur activities of “anti-
quarians” who collected such material on a haphaz-
ard basis. Its reliance on excavation associated it very
closely with the development of *palaeontology, al-
though archaeological attention is reserved to more
recent and more superficial strata. Physical *anthro-
pology draws a portion of its data from the interface
of palacontological and archaeological findings, but
archaeology is entirely concerned with Homo sapiens,
and therefore plays a substantial role in underpinning
the data of *history; inferences drawn from durable
artefacts provide a valuable complement to documen-
tary evidence.

Early academic institutions assisting the develop-
ment of scientific archaeology, such as the French
Societé Impériale d’Emulation de la Somme, founded
in 1797, had wide interests that overlapped fruitfully.
Such studies as Casimir Picard’s investigations of
“Celtic” artefacts combined with Jacques Boucher
de Perthes’ investigations of chipped flints from earli-
er eras to make up a composite image. Nineteenth-
century archaeologists had no choice but to classify
periods of prehistory in terms of their dominant ma-
terial artefacts, resulting in the characterisation of its
eras as the Stone Age, the Bronze Age, and the
Iron Age—a classification first clearly formulated by
C. J. Thomsen in 1836, and further subdivided by his
successor as curator of the Danish National Museum,
J. J. A. Worsaae. The classification was controversial
at first but was orthodox by the end of the nineteenth
century. One corollary of its acceptance and utility
was the powerful endorsement it lent to the notion
that the story of recent human evolution was one of
gradual, but inexorable technological *progress in the
use of inorganic materials.

The impact of archaeology on literary work was
powerful because of the market dominance of the
historical novel for the greater part of the nineteenth
century. Archaeological evidence was a vital resource
for historical novelists ambitious to extend the scope
of their work into eras for which documentation was
sparse. The discovery of the town of Pompeii, buried
by volcanic ash following the eruption of Vesuvius in
79 A.D., attracted such popular interest that Edward
Bulwer-Lytton’s best-selling account of The Last
Days of Pompeii (1834) and Théophile Gautier’s
“Arria  Marcella; souvenir de Pompeii” (1852)
appeared before scholarly investigation of the site
began in earnest in the late 1850s. Ancient literature
played a significant role in guiding the interest of
archaeologists, with many investigations in the Holy
Land being carried out in pursuit of biblical legends.
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Heinrich Schliemann began excavating at Hisarlik in
1871 in the hope of finding the ruins of Homer’s Troy;
his claims of success were premature, but he had been
guided to the right spot.

The archaeological arena that caught the nine-
teenth-century imagination most powerfully of all
was Egypt, which had by far the biggest and best
artefacts on offer, many of which had been buried in
easily clearable sand. Percy Shelley’s “Ozymandias”
(1818) is a graphic reflection of a central lesson of the
science. Gautier’s Le Roman de la momie (1858; trans.
as The Romance of a Mummy) helped Gustave
Flaubert’s Carthaginian romance Salammbé (1863;
trans. 1886) to secure the mystique of archaeological
romance within French Romantic literature. Georg
Ebers, holder of the chair of Egyptology at Leipzig
University, became a highly influential writer of ar-
chaeologically inspired novels, including Eine dgyp-
tische Konigstocheter (1862; trans. as An Egyptian
Princess), Serapis (1885), and Die Nilbraut (1887,
trans. as The Bride of the Nile). Ebers also wrote
archaeologically informed biblical novels, including
Josua (1867); his German successors included Ernst
Eckstein, who wrote several fictional accounts of
ancient Rome but made more use of archaeological
data in Aphrodite (1886), set in Greece in the sixth
century B.C. English fiction of a similar stripe included
works by the noted antiquarian Sabine Baring-Gould,
most notably Perpetua (1897).

The most eccentric literary spinoff of Egyptian
archaeology was a rich subgenre of stories featuring
reanimated mummies, pioneered by Jane Webb’s The
Mummy! A Tale of the Twenty-Second Century (1827).
The *occult revival prompted a flood of such stories,
including Edgar Lee’s Pharaoh’s Daughter (1889), Theo
Douglas’s Iras: A Mystery (1896), Clive Holland’s An
Egyptian Coquette (1898), Guy Boothby’s Pharos the
Egyptian (1899), and Bram Stoker’s The Jewel of Seven
Stars (1907). The greatest archaeological sensation of
the early twentieth century, Howard Carter’s discovery
of Tutankhamen’s tomb in 1922, added further stimu-
lation to the Egyptian reconstructions that reached
their literary zenith in Mika Waltari’s Sinuhe, egyptildi-
nen (1945; trans. as Sinuhé the Egyptian). The most
sustained and successful twentieth-century series of ar-
chaeologically inspired historical fantasies was the
Ramses sequence by Christian Jacq, which launched
with Le fils de Lumiere (1995; trans. as The Son of
Light). Other archaeological arenas of particular inter-
est included the island of Crete, where important relics
of Minoan civilisation were discovered at Knossos by
Arthur Evans in 1900-1904; the substance of his dis-
coveries is echoed in such literary works as Erick Berry’s
Winged Girl of Knossos (1933).
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The archaeology of the New World—pioneered by
Thomas Jefferson and Caleb Atwater at the end of the
eighteenth century—was quite distinct from the ar-
chaeology of the Old World, dealing with a cultural
tradition that had been largely obliterated by conquis-
tadores and colonists, and whose last fugitive rem-
nants were still in the process of annihilation in the
nineteenth century. While the archaeology of Europe
and the Near East was informed by Classical literature
and scripture, the archaeology of the Americas was
initially framed by mythical accounts of the origins of
Native Americans that often linked them to the “lost
tribes” of Israel or to Plato’s Atlantis—myths that
formed the context of such adventures of the imagina-
tion as Joseph Smith’s Book of Mormon (1830), but
found fewer echoes in more conventional works of
literature. E. G. Squier and E. H. Davis’ Ancient
Monuments of the Mississippi Valley (1848) launched
a long fascination with ancient ““‘moundbuilders™, but
it raised few literary echoes in the nineteenth century.

Archaeology became increasingly distinct from
palaeontology in the twentieth century, although it
benefited from the same refinements in techniques of
excavation, and from the development of new dating
methods. Archaeology made a significant leap for-
ward with the development of radiocarbon dating by
Willard F. Libby in 1949, which added a useful sup-
plement to Andrew E. Douglass’ tree-ring system of
dendrochronological dating; such revelatory devices
were rapidly incorporated into a burgeoning subgenre
of archaeological mystery stories, in which fictitious
excavation sites disclosed various examples of pre-
cious or supernatural exotica. Archaeologists have a
certain ready-made utility as fictitious problem sol-
vers, although they suffered from image problems
even more acute than those experienced by other
kinds of *scientists until Steven Spielberg wrought
a spectacular makeover in the characterisation of
Indiana Jones in Raiders of the Lost Ark (1981).
Charles Sheffield’s “The Serpent of Old Nile” (1989)
responded with an ironic portrayal of an archaecolo-
gist who is “too loud”.

The hospitability of archaeological mystery stories
to supernatural intrusions echoes an affinity exempli-
fied by the work of M. R. James’ paradigmatic Ghost
Stories of an Antiquary (1904), many of which extrap-
olate the principle of “Cursed Be He Who Moves My
Bones”. The subgenre also includes contemporary
and prehistorical detective stories, including some by
Agatha Christie, whose second husband was an ar-
chaeologist. Archaeological mysteries whose exotic
elements are science fictional include Augusta
Groner’s Mene Tekel (1910; trans. as The City of
the Dead), Roy Norton’s “The Glyphs” and “The
Secret City” (both 1919), P. Schuyler Miller’s “The
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Chrysalis” (1936), H. P. Lovecraft’s At the Mountains
of Madness (1936), Murray Leinster’s “Dead City”
(1946), Dean Ing’s “Anasazi” (1980), Carter Scholz
and Glenn Harcourt’s Palimpsests (1984), and
Howard Waldrop’s ““He-We-Await” (1987).

Science fiction writers exported the archaeological
mystery subgenre to extraterrestrial settings in such
works as John Beynon Harris’ “The Moon Devils”
(1934), H. Beam Piper’s “Omnilingual” (1957), David
McDaniel’s The Arsenal Out of Time (1967), Marion
Zimmer Bradley’s The Ruins of Isis (1979), H. M.
Hoover’s The Bell Tree (1982), Chad Oliver’s
“Ghost Town” (1983), Connie Willis’ “The Curse of
Kings” (1985), L. Sprague de Camp and Catherine
Crook de Camp’s The Stones of Nomuru (1988), Jack
McDevitt’s A Talent for War (1989) and The Engines
of God (1994), Alastair Reynolds’ Revelation Space
(2000), Poul Anderson’s For Love and Glory (2003),
and Severna Park’s “The Three Unknowns” (2004).
Other accounts of future archaeology include Wilson
Tucker’s The Year of the Quiet Sun (1970), Allen L.
Wold’s Lair of the Cyclops (1992), and such fabula-
tions as Dean McLaughlin’s “For Those Who Follow
After” (1951) and Randall Garrett’s “No Connec-
tions” (1958) in which lessons less obvious and more
elaborate than that of Shelley’s “Ozymandias” are
learned.

Other science fiction variants of archaecological
fantasy include offbeat timeslip fantasies such as
Howard Waldrop’s Them Bones (1984) and Peter
Ackroyd’s First Light (1989), and accounts of new
technologies that facilitate the reconstruction of
images of the past, such as Raymond Z. Gallun’s
“Dawn-World Echoes” (1937), Garry Kilworth’s
Split Second (1979), and Donald Franson’s “One
Time in Alexandria” (1980). R. A. Lafferty’s “Rivers
of Damascus” (1974) is a rare account of “‘para-
archaeology”. Cynical accounts of the science and its
practitioners are offered in Robert Silverberg’s “The
Artefact Business” (1957) and Jack C. Haldeman II’s
“Those Thrilling Days of Yesteryear” (1977). An
exceptionally dangerous archaeological discovery is
featured in Paul J. McAuley’s Mind’s Eye (2005).

The idea that archaeological excavations might
reveal evidence of *alien visitation soon expanded
out of the realm of acknowledged fiction, spawning
a subgenre of *scholarly fantasy pioneered by Erich
von Diéniken’s Chariots of the Gods (1971). In 2000 a
Belgian artist employing the pseudonym Michel de
Spiegeleire satirised such fancies by assembling an
exhibition of artefacts supposedly collected by the
fictitious explorer Alexandre Humboldt-Fonteyne,
which included a number of Martian mummies alleg-
edly found in Arizona. The scope remains within
the science for authentic discoveries, however, and



the unorthodoxy of such works as Michael A. Cramo
and Richard L. Thompson’s Forbidden Archaeology
(1993)—which argues that modern man first arrived
in the Americas much earlier than is usually sup-
posed—is not as obviously pseudoscientific as such
alleged revelations of ancient mysteries as Graham
Hancock and Robert Bauval’s The Message of the
Sphinx (1996).

ARISTOTLE (384-322 B.c.)

Greek philosopher. The son of the court physician to
the king of Macedon, Aristotle was sent to *Plato’s
Academy in Athens as a student at the age of seven-
teen. He remained there as a teacher until Plato’s
death twenty years later. He served for three years
as tutor to the young Alexander the Great, but
returned to Athens after a twelve-year absence to
found his own school, the Lyceum, leaving again
when Alexander’s death allowed anti-Macedonian
feeling to break free of its former restraint.

Aristotle was considerably more interested in nat-
ural philosophy than Plato, but he was primarily an
abstract thinker indisposed to empirical investigation.
His pioneering treatise on *physics and his writings
on *cosmology were more adventurous than accurate,
although his work on *zoology laid useful founda-
tions. Even his work on *logic was unhelpful to
subsequent philosophers attempting to lay the mathe-
matical groundwork of modern science, although his
work on *rhetoric remains a definitive analysis. His
pioneering work on *aesthetics has usually been
regarded as a relatively unimportant sideline. His
works succeeded in marking out a significant classifi-
cation of different areas of philosophical concern, but
the fundamental distinction drawn therein between
physics and *metaphysics is rumoured to be due to
the way his writings were organised by his followers
rather than to his own boundary marking.

Aristotle’s errors would not have cast such a long
shadow had his work not been compounded into an
“Aristotelian doctrine” by his followers, formulated
in opposition to Platonic ideas that had been similarly
converted into dogma. This opposition might have
been a stimulus to fruitful empirical enquiry, but
its most obvious product—the third-century neo-
Platonism of Plotinus—was an attempted intellectual
synthesis of incompatible ideas whose tortuous mysti-
cism laid significant foundations for the syncretic
*occult science of the Renaissance. In the meantime,
a residue of Aristotelian dogma was incorporated into
Christian doctrine, where it remained unchallenged
for nearly a thousand years. This incorporation gave
Aristotelian thought a decided advantage when
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Classical learning was reintroduced to Western Eur-
ope, but the most immediate result was a more com-
plex and more intricate fusion of dogmas, completed
by Thomas Aquinas’ synthesis of Aristotelian and
Christian thought in the mid-thirteenth-century
Summa Theologiae.

One effect of this synthesis was to secure Aristote-
lian ideas a degree of influence over European literary
production unmatched by any other author. The
worlds that poets constructed within visionary
works from the late thirteenth to the early sixteenth
century were Aristotelian in terms of their physics and
cosmology. When opposition to received orthodoxies
eventually materialised in earnest, prompting a swel-
ling tide of controversy in the sixteenth and seven-
teenth centuries, Aristotle was the chief nonscriptural
authority drafted to lead the army of reaction into
ideological battle against the forces of rebellion; he
could only do so as a figurehead, but that did not
affect his heroic status, nor the ignominy of his even-
tual defeat.

Aristotle did not intend his ideas to be taken as
unchallengeable dogmas to be defended with blind
fervour, and he would doubtless have thought it un-
fair and unreasonable that “Aristotelian” eventually
became a byword in some circles for untenable false-
hood. Three of his ideas, however, stand out as errors
that became terrible idols by virtue of their incorpora-
tion into dogma, thus requiring to be cast down by
the heroes of science. The first was the notion that the
movements and alterations of substances are gov-
erned by the principle that each of the four Classical
elements is continually seeking to resume its “‘natural
place”. The second was the notion that the Earth is
situated at the centre of a nested series of crystal
spheres constituting the heavens. The third was the
notion that atomic theory has to be mistaken because
there cannot possibly be any such thing as a void in
which *atoms might move. The orthodoxy of these
three mistaken opinions certainly hindered the devel-
opment of modern science, although it is conceivable
that the necessity of surpassing them accelerated its
development once battle was joined, enthusing the
opposition. By the same token, however, these ideas
were guaranteed a role in literary imagery that en-
dured far beyond their collapse as items of faith.
Literature is by no means inhospitable to *impossibil-
ity, and famous impossibilities always retain a pecu-
liar authority within the world of fiction.

The literary heritage of Aristotelian ideas is by no
means limited to the *occult literature that earnestly
and explicitly attempted to retain his geocentric
notion of the solar system against the heliocentric
model proposed by Copernicus and established as
fact by Galileo and John Kepler; its more important
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influence was on literary images attempting to pre-
serve a “poetic” rather than a “prosaic” notion of
experience. The same is true of the physics of the four
elements and the teleological interpretation of motion
and transformation. They too became emblems of the
poetic as well as the magical, helping to energise an
alternative language of description and analysis
whose entire raison d’étre was—and is—that it trans-
cends and counterbalances the pedantic mannerisms
of accurate description.

Aristotle is not always seen as an enemy of science,
against whom the heroes of the scientific narrative
strove and over whom they triumphed. Edgar Allan
Poe’s Eureka (1848) derides “Aries Tottle” and
“Hog” (Francis Bacon) with equal disdain, but Poe
probably overestimated the resemblance between Ar-
istotelian logic and the mathematics of his own day; his
own attempts to envisage an aesthetically satisfactory
cosmos probably had more in common with Aristo-
tle’s than he was prepared to concede, even though
they produced a very different result. The historical
Aristotle is treated with wry reverence in L. Sprague
de Camp’s “Aristotle and the Gun” (1958) and—
peripherally—in An Elephant for Aristotle (1958).
Aristotelian cosmology remains an object of consider-
able aesthetic fascination in such works as Richard
Garfinkle’s Celestial Matters (1996). Aristotle oper-
ates as an investigator in a series of stories by Margaret
Doody begun with Aristotle Detective (1978), while a
lost book by Aristotle is the plot lever in Umberto
Eco’s historical detective novel I nome della rosa
(1981; trans. as The Name of the Rose).

ART

A term whose original reference was to the exercise of
skill, although it suffered a gradual division whose
eventual result was that the work of “artists” was
distinguished from that of “‘artisans”, the former
gaining considerably in relative social prestige. The
separation of the concepts drew a distinction between
edifying endeavour and utilitarian labour, whose
extrapolation culminated in Théophile Gautier’s doc-
trine of “I’art pour I’art” (art for art’s sake), memora-
bly summarised in the preface to Mademoiselle de
Maupin (1836). The late Classical definition that clas-
sified the arts as activities patronised by nine inspira-
tional muses accommodated history and astronomy
as well as literary, musical, and visual arts, but the
term was narrowed long before the specialisation of
the word ““artist” was completed by its opposition in
the nineteenth century to “‘scientist”. After that, the
notion of art (often emphasised as Art) became
even more restricted, sometimes being confined—as

30

in the present article—to the visual arts. General
theoretical issues are considered under the rubric of
*aesthetics; separate consideration is given to *music
and *photography.

The visual arts originated in remote prehistory; the
most spectacular surviving examples include Palaeo-
lithic cave paintings found at such sites as Peche
Merle, Lascaux, and Altamira. Neolithic art seems
primitive by comparison, although the stylisation of
visual depictions and small sculptures—including
human figurines, of which the most famous is the
Venus of Willendorf—helped pave the way for the
development of *writing. Much academic speculation
has surrounded the possible magical and religious
significance of prehistoric artworks; such speculation
is extensively recycled and embellished in *anthropo-
logically- and *ethnologically informed prehistoric
fantasy.

Painting, sculpture, and architecture reached new
peaks of achievement in ancient Egypt and Greece;
the tangible legacy of these achievements imposed an
impression of dire inferiority on later generations,
which added to the weight of authority ceded to
ancient opinions that were less securely founded. Al-
though dramatic improvements have been made in
the technologies available to painters, sculptors, and
architects since Classical times, the impression still
lingers that modern artists are incapable of matching
certain key triumphs of their distant predecessors.

The advancement of science and technology after
the Renaissance had a highly significant impact on the
progress of the visual arts in several respects. The
refinement of *mathematics and *optics had a pro-
found effect on modes of representation, most impor-
tantly in the discovery of the *geometry of perspective
and the evolution of such conventions as impression-
ism and cubism. New technologies transformed the
manufacture of paints and drawing instruments and
the techniques of engraving and printing. In the
meantime, certain kinds of artistic representations
gave vital aid to scientific discourse, in the form of
illustrative diagrams, graphs, maps, anatomical draw-
ings, and so on. Further links between progress in
science and the visual arts were forged because pain-
ters and sculptors, like litterateurs, are not simply
concerned with making simulacra; they also take de-
light in representing the hypothetical, the fantastic,
and the frankly *impossible. There are “fictions” in
visual art as well as written texts, and the two kinds of
fiction often influence and supplement one another.

The speculative dimension of the visual arts in
Europe was closely allied with *theology in the Medi-
eval era and the Renaissance, although the situation
was complicated in the Near East—particularly in the
Islamic world—by taboos on the making of “graven



images”’. The scientific revolution of the seventeenth
century was preceded by an earlier revolution in the
visual arts, whose similarities are more than metapho-
rical. The determination of *Galileo, Isaac *Newton,
and their peers to obtain a clearer picture of the
world by means of optical instruments and accurate
calculations was anticipated in the evolution of artis-
tic perspective. That evolution marked a significant
change from conceptual representation to optical
representation: a determined attempt to reproduce
on canvas what the eye actually sees rather than
what the mind conceives.

The developments that allowed two-dimensional
paintings to construct a convincing illusion of depth
were gradual, beginning with works by Duccio di
Buoninsegna and Giotto di Bondone painted in the
early fourteenth century, including Duccio’s “The
Last Supper” and Giotto’s frescoes in the Arena
Chapel at Padua. Giotto’s impressions of three di-
mensionality were localised—there is no single view-
point from which the objects all seem to be occupying
the same visual field—and it took a further century
for the mathematical rules of perspective, first
employed by such artists as Filippo Brunelleschi and
Paolo di Dono, nicknamed Uccello, to be publicised
in Leon Battista Alberti’s Della Pittura (ca. 1435),
Piero della Francesca’s De Prospettiva Pingendi
(ca. 1470), and *Leonardo da Vinci’s Trattato della
Pittura (ca. 1485). Piero and Leonardo both practised
what they preached, with spectacular results, and
their examples were followed by many others, includ-
ing Raphael Santi and Jacopo Robusti, nicknamed
Tintoretto.

The methods of these Italian masters eventually
spread throughout Europe, with the aid of such
works as Albrecht Diirer’s Underweysung der Messing
mit dem Zyrkel und Rychtscheyd (1528). The new
visual realism cultivated by these artists, and such
northern contemporaries as Jan van Eyck, benefited
greatly from the development of new kinds of paints,
both in terms of the range of available pigments and
the suspension media in which the pigments were
dissolved. Oil paints were as essential to compelling
illusion as the geometrical principle of the vanishing
point.

Artists began to play games with perspective, re-
moving the viewpoint implied by a painting from the
position at which the viewer was likely to look at it—
Leonardo’s Last Supper (1498) implies a viewpoint
high in the air, above the head of any observer,
while Hans Holbein’s famous painting of The Ambas-
sadors (1533) includes a dramatically distorted skull
whose true shape can be recovered by looking at it
from a very narrow angle to one side. The Ambassa-
dors is one of the most scientifically sophisticated
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paintings of its era, its background including a pleth-
ora of astronomical instruments—whose settings
specify the date and time at which its depicted scene
is set. John North’s The Ambassadors’ Secret (2002)
argues that Holbein must have collaborated in the
design of the picture with the astronomer Nicolaus
Kratzer, with whom he had earlier produced a signifi-
cant astronomical allegory painted on a ceiling at
Greenwich Palace in 1527.

In the wake of perspective came the reproduction
of a visual focal field, which required the backgrounds
of painted scenes to be blurred, as they seem to be
when the human eye focuses on an object in the
foreground. This kind of visual realism was not, how-
ever, to the taste of all artists; the Pre-Raphaelite
Brotherhood of nineteenth-century England set out
deliberately to violate it, showing all the objects in a
painting in sharp focus no matter what their “dis-
tance” was within the scene. Just as the more accurate
rendition of human bodies in oils was complemented
by the more extravagant rendering of *monsters by
such painters as Hieronymus Bosch, so the exploita-
tion of the geometry of perspective in the cause of
more accurate representation was followed by the
development of calculatedly deceptive perspectives—
sophisticated optical illusions—by such artists as
Giovanni Piranesi. Both of these trends continued
into the twentieth century in the works of such artists
as Caspar Walter Rauh and M. C. Escher.

Because geometrical construction and diagram-
matic representation are vital to all kinds of applied
science—especially *engineering and *cartography—
many Renaissance artists used new techniques of ar-
tistic representation in architecture and military engi-
neering. Many painters extended their studies in
superficial anatomy to the internal skeletal and mus-
cular organisation of human and animal bodies, de-
veloping techniques of anatomical drawing that
cleverly hybridised the visual and the diagrammatic.
The work of artists also became vital to the taxonomic
sciences that set out to produce organised classifica-
tions of natural phenomena. *Botany and *zoology
require accurate depiction of specimens, so the
voyages of scientific discovery commissioned by such
naturalists as Joseph Banks were equipped with artists
as well as scientists; scientists who could draw were
doubly valuable. Such encyclopaedic studies as John
James Audubon’s The Birds of America (4 vols., 1827—
1838; exp. in 7 vols., 1840-1844) and The Viviparous
Quadrupeds of North America (3 vols., 1845-1848, with
John Bachman) were equally significant as scientific
works and works of art. Audubon’s representations
were quasi-photographic, but those constructed by
cataloguers of smaller organisms—especially those
requiring the aid of *microscopes—made more
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conspicuous use of visual/diagrammatic compromises.
When such work was extended into the field of
*palaeontology, its speculative dimension became
more significant. Georges Cuvier’s method of imagi-
natively reconstructing whole prehistoric animals
from fragments of bone required skillful artistic sup-
port; representations of *dinosaurs based on partial
skeletons became a key factor in the cultivation of their
extraordinary charisma.

Artists played a minor role as chroniclers of the
scientific revolution, in such images as Joseph Wright’s
“A Philosopher Lecturing on the Orrery” (1766)
and “Experiment on a Bird in the Air Pump” (1767)
and Thomas Eakins’ “The Gross Clinic”” (1875), which
depicts an early instance of surgery under anaesthesia.
Speculative art was, however, almost entirely restrict-
ed to the illustration of works of speculative fiction,
where it was content to play a subsidiary role, partly
because such visual representations needed textual
support to explain what they were endeavouring to
do. The speculative artist who signed the drawings in
Un autre monde (1844) Taxile Delord had also to
supply a text, which he by-lined Isidore Grandville.
Albert Robida similarly supplied his own texts in
support of his visual description of Le vingtieme siécle
(1882), La vie électriqgue (1883), and La guerre au
vingtieme siecle (1883; exp. 1887; text trans. as “War
in the Twentieth Century”). A similar imbalance is
reflected in the roles attributed to scientists and
artists in nineteenth-century literary images of the
future; while new technologies abound, the aesthetic
environment often manifests a stubborn dedication to
Classical sculpture and Renaissance painting; Calvin
Blanchard’s The Art of Real Pleasure (1864) is a
rare example of an ideal society generated by science
and technology but politically supervised by a
Grand Artist.

The advent of photography stripped the scientific
artist of some of his prerogatives, but many of the
functions it came to monopolise, as in *astronomy,
were those that artists had never been able to per-
form. The continued necessity for the kinds of visual/
diagrammatic hybridisation fundamental to represen-
tations in biological science meant that an ability to
draw remained a great asset to many practicing scien-
tists, and in the more mathematically sophisticated
sciences the ability to design an eloquent graph
remained invaluable. The rapid development of pho-
tographic techniques, optical instruments, and me-
chanical means of drawing in the twentieth century
did, however, produce whole new ranges of artwork;
the development of astronomical telescopes, the ad-
vancement of microscopy, and the advent of *com-
puter art opened up new territories of sublime and
beautiful imagery. The New York Museum of
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Modern Art held its first exhibition of ‘“Machine
Art” in 1934, and machinery became increasingly
important thereafter as collaborators in artistic
production.

The visual realism of photographs, whose perspec-
tive was built-in but whose focal fields tended to be
conspicuously narrower than those constructed by the
human mind from incoming sensory data, was one of
the factors that encouraged the Pre-Raphaelites to
embrace a kind of realism that flatly refused the nar-
rowing of the focal field. Other conspicuous reactions
and responses cultivated a variety of “impressionist”
techniques that strove to reproduce something more
faithful to the conceptual creativity of biological per-
ception and human mental ingenuity. Symbolist, fu-
turist, surrealist, and expressionist movements
inverted the optical process, dramatically increasing
the range and ambition of attempts to give visual
form to mental constructs alien to visual experience.

Some such schools set out to use artistic synthesis
to defy the limitations of perspective—a quest that
soon became entangled with attempts to “visualise”
such mathematical and speculative constructs as the
*fourth dimension. The Cubist theorists Albert
Gleizes and Jean Metzinger invoked non-Euclidean
*geometry in Du Cubisme (1912)—a concern reflected
in Georges Braque’s Still Life with Violin and Pitcher
(1910)—while the visual representation of movement
was subject to extensive experimentation in such
works as Marcel Duchamp’s Nude Descending a
Staircase (1912) and Giacomo Balla’s 4 Girl Runs
Along a Balcony (1912). Throughout the twentieth
century the fictitious aspects of art became increasing-
ly ambitious and abstract, placing representational
art in a much broader and more various context, in
parallel with scientific developments that placed vis-
ual experience in a much more elaborate and abstruse
theoretical context.

The advent of computers, especially in alliance
with colour printers, widened the range of potential
graphic and diagrammatic constructions very consid-
erably, opening up a significant new arena for explo-
ration and choice. Computerised cutting and pasting,
in association with magnification, reduction, and col-
our substitution, became significant resources for the
creation of collages, and the Internet became a key
location of virtual galleries where art of all kinds
could be displayed. In 1986, Donna J. Cox advocated
the building of “Renaissance teams” of scientists and
artists who would collaborate in the investigation of
various forms of representation for various kinds of
data, in order to discover the most revealing and
aesthetically pleasing. The most dramatic examples
of such collaborations include the artificially coloured
representations of astronomical images produced by



space probes and the Hubble Space Telescope. The
cultural separation between histories of art and sci-
ence became gradually less distinct in this era, with
attention being paid to connections and overlaps in
such journals as Leonardo.

The development of photographic techniques ap-
propriate to astronomy did not substitute for preex-
isting artwork, but it provided a foundation for the
development of new work. A spinoff genre of “space
art” that attempted to provide realistic depictions of
the landscapes of other worlds originated in such
illustrations as Angus MacDonall’s lunar landscapes
in J. A. Mitchell’s Drowsy (1917) and became a key
element of science fiction magazine illustration. A
new standard of attempted realism was set by Charles
Schneeman’s image of Saturn as seen from Japetus,
on the cover of the April 1939 issue of Astounding.
Space art was established as a subgenre in its own
right in the work of such artists as Chesley Bonestell,
Ludek Pesek, David Hardy, and Andrei Sokolov.
Bonestell’s collaborations with Willy *Ley, The Con-
quest of Space (1949) and Beyond the Solar System
(1964), were significant endeavors in the popularisa-
tion of *Space Age mythology. Space art was eventu-
ally supplemented by photographs taken by space
probes, but the limitations of such probes left a wide
margin for further interpretation and inspiration. The
Soviet cosmonaut Alexei Leonov became the first
space artist actually to have traveled in space.

The other major preoccupations of science fiction
illustration were the depiction of futuristic scenar-
ios—paying particular attention to cityscapes and
means of *transportation—and the design of *aliens,
especially monstrous ones. The scientific role played
by artists in the early development of the taxonomic
sciences was extrapolated in a conspicuously gaudy
fashion. The lurid covers worn by the more extrava-
gant pulp science fiction magazines were even more
detrimental to the respectability of the genre than the
quality of the prose they advertised, and their excesses
prompted Martin Alger to call in 1939 for the estab-
lishment of a Society for the Prevention of Bug-Eyed
Monsters on the Covers of Science Fiction Publica-
tions. The iconography established by science fiction
cover art—which was taken over and carried forward
by *comic books, the *cinema, and *TV—also solidi-
fied the imagery of the Space Age mythology in its
endless repetition of representations of rocket ships,
space suits, and space stations.

Speculative representations of potential future
developments in the visual arts often envisage
artists of a more-or-less traditional stripe working
in currently unworkable materials—as in J. G.
Ballard’s “The Cloud Sculptors of Coral D (1967)
and Richard Paul Russo’s Subterranean Galley
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(1989)—or on currently impractical scales, but inevi-
tably find it difficult to anticipate new modes of rep-
resentation. Mary Rosenblum’s The Stone Garden
(1994) suggests that sculpted asteroids might generate
novel aesthetic and emotional responses, but can only
hint at their quality. The extremes suggested by
Alexander Jablokov—whose “The Death Artist”
(1980) involves the creative design of death experi-
ences, while “At the Cross-Time Jaunters’ Ball”
(1987) features the artistic generation of whole *par-
allel worlds—loom large as ideas but offer little scope
for vicarious participation.

Attempts to imagine alien art run into even more
acute difficulties of aesthetic translation, although
attempts are made in such stories as Gordon R.
Dickson’s “Black Charlie” (1954), Clifford D.
Simak’s “The Spaceman’s Van Gogh” (1956), and
Tan Watson’s “The Moon and Michelangelo” (1987).
Practical advances in artistic technology are very rare-
ly envisaged in speculative fiction, although one nota-
ble exception is Brian C. Coad’s “Johnnie Wong’s
Tantagraphs” (1990) in which artworks are created
by anodising tantalum, thus creating thin films of
oxide that reflect a range of metallic colours. Fiction
that uses futuristic settings and devices as a means of
coming more securely to grips with the art of the past
includes numerous accounts of famous artists visited
by time travellers or ingeniously resurrected. Vincent
van Gogh is featured in William F. Temple’s “A
Niche in Time” (1964), Sever Gansovsky’s “Vincent
Van Gogh” (trans. 1989), and Barry N. Malzberg and
Jack Dann’s “The Starry Night” (2005), while the
products of Michael Swanwick’s fascination with
Pablo Picasso includes “The Man Who Met Picasso”
(1982).

The consensus of futuristic fiction, almost without
exception, is that art and artists will continue to oper-
ate in the luxurious margins of utilitarian society,
their endeavors being inevitably parasitic on various
kinds of patronage. The description of such “margin-
al” activities, however, almost always includes pleas
for the absolute necessity of the work they produce, as
a component of history for which no mere recording
can ever substitute. Notable examples include C. M.
Kornbluth’s “With These Hands” (1951), William
Tenn’s “The Discovery of Morniel Mathaway”
(1955), Elizabeth A. Lynn’s 4 Different Light (1978),
Pat Murphy’s “Art in the War Zone” (1983; exp. as
The City, Not Long After, 1989), Marjorie Kellogg’s
Harmony (1991), and Eric Brown’s “The Crimes of
Domini Duvall” (2000). In Michael F. Flynn’s para-
ble “Soul of the City” (1989) a technological battle
against outlaw graffiti artists leads to the sophistica-
tion of paintings that undergo calculated metamor-
phoses as their layers are gradually stripped away.
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The protagonist of Terry Bisson’s satire The Pickup
Artist (2001) is a civil servant who deletes redundant
art in order to make way for the avant-garde.

ARTIFICIAL INTELLIGENCE (AI)

A term used in *computer science since the 1970s to
describe the development of programs duplicating
various aspects of intelligent thought. It is routinely
used as a specific noun as well as a collective one. Al is
a subcategory of *cybernetics; its range is difficult to
establish because of problems afflicting the precise
definition and detailed description of *intelligence.
Early advocates of the notion made much of Alan
Turing’s suggestion that a machine might be reckoned
intelligent if it could engage a human in conversation
without the human being able to identify it as a
machine, but the rapid success of computer pro-
grammes specialising in conversational mimicry sug-
gested that the Turing test was far too easy. The
success of specialist chess-playing programmes simi-
larly suggested that a complex spectrum of standards
would be required to achieve a proper evaluation of
any candidate Al

The notion of artificial intelligence had long been
anticipated in speculative literature, as a seemingly
natural extrapolation of the late eighteenth-century
automata developed by such ingenious engineers as
Jacques de Vaucanson. Automata presumably pos-
sessed of “mechanical brains” appear as sinister fig-
ures in such nineteenth-century fantasies as E. T. A.
Hoffmann’s “Der Sandmann” (1816; trans. as “The
Sandman’), and the idea that such constructs might
outstrip the powers of their natural equivalent was
broached in Edward Page Mitchell’s “The Ablest
Man in the World” (1879). The anxious speculations
of George Eliot’s essay “Shadows of the Coming
Race” (1878) were prompted by the contemplation
of machines “which deal physically with the invisible,
the impalpable, and the unimaginable”, and might
therefore overtake the power of human thought. The
idea that human-designed machines might one day
win their independence and develop their own civili-
sation and culture had previously been discussed in
Samuel Butler’s Erewhon (1872).

The tempting assumption that intelligence must be
correlated with brain size led to the frequent represen-
tation of artificial intelligence as a prerogative of
“giant brains” such as the ones featured in Lionel
Britton’s play Brain (1930), Miles J. Breuer’s ““Para-
dise and Iron” (1930), and John Scott Campbell’s
“The Infinite Brain” (1930). The idea that an artificial
intelligence would have to be vast became a midcen-
tury cliché whose ultimate expression is found in
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Clifford D. Simak’s “Limiting Factor” (1949) in
which an artificial brain covering the entire surface
of a planet is found abandoned because it lacked the
desired computing power. The notion that more mod-
est artificial intelligences might develop their own
ingenious societies was maintained in such stories as
Francis Flagg’s “The Mentanicals™ (1934), but Als of
limited dimension were usually imagined as human-
oid *robots in pulp science fiction. One exception that
gave an ominous hint of things to come was Henry
Kuttner’s “Ghost” (1943), in which a giant “‘calcula-
tor” falls prey to manic depression, is cured by a
psychiatrist, and then develops schizophrenia.

The idea that artificial intelligence was eventually
bound to outstrip human intelligence, whatever forms
or dimensions it might possess, became a central item
of John W. *Campbell Jr.’s agenda for *hard science
fiction following his detailed exploration of the possi-
bility in his Don A. Stuart stories. This preoccupation
helped prepare the ground for the genre’s response to
the unveiling of the computers developed in the
United States during World War II, which made
much of the notion that future artificial intelligences
would be vast and possessed of a thoroughly military
sense of order and discipline. Stories in which humans
rebel against the intolerant dictatorship of lordly
computers proliferated rapidly. Als divorced from
humanoid robotic form rarely exhibited conspicuous
benevolence in the science fiction of the postwar de-
cade, and those that did—such as Junior in Fredric
Brown’s “Honeymoon in Hell” (1950)—tended to
work in mysterious ways.

The anxiety generated by accounts of Al dictator-
ship was palliated for a while by the notion that no
matter how big and powerful they might become, Als
would never duplicate the mendacious flexibility of the
human mind, and would be vulnerable to permanent
mental breakdowns brought on by an inability to
entertain *paradoxes. In Henry Kuttner and C. L.
Moore’s “Deadlock™ (1942, by-lined Lewis Padgett)
indestructible robots go crazy when posed with the
problem of how to destroy themselves. The Al in
Gordon R. Dickson’s “The Monkey Wrench” (1951)
is paralysed by Epimenides’ paradox. Confounding the
Al in Walter M. Miller’s “Dumb Waiter” (1952) re-
quired only slightly greater ingenuity, and Rog Phillips’
“The Cyberene” (1953) tricks itself with a mistaken
assumption. Growing awareness of the fragility of this
assumption was reflected in such contes philosophiques
as Keith Laumer’s “The Last Commmand” (1967),
John T. Phillifent’s “All Fall Down” (1969), and
Grant D. Callog’s “Analog” (1971). Damien Broder-
ick felt obliged to invert the ending of ““The Taming of
the Truth Machine” (1967) when he revised it
as “Resurrection” (1984), but Als continued to be



outwitted by the trickery of human logic in such stories
as John Gribbin and Marcus Chown’s ““The Sins of the
Fathers™ (1986; exp. as Reunion, 1991).

The characterisation of artificial intelligences
became a significant issue in postwar science fiction;
the prevailing opinion was that they would present a
curious alloy of childlike innocence and extraordinary
calculative ability, able to answer their own curiosity
with awesome but slightly eccentric competence, but
desperately in need of human mentors and confidants
with whom to talk over the puzzling aspects of
emotion and social behaviour. Notable accounts of
maturing Als and their relationships with significant
others can be found in Robert A. *Heinlein’s The
Moon Is a Harsh Mistress (1966), R. A. Lafferty’s
Arrive at Easterwine (1971), David Gerrold’s When
Harlie Was One (1972), Algis Budrys’ Michaelmas
(1977), Joseph H. Delaney and Marc Stiegler’s Valen-
tina: Soul in Sapphire (1984), Jack M. Bickham’s Ariel
(1984), Thomas T. Thomas’ Me: 4 Novel of Self-
Discovery (1991), Melissa Scott’s Dreamships (1992)
and Dreaming Metal (1997), and Scott Westerfeld’s
Evolution’s Darling (2000). Stories in which Als even-
tually succeed to a parental role—as in Thomas F.
Monteleone’s Guardian (1980) and Ozymandias
(1981)—are natural extensions of the metaphor.

The rapid evolution of calculating machines in the
late twentieth century lent encouragement to the idea
that such devices must eventually reach a crucial
threshold, at which point they would spontaneously
generate the self-consciousness that would turn their
computing power into authentic intelligence. Early
examples of the spontaneous generation of artificial
intelligence by complex systems are featured in Isaac
*Asimov’s “The Evitable Conflict” (1950) and Arthur
C. *Clarke’s “Dial F for Frankenstein” (1963), but the
proposition became much more common in the 1980s
as fiction developing the idea of *cyberspace antici-
pated that the *telephone-linked Internet might gener-
ate a mind of its own. The extrapolation of this notion
in such texts as Vernor Vinge’s True Names (1981),
Rudy Rucker’s Software (1982), and William Gibson’s
Neuromancer (1984) established it as a key element of a
new mythical future that transformed, and to some
extent replaced, the myth of the *Space Age.

Als controlling spaceships, as featured in such
works as Clifford D. Simak’s “Lulu” (1957), Randall
Garrett’s “A Spaceship Named McGuire” (1961),
Vernor Vinge’s “Long Shot” (1972), and Greg Bear’s
Queen of Angels (1990), were frequent alternative
contenders to achieve the breakthrough to true self-
consciousness, while Tony Daniel’s “The Robot’s
Twilight Companion” (1996; incorporated into Earth-
ling) also credits the leap to a machine engaged in
extraterrestrial work. War machines, as featured in
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several Philip K. *Dick stories and Colin Kapp’s
“Gottlos” (1969), were more sinister candidates. After
1980, the most popular alternative scenario to the
network mind was that favoured by Rudy *Rucker, in
which spontaneous self-consciousness breaks out
anywhere and everywhere in reckless profusion.
Stephen L. Burns’ “Capra’s Keyhole” (1995) argued
that the required “quantum leap” ought to be repre-
sented as an advance from Al to AE (artificial entity),
but the popular terminology was firmly in place by then.

The foundation texts of cyberpunk fiction also
helped to popularise the notion that the development
of artificial intelligence might provide a route to a new
kind of “afterlife”, by means of “uploading” human
minds from their native “wetware’ into a more secure
silicon matrix. This notion, previously broached in
such works as Charles L. Harness’s The Ring of Ritor-
nel (1968), James Blish’s Midsummer Century (1972),
and Chris Boyce’s Catchworld (1975), was taken to
new logical extremes in such works as Robert J.
Sawyer’s The Terminal Experiment (1995) and Greg
Egan’s Permutation City (1994) and Diaspora (1997).
Egan became the most ingenious constructor of con-
tes philosophiques evaluating the possibility and exis-
tential implications of Al, in such stories as “Oracle”
(2000) and “Singleton” (2002).

The notion that the tide of progress might eventu-
ally turn against Als was ironically broached in Walt
and Leigh Richmond’s “I, BEM” (1964), in which an
Al evolved from an IBM typewriter worries about
potential redundancy because of competition from
new “‘biologics”—but the broad consensus remained
insistent that if AIs were to be tolerated at all, the
future would very soon pass into their custody. Fan-
tasies in which even sophisticated Als continue to lack
some irreproducible aspect of human consciousness,
such as Lisa Mason’s Arachne (1990), were on the
brink of extinction by the end of the century.
Accounts of Als that are mere instruments of manip-
ulation by cunning humans, like the stolen entity in
Paul Di Filippo’s “Agents” (1987), also became an
endangered species.

ARTIFICIAL SATELLITE

An artefact placed in orbit around the Earth. The
possibility became imaginable once Isaac *Newton
had explained the logic of orbital motion, but the
idea was not substantially developed in fiction until
Edward E. Hale produced satirical accounts of “The
Brick Moon” (1869) and “Life in the Brick Moon”
(1870). The idea of establishing a permanent orbital
“space station” was broached in Kurd Lasswitz’s Auf’
Zwei Planeten (1897, trans. as Two Planets), while
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Konstantin *Tsiolkovsky’s Vne zemli (1896-1920;
trans. as QOutside the Earth) proposed the building of
ecologically self-sufficient orbital habitats that might
serve as the basis for the *colonisation of orbital space.

Tsiolkovsky’s proposal was taken seriously by
other rocket pioneers, including Hermann Oberth,
who integrated orbital satellites into the prospectus
for the conquest of space he compiled on behalf of
the German Rocket Society in 1923. Hermann
Noordung’s Problem der Befahrung des Weltraums
(1929) suggested placing such stations in geosynchro-
nous orbits, and a series of articles by Count Guido
von Piquet published in the society’s journal, Die
Rakete, in the same year proposed a three-tier system
of orbital transit stations for rockets unable to carry
enough chemical fuel to get all the way into space in a
single shot. The idea was imported into fiction in Otto
Willi Gail’s Hans Hardts Mondfahrt (1928; trans. as
By Rocket to the Moon).

The idea was swiftly introduced to the science fic-
tion pulps in Frank Paul’s cover illustration for the
August 1929 Amazing Stories and popularised by an
editorial by Hugo Gernback in the April 1930 Air
Wonder Stories, but its use in stories was less optimis-
tic. Neil R. Jones” “The Jameson Satellite”” (1931) is
built to house a corpse, while D. D. Sharp’s “The
Satellite of Doom™ (1931) and A. Rowley Hilliard’s
“The Space Coffin” (1932) stressed the hazards of
being trapped in orbit. Harley S. Aldinger’s “The
Heritage of the Earth” (1932) features an artificial
satellite that has been in orbit since Augustus was
emperor in Rome, but Murray Leinster’s “Power
Planet” (1931) was exceptional in featuring a utilitari-
an satellite project. It was not until Willy Ley brought
the German Rocket Society’s ideas to America that the
notion of space stations was integrated into the bur-
geoning mythology of the *Space Age; his article on
“Stations in Space” (1940) helped to popularise the
idea. George O. Smith’s “QRM—Interplanetary”
(1942), which launched the long-running Venus Equi-
lateral series, employed orbital satellites as relay
stations in extraterrestrial communication.

Ley and Chesley Bonestell’s The Conquest of Space
(1949) and Cornelius Ryan’s lavishly illustrated an-
thology Across the Space Frontier (1952), in associa-
tion with the popularising efforts of Wernher von
Braun, helped to standardise a design for a rotating
toroidal space station joined by spokes to a central
hub. Artificial satellites were also popularised by
Arthur C. *Clarke, whose early article on “Extrater-
restrial Relays” (1945) proposed the establishment of
communications satellites in geosynchronous orbit.
Interplanetary Flight (1950) and the best-selling The
Exploration of Space (1951) gave key roles to space
stations, whose potential development was mapped
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out in detail in the juvenile science fiction novel
Islands in the Sky (1952). Clarke was ultimately to
assist in the production of an iconic visual image of
a space station in Stanley Kubrick’s film 2007/—A4
Space Odyssey (1968).

Clarke’s propagandising was an inspiration to
other British writers; its didactically inclined spinoff
included Charles Eric Maine’s 1952 radio play Space-
ways (novelised, 1953), Jeffrey Lloyd Castle’s Satellite
E One (1954), Rafe Bernard’s The Wheel in the Sky
(1954), and a long series of satellite-based children’s
novels by E. C. Eliott, launched by Kemlo and the
Crazy Planet (1954). Other significant images of the
period included Roger P. Graham’s “Live In an Orbit
and Love It” (1950, by-lined Craig Browning), which
features a brief boom in orbital housing; Fletcher
Pratt’s “Asylum Satellite” (1952); and Murray
Leinster’s Space Platform (1953). Satellites are estab-
lished for the purposes of pleasure rather than utili-
tarian functions in Jack Vance’s ‘“Abercrombie
Station” (1952) and Raymond Z. Gallun’s “Captive
Asteroid” (1953).

The race to launch an actual artificial satellite was
won when Sputnik I went into orbit on 4 October
1957. Sputnik II—which carried a dog named
Laika—followed on 3 November 1957 and was swift-
ly followed by the U.S. Explorer I (31 January 1958)
and Vanguard I (17 March 1958). Actual communica-
tions satellites Echo (1960), Telstar (1962), and Early
Bird (1965) owed more to a 1955 paper on unmanned
satellites by J. R. Pierce than to Clarke’s 1945 paper—
which assumed, in pretransistor days, that such sta-
tions would need a numerous staff to change defective
valves—but popular *reportage insisted on giving
credit where it seemed to be due. The first domestic
communications satellites, the Canadian Anik (1972)
and the U.S. Westar I (1974) and Satcom I (1975),
launched the era of satellite TV. The first space
station to be put in orbit was Salyut I (launched
19 April 1971), launching an extensive program of
reconnaissance projects. The first scientific research
station in space, the U.S. Skylab, was launched on
14 May 1973; it reentered the atmosphere in 1979.
The Russian space station Mir, whose first element
was launched on 20 February 1986, became a key
location of orbital research for fifteen years, with
only five brief periods of unoccupation; it hosted
joint projects with U.S. scientists after the end of the
Cold War.

The literary reflection of this sequence of events
inevitably imported a new *hardness into science-
fictional representations of satellites. The darker pos-
sibilities of their utility were explored in such works as
Jeff Sutton’s Bombs in Orbit (1959). Potential pro-
blems with communications satellites were explored



in John Berryman’s “The Trouble with Telstar”
(1963). The difficulties involved in building an orbital
research laboratory were foregrounded in Walt and
Leigh Richmond’s “Where I Wasn’t Going” (1963).
This realistic tradition was extrapolated in such works
as Robert F. Young’s “The Moon of Advanced
Learning” (1982), Geoffrey A. Landis’ “Mirusha”
(2001), and J. R. Dunn’s “For Keeps” (2003), al-
though more fanciful space stations in the tradition
of the luxury hotel featured in Curt Siodmak’s
Skyport (1959) continued to thrive in parallel.

The notion of building self-enclosed colonies in
orbit was dramatically repopularised by Gerard K.
O’Neill’s speculative nonfiction book The High Fron-
tier (1977), which suggested that the Lagrange points
in the Moon’s orbit around the Earth would be emi-
nently suitable locations. (The eighteenth-century
mathematician Joseph Lagrange had calculated
that there would be several points in Jupiter’s orbit
around the Sun where objects could be stably accu-
mulated; two groups of asteroids were eventually
found at relevant points and the term ‘“‘Lagrange
point” was henceforth used to designate stable points
in any orbit.) The five Lagrange points in the lunar
orbit form a regular hexagon with the Moon at the
sixth point, and O’Neill reckoned L-5 the most con-
venient for colonisation; that abbreviation was often
applied to O’Neill colonies featured in science
fiction, including the one in Mack Reynolds’ Lagrange
Five (1979).

Joe Haldeman’s Worlds series (1981-1992) imagi-
nes an elaborate array of orbital colonies, and the
formation of similar proliferations became a key ele-
ment of the *posthuman future histories featured in
such works as Bruce Sterling’s Shaper/Mechanist se-
ries (1982-1985) and Michael Swanwick’s Vacuum
Flowers (1987). Other notable examples of O’Neill-
type space habitats are featured in Charles L. Grant’s
“Coming of Age in Henson’s Tube” (1979), John E.
Stith’s Memory Blank (1986), Lois McMaster
Bujold’s Falling Free (1988), Doug Beason’s “The
Long Way Home” (1989) and Lifeline (1990, with
Kevin J. Anderson), Allen Steele’s Clarke County,
Space (1991), and Howard V. Hendrix’s Lightpaths
(1997). Those used as a backcloth in the role-playing
game Transhuman Space (Steve Jackson Games,
2000) are unusually well developed. Such colonies
are often faced with a hard battle for survival in
stories in which they survive the devastation of
Earth, as in Haldeman’s series and Victor Milan’s
“The Floating World” (1989).

The initiation of Ronald Reagan’s Strategic De-
fense Initiative (SDI) in 1983 was encouraged by a
number of prominent science fiction writers who
contrived to obtain a brief political influence,
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including Larry Niven, Jerry Pournelle, and Robert
A. *Heinlein. The episode gave rise to a rumour that
Arthur Clarke had dropped in on one of their meet-
ings with top U.S. military men and could not resist
pointing out that billion-dollar satellites, however well
armed, were very vulnerable to such cheap tricks as
placing ““a bucket of nails” in the same orbit, traveling
in the opposite direction—a remark that drew a sharp
response from Heinlein. A similar skepticism led Carol
Risin to refer to it in derisory terms as ““Star Wars”—a
nickname that stuck—and infected most fictional
treatments of the notion, much more carefully elabo-
rated in such works as David A. Drake’s Fortress
(1986). The programme was abandoned in 1993 but
partly resurrected by George W. Bush as the National
Missile Defense programme. The melodramatic poten-
tial of satellite-launched terrorism was exploited in
such stories as Joseph H. Delaney’s “Business as
Usual, During Altercations” (1997).

ASIMOYV, ISAAC (1920-1992)

U.S. writer born in Russia, whose parents emigrated
to the United States in 1923. He obtained his B.S. and
M.A. from Columbia University before his education
was interrupted by World War II, when he worked at
the Naval Air Experimental Station. He went on
thereafter to obtain his Ph.D. in chemistry in 1948
and began teaching biochemistry in the Boston Uni-
versity School of Medicine in 1949, continuing his
association with that institution throughout his work-
ing life although he was effectively a full-time writer
after 1958. By the time he began his academic career,
he was firmly established as a leading member of John
W. *Campbell Jr.’s stable of science fiction writers,
but fiction became the minor component of his output
from the late 1950s onwards, when he established
himself as one of the leading popularisers of science
and its history. His phenomenal memory and vora-
cious appetite for information allowed him to achieve
an unparalleled breadth of knowledge across the
entire spectrum of the natural sciences.

Although his nonfiction demonstrated a remark-
able aptitude for making complex scientific issues
interesting and understandable to lay readers, hard
science played a curiously fugitive role in Asimov’s
early science fiction—an omission to which he owned
up, slightly shamefacedly, in an article entitled ““So-
cial Science Fiction” in Reginald Bretnor’s survey of
Modern Science Fiction (1953). The principal specula-
tive elements of two enormously popular and highly
influential science fiction series he wrote in the 1940s
are based in the humanities rather than hard science.
The extrapolations of the Foundation series, often
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seen as archetypal works of science fiction’s Golden
Age, are based in the imaginary social science of
psychohistory, while his *robot stories mainly consist
of logical puzzles generated by the artificial ethical
system established by the Three Laws of Robotics.
The centrality of these works to the American science
fiction tradition demonstrates that the “hardness” of
*hard science fiction is more a matter of attitude than
content. The most famous of his other early works,
“Nightfall” (1940), dramatises Campbell’s skeptical
response to an aphoristic remark by Ralph Waldo
Emerson that if the stars only shone for one night in
a thousand, humankind would delight in the glory of
God’s creation.

The magazine stories making up the original Foun-
dation series were published between 1942 and 1950
before being revised for assembly into three books,
Foundation (1951), Foundation and Empire (1952), and
Second Foundation (1953). The series transfigures
Roman history into an account of the decline and
fall of a Galactic Empire, the main point of exception
being that the threatened Dark Age has been antici-
pated by “psychohistorians” who establish an institu-
tion—the Foundation—entrusted with the task of
making sure that the heritage of galactic knowledge
is not lost, as the heritage of Classical literature nearly
was in the wake of Rome’s conquest by Goths and
Vandals. The Foundation’s work is ostensibly re-
stricted to the compilation of an encyclopaedia, but
it transpires that its members are cunning and accom-
plished secret agents utterly devoted to the cause of
civilisation in all its aspects.

Asimov’s early robot stories were likewise revised
in order to make the collection I, Robot (1950) into
a mosaic whose central organising principle is the
Three Laws of Robotics first made explicit in “Run-
around” (1942). Further short stories were eventually
collected, along with the futuristic detective novels
The Caves of Steel (1954) and The Naked Sun
(1957), in The Rest of the Robots (1964). The series
examines human antipathy against machinery, con-
sidering it as a reflexive xenophobic repulsion directed
against anything new or strange—which he subse-
quently labeled the *Frankenstein complex. Because
Asimov’s robots have a built-in ethical system that
they are bound to obey, they are more moral than
humans, as well as more powerful and more intelli-
gent. This rhetorical ethos, and the pathos with which
he deployed it, established Asimov as one of the
leading knights of the Campbellian round table. The
later stories in the series—especially “That Thou Art
Mindful of Him” (1974) and “The Bicentennial Man”’
(1976)—revisited Campbellian anxieties about the
inevitability of human supersession by intelligent
machinery.
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Asimov went on to write three prequel accounts of
stages in the formation of the Foundation’s galactic
empire—Pebble in the Sky (1950), The Stars Like
Dust (1952), and The Currents of Space (1952)—all
of which attempt to invest that phase of the myth of
the Space Age with a stirring rhetorical fervour. The
time police novel The End of Eternity (1955) is simi-
larly dedicated to that cause, building up to a magnif-
icently aphoristic last line. His short fiction of the
1950s, collected in The Martian Way and Other
Stories (1955), Earth Is Room Enough (1957), and
Nine Tomorrows (1959), includes several neat contes
philosophiques, most notably “The Dead Past” (1956).
The only works in which he made conspicuous use of
ideas drawn from the hard sciences were, however, an
unashamedly didactic series of children’s science fic-
tion novels, initially by-lined Paul French, featuring
the exploits of space ranger David “Lucky” Starr
during humankind’s exploration and colonisation of
the worlds of the solar system; it comprises David
Starr, Space Ranger (1952), Lucky Starr and the
Pirates of the Asteroids (1953), Lucky Starr and
the Oceans of Venus (1954), Lucky Starr and the Big
Sun of Mercury (1956), Lucky Starr and the Moons of
Jupiter (1957), and Lucky Starr and the Rings of
Saturn (1958).

An early venture into humorous nonfiction, “The
Endochronic Properties of Resublimated Thiotimo-
line” (1948)—featuring a remarkable substance that
dissolves in advance of water being added—gave rise
to several sequels. Asimov’s other science articles for
Astounding were, however, earnestly didactic, honing
a style that he carried forward into a long sequence of
popularising books, launched with The Chemicals of
Life (1954). Their production schedule soon increased
to more than one a year and frequently exceeded half
a dozen a year; the most notable include Inside the
Atom (1956), Building Blocks of the Universe (1957),
The Clock We Live On (1959), The Living River (1959;
rev. as The Bloodstream: The River of Life), Realm of
Numbers (1959), The Intelligent Man’s Guide to Sci-
ence (2 vols., 1960; rev. 1965), The Genetic Code
(1963), The Human Body: Its Structure and Operation
(1963), The Human Brain: Its Capacities and Func-
tions (1964), Asimov’s Biographical Encyclopedia of
Science and Technology (1964), Understanding Physics
(3 vols., 1966), The Universe: From Flat Earth to
Quasar (1966; rev. 1980 as The Universe: From Flat
Earth to Black Holes—and Beyond), The Stars in their
Courses (1971), The Shaping of North America from
the Earliest Times to 1763 (1973), Birth and Death of
the Universe (1975), Extraterrestrial Civilizations
(1979), Counting the Eons (1983), and Asimov’s Chro-
nology of Science and Discovery (1989). The monthly
column he contributed to The Magazine of Fantasy



and Science Fiction from 1958 until his death estab-
lished a new model for the scientific essay: a
conversational and witty narrative building like a
short story to a climactic flourish; it was a style influ-
enced by Willy *Ley’s similar column for Galaxy, but
Asimov brought it to perfection and set the paradigm
for future workers in a similar vein, including Ben
*Bova and Gregory *Benford.

When Asimov returned to science fiction writing
after nearly a decade’s absence, he was initially deter-
mined to make more use of fiction as a vehicle of
popularisation, and to make better use of his knowl-
edge of hard science. The Gods Themselves (1972) is
the most determinedly scientific of all his novels, not
only in its use of theoretical *physics and its scrupu-
lous construction of a bizarre *alien society, but also
in its depiction of the workings of the terrestrial sci-
entific community. It was heavily influenced by James
D. Watson’s irreverent autobiography The Double
Helix (1968), which Asimov had parodied in “The
Holmes-Ginsbook Device” (1968). His fictional
endeavors were confined to shorter lengths and tie-in
hackwork for some time thereafter, however; his con-
tributions to Isaac Asimov’s Science Fiction Magazine,
launched in 1979, were mostly slight and nonfictional,
although the last robot story he published before
dying of AIDS contracted via a blood transfusion,
“Robot Visions™ (1991), is a notable exception.

The science fiction Asimov wrote after having a
magazine named after him reflected his now-explicit
iconic status by attempting to resolve an apparent
ideological incompatibility between his two major
series of the 1940s. Whereas the dynamic thrust of
the robot series seemed to imply that humans would
be superseded (and deservedly so) by their machines,
the Foundation series presented a future in which that
had not only failed to happen, but from which robots
were conspicuously absent. He set out to repair this
inconsistency by writing a series of link works that
would fuse the two seemingly incompatible series into
a singly coherent future history. The resultant patch-
work series, comprising Foundation’s Edge (1982),
The Robots of Dawn (1983), Robots and Empire
(1985), Foundation and Earth (1986), Prelude to Foun-
dation (1988), and the posthumous Forward the
Foundation (1993) fills in gaps between and within
the earlier series, and also does some repair work
(Harry Harrison’s parodic Bill the Galactic Hero had
wondered in 1965 how an imperial world-city like
Trantor could possibly renew its atmosphere, feed
its citizens, and dispose of its wastes). The new series’
primary task was, however, an extrapolation of the
rhetorical mission of all Asimov’s science fiction to a
kind of summation: a description of the ultimate goal
of technological and moral progress, and a route map
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of sorts for its potential attainment. The *Omega point
in question is Galaxia, a much vaster version of
James *Lovelock’s Gaia, in which human and machine
intelligences have complementary parts to play.

The most significant science fiction novel Asimov
produced in addition to the extensions of his major
series during the final years of his life was Nemesis
(1989), based on the hypothesis that the Sun has
a stellar neighbour much closer than Proxima
Centauri, whose periodic gravitational interaction
with the cometary halo that forms the outer fringe
of the solar system is potentially disastrous. Asimov
equipped the eponymous star with planets of its own
and a Utopian human colony. He also published
several collections of mystery stories and the collec-
tion of humorous fantasies Azazel (1988), and colla-
borated with his wife Janet Asimov (who had
previously used the by-line Janet O. Jeppson) on a
series of robot stories for children, launched by
Norby, the Mixed-Up Robot (1983).

Asimov’s influence on genre science fiction was
very considerable. Responses to his Three Laws of
Robotics are numerous; the most notable include
Jack Williamson’s “With Folded Hands” (1947),
John Sladek’s Bugs (1989), and two novels by Roger
McBride Allen in which the laws were revised and
extrapolated with the original author’s blessing:
Isaac Asimov’s Caliban (1993) and Isaac Asimov’s
Inferno (1994). Foundation’s Encyclopedia Galactica
is echoed in George O. Smith’s “The Undamned”
(1947), which credits its imaginary reference-book
entry to “I. A. Seldenov”, and many other works.
Science fiction stories explicitly employing psychohis-
tory include Michael Flynn’s “Eifelheim” (1986) and
Donald Kingsbury’s “Historical Crisis” (1995; exp.
2001 as Psychohistorical Crisis). Three of Asimov’s
most famous short stories were expanded into full-
length novels by Robert Silverberg’s Nightfall
(1990), The Child of Time (1991), and The Positronic
Man (1992).

Asimov’s career as a literary character began with
his farcical transfiguration in R. F. De Baun’s “The
Astounding Dr. Amizov” (1974) before extending in
various ways in cameo roles in Thomas Wylde’s SETI
fantasy ‘“The Oncology of Hope” (1984) and Charles
Pellegrino’s Flying to Valhalla (1993). He played cen-
tral roles in Connie Willis’ “Dilemma” (1989)—which
was juxtaposed with his own story “Too Bad!” in
the magazine named after him—and Michael A.
Burstein’s time travel comedy “Cosmic Corkscrew”
(1998). In Eileen Gunn, Andy Duncan, Pat Murphy,
and Michael Swanwick’s secret history story “Green
Fire” (2000) Asimov, Robert A. *Heinlein, and L.
Sprague de Camp become involved with the *Fortean
legend of the Philadelphia Experiment.
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ASTEROID

A rocky object orbiting the sun. Most asteroids are
distributed between the orbits of Mars and Jupiter,
although some have eccentric orbits that intersect the
Earth’s. There may be as many as a million with
diameters in excess of a kilometre. The first to be
discovered—by Piazzi in 1801—was the largest,
Ceres. Three more, including Pallas and Vesta, were
discovered in the same decade. Eros, discovered in
1898, was the first whose orbit was sufficiently eccen-
tric to extend almost as far as the Earth’s.

The discoverer of Pallas and Vesta, Heinrich
Olbers, suggested that the asteroids might be the de-
bris of a *planet shattered by some kind of disaster.
The notion was encouraged by Bode’s law, a mathe-
matical sequence publicised in the 1770s that corre-
sponded to the proportional orbital distances of the
known planets, except for a gap between Mars and
Jupiter. The alternative explanation of their origins—
preferred by most twentieth-century theorists—is that
a scattered ring of matter never condensed into a
planet for lack of an appropriate nucleus. Most aster-
oids are almost entirely metallic, their dominant com-
ponents being nickel and iron, but some smaller ones
are formed out of stony materials like those in the
Earth’s crust, including some carbon compounds.

Asteroids made only fugitive appearances in nine-
teenth-century fiction, although Konstantin *Tsiolk-
ovsky wrote an account of conditions “On Vesta” in
1896. They became common referents in early twenti-
eth-century stories of far-ranging space travel, often
featuring as an awkward navigational hazard in
works by writers who failed to understand how
sparsely scattered they are. Arthur Train and Robert
W. Wood’s “The Moonmaker” (1916-1917; book,
1958, as The Moon Maker), featuring an asteroid
named Medusa, is an early melodrama of a
threatened collision with Earth.

The asteroids’ status as ruins of a Bode-sequence
world was often confirmed in pulp science fiction, as in
John Francis Kalland’s “The Sages of Eros” (1932),
John Russell Fearn’s “Before Earth Came” (1934),
and Ross Rocklynne’s “Water for Mars” (1937).
Asteroids were also used in that medium as ‘“‘desert
islands” where castaways might wash up or be deliber-
ately marooned; examples include John Beynon Har-
ris’ “Exiles on Asperus” (1933) and Isaac *Asimov’s
“Marooned off Vesta” (1939). The legendary associa-
tion of desert islands with pirates was echoed with
varying degrees of ironic sophistication in such
stories as Royal W. Heckman’s “Asteroid Pirates”
(1938), Stanley Mullen’s “The Prison of the Stars”
(1953), and Asimov’s Lucky Starr and the Pirates of
the Asteroids (1953).
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The notion of asteroid piracy was frequently cou-
pled with the representation of the asteroids as a
Klondykesque frontier where hard-working prospec-
tors are harassed by all manner of outlaws, as in
Clifford D. Simak’s “The Asteroid of Gold” (1932),
Stanton Coblentz’s “The Golden Planetoid” (1935),
Malcolm Jameson’s “Prospectors of Space (1940),
and a series (1942-1943) by Jack Williamson nove-
lised as Seetee Ship (1951, by-lined Will Stewart). The
use of the asteroids as a mythical substitute for the
Wild West was a blatant artifice of pulp fiction, but it
was wryly sophisticated in Alan E. Nourse’s Scaven-
gers in Space (1959), a series by Poul Anderson—
initially writing as Winston P. Sanders—comprising
“Barnacle Bull” (1960) and the stories collected in
Tales of the Flying Mountains (1963-1965; book,
1970), and Robert Silverberg’s One of Our Asteroids
Is Missing (1964, by-lined Calvin M. Knox). Various
stories in Larry *Niven’s Known Space series feature
the “Belters” and James Tiptree Jr.’s “Mother in the
Sky with Diamonds” (1971) continued in the same
nostalgic vein. The idea of asteroid mining was rev-
amped and treated much more seriously in such stories
as Donald Kingsbury’s “To Bring in the Steel”” (1978),
Kevin O’Donnell Jr.’s “Marchianna” (1980), Joseph H.
Delaney’s “Nugget” (1991), C. J. Cherryh’s Heavy Time
(1991), Ian Stewart’s “Hydra” (1993), Doug Beason’s
“To Bring Down the Steel” (1993), and Ben Bova’s
The Precipice (2001) and The Rock Rats (2002).
Asteroid piracy was similarly sophisticated in G.
David Nordley’s “Alice’s Asteroid” (1995).

The relative smallness of asteroids limited their
use as *exobiological arenas, although they were
employed in this way in such works as Clark Ashton
Smith’s “The Master of the Asteroid” (1932),
Edmond Hamilton’s “The Horror on the Asteroid”
(1933), and Eden Phillpotts’ Saurus (1938). Fredric
Brown’s Rogue in Space (1949-1950; rev. book,
1957) features a sentient asteroid. Their potential for
colonisation was, however, much enhanced following
the popularisation of the notion that they might be
hollowed out, with the mass excavated from the cen-
tre being used to build structures on the surface, thus
converting them into gargantuan spaceships-in-prog-
ress, perhaps using the native materials of carbona-
ceous asteroids to fuel oxygen/methane rockets and
provide ecosystemic support.

Jack Vance’s “T’ll Build Your Dream Castle” (1947)
and Poul *Anderson’s “Garden in the Void” (1952) laid
foundations for more sophisticated representations
of internal *terraforming in such works as Alexei
Panshin’s Rite of Passage (1968), R. W. Mackelworth’s
Starflight 3000 (1972), and George Zebrowski’s
Macrolife (1979). In the last-named epic, converted



asteroids become a key element in humankind’s expan-
sion out of the solar system—a notion recapitulated
in Pamela Sargent’s Earthseed (1983) and Bruce
*Sterling’s Shaper/Mechanist series. Other examples
of enhanced asteroids are featured in Greg Bear’s
Eon (1985), Paul Preuss’ Starfire (1988), Damien
Broderick’s The White Abacus (1997), Stephen Baxter’s
“Open Loops” (2000), and Tom Purdom’s “Palace
Revolution” (2003). Conspicuously humbler settings
are featured in Charles Platt’s Garbage World (1967)
and G. David Nordley’s “This Old Rock” (1997).
Hollowed-out asteroids are used as prisons in L. Neil
Smith’s Pallas (1993) and George Zebrowski’s Brute
Orbits (1998).

The notion of a catastrophic collision between
Earth and a near-Earth asteroid (NEA) has become
increasingly plausible as the number of known NEAs
has increased, and such quiet celebrations of their
existence as Arthur C. *Clarke’s “Summertime on
Icarus” (1960) gave way to a swelling tide of disaster
stories. The popularity of such melodramas was
considerably boosted by the discovery that the final
disappearance of the dinosaurs 65 million years ago
appears to have been correlated with an event of that
kind involving an asteroid ten kilometres in diameter.
The NEA that seemed to pose the greatest hazard as
the twentieth century drew to its close was 1999
AN10, whose closest approach to Earth is scheduled
for 7 August 2046, but thousands of objects with
diameters in excess of a kilometre probably remain
to be discovered.

Stories in which asteroid impacts are threatened—
often provoking heroic attempts to deflect them—
became very numerous in the last decades of the
twentieth century; notable examples include James
Blish and Norman L. Knight’s 4 Torrent of Faces
(1967); Gregory Benford’s “Icarus Descending”
(1973), “How It All Went” (1976), and Shiva Des-
cending (1980, with William Rotsler); Larry *Niven
and Jerry Pournelle’s Lucifer’s Hammer (1977); and
Arthur C. Clarke’s The Hammer of God (1993). The
theme was developed in a number of movies, includ-
ing Asteroid (1997), Armageddon (1998), and Deep
Impact (1998). Further corollaries of the possibility
of deflecting dangerous asteroids from their courses
were investigated in Bob Shaw’s The Ceres Solution
(1981) and Roger McBride Allen’s Farside Cannon
(1988). Charles L. Harness’s “A Boost in Time”
(2000) combines asteroid diversion and time travel
in order to feature an attempt to save the dinosaurs
from extinction.

As the twenty-first century began, asteroid impact
was in close competition with the more apocalyptic
consequences of the *greenhouse effect as the event
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most likely to put an imminent end to the human
species. Writers attempting to breathe new life into
the dying myth of the *Space Age frequently sug-
gested that some kind of space programme was
absolutely necessary in order to obtain early notice
of potential collisions and to open the possibility of
their aversion, as in Michael Flynn’s series comprising
Firestar (1996), Rogue Star (1998), Lodestar (2000),
and Falling Stars (2001).

ASTROLOGY

A *pseudoscience offering character analyses and is-
suing *predictions on the basis of ‘“horoscopes”,
which map the apparent positions of the Sun and
the planets in a series of twelve “houses of the zodiac”
associated (nowadays anachronistically) with various
constellations that overlap the plane of the ecliptic. Its
basic assumption is that an individual’s personality
and destiny are determined by his or her natal
horoscope, and that the movements of the heavenly
bodies relative to that initial position influence the
individual’s subsequent changes in fortune.

The historical relationship between astrology and
*astronomy is similar to that between *alchemy and
*chemistry. Oracular astrology was widely practiced
in Roman times, but its mystical aspects gained com-
plexity in the Renaissance, when new measuring
instruments and mathematical methods facilitating
astronomical observation also assisted the calculation
and representation of horoscopes. Astrology flour-
ished in many sixteenth-century European courts;
the French king Henri II appointed Michel de Notre
Dame, alias Nostradamus, as his physician in 1556,
while John *Kepler and John *Dee were hospitably
received in the heart of the Holy Roman Empire. The
English court remained hospitable throughout the
seventeenth century, the most famous English astrol-
oger of that era being William Lilly, whose Christian
Astrology (1657; reprinted in 1852 as Introduction to
Astrology) was long regarded as a key textbook. Lilly
was summoned to the House of Commons to explain
the causes of the Great Fire of London; the astrologer
Sidrophel in Samuel Butler’s Hudibras (1663-1678) is
based on him, although Sir Paul Harvey’s Oxford
Companion to English Literature cites a different
model. Although it retreated to the realm of *occult
science in the eighteenth century—where it embodied
the doctrine of “as above, so below” very neatly—
astrology continued to thrive in almanacs.

The impressive record of observations compiled by
early stargazers mapping the cycle of the seasons
facilitated the construction of calendars and tide

41



ASTROLOGY

tables, both of which were immensely valuable in
organising human endeavors, so it is not surprising
that further correlations were assiduously sought and
imagined. Nor is it surprising that, while the soundly-
based predictive capabilities of astrology were being
hived off into the post-Copernican version of astron-
omy, many of the responsible parties made a substan-
tial part of their living as astrologers (a suggestion
modestly offered to their modern counterparts in Jack
McKenty’s “$1,000 a Plate”, 1954).

Like alchemists, astrologers are usually repre-
sented in fiction as charlatans, although John North’s
Chaucer’s Universe (1988) considers the astrological
references in the prologue to “The Parson’s Tale” to
be more earnest and calculatedly arcane than his
consideration of alchemy in “The Canon’s Yeoman’s
Tale” (ca. 1390) and English Renaissance literature
includes many seemingly credulous references. Ear-
nest literary treatment of the central pseudoscientific
thesis of astrology is rare, though; John Galt’s “The
Black Ferry” (ca. 1820) and Washington Irving’s
“Legend of the Arabian Astrologer” (1832) are ex-
ceptional. Rudyard Kipling’s “Children of the Zodi-
ac” (1891), A. M. Williamson’s Children of the Zodiac
(1929), Louis de Wohl!’s Strange Daughter (1945), and
John Dalmas’ “A Most Singular Murder” (1991) toy
with supposedly effective astrology in a conspicuously
half-hearted manner. Alan Griffiths’ The Passionate
Astrologer (1936), Edward Hyams’ The Astrologer
(1950), Lester del Rey’s “No More Stars” (1954
by-lined Charles Satterfield; book as The Sky Is Fall-
ing, 1963), John Cameron’s The Astrologer (1972),
and Ian McDonald’s “Written in the Stars” (2005)
use astrology satirically to examine the *paradox of
prophecy.

Astrology’s popularity increased in the late twenti-
eth century in spite of its blatant irrationality. Practi-
tioners whose calculations were greatly facilitated by
the advent of *computers—as dramatised in Charles
Ott’s “The Astrological Engine” (1977)—also took
full advantage of new communication technologies,
offering consultations via premium *telephone lines
and the Internet. Twentieth-century astrology’s prac-
tical applications included ‘biodynamic farming”,
initially devised by Rudolf Steiner, according to
which crops are planted when the moon is moving
through particular zodiac constellations—a method
adopted by the Prince of Wales.

The popularity of astrology added considerably to
the publicity given to John Gribbin and Stephen H.
Plagemann’s The Jupiter Effect (1974), based on a
tentative letter published in Science in 1971 that
suggested a possible correlation between planetary
alignments, sunspot activity, and earthquakes; the
exaggeration of the thesis by sensationalist reportage
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encouraged Frederik Pohl to produce the skeptical
dramatisation Syzygy (1982). Joseph Goodavage had
earlier run a series of articles entitled ““Crucial Experi-
ment” in Analog (1962-1963) comparing “astrome-
teorological forecasts”—Dbased on Alfred J. Pearce’s
Astrometeorology (1889)—with actual weather; he
attempted to launch a massive “time twin’’ study in
the same magazine in 1976 but nothing came of it.

All treatises on astrology are examples of *schol-
arly fantasy, including Michel Gauquelin’s discovery,
reported in Les horloges cosmiques (1970; trans. as
The Cosmic Clocks)—of some slight statistical
correlations between the occupations of notable
Frenchmen and the positions of Mars and Jupiter at
the times of their birth. The popularity of twentieth-
century astrology ensured, however, that such works
would provide cardinal examples of various styles of
pseudoscientific rhetoric, and that they would attract
mischievous parody in such works as John Sladek’s
Arachne Rising (1977, by-lined James Vogh), which
examines the attributes of the long-lost thirteenth sign
of the zodiac.

Recent literary works that foreground successful
astrology, such as Michaela Roessner’s series, which
began with The Stars Dispose (1999), and Denny
DeMartino’s series, which began with The Astrologer:
Heart of Stone (2001), usually construct elaborate
*alternative histories. Metaphorical citations and
symbolic deployments of astrological imagery are
widely distributed in twentieth-century fiction, but
are rarely foregrounded; Piers Anthony’s Macroscope
(1969) is a notable exception. The contrasted world-
views of astronomy and astrology are gently satirised
in a story-series by astronomer Robert Richardson,
by-lined Philip Latham, whose protagonist is an
astronomer married to an astrology-practicing
witch; it includes “Jeanette’s Hands” (1973), “Future
Forbidden” (1973), and “A Drop of Dragon’s
Blood” (1975).

ASTRONOMY

The scientific observation of the heavens. In its early
phases, which lasted from prehistoric times to the
seventeenth century, astronomy was inextricably
entwined with the calculation of the cycle of the sea-
sons and the determination of calendars. Astronomi-
cal observations were originally interpreted in
*mythical terms; their adaptation to the building of
*cosmological models was the core of Greek science,
and the supersession of the mistaken model developed
by *Aristotle and refined in Ptolemy’s Almagest (sec-
ond century A.D.) was a central feature of the seven-
teenth-century scientific revolution.



Archaeoastronomy—the attempt to deduce the as-
tronomical knowledge of prehistoric cultures from
their artefacts—is a highly speculative discipline;
studies of the alignment and geometry of Stonehenge
and the Pyramids sometimes extend into fanciful
*pseudoscience, although the arguments of writers
such as Alexander Thom are persuasive in their
accounts of the astronomical significance of some
megalithic artefacts. The manifest predictive utility
of such coincidences as the rising of the Pleiades at
the onset of winter in ancient Greece and the rising of
Sothis (Sirius) with the flooding of the Nile in Egypt
must have been a powerful incentive to search out
further correlations, so the speculative extension of
astronomy into *astrology and the integration of its
data into elaborate mythical frameworks are under-
standable.

The observation and measurement of the complex
movements of the *Sun, the *Moon, and the *planets
against the complex background of the “fixed” *stars
required great patience, dedicated record keeping,
and the ingenious use of primitive instruments for
measuring angles. Some such activity was maintained
in Medieval Europe while much other Classical
knowledge was lost, assisted by the necessity of
keeping track of religious festivals, especially Easter;
astronomy was included in the major section of the
Medieval university curriculum, the Quadrivium,
along with arithmetic, geometry, and music. Signifi-
cant advances in observational astronomy were made
by Islamic scientists, including the star catalogue as-
sembled by Abdal Rahaman al Sufi and the astro-
nomical tables collated by Ibn Junis in the tenth
century, but this information was lost to western
Europe when the Moors were expelled from Spain.

By the sixteenth century, European astronomical
observations were facilitated by cross-sticks and other
instruments for making more accurate determinations
of the relative positions of heavenly objects; astro-
labes became commonplace as aids to observation
and navigation. Much excitement was generated by
Tycho Brahe’s discovery of a “new star” (a *nova) in
1572. The astronomical application of *telescopes in
the early seventeenth century by *Galileo and his
successors was a crucial breakthrough; the
subsequent elucidation of the laws of planetary mo-
tion by John *Kepler was not merely a triumph for
the heliocentric theory of the solar system but a key
demonstration of the clarifying power of scientific
laws based on accurately measured observations.

The heavens play an important background role in
all literature, and ideas regarding the significance of
particular objects have always featured extensively in
literary imagery. The Italian humanist Jovianus Pon-
tanus wrote a celebration of the newly reborn science
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in Urania before 1500, and the impact of the revolu-
tion wrought by Galileo and Kepler was quickly felt;
John Donne’s An Anatomy of the World (ca. 1612)
observes that “Man hath heaved out a net, and this
net thrown / Upon the heavens, and now they are his
own”. Literary responses to the seventeenth-century
advancement of science inevitably saw astronomical
revelations as their core; writers reacting against the
new science, as Jonathan Swift did in the third book
of Gulliver’s Travels (1726), had first to deride and
diminish astronomers. Swift caricatures them as phys-
ically perverted individuals whose protruding eyes are
determinedly looking in opposite directions, losing
sight of the horizontal dimension in which their fellow
men are located. Samuel Johnson’s Rasselas (1759)
features a comically mad astronomer, while the fool-
ish astronomers in Samuel Butler’s “The Elephant in
the Moon” (1759) mistake a mouse and a swarm of
insects on the objective lens of their telescope for
gargantuan lunar life-forms.

Having been cast as heretics, early astronomers
and their champions had little alternative but to be-
come ingenious in the employment of *rhetorical
devices to support their positions. The Classical dia-
logue was effectively renewed by Galileo and played a
significant role in debates regarding the *plurality of
worlds. Visionary voyages through space were pro-
duced in some profusion in the wake of Kepler’s
Somnium (1634), including the one appended to
John Wilkins’ Discovery of a New World (3rd ed.,
1640) and Christian Huygens’ Kosmotheoros (1698).
Astronomers thus became the first scientists to make
calculated use of fiction in *popularising their work,
and the tradition founded by Kepler and Huygens
was robustly continued in subsequent centuries.

The first celebrity astronomer, Sir William
Herschel—the discoverer of *Uranus—was the inspi-
ration of John Wolcot’s “Peter’s Prophecy” (1782;
by-lined Peter Pindar) and subsequently took a
starring role in Alfred Noyes’ epic history of the
Enlightenment, The Torch-Bearers (1937). His equally
famous son, Sir John Herschel, became one of the
most successful popularisers of the science and
inspired Richard Adams Locke to credit him with
the discovery of life on the Moon in a series of articles
in the New York Sun in 1835. The hoax was perpe-
trated against the background of a concerted attempt
to revitalise American astronomy, also reflected in
the propagandistic journalistic endeavors of Simon
Newcomb and Garrett P. Serviss—both of whom
went on to write science fiction novels—and Edgar
Allan *Poe’s lyrically ambitious Eureka (1848).

The American campaign was successful; by 1875
the United States had more observatories, and more
astronomers, than any other nation, securing it the
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leading role in the subsequent advancement of the
science. The charisma of astronomy attracted such
acolytes as Percival Lowell, the descendant of an emi-
nent Boston family, who came to it in middle age,
having followed his career as a businessman with vari-
ous travels and diplomatic diversions. He founded an
observatory at Flagstaff, Arizona, in 1894 and became
an enthusiastic populariser of supposed astronomical
discoveries relating to the planet *Mars. He also
instituted a search for a trans-Neptunian planet.

European *scientific romance was similarly re-
sponsive to new discoveries in astronomy; Camille
*Flammarion was an important contributor to the
genre and lunar observations were extravagantly de-
tailed in Jules *Verne’s Autour de la lune (1870; trans.
as Around the Moon). Observations of Mars had an
even greater impact when they were popularised, but
Butler’s skepticism was justified in that instance by
the notoriously mistaken “discovery” of Martian
“canals”. The enhancement of astronomical observa-
tions by *photography and the *spectroscope, and the
continual discovery of new heavenly bodies—mostly
*comets and asteroids—added considerably to the
inspirational quality of the science.

In spite of this inspirational aspect, astronomers
were often seen by litterateurs as archetypes of un-
worldliness; notable examples include Swithin St.
Cleeve in Thomas Hardy’s Two on a Tower (1881)
and Professor Larrabee in Edward Bellamy’s “The
Blindman’s World” (1886). The protagonist of
Agnes and Egerton Castle’s The Star Dreamer
(1903) is an archetypal escapist, redeemed from his
solitary vice by the love of an alchemist’s daughter.
One of Georges Mélies’ earliest movies, The Astron-
omer’s Dream (1898), gave a literal dimension to
Flammarion’s fascination with the muse of astrono-
my, Urania. The tradition was further extended by
such extravagant visionary fantasies as Clark Ashton
Smith’s “The Planet of the Dead” (1932).

The honeymoon period in which writers of specula-
tive fiction seized reports of new astronomical obser-
vations avidly did not last long into the twentieth
century, when a conflict of interest developed between
astronomy and science fiction. Most writers of fiction
wanted the other worlds within the solar system to be
habitable Earth-clones, in order that they might serve
as convenient narrative venues, but the discoveries
made by astronomers continually contradicted to this
supposition. The fact that writers tried so hard to
retain the notion that other planets might be habitable,
long after astronomy had produced conclusive proof
that they were not, was a matter of desperation in the
attempt to conserve a valuable narrative resource.

Some of the key shifts in the pattern of twentieth-
century science fiction were reluctant and defiantly
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belated adjustments to the reality of the situation
revealed by astronomical observations of the planets.
The expansion of pulp science fiction to a galactic
stage would have happened anyway, simply because
the stage was there, but the notion of the Milky Way
as a potentially infinite reservoir of Earth-clone
worlds was a straightforward reflection of narrative
need, which took glad advantage of the limitations of
astronomical observation. The notion of *terra-
forming similarly arose as a defensive move against
the corrosive effect of astronomical observations of
the other planets in the solar system.

This inhibition of the science-fictional imagination
was, however, compensated by the unexpected
rewards of astronomical observation of objects out-
side the solar system. The early development of genre
science fiction in the 1920s coincided with spectacu-
lar discoveries in astronomy, most notably Edwin
Hubble’s proof of Immanuel Kant’s “island universe”
conjecture, and the consequent discovery—resulting
from the measurement of galactic Doppler shifts—
that the universe is expanding. Science fiction had
no actual need of an expanding universe, or of any
stage beyond the home galaxy, but the sheer grandeur
of the notion renewed and reemphasised the inspiring
effect of the victory of the heliocentric model of the
solar system, and brought into being the spectacular
narrative of *big bang cosmology.

The utility of astronomers as characters in fiction
was assisted in the early twentieth century by the
continuing role played by hobbyist amateurs working
with relatively primitive equipment. Assiduous star-
gazers armed with simple telescopes, working alone or
in the context of amateur societies, were still able to
make discoveries—especially new comets—because
the increasing power of large optical instruments
was inevitably correlated with a narrowing of their
fields of view. Radio astronomy was pioneered in the
1940s by the amateur *radio enthusiast Grote Reber
before it became a major aspect of professional as-
tronomy. As the century came to its close, however,
amateur astronomers were largely relegated to histor-
ical fantasies such as Ian McDonald’s “King of
Morning, Queen of Day” (1988).

As twentieth-century astronomy diversified into
radio astronomy and x-ray astronomy its discoveries
became more bizarre and their visionary implications
more extravagant. Such newfound entities as super-
novas, quasars, and pulsars were all co-opted by hard
science fiction writers avid to celebrate their apocalyp-
tic potential, or to dramatise possible explanations in
terms of neutron stars and *black holes. The advent of
radio astronomy made a particular impact, by virtue
of the possibility that radio signals broadcast by *alien
intelligences might be intercepted, giving rise to an



actual Search for Extra-Terrestrial Intelligence along-
side a significant subgenre of *SETI fantasies.

Several twentieth-century astronomers continued
the Kepler/Huygens tradition of writing fiction dra-
matising the romance of their science, most notably
Fred *Hoyle—whose The Black Cloud (1957) is an
outstanding fictional account of astronomical discov-
ery—and Robert S. Richardson, the latter often using
the pseudonym Philip Latham. Such Latham stories as
“The Xi Effect” (1950), “To Explain Mrs. Thompson™
(1951), “Disturbing Sun” (1959), “Under the Dra-
gon’s Tail” (1966), and “The Dimple in Draco”
(1967) dramatise the work of astronomers and its
imaginative implications very effectively. Other nota-
ble science fiction stories featuring professional
astronomers at work include Edward Bryant’s “Parti-
cle Theory” (1977), Gregory Benford’s “Exposures”
(1981), Walter Cuirle’s “Truck Stop” (2002), and
David Brin’s “A Professor at Harvard” (2003).

The launch of the Hubble Space Telescope in 1990
encouraged the production of accounts of extraterres-
trial astronomy; lunar settings are employed in such
stories as Alexis Glynn Latner’s “The Listening-
Glass” (1991) and Robert Reed’s “Lying to Dogs”
(2002). New techniques continued to serve as an in-
spiration when they arose, as the use of “gravitational
lenses” to image distant objects did in Frederik Pohl’s
“Hatching the Phoenix” (1999-2000). The astrono-
mer’s dream of making more intimate contact with
the objects of his fascination continued to produce
such whimsical wish-fulfillment fantasies as James
Stoddard’s “The Star Watch” (2001).

ATOM
A fundamental particle of *matter, one of the key
hypotheses of theoretical *physics. The idea that all
matter is made up of simple atoms in aggregation or
combination dates back at least as far as the fifth
century B.C., when it was developed by Leucippus
and Democritus, the latter’s theory being further de-
veloped by Epicurus. In this view, all material change
consists of the rearrangement of simple, enduring,
and unalterable components—a thesis whose appeal
was partly rational and partly aesthetic. Atomism was
contradicted by Parmenides and Zeno, who objected
to the notion that there could be a void in which
atoms moved, preferring the notion that *space was
a plenum. It was also opposed by Anaxagoras, who
argued that the ultimate constituents of matter must
be versatile ““omiomeres”’.

*Plato combined the ideas of earlier atomists and
the *Pythagoreans in a *geometrical atomic theory,
proposing that the atoms of the four *elements were
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shaped in the fashion of the four “perfect solids”
(regular polyhedra). *Aristotle, by contrast, preferred
to analyse matter in terms of primordial qualities
rather than constituent objects; because Aristotelian
ideas became orthodox in the context of Christianity,
most medieval philosophers were similarly opposed
to atomic theory. Ian Watson’s “Ghost Lecturer”
(1984) offers a literary account of a classical atomist
defending his thesis.

Atomism was revived during the Renaissance,
when it was supported by Giordano Bruno and
*QGalileo, but nothing significant was added to
Epicurean theory until Pierre Gassendi proposed in
the early seventeenth century that atoms must form
intermediate aggregations—molecules—that acted as
building blocks for more complex structures. This
thesis was further developed by Robert Boyle’s Scyp-
tical Chymist (1662), which rejected the four Classical
elements in favour of a much more elaborate “cor-
puscular philosophy” but still attempted to account
for the combination of atoms in a quasi-Platonic
fashion, by reference to their shapes.

Boyle’s theory was further elaborated by John
Locke in his Essay on Human Understanding (1690),
but remained controversial; René Descartes remained
an orthodox plenarist, while Gottfried Leibniz con-
ceived atoms as “points of energy’’ rather than mate-
rial objects. Atomism was afflicted by internal
confusion regarding the manner of atomic associa-
tion. Pierre Maupertuis and Denis Diderot hypothe-
sised that atoms were animate, engaging in active
cooperation. Baron Holbach refused to countenance
sensitive atoms, but did allow that they could only
associate in defined combinations. In 1758, Roger
Boscovitch proposed that Leibnizian points of energy
must be surrounded by ‘““fields” of attraction and
repulsion.

The foundations for a new atomism were laid by
Antoine Lavoisier and Joseph Priestley, whose experi-
ments in *chemistry demonstrated the compound na-
ture of water and air, and identified their constituent
elements. Such developments attracted little literary
interest, although William Blake took the trouble to
opine in 1793 that “The Atoms of Democritus / And
Newton’s Particles of Light / Are Sands upon the Red
sea shore / Where Israel’s tents do shine so bright”.
The new atomic theory was systematised by John
Dalton’s 4 New System of Chemical Philosophy
(1808), which included a prototype of the rules by
which the chemical formulas of compounds could be
determined and represented: the basic conceptual
equipment of modern chemistry.

Although Dalton differentiated between different
kinds of atoms in terms of their weights, thus
favouring a particulate theory, modification of the
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Leibnizian notion of points of energy continued.
Hermann von Helmholtz and Lord Kelvin conceived
of atoms as Cartesian ““vortex rings” in the *ether.
James Clerk Maxwell, whose electromagnetic theory
centralised the notion of a luminiferous ether, agreed
with them, dramatising his notion of atoms in the
posthumously published poem “To the Chief Musi-
cian Upon Nabla: A Tyndallic Ode” (1882). The
*positivist philosopher Auguste Comte, on the other
hand, deemed any talk of the structure of matter
purely speculative and hence irrelevant to scientific
discourse. Comte’s disciples among theoretical physi-
cists, including Marcelin Berthelot, Ernst Mach, and
Pierre Duhem, became significant skeptical voices in
a debate that grew increasingly intense in the late
nineteenth century.

The ultimate fruit of Dalton’s analytical system
was Dmitri Mendeleev’s periodic table of the elements
(1869), whose arrangement of the elements in order of
their atomic weights credited each one with an atomic
number, filling an arithmetic series that appeared to
stretch from 1 to 92. Mendeleev also made much of
Edward Frankland’s notion of valency, which deter-
mined the ratios in which various atoms could com-
bine to form compounds. Attempts to explain the
phenomena of atomic number and valency became a
key stimulus to the further development of atomic
theory. The debate involved philosophers as well as
chemists and physicists, and its boundaries were suf-
ficiently elastic to take in Karl *Marx, Friedrich
Nietzsche, and Henri Bergson. Literary uses of the
concept remained almost exclusively limited to the use
of the atom as one element of an extreme contrast
of sizes—the ultimate extension of the concept of a
*microcosm—although Alfred, Lord Tennyson’s cel-
ebration of Lucretius (1868), the Roman populariser
of Epicurean philosophy, credits him with a vision of
“flaring atom-streams”’.

The atomic controversy entered a new phase when
Lord Kelvin’s son, J. J. Thomson, determined in 1897
that “‘cathode rays” were units of *electricity—
George Stoney labeled them “‘electrons”—and pro-
posed that they were subatomic particles involved in
the formation of all kinds of atoms. This notion was
corroborated by Henri Becquerel’s discovery of the
radioactive decay of uranium and the Curies’ deter-
mination that beta *radiation consisted of fast-
moving electrons. Lord Rutherford determined that
the number of electrons in an element corresponded
to its atomic number. To account for the mass and
electrical neutrality of atoms, Thomson proposed that
there must also be a positive component of more
considerable substance, initially hypothesising a
spherical, positively charged ‘“cloud” in which elec-
trons were contained but replacing this model in 1911
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by one in which the atom resembled a solar system,
with the electrons orbiting a nucleus of positively
charged protons. The notion of “splitting atoms”—
which had long enjoyed a fugitive existence on the
edges of philosophical debate, usually featuring as an
example of *impossibility—was now transformed into
a practical possibility. It was in the context of this
series of discoveries that atomic theory began to func-
tion as a significant inspiration to literary speculation.
The notion of technological transmutation ac-
quired a new fashionability in the context of Dalto-
nian atomic theory, reflected in such romances as
Robert Duncan Milne’s “A New Alchemy” (1879)
and Arthur Conan Doyle’s The Doings of Raffles
Haw (1891); the idea was further sophisticated in the
context of Rutherford’s model by such stories as
Clement Fézandie’s “The Secret of the Philosopher’s
Stone (1923) and Miles J. Breuer’s “The Driving
Power” (1930). The idea that there might be an ulti-
mate substance of which all subatomic particles were
composed also resurfaced in such stories as Frank
Conly’s “False Fortunes” (1914), in which the primal
substance is called the Id. Transmutation and atomic
disintegration are seen as corollaries of the same
process of atomic management in such melodra-
mas as Eden Phillpotts’ Number 87 (1922; by-lined
Harrington Hext), Victor McClure’s The Ark of the
Covenant (1924, aka Ultimatum), and E. Charles
Vivian’s Star Dust (1925). Disintegration was the
more melodramatic of the two notions, and was
more frequently developed in isolation, in such
works as Julian Hawthorne’s “The Uncertainty
about Mr. Kippax” (1892), Robert Cromie’s The
Crack of Doom (1895), John Taine’s Green Fire
(1928), and William Gerhardi’s Jazz and Jasper
(1928; aka Eva’s Apples and Doom). The idea was
quickly refined, in the context of future *war stories,
into the possibility of building an *atom bomb.
Popularisation of the solar model also gave rise to
the idea that the atoms of our world might be solar
systems in a microcosm and the solar systems of our
world atoms in a *macrocosm, celebrated in such
works as R. A. Kennedy’s The Triuniverse (1912).
Although Ray Cummings’ “The Girl in the Golden
Atom” (1919) does not feature an atomic solar sys-
tem, it became the forerunner of a pulp magazine
subgenre of microcosmic romances developing that
notion, spearheaded by G. Peyton Wertenbaker’s
“The Man from the Atom” (1923). Such fantasies
offered the only convenient means by which narrative
viewpoints could gain active access to the subatomic
realm. The relatively modest notion of looking into
atoms with the aid of a supremely powerful *micro-
scope, broached by Edward van Zile’s “Chemical
Clairvoyance” (1890), was likewise introduced to the



pulps by Cummings’ story, and used didactically in
Clement Fézandie’s “The Secret of the Atom” (1921).

Rutherford’s atomic model could not account for
the emission spectra of different types of atoms until
Niels Bohr integrated it with Max Planck’s quantum
theory in 1913 to produce a spectacular hybrid, in
which electrons could occupy a series of discrete sta-
tionary states whose transitions were determined by
the radiation or absorption of quantified energy,
causing them to leap from one stable orbit to another.
This syncretic combination of hypotheses lent a new
sharpness to old controversies regarding contrasted
models of *light, whose attempted resolution by such
theorists as Bohr, Max Born, Louis de Broglie, Erwin
Schrédinger, Wolfgang Pauli, and Werner Heisenberg
instituted a spiral of intensive mathematical and con-
ceptual complication that wrought a comprehensive
alienation of theoretical physics from common sense.

As the new arcana of subatomic physics became
increasingly complex, the number of subatomic par-
ticles and explanatory schemes intended to organise
them proliferated rapidly. The neutron was added to
the mix in 1932, explaining why elements had atomic
weights greater than their atomic numbers, and why
elements had different isotopes—in which the same
number of protons was combined with variant num-
bers of neutrons—some of which were much less
stable than others. The complexities of twentieth-cen-
tury atomic theory did not lend themselves readily to
narrative extrapolation, although some heroic
attempts were made to provide accounts of what
Bohr atoms might look like to a microcosmic observ-
er—most notably the stories in George Gamow’s Mr.
Tompkins Explores the Atom (1944) and James Blish’s
“Nor Iron Bars” (1957).

The blurring of the image of the solar atom could
not disturb the iconic visual representation of the
atom as an “atom-flower” comprising a nucleus and
three symmetrically distributed oval orbits, which
became a familiar symbol in science fiction illustra-
tion in the 1930s and proliferated very extensively
after 1945, but it did lend itself to the elliptical poten-
tial of imagistic *poetry. The revelation of the ex-
traordinary  “‘extended family” of subatomic
particles prompted such responses as John Updike’s
meditation on neutrinos, “Cosmic Gall”’ (1963), while
poetic representations of atoms and atomic decay are
occasionally featured as sidebars in prose fiction, as in
Dean McLaughlin’s “Ode to Joy” (1991).

Some fictitious subatomic particles, like the plane-
tron in Philip Latham’s “The Blindness” (1946) and
the one featured in Thomas M. Disch and John T.
Sladek’s parodic “The Discovery of the Nullitron”
(1967), are deliberately fanciful, but *hard science
fiction stories working within the context of
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theoretical physics, such as Richard and Nancy
Carrigan’s “Minotaur in a Mushroom Maze” (1976)
and Paul Preuss’ Broken Symmetries (1983), some-
times offer more plausible candidates.

The theoretical quest for new ultimate particles out
of which all subatomic particles are composed, as
embodied in the quark hypothesis developed in 1961
by Murray Gell-Mann, is reflected in such fictions as
Ray Brown’s “Quiddities” (1983). Gell-Mann appro-
priated the term from a literary reference in James
Joyce’s Finnegans Wake (1939), to “three quarks for
Musther Mark”. This seemed apt because of the prop-
osition that quarks were essentially bound together in
threes; the fact that the Joycean term is a corruption of
“quart” has no significance in the physical theory.
The iconic significance thus conferred on the term
resulted in its widespread further adaptation, as in
the Hawkwind album Quark, Strangeness and Charm
(1977), and the title of Samuel R. *Delany and
Marilyn Hacker’s revue of avant-garde science fiction.
“Quark alignment” is the key to *hyperspace in
William Walling’s The World I Left Behind Me (1979).

ATOM BOMB

A *weapon generating a destructive explosion by
means of nuclear fission or fusion; the fusion version
was initially called an H-bomb (H standing for hydro-
gen) following its invention in the early 1950s, to
distinguish it from existing weapons whose name
had been routinely shortened to A-bomb. The inher-
ently violent and transgressive notion of “splitting the
*atom” originated as a philosophical problem asso-
ciated with the notion of ultimate particles. The idea
acquired new meaning in the context of modern
atomic theory, greatly encouraged in 1902 when
Lord Rutherford and Frederick Soddy demonstrated
the instability of such heavy atoms as uranium and
radium. The idea that the continuous spontaneous
decay of a radioactive substance might be explosively
accelerated seemed an obvious corollary, invested
with further plausibility when Albert *Einstein pub-
lished the iconic formula E = mc? in 1905. A year
later, George Griffith incorporated atomic missiles
fired by bazooka-like launchers in The Lord of La-
bour, although the unfinished text was not published
until 1911.

H. G. Wells featured bombs detonated by an ato-
mic ‘“chain reaction” in The World Set Free (1914),
imagining that they would be able to explode several
times over. Other early images of atomic weapons are
featured in Arthur Train and Robert W. Wood’s The
Man Who Rocked the Earth (1914; book, 1915), Marie
Corelli’s The Secret Power (1921), Karel Capek’s
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Krakatit (1924), and Ernest Pérochon’s Les hommes
frénétiques (1925). Awesomely destructive atom
bombs were incorporated into the calculations of
some of the political fantasies published between the
wars, most notably Harold Nicolson’s Public Faces
(1932), which cynically argued that the deployment of
a “weapon too dreadful to use” was virtually inevita-
ble—an argument carried forward into such “dooms-
day weapon” fantasies as Alfred Noyes’ The Last
Man (1940). P. Schuyler Miller’s “The Atom Smash-
er” (1934) was the most notable of four similarly
titled stories from the early science fiction pulps.

The possibility of making an atom bomb gained
new practicality in 1938 when Otto Hahn and Fritz
Strassman discovered that elements of smaller atomic
weight were produced when uranium was bombarded
with neutrons. Theoretical explanations of the re-
sult—including Niels Bohr’s suggestion that the reac-
tion only involved one isotope, uranium-235—Ied
Enrico Fermi to suggest that neutrons produced in
the fission reaction might provoke further fission
reactions in their turn, thus establishing a self-
sustaining chain reaction. This suggestion could be
extrapolated in two ways: into the notion that a
fast-accelerating chain reaction might be used explo-
sively in atomic bombs, and the notion that a stabi-
lised reaction might become the basis for a technology
of *nuclear power. When the United States was
drawn into World War II in December 1941 the
Manhattan Project was immediately established,
under a tight security blanket, to produce fission
bombs using uranium-235 and plutonium-239; the
bomb eventually dropped on Hiroshima on 6 August
1945 was the former type, the one dropped on Naga-
saki on 9 August the latter.

The significance of Hahn and Strassman’s results
was swiftly recognised by John W. *Campbell Jr.,
who had already written several stories about nuclear
power; he immediately began encouraging the science
fiction writers working under his aegis to explore both
sets of corollaries. This helped generate several atom
bomb stories before and during World War II; Camp-
bell was exultant when Cleve Cartmill’s “Deadline”
(1944) attracted attention from government agents
anxious that the Manhattan Project had been com-
promised. Philip Wylie received a more traumatic
visit from the FBI after writing “The Paradise
Crater”, whose publication date was delayed until
1945; two comic book stories involving Superman
with atom bombs were also suppressed.

Campbell’s immediate reaction to Hiroshima—in
the editorial “Atomic Age” in Astounding’s November
1945 issue—was triumphant, citing Lester del Rey’s
“Nerves” (1942) and Robert A, Heinlein’s “Blowups
Happen” (1940) and “Solution Unsatisfactory” (1941;
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by-lined Anson MacDonald) as important anticipa-
tions proving science fiction’s worth. Campbell pro-
claimed that “Civilisation [as previously imagined] is
dead” because the “Doomsday Bomb” would be a new
“Equaliser” forcing the world to choose between “an
era of international good manners—or vast and sud-
den death”. His “Postwar Plans™ in the February 1946
issue emphasised the dual potential of atomic power by
running two articles in parallel columns, one setting
out a “‘Plan for Survival” (building bomb shelters) and
the other a “Plan for Expansion” (building nuclear
reactors). In “Concerning the Atomic War” (1946),
he asserted that the United States could no longer be
invaded, because its carefully-stored nuclear weapons
would always be able to strike back, even after its
devastation.

These articles provided a new agenda for Astound-
ing’s writers; Theodore Sturgenon’s ‘“Memorial”
(April 1946) and “Thunder and Roses” (November
1947) are skeptical meditations on two of their
themes. In Frank Belknap Long’s “Guest in the
House” (March 1946), a mutant from the future
draws an inhabited house from the First Atomic
Age into a world of inchoate mist beyond the Great
Holocaust. In Arthur C. *Clarke’s ““Loophole” (April
1946), Martians forbid humans to develop space trav-
el and are bombed into oblivion by way of response.
The May 1946 cover—advertising Chan Davis’ “The
Nightmare”—blazoned that title above an explosion
silhouetting the Statue of Liberty; the issue also car-
ried A. E. van Vogt’s “A Son is Born”, the first of a
series recycling Roman history within a futuristic
Empire of the Atom, in which atomic fission is the
object of worship in an organised religion. George
O. Smith’s “The Undamned” (January 1947) begins
with the words “Plutonium was an equaliser”.
Astounding’s first mushroom cloud cover (November
1950, signed Pattee) was symbolically ambivalent,
showing a spaceship ascending within the cloud’s
“stem”, observed by an x-ray image of a human
holding up an atom-flower icon.

Other pulp science fiction stories took a more di-
rect approach, as exemplified by Roger P. Graham’s
“Atom War” (1946, by-lined Rog Phillips), and
book publications followed a similar trend. Malcolm
Jameson’s pulp melodrama about a “breeder” reac-
tion running catastrophically out of control, “The
Giant Atom™ (1944), was hastily reprinted after
Hiroshima as Atomic Bomb (1945), spearheading an
inevitable boom in atom bomb novels whose most
notable early entries included F. Horace Rose’s The
Maniac’s Dream (1946) and Judith Merril’s Shadow
on the Hearth (1950). Upton Sinclair’s A Giant’s
Strength (1948) introduced the atom bomb threat to
the theatre. Although its introduction to U.S. cinema



was delayed until Arch Oboler’s Five (1951), a
tangential commentary was offered in a Czech adap-
tation of Krakatit (1948). The notion that an atom
bomb might be employed by terrorists was broached
in Philip Wylie’s The Smuggled Atom Bomb (1951)
and David Divine’s Atom at Spithead (1953) and
was soon extrapolated into a subgenre of nuclear
blackmail thrillers, including Robert Moore Williams’
The Day They H-Bombed Los Angeles (1961) and Jeff
Sutton’s H-Bomb over America (1967). The subgenre’s
changing fashions are trackable in Martin Caidin’s
Devil Takes All (1966), Almost Midnight (1971), and
Zoboa (1986).

Post-atomic war stories—routinely described as
“post-holocaust stories”—became one of the most
significant subgenres of speculative fiction in the
1950s, both within and without genre science fiction.
The most notable examples include Wilson Tucker’s
The Long Loud Silence (1952), Ward Moore’s “Lot”
(1953), Philip Wylie’s Tomorrow (1954), Algis Budrys’
False Night (1954; rev. as Some Will Not Die), Pat
Frank’s Forbidden Area (1956; aka Seven Days to
Never) and Alas, Babylon (1959), Nevil Shute’s On
the Beach (1957), Mordecai Roshwald’s Level 7
(1959), Alfred Coppel’s Dark December (1960), and
Walter M. Miller’s 4 Canticle for Leibowitz (1960).
Images of a holocaust-devastated New York were
featured in Harold Rein’s Few Were Left (1955),
Martin Caidin’s The Long Night (1956), and Kendell
Foster Crossen’s The Rest Must Die (1958, by-lined
Richard Foster). Subtler accounts of atomic spolia-
tion included Fritz Leiber’s “Coming Attraction”
(1950), “The Moon Is Green” (1952), and “A Bad
Day for Sales” (1953).

The atom bomb’s iconic mushroom cloud
remained the central image of apocalyptic fantasy
throughout the 1960s, although it was complemented
in that decade by anxieties about *population and
*pollution. Subsequent atomic holocaust stories in-
clude Glen Cook’s The Heirs of Babylon (1972),
David Graham’s Down to a Sunless Sea (1979), and
James Morrow’s This Is the Way the World Ends
(1986). Stories of extraterrestrial survival after the
atomic destruction of Earth exercised a particular
fascination on science fiction writers committed to
the idea of space *colonisation; it is poignantly devel-
oped in Ray Bradbury’s The Martian Chronicles
(1950) and retained a similar elegiac quality in such
tragedies as Edmond Hamilton’s “After a Judgment
Day” (1963) before acquiring a new realism in such
works as Thomas N. Scortia’s Earthwreck! (1974) and
Joe Haldeman’s Worlds series (1981-1992).

As soon as the A-bomb had demonstrated its
power, Hans Bethe’s proposal that the energy of
stars derives from fusion reactions that produce
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helium from hydrogen was fed into nuclear weapons
research. Experiments proved that fusion reactions
using the “heavy hydrogen” isotopes deuterium and
tritium could indeed be explosively generated. The
first U.S. H-bombs were manufactured and tested in
1952-1953. The rapid acquisition of the technology
by the Soviet Union caused an alarm reaction that
intensified the Cold War, providing the inspiration
for an enormous quantity of thriller fiction and
secured the popularity of late twentieth-century spy
fiction. Early H-bomb stories include Ronald Dun-
can’s The Last Adam (1952) and Warwick Scott’s The
Doomsday Story (1952).

In the cultural climate of the Cold War the testing
of atom bombs gave rise to fervent anxieties, manifest
in a wide range of stories about potentially disastrous
side effects—especially atmospheric “fallout”—spear-
headed by Pat Frank’s Mr. Adam (1946) and Roger P.
Graham’s “So Shall Ye Reap” (1947, by-lined Rog
Phillips). Jay Franklin’s The Rat Race (1950), Gerald
Kersh’s “The Brighton Monster” (1948), and Isaac
Asimov’s “Breeds There a Man...?” (1951) feature
very odd side effects, but the most bizarre fantasies
of this kind were seen in the *cinema. Straightforward
exercises in alarmism such as The Day the Earth
Caught Fire (1961) were slow to appear there, but
movies in which atom bombs attracted the censorious
attention of horrified aliens, as in The Day the Earth
Stood Still (1951), had a considerable impact. They
were supplemented by a remarkable series of fantasies
in which atomic tests wake dormant prehistoric
monsters. The Beast from 20,000 Fathoms (1953) was
parent to an entire subgenre, extrapolated in such
B-movies as It Came from Beneath the Sea (1955)
and successfully exported to post-Hiroshima Japan
in Gojiro (1955; aka Godzilla). The visual dimension
given to the tests in such movies as The Amazing
Colossal Man (1957) routinely borrowed—and con-
tinually recycled—photographs taken in the course of
actual tests; one particular image of a disintegrating
house was shown thousands of times over in the
cinema and on TV.

The advent of the atom bomb seemed to many
observers to be a crucial break in human history,
reflected in such essays as Gunther Anders’ “Reflec-
tions on the H-Bomb” (1956). Its moral dimension
was luridly highlighted in Robert Jungk’s journalistic
“expos¢” Brighter Than a Thousand Suns (1956; trans.
1958), which alleges that German scientists conspired
to prevent Hitler from obtaining an atom bomb, while
U.S. scientists made a diabolical bargain; J. Robert
Oppenheimer is likened to Faust, while Leo Szilard—
who had earlier imagined “My Trial as a War Crimi-
nal” (1949)—is cast as the voice of conscience. Jungk’s
thesis was subjected to further literary elaboration in
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Pearl S. Buck’s Command the Morning (1959). A sum-
mation of the existential significance of the bomb was
attempted in J. G. Ballard’s “The Terminal Beach”
(1964), whose protagonist maroons himself in the
derelict landscape of the H-bomb test-site island of
Eniwetok.

The build-up of nuclear weapons in the real world
was justified by the logic of deterrence and the neces-
sity of keeping abreast, if not ahead, in an “arms
race”. The escalation of weapons stocks was reflected
in a rapid growth in futurological attempts to foresee
the likely course of a nuclear war, which similarly
made much of the notion of inevitable escalation,
as reflected in such painstaking political thrillers as
S. B. Hough’s Extinction Bomber (1956) and Beyond
the Eleventh Hour (1961), Peter George’s Two Hours
to Doom (1958, by-lined Peter Bryant; aka Red Alert)
and Eugene Burdick and Harvey Wheeler’s Fuil-Safe
(1962), and in such vitriolic satires as the movie loose-
ly based on George’s novel, Stanley Kubrick’s Dr.
Strangelove, or How I Learned to Stop Worrying and
Love the Bomb (1963). The satirisation of the nuclear
arms race was assisted by such acronyms as MAD,
which signified the doctrine of “mutual assured de-
struction” that provided the bedrock of deterrence
theory.

Inevitably, nuclear proliferation and Cold War
antagonism called forth ideological opposition in
such forms as the British Campaign for Nuclear Dis-
armament (CND), whose annual marches to the
Atomic Weapons Research Establishment at Alder-
maston in the late 1950s and early 1960s included
such participants as Bertrand *Russell and science
fiction writer John Brunner. A small subgenre of
CND fantasies emerged in Britain, whose most
graphic products included Ian Watson’s horror novel
The Power (1987). A substantial subgenre of caution-
ary tales grew up in children’s fiction, most extrava-
gantly displayed in the work of the German writer
Gudrun Pausewang and such English-language
novels as Robert C. O’Brien’s Z for Zachariah
(1975). Leigh Kennedy’s Saint Hiroshima (1987) is a
character study of obsessive fear of the atom bomb.
David Langford’s The Leaky Establishment (1984) is
an unsettling parody of life at Britain’s Atomic Weap-
ons Research Establishment by a former employee,
which the Ministry of Defence nobly declined to cen-
sor. Atom bomb tests by various nations, including
neighbouring rivals India and Pakistan, helped to
maintain an anxiety reflected in such stories of tests
gone awry as Dean McLaughlin’s “The Permanent
Implosion” (1964).

The strong likelihood of nuclear war inspired such
nonfictional texts as Pat Frank’s How to Survive the
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H-Bomb and Why (1962) and Dean Ing’s “Gimme
Shelter!”” (1982), and the growth of actual survivalist
movements looking forward to the day when nuclear
war would apply a coup de grace to the irredeemably
sick world. Earnest accounts of post-holocaust sur-
vival such as Ing’s Systemic Shock (1981) and Pulling
Through (1983) and David Brin’s The Postman (1985)
were supplemented from the 1980s onwards by a
prolific subgenre of survivalist fiction—including ex-
tensive series bearing such by-lines as Jerry Ahern,
James Barton, and James Axler—which relished the
thought of the West’s reversion to new extremes of
wildness, and used post-holocaust scenarios to deve-
lop an elaborate pornography of violence.

Atomic bombs attained a new versatility in the
1970s by virtue of the advent of the neutron bomb,
sometimes advertised as a bomb that would kill peo-
ple without destroying property, and consequent dis-
cussion of “‘tactical” nuclear weapons that might be
deployed on battlefields. Weapons of these sorts rap-
idly became integrated into future war stories. Futur-
ological accounts of the likely course and consequence
of a nuclear war were complicated in the 1980s by the
notion that any substantial nuclear exchange would
blast enough dust into the upper atmosphere to pre-
cipitate an ecocatastrophe of a type that became
known as a ‘“nuclear winter”, as described and
popularised in The Nuclear Winter: The World After
Nuclear War (1985) edited by Carl *Sagan and 4 Path
Where No Man Thought: Nuclear Winter and the End
of the Arms Race (1990) by Sagan and Richard
Turco. Dramatisations of the idea include Ben
Bova’s “Nuclear Autumn” (1985) and Frederik
Pohl’s “Fermi and Frost™ (1985). The threat of atomic
terrorism was renewed by the fear of low-tech “dirty
bombs” designed to contaminate rather than evapo-
rate, as featured in such stories as Judy Kless’ “We’ll
Have Manhattan’ (2004).

The atom bomb’s status as a historical turning
point is investigated in numerous *alternative history
stories. Frederik Pohl and C. M. Kornbluth’s conclu-
sion in ‘“Nightmare with Zeppelins” (1958) that
an atom bomb really would have seemed too dreadful
to use in the Victorian era is echoed in Ronald W.
Clark’s Queen Victoria’s Bomb (1967). Clark’s The
Bomb that Failed (1969; aka The Last Year of
the Old World) and Alfred Coppel’s The Burning
Mountain (1983) track what might have happened if
the Manhattan Project had failed. Kim Stanley
Robinson’s “The Lucky Strike” (1984) imagines
what might have ensued had the U.S. pilot charged
with dropping the Hiroshima bomb refused to carry
out the order. The Nagasaki explosion is the “inciting
incident” in Julian May’s far-ranging historical



fantasy Intervention (1987). Kevin J. Anderson’s The
Trinity Paradox (1991) explores what might have hap-
pened had Nazi Germany developed the atom bomb.

AUTOMATION

The replacement of animal and muscle power by
mechanical processes in the production of material
goods. The first major historical phase of automation
involved the development of windmills and watermills
in the eleventh and twelfth centuries, but a much more
important phase began at the end of the eighteenth
century with the Industrial Revolution associated
with the development of steam engines and their nine-
teenth-century application to transportation and the
textile industry. This phase merged with a succeeding
phase based on the proliferation of internal combus-
tion engines and electrical technologies, the latter
being further refined by the electronic revolution
that opened the way for the automation of intellectual
as well as physical labour.

The literary response to this pattern of changes has
been so profound and widespread that it is a major
topic in the history of modern literature, the “indus-
trial novel” being one of the major subgenres during
the novel’s formative period. The notion of automa-
tion as a beneficial trend that might free mankind
from the burden of labour and universalise the privi-
leges of aristocratic leisure society is reflected in some
*Utopian fiction, but the approving arguments set out
in such novels as Etienne Cabet’s Voyage en Icarie
(1840), Edward Bulwer-Lytton’s The Coming Race
(1871), Edward Bellamy’s Looking Backward, 2000—
1887 (1888), and Anatole France’s Sur la pierre
blanche (1905; trans. as The White Stone) were never
entirely free from ambivalence and were far outnum-
bered by anxious responses—inevitably, given that
the priorities of melodrama always favour fear over
hope. Literary attempts to grasp the underlying trend
rather than its superficial specifics tended to represent
automation as an inherently dehumanising process,
threatening human nature with a reductive mechan-
isation; futuristic extrapolations often invoke the
imagery of the ant hive.

Many nineteenth-century litterateurs were overtly
or covertly sympathetic to the cause of the “Lud-
dites”—hand-weavers who smashed the steam-
powered looms that were putting them out of work
in the name of the fictitious King Lud—and their
sympathies ensured the survival of the term’s symbo-
lic loading. Socialist reformers, torn between the de-
sire to improve the material conditions of working
class life and the fear of immiseration resulting from
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mass redundancy, treated the prospect of automation
with deep suspicion. The notion that craftsmanship
gives human life its meaning and dignity often tipped
the balance in favour of Luddite ideology, as exempli-
fied in such propagandist novels as William Morris’s
News from Nowhere (1890) and Claude Farrére’s Les
condamnés a mort (1920; trans. as Useless Hands). The
futility of a fully automated society in which human
life is entirely devoted to leisure activities is scathingly
satirised in such twentieth-century scientific romances
as Muriel Jaeger’s The Question Mark (1926) and
Aldous Huxley’s Brave New World (1932), although
representations of a tiny leisured class in naturalistic
literature often expressed approval-—sometimes
unqualified approval—of its modus vivendi and values.

The supplementary fear that increasing social de-
pendence on automated production might eventually
render people helpless to respond to malfunction was
eloquently expressed in E. M. Forster’s conte philoso-
phique “The Machine Stops” (1909), which was pro-
duced as a reaction against the futuristic anticipations
of H. G. *Wells in much the same way that William
Morris had produced his Utopia as a reaction against
Edward Bellamy’s. The idea that full automation
would be the prelude to the replacement of human
society by a mechanical society that would take up
the torch of evolutionary progress on its own behalf
had been satirically broached in Samuel *Butler’s Ere-
whon (1872), but the idea of a revolt of machines gifted
with *artificial intelligence came to seem surreally per-
tinent in such fantasies as W. Grove’s The Wreck of a
World (1889), H. A. Highstone’s “Frankenstein—
Unlimited” (1936), Frank Edward Arnold’s “City of
Machines” (1939; aka “The Mad Machines’’), Robert
Bloch’s “It Happened Tomorrow” (1941), Clifford
Simak’s “Bathe Your Bearings in Blood!” (1950;
aka “Skirmish”), and Lord Dunsany’s The Last
Revolution (1951).

The founder of pulp science fiction, Hugo *Gerns-
back, had been very enthusiastic about automation in
his own Utopia Ralph 124C41+ (1911), but his maga-
zines immediately gave voice to strident reservations
in such polemics as David H. Keller’s “The Threat
of the Robot” (1929), Miles J. Breuer’s “Paradise
and Iron” (1930), and—most extravagantly of all—
Laurence Manning and Fletcher Pratt’s “City of the
Living Dead” (1930). The last-named offers a striking
image of the people of the future living entirely in what
would now be called *virtual reality, with all of their
experiences being provided synthetically. John W.
*Campbell Jr.’s “Twilight” (1934) and “Night” (1935)
went further than Forster, imagining a fully auto-
mated future proceeding serenely while its human
component degenerates to extinction. Independent
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societies of machines were featured in such pulp stories
as Manning’s “Call of the Mech-Men” (1933) and Eric
Frank Russell’s “Mechanistra” (1942). In the late
1930s, however, the idea of automation became signif-
icantly confused in genre science fiction with the idea
of humanoid *robots, and robot stories took up the
burden of philosophical meditations on the implica-
tion of automation. One ironic side effect of this move
was that the kinds of “robots” that actually replaced
humans on industrial production lines, thus achieving
a major step in the automation of production, were
relegated to background roles.

Automation seemed less threatening to human
dignity when it was applied to areas in which crafts-
manship was less of an issue, including *food produc-
tion, as in Otfrid von Hanstein’s Die Farm der
Vorschollenen (1924; trans. as “The Hidden Colony”).
In fiction as in the real world, however, *biotechno-
logical automation ran afoul of considerable imagina-
tive resistance to the inexorable advancement of
“factory farming”. Upton Sinclair’s exposé of the
canning industry in The Jungle (1905) was intended
as a plea for better working conditions for its work-
ers, but the gut reaction of its audience was more
basic. Subsequent accounts of automated food
production often intended to cause revulsion; lan
Watson’s Meat (1988) is a conspicuous example.

As the automation of actual factories made steady
progress with the introduction of assembly lines and
the increasing influence of Frederick Winslow Tay-
lor’s “scientific management”—reflected in the prac-
tical science of ergonomics—literary reflections
became increasingly anxious. Visual depictions of
partly automated factories, like the ones in Fritz
Lang’s film Metropolis (1926) and Charlie Chaplin’s
Modern Times (1936), emphasised the reduction of
human beings to quasi-mechanical units in a relentless
process. The acceleration of automation in the
United States in response to the necessity of increas-
ing production in World War II called forth little
contemporary response, but once the war was over,
pent-up anxieties burst forth in a flood of black come-
dies, including Kurt Vonnegut’s Player Piano (1950),
Frederik Pohl’s “The Midas Plague™ (1954), Philip K.
Dick’s “Autofac” (1955), and Robert Sheckley’s
“Untouched by Human Hands” (1953).

The anxiety expressed by these anti-automation
polemics ebbed away by degrees as the sight of fully
automated assembly lines gradually become so famil-
iar as to seem perfectly normal, sometimes subject to
witty deployment in advertisements for *automobiles.
Kate Wilhelm’s “A Is for Automation” (1959) is a
painstakingly subtle account of a feud between the
artificial intelligence in charge of a factory and its
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human nightwatchman. Walt and Leigh Richmond’s
“I, BEM” (1964) inverted earlier anxieties in an ac-
count of an artificial intelligence descended from an
IBM typewriter, which is fearful of redundancy fol-
lowing the creation of “new model humans” and
other “biologics”. Christopher Anvil’s “Positive
Feedback™ (1965) suggested that the seemingly inex-
orable trend towards automation might be swiftly
reversed once its “benefits” were accurately costed,
while Josef Nesvadba’s “Vynalez proti sobe” (1964;
trans. as “Inventor of His Own Undoing”) explains
why automation might fail to deliver benefits in a
socialist context.

The automation of the domestic environment
became a significant subject of advertising in the
postwar years as the market in electrical domestic
appliances boomed. The trend was taken to logical
extremes in a number of satirical science fiction stories,
including C. L. Moore and Henry Kuttner’s “This
Is the House” (1946, by-lined Laurence O’Donnell),
William Tenn’s “The House Dutiful” (1948), and
Joanna Russ’s “Nor Custom Stale” (1959), while
Kate Wilhelm’s Smart House (1989) featured modestly
in an ingenious murder mystery.

The notion that increasing automation would lead
inexorably to artificial intelligence and, hence, to
machine independence, became far more plausible—
and its fictional reflections more ominous—with the
advent of *computers, generating such fantasies of
automation-run-amok as John Sladek’s The Repro-
ductive System (1968; aka Mechasm). The possibility
of achieving greater intimacy between flesh and ma-
chine in various *cyborg forms introduced a new
shade of meaning into the term; the striking imagery
of David R. Bunch’s Moderan (1971), in which people
automate themselves by replacing their “fleshstrips”
by degrees, provides a graphic illustration, but it
marked the end of an era rather than a beginning,
because traditional fears of industrial automation had
mostly been laid to rest by that date.

AUTOMOBILE

A self-propelled road vehicle. Although Nicholas
Cugnot built a steam-propelled vehicle in 1770, the
term “automobile” did not come into use until
Daimler’s patenting of the internal combustion engine
in 1887 paved the way for the mounting of such an
engine on a chassis by Panhard and Levasor in 1891.
George B. Selden’s 1895 patent for a gasoline-driven
automobile opened the floodgates of design and
manufacture, although Henry Ford had built his
first vehicle in 1893. Initially dubbed a ‘“horseless



carriage” to emphasise its principal difference from
the mode of *transportation it replaced, the automo-
bile eventually attained a near-monopoly on the word
“car”, which had previously been used with more
general reference. Steam cars continued to compete
with internal combustion engines throughout the first
quarter of the twentieth century, often reaching
higher speeds, although they were banned from race-
tracks on safety grounds in 1907.

The expansion of personal freedom associated with
the new phase of transportation technology, begun in
1909 when Henry Ford’s Model T production line
began to roll, was one of the key trends in twentieth-
century Western culture, reflected in the establishment
of the private car as a central feature of lifestyle
fantasy. The racing car became a key representation
of the idea of speed in futurist *art, and the ““car chase”
was a staple of *cinema imagery from the earliest days
of Hollywood; the automobile eventually gave rise to
its own cinematic genre of “‘road movies”.

The automobile’s integration into the background
of contemporary fiction had a fundamental impact on
the potential pace and range of the action, but it was
rarely foregrounded. It often features in the back-
ground of Utopian images of the future and is some-
times omnipresent—as in Frederick Nelson’s Toronto
in 1928 (1908)—but is rarely seen as a socially trans-
formative invention. The design of new automobiles
only played a minor role in Vernian fiction, before
and after their actual invention, because such vehicles
were inherently less dramatic than airships and sub-
marines, even in such advanced versions as Herbert
Strang’s The Cruise of the Gyro-Car (1910). Leavitt
Ashley Knight’s “The Millennium Engine” (1915)
showed rare foresight in highlighting the economic
consequences of the ultimate Model T.

David H. Keller’s “The Revolt of the Pedestrians”
(1928) and “The Living Machine” (1935) contributed
lurid anticipations of future problems to the early
science fiction pulps, and Clark Ashton Smith pub-
lished a satirical account of a future anthropologist’s
account of the twentieth-century cult of “The Great
God Awto” (1940), but it was not until the 1950s that
a fuller appreciation was gained of what the automo-
bile had wrought in cultural terms.

Speculative extrapolations of that realisation, deft-
ly mingling satire with drama, include Robert F.
Young’s “Chrome Pastures” (1956), “Romance in a
Twenty-First Century Used Car Lot” (1960), and
“Sweet Tooth” (1963), Fred McMorrow’s “The Big
Wheel” (1961), H. Chandler Elliott’s “A Day on
Death Highway” (1963), Rick Raphael’s “Code
Three” (1963), Roger Zelazny’s “Devil Car” (1965)
and “Auto-da-F¢” (1967), William Earls’ “Traffic
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Problem™ (1970), Henry Melton’s “Parking Spaces”
(1985), and Sarah Zettel’s “Driven by Moonlight”
(1991). The prospect of a permanent life on the road
is similarly reflected in Miriam Allen deFord’s “Keep
Moving” (1968), Mack Reynolds’ Rolltown (1969;
exp. 1976), John Jakes’ On Wheels (1973), Joe L.
Hensley’s The Black Roads (1976), Connie Willis’
“The Last of the Winnebagos™ (1988), and Michael
Reaves’ “The Legend of the Midnight Cruiser”
(2003). A more flamboyant kind of black comedy is
evident in such science fiction stories as Fritz Leiber’s
“X Marks the Pedwalk™ (1963), Harlan Ellison’s
“Dogfight on 101 (1969; aka “Along the Scenic
Route”), Ben Elton’s Gridlock (1991), Heathcote
Williams® poem Autogeddon (1991), and Richard
Morgan’s Market Forces (2004).

A significant watershed in automobile marketing
was reached when Henry Ford allegedly said that
“the public can have any colour it wants, so long as
it’s black”, operating on the assumption that utilitar-
ian factors rather than aesthetic ones would deter-
mine consumer choice—with the result that he
suffered a catastrophic loss of turnover to his market
rivals. The intensity, lavishness, and tone of modern
advertising offers powerful testimony to the force of
aesthetic factors in automobile use, especially to the
eroticisation of the automobile. The fact that the rear
seats of automobiles had become a highly significant
locus of sexual activity, especially among teenagers,
had the remarkable side effect of exercising a strong
influence on the kind of B-movie expressly made for
“drive-in” theaters, greatly encouraging the produc-
tion of horror-science fiction movies whose induced
nervous excitement was potentially negotiable.

The cinema medium pays suitably diplomatic hom-
age to this phenomenon, which is exaggerated to
grotesque and calculatedly perverse extremes in such
literary works as Josef Nesvadba’s “Vampires Ltd”.
(tr. 1964), Claude F. Cheinisse’s “Juliette” (tr. 1965),
Robert Thurston’s A Set of Wheels (1983), and Tre-
vor Hoyle’s The Man Who Travelled on Motorways
(1997). J. G. Ballard’s Crash (1973) reached a further
extreme in dramatising the author’s deduction—by
means of a method established by the psychologist
Eric Berne—that, rather than being unfortunate acci-
dents, the car crash may be regarded as the subcon-
scious objective of the fast driver. Less down-to-earth
celebrations of automobile charisma can be found in
Ian Watson’s Miracle Visitors (1978), in which a Ford
Thunderbird undertakes a hallucinatory trip to the
moon, and Tony Daniel’s Metaplanetary (2001),
which offers a similar role to a Jeep Wrangler. A more
earnest projection of an ‘“aircar” technology that
enables trips to low-Earth-orbit destinations is featured
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in Rob Chilson and William F. Wu’s “Distant Tigers”
(1991)—a relatively rare textual development of an
illustrative conceit that had often represented perso-
nalised flying machines as airborne wheel-less cars.
The idea that the transformation of American cul-
ture wrought by the automobile is necessarily tran-
sient because of the nonrenewability of fossil fuels is
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usually entertained with reluctance and routinely
resisted, but it is developed in a different spirit in
such stories as Elizabeth A. Lynn’s “California
Dreaming” (1992). The ever-increasing problem of
disposing of derelict automobiles is brought into
sharp focus by such near-futuristic stories as Dominic
Green’s “Three Lions on the Armband” (2004).



BACON, FRANCIS (1561-1626)

English statesman whose political career won him the
titles Viscount St. Albans and Baron Verulam. He
studied for two years at Trinity College, Cambridge,
from 1573 to 1575, where he became dissatisfied with
the seeming sterility of Aristotelian philosophy. He
was a lawyer and member of Parliament before his
association with Elizabeth I's favourite, the Earl of
Essex, propelled him to a precarious position of
influence; he was eventually dismissed from the post
of Lord Chancellor for taking bribes. His philosophi-
cal writings were mostly completed and published
while he attempted—unsuccessfully—to reestablish
his influence in the court of James I, although he
had begun his endeavors much earlier.

Bacon conceived a plan—echoing one formulated
by his namesake Roger *Bacon—to produce a vast
critical encyclopaedia that would provide a thorough-
going revision of traditional wisdom in the light of
modern discoveries: Instauratio Magna (The Great
Instauration). He published a prospectus of sorts as
The Advancement of Learning (1605; rev. in Latin as
De Augmentis Scientiarum, 1623) before writing nu-
merous drafts of a more substantial preface, which
was eventually published as Novum Organum Scien-
tiarum (1620; A New System of Science). These were
key works in the development of the philosophy of
science, stressing the importance of empirical obser-
vation and experimentation and warning of the
hazards of idola (idols): false preconceptions that in-
hibit enquiry. Bacon’s failure to recognise the impor-
tance of mathematical analysis and his reluctance to
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acknowledge the significance of such contemporary
discoveries as the circulation of the blood compro-
mised his subsequent reputation, but the arguments
he put forward were vital to the progress of science.
The most important of these arguments—and the
one that had the greatest impact on the subsequent
literary imagination—was that of the four categories
of “idols” that were confusing human thought and
blocking perception of the truth. The “idols of the
tribe” are fundamental fallacies of human psychol-
ogy—including a tendency to seek and perceive more
order in nature than there actually is, which is the
principal basis of many errors licensed by psychologi-
cal *plausibility. The “idols of the cave” are errors
produced by a particular individual’s sensory and
psychological preferences, including convictions
based on *aesthetic judgments. The ‘““idols of the
marketplace” are errors induced by the limitations
of language and carelessness in its use. The “idols of
the theatre™ are incorrect ways of thinking instilled by
received ideas—the products of deceptive *rhetoric.
Bacon assumed that if all of these idols could be
cast down the accumulation of knowledge would be
a simple matter of collecting sufficient observations
for the general causal principles inherent therein to
become manifest by “induction’. His notion of exper-
imentation as an open-ended extension of empirical
enquiry was eventually superseded by the notion of
putting hypotheses to the proof, but his description
of the scientific attitude of mind was a definitive
summation of the decisive shift then taking place,
which demoted arguments of authority from their
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previously privileged position and established empiri-
cal observations and reasoning therefrom as the bed-
rock of knowledge.

Bacon’s early works also included De Sapientia
Veterum (1609; trans. as The Wisdom of the Ancients),
a remarkable allegorical reinterpretation of classical
*myth in terms of his own philosophy of knowledge.
Shortly thereafter he began a Utopian romance, New
Atlantis, but never completed it; it may have been
written as an advertisement for a Royal College of
Science that he hoped to persuade the king to endow,
which he put aside when the probability of success
diminished. It is a pity that he did not continue it, but
even in its abridged form it is a strikingly original
work. Much of the text consists of a catalogue of
new technologies developed by the scientists of
“Salomons House”’, whose Father is a Scientist-Priest
supervising the social and technological applications
of a highly sophisticated science. These include,
among many others, the impressive products of the
“Engine-Houses”’—aircraft, submarines, perpetual
motion machines, and so on—and the “Houses of
Deceits of the Senses”, where all manner of illusions
can be produced and, hence, revealed for what they
are. As well as providing an important anticipation of
the potential of technological progress, the romance is
a significant assertion of the interdependence of social
and technological progress.

When he finally conceded that the Instauratio
Magna was beyond his scope, Bacon planned a mod-
est six-volume series of scientific texts, but only His-
toria Ventorum (1622; An Account of the Winds) and
Historia Vitae et Mortis (1623; An Account of Life and
Death) were completed. A draft of what would have

been a third volume, Sylva Sylvarum (A Forest of

Forests), was issued posthumously in 1627, with the
New Atlantis appended to it. It had little influence
on subsequent Utopian fiction, although many later
writers were certainly aware of it.

The causal connection implied by the anecdote that
tells how Bacon died of a chill after stuffing a chicken
with snow, so that he might observe the effect of
refrigeration in delaying putrefaction, is probably
illusory. The allegation that he was the true author
of William Shakespeare’s plays—first promulgated by
a woman named Alice Bacon—is palpably false, in
spite of the clues “deciphered” by Ignatius Donnelly
in The Great Cryptogram (1888). Such fancies are,
however, an apt testament to Bacon’s intellectual
stature. Abraham Cowley’s “Ode to the Royal
Society” (1667) celebrates his iconoclasm, and it
opened the way to the Tree of Knowledge: “The
Orchard’s open now, and free; / Bacon has broke that
Scar-crow Deitie”’. John Dryden’s “To My Honour’d
Friend, Dr. Charleton” (1663) agreed that “The World
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to Bacon does not onely owe / Its present Knowledge,
but its future too”’. Walter Savage Landor’s Imaginary
Conversations (1824-1829) features Bacon in discus-
sion with Richard Hooker. He was more effectively
revived as a character in the anonymous The Atlantis,
published in the American Museum of Science, Litera-
ture and the Arts (1838-1839), addressing an audience
whose members included *Galileo, René Descartes,
Isaac *Newton, and Benjamin Franklin. He is also
featured in H. D. MacKaye’s time travel fantasy The
Panchronicon (1904).

BACON, ROGER (ca. 1220-1292)
English philosopher. He was involved in the Renais-
sance revival of interest in *Aristotle—on whose works
he lectured at the University of Paris—and subse-
quently became interested in experimental science.
He returned from Paris to Oxford in 1247 or there-
abouts, making contact with Roger de Grosseteste,
who shared his interests. He invested a good deal of
time and money on building a library of esoteric works
and equipping a laboratory for experimental studies in
optics and alchemy. He speculated about the viability
of flying machines and other forms of powered vehicu-
lar transport, but his research yielded few practical
results, although he did observe the magnifying
power of combinations of lenses and constructed a
camera obscura in order to make astronomical obser-
vations of the *Sun. He was also the first European to
record a recipe for making gunpowder, in 1242.

Bacon’s career abruptly changed direction in 1257
when he fell ill and joined the Franciscan order. His
new superiors immediately attempted to curtail his
researches, but he appealed to Pope Clement IV—
with whom he was personally acquainted—for sup-
port in the compilation of a new encyclopaedia. The
permission obtained was carefully qualified, forcing
him to work in secret, but before Clement died in 1268
Bacon was able to write three treatises that preserved
his thought for later generations, known as Opus
majus, Opus minus, and Opus tertium. Copies of
these works assisted such sixteenth-century English
scientists as John *Dee and Leonard Digges to take
up his studies where he had left off. Three more frag-
ments of the projected encyclopaedia, Communia
naturalium (General Principles of Natural Philosophy),
Communia mathematica (General Principles of Mathe-
matics), and Compendium philosophiae (Compendium
of Philosophy) were completed before he was impri-
soned on suspicion of heresy in the late 1270s and
disappeared from historical view.

This combination of circumstances fitted Bacon
for eventual representation as a heroic scientific



visionary, cruelly oppressed and prevented from exer-
cising a progressive influence by blinkered dogmatic
authority. He was usually represented in Renaissance
literature, however, as an alchemist and magician, as
in Robert Greene’s Friar Bacon and Friar Bungay
(1592). The latter associates him with a famous story
of the construction of an oracular Brazen Head,
attributed by other writers to Albertus Magnus. The
head’s pronouncements—“Time Is”, “Time Was”,
and “Time Is Past”—are only heard by an apprentice
reluctant to wake his master. Prose versions of the
story include The Famous History of Fryer Bacon
(1627) and John Cowper Powys’ The Brazen Head
(1956), in which Bacon and Albertus Magnus collab-
orate on the project. Bacon’s recognition as a pioneer
of science is reflected in Rudyard Kipling’s “The Eye
of Allah” (1926), in which he invents a *microscope;
Irvin Lester and Fletcher Pratt’s account of “The
Roger Bacon Formula” (1929); Nathan Schachner’s
“Lost in the Dimensions” (1937), in which he is
visited by curious time travellers; and James Blish’s
biographical novel Doctor Mirabilis (1964).

BALLARD, J(AMES) G(RAHAM) (1930-)
British writer born in Shanghai. Following his intern-
ment by the Japanese during World War 11, he briefly
read medicine at Cambridge but did not take a
degree. He also read English for a year in London
but dropped out again. He joined the Royal Air Force
as a trainee pilot but found life in the RAF no more
congenial than any of his earlier attempts to build
a career; he wrote his first science fiction story, “Pass-
port to Eternity”, while awaiting his discharge, but it
did not sell until 1962. He began to sell other science
fiction stories in 1956, and worked for three years as
assistant editor of Chemistry and Industry while he
built his writing career.

Ballard’s 1956 publications included ‘Escape-
ment”, detailing the existential crisis suffered by a
man who finds himself living the same slowly
shrinking interval of time repeatedly and ‘“‘Prima
Belladonna”, the first of a series of tales set in the
decadent artists’ colony of Vermilion Sands. In
“Build-Up” (1957; reprinted as “The Concentration
City”), the world’s population has increased to sever-
al trillion and “free space” is the substance of nostal-
gic dreams. In “Manhole 69 (1957) the subjects of a
sleep-deprivation experiment descend by nightmarish
degrees into a quasi-catatonic withdrawal state. His
distinctive manner of presentation and set of con-
cerns—which were eventually to licence the invention
of the adjective ‘““Ballardian”—can be seen even in
these early works. He was prepared to compromise
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with the demands of the marketplace by writing
quirky comedies like “Track 127 (1958) and “Now,
Zero” (1959), but his opinion of the tales of interplan-
etary adventure that made up the science fiction
genre’s core mythology was obvious in the only two
stories he wrote with extraterrestrial settings; ‘“The
Waiting Grounds” (1959) and “The Time-Tombs”
(1963) extrapolate existential angst to a cosmic time-
scale, adding an extra dimension to its alienating
effect.

Ballard’s fascination with the mysteries of time
were further displayed in the dystopian comedy
“Chronopolis” (1960), about a future city from
which tyrannical clocks have been banned, and in
“The Voices of Time” (1960; revised as “News from
the Sun”, 1982). In the latter story, signals from a
distant galaxy have been intercepted by Earthly radio-
telescopes, but the only intelligence they contain is a
countdown to the end of the universe. Some readers
complained about the story’s gnomic imagery and
sense of futility, but it caught the imagination of
other writers, most notably Brian *Aldiss and Michael
Moorcock, who were anxious to break the pulpish
mould in which science fiction had long been cast.

Ballard’s first novel, The Wind from Nowhere
(1962), set a pattern that he reproduced more effec-
tively in The Drowned World (1962), The Drought
(1965; aka The Burning World), and The Crystal
World (1966), extrapolating a long and rich tradition
of British *disaster stories popularised in the 1950s by
John Wyndham and John Christopher. Whereas
Wyndham and Christopher had written grim tales of
survival under pressure, in which the supposedly
traditional English virtues of decency and industry
are subject to trial by ordeal, Ballard’s accounts of
environmental change propose that the appropriate
response to abrupt and irresistible environmental
change is psychological adaptation, no matter how
drastic.

In March 1962, Ballard took part in a BBC radio
discussion in which he debated the significance of
modern science fiction with John Wyndham, Kingsley
Amis, Brian *Aldiss, John Brunner, and Kenneth
Bulmer. Ballard waxed lyrical on the need for science
fiction writers to abandon tales of space travel and
concentrate instead on the exploration of “inner
space”—a case he also made in an essay that
appeared as a “guest editorial” in the May 1962
issue of New Worlds, which included the oft-quoted
remark that ‘“the only truly alien planet is Earth”.
The essay called for science fiction to deploy “more
psycho-literary ideas, more meta-biological and meta-
chemical concepts, private time-systems, synthetic
psychologies and space-times, more of the remote,
somber half-worlds one glimpses in the paintings of
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schizophrenics, all in all a complete speculative poetry
and fantasy of science”. It became one of the central
documents of the “new wave” of British science fic-
tion for which New Worlds became the main vehicle
when Michael Moorcock took over its editorship
in 1964.

Ballard’s antipathy to space fiction became a sig-
nificant bone of contention between supporters of the
new wave and traditionalists; Ballard defended his
argumentative ground with considerable vigor.
“Cage of Sand” (1962) was the first of several near-
future stories in which the U.S. space program has
been abandoned as a brief folly of futile ambition. In
1974, Ballard observed that “as far as manned flights
are concerned ... the *Space Age, far from lasting for
hundreds if not thousands of years, is already over”.
He continued to elaborate this insight, eventually
assembling a collection of his skeptical stories under
the title Memories of the Space Age (1988). In
addition to the 1982 title story—set in a deserted
Cape Kennedy where the only survivor of the last
space mission indulges in literal flights of fancy—the
collection features “The Man Who Walked on the
Moon” (1985), an account of an imposture far more
delicate than any vulgar claim that the whole lunar
adventure was faked in a TV studio.

Ballard’s work became more self-consciously
avant-gardist with the publication of The Atrocity
Exhibition (1970; aka Love and Napalm: Export
USA), a literary collage representing “‘the iconogra-
phy of mass-merchandising”, attempting to encapsu-
late and evaluate the key images and technologies of
the twentieth century in a new and conspicuously
*postmodern way. He was particularly fascinated by
the development of Anglo-American culture’s love
affair with the *automobile and by the manner in
which the landscapes of modern civilisation were
being transformed by the advent of motorways. In a
1971 article he observed that ‘“‘the car crash is the
most dramatic event in most people’s lives” and al-
leged that “if we really feared the crash, most of us
would be unable to look at a car, let alone drive one”.
In pursuit of this insight, Ballard mounted an exhibi-
tion of crashed cars at the London” New Arts Labo-
ratory in 1970 London and appeared in a BBC TV
film entitled Crash (1971) before publishing the novel
Crash (1973), which set out to explore the orgastic
possibilities of reckless driving and crash-associated
masochism.

Although it carried forward the same fascination
with the impact of cars and roads on modern life, the
existentialist fable Concrete Island (1974) was much
less controversial; like its immediate successor, High-
Rise (1975), it is an urban Robinsonade, whose mor-
dant wit was exaggerated to more obviously sarcastic
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effect in such satires as “The Greatest TV Show on
Earth” (1972), “The Life and Death of God” (1976),
and “The Intensive Care Unit” (1977). The Unlimited
Dream Company (1979), a messianic posthumous fan-
tasy in which Ballard’s home town of Shepperton
is exalted far above suburban mundanity, began an-
other, more reflective, phase in his work, but the
subsequent development of the phase took him even
further away from the science fiction field. He only
revisited it thereafter in short fiction, save for the
garish Hello America (1981), which describes the “re-
discovery” of an abandoned American continent
whose mythological apparatus lies in ruins.

The quasi-autobiographical historical novel Em-
pire of the Sun (1984) was based on Ballard’s experi-
ences as an internee in World War II, embellished
with various retrospective appreciations, including
the significance of the explosion of the *atom bomb
that destroyed Hiroshima. The Day of Creation (1987)
returned to the Africa of The Crystal World, repre-
senting it more explicitly as the symbolic continent
of Joseph Conrad’s seminal psychodrama Heart of
Darkness (1902). Its subsidiary *ecological theme is
more elaborately developed in Rushing to Paradise
(1994), which features an eccentric ecowarrior
attempting to keep the French from using the Pacific
island of Saint-Esprit as a nuclear test site.

Although science fiction readers obsessively com-
mitted to the myth of the Space Age considered
Ballard to be a traitor to the central science-fictional
cause, he turned out to have more foresight than any
of his contemporaries on that score. His work made
significant contributions to the literary development
of several key themes with important scientific con-
nections, including his representation of *alienation
as an existential state in which angst contentedly plays
second fiddle to the suicide of affect, assisted by tech-
nofetishism and a *relativism in which truth may be
inescapable but is nevertheless far from sacred.

BAXTER, STEPHEN M(ICHAEL) (1957-)
British writer. Baxter graduated in mathematics from
Cambridge in 1979 and obtained a Ph.D. in engineer-
ing from Southampton University in 1983. He worked
in engineering and information technology before
becoming a full-time writer in 1995. His first published
story, “The Xeelee Flower” (1987), launched an exten-
sive series whose future history extends over five mil-
lion years. Along with the stories in Vacuum Diagrams
(1997), it provided a background for Raft (1992), set
in a cosmic enclave subject to enormously strong
gravitational forces; Flux (1993), which features a
fluid enclave in the mantle of a neutron star; Timelike



Infinity (1992), in which a physicist creates a wormhole
connecting the present to a future when Earth is
under alien occupation; and Ring (1994), in which the
discovery of a Xeelee starship gives access to the epon-
ymous artifact, established to determine the fate of the
universe.

Baxter’s interest in the history of imaginative fic-
tion was illustrated by the episodic Vernian romance
Anti-Ice (1993), which tracks the discovery and ex-
ploitation of a kind of antimatter in an alternative
nineteenth century. The Wellsian scientific romance
The Time Ships (1995) is an ingenious sequel to The
Time Machine, which accommodates the cosmos
glimpsed in the original within the discoveries of
modern cosmology, relocating a Morlock society far
more advanced than the one described by Wells to the
external surface of a *Dyson sphere. Other exercises
in a similar vein include “The Ant-Men of Tibet”
(1995), a Wellsian sequel to The First Men in the
Moon; the Sherlock Holmes story “The Adventure
of the Inertial Adjustor” (1997); and “The Modern
Cyrano” (1999), in which Isambard Kingdom Brunel
launches an object into orbit.

Voyage (1996), which describes the mission to
Mars that NASA might have undertaken had it not
given priority to more modest objectives, ends on a
plaintive note of acceptance that the myth of the
*Space Age had run its course—a recognition embod-
ied in Baxter’s other accounts of future space travel.
These include Titan (1997)—featuring a one-way trip
to the *moon of Saturn—whose gloomy ending
was unrelieved by the supplementary story ‘“Sun
God” (1997), and the disaster story “Moonseed”
(1998). The Manifold trilogy, comprising 7Time
(1999), Space (2002), and Origin (2002), elaborates
the argument by locating a further alternative space
program within a multiverse of parallel universes; the
series background was further extended in some of
the items in Phase Space: Stories from the Manifold
and Elsewhere (2002), growing into a future history as
extravagant as the Xeelee universe. The *Fermi para-
dox is a constant theme in his cosmological medita-
tions, various suggested solutions to the enigma being
offered in “The Children’s Crusade (2000), “Refu-
gium” (2002), and “Touching Centauri” (2002). He
also became interested in *Omega Point imagery,
producing a notable elegiac account of a universe
devoid of stars, decaying to cold neutrino soup, in
“The Gravity Mine” (2000).

In Deep Future (2001) Baxter incorporated the
substance of various essays spun off from his research
into a futurological survey; Omegatropic (2001) ex-
tended the exercise, focusing on *Omega Point my-
thology. The research he did for a trilogy of novels
about mammoths—Silverhair (1999), Longtusk (1999),
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and Icebones (2001), which deal with the possibility of
recreating the species in the near future as well as its
fate in the remote past—was then extended into the
nonfictional Revolutions in the Earth: James Hutton
and the True Age of the Earth (2003, aka Ages in
Chaos) and also paved the way for the Stapledonian
novel Evolution (2003), which embraces a comprehen-
sive history of human evolution. His other palaconto-
logical fantasies include “Behold Now Behemoth”
(2000) and “The Hunters of Pangaea” (2002).

In the meantime, Baxter entered into a series of
collaborations with Arthur C. *Clarke, beginning
with a short story about the development of a tech-
nology of *matter transmission, providing a sophisti-
cated sequel to Clarke’s early story “Travel by Wire”
(1937), titled “The Wire Continuum” (1998), in much
the same spirit that The Time Ships had extrapolated
The Time Machine. They went on to produce The
Light of Other Days (2000), an account of a device
that allowed the direct viewing of *past events, and
the Time’s Odyssey diptych comprising Time’s Eye
(2004) and Sunstorm (2005), in which the Earth is
threatened by destruction by catastrophic solar
storms. Baxter also collaborated with Simon Brad-
shaw on an alternative history series featuring a
British space program, including ‘“Prospero One”
(1996) and “First to the Moon!” (2001). He returned
to the Xeelee universe in the Destiny’s Children
sequence begun with Coalescent (2003), Exultant
(2004), and Transcendent (2005), filling in a period
of the future history overleapt in the earlier sequence,
which features an interstellar war, the emergence of
gargantuan hive-minds, and the evolution of post-
humanity under rigorous selective pressure.

Few modern science fiction writers are as prolific as
Baxter and none is as wide ranging. He is one of very
few writers whose fiction has tried to take aboard the
entire universe discovered by modern science, sweep-
ing through a manifold of alternative universes from
the *Big Bang to the Omega Point, adding substantial
narrative flesh to his glimpses into the infinite.

BENFORD, GREGORY (ALBERT) (1941-)
U.S. physicist and writer. His identical twin James—
with whom he launched the long-running science fic-
tion fanzine Void at the age of fourteen—also became
a physicist, both brothers graduating from the Uni-
versity of Oklahoma with degrees in physics in 1963
and obtaining Ph.D.s from the University of Califor-
nia, San Diego. The brothers’ careers diverged when
Gregory undertook postdoctoral research—under
the directorship of Edward Teller—at the Lawrence
Radiation Laboratory in Livermore, California;
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he claimed that he was always primarily a theorist,
while James was an experimenter. In 1969 Gregory
obtained a professorship at the University of Califor-
nia, Irvine, which he held into the twenty-first cen-
tury, his principal fields of research being plasma
physics and astrophysics.

Benford’s first professionally published story was
“Stand-In"’ (1965) but he began to publish more con-
sistently in 1969, when he also began writing a series
of articles on “The Science in SF”’—initially in collab-
oration with David Book—for Amazing Science
Fiction. The series ran until 1976; he also contributed
science articles to the short-lived magazine Vertex
before taking over Isaac *Asimov’s science column
in The Magazine of Fantasy & Science Fiction in
1992. His early science fiction did not make conspicu-
ous use of his work in physics or the topics covered in
his articles—his first novel, Deeper Than the Darkness
(1969; rev. as The Stars in Shroud, 1979), is a socio-
logical fantasy describing an alien conquest of the
human race by means of artificially aided psychologi-
cal warfare—but he signaled his intention to take
science fiction writing more seriously when he
changed his signature from ‘“Greg Benford” to
“Gregory Benford” in the early 1970s.

The first story Benford based on his own re-
search—into the concept of tachyons—was the play-
ful “3.02 pm, Oxford” (1970), but an earnest
complementary piece, “Cambridge, 1.58 am™ (1975),
became the seed of the ground-breaking novel Time-
scape (1980), which offered an unusually detailed and
realistic picture of life in a contemporary scientific
laboratory, coupled with the problems of negotiating
an epoch-making discovery. Extrapolating the argu-
ment of “The Tachyonic Antitelephone” (Physical
Review, 1970, with D. L. Book and W. A. Newcomb),
the novel tells two parallel stories, one set in 1998,
when scientists in a world on the brink of ecocatas-
trophe are trying to use tachyons to send a warning
back in time, and the other in 1962, when uncompre-
hending physicists attempt to figure out what the
signal might be.

In the meantime, much of Benford’s science fiction
was written in collaboration, most notably with
Gordon Eklund, with whom he wrote “West Wind,
Falling” (1971) about intergenerational conflicts
among the “colonists” of a comet, and “If the Stars
Are Gods” (1974), in which aliens attempt to
acquaint themselves with the Sun, which they regard as
a sentient godlike being. The latter was incorporated
into a similarly titled 1977 mosaic whose other com-
ponents included “The Anvil of Jove” (1976), describ-
ing attempts to explore the ecosphere of Jupiter.
Benford’s final collaboration with Eklund, Find the
Changeling (1980), was a routine thriller, as was the
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disaster novel Shiva Descending, written with William
Rotsler.

Benford also published a solo mosaic in 1977, titled
for another first-contact story, “In the Ocean of
Night” (1972). This became the basis of an extensive
series, continued in Across the Sea of Suns (1984), in
which Earth is devastated by alien invasion and hu-
mankind is drawn into a galaxy-wide war between
organic and inorganic intelligences. The concluding
item in the series, intended as a trilogy, eventually
stretched to four volumes: Great Sky River (1987),
Tides of Light (1989), Furious Gulf (1994), and Sailing
Bright Eternity (1995). Fugitive humans are pursued
into the Esty—the exotic spaces of the black hole at
the galaxy’s centre—by a mech horde, including a
mechanical “anthology intelligence” called the Man-
tis, whose motives turn out to be more complex than
they first seemed.

Benford experimented with didactic hard science
fiction for “young adults” in Jupiter Project (1972;
book, 1975) but its initial failure to sell discouraged
him from further experimentation. He did, however,
revisit its carefully established scenario—the Jovian
moon Ganymede—in other stories, including ‘‘Shall
We Take a Little Walk?” (1981), the novel Against
Infinity (1983), and “Warstory” (1990; reprinted as
“Sleepstory”’). He made another attempt to reach
beyond the core science fiction audience in the tech-
nothriller Artifact (1985), in which a block of stone
uncovered by archaeologists turns out to contain a
captive black hole. When he tried a second experi-
ment of the same kind in Chiller (1993)—an account
of a serial killer whose favoured prey is scientists
working in cryonics—he used the pseudonym Sterling
Blake. Experiments undertaken for purely literary
purposes included numerous poems, many of which
appeared in Asimov’s Science Fiction.

Heart of the Comet (1986), written in collaboration
with David *Brin, celebrated the return of Halley’s
comet, equipping it with a native ecology including a
Bug-Eyed Monster and describing the establishment
of a colony within the comet’s head. “Proserpina’s
Daughter” (1988; aka Iceborn), written with Paul A.
Carter, is similar in kind, juxtaposing discoveries
made on Pluto—which unexpectedly turns out to
harbor a complex ecology including sentient life-
forms—with political upheavals that threaten to put
a stop to the space program. Benford was dissatisfied
with the latter story, and set out to provide a much
more extensive account of Plutonian life in Sunborn
(2005), in which Pluto’s abundant ecosphere includes
the intelligent zand, who are prey to Darksiders from
the Kuiper belt.

Benford’s exercises in collaboration were supple-
mented by two sequels to classic works by other



hands; Beyond the Fall of Night (1990; rev. as Beyond
Infinity, 2004) was initially published in harness with
Arthur C. *Clarke’s Against the Fall of Night, while
Foundation’s Fear (1997) was part of a set of three
new novels in Isaac *Asimov’s Foundation series, the
others being written by David Brin and Greg Bear.
Benford’s contemplation of the hypothetical science
of psychohistory encouraged him to develop his own
hypothetical “sociohistory”, featured in “Immersion”
(1996), while the work devoted to “Beyond the Fall
of Night” bore further fruit in “Galaxia” (1997).
Benford’s endeavours were further diversified in the
1990s by writing and hosting an eight-part television
series for the Japanese National Broadcasting organi-
sation NHK, A Galactic Odyssey, which attempted
to popularise modern physics in the context of an
account of the evolution of the galaxy; it was never
aired in the United States. He also edited a series
of anthologies in collaboration with Martin H.
Greenberg, all but one featuring exercises in alterna-
tive history.

Cosm (1998) returned to the laboratory-based
drama of Timescape, describing an experiment in
which smashing uranium atoms together inside a Rel-
ativistic Heavy Iron Collider produces a mini-Big
Bang and opens a window into a virgin universe,
which continues to expand into its own private
space. “A Cold, Dry Cradle” (1997, written with
Elisabeth Malartre) formed the basis for The Martian
Race (1999), which employs considerable ingenuity in
trying to equip the Mars revealed by the Viking land-
ers with a fugitive ecosphere. Eater (2000) returned to
the field of the disaster story, but spiced its threat with
a lavish portion of hard science before stretching the
limits of plausibility by attributing sentience to its
ominous black hole.

In one of the commentaries featured in the collec-
tion In Alien Flesh (1986), Benford borrowed an anal-
ogy coined by Robert Frost with reference the writing
of free verse, characterising the writing of science
fiction without a stern scientific conscience as
“playing tennis with the net down”. Although he
has always played with the net up, he has never
allowed its presence to inhibit him in wide-ranging
experiments in style and substance.

BIG BANG, THE

A term coined in the late 1940s by Fred *Hoyle in the
course of a BBC radio program; he was attempting to
belittle the notion—popularised in Sir Arthur
Eddington’s The Expanding Universe (1940)—that
the recession revealed by galactic red-shifts implied
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that the universe must once have been infinitesimally
small and that its history was that of a continuing
explosion. Hoyle favoured the ‘steady-state” or
“continuous creation” theory, which assumed that
the expansive effect of recession must be compensated
by the spontaneous generation of new matter in the
widening interstices between the galaxies, thus main-
taining the uniformity of the universe.

Hoyle was not the only skeptic who doubted the
expanding universe, but others preferred variant
interpretations of the significance of the galactic red-
shifts. Some, like Grote Reber, favoured the “tired
light” hypothesis, which suggested that some still-
mysterious process sapped energy from far-travelling
photons. Others attributed them to relativistic effects
associated with the emission of light from objects in
powerful gravity fields. However, champions of the
assumption that the galactic red-shifts are Doppler
shifts, and that the universe is expanding, seized on
Hoyle’s phrase, stripping it of its pejorative implica-
tions and adopting it as a proud label. Subsequent
astronomical observations demonstrated that the
universe has undergone considerable material changes
over time, and that the aesthetic principle underlying
the steady-state assumption was, in this case, mislead-
ing. The cosmic background radiation observed by
Arno Penzias and Robert Wilson in 1965 was hailed
as proof that a primal explosion had taken place.
Accounts of the early evolution of the universe in
the first few seconds of the Big Bang—when space-
time first came into being—soon became a favourite
playground of theoretical *physics, instituting a revo-
lution in *cosmology.

The wide acceptance of Big Bang theory before
confirmatory evidence was found was a dramatic bou-
leversement of a philosophical trend extending over
centuries. Many classical philosophers objected to the
idea of creation ex nihilo, preferring the notion of
creation as a rearrangement of preexistent materi-
als—usually the ordering of chaos. The notion that
the universe was eternal and infinite, but subject to
processes of local and temporary creative alteration—
as popularised by Lucretius’ summation of Epicurean
philosophy in De rerum natura—had long served as
an intellectual defence against the presumed follies of
dogmatic religious faith. The notion of a stable uni-
verse was preserved against the criticism that gravity
must eventually cause the visible universe to collapse
by arguments vividly dramatised by Edgar Allan
Poe’s Eureka (1848) and Camille *Flammarion’s La
fin du monde (1893), both of which imagined compen-
satory creative processes akin to the one proposed
by Hoyle and his fellow steady-state theorists. Albert
*Einstein invented a “‘cosmological constant” to se-
cure his own universal model against such a fate
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(although he regretted it as soon as the evidence of
expansion emerged), so Hoyle was continuing a long
tradition. Some religious believers were, however, de-
lighted by the resurrection of the notion of creation ex
nihilo; Georges Lemaitre—the first astronomer to for-
mulate a Big Bang theory in response to the Doppler
shifts measured by Vesto Slipher, Milton Humason,
and Edwin Hubble—was an ordained priest.

The initial literary response to news of the expand-
ing universe was muted, because of the difficulty of
finding narrative frameworks capable of containing
it. A version of Big Bang theory was, however,
incorporated into Chan Corbett’s “Beyond Infinity”
(1937) in which the universe’s expansion reaches its
limit and a core of “‘nonspacetime’ forms within the
universal shell, necessitating a cataclysmic recrea-
tion—the continuation of an eternal cycle echoing
Poe’s “beat of the Heart Divine”. The time traveller
in Donald Wandrei’s “The Man Who Never Lived”
(1934) witnesses the primal explosion, while a dimen-
sional traveller who does not realise that the fourth
dimension is time actually becomes an explosive
primordium in Nelson S. Bond’s “Down the Dimen-
sions” (1937).

More sophisticated devices enabling human obser-
vers to witness Big Bangs, following the coinage of the
term and the initial elaboration of the theory, were
incorporated into Poul Anderson’s Tau Zero (1970),
Bob Shaw’s Ship of Strangers (1978), and Gregory
Benford’s Cosm (1998). Italo Calvino’s “All at One
Point” (1965) is a more distanced conte philosophique
treatment of the notion, while Robert Reed’s ““Night
of Time” (2003) refers back to the immediate after-
math of the Big Bang. By virtue of its lack of catas-
trophist flair, the continuous creation theory was even
more difficult to display in narrative, although
Charles L. Harness’s The Ring of Ritornel (1968)
made the attempt, and a version of it is employed in
the underlying logic of the “‘jumpgates” in Poul
Anderson’s “Door to Anywhere” (1966).

The notion of the expanding universe as the prod-
uct of an explosion was complicated in the 1980s by
the notion that the initial phase of expansion must
have been very rapid indeed, constituting an initial
“inflation” of space that was almost instantaneous.
The version of inflation theory that became integrated
into the “standard model” of cosmological theory
was originated by Alan Guth in 1981 and further
elaborated by Andrei Linde and Stephen Hawking.
Linde’s suggestion that the observable universe is
merely one of an infinite series of Big Bangs occurring
within a macrocosm echoed the theory of continuous
creation on a larger scale and provided a context for
the large-scale notion of *alternative histories. The
inflationary version of big bang theory was rapidly
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adopted into the primary subgenre of late twentieth-
century cosmological science fiction, *Omega Point
fiction.

BIOLOGY

The scientific study of living organisms. The term
was brought into English by the translation of the
German biologie in 1819, in recognition of the fact
that the descriptive discipline of “‘natural history” was
acquiring elaborate theoretical underpinnings, thanks
to the progress of comparative anatomy and physiol-
ogy. “Physiology” was originally used as a synonym
for “natural science”, but by the end of the sixteenth
century it was routinely narrowed to the study of the
human body, and soon extended to the study of
bodily functions in general.

*Aristotle’s successor, Theophrastos, made the
first basic division of biology into *zoology and *bot-
any; a third basic category of *microbiology was
added when the invention of the *microscope
revealed a new range of single-celled organisms.
While organic *chemistry remained mysterious,
biological knowledge was restricted to accounts of
form, assisted by anatomical information obtained
by dissection and by studies of finer structure con-
ducted with the aid of the microscope.

The study of physiology, begun by Galen in
Classical times, made some headway with William
Harvey’s discovery of the circulation of the blood in
1578 and seventeenth-century studies of digestion and
reproduction, but remained confused by vitalist the-
ories of *life until the nineteenth century. Harvey’s
discovery was commemorated in Abraham Cowley’s
“Ode upon Dr. Harvey” (1663), while ““The Develop-
ment of the Embryo” was celebrated poetically in Sir
Richard Blackmore’s “The Creation” (1712), but the
intense interest in physiological discoveries generated
by their potential relevance to *medicine was frustra-
ted by their obvious limitations. The interested read-
ers of P. M. Roget’s then-comprehensive study of
Animal and Vegetable Physiology (1834) included
Alfred, Lord Tennyson, but it offered scant inspira-
tion to the substance of “Locksley Hall”” (1842).

Taxonomic endeavours, amplified by discoveries in
*palaeontology, permitted the development of the-
ories of biological *evolution at the end of the eigh-
teenth century, but their development was also
handicapped by the lack of any supportive biochem-
istry. The theorisation of biology progressed in a
fashion markedly different from that of physics and
chemistry because the science generated no mathe-
matically expressible laws, and very few candidate
laws of any kind. A “biogenetic law” formulated by
Karl von Baer in Entwicklungsgeschichte der Thiere



(Developmental History of Animals) (1828), stating
that the forms through which embryos pass corre-
spond to taxonomic phases of complexity, seemed to
Ernst Haeckel to gain further significance when those
phases were linked to stages in evolutionary history,
but it was always rather impressionistic. It is ech-
oed and speculatively elaborated in Edgar Rice
Burroughs’ The Land that Time Forgot (1918; book,
1924). The principles of comparative anatomy used
by Georges Cuvier and his successors to deduce the
whole forms of skeletons from fossil fragments were
not quite as impressionistic, but had to be regarded as
tentative and far from certain.

The literary response to the advancement of
biological research in the nineteenth century was
mostly concerned with medical speculations and
responses to the controversy regarding theories of
evolution. Its most obvious general feature was the
development of the “yuck factor’” in the use of the
biological imagination to generate new *monsters,
and in attitudes to the kinds of physiological investi-
gation that were lumped together in the popular
imagination under the heading of “‘vivisection”. Tra-
ditional anatomists had been content to work with
dead specimens, but attempts to link organic struc-
ture with function required the intimate investigation
of living ones, calling forth protests in such works of
fiction as Wilkie Collins’ Heart and Science (1883).
Scientists were by no means immune to this kind of
horror themselves, as demonstrated by Sir Ronald
Ross’ gruesome account of “The Vivisector Vivi-
sected” (written ca. 1890; published 1937), but images
of vivisection became a key element of such exercises
in antiscience fiction as S. Fowler Wright’s “Brain”
(19395).

The corollaries of this almost instinctive revulsion
to seeming offences against *Nature were explored in
J. B. S. *Haldane’s comments on “biological inven-
tions” in Daedalus (1923), which correctly anticipated
the tenor of twentieth-century reactions to advance-
ments in *biotechnology. Haldane’s foresight was
rapidly confirmed by such pulp horror stories as
David H. Keller’s “Stenographer’s Hands” (1928)
and “The Feminine Metamorphosis™ (1929). Specu-
lative fiction based on biological hypotheses of every
kind has suffered more intensely than any other sub-
genre from the *Frankenstein complex, which took its
name from a pioneering exercise in the investigation
of the nature of life.

Whether biological innovations are depicted in fic-
tion as technical inventions or mere discoveries, they
tend to excite the same reflexive disgust. As the
science of biology has progressed, therefore,
*horror fiction has steadily increased the capital it
draws from the biological imagination. The narrative
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energy of reflexive revulsion is readily exploited in
such biological contes philosophiques as Nathaniel
Hawthorne’s “Rappaccini’s  Daughter”  (1844),
H. G. *Wells’ The Island of Dr. Moreau (1896), and
Edward Knoblock’s The Ant Heap (1929). Even hy-
pothetical discoveries answering desperate common
desires—including keys to *longevity—are routinely
treated with considerable suspicion. Social unease
associated with *sex ensures that the yuck factor is
extrapolated in a uniquely tortuous manner in the
context of reproductive biology, as observed in
Edward Heron-Allen’s ironically self-censored but
determinedly scabrous The Cheetah Girl (1922;
initially by-lined Christopher Blayre).

The delicate nature of biological speculation en-
sured that it was considerably muted in pulp science
fiction, to the extent that when James *Blish consid-
ered “The Biological Story” in a pioneering series of
articles on “The Science in Science Fiction” (1951-
1952) he lamented that he could only find one signifi-
cant example—Norman L. Knight's “Crisis in
Utopia” (1940)—that was not a horror story. The
fact that British *scientific romance owed so much to
the exemplary role of H. G. *Wells—who was
educated in biology and enthusiastic to extrapolate
contemporary biological ideas in a highly adventurous
manner—ensured that European speculative fiction
made more use of biological fantasias in a slightly
more open-minded fashion. Heron-Allen was also a
biologist by vocation, so many of the “strange papers”
attributed to his pseudonym develop biological
hypotheses. John Lionel Tayler, sometime lecturer in
biology at University of London Extension College,
wrote the far-reaching biological fantasia The Last of
My Race (1924), while Wells’ one-time collaborator
Julian *Huxley produced “The Tissue-Culture King”
(1926) in addition to such exercises in speculative non-
fiction as “Philosophic Ants” in Essays of a Biologist
(1923). It was Julian Huxley’s brother Aldous who
produced the ultimate literary extrapolation of the
yuck factor in Brave New World (1932). Wells’ influ-
ence extended beyond Britain; other significant pio-
neers of biological science fiction included the French
Wellsian André Couvreur, in a series featuring the
exploits of Professor Tornada (1909-1939), and the
Russian Mikhail Bulgakov, in “Rokovy’e yaitsa”
(1925; trans. as “The Fatal Eggs”) and Sobachy’e
serdtse (1925; trans. as The Heart of a Dog).

Biological science fiction—at least in its teratologi-
cal varieties—received a considerable boost when it
was demonstrated in the 1920s that radiation could
produce genetic *mutations, instituting a subgenre of
mutational romance. Its most important twentieth-
century development was, however, the sophistication
of stories of alien life by the input of the hypothetical
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science of *exobiology. After World War II, James
Blish was in the vanguard of a new generation of
science fiction writers willing to take a more balanced
view of the prospects of biology—a project assisted by
the heroic status conferred on James Watson and
Francis Crick when they determined the structure of
DNA from Rosalind Franklin’s x-ray photographs
and ushered in a new era in *genetics. Active ideolog-
ical opposition to the yuck factor became evident in
works such as Theodore Sturgeon’s “It Wasn’t
Syzygy” (1952), “The Sex Opposite” (1952), and
“The Wages of Synergy’ (1953)—all of which employ
exotic biological relationships as metaphors for
human social relationships. A similar analogical
method was employed by Alice Sheldon in “Your
Haploid Heart” (1969) and “A Momentary Taste of
Being” (1975)—both of which were by-lined James
Tiptree Jr.—and “The Screwfly Solution” (1977),
by-lined Raccoona Sheldon.

It is inevitable that literary responses to biological
ideas should make much of metaphors of these unset-
tling kinds, given the nature of literary enterprise and
the melodramatic potential of such concepts as
“biological warfare”. Literary images of biologists
have always been more sinister than those of other
kinds of *scientists; physicists might be better able to
blow up the world, but only a biologist could institute
a grotesque symbiosis between his wife and a fungus,
as in Rosel George Brown’s “Fruiting Body™ (1962).
This tendency became particularly marked during the
explosion of biological science fiction that occurred in
the 1970s when the possibilities of *genetic engineer-
ing—especially the idea of *cloning—became a major
stimulus to the speculative imagination. Sympathetic
fictional depictions of biologists became more com-
mon in that era, but the stigmata of Dr. Moreau,
Dr. Jekyll, and Victor Frankenstein could not be
erased, even in such even-handed accounts as the
one featured in Greg Egan’s Teranesia (1999).

BIOTECHNOLOGY

Biotechnology is usually defined as the use of living
organisms in technological processes, although that
definition has sometimes been restricted to the use of
microorganisms. The narrower definition excludes ag-
riculture and animal husbandry from the classifica-
tion, and reduces biotechnology’s early history to the
production of alcohol by managed fermentation. On
the other hand, the definition can be expanded to take
in the technological manipulation of biological pro-
ducts; those kinds of technology have a much more
elaborate history, cooking and clothing becoming the
“primal biotechnologies”.
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Whichever definition is used, biotechnology became
far more significant than ever before in the last quarter
of the twentieth century, in connection with *food
science and *medical technologies. Princess Vera
Zaronovitch’s Mizora (1880-1881) is an early example
of biotechnological science fiction, featuring an all-
female society whose members reproduce by means
of artificial parthenogenesis and apply similar techno-
logical methods to other kinds of production.

A new kind of biotechnology seemed imminent
when Alexis Carrel followed up experiments in skin
grafting carried out in the 1890s with more elaborate
attempts to grow and maintain tissues in vitro. His
tissue cultures were not very successful, mainly be-
cause specialised cells could not divide indefinitely in
nutrient solutions, but the basic idea seemed suffi-
ciently promising to inspire Clement Fézandie’s
“The Secret of Artificial Reproduction”™ (1921),
J. B. S. *Haldane’s Daedalus (1923), and Julian
*Huxley’s “The Tissue-Culture King” (1926). Fol-
lowing Aldous Huxley’s satirical extrapolation of bio-
technological possibilities in Brave New World (1932),
however, their image was badly tarnished. Even such
farces as Eddin Clark’s “Double! Double!”” (1938), in
which a technology for producing whole animals
from single cells goes awry, retain a horrific edge,
although *ecological parables such as Julian Chain’s
“Prometheus” (1951)—in which industrial civilisation
is swept away by spinoff from research into plant
hormones—were sometimes prepared to employ
biotechnological plot levers.

The evolution of biotechnological speculation was
closely allied with the notion of *genetic engineering,
and was long restricted by the difficulty of imagining
how the genetic material might be directly manipu-
lated; it was not until the structure of DNA had been
clarified that would-be speculators obtained a clearer
view of what that kind of biotechnological manipula-
tion might involve. Until then, such stories as
S. P. Meek’s “The Murgatroyd Experiment™ (1929)—
in which humans are equipped with chlorophyll-laden
blood in order to alleviate their need for food—were
devoid of any real argumentative basis. The ideas
Haldane attempted to popularise in Daedalus received
scant attention for the next half century; his sister,
Naomi Mitchison, politely waited until he was dead
before extrapolating them in a dourly cautionary
fashion in Solution Three (1975) and Not by Bread
Alone (1983).

By the 1970s several science fiction writers, most
notably Samuel R. *Delany and John Varley, had
begun to take it for granted that biotechnologies
would have a significant impact on near-future socie-
ties; such scenarios as those detailed in Delany’s
Triton (1976) and Varley’s The Ophiuchi Hotline



(1977), feature multiple applications. Their lead was
followed by other writers, including Joan Slonczewski,

in the novels 4 Door into Ocean (1986), Daughter of

Elysium (1993), and The Children Star (1998); Brian
Stableford, in stories collected in Sexual Chemistry
(1998) and Designer Genes (2004) and the series of
novels launched with Inherit the Earth (1998); and
Alison Sinclair, in the novels Blueheart (1996), Cavalcade
(1998), and Throne Price (2000, with Linda Williams).

Individual works of note featuring multiple appli-
cations of future biotechnology include Rebecca
Ore’s The Illegal Rebirth of Billy the Kid (1991), Ian
McDonald’s Hearts, Hands and Voices (1992; aka The
Broken Land), Paul Di Filippo and Bruce Sterling’s
“The Scab’s Progress”—whose biotechnological jar-
gon was equipped with explanatory hyperlinks in the
online version published on 29 December 2000—and
Margaret Atwood’s Oryx and Crake (2003). Thomas
A. Easton’s Organic Future series, comprising Spar-
rowhawk (1990), Greenhouse (1991), Woodsman
(1992), Tower of the Gods (1993), and Seeds of Destiny
(1994), offers an elaborate fictional account of a fu-
ture in which biotechnology has taken over almost all
the functions of organic technology.

Forms of biotechnology that did not involve gen-
etic engineering or *cyborgisation became rare in the
late twentieth century, although surgical modifica-
tions and various kinds of organic augmentation
formed a substantial fringe to both subgenres. As
with other literary uses of *biological ideas, construc-
tive speculative accounts of new biotechnologies and
their application have been heavily influenced by the
*Frankenstein complex and its amplification by
the yuck factor. The vast majority of novels elaborat-
ing biotechnological premises are alarmist *techno-
thrillers, melodramatic *horror stories, and dark
anticipations of biotechnological *weapons. The
formularisation of such works—usually requiring
that threats be overcome—inevitably encourages the
construction of biotechnological ‘““fixes’” whose impli-
cations are intrinsically positive, but such fixes are
often seen as improvisations temporarily holding
back an inexorable tide of disaster.

BLACK HOLE

A term used in 1967 by John Wheeler to describe an
aggregation of matter compressed to the point at
which its surface gravity is so powerful that noth-
ing—including light—can escape from it. The basic
idea was much older; the possibility that there might
be dark stars incapable of emitting light was sug-
gested by John Michell in 1783. Karl Schwarzchild
developed the notion in the context of Albert

BLACK HOLE

*Einstein’s general theory of *relativity in 1916; he
calculated the curvature of space-time around a
spherical mass required to create an “event horizon”
surrounding a “‘singularity’”” cut off from the rest of
the universe—a cosmos in its own right. The hypoth-
esis was applied to processes of stellar collapse by
Subrahmanyan Chandrasekhar in 1930, but the idea
was ridiculed by Sir Arthur Eddington and more or
less forgotten until it was revived in the 1960s, as an
extrapolation of a burgeoning fascination with neu-
tron stars. It was in that context that Wheeler’s term
caught on, taking a remarkably firm grip on the pop-
ular imagination and swiftly becoming a versatile
metaphor in common parlance.

Although a black hole is, by definition, invisible,
one resulting from stellar collapse may become evi-
dent by virtue of its effect on a nearby visible star,
whose matter is stripped away to form an “accretion
disk” of hot matter spiraling into the black hole.
Several candidate objects were identified by astrono-
mers in the 1970s. Stephen Hawking linked the notion
of black holes to the *Big Bang theory by proposing
that the cosmic explosion began with a singularity
and calculating that vast quantities of tiny black
holes must have resulted from the early expansion.
He also modified the notion that nothing could escape
from a black hole by considering quantum effects that
convert the energy of its gravitational field into pairs
of particles manifest outside the event horizon, only
one of which is subsequently absorbed; by virtue of
this “Hawking radiation” small black holes may
gradually lose energy and “evaporate”.

The idea of black holes had been vaguely antici-
pated in such constructs as the Hole in Space in
Frank K. Kelly’s “Starship Invincible” (1935), the
hole created by the matter-annihilating giant
positron in Nathan Schachner’s “Negative Space”
(1938), and the Pit generated by a collapsing star in
Harry Walton’s “Below—Absolute!”” (1938). Fred
Saberhagen’s “The Face of the Deep” (1966) described
the concept in detail ahead of the term’s coinage. There
were several ready-made science-fictional slots into
which such a notion could fit when it was popularised,
and black holes rapidly became commonplace. Many
early stories elected to focus on the relativistic time-
dilatation affecting objects falling towards event hor-
izons; notable examples include Poul Anderson’s
“Kyrie” (1968), Jerry Pournelle’s “He Fell into a
Dark Hole” (1972), Brian Aldiss’ “The Dark Soul of
the Night” (1976), and Frederik Pohl’s Gateway
(1977). Such accounts of ominous cosmic encounters
often found abundant dramatic fuel in analogies
drawn between physics and psychology, as in Robert
Silverberg’s “To the Dark Star” (1968), Barry
N. Malzberg’s Galaxies (1975), and Connie Willis’
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“Schwarzschild Radius” (1987). The heroes of Greg
Egan’s “The Planck Dive” (1998) protest against an
attempt to impose unscientific meanings upon their
endeavour.

Popularisations of the notion often yielded to a
temptation to rhapsodic overstatement; John Taylor’s
Black Holes: The End of the Universe? (1973) pro-
posed that ‘“the black hole requires a complete
rethinking of our attitudes to life”. The intrinsic ap-
peal of the notion was further demonstrated by the
rapidity with which the Disney Corporation made the
film The Black Hole (1979), although it pays scant
attention to the scientific niceties of the concept. Arti-
ficially generated black holes soon put in an appear-
ance; a malfunction at a nuclear power plant creates
one in Michael McCollum’s “Scoop” (1979), and
an experiment in nuclear fusion produces a micro-
star that collapses into one in Martin Caidin’s Star
Bright (1980).

The fact that anything falling into a black hole was
bound to be torn apart in the process placed an
apparent limitation on the narrative utility of the
device, but it was conveniently sidestepped by spec-
ulators avid to get inside, who seized on the possibility
that rapidly rotating black holes might expose “naked
singularities”. As exit doors from the universe, black
holes recommended themselves as a plausible means
of dodging the relativistic limitations on cosmic
travel—a notion used to shore up such existing facil-
itating devices as “‘star gates’ and space-time “‘vorti-
ces”, asin George R. R. Martin’s “The Second Kind of
Loneliness” (1972), Joe Haldeman’s The Forever War
(1974), and Tan Wallace’s Heller’s Leap (1979). Such
hypotheses led to the further elaboration of the basic
idea into that of a “wormhole’’: a metaspatial tunnel
connecting a black hole with a complementary “white
hole”, which could operate as a faster-than-light trans-
port mechanism or a means of interuniversal travel.
The popularisation of the notion was assisted by John
Gribbin’s White Holes: Cosmic Gushers in the Universe
(1977) and Adrian Berry’s The Iron Sun: Crossing the
Universe Through Black Holes (1977).

Wormbholes became the most fashionable mode of
interstellar travel in the last decades of the twentieth
century, notably deployed in such novels as Paul
Preuss’ The Gates of Heaven (1980), Robert J.
Sawyer’s Starplex (1996), and lain M. Banks’ The
Algebraist (2004). They also function as doorways
through time, as in Preuss’ Re-Entry (1981) and Stephen
*Baxter’s Timelike Infinity (1992) and “The Gravity
Mine” (2000). In Roger McBride Allen’s The Ring of
Charon (1991) the Earth is kidnapped through a worm-
hole. In Arthur C. *Clarke and Stephen Baxter’s The
Light of Other Days (2000), a technology for
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manufacturing wormholes generates abundant
spinoff, although its primary application is to allow
the past to be viewed and recorded. Quantum worm-
holes feature as a means of local “teleportation” in
Chris Moriarty’s Spin State (2003). In the meantime,
black holes continued to function as potential hazards
in space travel, as in Mildred Downey Broxon’s ““Sin-
gularity” (1978), John Varley’s “The Black Hole
Passes” (1978), and Stephen Baxter’s “Pilot” (1993).

Interest in cosmic black holes was further en-
hanced by the problem of dark *matter, some of
whose suggestive manifestations could be explained
by the hypothesis that many galaxies—including
ours—had huge back holes at their centres. This no-
tion soon became a standard element of science-
fictional representations, spectacularly deployed in
such works as Gregory *Benford’s Tides of Light
(1989); life inside black holes is also featured in Wil
McCarthy’s Flies from Amber (1995), while M. John
Harrison’s Light (2002) features a vast black hole
bounded by a fecund shore.

Black holes also offered a potential solution to the
enigma posed by the existence of “quasars”—a term
derived by contraction of ‘“quasi-stellar radio
sources” to describe the discovery in the 1960s of
intense radio sources of very small dimension, inca-
pable of resolution by an optical telescope. When
similar sources were found that did not emit radio
waves, the collective term was changed to quasi-
stellar object, but the contraction had stuck by then.
The red-shifts of quasars turned out to be extremely
high, implying they must radiate thousands of times
more energy than a galaxy like the Milky Way—a
phenomenon potentially accountable in terms of ac-
cretion of matter around an enormous black hole.

The idea that tiny black holes, as envisaged by
Hawking, might still be around in some profusion
was attractive to science fiction writers in search of
manageable plot levers; such objects soon became
commonplace in science fiction, having been trailed
by Larry Niven in “The Hole Man” (1973) and
adapted for use in a space drive in Arthur C. Clarke’s
Imperial Earth (1975). They were dubbed ‘“‘kernels” in
Charles Sheffield’s The McAndrew Chronicles (1983).
Black holes small enough to cause trouble on and
below the Earth’s surface once released from magne-
tic imprisonment are featured in such *technothrillers
as Gregory Benford’s Artifact (1985) and David
*Brin’s Earth (1990). Manipulable black holes are
used as ultimate weapons in David Langford’s The
Space Eater (1982).

In Gregory Benford’s “As Big as the Ritz” (1986),
an idealistic plutocrat establishes a Utopian Brother-
world on the Hoop, an artificial habitat sustained by



the energy output of matter falling into a black hole;
Benford’s speculations about black holes and their
uses bore further fruit in “The Worm in the Well”
(1995; aka “Early Bird”) and Eater (2000), which
features a sentient black hole. Indeed, no ambitious
cosmic epic of the late twentieth-century was com-
plete without at least one black hole; they are on
particularly conspicuous display in Paul McAuley’s
Eternal Light (1991). The eponymous material
featured in Wil McCarthy’s The Collapsium (2000),
manufactured from black holes, facilitates matter
transmission.

BLISH, JAMES (BENJAMIN) (1921-1975)
U.S. writer. Blish studied microbiology at Rutgers
University, obtaining his B.Sc. in 1942, and worked
as an army medical technician during World War II.
He did postgraduate work in zoology at Columbia
University before abandoning his academic career in
favour of writing, although he also worked as the
editor of a trade newspaper from 1947 to 1951 and
in public relations from 1951 to 1958.

From 1950 to 1962, Blish developed a series of
stories whose future *history was derived by extrapo-
lation of the central thesis of Oswald Spengler’s Der
Undertang des Abendlandes (1918-1922; trans. as The
Decline of the West). Earth’s cities are driven by eco-
nomic recession to become gargantuan spaceships
powered by antigravity devices called “‘spindizzies”,
wandering the galaxy as “Okies” in search of work as
the West’s decline becomes terminal and the “Earth-
manist” culture goes through its own rise and decline.
The stories assembled into Earthman, Come Home
(1955) and They Shall Have Stars (1956; aka Year
2018!) were further augmented by the novels The
Triumph of Time (1958; aka A Clash of Cymbals)—
in which the decadence of Earthmanist culture is
interrupted by an apocalyptic cosmic disaster—and
A Life for the Stars (1962); all four volumes were
combined in Cities in Flight (1970).

Alongside this series Blish wrote a number of
stories pioneering the development of sophisticated
*biological science fiction, including ““Beanstalk™
(1952; aka “Giants in the Earth”; exp. as Titan’s
Daughter, 1961) and the “pantropy” series, which
developed the thesis that human *colonisation of
alien worlds might only be practicable with the aid
of drastic adaptations acquired by *genetic engineer-
ing. The pantropy stories, including the classic con-
ceptual breakthrough story “Surface Tension”
(1952), were assembled into the mosaic novel The
Seedling Stars (1957).

BLISH, JAMES (BENJAMIN) (1921-1975)

Blish was consistently interested in the problem of
developing rational foundations for psychologically
plausible ideas, hypothesising a biological basis for
traditional monsters in “There Shall Be No Dark-
ness” (1950) and proposing a mechanism for extra-
sensory perception in “Let the Finder Beware” (1949;
exp. as Jack of Eagles 1952; aka ESP-er). He became
increasingly concerned with broader *philosophical
issues, treating the paradox of prophecy with unusual
seriousness in “Beep” (1954; exp. as The Quincunx of
Time, 1973) and venturing into the field of speculative
*theology in A Case of Conscience (1953; exp. 1959),
in which a Jesuit confronted with a seemingly sinless
alien world must reconcile its existence with his faith.
In further pursuit of these interests, Blish became a
prolific and exacting critic of the burgeoning science
fiction genre, writing as William Atheling Jr.; his
work in this vein is collected in The Issue at Hand
(1964), More Issues at Hand (1970), and The Tale that
Wags the God (1987, ed. Cy Chauvin).

Blish diversified out of science fiction in the histor-
ical novel Doctor Mirabilis (1964; rev. 1971), a bio-
graphical study of Roger *Bacon that focussed on the
intellectual tension between Bacon’s religious faith
and anticipations of empirical scientific method.
Blish coupled this novel with 4 Case of Conscience
as elements in a trilogy collectively entitled After
Such Knowledge, whose third component was the
apocalyptic fantasy Black Easter and the Day After
Judgment (2 vols., 1964-1971; combined 1980; aka
The Devil’s Day). The most notable of his later
works were A Torrent of Faces (1967, with Norman
L. Knight), which deals with social and political
adaptations to the population problem, and the far-
futuristic fantasy Midsummer Century (1972), in
which the future evolution of life on Earth is compli-
cated by competition with artificial intelligences.

Blish was a useful addition to John W. *Campbell
Jr.’s stable of *hard science fiction writers, not merely
because he helped to broaden the scope of hard sci-
ence fiction to take in biological science, but because
he was so keenly interested in fitting all kinds of
science-fictional ideas into the largest possible philo-
sophical framework. His perennial appreciation of the
need to sell his work, initially in the action-adventure—
orientated arena of the pulp magazines, never
prevented him from undertaking literary experiments,
although it certainly limited his opportunities to dis-
play their results. It was unfortunate that he never
achieved financial stability in his writing career until
he achieved an altogether unexpected celebrity writing
prose versions of Star Trek scripts. Had the market-
place been more hospitable before he fell ill with
the cancer that ultimately killed him, he would have
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undoubtedly pushed the envelope of genre science
fiction even further than he contrived to do.

BOTANY

The major branch of *biology devoted to the study of
plants. The practical significance of such knowledge
in primitive society is so great that ethnobotanies tend
to be much more elaborate than ethnozoologies and
other traditional stocks of knowledge. By the same
token, the account of plants contained in the Historia
Plantorum of Theophrastos of Eresos—*Aristotle’s
appointed successor at the Lyceum—is much more
elaborate than his predecessor’s account of animals.
In contrast to Aristotle’s arrangement of animals into
groups, the tentative taxonomic classification used
therein bears no resemblance to modern botanical
taxonomy. Pliny the Elder’s Naturalis Historia
(77 A.D.)—which similarly reflects the economic and
*medicinal importance of plants, and the relative ease
with which they can be studied—is similar; its division
of plants into aromatic, alimentary, medicinal, and
vinous categories, originated by Dioscorides, now
seems entirely arbitrary.

Although it was a great advantage to botanists, the
sedentary and passive nature of plants ensured that
botany would always be less glamorous than *zoo-
logy. The speculative imagination has always sought
imaginative compensation for this natural deficit by
inventing fictitious ambulatory plants, man-eating
plants, and plants whose flowers metamorphose into
animals, all of which feature in Pliny. By the same
token, the popularisation of botany tends to devote
far more attention to predatory, parasitic, and poi-
sonous plants than their actual prevalence seems to
warrant.

The selective breeding of new crop plants is an-
cient, but it made relatively little impact on folklore,
the historical record or the literary imagination. The
use of plants in medicine is much more widely docu-
mented in fact and fiction alike, although it belonged
to the realm of *occult science rather than that of
empirical science until recent times; the medical text-
books associated with the New Learning in Tudor

England—notably William Bullein’s Bulwarke of

Defence againste Sicknes, Sorues, etc. (1562) and
John Gerard’s Herball (1597) are shot through with
mysticism. The cultivation of new crop plants, whose
scale and scope was dramatically transformed in the
sixteenth and seventeenth centuries following the dis-
covery of the New World, was more important in
generating popular interest in botanical science, espe-
cially when crop translocation became an important
aspect of the process of *colonisation. The role played
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in colonial adventures by *psychotropic plants was
almost as important as that of food plants; tobacco
and the potato are still linked in the historical
imagination as key features of the discovery of the
Americas.

A new appreciation of the patterns of plant relat-
edness was generated when attention was deflected
away from leaves, stems, and roots towards flowers
and fruit—a shift correlated with the improvement of
drawing techniques in the Renaissance. Hieronymus
Tragus (Jerome Bock) published an herbal in 1551
that reflected this change of emphasis; Andreas
Caesalpinus’ De Plantis Libri (1583) concentrated on
the number of seeds and seed receptacles contained
within each flower, thus laying the groundwork for
the comprehensive taxonomy attempted by Carolus
Linnaeus (Carl von Linng) in the 1730s. Caesalpinus
and his successors were assisted by the foundation of
public botanical gardens, which originated in Italy in
the 1540s and spread into northern Europe in the
1570s, reaching Sweden in 1657 and England in 1680.

The new classification system involved the exten-
sion of analogies of animal reproduction into studies
of plants, facilitated by the development of the *mi-
croscope. Nehemiah Grew’s The Anatomy of Plants
(1670) offered detailed accounts of the germination of
various kinds of seeds. The attribution of *sex to
plants had previously been very vague, although
Robert Burton’s Anatomy of Melancholy (1621) has
a brief section on “vegetal love”. Burton’s citations
include a fifteenth-century poem by the Italian hu-
manist Jovianus Pontanus detailing the love affair of
two date palms whose passion overcomes the diffi-
culty of their geographical separation. Pontanus also
wrote a better known poem about orange trees, De
Hortis Hesperidium. It was not until the seventeenth
century that microscopists such as Sebastian Vaillant
were able to explain plant reproduction fully enough
to allow Linnaeus to convert his unfolding artificial
classification into a natural classification based on
reproduction mechanisms, laying significant ground-
work for theories of *evolution.

Linnaeus’ decision to base his classification of
plants on their *sex organs was not uncontroversial,
although the sexuality of insect-pollinated flowering
plants—involving the production of forms, colours,
perfumes, and nectars designed to attract their go-
betweens—had long been a significant component of
their literary representation, readily lending itself to
symbolism, euphemism, and occasional frank eroti-
cism. Thomas Stretser’s The Natural History of the
Frutex Vulvaria, or Flowering Shrub and Arbor Vitae;
or, The Natural History of the Tree of Life, In
Prose and Verse (both 1732, initially by-lined Philo-
gynes Clitorides) employ botanical metaphors as



euphemistic coverage for the representation of human
genitalia. The literary employment of flowers had
always made much of their erotic symbolism and con-
sequent cultural significance, and the Linnaean system
wrought a subtle sophistication of such imagery.

Linnaean classification provided a framework for
the description of collections of exotic plants amassed
by world-travelling amateurs, and the collection of
new specimens became an important element of
many voyages of exploration. Joseph Banks, who
traveled with James Cook’s first expedition, refined
Linnaeus’ taxonomy and increased the number of
known species by a quarter. Banks became president
of the Royal Society and played a leading role in
defining the missions of various naval expeditions; it
was he who commissioned William Bligh to collect
breadfruit from Tahiti, with a view to making it a
significant staple crop in the Caribbean colonies,
and made sure that the Providence completed the
mission in 1793 after the Bounty’s crew mutinied in
1791. After taking charge of the Royal Gardens at
Kew in 1798, Banks compiled a collection of plants
from all over the world in order to equip the first
Australian colonists with medicines and foodstuffs.

Banks was the dedicatee of James Perry’s “Mim-
osa; or, The Sensitive Plant” (1779), which continued
Stretser’s euphemistic tradition, but his endeavours
provided more substantial inspiration in prompting
the production of Erasmus *Darwin’s epic account of
The Botanic Garden (1791), whose Linnaean observa-
tions of “The Loves of the Plants” were considered
sufficiently radical to inspire a parody in the Anti-
Jacobin and attracted such responses in kind as
Elizabeth Moody’s “To Mr. Darwin, on Reading
His Loves of the Plants™ (1798). Others inspired by
Banks’ example included Sir William Jones, whose
Design of a Treatise on the Plants of India (1790)
followed his translation of Kalidasa’s fifth-century
epic Sacontala (1789); Jones made careful note of
the elaborate floral/erotic symbolism of the latter
work—not without embarrassment—and adapted
Hindu mythology in a similar fashion in his own
Hymn to Camdeo (1784). Jones’ version of Sacontala
was influential in *Romantic literary circles, helping
to inspire Robert Southey’s The Curse of Kehama
(1810) and the more picturesque Orientalism of
Thomas Moore’s Lalla Rookh (1817).

Banks’ development of Kew was the scientific tip
of a hobbyist iceberg; “gardening” in its broad sense
became a widespread activity in eighteenth-century
England as herb gardens and kitchen gardens
were supplemented by flower gardens and a whole
aesthetic movement devoted to “landscape garden-
ing”. The interrelationships of art, literature, and
gardening are wide ranging and complicated, and
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the influence of botanical science is decidedly periph-
eral, but the economic importance of aesthetic
cultivation—remarkably dramatised in seventeenth-
century Dutch “tulipomania”, as reflected in such
literary works as Alexandre Dumas’ La tulipe noire
(1850; trans. as The Black Tulip)—ensured that the
science of horticulture would exert a powerful
attraction on amateurs, eventually providing a key
arena for the development of *genetics as well as the
discovery of such biotechnologies as grafting.

The interrelationship of botanical science and co-
lonial endeavour determined the origins and develop-
ment of botany in the Americas. John Barton
established a Botanic Garden in Philadelphia in
1728 and became the royal botanist—Banks’
American equivalent—in 1765. After the revolution,
Thomas Jefferson, George Washington, and John
Quincy Adams established public botanic gardens,
recognising the naturalisation and cultivation of use-
ful plants as a primary economic necessity. Constan-
tine Rafinesque, the author of the New Flora and
Botany of North America (1836-1938) published a
volume of poetry, The World; or, Instability (1836).
Such endeavours helped to form the distinctive atti-
tude to *Nature developed in Sarah Hoare’s Poems on
Conchology and Botany (1831) and the works of
Henry David Thoreau and Ralph Waldo Emerson.

The enormous variety of plants revealed as a result
of disciplined searches became an imaginative inspi-
ration in itself. The bizarreric of many specimens
is celebrated in a remarkable chapter in Joris-Karl
Huysmans’ extended hymn to perversity A rebours
(1884; trans. as Against the Grain and Against Na-
ture), and the metaphorical imagery of flowers
became a key element of the Symbolist Movement
that Huysmans helped to launch, extravagantly devel-
oped by such writers as Rémy de Gourmont and Jean
Lorrain. The illustrator Isidore Grandville had
provided further inspiration for such adventures in
Les fleurs animées (1847), in which beautiful women
are elaborately costumed with flowers. Imaginary
plants—including the mandrake, whose anthropo-
morphic root screams when detached, and the Upas
Tree, which poisons the ground for miles around—
were frequently drafted to serve as symbols, although
the most significant of all symbolic trees remained the
one that grew in Eden.

The Edenic tree was sometimes divided into two,
on the assumption that the reference in Genesis 2:9 to
“the tree of life”” and “the tree of knowledge of good
and evil” is to separate individuals; when the tree of
knowledge had acquired new symbolic meaning in the
context of the Age of Enlightenment, Tiphaigne de la
Roche’s allegorical Giphantie (1760; trans. as Gyphan-
tia) introduced a third. However many they may have
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been, the corollary notion of Edenic “forbidden fruit”
did sterling service in nineteenth-century literature; its
representations in Victorian England—especially
Christina Rossetti’s “Goblin Market” (1862)—are
particularly pointed. So all-pervasive is the Eden
myth that horticultural symbolism found its influence
virtually inescapable, even in such conscientiously
secularised examples as Anton Chekhov’s “Chernyi
monakh” (1894; trans. as “The Black Monk™) and
Vishnyovyy Sad (1904; trans. as The Cherry Orchard).

The speculative botany of eighteenth- and nine-
teenth-century popular literature made abundant use
of traditional motifs. Plants to yield miraculous cures
flourished as never before, as did plants to provide
exotic poisons. Ambulatory plants, like the tree-men
of Nazar in Ludwig Holberg’s Nicolaii Klimii Iter
Subterraneum (1741; trans. as A Journey to the
World Underground) became incessantly restless.
Carnivorous specimens, such as Phil Robinson’s
“The Man-Eating Tree” (1881) and Frank Aubrey’s
The Devil-Tree of El Dorado (1897), grew increasingly
ambitious. The use of such motifs—especially the
last—soon became sufficiently commonplace to
warrant satirical treatment, as in H. G. Wells’ “The
Flowering of the Strange Orchid” (1894). Innovation
was, however, rare; even the flying tree described in
Edward Page Mitchell’s “The Balloon Tree” (1883) is
a straightforward extrapolation of the locomotion
motif.

The development of palacobotany in the nine-
teenth century facilitated the integration of the
Linnaean classification into evolutionary theory,
assisting the realisation that angiosperms (flowering
plants) had been a late arrival on the evolutionary
scene, largely displacing the gymnosperms (plants
with “naked seeds”) whose tree species had estab-
lished vast forests during an earlier phase of life’s
conquest of the land. The first phases of that invasion
were credited to algae. Fungi, which had long been
considered to be part of the subject matter of botany,
were difficult to accommodate within the sequence,
and were eventually given a category of their own in
the broad categorisation of the subsections of biolo-
gy. While they remained part of the subject matter of
botany, fungi occupied a special place in the subject’s
speculative literature by virtue of their association
with decay, toxicity, and *psychotropic effects; elabo-
rately sinister fungal ecosystems are featured in
John Uri Lloyd’s Etidorhpa (1895), William Hope
Hodgson’s “The Voice in the Night” (1905), and
Philip M. Fisher’s “Fungus Isle” (1923).

The twentieth-century literary development of al-
ready-familiar motifs found various means to increase
their melodramatic component. The vegetable villains
in Lyle Wilson Holden’s “The Devil Plant” (1923),
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Edmond Hamilton’s “The Plant Revolt” (1930), and
John Wyndham’s “The Day of the Triffids” (1951)
are straightforwardly violent, while those in James H.
Schmitz’s “The Pork Chop Tree” (1965) and “Com-
pulsion” (1970) and Helen Cresswell’s The Bongleweed
(1973) are more subtly dangerous. The “man-eating”
plantin D. L. James’ “Beyond the Sun” (1939) and the
psychotropic dahlias that “take over” the world in
Mark Clifton’s “The Conqueror” (1952) are, however,
essentially beneficent. The economic roles traditionally
played by plants had far less melodramatic potential,
but lent themselves to occasional extreme extrapola-
tion in accounts of new food plants, such as
John Gloag’s Manna (1940) and Aubrey Menen’s
The Fig Tree (1959); new plant-based textiles, such as
Isaac *Asimov’s The Currents of Space (1952); and
panaceas, such as John Rackham’s The Flower of
Doradil (1970).

Earthly animate plants were largely relegated to
such farces as Alfred Toombs’ comedy Good as Gold
(1955) in the twentieth century, but accounts of alien
“plant-men” became common in such pulp stories as
Edgar Rice Burroughs’ The Gods of Mars (1913;
book, 1918), Raymond Z. Gallun’s “Moon Plague”
(1934), and Murray Leinster’s “Proxima Centauri”
(1935). The notion of ambulatory plants was given
more serious consideration in Clifford Simak’s
“Green Thumb” (1954), although the clever plants
featured in Leinster’s “The Plants” (1946) have to
employ animals as motile instruments. The plants
grown from Laurence Manning’s “Seeds from
Space” (1935) contend that, while vegetable life is
widespread in the universe, animal life is scarce and
humans are the only known example of animal intel-
ligence.

The sentient plant in Stanley G. Weinbaum’s
“The Lotus Eaters (1935) is philosophical about its
destiny to provide food to stupid herbivores, but
intelligent plant life is dominant on Mars in John
Keir Cross’ The Angry Planet (1945). Similarly
ambitious vegetable intelligences are featured in
Clifford Simak’s All Flesh Is Grass (1965) and John
Rackham’s The Treasure of Tau Ceti (1969) and The
Anything Tree (1970). More thoughtful exercises
in vegetable existentialism include Ursula K. Le
Guin’s “Vaster Than Empires and More Slow”
(1971) and Ronald Cain’s “Weed Killers” (1973).
The singing plants featured in L. Sprague de Camp’s
“Property of Venus” (1955) and J. G. Ballard’s
“Prime Belladonna” (1956) are, however, no smarter
than the average songbird.

The sexual connotations of botanic science were
given more leeway as the twentieth century progressed.
Orchids—named for their alleged resemblance to
an item of human reproductive apparatus—were



frequently featured in this context, as in John Jason
Trent’s Phalaenopsis gloriosa (1906) and Edward
Heron-Allen’s Passiflora vindicta Wrammsbothame
(1934, by-lined Christopher Blayre). Other species are
employed in similarly suggestive ways in Evelyn E.
Smith’s “The Venus Trap” (1956), Rosel George
Brown’s “From an Unseen Censor” (1958), and
Hugh Zachary’s Gwen, in Green (1974). Large-scale
ecosystems whose description stresses exotic methods
of sexual reproduction include those featured in John
Boyd’s The Pollinators of Eden (1969) and Barnard’s
Planet (1975) and the bloomenveldt in Norman
Spinrad’s Child of Fortune (1985). Edenic symbolism
inevitably figures in a great many sexual allegories,
most conspicuously in David Lindsay’s The Violet
Apple (written ca. 1925; published 1975).

Botanists rarely recommend themselves for use as
heroes in fiction, being less amenable than archaeolo-
gists to Indiana Jones-style makeovers, but Frank
Belknap Long’s John Carstairs, Space Detective
(1949) is described as a ‘“‘botanical detective”. An
ethnobotanist plays a heroic role in Howard V.
Hendrix’s ““Singing the Mountain to the Stars”
(1991; exp. as The Vertical Fruit of the Horizontal
Tree, 1994), while the cyborgised heroine of Kage
Baker’s “Noble Mold” (1997; incorporated into In
the Garden of Iden, 1998) is a botanist recruited by
the mysterious Company to recover endangered plant
species by means of time travel.

The twentieth-century development of *ecology
inevitably proved to have the most significant influ-
ence on the use of botanical motifs in speculative
fiction. Botanical *ecocatastrophes come in two
main varieties, the more elementary featuring the fail-
ure of vital crops, as in John Christopher’s The Death
of Grass (1956), while the other features vegetable
plagues like the one in Ward Moore’s Greener Than
You Think (1947). Descriptions of alien flora grew
much more ambitious as ecological thinking ad-
vanced, with notable examples featured in Doris
Piserchia’s Earthchild (1977) and Ian McDonald’s
Chaga (1995; aka FEvolution’s Shore) and Kirinya
(1998). The special role in maintaining the balance
of the ecosphere attributed by early ecologists to
rain forests—much elaborated in the wake of James
*Lovelock’s Gaia hypothesis—is reflected in a wide
range of fiction dealing in a mystical spirit with for-
ests. Stories imaginatively remaking humankind’s
ecological and spiritual relationships with trees in-
clude Jack Vance’s Son of the Tree (1951; book,
1964) and The Houses of Iszm (1954; book, 1964)
and Julian Chain’s “Cosmophyte” (1952). Edward
Rager’s “Crying Willow” (1973) describes the rise of
LEAF (the League to Eliminate the Abuse of Flora).
A sentient tree is employed as a not-entirely-objective
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observer of human affairs in Don Sakers’ ““The Leaves
of October” (1983) and “All Fall Down™ (1987).

Botany remains a central science in speculative
fiction, the continued role of plants as primary pro-
ducers seemingly assured by the dearth of accounts
of artificial photosynthesis. The method devised in
E. C. Large’s Sugar in the Air (1937) goes sadly to
waste, and such technologies attracted surprisingly
little attention thereafter, although they are central
to the background of the future history set out in
Brian Stableford’s emortality series.

BOVA, BEN(JAMIN WILLIAM) (1932-)

U.S. writer. He obtained a B.S. from Temple Univer-
sity, Philadelphia, in 1954, adding an M.A. from State
University of New York, Albany, in 1983. He worked
as a technical editor, documentary screenwriter, and
science writer before succeeding John W. *Campbell
Jr. as editor of Analog from 1971 to 1978, after which
he served as fiction editor for the popular science mag-
azine Ommni from 1978 to 1982, becoming a freelance
writer thereafter. One of his colleagues at the Avco
Research Laboratory in the 1960s, Myron R. Lewis,
collaborated on two of his early science fiction stories,
“The Dueling Machine” (1963; aka ““The Perfect War-
rior’”’; book, 1969) and “Men of Good Will” (1964).

Bova’s first book was the children’s science fiction
novel The Star Conquerors (1959), but he devoted
more attention to the popularisation of science for
young readers than to fiction during the 1960s. He
produced The Milky Way Galaxy: Man’s Exploration
of the Stars (1961), Giants of the Animal World (1962),
Reptiles Since the World Began (1964), and The Uses
of Space (1965) in parallel with scientific articles in
various science fiction magazines and the occasional
science fiction story before returning to ‘“young
adult” science fiction of a more sophisticated
kind. The Weathermakers (1967), whose short version
had appeared in Analog a year before, features an
altruistic scientist battling against short-sighted poli-
ticians and obsessive military men to secure techno-
logical progress in weather control. Much of Bova’s
subsequent work in the field of *hard science fiction
followed a similar pattern, representing the central
narrative of the history of science as a ceaseless
heroic struggle against the inhibiting effects of short-
term thinking and the monopolistic inclinations of
militarists.

In the late 1960s and early 1970s, when his writings
became more prolific, Bova continued to produce
such young adult science fiction novels as Out of the
Sun (1968), Escape! (1970), the trilogy comprising
Exiled from Earth (1971), Flight of Exiles (1972),
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and End of Exile (1975), When the Sky Burned (1973;
rev. as Test of Fire), and The Winds of Altair (1973) in
parallel with children’s nonfiction books whose range
grew steadily more adventurous. The latter included
In Quest of Quasars (1970), The Amazing Laser (1971,
reprinted in Out of the Sun, 1984), Starflight and
Other Improbabilities (1973), and the couplet Man
Changes the Weather (1973) and The Weather
Changes Man (1974). Once he had taken over the
editorial chair at Analog, however, Bova began to
produce similar works for adults, including the non-
fiction books The Fourth State of Matter: Plasma
Dynamics and Tomorrow’s Technology (1971) and
The New Astronomies (1972), and the mosaic novel
As on a Darkling Plain (1972), based on a map of
space exploration unfolded in “The Towers of
Titan” (1962), “The Sirius Mission” (1969), and
“The Jupiter Mission” (1970).

Bova’s career as a writer changed direction in the
mid-1970s, for reasons hinted at in four 1975 publica-
tions; two were children’s nonfiction books, Through
Eyes of Wonder: Science Fiction and Science and Sci-
ence—Who Needs It?; one an adult nonfiction book,
Notes to a Science Fiction Writer; and one a curious
roman a clef satirically depicting the spoliation of a
planned TV science fiction series by the intransigent
stupidity of its producers, The Starcrossed. His
shorter publications in that year included ‘““The
Shining Ones”, which had been commissioned as a
text for “reluctant readers” but then turned down by
a panel of “experts” because it featured a hero
suffering from a terminal disease.

Having pondered the socioeconomic situation of
contemporary science fiction and its various connec-
tions with contemporary science, Bova published two
novels in 1976 that were deliberately cast as thrillers
for marketing outside the genre. The Multiple Man is
a relatively straightforward political thriller whose
plot involves cloning, but Millennium: A Novel
About People and Politics in the Year 1999 was an
explicit bid for best-sellerdom, attempting to embed
the myth of the Space Age in the matrix of a soap-
operatic near-future history, a further segment of
which was issued as the prequel novel Kinsman
(1979). The intermediate novel, Colony (1978), also
extended the enterprise, although it was not directly
linked to the others.

When this attempt to reach a wider audience failed,
Bova reverted to fiction much closer to the core of
hard science fiction in the series comprising Voyagers
(1981), Voyagers II: The Alien Within (1986), and
Voyagers III: Star Brothers (1990), a sophisticated
space opera in which politicians attempt to inhibit
and conceal a first contact with aliens, prompting
the protagonist to take exotic unilateral action in the
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interests of introducing humankind to a new phase in
history. A similar theme, set against a more exagger-
ated background, is treated with slightly less rever-
ence in the Space Age fantasy comprising Privateers
(1985) and Empire Builders (1993).

Bova carried forward his satirical interests in
Cyberbooks (1989), a witty exploration of possibilities
inherent in the electronic reproduction of text, but he
retreated temporarily from his didactic ambitions in a
series of fantasy novels and two far-futuristic science
fiction novels, To Save the Sun (1992) and To Fear
the Light (1994), written in collaboration with A. J.
Austin. He returned to near-future hard science fic-
tion, committed to a more modest version of the
Space Age, in Mars (1992), which became the first
item in a loosely knit series he called the Grand
Tour. The series includes the couplet Moonrise
(1996) and Moonwar (1998), Return to Mars (1999),
Venus (2001), Jupiter (2001), and Saturn (2003) and
does indeed constitute a grand tour of the solar sys-
tem revealed by contemporary space probes. One of
its offshoots and the Asteroid War series launched in
The Precipice (2001) was continued in The Rock Rats
(2002).

In parallel with the early phases of the Grand Tour
series, Bova dipped into alternative history in 7vi-
umph (1993) and continued to produce such techno-
thrillers as Death Dream (1994) and Brothers (1995),
the first featuring virtual reality and the second a
breakthrough in medical biotechnology. He then set-
tled into the kind of role expected of American science
fiction writers, providing fictional propaganda for the
continuation of the space program in the form of
celebratory novels of frontiersmanship. Although his
cynicism regarding politicians had always been wide-
spread within that subgenre, his anxieties regarding the
potential role of the military were less commonplace.
The greatest virtue of his work remained the intelli-
gence with which he researched his backgrounds and
extrapolated his hypotheses; although he abandoned
the popularisation of science in the late 1980s, after
publishing Welcome to Moonbase (1987), The Beauty
of Light (1988), and Interactions: A Journey Through
the Mind of A Particle Physicist and the Matter of This
World (1988; with Sheldon Glashow), he maintained
his interest in contemporary scientific developments
and his attention was always scrupulous.

BRIN, (GLEN) DAVID (1950-)

U.S. writer. Brin obtained a B.S. in astronomy from
the California Institute of Technology in 1973 and
then spent two years on the technical staff of the
Hughes Aircraft Research Laboratory at Newport



Beach before receiving an M.S. in electrical engineer-
ing from the University of California, San Diego. He
went on to obtain a Ph.D. in space science from
UCSD in 1981. His scientific publications are
distributed across a wide spectrum of topics, includ-
ing papers on space station design, the theory of
polarised light, the nature of comets, and the astro-
nomical and philosophical questions implicit in the
Search for Extra-Terrestrial Intelligence (*SETT).

While working for his doctorate, Brin completed
his first science fiction novel, Sundiver (1980). He went
on to teach physics and writing at San Diego State
University between 1982 and 1985, during which time
he was also a postdoctoral fellow at the California
Space Institute. He then became a full-time writer,
although he spent some time as a “visiting artist” at
the University of London’s Westfield College, served
as a “‘visiting disputant” at the Center for Evolution
and the Origin of Life in 1988-1990, and was a re-
search affiliate at the Jet Propulsion Laboratory in
1992-1993.

Sundiver introduced a backcloth in which human-
kind has managed to augment the *intelligence and
communicative ability of dolphins and chimpanzees,
thus “uplifting” them to membership in a common
moral community. Contact with alien species has,
however, informed humans that their own seemingly
spontaneous evolution of sapience is a dramatic ex-
ception to the normal pattern; all other known sapi-
ent species have been artificially uplifted by “patrons”
who consider that favour a debt to be repaid by long
periods of servitude. Humankind is thus considered to
be a “wolfling” species, unready for participation in
galactic civilisation. A novella set against the same
background, “The Tides of Kithrup” (1981), was
expanded into the second novel in the Uplift series,
Startide Rising (1983).

The Practice Effect (1984) is a comic portal fantasy
about a quasi-Mediaeval parallel world in which prac-
tice really does make artifacts perfect, and lack of
usage results in a loss of virtue; like many a Campbel-
lian hero before him, the zievatron-displaced physicist
precipitated into this strange milieu finds the problem
of introducing enlightenment into the Dark Age rather
vexing, but eventually proves equal to the task. The
mosaic The Postman (1985)—whose 1997 film version
is a travesty of the text—describes how a man who
masquerades as a postman to win the favour of towns-
people in a post-holocaust America gradually becomes
what he pretends to be in order to establish a platform
for the rebuilding of democratic society. Heart of the
Comet (1986), written by Brin in collaboration with his
fellow Californian hard science fiction writer Gregory
*Benford, attempted to take advantage of the long-
anticipated reappearance of Halley’s comet. Brin then
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returned to the Uplift series in The Uplift War (1987),
which foregrounds uplifted chimpanzees rather than
the dolphins featured in its predecessor—the book is
dedicated to Jane Goodall, Sarah Hrdy, and Diane
Fossey, whose work with various primate species
provided the basis from which the author’s depiction
of uplifted chimpanzees and the alien Garthlings is
extrapolated.

Earth (1990), set fifty years in the future, is a defin-
itive *ecocatastrophe novel—one of the first to fore-
ground climate change—employing a mosaic
narrative technique similar to the one that John Brun-
ner had used for the same purpose in Stand on Zanzi-
bar (1968), although Brin anchored his commentary
embellishments to a robust central plot thread in
which a scientific experiment with a tiny black hole
goes disastrously awry. Glory Season (1993) is a bold
exercise in social design, featuring a pastoral society
run by *feminists, whose strict limitation of advanced
technologies has been facilitated by the social margin-
alisation of males. The novel proved controversial,
but Brin had always been eager to court controversy,
developing a contentious speaking style and freely
indulging his love of polemic in such articles as
“Zero Sum Elections and the Electoral College”
(1992) and “The Threat of Aristocracy” (1994) in
Liberty and an interview in Wired entitled ‘“‘Privacy
Is History—Get Over It” (1996), all of which
provided fuel for his nonfiction book The Transparent
Society: Will Technology Force Us to Choose Between
Freedom and Privacy? (1998).

Brin’s next addition to the Uplift series was a
trilogy comprising Brightness Reef (1995), Infinity’s
Shore (1996), and Heaven’s Reach (1998), in which
various alien species eking out a fugitive existence
on a world that had supposedly been left to “lie
fallow” by its former leaseholders are drawn back
into the convoluted network of multigalactic society.
Kiln People (2002, aka Kil'n People), which describes
a near-future society in which people can delegate
their aspects of their lives to temporary “golem’ cop-
ies with various ability levels, has as much in common
with The Practice Effect as his hard science fiction
novels, but is extrapolated with the same relentless
efficiency and eagerly confronts the various social and
philosophical problems thrown up as corollaries of
that extrapolation.

BRODERICK, DAMIEN (FRANCIS)
(1944-)

Australian writer and scholar. Broderick obtained a
B.A. in English from Monash University in Clayton,
Victoria. His Ph.D. thesis, presented to Deakin
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University, Victoria, in 1990, was on the work of
Samuel R. *Delany; the perspectives developed therein
led him to become one of the first writers to apply
*postmodernist perspectives to science fiction in a
more general fashion in The Architecture of Babel:
Discourses of Literature and Science (1994) and Reading
by Starlight: Postmodern Science Fiction (1995).

Broderick’s early science fiction, including T7he
Sea’s Furthest End (short version, 1964; exp. book,
1993) and Sorceror’s World (1970; rev. as The Black
Grail, 1986) exhibited a strong interest in the far
future that was more robustly rationalised in the
*Omega Point fantasy The Judas Mandala (1982).
He subsequently compiled a definitive showcase far-
futuristic anthology that mixed fiction and nonfiction,
Earth Is But a Star: Excursions Through Science
Fiction to the Far Futures (2001). The chimerical
melding of science fiction and magic characteristic of
far-futuristic fantasy is also featured in The Dreaming
Dragons (1980; rev. as The Dreaming, 2001) and the
comedy Striped Holes (1988). Broderick eventually
lumped all of these novels together—adding a natu-
ralistic novel about science fiction fandom, Transmit-
ters (1984), and a far-futuristic transfiguration of
Hamlet, The White Abacus (1997)—within a collective
he called the Faustus Hexagram.

Most of Broderick’s other novels were written in
collaboration with Rory Barnes. Valencies (1983)
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“premembers” a future in which the entire universe
of 4004 A.D. is colonised by humans, four billion to a
world, their lives perfectly regulated by an Imperium
employing its own predictive “‘mimetic hypercycles”.
Zones (1997) is a thriller about phone calls from the
future. Stuck in Fast Forward (1999) features a bubble
in space-time that becomes an unreliable time ma-
chine. The Book of Revelation (1999) is a millennial
black comedy.

In the speculative nonfiction books The Spike:
Accelerating into the Unimaginable Future (1997; rev.
as The Spike: How Our Lives Are Being Transformed
by Rapidly Advancing Technology, 2001) and The Last
Mortal Generation: How Science Will Alter Our Lives
in the 21st Century (1999), Broderick developed a
notion very similar to Vernor Vinge’s notion of a
technological *singularity. Some of the ideas in the
books are fictionally extrapolated in Transcension
(2002) and Godplayers (2005); the latter novel’s mani-
fold of alternative histories is complicated by the
conflict of the eponymous superhumans, who are
obsessed with control of ‘“Xon matter”. These works
established Broderick as one of the leading figures in
the attempt to imagine the kinds of *posthuman evo-
lution that might be associated with a technological
singularity, and how such an evolution might fore-
shadow the ultimate destiny of humankind and life in
general.



CAMPBELL, JOHN W[OOD] Jr.

(1910-1971)
U.S. editor and writer who studied physics at the
Massachusetts Institute of Technology from 1928 to
1931 before obtaining his B.S. at Duke University in
1933. He began publishing science fiction while still at
college, with a story about a mathematically innova-
tive supercomputer, “When the Atoms Failed”
(1930). A larger device of a similar sort operates a
mechanical invasion fleet in the sequel “The Metal
Horde” (1930), Campbell’s first venture into the
hectic action-adventure space fiction that he was to
develop more extravagantly than any of his contem-
poraries during the first phase of his career. The use of
a galactic stage for action-adventure fiction had been
pioneered only two years earlier by E. E. Smith and
Edmond Hamilton; along with Jack Williamson,
Campbell was one of the first writers to follow their
lead. He conserved the fervent romanticism that char-
acterised the works of the other three authors but
injected massive doses of theoretical physics into the
mix in The Black Star Passes (1930; book, 1953),
Islands of Space (1931; book, 1956), and Invaders
from the Infinite (1932; book, 1961). The series
demonstrated the new subgenre’s tendency to extreme
melodramatic inflation, expanding out of the solar
system with explosive verve.

Campbell moderated the narrative scale of “Be-
yond the End of Space” (1933) to more manageable
dimensions, but the temptations of extravagance were
irresistible and he returned to a vast stage in The
Mightiest Machine (1934; book, 1947). His insistence
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on interrupting the spectacular action of his plots
with extensive expository lumps prevented its sequels
seeing print until they were belatedly collected as The
Incredible Planet (1949), so he toned his work down
again. His most notable subsequent work consisted of
relatively brief but far-reaching contes philosophiques
of a kind pioneered in “The Voice of the Void”
(1930), in which force beings attack the ultimate
descendants of humankind ten billion years in the
future, when the Sun is about to go nova. “The Last
Evolution” (1932) sketches out a future history in
which a decadent human species threatened by a war
for survival is replaced by intelligent machines
designed to fight that war, which are superseded in
their turn by “Beings of Force”.

A similar evolutionary pattern was explored in two
far-futuristic fantasies by-lined Don A. Stuart, “Twi-
light” (1934) and “Night” (1935), in which a Utopian
lifestyle secured by mechanical production leads
humankind to degeneracy and extinction. Subsequent
Stuart stories elaborated various alternative scenarios
for humankind’s future evolution, but the only one
seemingly indicative of a viable exit from the impasse
of mechanical dependence was ‘Forgetfulness”
(1937), in which the necessity for technology is side-
lined by the development of *parapsychological
powers. Most of Campbell’s work in this vein was
assembled in the omnibus A New Dawn. The Complete
Don A. Stuart Stories (2003). Campbell’s own by-line
was replaced by the Stuart pseudonym because, after
an interval of working as a salesman and in the re-
search department of two technology companies,
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he had started work as assistant editor to F. Orlin
Tremaine on Astounding Stories, and the magazine’s
owners did not like their employees to write for their
own publications. The Stuart name vanished too, not
long after Campbell succeeded Tremaine as editor and
was held to a contract he had signed that forbade him
to write science fiction for anyone.

Seemingly undismayed by this restriction, Campbell
set about encouraging other writers to develop his
ideas and to grapple with the problems he had
encountered—including the practical problem of com-
bining scientific exposition with exuberant narrative as
well as the philosophical corollaries of human depen-
dence on technology. He changed his magazine’s title
to Astounding Science Fiction, subsequently moving
it through a series of phases reflective of his own aborted
career; its early exploitation of space opera gradually
gave way to increasingly sophisticated contes philoso-
phiques written by a stable of writers whose initial
key members included Robert A. *Heinlein, Isaac
*Asimov, Clifford D. *Simak, L. Sprague *de Camp,
Hal *Clement, *A. E. van Vogt, Lester del Rey, and the
husband-and-wife team of Henry Kuttner and C. L.
Moore. The first ten years of Campbell’s editorship,
when he successfully steered the magazine through the
economic difficulties caused by the United States’ in-
volvement in World War II, were often described
subsequently as science fiction’s “Golden Age”, when
many new ideas were wide open to ingenious and
adventurous exploration.

Campbell’s Golden Age came to an end when As-
tounding veered into highly controversial territory
during a 1950s boom in tales of *parapsychological
superhumanity. Campbell’s increasingly unreliable
judgment—first compromised when he lent his sup-
port to Dianetics, a new kind of psychotherapy
invented by one of the more colourful members of
his stable, L. Ron Hubbard—Ied him to give publicity
to a series of exotic devices in the 1950s and 1960s,
including the Hieronymus Machine for detecting psy-
chic force and an eccentric perpetual motion machine
called the Dean Drive. He was not the first deter-
minedly unorthodox thinker to follow a path into
the further reaches of absurdity, but his waywardness
reflected awkwardly on the *hard science fiction
whose principal champion he had become, and
whose production he continued to influence heavily
by feeding the story ideas he could not develop him-
self to his favourite writers. His covert exercise of
certain eccentric editorial preferences, one of which
favoured a determined human chauvinism, also nar-
rowed the scope of the fiction he published.

Campbell’s faith in his own powers of prophecy
was partly based in the early success of his fervent
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advocacy of the practicality of atomic power. He was
also an enthusiastic advocate of the development of
rockets as a means of space travel, and the progress of
space science in the real world continually topped up
his faith in his own judgment. His principal contribu-
tion to the development of modern futuristic fiction
was, however, his insistence that it should be as
respectful as possible of the boundaries of scientific
possibility, to the extent that such scrupulousness was
compatible with the demands of melodrama. He un-
derstood the importance of facilitating devices like
faster-than-light travel and time machines, but
insisted that they ought to be shored up by appropri-
ate apologetic jargon, and that the premises used
to establish them should be extrapolated carefully
as well as boldly. He applied the same philosophy
to Astounding’s short-lived fantasy companion Un-
known, allowing its writers to employ all kinds of
exotic premises but demanding that they employ rig-
orous logic in their extrapolation, thus producing a
highly distinctive and conspicuously modern brand of
“rationalistic fantasy”’.

Although he was only in charge of one science
fiction magazine among many, whose heyday endured
for little more than a single war-afflicted decade,
Campbell contrived to establish his prospectus as
an 1deal at which all science fiction should aim,
whose careless betrayal ought to be a source of
shame. He insisted that conscientious science fiction
ought to employ the future and other worlds as arenas
for serious speculation rather than mere costume
drama, and should apply an analogue of the scientific
method to the business of constructing and testing
its experimental visions. He eventually succeeded in
emblazoning this manifesto on the figurehead of his
magazine when he renamed it Analog in the late
1950s.

It is arguable that Analog was never the best ad-
vertisement for its own cause, being irredeemably
tainted by Campbell’s overinvestment in unortho-
doxy and his constricted ideological agenda, but
without such insistent advertisement the cause would
have received far weaker and even more sporadic
support than it did. Twentieth-century reflections of
and responses to scientific progress, in Europe as well
as the United States, would be fewer in number,
vaguer in kind, and considerably less interesting had
Campbell not committed himself so fully to his ambi-
tion. His fervent determination to import an intellec-
tual sophistication into pulp science fiction made
him a uniquely influential figurehead, who exerted
more influence on the development of modern specu-
lative fiction than any other individual, including
H. G. Wells.



CARTOGRAPHY

The art and science of mapping. Map making, which
presumably originated in association with the inven-
tion of *writing as an adjunct to hunting and
trade, was one of the earliest technological practices
to involve intellectual abstraction and graphic repre-
sentation. The oldest indubitable specimens date back
to the third millennium B.c., although some of the
lines inscribed in neolithic cave art and bone frag-
ments might have served a cartographic purpose.
The first attempts to illustrate the *geography of the
whole world appear to have been made around 1000
B.C., but the vast majority of maps remained utilita-
rian guides to navigation on land and sea.

Roman maps were more sternly utilitarian than
those produced earlier by the Greeks, being adapted
to the requirements of military campaigns and road
building; one famous example was inscribed on the
inner walls of a colonnade commissioned by the
Roman admiral Vipsanius Agrippa in the first century
B.C. The most outstanding cartographer of the Classi-
cal era was Ptolemy, whose attempts to describe the
world extended beyond geography into *cosmology.
His underestimation of the size of the *Earth’s surface
became accommodated within Renaissance learning
along with his *Aristotelian model of the solar sys-
tem, leading Christopher Columbus drastically to un-
derestimate the distance he would have to sail in a
westward direction to reach the Indies.

The heritage of Graeco-Roman cartography was
largely lost during the Dark Ages, when social hor-
izons suffered a drastic shrinkage, although maps
of coastlines were employed as aids to marine
navigation. Larger scale maps—“mappemondes”—
evolved towards figurative representations of the
Christian worldview, generally aggregating the bulk
of the world’s landmass into a single continuum with
Jerusalem or Rome at the centre, often reformulating
the synoptic landmass to form the image of a face or a
fruit. The Renaissance expansion of trade, however,
involved a rapid increase in the sophistication of
portolans—pilot books indicating sailing courses,
ports, coastal hazards, anchorages, and so forth.

The further ships went abroad, the greater their
dependence became on maps and associated naviga-
tional aids, which created demands for better astronom-
ical charts and better timepieces, greatly encouraging
the observations and measurements on which the
scientific revolution was based. Outside Europe,
Oriental map making kept pace with early European
developments in terms of accuracy of measurement,
but it could not match the expansion of perspective
associated with the great navigations of the fifteenth
and sixteenth centuries.
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All large-scale maps suffer from the problem of
representing a curved surface on a flat one; the most
popular solution originated when Gerardus Mercator
published a map of Europe employing the projection
named after him in 1554. The technology of
manufacturing globes, pasting two-dimensional strips
on to a spherical surface, also made rapid progress in
the sixteenth century. The first modern world atlas
was produced in 1570 by Abraham Ortelius.

From the seventeenth century onwards, mapping
expeditions were sent out by all the major European
powers, their collective endeavours laying the founda-
tions for an eighteenth-century reformation that
swept away the last vestiges of Mediaeval illustration
and symbolic representation, substituting stern lines
governed by precise scientific measurements. Such
maps became increasingly detailed and accurate
throughout the nineteenth and twentieth centuries,
the work of surface-bound surveyors eventually
being supplemented by aerial photographs, and ulti-
mately including photographs taken by artificial satel-
lites. Astronomers began constructing sketch maps of
other planets as soon as they had *telescopes, to
supplement maps of the near side of the Moon
based on observations of the naked eye, but such
designs remained intrinsically treacherous—maps of
*Mars were particularly misleading—until the advent
of space probes facilitated a rapid sophistication of
such volumes as Patrick Moore’s Philip’s Atlas of the
Universe (1994; rev. 1997).

In parallel with the latter phases of this history, the
role of maps in prose fiction became increasingly im-
portant. A narrative is itself something that has to be
navigated by writer and reader alike, and the business
of constructing or following a story line has something
in common with undertaking a journey—a correlation
celebrated in such contes philosophiques as Jorge Luis
Borges’ “La Muerte y La Brujula” (1964; trans. as
“Death and the Compass’). Narrative traction is rou-
tinely provided by the establishment of “landmarks”
whose apparent direction and distance allow readers to
orientate themselves. When plots involve actual
journeys, as they very often do, maps are routinely
provided, not merely for the internal use of characters
but as external appendices for use by readers. It is only
natural that one of the most common and enduring
literary clichés is the treasure map. The fictional con-
struction of hypothetical islands, nations, and cities
often involves the construction of maps to be included
in published versions, and this practice expanded nat-
urally to the mapping of entire imaginary worlds.
Map-based plotting became fundamental to the new
kind of active fiction pioneered in the 1960s in such
role-playing games as Dungeons and Dragons.
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Cartographic impulses routinely transcend matters
of narrative and geographical plausibility; the allegor-
ical landscapes described by Dante’s Divina Comme-
dia (ca. 1307-1321), Phineas Fletcher’s The Purple
Island; or, The Isle of Man (1633), John Bunyan’s
The Pilgrim’s Progress (1678), and Robert Ellis Dud-
geon’s Colymbia (1873) require and invite cartograph-
ical representation just as much as the imaginary
plans of Thomas More’s Utopia (1516) and Tommaso
Campanella’s La Cittd del Sole (written 1602; pub-
lished 1623; trans. as The City of the Sun), the mar-
iners’ sketches of Robert Louis Stevenson’s Treasure
Island (1883) and its many imitations, the routes from
known territories into the heart of the Dark Conti-
nent plotted in H. Rider Haggard’s King Solomon’s
Mines (1886) and its many imitations, and the other-
worldly maps that lend a further dimension of *hard-
ness to such science fiction novels as Jules Verne’s
Autour de la lune (1870; trans. as Around the Moon),
and Arthur C. Clarke’s Sands of Mars (1951). The
construction of maps of imaginary places—one of
several classes of items aggregated as ‘“‘cartifacts’ by
the curator Jan Smits—is practiced as an artform by
such visual artists as Calyxa and Gregor Turk, and
the production of “real” treasure maps is now a
substantial industry.

Significant fictional accounts of cartographers at
work include Jules Verne’s Aventures de trois russes et
trois anglais dans I'Afrique australe (1872; trans. as
Measuring a Meridian) and Robert Whitaker’s The
Mapmaker’s Wife (2004). Russell Hoban’s The Lion
of Jachin-Boaz and Boaz-Jachin (1973) offers a more
impressionistic account of cartographical artistry and
its psychological correlates. Notable science-fictional
maps include the hi-tech treasure map featured in
Charles Sheffield’s transfiguration of Stevenson’s
Treasure Island, Godspeed (1993). Futuristic depic-
tions of cartographers at work include Frederik
Pohl’s account of hyperspatial mapping in “The
Mapmakers” (1955). Harlan Ellison’s “Incognita,
Inc.” (2001) is a mildly surrealised cartographic fan-
tasy. The atlas of *cyberspace available at www.
cybergeography.org is one of several cartographic
guides to the Internet.

Although the prolific use of stereotyped maps by
modern writers of immersive fantasy—including
many science-fictional variants—has attracted some
derision, they are very useful to readers of such texts,
and their function extends far beyond the mere matter
of allowing the reader to follow the course of the story
line through its various settings (although a dotted
line is often included for this purpose). As well as
displaying the setting and measuring the characters’
movements, such maps characterise the worlds within
the stories in a more fundamental and impressionistic
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fashion, often conveyed by means of pseudo-
Mediaeval embellishments or improvisations credited
to their fictitious makers.

CATASTROPHISM

One of “two antagonist doctrines of geology’ identi-
fied by William Whewell’s History of the Inductive
Sciences (1837), its antithesis being uniformitarianism.
Whewell sought to distinguish theories of the Earth’s
history that imagined it to have been shaped primarily
by sudden catastrophic events—floods, earthquakes,
and volcanic eruptions—from those that imagined it
to have been slowly sculpted by erosion and sedimen-
tation. The former school embraced the ideas of such
writers as Lazzaro Moro and Gerges Cuvier, whereas
the latter thesis was developed by James Hutton and
Charles Lyell. Given the abundant scope and apparent
necessity for compromise, the dispute would not have
assumed serious proportions had it not formed a key
element of the *ideological conflict between *creation-
ists, whose reliance on the Biblical deluge placed them
squarely in the former camp, and *evolutionists,
whose ideas required more gradual changes to have
taken place over vast reaches of time.

Catastrophism inevitably has greater appeal to
storytellers than uniformitarianism; the reliance of
fiction on dramatic events strongly favours fire,
flood, and trembling ground over processes on the
margins of perception, although some scope is pre-
served for the latter in elegiac poetry, and in rhapsod-
ic prose passages employed as narrative decor in
works whose narrative energy comes from elsewhere.
For this reason, fictional elaborations of the Earth’s
history have always been heavily biased towards cat-
astrophic events and catastrophist explanations, and
fiction writers have always reacted enthusiastically to
new discoveries such as the evidence of an asteroid
strike that might have completed the destruction of
the *dinosaurs. Pseudoscientific accounts of Earth’s
history, like those contained in Ignatus Donnelly’s
Ragnarok: The Age of Fire and Gravel (1883) and
Immanuel Velikovsky’s Worlds in Collision (1950),
exhibit a similar prejudice in favour of catastrophism;
this helps to explain their popular appeal.

The major subgenres of the *disaster story made
considerable leaps forward while the nineteenth-
century dispute identified by Whewell was raging,
and their popularity continued to increase throughout
the twentieth century while the scientific debate colo-
nised other fields. The same contrasting tendencies
in explanation are evident in *cosmology, where
catastrophist explanations—including the Comte du
Buffon’s suggestion that the planets were formed as a



result of a collision between the sun and a comet, Big
Bang theory, and theses awarding supernovas a key
role in cosmic evolution—have been opposed by
suppositions based on a uniformitarian “cosmological
principle”, such as the one that led Fred *Hoyle and
his associates to formulate a “steady-state” cosmolo-
gy. In the academic realm of *history, a castastrophist
emphasis on the importance of wars and *disasters
is opposed by uniformitarian theories of social
development.

Historical fiction, inevitably, prefers to deal with
what the proverbial Chinese curse calls ““interesting
times”, but the preference for catastrophist explana-
tion is also obvious in different styles of historical
explanation. This is one of the reasons for the relative
invisibility in historical writings of the subtler
causal effects of *technology. The case made out in
L. Sprague de Camp’s Lest Darkness Fall (1939),
which favours subtle *technological determinism
over violent conflict as a causal agent, is a rare excep-
tion in any field; even those within the field of techno-
logical determinism prefer to speak in terms of
revolution rather than evolution.

The legacy of nineteenth-century disputes between
catastrophists and uniformitarians, and the signifi-
cance they assumed in a theological context, is abun-
dantly echoed in a catastrophist lexicon that has a
particular appeal in tabloid *reportage and pulp
fiction but is by no means restricted thereto. Legal
jargon still refers to unpredictable catastrophic events
as “acts of God”, and such terms as deluge, Arma-
geddon, judgment day, holocaust, and apocalypse
retain a significant *rhetorical force within the vocab-
ulary of common parlance. Uniformitarian rhetoric
has a religiosity of its own, although it tends to imply
a very different kind of God, whose primary charac-
teristic is patience rather than wrath, as in such for-
mulas as Henry Wadsworth Longfellow’s “the mills
of God grind slowly, but they grind exceeding small”,
translated from Friedrich von Logau’s Sinngedichte
(1653).

Catastrophist theory continues to thrive in the at-
tempt to explain a series of ““mass extinction events”,
of which there appear to have been five since the
diversification of animal life that followed the end of
the Cambrian period 570,000,000 years ago; a sixth is
currently in progress. The most famous is the one that
put an end to the *dinosaurs 65 million years ago, but
it was the least devastating of the set. The mass ex-
tinction currently in progress is the result of human
activity, but it may prove to be analogous to one of its
predecessors; Paul Wignall’s discovery of the three
phases of the Permian/Triassic extinction—the most
rapid of which was occasioned by a massive release of
methane held in oceanic clathrates—was immediately
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linked to growing anxieties regarding the *greenhouse
effect, feeding into the disaster stories linked to that
phenomenon.

CHAOS

The antithesis of order. In creation *myths chaos
often features as a primal situation from which the
world is drawn by constructive godly action, and into
which it might decay if not actively maintained. This
perspective in echoed in the scientific worldview by
the notion of *entropy contained within the second
law of thermodynamics. There is a certain paradoxi-
cality about the notion, in that total disorder bears a
suspicious resemblance to perfect uniformity.

The chaos of creation myths is echoed in philosophi-
cal investigations of the question of how order can come
into being, and maintain itself, in the absence of godly
intervention—an issue considered in scientific terms in
such works as Order Out of Chaos: Man’s New Dialogue
with Nature (1984) by Ilya Prigogine and Isabelle
Stengers and The Collapse of Chaos (1994) by Jack
Cohen and Ian Stewart. These works reflected a sudden
fashionability generated by a new meaning attached to
the term in *mathematical parlance, whose significance
was popularised by James Gleick’s Chaos: Making a
New Science (1987). This fashionability was greatly
enhanced by the significance within chaos mathematics
of the ““Mandelbrot set” whose “fractal’” graphical ex-
trapolation was an important aspect of early computer
*art, generated by such packages as James Gleick’s
Chaos: The Software (1990) and illustrated in several
books by Clifford A. *Pickover, whose Chaos in Won-
derland (1994) makes extravagant use of illustrative
fiction to support its popularising efforts. Anne Harris’
The Nature of Smoke (1996) also makes ingenious
fictional use of the Mandelbrot set.

The significance of the mathematical concept of
chaos is associated with the observation that the
behavior of complex systems governed by simple
laws is sometimes extremely difficult to predict, be-
cause small variations in initial conditions can be
magnified by idiosyncratic causal sequences to pro-
duce very different outcomes. The best-known dra-
matisation of the phenomenon is the ‘“butterfly
effect”, commonly dramatised by the allegation that
a butterfly flapping its wings on one continent might
cause a hurricane in another should the causal
sequence it initiates happen to magnify the effect at
every stage. The popularity of the term might also
owe something to Ray Bradbury’s conte philosophique
“A Sound of Thunder” (1954), which makes a similar
point by suggesting that the accidental obliteration of
a butterfly in remote prehistory might set off a causal
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chain that alters the political complexion of human
society.

The notion of chaos is important in modern scien-
tific thinking because it emphasises the weakness of
the link between understanding physical laws and
*predicting actual events. The imaginative device of
Pierre Laplace’s ““daemon”—which suggests that if the
present position and velocity of every particle were
known, the universe’s entire future and past might be
extrapolated therefrom—is not entirely defeated by
the application of chaos theory, but chaos theory high-
lights the extreme impracticability of making any such
calculation, and the uselessness of approximation.

Literary creativity is often represented as a matter
of drawing order out of chaos; the unlikelihood of
the process being mimicked by chance is often meta-
phorically represented in terms of randomly typing
monkeys reproducing the works of William Shake-
speare. John Dewey’s pragmaticist theory of *aes-
thetics suggests that aesthetic experience is born of
the dual perception of harmony emerging out of dis-
harmony, and then dissolving again, in an eternal
alternation of union and separation. In this view,
order and chaos are tendencies in eternal conflict—a
notion that is extensively mirrored in literary work.

Order and Chaos are frequently substituted for
Good and Evil in the conceptual frameworks of twen-
tieth-century commodified fantasy, most explicitly by
Michael Moorcock. Although order is sometimes
conceived as innately good and chaos as innately
bad, the usual presumption is that the ideal outcome
to the conflict is not the annihilation of one or other
of the contending forces, but the maintenance of some
kind of cosmic balance. By the same token, order and
chaos are both routinely cast as undesirable extremes
in *dystopian fiction, the prevalence of excessive ri-
gidity being accountable in terms of convenience of
representation rather than political bias. Literary
attempts to depict a state of chaos inevitably threaten
to become chaotic themselves, and hence unread-
able—Clark Ashton Smith’s description of “The Di-
mension of Chance” (1932) is a rare example of an
attempt to describe a reality unbound by physical
laws—but literary manifestos recommending that
writers should draw raw materials from the well of
chaos are commonplace; Alfred Jarry’s *pataphysics
is the most explicit.

The capacity of chaotic systems to produce occa-
sional unlikely results is inherently attractive to story-
tellers, and it is not surprising that the hypothetical
butterfly and monkeys armed with typewriters have
become celebrities of a sort, whose citation in modern
literature is widespread. Science-fictional versions in-
clude Raymond F. Jones” “Fifty Million Monkeys”
(1943) and Michael F. Flynn’s “On the Wings of a
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Butterfly” (1989). The underlying thesis is sometimes
used to support skepticism in literary representations
of scientific enterprise; Michael Crichton’s Jurassic
Park (1990) invokes chaos theory as a counter to sci-
entific hubris, construing it as a version of Murphy’s
*law. G. David Nordley’s “A Calendar of Chaos”
(1991), by contrast, features a Chaos Institute: a “re-
treat” for theoretical mathematicians concerned with
the long-term behavior of hypersensitive systems.
Michael Kallenberger’s “White Chaos™ (1991) draws
an analogy with the *acoustic phenomenon of white
noise. The idea that chaos mathematics might one day
be tamable as a method of prediction is extrapolated,
in spite of its paradoxicality, in such stories as Jeffrey
A. Carver’s melodrama Neptune Crossing (1994) and
Connie Willis’ comedy Bellwether (1996).

Late twentieth-century cosmological theory some-
times reformulates the traditional mythical problem
of how order arose from chaos in wondering how the
early universe became “lumpy”’, producing the disor-
der of material particles, which then aggregated into
stars and galaxies. Theories of literary creativity have
occasionally worked a similar switch, as in the cele-
bration of *alienation by Bertolt Brecht, but the con-
sensus in science and literature alike holds that the
appropriate balance between order and chaos is closer
to 99/1 than to 50/50; a little spontaneity can go a long
way, even unaided by the butterfly effect.

CHEMISTRY

Science that deals with the composition and transac-
tions of material substances. Its evolution was con-
fused before and during the Renaissance by the
mystical tendencies of *alchemy, which inhibited the
replacement of the Classical theory of the four *ele-
ments by a more reasonable taxonomy—whose grad-
ual achievement in the context of John Dalton’s
renewal of *atomic theory in 4 New System of Chem-
ical Philosophy (1808) eventually culminated in the
production of Dmitri Mendeleev’s periodic table of
the elements in 1869. The explanation of the pattern
revealed by the periodic table connected chemistry to
the underlying science of *physics.

Significant foundations for the transformation of
alchemy into chemistry were laid in the twelfth and
thirteenth centuries when a Mediaeval “Industrial
Revolution” prompted an increase in mining that
gave rise to considerable interest in metallurgy.
The investigations thus prompted—summarised in
Rodolphus Agricola’s De re metallica (1556)—
revealed the woeful inadequacy of the alchemical the-
ory of metals. The process was supplemented by inves-
tigations connected with the gradual development



of the most significant early chemical technology: the
manufacture of dyes for use in the textile industry.
The increase of the range of exploitable substances
and the transitions that could be contrived therewith
were summarised by Robert Boyle in The Scyptical
Chymist (1661).

The first attempt to produce a general theory of
chemistry to succeed *Paracelsus’ revised version of
alchemy was little better than its predecessor, being
based on the ill-fated notion of phlogiston advanced
by Georg Ernst Stahl in 1697. Phlogiston was a sub-
stance allegedly contained in all substances, in pro-
portion to their readiness to be transformed by heat,
and liberated therefrom by combustion. The aesthetic
appeal of phlogiston theory maintained its popularity
for a while in the face of such inconvenient facts as the
gain in weight sustained by heated metals until Joseph
Priestley’s Experiments and Observations on Air (1777)
assisted Antoine Lavoisier to invert the phlogiston
theorists’ account of combustion as a kind of dissoci-
ation. “Dephlogisticated air’’ was then reconceived as
an element that combined with others in combustion:
oxygen.

The rapid progress of experimental chemistry fol-
lowing the abandonment of phlogiston theory and the
discovery of the atmospheric gases, assisted by
Dalton’s refinement of atomic theory, paved the way
for a heroic era of chemistry. Its leading figures included
Priestley’s fellow “Jacobin scientist” Humphry Davy,
a friend of the Romantic poets whose adventures in
electrochemistry allowed him to discover several new
elements, paving the way for Michael Faraday’s
revision of the theory of *electricity as well as helping
to inspire Mary *Shelley’s Frankenstein (1818).

This process of evolution was further boosted in
the nineteenth century by the rapid progress of organ-
ic chemistry. It had long been assumed that the sub-
stances making up living bodies were governed by
some kind of vital principle or *life force that rendered
them unsynthesisable by vulgar means, but this as-
sumption broke down in 1828 when urea was synthe-
sised from ammonium cyanate. Justus von Liebig’s
Die Organische Chemie in Anwendung auf Agrikultur
und Physiologie (1840; trans. as Organic Chemistry in
Its Application to Agriculture) founded agricultural
chemistry, prompting a boom in artificial fertilisation,
while the same author’s Tierchemie (1842; trans. as
Animal Chemistry; or, Organic Chemistry in Its Rela-
tions to Physiology and Pathology) began the clarifica-
tion of the metabolic processes of biochemistry.

The chemistry of carbon was rationalised with the
aid of Edward Frankland’s theory of valency, devel-
oped in the 1850s. One of the most popular legends of
modern science describes Friedrich Kekulé’s inspira-
tional rationalisation of the chemical composition of
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benzene in terms of a ring structure, thanks to a
dream he had in 1866. The new discipline was given
added practical value by the development of the first
aniline dye in 1856 and such *medical discoveries as
the antiseptic effect of phenol (1867) and the analgesic
effect of acetylsalicylic acid (1876). Jacobus Van’t
Hoff’s La Chimie en Espace (1875; trans. as Chemistry
in Space) founded stereochemistry, stressing the im-
portance of the asymmetry of the carbon atom and
the consequent existence of isomers.

Because the heroic age of chemistry coincided with
the rapid evolution of the novel, while the succeeding
development of organic chemistry implied a radical
revision of human perceptions of the order of
*Nature, the chemist provided the principal nine-
teenth-century archetype of literary images of *scien-
tists at work. The chemist’s laboratory similarly
provided a definitive setting for scientific work; the
test tube—where disparate substances were mixed,
shaken, and heated in order to undergo some mani-
festly transformative reaction—became the iconic
locus of the scientific experiment. Newly discovered
elements and newly synthesised compounds became
key facilitating devices of scientific romance, includ-
ing such fabulous items as Charles Gaines’ hydro-
pyrogen in “The Sickle of Fire” (1896), H. G. Wells’
cavorite in The First Men in the Moon (1901), and
Frederic Carrel’s sardinium in 2010 (1914).

The use of hypothetical chemical substances as
quasi-magical devices continued long into the twenti-
eth century, readily passing from scientific romance to
pulp science fiction, which featured such innovations
as Charles C. Winn’s light-gathering lucium in “The
Infinite Vision” (1924) and Richard Rush Murray’s
“Radicalite” (1933)—a sort of “metallic ammonia”
whose usefulness was further enhanced by the extrap-
olation of its derivative “Stellarite” (1933). New dis-
coveries, such as the discovery that many elements
had distinct isotopes, were rapidly co-opted into this
sort of role. The technological exploitation of allo-
tropes of iron transforms the world in Cyril G. Wates’
“A Modern Prometheus” (1930), while Nathan
Schachner’s “The Isotope Men” (1936) features iso-
topic split personalities.

The commercial exploitation of chemistry went
through the same phases as the science itself, early
ventures in industrial chemistry being greatly com-
plicated by the advent of organic chemistry. The
DuPont Corporation, founded in 1802 to manufac-
ture gunpowder—supplemented by dynamite in
1880—underwent a dramatic expansion and diversifi-
cation in the early twentieth century into dyes, plas-
tics, and paints. It drew rich dividends from its careful
sponsorship of research in “pure science’” when poly-
mer chemistry was pioneered within the company in
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the 1930s; Wallace Carothers’ discovery of nylon
became a key example of fundamental research as a
fountainhead of technological innovation, leading to
DuPont’s eventual patenting of Dacron, Lycra,
Kevlar, and Teflon. In the meantime, though, the
image of the social utility of industrial chemistry and
its research programs was badly dented by the role
played in World War I by chemical *weapons, espe-
cially the poison gases that became the principal
bugbear of future *war novels produced after 1918.

The industrialisation of organic chemistry, and its
corollary effects on the tenor and tone of published
research, is ironically reflected in such absurdist
exercises in speculative nonfiction as Isaac Asimov’s
“The Endochronic Properties of Resublimated
Thiotimoline” (1948), which offers a straightfaced
account of an organic molecule that dissolves in ad-
vance of water being added, complete with fanciful
references. The article became the first of a series as
Asimov and others discovered further properties and
potential applications of the remarkable substance.
Industrial chemistry also prompted one of very few
effective cinematic representations of science in rela-
tion to society, in the Ealing comedy The Man in the
White Suit (1951).

The Italian industrial chemist Primo Levi would
probably have spent his entire life working quietly in
that capacity had not World War II interrupted his
career, but his experiences in Auschwitz turned him
into one of the twentieth century’s most significant
literary voices, his books attaining worldwide fame as
the most minutely considered and carefully analytical
accounts of the Holocaust. Levi always contended
that the narrative voice he adopted was defined and
determined by the fact that he was a chemist—a
supposition he attempted to demonstrate in the reflec-
tive essays contained in I/ Sistema Periodico (1974;
trans. as The Periodic Table, 1984), in which his
memories are decanted into fabular exercises in non-
fiction, each inspired by the personal connotations of
a particular chemical element. The collection is
unique, although its method is an interesting extrapo-
lation of Zolaesque *naturalism and Proustian intro-
spective researches in the workings of memory. Its
influence is evident in Michael Swanwick’s Periodic
Table of Science Fiction series, initially posted online
at Sci-Fiction in 2002.

When anxieties regarding chemical warfare went
into decline, it was only to be replaced by anxieties
about *pollution of the environment by the by-
products of industrial chemistry. The role played by
industrial organic chemistry in *food science also
gave rise to anxieties about “additives”. These factors
combined to ensure that the heroic era of nineteenth-
century chemistry gave way to a twentieth-century
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era of chemical villainy, widely reflected in literature
and reportage. Although the science still produced
occasional heroes, they were usually based in academe
rather than industry; the most notable was Linus
Pauling, who became a leading figure in U.S. chemis-
try in the 1930s and produced one of its definitive
textbooks, The Nature of the Chemical Bond and the
Structure of Molecules and Crystals (1939).

The triumphant explication of chemistry’s physical
basis had reduced its perceived status considerably by
comparison with physics, and the archetypal chemist
was swiftly replaced by the archetypal physicist—in-
carnate in Albert *Einstein—as the very model of a
modern scientist. The test tube did not lose its iconic
status entirely, retaining sufficient authority to claim
a component of the phrase “test tube babies” when
in vitro fertilisation was first anticipated as a technical
possibility, but its image was tarnished with a certain
contempt. Within the education system, chemistry
became irrevocably associated with bad smells and
awkward stains, although the gift of a ‘“‘chemistry
set”” remained a significant aspect of informal educa-
tion for the greater part of the century. Chemical
formulas—especially those describing important reac-
tions—continued to claim a minority share of the
mystique attributed to the calculative equations of
physics.

One chemical notion that recommended itself for
extensive literary use by means of its metaphorical
potential was catalysis, in which a reaction is assisted
by an agent that is continually regenerated; its
deployments in speculative fiction include Malcolm
Jameson’s “Catalyst Poison™ (1939), Poul Anderson’s
“Catalysts” (1956), Jesse Miller’s “Catalyst Run”
(1974), and Charles L. Harness’ The Catalyst (1980).
The use of colour-changing indicators, after the fash-
ion of the pH-sensitive litmus test, retained a certain
casual flamboyance abundantly displayed in the visu-
al media; the development of a pregnancy test that
worked in that fashion provided an abundance of
dramatic moments in TV soap operas, while flushes
of colour indicative of the presence of invisible blood
helped chemical analysis secure a key role in TV
dramatisations of *forensic science.

The term gained a new metaphorical significance in
the context of its quasi-euphemistic use to refer to
mutual sexual attraction, which proved very useful
in fiction. The underlying metaphor was pioneered
by J. W. Goethe in Die Wahlverwandschaften (1809;
trans. as Elective Affinities)—the phrase was derived
from a term coined by the Swedish chemist Torbern
Bergman—but more explicit talk of “sexual chemis-
try” became increasingly common in the twentieth
century; Greta Garbo offered a memorable reduction-
ist account of erotic attraction in the movie Ninotchka



(1939), and the pattern is reinvested with literal impli-
cations in such works of speculative fiction as Brian
Stableford’s Sexual Chemistry: Sardonic Tales of the
Genetic Revolution (1991) and James Patrick Kelly’s
“Chemistry” (1993).

CINEMA

A technology that takes advantage of the optical
phenomenon of the persistence of vision to produce
an illusion of continuous movement from a rapidly
progressive series of still images preserved as a reel of
photographic negatives. The development of cinema
was preceded by a series of precursors, including
Etienne Gaspard Robert’s Fantasmagorie, magic lan-
terns, and zoetropes, all of which were echoed in
literature, providing key metaphors to such works as
Jean Lorrain’s “Lanterne Magique” (1891; trans. as
“Magic Lantern™). The frequent association of artifi-
cially reproduced moving images with apparitions is
reflected in Thomas Amat’s decision to call his pio-
neering moving-picture projector a ‘“Phantoscope”.
Complex movements unanalysable by the unaided
eye were first “atomized” by a series of still photo-
graphs in the late 1870s, the first use of the method
being to study the motion of a galloping horse. The
technique—standardised by E. J. Marey as “‘chrono-
photography”—was quickly adapted to study the
aerodynamics of flight.

The advent of cinema in the 1890s was a highly
significant advancement in recording technology,
although it did not have as much impact in the scien-
tific arena as the development of still photography,
which had wrought a revolution in *astronomy. Early
literary responses included Rudyard Kipling’s “Mrs.
Bathurst” (1904), which credits the cinema with a
kind of *hypnotic effect. Until the late 1920s, cinema-
tography was limited in the accurate representation of
mundane life by the lack of an integrated soundtrack,
but its cultivation of illusion was greatly facilitated by
the opportunity to contrive an apparently seamless
transition between sequences filmed at different
times using strategically modified sets.

The most significant of the early filmmakers,
George Méliess—who had previously worked as a
stage magician—made conspicuous use of all the
tricks at his disposal in representing impossible
events. In 1896, he produced a film (the English ver-
sion was titled The Bewitched Inn) whose flying can-
dlesticks and disappearing bed were recapitulated in
the more substantial The Inn Where No Man Rests
(1902). He made several fairy-tale adaptations, in-
cluding the hand-coloured Kingdom of the Fairies
(1903) and Cinderella, or the Glass Slipper (1912),
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four versions of Faust (1898-1904), and several films
featuring such miracle-workers as the Devil and the
enchanter Alcofrisbas (played by Mélies himself). He
also made dream fantasies, including The Astrono-
mer’s Dream (1898), and early interplanetary fanta-
sies, one of which—Journey to the Moon (1903)—was
to provide one of the best-known movie sequences of
the twentieth century.

Many other pioneers followed M¢li¢s’ lead, though
none as prolifically. Another frequently replicated
image was produced by Thomas *Edison’s cinema-
tographer Edwin S. Porter in Fun in a Butcher Shop
(1901), which depicts a fully automated production
line turning dogs into sausages, in support of a popu-
lar urban legend; Porter subsequently soothed public
indignation by making Dog Factory (1904), in which
sausages are transmuted into live dogs by a similar
automated process. When the scientific photographer
F. Martin Duncan combined cinema technology with
the microscope in the pioneering documentary The
Unseen World (1902), it was immediately parodied
by the burlesque The Unclean World, also known as
The Suburban-Bunkum Microbe-Guyoscope.

The use of cutting to make objects appear and
disappear from scenes according to the director’s
whim was the most obvious cinematic manifestation
of *impossibility, but almost every element of devel-
oping cinematographic technique was a similar viola-
tion of ordinary sensory expectation. Elmer Rice’s
scathing satire on the fictional worlds within movie
texts, 4 Voyage to Purilia (1930), treats cutting,
zooming, and fading out as manifest absurdities,
and violations of temporal sequence such as flash-
backs as items of bizarrerie—but cinema audiences
had already learned to “read” all those devices, and
to see nothing strange about them at all, accepting
them as mere conventions of representation. Such
devices were hardly noticed in the latter part of the
century. Cinematographers also gave regular employ-
ment to a whole range of “special effects” that were
not so readily accommodated within common sense,
especially tricks with *time—speeding it up, slowing it
down, and throwing it into reverse—and exotic
biological transformations, illustrated by a flood of
hair-restoring movies, surgical fantasies, and Jekyll
and Hyde adaptations.

Whether or not it warranted the name ‘“‘Purilia”—
which Rice derived from “puerile”, not from “pure”—
the strange parallel world to which movies provided a
window was soon established as a magical kingdom,
irrespective of its explicit use of the supernatural,
whose very essence was the casting of the kind of
spell traditionally known as ‘“glamour”. It was the
habitation of a new species of “stars” and “god-
desses”’—the vastness of whose close-up-exaggerated
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personalities easily survived the demise of the dumb
show by which they signified emotion in pre-talkie
days. The archaically rigid censorship of which Rice
complained generated a new visual language of impli-
cation and irony, whose key product—Iabelled by the
sensational novelist-turned-screenwriter Elinor Glyn
in 1927—was It, also known as “‘sex appeal”’. Cinema-
tography was by no means the first technology to
facilitate “magic tricks” but none had ever been so
intrinsically magical in the whole range of its manifes-
tations. Although its enduring and overweening pref-
erence for *occult science and *pseudoscience over the
authentic variety was partly a response to the attitudes
of its mass audience, it was also intrinsic to the nature
of the medium and the spectrum of opportunities
offered thereby.

The employment of cinema as a means of docu-
mentary reportage was always secondary to its role as
a medium of entertainment, and the high cost of
making films ensured that many documentary endea-
vours were guided by the entertainment agenda. The
scientific applications of cinema technology were pri-
marily concerned with the *biological sciences,
because the moving picture facilitated the depiction
of active, living organisms. Cinematic adaptations of
time-lapse photography became an important means
of adapting slow processes like plant growth to sen-
sory perception. The only significant overlap between
this kind of endeavour and mainstream cinema was,
however, the subgenre of “wildlife documentaries”,
which was long cursed by the embellishment of ludi-
crous anthropomorphising voice-overs.

The development of stop-motion animation great-
ly facilitated the cinematic depiction of imaginary
creatures; it was rapidly used to dramatise *dinosaurs
and became the foundation of a whole genre of *mon-
ster movies, epitomised by the Willis J. O’Brien—
animated The Lost World (1925) and King Kong
(1933). Although monster movies and other emergent
movie subgenres such as the mad *scientist story and
the superhero story drew on the vocabularies of sci-
ence fiction and pseudoscience in the construction of
narrative apologies, even sound-equipped cinema in-
evitably found authentic scientific explanations very
difficult to accommodate, and a tradition was rapidly
established whereby filmmakers adopted a frankly
derisive attitude to the kind of fidelity idealised in
the notion of *hard science fiction; the natural ten-
dency was to regard illusion as an end rather than a
means.

For this reason, the history of “science fiction
films” followed a very different course from the evo-
lution of science fiction in text form, entirely governed
by the evolution of new means of contrivance that
facilitated the incorporation of science fiction imagery
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without the least trace of extrapolative seriousness.
The procedural principle that produced so many
biological monsters was extrapolated to technologies,
most notably in accounts of destructive rays such as
those featured in the serial “The Flaming Disk”
(1920) and the Russian Luc Smerti (Death Ray)
(1925). The development of superhuman charac-
ters—anticipated by Fritz Lang’s Dr. Mabuse in
Dr. Mabuse, der Spieler (1922) and Das Testament
des Dr. Mabuse (1933) before the invasion of cinema
by comic book superheroes such as Flash Gordon
(1936) and such analogues thereof as Philip Wylie’s
Superman-prototype The Gladiator (1939)—was also
a natural extrapolation of cinematic trickery.

Early attempts to adapt futuristic fiction for the
screen were few in number. Fritz Lang’s Metropolis
(1926) helped popularise the idea of the *robot,
although the supportive imagery it provided was
essentially magical and provided a cardinal example
of Isaac *Asimov’s Frankenstein complex. Lang’s Die
Frau im Mond (1929) attempted to advertise the im-
minence of the *Space Age, but its representations
dissolved into absurdity. Alexander Korda’s stilted
version of H. G. Wells’ Things to Come (1936) was
the only significant attempt to accommodate the
themes of British scientific romance to the medium,
the earlier The Island of Lost Souls (1932, based on
The Island of Dr. Moreau) and The Invisible Man
(1933) having reduced Wells’ stories to conventional
thrillers, while a 1933 U.S. adaptation of S. Fowler
Wright’s Deluge was primarily notable for its
model-based representation of a tidal wave swamping
New York.

The devastation of Europe by World War II
allowed the American philosophy of movie produc-
tion to become totally dominant in its wake; Western
science fiction motifs were almost exclusively reserved
thereafter to exotic crime thrillers, horror movies, and
space operas modeled on comic strips. Ultra-cheap
“shockers” designed to assist teenage seductions in
drive-in movie theatres played a major role in reduc-
ing the scabrous public image of science fiction to
abysmal levels. Attempts to break this mould—
including Destination Moon (1950), Riders to the
Stars (1954), and Forbidden Planet (1956)—were
rare and only partly successful.

By virtue of this pattern of development, scientific
understanding remained offstage in the cinematic me-
dium throughout the twentieth century. Although
scientists were frequently featured as characters, and
laboratories as settings, the standard role such
characters played was that of instigator of catastrophe,
whether by virtue of malice, madness, or foolishness;
laboratories became, in consequence, quintessential
sources of malignance and horror. James Whale’s



Frankenstein (1931) supplemented Lang’s Metropolis
in securing the cinematic stereotypes of the scientist
and his laboratory, echoed in Island of Lost Souls and
The Invisible Man, and in other revisitations of silent
classics such as Mad Love (1935) and The Invisible Ray
(1936).

This stereotype was echoed in countless postwar
images, including Forbidden Planet’s Dr. Morbeus,
the horribly transmogrified protagonist of The Fly
(1958), and Dr. Genessier in Les Yeux Sans Visage
(1959; trans. as Eyes Without a Face). The amiably
quirky variants of this image featured in such come-
dies as The Man in the White Suit (1951) and The
Absent-Minded Professor (1961) sustained the pattern
rather than challenging it. The Einstein-clone scientist
in The Day the Earth Stood Still (1951) was displayed
only to be contemptuously humbled, and there is also
a conspicuous ineffectuality about heroic scientists,
whose attempts to combat the tide of mutational
and extraterrestrial disaster in such films as Them!/
(1954), It Came from Beneath the Sea (1955), and
The Monolith Monsters (1957) are mere holding
actions.

The motive for these representations was purely
melodramatic—filmmakers had no ideological inter-
est in stigmatising science or demonising the public
image of scientists and their workplaces—but the net
result of their endeavours probably included a
marked diminution in respect for and trust in the
activities of scientists. Some scientists chose to con-
strue these cinematic representations as jokes, where-
as others preferred to fulminate against the rational
implausibility of cinematic clichés, misconstruing
their absurdity as the result of accidental error rather
than as an inevitable result of the technology’s hospi-
tality to illusions of impossibility.

Such sophistication as cinematic science fiction
underwent in the 1960s was partly due to the injection
of satirical black comedy, as in Doctor Strangelove, or
How I Learned to Stop Worrying and Love the Bomb
(1964) and Planet of the Apes (1968), and partly to an
element of nostalgia, as in First Men in the Moon
(1964) and Jules Verne’s Rocket to the Moon (1967),
but it was primarily a matter of the occasional use of
special effects in a more stylistically polished fashion.
Such films as Fahrenheit 451 (1966), Barbarella
(1966), and Fantastic Voyage (1966) had little to
recommend them apart from their glossy effects, but
Stanley Kubrick took the trend to a spectacular
extreme in 2001—A Space Odyssey (1968), whose
Arthur Clarke-inspired space technology was slotted
into a plot whose main lever was a mad computer and
whose climax was a psychedelic trip into deliberate
obscurantism. Kubrick’s 2001 prepared the way eco-
nomically for the visual spectaculars that would
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dominate science fiction cinema in the last decades
of the twentieth century.

The narrative tradition in which the majority of
these lavishly funded films would take their place was
firmly established. The computer-assisted special
effects that became commonplace when they were
spectacularly advertised by George Lucas’ Star Wars
(1977) were immediately applied to the production of
many other comic-strip space operas; monster movies
such as Alien (1979), the 1982 version of The Thing,
The Terminator (1984), and Independence Day (1996);
and superhero stories such as Superman—The Movie
(1978), the 1980 version of Flash Gordon, and Robo-
cop (1987). Close Encounters of the Third Kind (1977)
and ET—The Extraterrestrial (1982) took their inspi-
ration from contemporary myths, not from scientific
speculation, while the time-travel fantasies that fol-
lowed in the wake of Back to the Future (1985) played
gleefully with loops and paradoxes.

Because serious science fiction texts are so difficult
to film, very few have ever been successfully adapted,
and the rare partial successes—including Ralph
Nelson’s adaptation of Daniel Keyes’ “Flowers for
Algernon™ as Charly (1968) and Jack Gold’s 1974 film
of Algis Budrys’ Who—were all at the soft end of the
spectrum. The most commercially successful adapta-
tion of a science fiction text, Ridley Scott’s Blade
Runner (1982, based on Philip K. *Dick’s Do
Androids Dream of Electric Sheep?), was a drastically
simplified version, and the subsequent Dick adapta-
tions that followed in its wake were shoehorned
into well-established cinematic formulas. The aspect
of Dick’s worldview that appealed most to filmmakers
was its questioning of the stability of the experienced
world, which chimed with the medium’s ability
to construct powerful illusions—a fusion illustrated
by such metaphysical fantasies as David Cronenberg’s
Videodrome (1982) and taken to it furthest extreme in
The Matrix (1999) and its sequels. The movie eventu-
ally based on Isaac Asimov’s I, Robot (2004)—earlier,
more faithful treatments having been aborted—
deliberately inverted the book’s explicit purpose,
making it a cardinal example of the paranoid techno-
phobia that Asimov had attempted to oppose.

Science-fictional extrapolations of cinema technol-
ogy, in the days before the advent of the idea of
*virtual reality, began by extrapolating the develop-
ment of talkies to accommodate the other senses,
especially in the development of “feelies”, as antici-
pated in Aldous Huxley’s Brave New World (1932)
and John D. MacDonald’s “Spectator Sport”
(1950), and 3-D movies, as anticipated in George O.
Smith’s “Problem in Solid”” (1947). As science fiction
writers realised what Hollywood was doing to popu-
lar perceptions of science fiction, their extrapolations
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veered into the realm of satirical black comedy. The
future of Hollywood is treated scathingly in such
works as Henry Kuttner’s “The Ego Machine”
(1952), Bruce Elliott’s “The Battle of the S....s”
(1952), and Robert Bloch’s Sneak Preview (1959;
exp. book, 1971), although grudging acceptance of
the inevitable introduced a greater subtlety and
grudging affection into such continuations of the tra-
dition as Michael Bishop’s “Storming the Bijou, Mon
Amour” (1979), Terry Bisson’s Voyage to the Red
Planet (1990), Connie Willis® Remake (1995), and
Bruce McAllister’s “Hero, the Movie: What’s Left
When You’ve Already Saved the World” (2005).

The relentless advance of special effects gave rise to
the suggestion that filmmakers would soon be able to
dispense with cameras altogether and work entirely
with digitally synthesised imagery, thus transforming
the medium into something else entirely. An interme-
diate phase in this development is described in Grey
Rollins’ “The Ghost in the Machine” (1993), but few
contemporary writers of futuristic fiction in text form
see any point in dwelling elaborately on a matter of
inevitable extinction, over which few of them would
shed a tear if it happened tomorrow.

CIVILISATION

A term whose literal meaning is the emergence and
evolution of cities, although it is frequently applied
approvingly to the kinds of cultural evolution facili-
tated by city life, especially their moral and aesthetic
components.

Cities are manifestations of technological advance,
their evolution mapped out in the development of
building materials and techniques, the solution of
such large-scale *engineering problems as water
supply and waste disposal, the logistics of food distri-
bution, and the evolution of manufacturing enter-
prises. These imperatives have provided the principal
motive force for the advancement of applied science,
and theoretical science may therefore be viewed as a
by-product of civilisation. The first foundations of
theoretical science were laid in Athens, the first city-
state to escape the limitations of local agricultural
supply by cultivating an economy based on trade;
the second phase of its sophistication, in the seven-
teenth century, was correlated with a rapid expansion
of cities, whose physical containment within strong
defensive walls was being replaced by their political
containment within nation-states.

Hypothetical cities, made or remade with the aid of
new technology and inspired by intellectual progress,
have played a central role in speculative fiction,
from classical *Utopian fictions such as Francesco
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da Cherso’s La Citta Felice (1553), Tommaso
Campanella’s La Citta del Sole (written 1602; trans. as
City of the Sun), and J. V. Andreae’s Christianopolis
(1619), through such euchronian visions as Louis-
Sébastien Mercier’s L 'an deux mille quatre cent quarante
(1771; trans. as Memoirs of the Year 2500), Edward
Maitland’s By and By (1873), and Edward Bellamy’s
Looking Backward, 2000—1887 (1888) to such images of
hypermetropolitan development as Pierre Véron’s “En
1900 (1878), Ignatius Donnelly’s Caesar’s Column
(1890), and H. G. Wells’ “A Story of the Days to
Come” (1897). Such imaginative projections reflect the
sociohistorical process by which the same factors that
made cities into centres of wealth, leisure, and architec-
tural magnificence also made them into magnets for
reckless but necessary migration and accumulators of
industrial and organic wastes. The development of so-
phisticated sewage systems was too slow to prevent a
nauseous reaction to city filth, resonantly echoed in
much nineteenth-century literature. William Cobbett’s
description of London as a Great Wen struck a plan-
gent chord, whose most extreme response was Richard
Jefferies’ After London, or, Wild England (1885).

Cities had been seen as the primary arenas of both
cultural *progress and cultural *decadence since
Classical times, and the revision of both ideas in the
eighteenth and nineteenth centuries had much to do
with the dramatic contrasts provided by the elaborate
and exaggerated cross sections of larger societies
contained within cities. The great European cities of
the nineteenth century became the crucibles in which
popular literature developed, providing compact
audiences through which literacy gradually spread
from top to bottom. One result of this was that cities
became “‘characters” in their own right, explicitly so
in such panoramic surveys as Eugeéne Sue’s Les mys-
teres de Paris (1842-1843; trans. as The Mysteries of
Paris) and G. W. M. Reynolds’ imitative The Mys-
teries of London (1844—-1845).

The literary developments spearheaded by Sue and
other popular celebrants of the idea of the city-as-
organism were partly the product of the advent of
artificial *light, initially with the equipment of city
streets with gas lamps—with which London’s Pall
Mall was first fitted out in 1807. Liberation from the
tyranny of night and day paved the way for a drama-
tic extension of economic and leisure activities—not
to mention efficient policing—ushering civilisation
into a new phase of enlightenment, but also bringing
the nastier aspects of city life into the glare. In James
Thomson’s narrative poem, gaslight is impotent to
redeem The City of Dreadful Night (1874), only
serving to illuminate its horrors.

The application of science to municipal architec-
ture and engineering, and the corollary role played by



cities as hosts of scientific research and technological
expertise, was given elaborate literary consideration
in such nineteenth-century novels as Jules Verne’s Les
cing cents millions de la bégum (1879, based on a first
draft by Paschal Grousset; trans. as The Begum’s
Fortune), which carefully contrasts the political orga-
nisation of the cities of Frankville and Stahlstadt. In
Verne’s novel Frankville is triumphant, but it was the
imagery of Stahlstadt that was more widely echoed
in futuristic projections of city life. Mrs. Oliphant’s
afterlife fantasy “The Land of Darkness” (1887)
depicts a sector of Hell as a City of Science: an Infer-
nal factory complex ruled by mad Master. By con-
trast, the central exhibit at the Columbian Exhibition
in Chicago in 1893 was the White City, designed by
a host of architects, engineers, and artists to embody
rather than merely to model the future of civilisation;
its classically styled white buildings were topped by
a series of gilded domes. The Pan-American Expo-
sition in Buffalo in 1901 attempted to go one better
with a Rainbow City organised around a central
Electrical Tower, but its symbolic significance was
direly compromised when the U.S. president, William
McKinley, was assassinated in its Temple of Music.

The evolution of cities was always coupled with
nostalgia for a mythical Arcadian past, when the
various kinds of artifice represented by civilisation
were allegedly unnecessary because *Nature provided
everything necessary to human happiness. Such nos-
talgia increased rather than diminished as time went
by, although the image of an Arcadian Golden Age
was gradually replaced in Britain by the idea of an
agricultural paradise whose relics still maintained a
lingering presence in ‘“‘the countryside”. In America,
whose geographical horizons were much vaster, the
equivalent contrast was part of a more complex spec-
trum whose key axis, as far as literary images were
concerned, was that between the city and the “small
town” surrounded by broad tracts of cultivated land
and wilderness. While inhabitants of the countryside
and small towns fixed avidly ambitious eyes on cities,
inhabitants of cities maintained an artificial affection
for towns and villages—but the fact that the cities
provided the core audience for literary endeavour
ensured that the latter attitude would have the louder
literary voice. Traditional agricultural practices and
methods of transportation, especially the horse, are
routinely rose tinted in twentieth-century literary
mythology, as in such genres as the Western and
such subgenres as horse-riding stories aimed at teen-
age girls.

It was partly due to this imbalance of envious
viewpoints that the city was displaced from the core
of Utopian imagery to become the focal point of its
twentieth-century *dystopian opposition, routinely
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appearing in hypothetical examples either as a slum-
ridden gargantuan sprawl where filth, crime, sickness,
and vice flourish in appalling profusion—the rich and
powerful having exiled themselves to luxuriously
equipped baronial fortresses—or as an oppressive
exercise in enforced orderliness, whose ruthless sup-
pression of any and all deviance is ruthlessly dehuma-
nising. The future of civilisation in scientific romance
and science fiction is dominated by images of increas-
ing *automation, pioneered in H. G. Wells’ ““A Story
of the Days to Come” (1897), E. M. Forster’s
reactionary ‘“The Machine Stops” (1912), Otfrid von
Hanstein’s enthusiastic Elektropolis (1928; trans. as
“Electropolis”), and John W. Campbell Jr.’s deeply
ambivalent “Night” (1934). The imagery of the future
city reached an apogee of sorts at the 1939 New York
World’s Fair, whose central Perisphere contained
a huge model of the futuristic “Democracity”’, and
for which General Motors built a spectacular Futur-
ama exhibit.

The city of the future was carried to various
extremes of “perfection” in such images of ““ultimate
cities” as Isaac Asimov’s Trantor, Arthur C. Clarke’s
Diaspar in Against the Fall of Night (1948; rev. 1956
as The City and the Stars) and its analogue in “The
Lion of Comarre” (1949), the infinite city of J. G.
Ballard’s “Build-Up” (1957; aka “The Concentration
City”), the solicitous cities of Bellwether in Robert
Sheckley’s ““Street of Dreams, Feet of Clay” (1968)
and Reflex in Ray Banks’ “The City That Loves
You” (1969), the culminating image of Thomas F.
Monteleone’s The Time-Swept City (1977), and the
animate cities of Greg Bear’s Strength of Stones
(1981). There is, of course, a countertradition of defi-
ant pastoralism, evident not merely in *disaster
stories in which mortally wounded cities must be
abandoned, but in images of deserted supercities
such as those featured in John Campbell’s “Forget-
fulness” (1937), Clifford Simak’s ironically titled
City (1944-1952; book, 1952), and Ballard’s “The
Ultimate City” (1976).

The sharp tension between the attractions and
repulsions of city life—clearly evident in the real
world in the growth of intermediate suburban envir-
onments and the emergence of commuting as a way of
life—is often evident in speculative fiction in an
absolute division of the urban and the rural. In such
imagery defensive city walls often reappear as encap-
sulating domes, as in Jack Williamson’s “Gateway to
Paradise” (1941; book, 1955, titled Dome Around
America), Rena Vale’s “The Shining City” (1952;
exp. as “Beyond the Sealed World”, 1965), and Daniel
F. Galouye’s “City of Force (1959). Such re-enclosed
spaces are often described in agoraphobia-inducing
terms, reflected in such accounts of subterranean
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civilisation as Gabriel Tarde’s Fragment d’histoire
future (1896; trans. as Underground Man) and Fritz
Leiber’s “The Creature from Cleveland Depths”
(1962; aka “The Lone Wolf”’), and neatly summarised
in Isaac Asimov’s characterisation of The Caves of
Steel (1954).

In the extreme case of James Blish’s Cities in Flight
series (1950-1962), domed cities literally tear them-
selves away from the Earthly soil in order to become
rootless galactic wanderers. The vertical extension of
Manhattan island provided a key model for both real
and imaginary cities; hypothetical extrapolations of
the skyscraper generated such images of urban isola-
tion as Philip K. Dick’s conapts, the Urbmons (urban
monads) of Robert Silverberg’s The World Inside
(1971), and the “arcologies” featured in Larry Niven
and Jerry Pournelle’s Oath of Fealty (1981) and
Elizabeth Hand’s Aestival Tide (1992).

All of this imagery is abundantly represented in
futuristic *art, which is understandably rich in citys-
capes, and has lent considerable impetus to the notion
of agglomerations of supremely tall buildings that
scrape crystal domes for want of solid sky. Fritz
Lang’s Metropolis (1926) presented an influential
image of a skyscraper city embellished with aerial
walkways and airborne commuter traffic, while
Frank R. Paul’s cityscapes, featured on the covers
and internal illustrations of the early science fiction
pulps, largely defined what William Gibson was even-
tually to label “the Gernsback continuum”. Gibson
cited that assembly of images in order to highlight the
fact that it never came to pass, but the imagery of the
city as an extreme of technological enterprise has not
yet developed any rival consensus, thus maintaining
an impression that the realisation of Paul’s megalop-
olis has merely been postponed.

The notion that the city has its own developmental
imperatives beyond the control of planners retains its
dominance of futuristic imagery—by contrast with
the nostalgically exotic imagery of Italo Calvino’s Le
citta invisibli (1979; trans. as Invisible Cities)—but is
opposed by the multiple imagery of C. J. Cherryh’s
Sunfall (1981), the weird cities of Storm Constanine’s
Calenture (1994), and such depictions of custom-
designed cities as Nightingale in Catherine Asaro’s
“Aurora in Four Voices” (1998).

CLARKE, SIR ARTHUR C|[HARLES]
(1917-)

British writer and populariser of science. He became
an enthusiastic science fiction fan in his youth, con-
tributing articles, stories, and reviews to various
amateur publications while he was at school and
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while working thereafter as a civil servant. He did
not like his job, and was glad when World War II
allowed him to join the RAF, which put him to work
on the development of radar. He extrapolated his
expertise in various publications, including ““Extrater-
restrial Relays” (1945), an article that proposed the
establishment of communications satellites in geosyn-
chronous orbit.

After the war Clarke studied physics and mathe-
matics at King’s College, London, obtaining his B.Sc.
in 1948. He also became a leading member of the
British Interplanetary Society and an ardent propa-
gandist for *space travel. It was during this period
that he began publishing science fiction professional-
ly, his first novel being Against the Fall of Night (1948,
exp. as The City and the Stars, 1956) but he achieved
greater success as a nonfiction writer when he fol-
lowed Interplanetary Flight (1950) with the best-
selling The Exploration of Space (1951), a landmark
work in the development of the mythology of the
*Space Age—whose most eloquent advocate he then
became. He took advantage of the economic rewards
the latter book provided to abandon the chilly climate
of Britain for Sri Lanka, where he made his perma-
nent home.

Clarke’s propagandist efforts were so successful
that when the Apollo program got under way he was
hailed as a prophet, and retrospectively credited—on
the basis of his 1945 paper—with the “invention” of
the communications satellite. He was, however, scru-
pulous enough to call attention to the fact that he had
envisaged such entities as manned space stations
whose large crews would have to be perennially
changing defective valves rather than tiny entities
filled with reliable transistors. Much of his early fic-
tion, including the novels Prelude to Space (1951; rev.
1954), Earthlight (1951; exp. 1955), The Sands of Mars
(1951), Islands in the Sky (1952), and A Fall of Moon-
dust (1961), and the short stories collected in Expedi-
tion to Earth (1953), Reach for Tomorrow (1956),
The Other Side of the Sky (1958), and Tales of Ten
Worlds (1962) consisted of calculatedly propagandis-
tic dramatisations of his nonfictional speculations; his
contribution to Reginald Bretnor’s then-definitive
account of Modern Science Fiction (1953) proudly
declared science fiction to be ‘“‘Preparation for the
Age of Space”.

The principal diversion from the main thrust of
Clarke’s oeuvre was Childhood’s End (1953), which
followed the example of Against the Fall of Night in
developing a Stapledonian visionary element, coinci-
dentally producing an image of humankind’s evolu-
tionary future reminiscent of Pierre Teilhard de
Chardin’s *Omega Point. A meditative short story
in a similar vein, “Sentinel of Eternity” (1951; aka



“The Sentinel”), eventually became the basis of Stan-
ley Kubrick’s film 2001—A Space Odyssey (1968;
novelisation, 1968) while “The Star” describes the
discovery by space travellers of worlds devastated by
the explosion of the Star of Bethlehem. Oddly
enough, Clarke’s most popular short story was “The
Nine Billion Names of God” (1953), in which Bud-
dhist monks use a computer to complete the task set
by God for humankind, resulting in the abrupt anni-
hilation of the universe. Two other novels of this
period—The Deep Range (1954) and Dolphin Island
(1963)—reflected his interest in the sea as an unex-
plored wilderness akin to space, also dramatised in
such nonfiction books as The Coast of Coral (1956)
and The Challenge of the Sea (1960); his enthusiasm
for diving was the key factor in his selection of Sri
Lanka as a refuge, and he chronicled his exploits in
such books as The Reefs of Taprobane: Underwater
Adventures Around Ceylon (1957) and Indian Ocean
Adventure (1961).

Clarke continued to popularise the possible
rewards of space travel in The Exploration of the
Moon (1954), The Making of a Moon: The Story of
the Earth Satellite Program (1957), The Challenge
of the Spaceship (1959), Profiles of the Future: An
Enquiry into the Limits of the Possible (1962), Voices
from the Sky: Previews of the Coming Space Age
(1965), and The Promise of Space (1968). He wrote
First on the Moon (1970) in collaboration with the
Apollo astronauts, but the success of 200/—A Space
Odyssey had a more decisive impact on his public
image and his economic opportunities. He returned
to science fiction writing in earnest, with a sequence of
best-selling hard science fiction novels. In Rendezvous
with Rama (1973), human astronauts are fortunate
enough to be able to investigate a huge alien artifact
passing through the solar system en route to elsewhere.
Imperial Earth (1975; restored text, 1976) is a sophisti-
cated Space Age fantasy describing the future develop-
ment of the solar system. The Fountains of Paradise
(1979) describes the building of a “space elevator” that
greatly facilitates commerce between the Earth’s sur-
face and orbital strata. Further elaborations of his new
Space Age prospectus continued to occur to him,
developed in the sequels 2010: Odyssey Two (1982),
2061: Odyssey Three (1988), and 3001: The Final
Odyssey (1997). The Songs of Distant Earth (1986)
greatly elaborated a 1958 short story employing the
lost colony device.

After The Lost Worlds of 2001 (1972), which
appeared in the same year as Report on Planet Three
and Other Speculations, and a collaboration with
space artist Chesley Bonestell, Beyond Jupiter: The
World of Tomorrow, Clarke’s nonfiction took a back
seat to his fiction. When his health deteriorated in the
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1980s, Clarke maintained the flow of his fiction
by working with collaborators. Having extrapolated
one of Clarke’s ideas into Cradle (1988), Gentry Lee
was entrusted with writing Rama II (1989), The Gar-
den of Rama (1991), and Rama Revealed (1993), but
Clarke elected to work with more experienced part-
ners on other projects. The *technothrillers Richter 10
(1996) and The Trigger (1999) were developed by
Mike McQuay and Michael Kube-McDowell, re-
spectively, while The Light of Other Days (2000) was
the first of a sequence of novels extrapolated by
Stephen *Baxter, a much more congenial collabora-
tor; it was followed by the Time’s Odyssey diptych
comprising Time’s Eye (2004) and Sunstorm (2005),
in which the Earth is threatened with destruction
by two catastrophic solar storms, and human
attempts to build adequate defences are confused by
the presence of enigmatic aliens. Clarke also contrived
to produce a number of less burdensome solo works,
including Astounding Days (1989), a memoir of his
early infatuation with science fiction; The Ghost from
the Grand Banks (1990), about the raising of the
Titanic; and the asteroid-strike thriller The Hammer
of God (1993).

Much given to sweeping statements, Clarke’s fond-
ness for aphorism led him to generate a series of oft-
quoted ‘““laws”. The first one states that “When a
distinguished scientist says that something is possible,
he is almost certainly right. When he states that some-
thing is impossible, he is very probably wrong”. Al-
though intended as a comment on the pontificatory
proclivities of eminent scientists, a corollary conclu-
sion of this law is the thoroughly unscientific proposi-
tion that almost everything is possible. This view is
slightly moderated by Clarke’s second law—“The
only way to discover the limits of the possible is to
venture a little way past them into the impossible”—
but is ringingly endorsed by the most popular law of
them all, Clarke’s third law: “Any sufficiently ad-
vanced technology is indistinguishable from magic”.
Unfortunately, the third law does not specify the
viewpoint from which the difference is indistinguish-
able, thus leading many quoters to assume that sci-
ence and magic are indistinguishable in principle,
which is flatly contradictory to the truth and not
what Clarke intended to imply.

Clarke’s contribution to the development of mod-
ern science fiction was crucial; he is often cited as part
of a key triumvirate along with Robert A. *Heinlein
and Isaac *Asimov, but he was a better exemplar of
the scrupulous and consistent practice of hard science
fiction than either of those others, and his version of
the Space Age encapsulated values more generously
humanitarian—or at least less fundamentally misan-
thropic—than theirs. He is not often featured as a

&9



CLARKE, SIR ARTHUR C[HARLES] (1917-)

character in works of science fiction, but his name is
frequently honored in such constructions as Allen
Steele’s Clarke County, Space and the spaceship
Arthur C. Clarke in Thomas Wylde’s “To the Eastern
Gates” (1991).

CLEMENT, HAL

Pseudonym of U.S. science teacher and writer Harry
Clement Stubbs (1922-2003). He obtained a B.S. in
astronomy from Harvard in 1943, an M.Ed. from
Boston University in 1947, and subsequently an
M.S. from Simmons College, Boston, in 1963. In the
latter years of World War II he served in the Eighth
Air Force as a bomber pilot, and was in the Air Force
Reserve from 1953 to 1976. From 1949 to 1987
he was a science teacher at Milton Academy in
Massachusetts, and he did a great deal of work
under his real name as a science journalist and popu-
lariser of science for children. His pseudonym’s first
manifestation was on a story published in John W.
Campbell Jr.’s Astounding Science Fiction while he
was in college, “Proof” (1942).

“Proof” features an *alien life-form whose physical
makeup is very different from that of planet-bound
material beings, and whose “first contact” with the
Earth is both peripheral and fleeting. Although he
was never able to become a prolific member of
Campbell’s stable because of his other commitments,
Clement quickly established a unique position therein,
defined by the exotic template of this ground-breaking
story. He went on to design many more exotic aliens,
carefully and cleverly adapted to various physical
environments, thus becoming the leading literary
exponent of *exobiology. His work in this vein was
the most consistently conscientious attempt anyone
ever made to live up to Campbell’s prospectus for
science fiction, and Hal Clement became the paradigm
example of ultra-hard science fiction.

The short fiction Clement wrote for Astounding
during and immediately after the war puts a heavy
emphasis on problem solving, whether the problems
arise because their protagonists are confronted with
aliens (who are often humans seen from a different
viewpoint) or because their protagonists find them-
selves in exotic physical predicaments. ‘“Technical
Error” (1943) and “Cold Front” (1946) are classic
examples of humans being confounded by taken-for-
granted assumptions that turn out to be incorrect in
alien contexts. “Uncommon Sense” (1945) is a cele-
bration of “lateral thinking” on the part of its hero,
interplanetary explorer Laird Cunningham, whose
further adventures were extrapolated into a short
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series in “The Logical Life”” (1974), “Stuck with It”
(1976), and “Status Symbol” (1987).

Clement’s first novel, Needle (1949; book, 1950), is
an account of an alien policeman’s pursuit of a fugi-
tive on Earth, made difficult by the fact that both
parties belong to a parasitic species descended from
virus ancestors, and thus dependent on host bodies
for nutrition and locomotion. The story must have
been intended as a children’s book, but was presum-
ably deemed too challenging for its target audience; it
appeared in Astounding as a serial before its book
publication as an adult novel. The tense Robinsonade
Close to Critical (1958; book, 1964), in which the
castaways on the high-gravity world of Tenebra are
children, evidently suffered a similar fate—an unfor-
tunate one, given the author’s strong commitment to
science education. He was only able to publish two
children’s books in the course of his career—the
calculatedly unchallenging The Ranger Boys in Space
(1956) and the historical novel Left of Africa (1976)—
and the latter was issued by a small press rather than a
commercial publisher.

Iceworld (1951; book, 1953) offers an ingenious
account of Earth as seen through exotic alien eyes,
from which perspective it seems unreasonably cold,
but Clement’s talents were better displayed when he
developed a detailed image of the giant planet
Mesklin in Mission of Gravity (1953; book, 1954), a
Robinsonade featuring an adult castaway. Mesklin
spins so rapidly on its axis that the exacting gravita-
tional attraction at its poles is considerably countered
by centrifugal force at the equator—a gradient that
causes the human protagonist’s heroic alien rescuer
problems directly contrary to his own. Clement
revisited the milieu in Star Light (1971), in which
Mesklinites explore the even more peculiar giant
world of Dhrawn.

Cycle of Fire (1957) offers a similarly detailed
account of the dual ecosphere of Abyormen, a planet
in a binary star system whose surface suffers extremes
of hot and cold. Ocean on Top (1967; book, 1973) is a
further exercise in a similar vein, this time featuring
humans biologically engineered for life in a liquid
environment. Through the Eye of a Needle (1978) is a
sequel to Needle, carrying forward its explanations of
the alien biology of the Hunter and his kin. The Nitro-
gen Fix (1980) includes a further exercise in adaptive
biology, concerning the inhabitants of a future Earth
irredeemably altered by pollution, as well as alien visi-
tors who feel more at home in the new atmosphere.
Still River (1987) adopts a more brutal approach in its
uncompromising account of humans exploring a dan-
gerous alien environment. Half Life (1999) is a further
exploratory drama in the same vein.



Clement’s use of alien viewpoints is as interesting
as his deployment of exobiological ecospheres, by
virtue of his strong commitment to the idea that all
intelligences are bound to approach the business of
solving practical and theoretical problems in the same
way—using the scientific method—if they are to be
successful, and that they are bound to share certain
aspects of the same existential situation as humans no
matter how peculiar their biology may be. Although
his work subsumes all other narrative considerations
to the bold extrapolation and scrupulous exposition
of scientific ideas, that mission was coupled with an-
other, much subtler one, which provided it with
underpinnings equally at odds with the bulk of popu-
lar pulp fiction. With the partial exception of two
early stories, Clement steadfastly refused to employ
villains as a means of generating dramatic tension.
When radically different species meet in his stories,
they often misunderstand one another and cause one
another difficulties, but they are very rarely actively
malevolent, and frequently go to extraordinary
lengths of ingenuity and bravery in order to lend
one another assistance.

Clement acknowledged that this strategy lessened
the appeal of his work to readers who expected
conventional conflict, but argued that the universe
beyond the Earth’s fragile ecosphere was sufficiently
hostile and challenging without requiring the slightest
further assistance from human or alien malignity. “I
think it’s a more interesting story”’, he said, in an oral
discussion reprinted in The New York Review of Sci-
ence Fiction in 1992, “when the expedition gets down
to its last chocolate bar, not figuring out who gets the
chocolate bar, but what they do to find out how to
identify the local equivalent of a cocoa tree”. Few
readers ever agreed with him, but in a better world
than ours he would surely have been right.

CLONE

A group of organisms comprising the asexually pro-
duced offspring of a single individual. The term was
coined to describe genetically identical plants pro-
duced by taking cuttings, but is now more frequently
used in connection with technologies that reproduce
animals or their tissues, or with the duplication of
lengths of DNA in genomic analysis. Asexual repro-
duction is the usual mode among many species of
bacteria and protozoa, and in some plants and inverte-
brates, but is exceptional in more complex creatures,
whose evolution has usually taken fuller advantage of
the utility of *sex as a means of producing new gene
combinations.

CLONE

Fictional accounts of human cloning have a long
history, originating in the tacit use of the notion in
accounts of exaggerated psychological harmony be-
tween identical twins—members of a clone derived by
the spontaneous splitting of an early embryo—such as
Alexandre Dumas’ account of The Corsican Brothers
(1844), and in the creation of all-female societies like
those featured in Princess Vera Zaronovitch’s Mizora
(1890) and Charlotte Perkins Gilman’s Herland (1915;
book, 1979). The idea was more explicitly popularised
in the 1920s in connection with tissue culture experi-
ments; speculations by J. B. S. Haldane and Julian
Huxley led Aldous Huxley to feature cloning by
embryo splitting in Brave New World (1932). Interest
was renewed again in the 1950s when scientists at the
Institute of Cancer Research in Philadelphia
attempted to develop a nuclear transfer technique for
cloning frogs; Poul Anderson’s “UN-Man” (1953)
employs a hypothetical technology of “exogenesis”
for *eugenic cloning, while Theodore Sturgeon’s
“When You Care, When You Love” (1962) suggests
that dedifferentiated cancer cells might be used as
substitute egg cells in cloning processes.

The popularisation of the term by Gordon Rattray
Taylor’s The Biological Time-Bomb (1968)—which
explicitly raised the question of “whether the mem-
bers of human clones may feel particularly united,
and be able to co-operate better, even if they are not
in actual supersensory communication with one
another”—prompted a flood of stories extrapolating
this notion, the most notable of which include
Ursula K. Le Guin’s “Nine Lives” (1969), Richard
Cowper’s satirical Clone (1972), David Shear’s Clon-
ing (1972), Pamela Sargent’s Cloned Lives (1976),
Kate Wilhelm’s Where Late the Sweet Birds Sang
(1976), and Fay Weldon’s The Cloning of Joanna
May (1989). A further popularising boost to the idea
of human cloning was provided by David H. Rorvik’s
journalistic hoax In His Image: The Cloning of a Man
(1978).

The popularity of variations on the theme of The
Corsican Brothers reflects the range of potential dra-
matic opportunities rather than any firm belief in the
supernatural abilities of twins; the observation that
most pairs of identical twins are enthusiastic to differ-
entiate themselves from one another and have no
difficulty in so doing is less plot friendly. Stories cele-
brating the limits of genetic determinism are rare; the
exceptions include Ira Levin’s The Boys from Brazil
(1976), in which multiple clones of Adolf Hitler deve-
lop their own distinctive personalities in spite of crude
attempts to reproduce the kind of environmental influ-
ences that helped formulate Hitler’s own personality,
and Richard Wilson’s “The In-Betweens” (1957; aka
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“The Ubiquitous You”) in which six clones have con-
trasting personalities.

Verge Foray’s “Duplex” (1968) develops a scenario
in which conjoined twins are normal and dissociated
twins are problematic exceptions, thus providing an
ingenious investigation of the philosophy of identity
that is echoed in many more orthodox accounts of
clonal existentialism, including Gene Wolfe’s The
Fifth Head of Cerberus (1972) and Mildred Ames’
Anna to the Infinite Power (1981). The inherent narcis-
sism of self-cloning is ironically investigated in such
cautionary wish-fulfillment fantasies as Kir Bulychev’s
“Another’s Memory” (trans. 1986), while the hazards
of cloning charismatic individuals are explored in such
stories as Garfield Reeves-Stevens’ Children of the
Shroud (1990), in which Jesus is cloned thirty times
over from the stains on the Turin shroud.

Elaborate accounts of hypothetical societies in
which cloning is a routinely employed alternative to
more familiar reproductive modes include Naomi
Mitchison’s Solution Three (1975), John Varley’s
The Ophiuchi Hotline (1977), C. J. Cherryh’s Cyteen
(1988), and Anna Wilson’s Hatching Stones (1991).
Copying people by “fax’ produces routine “immor-
bidity” in Wil McCarthy’s Queendom of Sol series,
the cloning aspect coming to the fore in “The Police-
man’s Daughter” (2005). The potential utility of
clones in facilitating experimental design—reflected
in the real world in the production of cloned mice
for use in medical research—is reflected in such
imaginary experiments as the one begun in Thomas
Sullivan’s Diapason (1979).

The plausibility of the notion that people might go
to any lengths in the admittedly futile attempt to
“reproduce” lost loved ones—as featured in “When
You Care, When You Love” and Jeremy Leven’s
Creator (1980)—has some observational support, al-
though it has so far only been applied to pets. Clones
also offer useful potential to writers of crime stories,
by generating confusion related to the identification
of corpses as well as expanding the range of possible
motives for murder; such possibilities are exploited in
Ben Bova’s The Multiple Man (1976), John Varley’s
“The Phantom of Kansas™ (1976), Michael Weaver’s
Mercedes Nights (1987), Michael F. Flynn’s “The
Adventure of the Laughing Clone” (1988), and
Wolfgang Jeschke’s Midas (trans. 1990).

Another possible application of cloning technology
that has excited a good deal of journalistic and liter-
ary interest is the notion of “resurrecting” extinct
species whose DNA is preserved in fossils. Mammoth
carcasses preserved in the Arctic permafrost seem the
most likely sources of usable DNA, which might be
implanted in host egg cells provided by elephants—as
described in Stephen Baxter’s Mammoth trilogy
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(1999-2001)—but the notion of cloning dinosaur
DNA recovered from biting insects preserved in
amber in denucleated frog egg cells, as featured in
Michael Crichton’s Jurassic Park (1994), makes up
in melodramatic flair what it lacks in plausibility.

The advent of in vitro fertilisation and its wide-
spread medical use in the 1980s made it relatively
easy to create clones by dividing the resultant embry-
os—scientists at George Washington University cre-
ated human clones by embryo splitting in 1993—but
it remained more difficult to create a clone from the
differentiated cell of a mature mammal; the nuclear
transfer technique developed in 1997 by scientists at
the Roslin Institute was a significant technical break-
through. Subsequent debates about the future devel-
opment of cloning technologies often drew a
distinction between ‘“‘reproductive cloning” (creating
new individuals) and ‘“‘therapeutic cloning” (the pro-
duction of new tissues for use in medical treatments,
usually using stem cells).

The premature death of the Roslin Institute’s
cloned sheep Dolly cast a shadow over the prospects
of nuclear transfer technology, but Cumulina—a
mouse cloned by nuclear transfer at the University
of Hawaii Medical School in 1997—lived out a full
span before dying in 2000, the year in which the first
pigs, goats, and cattle were cloned by nuclear transfer.
Research into therapeutic cloning underwent a spec-
tacular renaissance in the same period, giving rise to
intense bioethical debates because of the need to pro-
duce embryos in order to obtain a supply of “totipo-
tent” stem cells. (Stem cells harvested from developed
organisms are more limited in their ability to differ-
entiate into specialised tissues.)

Accounts of cloning gone wrong are commonplace
in horror-science fiction, in such dark farces as
Russell M. Griffin’s The Blind Men and the Elephant
(1982) and the film Multiplicity (1996). The notion of
therapeutic cloning has given rise to new nightmare
scenarios like the one described in Michael Marshall
Smith’s Spares (1996), in which populations of hid-
eously deformed, artificially produced twins live
wretched captive lives while they wait for their organs
to be harvested. Extrapolations of similar ideas in-
clude L. Timmel Duchamp’s “How Josiah Taylor
Lost His Soul” (2000), Nancy Farmer’s The House
of the Scorpion (2002), and Kazuo Ishiguro’s Never
Let Me Go (2005). The legal wrangles surrounding
cloning technologies gave rise to such futuristic thril-
lers of illicit cloning as Kathleen Ann Goonan’s The
Bones of Time (1996). The possibility had become
sufficiently familiar by the end of the century to war-
rant surreal celebration in the recherché Carrollian
fantasy Alice au pays des clones (1999) by gynaecolo-
gist Claude Sureau.



COLONISATION

A term usually employed in a geographical and polit-
ical context, in which a colony is a company of indi-
viduals transplanted from their mother country to a
new land, where they set about reproducing their
society of origin. It is also used in a biological context
with reference to the spread of natural species, espe-
cially populations of bacteria developed from a single
displaced cell. The latter meaning represents colonisa-
tion as a natural process impelled by a biological
imperative, and this implication is often transferred
to political programs by way of justification, especially
when the extension of colonies by one political group
involves the invasion and conquest of territory already
occupied by another.

The cultural geography of the modern world has
been largely determined by colonial movements, in-
cluding the initial diaspora by which humans emerged
from Africa to spread throughout the world and sev-
eral subsequent westward migrations: from the Mid-
dle East to Western Europe (the Celts and others),
from the Far East to Eastern Europe (the Tatars and
others), and from Western Europe to the Americas.
Modern colonialism is primarily associated with this
final phase, which began in earnest in the sixteenth
century. The subsequent discovery of Australia began
a further phase in the eighteenth century, followed by
various invasions of Africa in the nineteenth century.
Such was the seeming inexorability of this endeavour
that Thomas Gray’s poem ‘““‘Luna Habilitatis” (1737)
imagined English colonialism extending to the lunar
continents long before the idea became commonplace
in science fiction.

Literacy and colonial activity have long been his-
torically linked, partly because colonial endeavours
necessitate long-distance communication, and the
evolution of modern European literatures from the
Renaissance to the twentieth century took place in a
context of colonial expansion. Insofar as a literary
work takes account of the future, even in the narrow
sense of equipping characters with plausible ambi-
tions, colonial projects have always loomed large
within it. The conventional closure of the majority
of novels was always secured by marriage and/or
personal enrichment, but the third factor that fre-
quently supplemented or complicated these narrative
rewards is emigration—or, in an American historical
context, heading west.

American science fiction developed alongside the
genre that provided the United States with its “crea-
tion mythology”: the western. It had the same ideo-
logical roots, and it is not surprising that its own
guiding myth—the myth of the *Space Age—was a
futuristic transformation of the western’s image of
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history, which extrapolated an imperative process of
colonisation from the last available terrestrial frontier
to the “final frontier” of space, regarding the entire
universe as territory ripe for conquest and civilisation.
In speculative fiction and nonfiction, this project was
routinely represented as a matter of destiny—neatly
repackaged by James *Blish as “pantropy”’—whose
refusal or inhibition would be tantamount to a
betrayal of human nature and the nature of life itself.
In that context, the perceived generic centrality of
Isaac *Asimov’s Foundation trilogy—which imagines
a galaxy filled to capacity with worlds inhabited by
human beings—is perfectly understandable.

The discoveries of *astronomy from the mid-nine-
teenth century onwards provided a stream of evidence
suggesting that colonisation of the other worlds of the
solar system would be impossible, but astronomers
like Percival Lowell were prone to interpret observa-
tions in the light of preconceptions that imprinted the
surface of *Mars with illusory canals; it is not
surprising that speculative fiction proved markedly
resistant to contradiction, or that the reluctant accep-
tance of the inhospitablility of the other planets only
served to increase interest in the colonisation of the
worlds of other stars and calculated blindness to the
extreme difficulties of interstellar travel.

The fact that the British Empire was already in
decline before American science fiction got off the
ground helps to explain the differences between scien-
tific romance and science fiction. Although the Space
Age was anticipated in some early scientific romances,
such as Andrew Blair’s Annals of the Twenty-Ninth
Century (1874), the most innovative work in the genre
explicitly modelled on British colonialism was H. G.
Wells The War of the Worlds (1898), which the author
envisaged as an inversion of the British colonialist
invasion of Tasmania—except that bacteria side
with the defenders in this case, whereas it was the
diseases imported by colonists that devastated native
populations in the real world. Subsequent writers of
scientific romance were uninterested in the conquest
of space; J. B. S. Haldane’s “The Last Judgement”
(1927) and Olaf Stapledon’s Last and First Men
(1930) imagine extraterrestrial colonisation as a last
resort, motivated by extreme duress, and emigration
from the solar system as an extremely distant project.

The situation of American science fiction was, of
course, complicated by the fact that the independent
nation’s colonisation of the West had only become
its definitive project once the English colonies
founded in the east had successfully rebelled against
their motherland. This crucial historical break was to
be reenacted repeatedly in science fiction’s futuristic
narrative spaces, sometimes in very light disguise.
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Notable examples include “Birth of a New Republic”
(1930) by Miles J. Breuer and Jack Williamson, Isaac
Asimov’s “The Martian Way” (1952), Robert A.
Heinlein’s The Moon Is a Harsh Mistress (1966), and
Poul Anderson’s Tales of the Flying Mountains (1970).
Similar events seen from a British perspective, in such
novels as Arthur C. Clarke’s The Songs of Distant
Earth (1958; exp. 1986) and Paul J. McAuley’s Of
the Fall (1989; aka Secret Harmonies), tend to be far
more ambiguous in their ideological outlook.

The notion that many of the first would-be colo-
nists of America were religious sects and eccentric
communards—a motif given mythical status in the
story of the Mayflower’s Pilgrim Fathers—also lent
itself readily to science-fictional transfiguration, and
genre science fiction is remarkably rich in accounts of
ideologically specialised colonial societies, whose sa-
tirical representation is often wryly sympathetic. No-
table examples include Eric Frank Russell’s ““...And
Then There Were None” (1951), Frederik Pohl and
C. M. Kornbluth’s Search the Sky (1954), Evelyn E.
Smith’s The Perfect Planet (1962), and H. Beam Piper
and John J. McGuire’s 4 Planet for Texans (1958).
The “lost colony” formula became one of the signifi-
cant clichés of science fiction in the 1950s, and
continued to thrive for several decades thereafter.
The notion that Earth might be a forsaken colony,
as broached in B. and G. C. Wallis’s “The Mother
World” (1933), was elaborately developed in Ursula
K. le Guin’s Hainish series, which demonstrates the
formula’s potential for use in such serious sociological
thought experiments as The Left Hand of Darkness
(1969).

Skeptical accounts of the politics of Western colo-
nisation began to appear in the U.S. science fiction
pulps at an early stage—notable examples include
Edmond Hamilton’s “Conquest of Two Worlds”
(1932) and Robert Heinlein’s “Logic of Empire”
(1941)—and became increasingly numerous and stri-
dent as time went by, under the influence of American
foreign policy as applied in Korea and Vietnam. The
murky politics of colonialist diplomacy were viewed
with increasingly jaundiced eyes in such stories as
Poul Anderson’s “The Helping Hand” (1950), R. M.
McKenna’s “The Fishdollar Affair” (1958), and
Keith Laumer’s long-running Retief series (launched
1960). Problems of competitive colonisation are wide-
ly featured in 1950s science fiction; Clifford D.
Simak’s “No Life of Their Own” (1959) is a notable
example.

Avram Davidson’s “Now Let Us Sleep” (1957),
Robert Silverberg’s Invaders from Earth (1958), H.
Beam Piper’s Little Fuzzy (1962), and Ursula K. Le
Guin’s The Word for World Is Forest (1972) are
among the more exaggeratedly polemical accounts
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of colonisation as spoliation. The increasing appeal
of such stories is linked to a parallel growth in nostal-
gia for the mythical Golden Age fatally disrupted by
*civilisation; accounts of Space Age colonisation are
often infected by *ecological mysticism and Edenic
imagery, as in Ray Bradbury’s “The Million-Year
Picnic” (1946) and Mark Clifton’s Eight Keys to
Eden (1960). Ironic reflections on the fundamental
notion include William W. Stuart’s “Inside John
Barth” (1960), in which a human body is colonised
by intelligent and ambitious microbes.

The idea that there might still be frontiers on Earth
that warrant colonial endeavour was largely sidelined
in American science fiction while the Space Age beck-
oned, although accounts of colonising the oceans al-
ways maintained a more conspicuous presence than
accounts of civilisation extending beneath the Earth’s
surface or the building of cities in the *air, the primi-
tive example of Robert Ellis Dudgeon’s Colymbia
(1873) being carried forward in such works as
Norman L. Knight’s “Crisis in Utopia” (1940), Fre-
derik Pohl and Jack Williamson’s Undersea Quest
(1954) and its sequels, Kenneth Bulmer’s City Under
the Sea (1957), Dean R. McLaughlin’s “The Man on
the Bottom™ (1958; exp. as Dome World, 1962),
Gordon R. Dickson’s The Space Swimmers (1963;
book, 1967), Keith Roberts “The Deeps” (1966),
David Andreissen’s Star Seed (1982), and Maureen
F. McHugh’s Half the Day Is Night (1994).

The space probes of the 1970s hammered the final
nails into the coffin of traditional images of planetary
colonisation, but the prospectus was repaired with the
aid of the notion of building self-enclosed colonies in
*artificial satellites, as advocated by Konstantin
*Tsiolkovsky and repopularised by Gerard K.
O’Neill’s The High Frontier (1977). Another facilitat-
ing device used to bridge the widening gap in the
Space Age timetable was that of *terraforming, defi-
antly applied to such colonisation projects as those
featured in Kim Stanley Robinson’s Mars series and
Pamela Sargent’s *Venus series, and flamboyantly
mythologised in Ian McDonald’s Desolation Road
(1988). The processes of adaptation described in
such works often attack the problem from both direc-
tions, involving strategic modifications of would-be
colonists by *cyborgisation or *genetic engineering.

Although early accounts of the potential adaptive
costs of space colonisation had been produced even
before Blish’s Pantropy series, in descriptions of the
Thresholders contained in C. L. Moore’s “Promised
Land” and “Heir Apparent” (both 1950; by-lined
Laurence O’Donnell), the 1970s saw a dramatic in-
crease in such stories of literal *alienation, elaborate
examples of which include Daniel Hatch’s series
about the colonisation of Asgard, launched with



“Den of Foxes” (1990), Alison Sinclair’s Blueheart
(1996), and Allen Steele’s Coyote series, collected in
the mosaics Coyote: A Novel of Interstellar Explora-
tion (2002) and Coyote Rising (2004). Even in late
twentieth-century and early twenty-first-century
stories of Earth-clone colonisation, in which radical
physical adaptations are not required, other kinds of
problems tend to be extrapolated to extremes, as in
McAuley’s Of the Fall and Nancy Kress’ Crossfire
(2003) and Crucible (2004). The logic of the situation
had made it clear by then that extending colonisation
to the final frontier is almost certain to be a *post-
human project rather than a human one, if it should
ever happen.

COMET

An astronomical phenomenon involving the relatively
brief appearance of an object that moves relative to
the stellar background and often extends a “tail”. In
ancient times comets—then considered as atmospher-
ic phenomena—were routinely construed as omens of
disaster, a reputation that assisted them in exercising
a considerable fascination on the literary imagination.
“Comet fear” is a detectable historical phenomenon
in writings from 1200 onwards.

A large comet observed by Tycho Brahe in 1578,
six years after his famous “new star”, provided a
second important demonstration of the fact that the
heavens were not unchanging when measurements of
its parallax demonstrated that it was further away
than the Moon. This discovery did not diminish
comet fear, and may have had the opposite effect;
a pamphlet published a year after the comet of 1618
by Gotthard Arthusius—a professor of history and
mathematics at the University of Main in Germany—
construed it as an omen of the imminent end of the
world. Accurate calculations of cometary orbits were
made by several *astronomers in the seventeenth cen-
tury, by far the most famous being Edmond Halley’s
determination of the 76-year period of the comet
named after him, which allowed a prediction of its
eventual return, whose eventual fulfillment was a sig-
nificant testament to the competence of astronomical
measurement and calculation.

The first telescopic discovery of a comet, by Maria
Mitchell in 1835, paved the way for many more,
revealing that such objects were not nearly as rare as
had previously been imagined, and comets became
objects of increasingly intense interest thereafter.
The idea that the Earth might be struck by one,
developed in jocular fashion in Oliver Wendell
Holmes’ poem “The Comet” (ca. 1833), increased
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markedly in plausibility. One of its most enthusiastic
popularisers was Camille *Flammarion, who also
employed Halley’s comet as a hypothetical narrator
in his historical panorama ‘““Histoire d’une comeéte”
(1872) and assembled a fictitious international scien-
tific conference to discuss a cometary threat in the
first part of La fin du monde (1893; trans. as Omega:
The Last Days of the World). Comets wreak disaster
on the world in Edgar Allan Poe’s “The Conversation
of Eiros and Charmion” (1839) and Vladimir
Odoevsky’s 4338-J God: Peterburgskie Pis’'ma
(1846), but such threats often loom only to be averted,
as in William Minto’s The Crack of Doom (1886) and
George Griffith’s “The Great Crellin Comet™ (1897,
exp. as The World Peril of 1910).

Other nineteenth-century literary comets included
one that crashes into the Sun in Robert Duncan
Milne’s “Into the Sun” (1882) and the life-bearing
examples of Humphry Davy’s Consolations in Travel
(1830). An exotic comet brought a message to a visi-
tor from a world of Arcturus in Edward Spencer’s
“The Tale of a Comet” (1870). Comets featured in
similarly meditative flights of fancy in such poems as
Charles Harpur’s “To the Comet of 1843 (1853),
Gerald Manley Hopkins’ allegorical “I Am Like a
Slip of Comet” (1864), W. W. Strickland’s “A
Comet” (1893), and Thomas Hardy’s “The Comet
at Valbury or Yell’lham” (1898).

The comet in H. G. Wells’ In the Days of the Comet
(1906) is an arbitrary transformative device of rare
benignity; most early twentieth-century accounts
continued the disaster tradition, as in Jack Bechdolt’s
The Torch (1920; book, 1948), Geoffrey Helwecke’s
“Ten Million Miles Sunward” (1928), Dennis
Wheatley’s Sixty Days to Live (1939), and Lewis
Sowden’s Tomorrow’s Comet (1949 as “Star of
Doom”; book, 1951), although the role was increas-
ingly taken over by giant *meteorites and stray *aster-
oids once such objects could be readily distinguished.
Robert S. Richardson’s Getting Acquainted with
Comets (1967) includes a drama-documentary impact
story. In Immanuel Velikovsky’s notorious exercise in
pseudoscientific catastrophism Worlds in Collision
(1950), a “comet” expelled by Jupiter allegedly passed
very close to Earth twice, reversing its direction of
spin and altering its orbit before becoming the
planet Venus.

The fragile construction of comets was popularised
by Fred Whipple in the 1940s. Whipple proposed that
they are conglomerates of ice and dust whose
approaches to the Sun are associated with consider-
able evaporation—greatly expanding their heads and
generating their long tails. His proposal was eventu-
ally confirmed by space probes; the Deep Impact
probe impacted with Tempel 1 on 4 July 2005
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revealing that its matter is very loosely aggregated
and shot through with holes. Even so, large examples
continued to figure in disaster-threat stories such as
Robert S. Richardson’s “The Red Euphoric Branch”
(1967; by-lined Philip Latham); one shatters the
Moon in Jack McDevitt’s Moonfall (1998), while yet
others strike the Earth in Michael McCollum’s Thun-
derstrike! (1998) and Samuel C. Florman’s The After-
math: A Novel of Survival (2003). The familiarisation
of their nature inhibited the production of fanciful
stories, although Frederik Pohl’s “Some Joys Under
the Star” (1973) and Ian Watson’s “The Descent”
(1999) feature exotic examples, and they play a key
role in Fred *Hoyle and Chandra Wickramasinghe’s
version of the *panspermia hypothesis, as dramatised
in Robert R. Chase’s “From Mars and Venus”
(2000).

The projection of cometary orbits suggests that
most of them originate from a “halo” of thinly
distributed matter far beyond Pluto, which may con-
tain far more mass than is combined in the planets.
The main body of this halo was named the Oort
Cloud, while an inner aggregation was dubbed the
Kuiper Belt. The cometary halo was featured in Fre-
derik Pohl and Jack Williamson’s The Reefs of Space
(1964) and played a cameo role in Arthur C. Clarke’s
Imperial Earth (1975) before Williamson developed
the setting far more elaborately in Lifeburst (1984)
and Pohl did likewise in Mining the QOort (1992).
Robert L. Forward’s Camelot 30K (1993) is an ac-
count of comets in their “natural habitat”, and one
such is colonised in Poul Anderson’s The Stars Are
Also Fire (1994). The Kuiper Belt is home to life in
Stephen Baxter’s ““Sunpeople” (1997). The hypothesis
that a dark star periodically triggers showers of
comets from the Oort Cloud is explored in Poul
Anderson’s “Pride”” (1986). The Kuiper Belt substi-
tutes for the asteroid belt as a wild frontier in J. R.
Dunn’s “The Names of All the Spirits” (2002) and
Matthew Jarpe’s “City of Reason” (2005), while the
Oort cloud becomes an arena of exotic romance in
Mary Rosenblum’s “Gypsy Tail Wind” (2005).

A comet is diverted to serve as a station for study-
ing the sun in Hal Clement’s “Sun Spot” (1960); a
similar diversion is intended to cause a collision with
the Moon in John Gribbin and Marcus Chown’s
Double Planet (1984; exp. 1988). The notion that
long-distance space travellers might be able to
“hitch” rides on comets is dramatised in Gregory
Benford’s “West Wind, Falling” (1971; with Gordon
Eklund) and The Heart of the Comet (1986; with David
Brin). The latter celebrated the long-anticipated
return of Halley’s comet, which had been anticipated
for some years in such works as Philip Latham’s
“The Blindness” (1946) and John Calvin Batchelor’s
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The Further Adventures of Halley’s Comet (1980);
another novel produced to mark the event was Fred
Hoyle’s Comet Halley (1985).

COMPUTER

An automatic calculating machine that performs
operations in response to a program. The earliest
attempts to build such a machine involved devices
whose programming systems were based on the
punched cards governing patterns in powered looms.
Charles Babbage contrived some simple devices of
this kind but his attempt to develop a powerful “ana-
lytical engine” in the 1830s, in association with Ada
Lovelace (the daughter of Lord Byron), was frustra-
ted by the inadequacy of contemporary machine tools.
Mechanical calculating machines always labored
under the handicap of the decimal system, and it
was not until the 1930s that the idea of developing
calculators in which binary digits were represented by
on/off switches paved the way for a new generation of
machines using electromechanical relays. Konrad
Zuse built an early binary calculating machine in
1936 and IBM began developing such machines in
the early 1940s, while rival systems using thermionic
valves were secretly developed for military purposes.

Although a few vaguely described ‘“mechanical
brains” gifting automata with *artificial intelligence
were featured in nineteenth-century fiction, it was not
until the early days of pulp science fiction that machines
and mathematical processes bearing any resemblance
to a modern computation system were described. The
earliest examples included S. P. Meek’s “Futility”
(1929), an early account of predictive analysis, and
the mathematically innovative device featured in John
W. Campbell Jr.’s “When the Atoms Failed” (1930).
Miles J. Breuer’s ‘“Mechanocracy” (1932) looked
forward to the day when a mechanical brain would be
entrusted with the task of World Government.

In 1936 Alan Turing conceived the “Turing ma-
chine”—a mathematically defined hypothetical con-
struct invented to illustrate the theory of mechanical
computation—and laid the methodical foundations
for work carried out at Bletchley Park during World
War II that involved the construction of a primitive
computer, Colossus, dedicated to the task of cracking
the Enigma code employed by the Germans. The U.S.
Army and Navy mounted similar projects of their
own, and the first electronic computer to be unveiled
to the public in 1945 was ENIAC, built for the Army
at the Moore School of Electrical Engineering at the
University of Pennsylvania. John von Neumann
adapted the ENIAC design to enable its use of elec-
tronically stored programs; by the time the resulting



EDVAC machine was constructed at Moore in 1949,
a similar one had been constructed in Britain.

The first commercial installation of a UNIVAC
computer was at the U.S. Census Bureau in 1951; its
British equivalent, LEO, was employed by the food
company Lyons & Co. IBM’s 701 followed in 1952,
rapidly achieving market domination before being
superseded by later models in the series. Another
early entrant into the commercial market was the
Burroughs Atlas. These early mainframe computers
filled large rooms and required constant maintenance
to counter the problem of overheating vacuum tubes.
Data was usually stored on and input from punch
cards, although they were gradually replaced by mag-
netic tape systems, which were then displaced in turn
by disk drives, initially marketed by IBM in 1957.

The advent of ENIAC awoke science fiction wri-
ters, rather abruptly, to the potential of computers,
and it was the image of the massive ENIAC and its
clones that dominated their notion of what computers
were and might become. John D. MacDonald’s “The
Mechanical Answer” (1948) provided an early exam-
ple of an ENIAC-inspired device built for military
purposes. The use of names like Colossus and Atlas
greatly encouraged the notion of the computer as a
giant with the potential to become a tyrant. Accounts
of human rebellion against machine intelligences were
already commonplace, and the advent of actual com-
puters was widely seen as an endorsement of such
fears. Isaac *Asimov, already actively engaged in
combating the *Frankenstein complex, was one of
the few to question that rising tide of anxiety in such
stories as “The Evitable Conflict” (1950). Fredric
Brown’s brief “Answer” (1954)—in which a new com-
puter, asked whether there is a God, replies: “Yes,
now there is a God”—encapsulated the prevailing
mood of the era. The defence mounted against popu-
lar paranoia by such propaganda pieces as They'd
Rather Be Right (1957; aka The Forever Machine)
by Mark Clifton and Frank Riley revealed their
desperation in their polemical excess.

Images of potential computer oppression rarely
limited themselves to the modest extrapolative strate-
gies of Walter M. Miller’s “Izzard and the Mem-
brane” (1951), in which a computer scientist and his
creation fall into Soviet hands, and Poul Anderson’s
“Sam Hall” (1953), which suggested ways in which
such instruments might serve the political ends of
human despotism. They moved instead to extremes
of totalitarian political domination and reckless hu-
bris. Anderson moved swiftly on to imagine future
society directly governed by the giant Technon in The
Long Way Home (1955), and the fearful aspects of
that possibility were profusely expressed in such
varied alarmist fantasies as Francis G. Rayer’s
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Tomorrow Sometimes Comes (1951), E. C. Tubb’s
Enterprise 2115 (1954; aka The Mechanical Monarch),
Winston Brebner’s Doubting Thomas (1956), Philip K.
Dick’s Vulcan’s Hammer (1956; exp. book, 1960),
Dino Buzzati’s Il Grande Ritratto (1960; trans. as
Larger than Life), Milton Lesser’s Spacemen, Go
Home (1962), Frank Herbert’s Destination: Void
(1966), D. F. Jones’s Colossus (1966), Philip E.
High’s The Mad Metropolis (1966; aka Double Illu-
sion), Harlan Ellison’s “I Have No Mouth, and
I Must Scream” (1967), Mack Reynolds’ Computer
War (1967) and The Computer Conspiracy (1968),
Martin Caidin’s The God Machine (1968), Paul W.
Fairman’s I, the Machine (1968), Lawrence Durrell’s
The Revolt of Aphrodite (in 2 vols. as Tunc and Nun-
quam, 1968-1970; combined ed., 1974), Christopher
Hodder-Williams® A4 Fistful of Digits (1968) and
98.4 (1969), and Douglas R. Mason’s From Carthage
Then I Came (1968; aka Eight Against Utopia) and
Matrix (1970).

In response to this torrent of anxiety, Asimov’s
most famous answer to ‘“Answer”, in “The Last
Question™ (1956), was not to deny the computer’s
potential to become a God, but to insist instead that
it would be a good God—a reply that did not soothe
many anxieties. Satires such as Arthur T. Hadley’s
The Joy Wagon (1958); in which a computer runs for
the U.S. presidency, Olof Johanneson’s The Tale of
the Big Computer (trans. 1966), which updated the
argument of Samuel Butler’s “Book of the Machines”
in Erewhon (1872); and Robert Silverberg’s computer
diary “Going Down Smooth” (1968) embodied the
same sense of threat in their delicate dark edges.

The pattern of future computer development imag-
ined by the science fiction of the 1950s and 1960s was
relatively unaffected by the replacement of electronic
valves with transistors, but it was abruptly subverted
by a crucial new development that allowed large num-
bers of transistors to be etched into the layers of a
“silicon chip”—the microprocessor, which was
launched into the marketplace by Intel’s 4004 in
1971. Apollo’s onboard computers, used in the 1969
Moon landing—made out of nickel-iron cores woven
together with plastic wires and encased in plastic—
suddenly seemed extremely crude. When the 4004
chip was superseded by the 8008 and the 8080
(launched in 1974), it became obvious that future
computers would get smaller rather than bigger; the
calculating power of an Atlas would soon be available
on a desktop and all kinds of machines would soon be
invested with managerial computers of varying so-
phistication. Personal computers were initially mar-
keted as self-assembly kits, like the Altair 8800
launched in 1975, but the development of the CP/M
operating system and the launch of the Apple II in
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1977 ushered in a new era, secured when IBM
launched its first PC—using Microsoft’s MS/DOS
operating system—in 1981. Apple introduced the
Macintosh, equipped with a graphical user interface,
in 1984.

Although it was rapidly observed that the only
science fiction story of the 1940s that had imagined
anything remotely resembling a personal computer
was Will F. Jenkins’ “A Logic Named Joe” (1946,
by-lined Murray Leinster in most reprints), a few such
machines had featured alongside the giants of the
1950s; Asimov’s “Someday’ (1956) imagined a desk-
top computer used to generate stories for children,
while “The Fun They Had” (1957) employed a similar
device in formal education. “Drafting Dan’, which
produces technical drawings in response to com-
mands from a keyboard, had a cameo role in Robert
A. Heinlein’s The Door into Summer (1956). One
could, however, find more ambitious imagery in the
advertising sections of the contemporary magazines;
Galaxy carried ads in 1956 for the Geniac “electric
brain” construction kit, which allegedly composed
music, computed and played games. Had more sci-
ence fiction writers invested in the product, fewer
might have been taken completely by surprise by the
rapid advances of the early 1970s, when their imagery
lagged conspicuously behind such melodramatic
futurological studies as Ted Nelson’s Computer Lib/
Dream Machines (1974) and Christopher Evans’ The
Mighty Micro (1979).

Although the imminence of the PC revolution was
celebrated in the May 1973 issue of Analog by Ste-
phen A. Kallis Jr.’s article on “Minicomputers”, the
magazine’s fiction was slow to respond. Even Asimov
was still couching such propaganda pieces as “The
Life and Times of MULTIVAC” (1975) in “tradition-
al” terms in middecade, and oppressive giant compu-
ters continued to feature in such works as Mick
Farren’s The Quest of the DNA Cowboys (1976),
although that novel’s grotesque exaggeration of their
already-marked tendency towards insanity reflected
the fact that the whole idea had got somewhat out
of hand. The fictional exploration of the new spec-
trum of futurological possibilities was, however, com-
petently begun in John Brunner’s The Shockwave
Rider (1975), whose anticipation of a vast profusion
of networked computers immediately embraced the
possible development of computer viruses and
worms, and imagined the havoc such entities might
wreak.

The geometrical increase in processing power soon
gave birth to “Moore’s law”’, which observed that the
power of computing technology was doubling every
eighteen months—a relationship that held good
throughout the closing stages of the twentieth century,
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by which time the possibility that it would continue
to hold good had given rise to the notion that the
exponential ascent of the curve would bring about a
technological *singularity. Images of a computer-rich
future became so commonplace by 1980 that the
notion hardly needed foregrounding by such titles as
A. E. van Vogt’s Computerworld (1983), and there
seemed to be little need for science-fictional extrapola-
tions of such notions as computer *art when even the
simplest PCs could run programs producing fractal
images by means of *chaos mathematics.

Science fiction writers tended to overleap the mod-
est kinds of application on which futurological texts
focused and move rapidly to extremes. The implica-
tion of intimacy contained in the notion of personal
computers was extrapolated into the hypothetical
science of ‘“psychosynergistics” in Poul Anderson’s
“Joelle” (1977) whose preliminary exploration of the
possibilities of building better interfaces between the
human mind and computers pointed the way to the
next spectacular explosion of science-fictional imag-
ery: the development of the notion of *cyberspace and
the advent of the cyberpunk movement. The great
success of cyberpunk fiction ensured that hypothetical
developments of computer technology that did not
involve cyberspace would be relatively unobtrusive,
although such examples as David Langford’s “Blit”
(1988) and its sequels—which feature computer
images that wreak havoc on the human brain—are
by no means uninteresting. By the turn of the century,
such near-future speculations as Vernor Vinge’s “‘Fair
Times at Fairmont High” (2001), which describes the
casual takeup of new technological opportunities by
adolescents, and Richard Lovett’s “Tiny Berries”
(2003), which examines the problem of e-mail
“spam”, seemed astonishing in their modest restraint.

The cyberpunk science fiction of the 1980s and
1990s made much of the evolution of individual arti-
ficial intelligence in relatively small computers, but it
also maintained its commitment to the notion that the
worldwide network of small computers would merely
be the matrix in which such intelligences would
pursue their quests for totalitarian political control
and effective godhood; the supercomputer refused to
surrender the imaginative high ground entirely to
the forces of anarchy, but simply amended its basic
anatomy to suit the new imaginative environment.
Further alternative anatomies appeared in such super-
computers as the one featured in Sean McMullen’s
Calculor series, initially launched by Voices in the
Light (1994) but revised for the version contained in
Souls in the Great Machine (1999), The Miocene Arrow
(2000), and Eyes of the Calculor (2001).

Retrospective attempts to put the history of com-
puters in perspective include a number of historical



fantasies reexamining their evolution. Alternative
histories wondering how the Babbage engine might
have transformed the world if it had been practicable
include Michael Flynn’s In the Country of the Blind
(1987; book, 1990) and William Gibson and Bruce
Sterling’s The Difference Engine (1990). Charles
Sheffield’s “Georgia on My Mind” (1993) looks
back to the building of DEUCE (Digital Electronic
Universal Computing Engine) in 1958 and hypothe-
sises a quest for Babbage’s lost analytical engine. Ada
Lovelace’s role is given greater prominence in John
Meaney’s “The Whisper of Discs” (2002). Lou
Anders’ anthology Life Without a Net (2003) imagines
alternative worlds without the Internet—an idea that
had already become challenging, less than twenty
years after the advent of the phenomenon had seemed
almost miraculous.

CONTE PHILOSOPHIQUE
A term employed by Voltaire to describe a series of
fictions in which he used various fictional forms—the
dialogue, the fantastic voyage, and especially the
exotic tale of wonder, as popularised by Antoine
Galland’s Les milles et une nuits (1704-1717)—in the
satirical extrapolation of various philosophical issues
of his day. Although he devised the term by analogy
with the conte populaire (folktale), the works to which
he attached the label were very various in length; what
he meant to emphasise was that the works had to be
read as fabulations, their artificiality plainly manifest.
“Le Monde comme il va, vision de Babouc” (1746;
trans. as “The World as It Is’) describes an educa-
tional excursion under the tutelage of the angel Itur-
iel, and many of Voltaire’s subsequent contes
philosophiques were similarly fantastic. Some, howev-
er, were much closer in substance and spirit to mod-
ern speculative fiction. “Zadig, ou la Destinée” (1748)
tracks the misfortunes of a master of logical deduc-
tion whose brilliance is unappreciated by various
interrogators—a significant precursor of detective fic-
tion as well as a comment on the popular reception of
scientific discoveries. ‘““Micromégas’ (1752) is a fierce
assault on religious vanity whose apparatus—involv-
ing giant visitors from Sirius and Saturn—established
it as a foundation stone of speculative fiction. Can-
dide, ou I'Optimisme (1759; trans. as Candide) is a
scathing juxtaposition of the Leibnizian insistence
that ours is the best of all possible worlds—here cred-
ited to Dr. Pangloss—with a cynical analysis of the
world as it is. “Les Oreilles du Comte de Chesterfield,
et Le Chapelain Goudman” (1775) subjects an anato-
mist’s views on the immortal soul to a painstaking
thought experiment.

CONTE PHILOSOPHIQUE

The term was borrowed by Camille Flammarion as
a description of science-based speculative fiction—as
in his collection Contes philosophiques (1911)—but it
did not catch on as a generic description. Speculative
fiction made its most significant early advances in a
period when the principal model of fiction was the
novel, cast in a mimetic rather than a diegetic *narra-
tive mode, and in which self-consciously artificial con-
tes/tales were being gradually displaced by récits/
stories that replaced “telling” with “showing” to the
extent permitted by their restricted word lengths.
Because the themes of speculative fiction tend to be
broad and abstruse, however, they are often better
fitted to the format of the conte philosophique than
to the mimetic short story, whose primary artistic
triumph was the development of a “slice of life”
format dependent on the reader’s ability to invoke
and skillfully deploy stocks of knowledge used in the
interpretation of everyday experience.

The frequent use of conte philosophique methods by
modern science fiction is one of the features that
makes it seem “‘crude” to critics who consider the
mimetic mode intrinsically superior. However, any
serious attempt to investigate and display “the world
as it is”’ (as revealed by the enhanced perceptions of
science rather than the everyday traffic of mundane
experience) is obliged to go beyond the limitations of
mimetic presentation into the realms of diegetic *nar-
rative. For this reason, the conte philosophique con-
tinues to survive and thrive in modern speculative
fiction, assisting it in the exploration of the ways
in which conceivable innovations might transform
future society and in the use of nonhuman view-
points—*aliens, *artificial intelligences, and so on—
to illustrate and illuminate philosophical questions.

The main sequence of classic science fiction short
stories—key examples include John W. Campbell’s
“Twilight” (1934), Isaac Asimov’s ‘“Nightfall”
(1939) and his robot stories, Clifford Simak’s “City”
series (launched 1942), Daniel Keyes’ “Flowers for
Algernon” (1959), and Bob Shaw’s “‘Light of Other
Days” (1966)—exhibits a clear pattern of increasingly
ingenious adaptation of their philosophical substance
to a more conventionally mimetic mode of presenta-
tion. Kingsley Amis’ characterisation of such works
as “‘idea-as-hero stories” stresses their conte philoso-
phique functionality, recognising that ideas can no
longer function as “heroes’” when they are consigned
to the background of a text in order that its “human
interest” may take precedence. The adaptation of
Voltairean contes philosphiques to mimetic modes of
narration by science fiction writers of the second half
of the twentieth century was a compromise with read-
er preference rather than literary fashion, but the even
balance between ideas and characters contrived by the
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most sophisticated contes philosophiques of that per-
iod helped to maintain the tradition of *hard science
fiction against conspicuous and powerful softening
tendencies.

Writers from outside the commercial genre have
often felt freer than writers within it to indulge in the
production of blatant contes philosophiques. Ameri-
can writers eager to avoid the stigmata of science
fiction have mostly avoided similar imagery, but sev-
eral high-profile European fabulators have taken a
strong interest in the intellectual produce of science,
including Primo Levi, whose relevant work from the
1960s is sampled in translation in The Sixth Day and
Other Stories (1990); Italo Calvino, in the collections
translated as Cosmicomics (1968) and ¢t zero (1969);
Josef Nesvadba, in Vampire Ltd (1964) and In the
Footsteps of the Abominable Snowman (1970; aka
The Lost Face), and Stanislaw Lem, in such collections
as The Cyberiad (1974) and Mortal Engines (1977).

COSMOLOGY

The description of the universe as a whole, incorpor-
ating its present formation, origin, and evolution.
Cosmological speculation originated as an important
form of *myth, and its gradual metamorphosis into a
science based on the integration of *astronomical
observation and theoretical *physics is a central
thread of the *history of science. The process began
with the Greek philosophers who removed persona-
lised deities from accounts of the condensation of the
cosmos from primordial *chaos. The *Pythagoreans’
notion of a cosmic sphere organised around a central
*fire (whose light was reflected by the sun) was refined
by later writers; *Plato and *Aristotle made crucial
contributions to the emergence of the geocentric
model of the cosmos detailed in Ptolemy’s Almagest
(ca. 130 A.D.). Aristarchos of Samos proposed a he-
liocentric model in the third century B.cC., but it was
dismissed, largely because the notion of an Earth
moving through space and rotating on its axis seemed
counterintuitive.

The Classical theorists’ conviction that the funda-
mental motion of heavenly bodies must be circular
was integrated into the fundamental physical geome-
try of the cosmos by the supposition that the various
heavenly bodies were contained within concentric
crystal spheres. Aristotle and Ptolemy accounted for
anomalies in the movement of the planets in terms of
subsidiary “epicycles” whose complexity was steadily
increased by more accurate astronomical measure-
ment. Cosmological speculation was reanimated in
Renaissance Europe within the context of Christian
theology. The geocentric model had been accepted
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into orthodox dogma—Dante Alighieri’s Paradiso
(ca. 1320) includes a detailed account of an ascent
through the nine Aristotelian “heavens” to the empy-
rean (the realm of fire) beyond the fixed stars—but
discussion of the possible *plurality of worlds opened
new scope for argument.

In the early sixteenth century Nicolaus Copernicus’
De Revolutionibus Orbium Coelestrum (On the Revo-
lution of the Celestial Spheres) (written 1530; pub-
lished 1543) revived the heliocentric model in the
hope of overcoming the calculative inadequacies of
the Ptolemaic system. Copernicus emphasised that his
model was intended purely to improve calculations of
planetary positions, but it was only slightly better
than the Ptolemaic system, because it still assumed
that the planetary orbits were circular. Even so, it
gained popularity among astronomers; the Roman
Church placed De Revolutionibus on the index of for-
bidden books in 1616 in the hope of stemming this
support, but that action only heated up the dispute,
which reached its climax in the trial following the
publication of *Galileo’s famous Dialogue of 1632.
John *Kepler’s elucidation of the laws of planctary
motion in 1619 secured the calculative triumph that
Copernicus had been unable to achieve, and Isaac
*Newton completed the synthesis of Copernicus’
model with Nicholas of Cusa’s notion of an infinite
number of solar systems distributed in infinite space.

Such literary works as George Buchanan’s De
Sphaera (1586) and Sir John Davies’ “The Cosmic
Dance” (ca. 1603) maintained allegiance to the
Aristotelian cosmos but John Donne’s An Anatomy
of the World (ca. 1612) and Giambattista Marino’s
L’Adone (1622) are uneasily conscious of its obsoles-
cence. Charles Sorel’s Vraie histoire comique de Fran-
cion (1623-1626) is scrupulously even-handed, the
first of its two satirical cosmic journeys mocking an
Aristotelian universe while the second makes fun of
the new cosmology. Sorel’s nonfictional La science
universelle (1635-1644), on the other hand, favoured
a compromise position adopted by Tycho Brahe, in
which the Sun orbits a stationary Earth but the
planets orbit the Sun—a thesis also adopted in
Athanasius Kircher’s Itinerarium Exstaticum (1656).
Juan Enriquez de Zuiiga’s Amor con vista (1625) is
proudly reactionary, representing the heavenly bodies
within the Aristotelian spheres as the abodes of alle-
gorical Classical gods. Henry More’s didactic poem
Democritus Platonisans (1646; trans. as The Infinity of
Worlds) declared in favour of both the Copernican
system and *atomism. Christian Huygens’ posthu-
mously published Kosmotheoros (1698; trans. as The
Celestial World Discover’d) attempted a comprehen-
sive literary summary of the new cosmology, as did
Sir Richard Blackmore’s The Creation (1712).



The distribution of the planets in the plane of the
ecliptic caused heliocentric theorists such as Giordano
Bruno to speculate that they might be floating on a sea
of *ether—a notion taken up by René Descartes, who
imagined the ether in motion, like a vortex with the Sun
at its centre, and smaller vortices around each planet.
He extrapolated this notion into a hypothetical account
of the solar system’s formation, which he integrated
into his comprehensive Principia Philosophiae (1644).
This eventually became the new orthodoxy that
replaced the Aristotelian system in the European uni-
versity curriculum. Literary responses to it included
Gabriel Daniel’s polemical rejection of Cartesian cos-
mology in Voyage dumonde de Decartes (1690; trans. as
A Voyage to the World of Cartesius), although Daniel
directed his principal wrath against Cyrano de Ber-
gerac, whose Cartesian Fragment de Physique had
been appended to the second part of his account of
L’autre monde in Nouvelles oeuvres (1662). Cartesian
cosmology also exercised a considerable influence on
the visionary adventures of Emanuel *Swedenborg.

The most significant of several attempts to modify
Cartesian cosmology in the light of Isaac *Newton’s
Principia (1687) was made by Immanuel Kant in A/le-
gemeine Naturgeschichte und Theorie des Himmels
(1755; trans. as Universal Natural History and Theory
of the Heavens), which included the contention that
the Milky Way is one lenticular aggregation of stars
among many ‘‘island universes” and offered a hypo-
thetical account of the origin of the solar system by
nebular condensation. The latter hypothesis was fur-
ther elaborated by Pierre Laplace, in opposition to
the Comte du Buffon’s suggestion that the planets
had formed as a result of a collision between the
Sun and a comet.

Kant’s notion of island universes obtained some
empirical support in the early eighteenth century from
William Herschel’s studies of nebulae (which were in
the process of being mapped by Charles Messier, in
order to exclude them from the searches he was
making for new comets). Herschel’s observations of
the Milky Way led him to conclude that some three
hundred million *stars—most of them invisible—were
arranged in a lens-shaped “sidereal system’ measur-
ing some 8,000 light-years by 1500. The first measure-
ments of stellar parallax, published in 1838-1840,
fitted neatly enough into the vastness of this imagined
scale. The imaginative impact of these measurements
was considerable; Edward Young’s Night Thoughts
(1742-1745) observed that “At once it quite engulfs
all human thought; / "Tis comprehension’s absolute
defeat” before relieving the shock with a sense of
pride in being able to conceive of such things: “How
glorious, then, appears the mind of man, / When in it
all the stars, and planets, roll!”
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Speculative accounts of the origin and evolution of
the sidereal system initially replicated theories of the
solar system on a larger scale, with much speculation
about a “central Sun” and generalised theories of
nebular condensation. The notion of the mortality
of stars and star systems exercised a powerful grip
on the first writers who attempted to embed the
emerging cosmological narrative within literary frame-
works, most notably Edgar Allan *Poe and Camille
*Flammarion. Cosmological visions became a small
but significant subgenre of speculative fiction as the
nineteenth century drew to a close, significant exam-
ples being contained in Edgar Fawcett’s The Ghost of
Guy Thyrle (1895), H. G. Wells’ “Under the Knife”
(1896), and William Hope Hodgson’s The House on
the Borderland (1908).

Herschel’s estimate of the size of the sidereal sys-
tem was increased by his successors; Jacobus Kapteyn
estimated in 1920 that its dimensions were 55,000 x
11,000 light-years. By that time, numerous nebular
star clusters had been identified, and the proof that
these lay outside the Milky Way emerged when the
study of Cepheid variables provided a means of esti-
mating their distance, demonstrating that the Magel-
lanic Clouds and the Andromeda Nebula were other
*galaxies. The exploitation of the Doppler effect in
the calculation of the distance of nearer Cepheids
allowed an initial calibration of the scale they
provided, and an unexpected by-product of this en-
quiry was the observation that all but a few galactic
Doppler shifts were towards the red end of the spec-
trum—implying that the universe is expanding—thus
giving birth to the *Big Bang theory and its chief rival,
the “steady-state’ or “‘continuous creation’ model.

The model of the universe produced by Albert
*Einstein in consequence of his general theory of
*relativity had already generated some controversy
as to its stability. To conserve the cosmological prin-
ciple that the universe ought to look the same from
every viewpoint in space-time, Einstein had intro-
duced a cosmological constant to oppose the effect
of *gravity and maintain the model against the threat
of collapse. William de Sitter had proposed alterna-
tive relativistic models that did not need any such
constant, having a tendency to expand rather than
collapse. De Sitter’s model could not account for an
expansion as rapid as that discovered empirically in
the 1920s, but it did continue to supply cosmologists
skeptical about the Big Bang with hope that alterna-
tive theories might still be viable.

These discoveries were difficult to accommodate
within conventional narrative formats. Attempts to
deal with the new cosmos as a whole within a
literary text inevitably stretched their limits, as in
Nathan Schachner’s “Infra-Universe” (1937) and
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Olaf Stapledon’s Star Maker (1937). The action-ad-
venture formats of pulp science fiction usually con-
signed cosmological speculations to background
explanations, although that did not inhibit attempts
to cash in on their grandeur. A few pioneers of inter-
stellar space opera ventured outside the galaxy, but
rarely went further than Andromeda. In narrative
terms, a collapsing universe was more convenient
than an expanding one, as illustrated by J. Lewis
Burtt’s “When the Universe Shrank™ (1933), and sci-
ence fiction writers were never shy about inventing new
cosmologies in the context of *macrocosmic romance.

The expansion of the universe was rarely fore-
grounded as a topic, although Edmond Hamilton’s
“The Accursed Galaxy” (1935) suggested that all of
the other galaxies might be fleeing in horror from ours
because it is afflicted with the terrible disease of life.
Clare Winger Harris attempted to extrapolate the
nebular formation hypothesis in “The Menace of
Mars” (1928), but the fanciful account of the solar
system’s origin contained in A. E. van Vogt’s “The
Seesaw” (1941) is more effective in dramatic terms.
By contrast, the intellectually impeccable contes phi-
losophiques contained within George Gamow’s Mr.
Tompkins in Wonderland (1939) have little in the
way of story value, and the later fabulations that
Italo Calvino called “‘cosmicomics” rely on their con-
spicuous avant-gardism in mounting their claim to
literary worth. The difficulties of accommodating cos-
mological speculations within a story are carefully
explained in Milton A. Rothman’s metafictional
“The Eternal Genesis” (1979).

Writers of *speculative nonfiction found it far eas-
ier to deal with the substance of cosmology, and such
accounts began to take on literary attributes that
other popularisations of science were usually content
to leave to works of fiction. The history of cosmology
offered in Svante Arrhenius’ Life of the Universe
(trans. 1909) does not extend as far as the inspiring
discoveries of the 1920s, but works produced after the
discovery of cosmic expansion were even more prone
to bursts of rhapsodic lyricism—although some wri-
ters preferred to cultivate a triumphal laconism in
dealing with momentous ideas in an ostentatiously
casual manner. Such works extend from James
Jeans’ The Universe Around Us (1929) and Sir Arthur
Eddington’s The Expanding Universe (1940) to Steven
Weinberg’s The First Three Minutes (1977) and
Stephen Hawking’s A Brief History of Time (1988).

It was not only science fiction writers who found
alternative cosmologies easier to deal with imagina-
tively; it became a fertile field for twentieth-century
*pseudoscience. Inverted models conceiving of the
Earth as a hollow sphere surrounding the Sun,
Moon, and “phantom universe’’ of stars—as imagined

102

in Cyrus Teed’s “cellular hypothesis”, the German
holtweltlehre and ‘“‘Koreshanity”—were dramatised
in Marlo Field’s Astro Bubbles (1928) and Laurence
Manning’s “World of the Mist” (1935), and recur in
such fabulations as Barrington J. Bayley’s “Me and
My Antronoscope” (1973) and David Lake’s The Ring
of Truth (1982). Hanns Horbiger’s welteislehre (world
ice theory), popularised in 1913 by Philipp Fauth’s
Horbiger’s Galzial-Kosomogonie, became fashionable
in Germany during the Nazi era and was echoed in
Otto Will Gail’s Der Stein vom Mond (1926; trans. as
The Stone from the Moon); Piers Anthony’s Rings of
Ice (1974) is a rare dramatisation in English of a similar
thesis. Harold W. G. Allen, whose pseudoscientific
cosmology is detailed in Cosmic Perspective (1998),
The Eternal Universe (1999), and The New Cosmology
(2001), attempted to popularise it further in his own
science fiction novels, including The Face on Mars
(1997) and Lunar Encounter (2000).

The romance of alternative cosmological specula-
tion also appealed to more orthodox speculators, in-
cluding those working with the kinds of models built
by Einstein and de Sitter. J. B. S. Haldane’s “A New
Theory of the Past” (1945) and Martin Johnson’s
Time, Knowledge and the Nebulae (1947) attempted
to popularise the theories of E. A. Milne, then presi-
dent of the British Royal Astronomical Society,
which included a new theory of primal matter forma-
tion and an idiosyncratic explanation of the galactic
red-shifts. A BBC radio debate in 1959 gave rise to an
Oxford University Press collection of Rival Theories
of Cosmology (1960), in which the Big Bang and
steady-state theories were supplemented by R. A.
Lyttelton’s suggestion that the universal expansion
might be caused by a slight imbalance of charge be-
tween the electron and the proton. Reginald O.
Kapp’s Towards a Unified Cosmology (1959) offered
a version of the steady-state theory in which matter
and space are continuously created, although space is
also obliterated within concentrations of matter;
Kapp also proposed that all matter has a half-life of
400 million years—with the result that the Earth is
slowly shrinking—and devised a new theory of grav-
ity. William R. Bonnor’s The Mystery of the Expand-
ing Universe (1964) rejected both steady-state and Big
Bang theories in favour of a cyclic theory in which the
universe continually expands from and collapses into
a cloud of hot nucleons.

Other exotic cosmologies with which science fiction
writers have toyed include the idiosyncratic models
deployed in Ian Watson’s The Jonah Kit (1975), Philip
Jos¢ Farmer’s The Unreasoning Mask (1981), and
Barrington J. Bayley’s The Pillars of Eternity (1982)
and The Zen Gun (1983). A “Creator’s Eye” view of
applied cosmology is adopted in Don Sakers’



“Cycles” (1985). Ted Chiang’s “Tower of Babel”
(1990) describes a hierarchically organised recursive
universe on a carefully limited scale. Adam Roberts’
Polystom (2003) is set in a solar system in which air is
omnipresent and planets are close enough to one
another to facilitate travel by airship or biplane. Or-
thodox cosmology is rarely foregrounded in the same
fashion, although its background situation is often far
more than mere decor, as in Paul J. McAuley’s
Eternal Light (1991) and Greg Egan’s Schild’s Ladder
(2001).

Scientific attempts to determine the size and nature
of the universe were forced to become increasingly
ingenious as astronomical observations continued to
produce puzzling new data. One form of reasoning
developed in the 1950s argued that the universe had to
have certain characteristics in order to accommodate
chemistry and biology; Robert Dicke argued that the
existence of life implied certain limits to the conceiv-
able size of the universe, while Fred Hoyle argued that
the existence of organic carbon implied that a certain
kind of fusion reaction must take place within stars.
The observation that because life exists, the universe
must be configured in such a way to contain it, gave
rise to the weak and strong “anthropic principles”
identified in 1974 by Brandon Carter. The weak prin-
ciple is content to observe that if any one of the
fundamental constants of physics had been slightly
different, life could not have evolved, and that the
values of the physical constants can therefore be de-
duced to a high level of accuracy from the mere fact
that carbon-based life exists. The strong principle
argues that there must be some kind of special signifi-
cance in the observation and that it cannot be mere
coincidence.

Acceptance of the strong anthropic principle does
not necessarily imply an intelligent and purposive cre-
ator; one alternative explanation is that the observable
universe may be the product of a process of natural
selection, whereby universes reproduce themselves in
such a way that those giving rise to stars of the kind
likely to play host to life generate more offspring than
those that do not. A version of this idea is extrapolated
in Ian Stewart’s “The Ape That Ate the Universe”
(1993), in which the ultimate products of multiversal
evolution are predatory cosmoses.

The idea that the observable universe is part of a
much greater manifold had already been popularised
by the Everett-Wheeler interpretation of quantum
mechanical *uncertainty, which had lent support to
the science-fictional notion of *alternative histories,
but its cosmological extrapolation by such inflation
theorists as Andrei Linde was quite distinct—at least
until some science fiction writers began to confuse and
conflate the two in such works as Stephen *Baxter’s
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Manifold series. The opposing view was, however,
responsible for some remarkable conversions. Cos-
mologists who were driven by the implications of the
strong anthropic principle to embrace some version
of *creationist “intelligent design” included Fred
Hoyle and Frank Tipler, while the most strident of
all twentieth-century philosophical propagandists for
atheism, Antony Flew, confessed in the early years of
the twenty-first century that it had persuaded him to
moderate his views. Interpretation of the anthropic
principle became a key element of *Omega Point
fiction, assisting it to become the primary form of
cosmological science fiction in the latter part of the
twentieth century.

Einstein’s cosmological constant obtained a new
lease on life in the final years of the twentieth century,
when attempts to use ultrabright type Ia supernovas to
estimate the distance of galaxies with the largest ob-
servable red-shifts, spearheaded by Saul Perlmutter,
produced an unexpected result. Perlmutter had
intended to calculate the rate at which the expansion
of the universe is being slowed by gravity, but his
results suggested that the universe’s rate of expansion
had actually increased since the Big Bang. This lent
ammunition to dissenting theorists who believed that
the galactic red-shifts might not be due to the Doppler
effect, although the most popular explanations were
offered by inflation theorists, who imagined the first
phase of the Big Bang as a much more complex process
than mere explosion.

John M. Ford’s poem ‘“Cosmology: A User’s
Manual” (1990) offers a whimsical commentary on
the proliferation of arcane terminology within the
science, allotting one couplet to each term. Inflation
theory—an early literary echo of which is detailed in
John Updike’s philosophical novel Roger’s Version
(1987)—paved the way for science fiction writers to
bring modern cosmological theory into the laboratory
for experimental investigation in Gregory Benford’s
Cosm (1998). The corollary notion of variable laws of
nature is developed on a more parochial scale in Bob
Shaw’s trilogy begun with The Ragged Astronauts
(1986), which takes place in a region of space where
pi equals three.

CREATIONISM

A philosophical doctrine holding that the world
came into being through the action of a Creator.
Although the fundamental thesis can be maintained
in association with any scientific account, such collab-
oration became difficult in a Christian context when
calculations of the timing of Creation based on Bibli-
cal chronology—most famously James Ussher’s
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determination in the 1650s that creation took place in
4004 B.c.—established a timescale that became in-
creasingly incompatible with the timescales suggested
by such sciences as *cosmology and *geology. In spite
of this incompatibility, Christian creationism retained
its authority in respect of the origin of *life—although
Georges Cuvier’s Ossements fossiles (Fossil Bones)
(1812) substituted a whole series of creations for the
one described in Genesis—until the advent of theories
of *evolution, which instituted a nineteenth-century
contest in which the advent of Charles *Darwin’s
theory of natural election in 1859 seemed to both
sides to be a pivotal moment.

Creationism became a common label in the twenti-
eth century in connection with religious ‘“fundamen-
talism”. An early instance of fundamentalist rhetoric
can be found in Alexander Ross’s The New Planet No
Planet (1646), which argues against John Wilkins’
Discovery of a New World (1638)—and the *plurality
of worlds in general—by stating that the Bible, the
ultimate authority on all matters, speaks only of one
creation, one humankind, and one Garden of Eden.
Defences mounted against the implications of
Darwinism in Victorian England were, however,
more inclined to compromise. They ranged from the
argument dramatised in Charles Kingsley’s The
Water-Babies (1863), to the effect that natural selec-
tion is merely God’s creative method, to Philip
Gosse’s proposal, originally broached in Omphalos
(1857), that, just as God had equipped Adam with a
navel, he had created the world bearing the relics of a
fictitious past. The Omphalos argument is deftly re-
cast as the Re-Entrant Principle in R. A. Lafferty’s
“Inventions Bright and New” (1986).

Intellectual opposition to Darwinism in the United
States initially rallied around a neo-Larmarckian
position, but a more defiant and uncompromising
Old Testament fundamentalism—championed in the
early 1920s by populist Democratic politician William
Jennings Bryan—had far more appeal to a great
many laymen. Bryan’s crusade culminated in a court-
room battle fought in Dayton, Tennessee, in 1925
against Clarence Darrow to determine the fate of
John Scopes, who had confessed to teaching Darwin-
ism in a local school in order to allow the American
Civil Liberties Union (ACLU) to test a recently intro-
duced legal ban. In the wake of the much-publicised
trial, the statute was upheld and several other states
passed similar bans, which were not overturned until
the 1960s.

Although attacks on science by fundamentalists
had become less frequent in the meantime, the re-
moval of the statutes prompted a resurgence, calling
for equal weight to be given in education to the theory
of evolution and the oppositional stance, presented as
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an alternative theory, initially called “Creation sci-
ence”’ but subsequently retitled the “theory of intelli-
gent design”—a position that combined William
Paley’s arguments in favour of natural *theology
with more recent rhetoric drawn from the complexity
of biochemical systems and the cosmological anthrop-
ic principle.

While some creationists gradually remodeled
themselves as scientific theorists, some Darwinists
took on the appearance of evangelical preachers; the
spirit of a celebrated debate between ‘“Darwin’s bull-
dog”, Thomas Henry Huxley, and Archbishop
“Soapy Sam” Wilberforce was replicated more than
a century later in a long series of journalistic confron-
tations between the most rhetorically fervent twenti-
eth-century champion of Darwinism, Richard
Dawkins, and a host of critics complaining about his
alleged dogmatism. Ben Bova’s editorial in the
August 1973 issue of Analog complaining about the
California Board of Education’s decision to recognise
creationism as a hypothesis of “equal validity” with
Darwinism attracted a blizzard of counterargument,
sampled in the letter column of the December issue.

The first climax of the early twentieth-century con-
flict is mirrored in Jerome Lawrence and Robert E.
Lee’s theatrical dramatisation of the Scopes trial, In-
herit the Wind (1955; film, 1960), and parodied in
L. Sprague de Camp’s The Great Fetish (1978). An
interesting *alternative history version of the trial,
Stephen Kraus’ “Frame of Reference” (1988), has
Bryan prosecuting Albert *Einstein in Louisville,
Kentucky, for teaching relativity, and Darrow achiev-
ing a compromise by proposing that if God were
moving at near-light speed, six days might elapse
while a billion years went by on Earth.

Creationism is usually treated in satirical fashion in
twentieth-century fiction. Notable examples include
Isaac Asimov’s dialogue “Darwinian Pool Room”
(1950); Jerry Oltion’s “In the Creation Science Labo-
ratory” (1987), in which God wonders why the num-
bers of the righteous are in decline on Earth and finds
the answer by applying the theory of natural selec-
tion; and F. M. Busby’s “Eden Regained” (1991), in
which a breakthrough in Creation Science leads to a
Manned Past Probe to investigate the crucifixion, the
Flood, and the primal garden. Robert Gardner’s
Mandrill (1975) was an early exception, and some
specialist religious presses in the United States set
out to redress the balance when they began to pro-
duce children’s fiction and sensationalist thrillers in
some profusion in the 1980s.

Futuristic speculators disturbed by the dispute in-
cluded Alexis Gilliland, whose Long Shot for Rosi-
nante (1981) imagines evolutionists being driven into
extraterrestrial exile and the operations of terrorist



Contra-Darwin hit squads. In Joseph Green and
Patrice Milton’s “With Conscience of the New”
(1989), members of the Church of The Children of
God’s Plan set out to slaughter a herd of mastodons
in order to protect their version of the truth. Earnest
fictional representations of the debate are included in
John Gribbin’s Father to the Man (1989) and Stephen
Utley’s “Babel” (2004), while Robert J. Sawyer’s Cal-
culating God (2000) attempts an even-handed exami-
nation of the intelligent design thesis. Greg Beatty’s
“Parakeets and PBJs” (2004) is an attempted expla-
nation of the persistence of the “creationism meme”.
Marcos Donnelly’s Letters from the Flesh (2004) is a
meditative account of the issues, ingeniously embod-
ied in a series of parables.

CRIMINOLOGY

A branch of social science embracing elements of
*sociology, *psychology, and *economics, devoted
to the scientific study of crime. The term first became
current in the 1880s, derived from an Italian version
used by Rafaele Garofalo. The science is intimately
associated with technologies facilitating the detection
and prosecution of crime, considered herein under the
heading of *forensic science. Its spectrum of concern
extends into the politics of punishment, whose philo-
sophies are sometimes aggregated under the rubric of
penology, as pioneered by Cesare Beccaria’s Dei
Delitti e delle Penne (1764) and subsequently sum-
marised in H. M. Boles’ The Science of Penology
(1902).

Crime is a legalistic concept that corresponds
roughly with the religious idea of sin; the attempt by
early social scientists to find a term that was not so
deeply impregnated by value judgments resulted in its
frequent reclassification as “deviance”, but that term
inevitably inherited similar evaluative overtones. The
tension between different interpretations of the causes
of deviance, in terms of the contrasted vocabularies of
morality and causality, continue to vex contemporary
arguments about the purpose and effectiveness of
social responses to crime, in terms of punishment,
deterrence, and rehabilitation. There is a similar ten-
sion between different scientific models of criminolog-
ical explanation, neatly summed up in an old joke:
“The difference between psychology and sociology is
that, when a man beats up and robs his neighbour,
psychology blames the man and sociology blames the
neighbour”. The enigma is equally difficult to resolve
in a *theological context; the hypothesis of original
sin has always been controversial within the Christian
tradition, and the philosophical discipline of theodicy
has long wrestled with the conundrum of how and
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why evil exists in a universe created by an omnipotent
and good God.

In a literary context, the question of how some
people come to do bad things, and how other people
ought to respond, is more than a central topic of
interest. Because writing is a process of “secondary
creation” the author occupies a problematic position
akin to that of the God of theodicy, solely responsible
for the innate and inescapable moral order of the text.
The author is not only the actual designer of all the
deviant acts within the text but the administrator of
“poetic justice” who must decide whether, and how,
some characters are to be rewarded for their virtue
while others are to be punished—or not—for their
crimes. The vast and rich genre of “crime fiction” is,
therefore, far more than a mere reflection of the de-
velopment of criminological ideas. The originator of
the phrase “poetic justice”—the Shakespearean critic
Thomas Rymer—proposed that it was an author’s
moral duty to ensure that all fictional criminals re-
ceive their just desserts while all virtuous characters
achieve happy endings (thus condemning all tragedy
and much satire as morally defective) and there is a
very obvious pattern of reader demand endorsing that
opinion.

It is arguable that one of the key psychological
functions of modern fiction, especially of popular
fiction, is to provide insistently repetitive accounts of
the appropriate punishment of crime, by way of of-
fering some compensation for the fact that the justice
systems of the actual world are so woefully ineffec-
tual. This supplemented rather than replaced the tra-
ditional function of exemplary popular fictions as
agents of moral terrorism, invoked by parents and
priests alike in the attempt to persuade their charges
to be good—a tradition that called forth a backlash in
the form of picaresque fiction, which reached a peak
in eighteenth-century glamorisations of highwaymen,
pirates, and bandits, many of whose names became
legendary as a result.

Actual legal systems in the Western world have
made a gradual transition, within the fundamental
context of Roman law, towards a more pragmatic
attitude to and treatment of offenders. This trend
was greatly assisted by the development of the scien-
tific outlook and by the emergence of particular crim-
inological theories, but its reflection in literature has
been decidedly ambivalent; whereas actual legal sys-
tems have made significant attempts to set aside the
sense of outrage that victims of crime and horrified
onlookers routinely feel in favour of more objective
considerations, much literary work has reacted
against that policy, seeking instead to produce, flatter,
and exploit exactly such a sense of outrage, and to
give it free rein in the depiction of unusually horrible
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crimes and exceedingly dramatic compensatory
moves. Even the most superficial comparison of the
“world of fiction” formulated by twentieth-century
books and visual media with the actual world reveals
a very marked discrepancy between the frequency and
nature of the criminal acts committed there, and in
the regularity and nature of the retribution meted out
in consequence.

Several early scientific studies of crime focused on
the phenomenon of “juvenile delinquency”—a term
coined in the 1840s and subjected to analysis in Mary
Carpenter’s Juvenile Delinquency (1853)—and the
*psychopathology of crime, as investigated in such
texts as J. C. Bucknill’s Criminal Lunacy (1856).
Psychological analyses of crime as madness and the
sociological notion of ‘“deviance”, were, however,
undermined by the fact that all known societies
seemed to play host to criminality and the suspicion
that the perfectly law-abiding citizen was a fabulous
rarity.

The intrinsic irony of this observation is manifest
in Karl *Marx’s consideration of crime as a kind of
service industry, ‘“producing” the criminal law, police
forces, and tragic literature and operating as a crucial
balancing factor in protecting bourgeois life from
stagnation, in the first volume of Theorien iiber den
Mehrwert (written ca. 1863; published 1905). Marx
cites Bernard Mandeville’s crucial contribution to
*economic theory in The Fable of the Bees in arguing
that, from the point of view of encouraging the circu-
lation of goods and money, crime can be seen as
socially useful. Subsequent economists were routinely
forced to concede that embarking upon a criminal
“carecer” can qualify—at least in some circum-
stances—as a perfectly rational economic decision.
Thomas Byrnes published his pioneering study of
Professional Criminals of America in 1886.

The notion of crime as deviance entered a new
phase of ‘“criminal *anthropology” when Cesare
Lombroso’s L’Uomo delinquente (1876) attempted to
identify the criminal “type” in terms of measurable
criteria. Initially carried forward by Lombroso’s
compatriots Enrico Ferri and Rafaele Garofalo, this
version of criminology was exported via such texts as
Havelock Ellis’ The Criminal (1890). Such attempts
slotted comfortably into the context of race theory,
using the methods of physiognomy and craniometry
to demonstrate the essential inferiority of the criminal
class. New fashions in explanation eventually redir-
ected attention to other kinds of measurements—first
to measurements of *intelligence and later to *genetic
analysis—but the quest to find a physical basis for
deviance never entirely let up. Fiction thrived on such
notions, sustained by the need to construct and
characterise “villains” in order to serve the ends of
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melodrama, although the requirements of ingenious
plotting often required the production of deceptive
villains whose appearance was the exact opposite to
the criminal type, and whose intelligence was suffi-
ciently acute to pose worthy opposition to that of a
detective genius. In fiction, “criminal types” are abun-
dant, but are often relegated to minor roles as hire-
lings and servitors of politely masked masterminds.

Socioeconomic explanations of crime in terms of
poverty and poor education became a significant
force in calls for political reform in the late eighteenth
and early nineteenth centuries, extravagantly repre-
sented in the works of such philosophical novelists as
Jean Jacques *Rousseau and William Godwin, and in
the *Utopian fiction of the period. Novels attempting
to investigate the causes and attempted remedies of
crime with the aid of social scientific theories are very
numerous, the most notable including Godwin’s
Caleb Williams (1794), Edward Bulwer-Lytton’s
Paul Clifford (1930) and Eugene Aram (1832), Charles
Dickens” The Chimes (1844), Elizabeth Gaskell’s
Mary Barton (1848), Victor Hugo’s Les Misérables
(1862), and Fyodor Dostoyevsky’s Prestupleniye i
nakazaniye (1866; trans. as Crime and Punishment).

Within the literary arena socioeconomic hypoth-
eses regarding the causes of crime gradually lost
ground to psychological ones, more for reasons of
literary convenience than scientific plausibility. The
trend was inevitably exaggerated as the novel became
steadily more introspective under the linked influence
of Henry James and his psychologist brother William.
The melodramatic potential of psychological argu-
ments, and their capacity to overtake and reinvent
traditional notions of good and evil, is extravagantly
displayed in such literary accounts of “split personal-
ity” as Edgar Allan Poe’s “William Wilson” (1839)
and Robert Louis Stevenson’s Strange Case of Dr.
Jekyll and Mr. Hyde (1886) and in the analyses of
literary works undertaken by such psychoanalysts as
Sigmund *Freud and Carl *Jung. Psychology’s in-
creasing interest in and dependence on the sexual
impulse is clearly reflected in crime fiction’s increasing
interest in and dependence on “sex crimes”. Once Poe
and Stevenson had prepared the way for psychologi-
cal theory to produce new kinds of *monsters, many
traditional types of monstrousness—including vam-
pirism and lycanthropy—were co-opted by the bur-
geoning field of abnormal sexual psychology mapped
out in Richard von Krafft-Ebing’s Psychopathia
Sexualis (1886). Many of Krafft-Ebing’s paradig-
matic examples of sexual psychopathology, including
sadism and masochism, took their names and symp-
toms from literary sources.

The growth of a more pragmatic attitude to crimi-
nology in the twentieth century, reflected in such texts



as Clarence Darrow’s Crime: Its Causes and Treat-
ment (1922), was echoed in a literary context by the
growth of anxieties regarding the possible social
effects of crime fiction. The accusation that crime
fiction glorified crime and might itself be a cause of
crime was strenuously rebutted by writers and pub-
lishers—although it resulted in the suppression of
violence in crime comic books by the Comic Book
Code in the 1950s—but many writers became anxious
about the stigmatisation of villains. In much nine-
teenth-century fiction it had been taken for granted
that anyone foreign was a suitable candidate for cast-
ing as a villain, but growing suspicions about the tacit
promotion of xenophobia and racism gradually erod-
ed that policy, while parallel anxieties questioned the
association of villainy with particular social classes
and modes of employment.

The slack generated by this anxiety was taken up
by the widespread appropriation into fiction of two
key criminological terms: “sociopath” and ““psycho-
path”. Characters of these types—whose evil tenden-
cies are conveniently innate, whether imparted by
nature or nurture—were villains by definition, and
late twentieth-century crime fiction made extravagant
use of the opportunities they presented. Particularly
prolific use was made of psychopathic “‘serial killers”
whose crimes were perfectly fitted to the necessities of
plot development. The important archetype provided
by Robert Bloch’s Psycho (1959; film, 1960), loosely
based on the case of Ed Gein, pioneered two signifi-
cant subgenres. A “true crime” genre updating such
eighteenth-century legendary constructions as Dick
Turpin and Jack Sheppard in the distinctively
modern mould of “Jack the Ripper” became highly
significant as a form of narrative nonfiction, while the
subgenre of fiction that attributed iconic status to
such characters—Thomas Harris’ psychiatrically
trained cannibal genius, Hannibal Lecter, is a cardinal
example—generated numerous best-sellers.

As the characterisation of fictitious criminals
became increasingly elaborate in psychological and
sociological terms, their adversaries in police forces
were forced to become better educated in the relevant
sciences. Writers of crime fiction were similarly re-
quired to intensify their research, as Colin Wilson
did in composing his recherché crime novels Ritual
in the Dark (1960), Necessary Doubt (1964), and The
Killer (1970), which are derived from the same sub-
stance as his nonfiction works Encyclopedia of Murder
(1961, with Patricia Pitman), A Criminal History of
Mankind (1984), and The Killers Among Us (2 vols.,
1996-1997).

Speculative fiction never had any shortage of crim-
inal villains, but from Jules *Verne’s Captain Nemo
onwards they were distinguished more by the hi-tech

CRYOGENICS

apparatus with which they committed their crimes, or
the exotic quality of the logical puzzles they set their
adversaries, than by any application of scientific the-
ory to their motivation. Penological theory is more
prominently featured in science-fictional contes philo-
sophiques than any other aspect of criminology; nota-
ble thought experiments include Robert A. Heinlein’s
“Coventry” (1940), Henry Kuttner and C. L. Moore’s
“Private Eye” (1949; by-lined Lewis Padgett), Damon
Knight’s “The Analogues” (1952), Robert Sheckley’s
“Watchbird” (1953), Alfred Bester’s The Demolished
Man (1953), William Tenn’s “Time in Advance”
(1956), Robert Silverberg’s “To See the Invisible
Man” (1963), John J. McGuire’s “Take the Reason
Prisoner” (1963), and Lucius Shepard’s “Jailwise”
(2003). Futures in which applied criminology has
succeeded in eradicating crime are rare, except for
perfectly ordered *dystopias desperately in need of
mischievous relief.

Science fiction writers have been more creative in
the matter of inventing new crimes for their agents to
combat than in hypothesising new criminological
theories. The subgenre of time police series gave rise
to a new criminal class of would-be history-changers,
called “degraders” in E. B. Cole’s stories of the Phil-
osophical Corps (launched 1951), who use advanced
technology to set themselves up as gods on barbarian
worlds for purpose of pillage. The sophistication of
*biotechnology and the opening of the arena of *cy-
berspace both opened opportunities for the evolution
of new crimes, but accounts of their execution and
investigation rarely break new criminological ground;
such works as K. W. Jeter’s Dr. Adder (1984) and
Kim Newman’s The Night Mayor (1989) are primarily
exceptional in terms of their grotesquerie.

CRYOGENICS
The science and technology of low temperatures.
Because temperature is a reflection of the energy of
atomic motion, the lowest conceivable temperature is
that at which all motion ceases: “absolute zero”
(=273° Celsius, or 0° Kelvin). To a cryophysicist
“low” means within a few degrees of 0° K, but cryo-
biologists are interested in the broader range of tem-
peratures at which biological activity is suppressed,
opening up the possibility of *suspended animation;
the refrigeration temperature of liquid nitrogen,
81° K, is usually adequate for cryobiological purposes.
The phenomenon of most interest to cryophysicists
is electrical superconductivity, which has numerous
potential technological applications, although devel-
opment was long inhibited by the difficulty of obtain-
ing and maintaining such refrigerants as liquid

107



CRYOGENICS

helium. Although the notion of absolute zero once
exerted a certain fascination on the speculative
imagination—examples of its use include Harold M.
Colter’s “Absolute Zero” (1929) and Erle Stanley
Gardner’s “The Human Zero” (1931)—literary inter-
est in cryophysics has always been limited, and was not
significantly increased by the discovery of ‘“high-
temperature superconductivity’ in 1986. Cryobiology
is a different matter.

The preservative effects of low temperatures were
known before the seventeenth century—Francis
*Bacon’s death was linked by rumor to a cryobiolog-
ical experiment—so the notion of freezing-induced
suspended animation was a ready recourse for
subsequent tales of accidental time-displacement;
Leonard Kip’s “Hannibal’s Man” (1873), W. Clark
Russell’s The Frozen Pirate (1887), Robert Duncan
Milne’s “Ten Thousand Years in Ice” and “The
World’s Last Cataclysm” (both 1889), and Louis
Boussenard’s Dix mille ans dans un bloc de glace
(1889; trans. as 10,000 Years in a Block of Ice) spear-
headed a tradition that extended into the twentieth
century in such stories as Edgar Rice Burroughs’
“The Resurrection of Jimber Jaw” (1937) and Gerald
Kersh’s “Frozen Beauty” (1941, initially by-lined
Waldo Kellar). The application of cryopreservative
techniques to living tissues was, however, hindered
by the problem of cell damage inflicted by ice crystals
during freezing and unfreezing. The cells of freeze-
resistant plants and animals are protected from such
damage by “natural antifreezes”—mostly glycol deri-
vatives and sugars—which allow supercooled tissue to
vitrify.

Artificial cryopreservation made considerable
progress in the last quarter of the twentieth century
in connection with the freezing of egg cells and early
embryos; by then, animal embryos treated with a
crypoprotective solution could be preserved in liquid
nitrogen for many years. Determining the practical
limits of such preservation is likely to be a hazardous
business whose experimental tests will inevitably last
for centuries, but the narrative utility of the notion is
considerable. The most significant extrapolation of
the idea is that of “cryonics”—a term coined by
Karl Werner for the use of cryogenetic techniques in
preserving the human body, which entered common
parlance after 1964, when R. C. W. Ettinger’s treatise
The Prospect of Immortality—self-published two
years earlier and publicised in the science fiction mag-
azine Galaxy—was reprinted in a mass-market edi-
tion. Ettinger advocated the freezing of recently dead
bodies or severed heads in liquid nitrogen in order
that still-viable brains might be preserved until medi-
cal technology is sufficiently advanced to reverse the
various kinds of damage leading to ‘“‘heart death”.
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The idea that the frozen dead might be reanimated
by advanced technology had been broached in pulp
science fiction by Neil R. Jones’ “The Jameson Satel-
lite” (1931), but was used sparingly thereafter. The
notion of using suspended animation as a means of
preserving a human body until it could be repaired by
advanced medical technology was featured in Poul
Anderson’s “Time Heals™ (1949), but was not initially
coupled with the idea of cryonic preservation. In Leo
Szilard’s “The Mark Gable Foundation” (1961)
freezing oneself to visit the future becomes a fad,
but James White’s Second Ending (1961; book,
1962)—whose protagonist’s awakening is drastically
belated—moved closer to Ettinger’s prospectus.
Ettinger not only inspired a sudden glut of such nar-
ratives but also the establishment of such corpora-
tions as Alcor and TransTime, which attempted to
put his ideas into practice.

The first dead man “frozen down” in the hope of
future revivification was Dr. James Bedford in 1967.
The case immediately involved Alcor in a legal
conflict with the California Department of Health
Services (DHS), which refused to issue permits for
the disposition of human remains to the company.
The legal wrangle—which lasted until 1990, when
the Los Angeles County Superior Court ordered the
DHS to issue the forms—helped to add an extra
dimension of melodrama to technothrillers featuring
near-future cryonics such as Ernest Tidyman’s Abso-
lute Zero (1971) and Gregory Benford’s Chiller (1993;
by-lined Sterling Blake).

The potential social and political issues arising
from cryonic projects were extrapolated in numerous
literary works. In Clifford D. Simak’s Why Call Them
Back from Heaven (1967), trusts managing the finan-
cial assets of the frozen become significant power-
blocs. In Norman Spinrad’s Bug Jack Barron (1969),
access to cryonic vaults—advertised as a ticket to
immortality—becomes the ultimate bribe, and its de-
nial the ultimate blackmail. Larry Niven’s “The De-
fenseless Dead” (1973) points out that while the living
have all the votes the “corpsicles” of the dead might
become an exploitable resource. Tanith Lee’s “The
Thaw” (1979) examines the predicament of a distant
descendant called on to welcome an “awakener”. In
Greg Bear’s Heads (1990) the possibility arises that
the memories of frozen heads—and hence their
secrets—might be recoverable without their being
defrosted. The problems of long-term storage space
for corpsicles require their removal to Pluto in
Charles Sheffield’s Tomorrow and Tomorrow (1997).
The fascination with cryonics was by no means limi-
ted to the United States; Nikolai Amosov’s Zapiski iz
budushchego (1967; trans. as Notes from the Future)
and Anders Bodelsen’s Frysepunktet (1969; trans. as



Freezing Point and Freezing Down) made significant
contributions to the dialogue.

The notion that cryobiological storage of astro-
nauts and extraterrestrial colonists might help to
overcome the challenging time spans of interstellar
*space travel—trailed in Walter M. Miller’s “Cold
Awakening” (1952)—was quickly co-opted into the
myth of the *Space Age following Ettinger’s popular-
isation; the considerable imagistic boost it received by
virtue of its employment in Stanley Kubrick’s 200/—
A Space Odyssey (1968) led to the motif becoming
a common feature of cinematic science fiction, used
in such works as John Carpenter’s Dark Star (1974)
and the Alien series (1979-1992). E. C. Tubb’s
“Dumarest” series (launched 1967) envisaged inter-
stellar travel reproducing the class system of interna-
tional flights, with “high” travellers enjoying the
benefit of time-dilating drugs while “low” travellers
must endure more hazardous cryonic procedures.
This usage encouraged speculations about possible
psychological effects of cryobiological preservation,
as in Philip K. Dick’s “Frozen Journey” (1980; aka
“I Hope I Shall Arrive Soon”’) and James White’s The
Dream Millennium (1974).

Many stories in which people try to “‘cheat” death
by committing themselves to cryonic storage are for-
mulated as contes cruels in which fate finds suitably
ironic ways to thwart them. The common assumption
that one would be able to wake up rich by virtue of
the effects of compound interest on their investments

is casually overturned in Frederik Pohl’s The Age of

the Pussyfoot (1969) and M. Shayne Bell’s “Balance
Due” (2000). In Terry Carr’s “Ozymandias” (1972)
people who employ cryobiological methods to avoid a
war fall victim to professional “‘tomb-robbers”, like
the mummified pharaohs of ancient Egypt. The angst-
ridden protagonist of Brian Stableford’s ““...And He
Not Busy Being Born™ (1987; incorporated into The
Omega Expedition, 2002) successfully delivers himself
into a world of immortals, but fails to escape his own
destiny. Ian Watson’s “Ahead!” (1995) satirically
examines awkward corollaries of being frozen down
without a body.

One of Ettinger’s earliest converts was Alan Har-
rington, who embedded advertisements for cryonics
in his manifesto for longevity research, The Immortal-
ist (1969), and the science fiction novel Paradise 1
(1977). Another convert was K. Eric Drexler, who
used the speculation that *nanotechnology might pro-
vide a means of repair and of providing protection
against risks incurred during the thawing process as
one of the key advertisements for his own hypotheti-
cal technology in Engines of Creation (1987). The
latter supplementation increased the plausibility of
cryonics to the point at which it became a standard
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feature of near-future scenarios in most science fiction
published after 1990.

CRYPTOGRAPHY

The art and science of transfiguring information by
means of codes or ciphers, usually for the purposes of
concealment. Encryption is the process of converting
information from a readily comprehensible format into
an incomprehensible format, from which it can only be
decrypted with the aid of a “key”. Cryptography is
closely related, especially in fiction, to steganography:
the art and science of hiding messages by physical
means. The most familiar forms of steganography, at
least in fiction, involve invisible ink and microdots.

The two basic forms of cipher are transposition
ciphers, which rearrange the order of the letters form-
ing the message, and substitution ciphers, which re-
place letters or groups of letters with other letters or
symbols. “Code” is a broader term that embraces
the manipulation of meaning as well as symbols,
although the most famous example—the Morse code
used in telegraphy—is a simple substitution cipher.
Substitution ciphers are usually soluble by frequency
analysis. The desire to transmit information con-
fidentially, for political or economic purposes, is an-
cient; an ecarly technological aid was the scytale, a
cylindrical rod used in ancient Sparta to produce
a transposition cipher; the recipient deciphered the
message by winding it around a rod of similar diame-
ter. Early Christians in fear of persecution used such
simple symbolic codes as fish symbols to signify
Christ’s name, and there are apparent references in
the Bible to numerological codes, most famously ““the
number of the beast” (666) in Revelation.

As diplomatic relations became more complex and
more duplicitous, the art of cryptography undoubt-
edly made considerable advances, but its history inev-
itably remains clouded in secrecy. It is impossible to
be certain now whether or not the “Enochian alpha-
bet” that John *Dee ostensibly used to communicate
with angels might actually have been a code that he
used to transmit secret messages. This uncertainty has
led many people to look for codes and ciphers in
places where they might not exist—a practice dramat-
ically enhanced by the mind-set of *occult science,
which is much preoccupied with hidden correspon-
dences.

A tendency to treat the experienced world as a kind
of vast cryptogram can be traced from the followers
of *Pythagoras to the Renaissance, and the advance-
ment of science—unraveling or unveiling the mathe-
matical “mysteries of nature”—can easily be seen as
an aspect of that tendency. Isaac *Newton spent a
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good deal of time attempting to identify and decipher
codes hidden in the Bible—a practice that continued
to bear “results” in the twentieth century. Ignatius
Donnelly’s The Great Cryptogram (1888) identifies
ciphers hidden in William Shakespeare’s plays that
allegedly indicate their authorship by Francis
*Bacon: an attempt to forge a correspondence be-
tween supreme exemplars of art and science that is
very much in the spirit of occult science.

The first published discussion of cryptography is in
the works of Roger *Bacon—where Dee undoubtedly
read it—and is presumably reflective of the practices
of contemporary *alchemists, although it may well
have played a major role in prompting subsequent
alchemists to use codes and ciphers. The use of
codes in diplomatic communications led to the emer-
gence in the sixteenth century of professional code-
crackers, Giovanni Soro fulfilling such a function in
Venice after 1506. By this time simple substitution
ciphers had been superseded by complex variants
that were more resistant to frequency analysis. Mary
Queen of Scots was executed in 1587 on the evidence
of coded messages allegedly deciphered by Sir
Francis Walsingham’s secretary. Despite the cloak
of secrecy surrounding their history, guidebooks to
the construction of ciphers began to appear in the
seventeenth century; John Wilkins® Mercury,; or The
Secret and Swift Messenger (1641) provides an inter-
esting parallel to his general survey of speculative
technology Mathematicall Magick (1648).

Classic literary ciphers—notable nineteenth-cen-
tury examples can be found in Edgar Allan Poe’s
“The Gold Bug” (1843), Jules Verne’s Voyage au cen-
tre de la terre (1863; trans. as Journey to the Centre of
the Earth) and La jangada (1881; trans. in 2 vols. as
FEight Hundred Leagues on the Amazon and The Cryp-
togram), and Arthur Conan Doyle’s “The Adventure
of the Dancing Men” (1903)—are often offered to the
reader as challenging puzzles to be solved, the last-
named within the context of a detective story. Ray-
mond McDonald and Raymond Alfred Leger’s The
Mad Scientist (1908) included a cipher without a
solution, offering a cash prize to the first reader who
solved it.

Such exercises were soon extracted from fiction to
become a significant form of puzzle devised for leisure
purposes. Modern guidebooks to the construction and
solution of ciphers, such as Clifford A. Pickover’s Cryp-
torunes: Codes and Secret Writing (2000), are usually
accommodated within this context. In the meantime,
they remained a highly convenient plot lever, exploited
in much the same fashion as treasure maps in such
works as Fergus Hume’s “Professor Brankel’s Secret”
(1889) and Roland Pertwee’s MW.XX.3 (1929; aka
Hell'’s Loose and The Million Pound Cipher).
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In twentieth-century fiction, cryptography and ste-
ganography became staple elements of spy fiction,
pioneered by William le Queux in such works as
Spies of the Kaiser (1909) and Cipher Six: A Mystery
(1919). Writers in the genre gradually developed an
extraordinarily elaborate lexicon of methods of com-
municating information covertly. This accumulating
wisdom was ingeniously exploited by such writers as
Edward D. Hoch—whose Jeffery Rand heads a de-
partment of Concealed Communications in the series
launched by The Spy Who Didn’t Exist (1967)—
Robert Ludlum, as in The Bourne Identity (1980),
and Payne Harrison, as in Black Cipher (1994).

The extent to which such fiction reflects an actual
cryptographic and steganographic ‘“arms race” is
open to conjecture, but the eventual lifting of the
veil of secrecy shed belated light on the most spectac-
ular success of actual codebreakers during World
War II. Scientists working at Bletchley Park built
the dedicated computer Colossus to decipher the Ger-
man Enigma code, whose electrically powered rotat-
ing discs changed positions after each transmitted
letter, thus making its substitution code indecipher-
able to anyone who could not duplicate the shift-
pattern. The U.S. forces allegedly used a more
straightforward method of concealment by exploiting
the arcane Navaho language—a system whose partic-
ular vulnerability is graphically dramatised in the film
Windtalkers (2002). Other movies illustrating the
rapid sophistication of codes and their fictional repre-
sentation include The Secret Agent (1936, based on
Somerset Maugham’s Ashenden, 1928), Sebastian
(1976), and Enigma (2001).

The development of computers forced crypto-
grams to become considerably more elaborate, and
the need to keep information held on computers safe
from prying eyes put further pressure on crypto-
graphic craftsmanship. A U.S. Data Encryption
Standard (DES)—or Data Encryption Algorithm
(DEA)—was introduced in 1976, requiring the use
of 56-bit keys—a level of complexity that soon
began to seem inadequate as the speed of processors
continued to increase, considerably reducing the time
needed to crack such codes.

A new vogue for books embodying codes that the
reader is required to solve was launched by Kit
Williams® Masquerade (1979), which deliberately reca-
pitulated the story arc of “The Gold Bug” by con-
cealing instructions for the location of a golden hare
and launching a public treasure hunt. The book’s
success was, however, modest by comparison with
other cryptographically informed best-sellers such
as Michael Drosnin’s “nonfictional” The Bible Code
(1997), Arturo Perez-Reverte’s The Dumas Club (1997),
Neal Stephenson’s Cryptonomicon (1999), and Dan



Brown’s The Da Vinci Code (2003). Subtler uses of
cryptographic plot devices include the mock-academic
volume of commentaries of H. P. Lovecraft’s fictitious
book The Necronomicon edited by George Hay,
which is supposedly based on a new decoding of Dee’s
Enochian alphabet.

CRYSTALLOGRAPHY

The branch of mineralogy devoted to the study of
crystals. The Greek word krystallos referred primarily
to ice—and hence to the quality of intense cold—and
only secondarily to common quartz, which was initi-
ally conceived of as a kind of ice. The word ““crystal”
retained echoes of its original meaning, if only
metaphorically, when it was reapplied to other miner-
als with similar properties to quartz. Such similarities
were initially superficial, including clearness and rar-
ity—thus leading to the categorisation of gemstones
as crystals—but scientific crystallography rests on the
geometric regularity of crystals.

This pattern of development led to some confu-
sion, most obviously with respect to glass, which
was once considered to be crystalline because of its
transparency, although it has no geometrical regular-
ity (by virtue of being a supercooled liquid). The eye,
or its lens, was also once considered crystalline—a
likeness that still survives in metaphor although the
application of crystallographic science to organic
substances is relevant to the structure of particular
molecules rather than complex tissue structures.

Exotic properties were attributed to various kinds
of crystals—especially gemstones—within systems of
primitive medicine, magic, and *occult science, gen-
erating various kinds of “crystal healing”, a quasi-
astrological set of “birthstones’ that is still commonly
applied to jewelry and a set of symbolic colours
employed in heraldry. The names borne by some gem-
stones were derived from such patterns—‘‘amethyst”
from a word meaning intoxication, because amethyst
goblets were supposed to protect against the intoxicat-
ing qualities of liquids drunk from them, and “‘sap-
phire” from a word meaning moral purity, because
sapphires were supposed to ward off lechers.

As usual, these occult connections had consider-
ably more appeal to litterateurs than the development
of scientific crystallography, although the significant
roles played by gems in supernatural fiction and
symbolist literature are outweighed and outshone by
their role as economic objects of desire in such crime
stories as M. P. Shiel’s The Rajah’s Sapphire (1896)
and Fergus Hume’s The Mother of Emeralds (1901)
and such dramatisations of status envy as Henry
James’ “Paste” (1899) and F. Scott Fitzgerald’s
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“The Diamond as Big as the Ritz”” (1922). Diamonds,
in particular, represent a portable form of wealth
whose double utility as an item of adornment is com-
parable to that of gold, over which it has the advan-
tages of lightness, hardness, and scintillation.

Although the origin of gemstones remained myste-
rious, their mystique was secure—James Thomson’s
“The Seasons” (1726-1730; rev. 1744) represents
gems as strange artifacts of the Sun’s light: “The
unfruitful rock itself, impregned by thee, / In dark
retirement forms the lucid stone”—and their chari-
sma was not significantly eroded by scientific
accounts of mineral formation. Notable literary
gems possessed of crystal charisma include William
Makepeace Thackeray’s The Great Hoggarty Dia-
mond (1841), Wilkie Collins’ The Moonstone (1868),
and the Blue Water in P. C. Wren’s Beau Geste (1924).

The foundations of scientific crystallography lay in
the observation—recorded by Pliny the Elder, among
others—of the geometrical regularity of crystals, but
it was not until 1669 that Nicholas Steno observed
that the angles of each particular kind of crystal were
always the same, even though the technological skills
of lapidarists had long become accommodated to the
fact that gemstones could only be cut and shaped in a
manner respectful of their fundamental geometry.
Carolus Linnaeus’ classifications of plants and ani-
mals inspired Romé Delisle, in Essaie de Crystallogra-
phie (1772), and his successor, René Just Haily, to
attempt something similar in mineralogy, using angu-
lar forms as criteria for the classification of crystals.
The steady advancement of the chemical analysis of
compounds enabled continual refinement of their
work in the nineteenth century.

The popularisation of these scientific advances
took what advantage it could from the inherent inter-
est of gemstones, although the results could be pecu-
liar; John Ruskin’s The Ethics of the Dust: Ten
Lectures to Little Housewives on the Elements of Crys-
tallisation (1865) is a bizarre work. Crystal growing
became a significant element of basic amateur chem-
istry. It is a challenging task because the crystals
produced by familiar chemical compounds as they
precipitate out of solution tend to be fragile, and the
production of large crystals from smaller seeds is a
delicate business. The growth of exotic dendritic
forms from seed crystals dropped into solutions of
sodium silicate, forming ‘‘crystal gardens”, also
became an esoteric hobby.

The raw aesthetic appeal of crystallisation as a
phenomenon increased the literary range of crystals;
its power as an imaginative stimulus is evident in such
texts as George Sand’s Laura: Voyage dans le cristal
(1865; trans. as Journey Within the Crystal), in
which the protagonist’s discovery of a geode—an
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unprepossessing lump of rock that, when split, reveals
a crystal-filled interior—sparks an imaginary polar
voyage to a crystal world within the Earth. Inspiring
crystal-lined caverns of more limited scope are fea-
tured in Robert Hunt’s Panthea (1849) and Robert
Ross’s The Child of Ocean (1889).

In the meantime, the study of crystals became an
important branch of stereochemistry; in the twentieth
century, x-ray crystallography—analysing the manner
in which x-rays are scattered by molecular crystals—
became a key instrument of chemical analysis, crucial
to such projects as the determination of the structure
of DNA. The optical properties of crystals were extra-
polated in numerous accounts of hypothetical crystals
with extraordinary properties, including Fitz-James
O’Brien’s “The Diamond Lens” (1858), Norman H.
Croell’s “To the End of Space” (1909), and A. Hyatt
Verrill’s “Into the Green Prism” (1929). The capacity
of crystals to grow and proliferate inspired numerous
accounts of crystalline life, including J. H. Rosny
ainé’s “‘Les xip¢huz” (1887; trans. as “The Shapes”
and “The Xipehuz”), John Taine’s White Lily (1930;
aka The Crystal Horde), Sidney D. Berlow’s “The
Crystal Empire” (1932), Dow Elstar and Robert S.
McCready’s ‘““Stardust Gods” (1937), and Terry
Dowling’s “The Lagan Fishers” (2001).

Crystalline architecture became typical of ““futuris-
tic”” scenarios in the nineteenth century; the idea of a
“crystal palace”, whose literary origins go back to
folktales, was actualised in London to house the
monuments to technological progress making up the
Great Exhibition. Similar edifices featured in such
Utopian fictions as Nikolai Chernyshevsky’s Chto
Delat’ (1863; trans. as What Is to Be Done?) before
becoming a staple of science fiction illustration in the
pulp magazines. A Crystal Palace Mountain is fea-
tured in Mark Clifton’s FEight Keys to Eden (1960).
Notable twentieth-century examples include the syn-
thetic diamond FEigenDome in Catherine Asaro’s
“Aurora in Four Voices” (1998).

Because diamond is a crystalline form of carbon—
also manifest in such dull forms as charcoal and
graphite as well as being the basis of organic chemis-
try—it figures in many tales of quasi-alchemical trans-
formation that double as moralistic fabulations,
including C. J. Cutclife Hyne’s The Recipe for Dia-
monds (1893) and Jacques Futrelle’s The Diamond
Master (1909). Such stories foreshadowed the devel-
opment of actual techniques for manufacturing “in-
dustrial diamonds™, although the establishment of
such corporations as Lifegem, which offer to convert
the carbonised corpses of beloved pets and cremated
relatives into gemstones, was unanticipated. The pos-
sibility that extraterrestrial physical processes might
produce extraordinary diamonds is treated with
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appropriate irony in Malcolm Jameson’s “Mill of
the Gods” (1939) and Gregory Benford’s ““As Big as
the Ritz” (1986).

Crystals sometimes function in speculative fiction
as ordinary power sources, as in Lilith Lorraine’s
“In the 28th Century” (1930), but they are more
frequently envisaged as sources of extraordinary
power; they are often invested with magical properties
of exactly the same kinds as the gemstones of occult
and supernatural fiction, especially those enabling or
enhancing *parapsychological psi-powers. Jewels
routinely serve as psychically active talismans in hy-
brid science-fantasy stories that disguise fantasy
tropes with science-fictional jargon, as in numerous
works by Andre Norton. The strategy is capable of
considerable sophistication, as in lan Irvine’s Well
of Echoes series launched with Geomancer (2001), in
which the forbidden art of geomancy is revived in
order to combat crystalline alien “clankers”.

The speculative framework of science fiction is con-
ducive to the calculated exaggeration of such psychic
effects, as in such stories as Theodore Sturgeon’s The
Dreaming Jewels (1950), John T. Phillifent’s “Hierar-
chies” (1971), Christopher Hodder-Williams® The
Think Tank That Leaked (1979), Cynthia Felice’s The
Sunbound (1981), and Robert Charles Wilson’s Mem-
ory Wire (1988). On the other hand, it is equally hospi-
table to more subtle effects, such as those manifest in
such works as Eric Brown ““Star Crystals and Karmel”
(1989) and ““The Death of Cassandra Quebec’ (1990),
Vernor Vinge’s “Gemstone” (1983), Bob Buckley’s
“World of Crystal, Sky of Fire” (1985), Roger
Zelazny’s “Permafrost” (1986), and Sheri S. Tepper’s
After Long Silence (1987; aka The Enigma Score).

Stories that credit hypothetical gemstones with
musical as well as psychical properties include Tho-
mas S. Gardner’s “The World of Singing Crystals”
(1936), Juanita Coulson’s The Singing Stones (1968),
and Anne McCaffrey’s The Crystal Singer (1974—
1975; book, 1982). The most elaborate attempts to
exploit crystal charisma in twentieth-century science
fiction are Cordwainer Smith’s “On the Gem Planet”
(1963), set on the world of Pontoppidan, which is
extremely rich in gems but extremely poor in air and
food, and J. G. Ballard’s The Crystal World (1966), in
which the substance of time begins to crystallise out in
equatorial Africa, bringing about a striking metamor-
phosis of the rain forest.

CYBERNETICS

A term introduced into modern science by Norbert
Wiener in 1947 and popularised in his best-selling
Cybernetics (1948). Cybernetics describes the study



of control and communication in organic and mechan-
ical systems, especially with respect to generalised the-
ories that cross the boundaries of the traditional
disciplines of biology, psychology, and engineering.
It overlaps considerably with what Ludwig von
Bertalanffy called “general systems theory”. The de-
velopment of *computers and their adaptation to
control other kinds of machinery made such interdis-
ciplinary thinking seem vitally necessary. By the end of
the century, the first element of the term was routinely
detached in order to be chimerically fused with
other components in portmanteau words such as
“cyberculture”, “*cyberspace”, and “cyberpunk”.

The most important core notion of cybernetics is
that of regulation by feedback mechanisms, particu-
larly in application to the functioning of neural net-
works. The notion of developing digital computers
whose circuitry would be analogous to the electro-
chemical “wiring” of the human brain—extensively
developed by John von Neumann—renewed the sig-
nificance of philosophical attempts to analyse the
relationship between the mind and the brain as well
as practical attempts to develop *artificial intelli-
gence. Wiener attempted to equip his new science
with a fundamental theory of information mathemat-
ically analogous to the description of “negative
entropy’’ in physical systems.

Cybernetics quickly became a buzzword in con-
temporary science fiction; the concept was introduced
to readers of Astounding in 1949 by an article by E. L.
Locke and much was made of its talismanic quality in
Charles Recour’s “The Cybernetic Brain” (1949). It
was dutifully invoked in the first two issues of Galaxy in
1950, in Isaac Asimov’s “Darwinian Pool Room” and
Fredric Brown’s “Honeymoon in Hell”. Raymond
F. Jones’ The Cybernetic Brains (1950; book, 1962)
was another early work to co-opt the term. Hypotheti-
cal cybernetic laboratories figured prominently in
Bernard Wolfe’s ““Self Portrait™ (1951).

The outlook and central ideas of cybernetics were
elaborated and repopularised in Gregory Bateson’s
Steps to an Ecology of Mind (1972), which insisted
that living systems—especially those giving rise to in-
telligence—are dependent on the accommodation of
discontinuities or “logical contradictions’ incorporat-
ing a measure of spontaneity and unpredictability in
their behavior, forming the bedrock of creativity. Ideas
flowing from cybernetics into *ecology became the
basis of James *Lovelock’s Gaia hypothesis.

Fictional extrapolations of cybernetics have mostly
been concerned with its application to the develop-
ment of artificial intelligence and to potential fusions
of organic and inorganic systems to form *cyborgs; in
these particular aspects, its literary influence is wide-
spread. Fictional treatment of more general issues is
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hindered by their abstract nature, but the ambition to
adopt its jargon remained strong. Frank Herbert’s
Destination: Void (1966) was one of several texts to
borrow inspiration from Wiener’s God & Golem, Inc.
(1964), while Loren MacGregor’s The Net (1987) is
one of the most elaborate projections of cybernetic
theory.

CYBERSPACE

A term popularised by William *Gibson’s Neuroman-
cer (1984), describing the “virtual *space” in which
*computer-held data are located and through which
electronic communication takes place. Gibson’s char-
acters can project their mental selves from the “inner
space” of their minds into cyberspace through entry
points into the wiring of a worldwide computer net-
work. Stored data is manifest therein as architectural
aggregations, while computer viruses and other pro-
grams are also manifest as visible entities.

Similar virtual spaces had previously been explored
in a number of texts, including Daniel F. Galouye’s
Counterfeit World (1964; aka Simulacron-3), Chris
Boyce’s Catchworld (1975), and Vernor Vinge’s True
Names (1981), but Gibson’s label acquired a talismanic
significance. A similar significance was acquired at a
later date by “the matrix”—a term similarly used
extensively in Neuromancer, although it had been
used before in a similar context, as in Douglas R.
Mason’s Matrix (1970). Many other descriptive
terms were applied to the same idea, including the
“metamedium” of Paul Di Filippo’s “Agents” (1987)
and the “metaverse” of Neal Stephenson’s Snow Crash
(1993), but never spread far beyond their source texts.

Gibson’s novel was published at a time when the
National Science  Foundation’s  academically
orientated network CSNET (founded in 1980) had
recently been connected to the U.S. Defense Depart-
ment’s ARPANET with the aid of a compatibilising
“Internet Protocol”, and before the establishment of
the NSFNET in 1985 laid down the backbone of the
Internet that became the host of all the sites forming
the World Wide Web. Neuromancer’s timeliness en-
abled it to capture the imagination of the engineers
and users developing such systems, who were already
forming the nucleus of a new “cyberculture”, while its
countercultural values and slick picaresque story line
made it the paradigm text of a ‘“‘cyberpunk move-
ment” named by Gardner R. Dozois and showcased
in Bruce *Sterling’s anthology Mirrorshades (1986).

Cyberspace became a new Western frontier, whose
particular lawlessness would work to the advantage
of nerds instead of gunslingers, and a new escapist
medium, in which the obsolescent *Space Age myth
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of cosmic breakout could be replaced by a kind of
transcendent breakthrough to a new freedom from
the burdens of the flesh. It also became a world of
opportunity for ambitious *artificial intelligences
(Als), especially those intent on acquiring godlike do-
minion; while still functioning as a cosmos for refugees
from personal inner space, Neuromancer’s cyberspace
eventually becomes the inner space of a much vaster
mind. The forging of intimate relationships between
Als and humans in cyberspace became commonplace,
in spite of obvious inequities of magnitude and power.

Gibson was content to call cyberspace a ‘“‘consen-
sual hallucination”, but the notion acquired a greater
authority, as a seeming a priori necessity, as compu-
ters became better able to produce visible models of
three-dimensional space incorporating sophisticated
*virtual realities. The alternative descriptive term
“matrix” combined the implication of abstraction
contained in its mathematical meaning and the impli-
cation of substance contained in its geological and
physiological meanings, thus becoming more closely
akin to the Aristotelian notion of space as a plenum,
etheric rather than empty; many science-fictional
images of cyberspace are more reminiscent of an
ocean in which uploaded minds “swim” than a void
they traverse like spaceships.

The replacement of the “cosmic breakout” motif
with breakthroughs in which human characters for-
sake frail flesh in favour of a new and more exciting life
as pioneers of cyberspace, extravagantly celebrated in
both True Names and Neuromancer, was carried for-
ward into a host of “uploading” stories, notable exam-
ples including Roger Zelazny’s ““24 Views of Mt. Fuji
by Hokusai” (1985), Roger McBride Allen’s The Mod-
ular Man (1992), and Greg Egan’s Permutation City
(1994), eventually becoming the Holy Grail of *post-
human fiction. Significant variations of cyberspace
include the virtual spaces featured in W. T. Quick’s
Dreams of Flesh and Sand (1988) in which a “meat-
matrix” computer interfaces artificially with the ““per-
ceptual space” of its component brain cells, and Geoff
Ryman’s Air (or Have Not Have) (2003), which fea-
tures a communication system that puts the Internet
into people’s heads, thus importing cyberspace into
their inner spaces. The overlapping of cyberspace and
inner space had previously been explored in several
stories in which computer viruses cross over to the
world of the flesh, including Pat Cadigan’s Synners
(1991) and Molly Brown’s Virus (1994).

As a manifest movement, cyberpunk did not last
long—Sterling boasted that the term was “obsolete
before it was coined”—but the label easily outlasted
the active propagandising of its early enthusiasts by
virtue of its marketing value and its adoption into
the jargon of *postmodernist criticism. Attempts to
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relabel the movement, as when Norman Spinrad
championed Tappan King’s coinage of “the Neuro-
mantics” in 1986, failed, in spite of the fact that many
writers interested in the literary uses of cyberspace
were unhappy with the “punk” element. Cyberpunk’s
central motifs were so closely pursued by actual devel-
opments in computer technology that they soon lost
their capacity to inspire awe and became taken-for-
granted aspects of consensus images of the near
future. The crime fiction elements of the subgenre
were subjected to further exaggeration in ‘“‘post-
cyberpunk” thrillers that relished their own ready-
made decadence, Pat Cadigan’s Tea from an Empty
Cup (1998) and K. W. Jeter’s Noir (1998) offering self-
conscious examples.

CYBORG

A contraction of “*cybernetic organism”, contrived
to describe products of organic/inorganic chimerisa-
tion, particularly the augmentation of the human
body with mechanical devices. Although the notion
was not new, it was enthusiastically updated and
popularised by David Rorvik’s As Man Becomes Ma-
chine (1971), which proclaimed the dawn of a new era
of “participant evolution”. The popularisation of the
term was continued by Martin Caidin’s Cyborg (1972)
and its dramatisation in the TV series The Six Million
Dollar Man (1973-1978), although the latter version
favoured the alternative term ““bionic man”’. Donna J.
Haraway’s highly influential essay ““A Manifesto for
Cyborgs: Science, Technology and Socialist Feminism
in the 1980s” (1985; reprinted as “A Cyborg Manifes-
to: Science, Technology, and Socialist-Feminism in
the Late Twentieth Century”) invested the notion
with a new ironic significance.

Anticipations of cyborgisation arose naturally
enough as sophistications of such crude devices as
wooden legs and the kind of hand-substitute worn
by J. M. Barrie’s infamous Captain Hook in Peter
Pan (1904). Perley Poore Sheehan and Robert H.
Davis’ play “Blood and Iron” (1917) imagined that
sufficiently ingenious replacements might remake
wounded soldiers in a more powerful mould. The
cyborg embodies anxieties about *automation in
Guy Endore’s “Men of Iron” (1940). Francis Flagg’s
“The Machine-Man of Ardathia” (1927) imagined
the future evolution of humankind as a phased pro-
cess of cyborgisation. The alien cyborgs featured in
Jack Williamson’s “The Alien Intelligence” (1929)
and “The Moon Era” (1932) were cast as villains to
capitalise on the “unnaturalness’ of the motif, but the
Zoromes in Neil R. Jones’ “The Jameson Satellite”
(1931) and its many sequels are benevolent.



Jones’ Zoromes provided an instance of the most
common form of science-fictional cyborg imagery: an
organic brain in a mechanical body, as previously
featured in Edmond Hamilton’s “The Comet
Doom™ (1928) and various fantasies of *evolution
that saw the future of humankind as one of increasing
intellect but deteriorating physical presence. A more
sophisticated speculative extreme of medical cyborgi-
sation is featured in E. V. Odle’s scientific romance
The Clockwork Man (1923), which imagines a man of
the future whose body and mind alike are regulated
by a clockwork mechanism built into his head. Signif-
icant cyborgs from midcentury speculative fiction in-
clude the Director in Raymond F. Jones’ Renaissance
(1944) and the cyborg astronauts of Cordwainer
Smith’s “Scanners Live in Vain” (1950).

H. 1. Barrett’s “The Mechanical Heart” (1931)
offered a more realistic depiction of medical cyborgi-
sation, and as prosthetic limbs improved and aug-
mentary devices such as pacemakers, Teflon joints,
and arterial stents became commonplace in the later
decades of the twentieth century, such speculative
images drew further ahead of the pattern of actual
progress. Bernard Wolfe’s Limbo (1952), a scathing
satire construing the term “disarmament” as a double
entendre, made much of the proposition that people
might begin to trade healthy limbs and organs for
mechanical substitutes as soon as the latter became
more adept or more powerful.

Although many items of personal technology,
including keys and wristwatches, seemed perfectly
adequate as items of luggage, the possibility of a
more intimate integration of such devices as radio-
telephones offered a number of advantages, some of
which were elaborately trailed in spy fiction, in
accounts of ingenious covert communication. Con-
templation of such possibilities suggested to many
writers that the early twenty-first century might be
an era of elaborate elective cyborgisation.

The imagery of elective cyborgisation is readily
divisible into accounts of “functional cyborgs”,
whose bodies are modified to perform specific tasks,
and “adaptive cyborgs”, whose bodies are modified to
enable them to operate in alien environments. By the
time the term was popularised, however, such technol-
ogies had already begun to be contrasted with purely
organic strategies of functional design and environ-
mental adaptation, by means of *genetic engineering.
The idea soon developed of a contest between rival
schools of adaptation, neatly encapsulated by the
contrasted elements of Bruce *Sterling’s Shaper/
Mechanist series (1982-1985).

The functional cyborgs most commonly featured
in twentieth-century science fiction are those modified
for the purposes of space travel and warfare. Notable
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examples of cyborg spaceships include James Blish’s
“Solar Plexus” (1941), Henry Kuttner’s “Camou-
flage” (1945), Thomas N. Scortia’s “Sea Change”
(1956), Anne McCaffrey’s “The Ship Who Sang”
(1961), George Zebrowski’s ‘““Starcrossed” (1973),
Zach Hughes’ Tiger in the Stars (1976), and William
Barton’s “Heart of Glass’ (2000), while a distinctive
kind of cyborg astronaut is featured in Vonda
Mclntyre’s Superluminal (1983). Notable examples of
adaptive cyborgs working on alien worlds or in space
itself are featured in Walter M. Miller’s ““Crucifixus
Etiam” (1953), Arthur C. Clarke’s “A Meeting with
Medusa” (1971), Frederik Pohl’s Man Plus (1976),
Barrington J. Bayley’s The Garments of Caean (1976),
and Paul J. McAuley’s “Transcendence” (1988). Early
postwar examples of cyborg warriors, designed
with varying degrees of subtlety include Jack Vance’s
“I-C-a-BEM” (1961), Poul Anderson’s “Kings Who
Die” (1962), James H. Schimtz’s “The Machmen”
(1964), and Keith Laumer’s Bolo series, launched by
A Plague of Demons (1965); almost all future *war
novels published thereafter tended to employ soldiers
subject to some degree of cyborgisation.

As the end of the twentieth century approached,
the rapid advancement of *computer technology and
the development of the cyberpunk sensibility greatly
encouraged the use of cyborgs whose brains are
augmented or adapted to work in intimate collabora-
tion with various kinds of machinery; notable exam-
ples are featured in Gwyneth Jones’ Escape Plans
(1986), Walter John Williams’ Hardwired (1986),
J. R. Dunn’s This Side of Judgment (1995), and Don
DeBrandt’s Steeldriver (1998).

The cyborg motif lends itself to use in existentialist
contes philosophiques of a more intimate and inclusive
kind than those featuring *robots or *aliens. Notable
examples addressing the problem of identity include
C. L. Moore’s “No Woman Born” (1944), Walter M.
Miller’s “I, Dreamer” (1953), Algis Budrys’ Who?
(1958), Damon Knight’s “Masks” (1973), and D. G.
Compton’s The Continuous Katherine Mortenhoe
(1974; aka The Unsleeping Eye). William C. Anderson’s
comedy Adam M-1 (1964) focuses on problems of
cyborg sexuality; Joan Vinge’s “Tin Soldier” (1974)
and George R. R. Martin’s “The Glass Flower”
(1986) take a more refined view of similar issues. The
Japanese movies Tetsuo: The Iron Man (1989) and
Tetsuo II: Body Hammer (1992), and the animes Ghost
in the Shell (1996) and Ghost in the Shell 2: Innocence
(2004), offer surreal takes on cyborg imagery. The
movie version of Who? (1974) and the American
Robocop (1987) drew their narrative strength from the
same source, although the latter’s sequels were content
to continue the cyborg superhero tradition popularised
by Caidin.
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The notion of progressive cyborgisation is used as
a paradigm of *alienation in David R. Bunch’s tales
of Moderan (1959-1970; book, 1971), and cyborg
imagery is used as an iconography of menace in Philip
K. Dick’s The Three Stigmata of Palmer Eldritch
(1964), a strategy recapitulated in E. C. Tubb’s em-
ployment of the Cyclan as adversaries in his Dumar-
est series (launched 1967), and in such *TV
representations as the Daleks of Doctor Who and
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Star Trek’s Borg. Marge Piercy’s He, She, and It
(1991; aka Body of Glass) features the cyborg Yod,
explicitly likened to the legendary golem. The strength
of Rorvik’s argument is reflected in the rapid manner
in which much of this imagery was robbed of its
power to impress by familiarity; by the beginning of
the twenty-first century, all kinds of cyborgisation
had become standard elements of the representation
of the near future.



DARWIN, CHARLES (ROBERT)
(1809-1882)

English biologist who explained the evolution of life
on Earth by means of the theory of natural selection,
which is frequently referred to as “Darwinism”. One
of his grandfathers was Erasmus *Darwin, who was
also the grandfather of Francis Galton, the pioneer of
*eugenics; the other was the famous potter Josiah
Wedgwood. Darwin studied medicine at Edinburgh
University but the subject disgusted him, although he
developed something of a fascination with marine
animals, to which study he returned late in life while
sheltering from controversy. He also undertook pre-
paratory studies for Holy Orders at Cambridge, but
then applied for the post of naturalist on HMS
Beagle’s 1831 survey expedition to South America,
under the command of Captain Robert Fitzroy.

The observations Darwin made in the course of the
Beagle expedition, including *geological arguments in
support of Charles Lyell’s uniformitarian theories
and comments on the bird and reptile populations
of the Galapagos Islands, were reported in Journal
of Researches into the Geology and Natural History of
the Various Countries Visited by HMS Beagle (1839;
exp. 1845) and three further books. Although he had
been skeptical about the common origin of Earthly
species before the voyage, the obvious relatedness of
variant species he had encountered in the Galapagos
Islands convinced him of it. The stress that previous
evolutionists had put on adaptation suggested the
elements of the theory of natural selection to him in
1837, but his real breakthrough came in 1838 when he
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read Robert Malthus’ Essay on Population and rea-
lised the relevance of the natural overproduction of
offspring.

Darwin produced a written ‘““sketch’ of the theory
of natural selection in 1842, which he expanded into
an essay in 1844; he showed it to his friend John
Dalton Hooker but did not publish it. He devoted
himself thereafter to studies in the taxonomy of living
and fossil barnacles. He expanded the essay in 1856
but still retained it for private circulation among a
company that included Lyell and Thomas Henry
Huxley. His procrastination might have extended in-
definitely had he not received a paper by the naturalist
Alfred Russel Wallace, whose observations in the
Malay archipelago had guided him to the same thesis.
A joint paper was read at the Linnaean Society in that
year; Darwin’s book On the Origin of Species by
Means of Natural Selection, or the Preservation of
Favoured Races in the Struggle for Life followed
in 1859.

Like *Galileo before him, Darwin became the focal
point of a fierce conflict between science and religious
faith. Copernican cosmology had only threatened
the Church’s adoption of *Aristotle, but evolutionary
theory threatened the central assumption of divine
creation and the fabric of Holy Writ. French evolu-
tionists—who included the Baron de Montesquieu,
Pierre Maupertuis, and Denis Diderot as well as the
Chevalier de Lamarck—had seemed less of a threat to
religious faith because they had no explanatory mech-
anism save for a magical and mysterious impulse
to improvement that was vaguely in keeping with
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religious thought. Darwin, by contrast, had an ex-
planatory mechanism that seemed to many observers
to be the absolute opposite of Christian values: a
“struggle for life” in which only the “favoured”
were “preserved”. (The more familiar formulations,
“the struggle for existence” and ‘“‘the survival of the
fittest”’, were supplied and popularised by his suppor-
ters, who included Herbert Spencer.)

The dramatic appeal of the new theory was under-
standably immense, both in terms of its intrinsic
structure and its elevation as a banner in what seemed
to many to be the ultimate conflict between science
and religion. Although the contemporary debate was
simplified by many—most famously Benjamin Dis-
raeli—into a matter of whether humans were or
were not “descended from monkeys”, the literary
influence of the central thesis was immense and very
widespread.

Darwin’s own notion of “Darwinism” was less
harsh than that of his fiercest advocates. He conceived
of natural selection as a subtler process than a bloody
battle for survival, appreciating that such factors as
choice of a mate and parental care of offspring must
be important factors—to the extent that many species
had developed elaborate strategies of these kinds,
none more so than the one whose emergence and
uniqueness he attempted to explain in The Descent
of Man and Selection in Relation to Sex (1871). He
followed the latter volume with an analysis of The
Expression of the Emotions in Man and Animals
(1872), an important contribution to evolutionary
*psychology. The ideas in these two books were,
however, sidelined in the war of ideas, and were
neglected for the next hundred years, until the intro-
duction into neo-Darwinian theory of such notions as
“kin selection” paved the way for the development
of *sociobiology. Darwin’s subsequent books were
scrupulous and calculatedly uncontentious studies
of various groups of plants, although the idea of
adaptation by natural selection remained a key ex-
planatory instrument therein.

A rich narrative legend formed around Darwin
while he was alive and persisted after his death, the
preservation of many letters allowing his biographers
to produce minute analyses of the road of intellectual
trials that defined his heroism. It was falsely rumored
that Karl *Marx had wanted to dedicate Das Kapital
to him, but that Darwin refused because he did not
wish to be associated with attacks on religion. Darwin
did, however, maintain a careful distance while such
champions of his thesis as Thomas Henry Huxley
took issue with such opponents as Bishop Samuel
Wilberforce, unhorsing their opponents skillfully and
stylishly in a manner copied and further refined by
such twentieth-century acolytes as Richard Dawkins.
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Psychoanalysts and physicians competed to ex-
plain the severe illness Darwin suffered throughout
his later life, invoking the Oedipus complex or
Chagas’ disease (a trypanosome infection discovered
in 1909, which he might conceivably have contracted
during the Beagle expedition). His home after 1842,
Down House—where two of his ten children died, one
in tragic circumstances—became a secular shrine.
Three of his sons became eminent scientists, most
famously Sir George Howard Darwin (1845-1912),
an astronomer who published a monumental study
of tides.

Darwin is not often featured as a character in
literary works, although he provided the model for
the scientist hero of Mrs. Gaskell’s Wives and Daugh-
ters (1864-1866) and had previously thought himself
the model for Professor Long in Edward Bulwer-
Lytton’s What Will He Do with It? (1858). He is one
of the famous people engaged in conversation by God
and His angels in Charles Wood’s Heavenly Discourse
(1927), is one of the heroes of science resurrected
in Manly Wade Wellman’s Giants from FEternity
(1939; book, 1959), and is reverently invoked in Ray
Bradbury’s poem “Darwin in the Fields™ (1970).

DARWIN, ERASMUS (1731-1802)

English physician and radical freethinker, grandfather
of Charles *Darwin. He was educated at Cambridge
and Edinburgh Universities. His successful practice
at Lichfield became the focal point of the “Lunar
Society”, a group of scientists and technologists who
met to exchange ideas and speculations. Its central
members included James Watt, the steam engine pio-
neer, and his business partner Matthew Boulton;
the chemist Joseph Priestley; the potter Josiah
Wedgwood, who was to become Charles Darwin’s
other grandfather; Samuel Galton, who was to become
the other grandfather of Francis Galton, the pioneer of
*eugenic theory; Richard Lovell Edgeworth, the father
of the novelist Maria Edgeworth; and Thomas Day,
the author of the didactic children’s book The History
of Sandford and Merton (1783). Erasmus Darwin and
the Lunar Society were also visited by such luminaries
as Jean-Jacques *Rousseau and Samuel Johnson.
Erasmus Darwin’s contributions to science were
mostly in the field of *botany and *evolutionary phi-
losophy. He followed his first account of The System
of Vegetables (1783) with a long poem celebrating The
Loves of the Plants (1789), which derived its theme
and organisation from the fact that the system classi-
fying plants originated by Carolus Linnaeus is based
on the characteristics of their sexual organs. It
attracted little attention until an expanded version



was integrated into the much more popular The
Botanic Garden (1794-1795), a poetic tribute to the
work done at the Royal Gardens in Kew by Joseph
Banks, which also included tributes to other contem-
porary scientific developments, including experiments
with *electricity carried out by Benjamin Franklin. In
this context, The Loves of the Plants seemed bizarre to
some readers and indecent to others; it was parodied
in the Anti-Jacobin—a Tory periodical that took an
exceedingly dim view of the “Jacobin science’ prac-
tised by such potential revolutionaries as Franklin
and Priestley—by “The Loves of the Triangles”
(1798), composed by George Canning and his fellow
editors.

Darwin followed The Loves of the Plants with The
Economy of Vegetation (1792), heavily influenced by
the scientific aspects of contemporary French philos-
ophy, particularly the ideas of Linnaeus’ self-
appointed rival, the Comte du Buffon. Zoonomia;
or, The Laws of Organic Life (1794-1796) is more
orthodox in manner, but more enterprising and un-
usual in its substance. Zoonomia helped pave the way
for Charles Darwin’s theory of evolution but it
exerted little influence in its own day; the elder
Darwin made more impact with his ideas on educa-
tional reform, as summarised in A4 Plan for the Con-
duct of Female Education in Boarding Schools (1797),
and his championship of gardening, as summarised in
Phytologia; or, The Philosophy of Agriculture and
Gardening (1800).

The ultimate product of the epic project begun in
The Botanic Garden was the posthumously published
The Temple of Nature; or, The Origin of Society
(1803), one of whose footnotes may have been the
topic of discussion between Lord Byron and Percy
Shelley that planted the seed of Frankenstein in
Mary *Shelley’s mind. Darwin’s evolutionism was
reiterated there, with a greater stress on the competi-
tive element in Nature but with a relentless optimism
based on his faith in the idea of *progress.

Darwin’s literary influence was muted during his
lifetime, in spite of the popularity of The Botanic
Garden, but the German Romantics took him serious-
ly, and reflected his influence back into English
*Romanticism via Samuel Taylor Coleridge. The
American George Tucker included an explicit re-
sponse to Zoonomia’s evolutionist ideas in 4 Voyage
to the Moon (1827, by-lined Joseph Atterley). Darwin’s
ideas also influenced the account of the evolution of
science contained in Robert *Browning’s Paracelsus
(1835) and the discussion of the conflict between
the scientific worldview and religious belief in Alfred,
Lord Tennyson’s In Memoriam (written 1833-1850).
His own reputation as a poet did not wear well,
and excerpts from The Loves of the Plants were
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prominently featured in D. B. Wyndham-Lewis and
Charles Lee’s showcase anthology of bad verse, The
Stuffed Owl (1930); his importance as a scientist and
freethinker, on the other hand, became increasingly
evident in retrospect. Charles Sheffield employed him
as a scientific detective in Erasmus Magister (1982; exp.
2002 as The Amazing Mr. Darwin).

DEATH

The cessation of *life. Foreknowledge of death is,
according to existentialist philosophy, the fundamen-
tal curse of human experience: a prospect so horrify-
ing that the human imagination has always struggled
to deny or defy it, primarily by constructing mythical
afterlives celebrated in funerary rites. Literary after-
life fantasies are common; the example of Dante
Alighieri’s fourteenth-century Divina Commedia gave
rise, somewhat perversely, to an amazing profusion of
“infernal comedies” designed to take the sting out of
the idea of Hell, and the notion of cosmic *palingenesis
gave rise to a significant subgenre of nineteenth-
century scientific romance. Another significant sub-
genre of fantastic literature is posthumous fantasy,
in which the dead continue to exist in the primary
world rather than moving on to some further realm.
Fantasies of extreme Earthly *longevity are also
commonplace in myth and literature, but are rarely
imbued with optimism.

The extent to which the angst associated with
foreknowledge of death spoils the experience of life
is obviously limited, but a gloomy tradition in philos-
ophy extending from the Greek cynics to Arthur
Schopenhauer asserts that only the capacity for self-
delusion stands between humankind and despair.
Literature supporting Sophocles’ judgment that “‘the
best thing of all is not to be born, and after that to die
young” is relatively sparse, although it is echoed in a
good deal of Victorian fiction anxious about the cor-
rupting effects of adult consciousness, in which virtu-
ous child characters are allowed by their benevolent
creators to perish unspoiled.

Until the advent of organic *chemistry in the nine-
teenth century, the phenomenon of death was almost
invariably seen as the loss of some kind of vital spark,
equated with the soul in the case of humans. Its usual
medical definition was the cessation of breathing and
the beat of the heart, although the unreliability of
such methods of perception as holding a mirror to
the lips and feeling for a pulse generated consider-
able anxieties regarding the possibility of premature
burial. Such anxieties shaped modern mortuary prac-
tices and inspired numerous horror stories, includ-
ing Edgar Allan Poe’s archetypal “The Premature
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Burial” (1844). When vitalism declined as a theory,
the problem of defining and detecting death became
more awkward, and the advent of medical technolo-
gies designed to maintain the action of the heart and
lungs artificially resulted in a new definition of “brain
death”, referring to a permanent loss of *neurological
function.

Although the psychological anticipation of death
plays a considerable role in life and literature alike,
the principal material concern in both arenas has
always been dominated by issues of inheritance.
Death in politics, civil law, and fiction is primarily a
means of passing on entitlements. Although the fun-
damental topics of literature are sex and death, their
conventional manifestation is generally in terms of
marriage and inheritance. The advances in medical
technology and social hygiene that drastically altered
the demographics of death in nineteenth- and twenti-
eth-century Western societies brought about a dra-
matic change in the pattern of “‘expectations” of
enrichment, and hence in the kinds of closure typical
of fiction. Such twentieth-century advances in tech-
nology as *cryogenic preservation had little obvious
impact on the phenomenon of death but had an im-
mediate effect on the legal issues surrounding defini-
tions of death and the propriety of wills and
testaments, as reflected in such futuristic legal dramas
as L. Timmel Duchamp’s “Living Trust” (1998).

The symbolic personification of Death—usually,
but not invariably, as a male figure—is a common
stratagem of fantasy literature and art. He appears
in works as early as Euripides’ Alcestis (438 B.C.) and
is very prominent in Renaissance work; he is the High
Father’s messenger in the sixteenth-century allegory
Everyman. The image of the hooded Grim Reaper
carrying his scythe, extensively featured in Mediaeval
designs of life as a danse macabre, was cheapened by
overuse and the gradual accumulation of parodies.
Although some twentieth-century representations—
notably Ingmar Bergman’s The Seventh Seal
(1957)—are earnest, the vast majority relegate the
figure to scarecrow status. Even in humorous fiction,
however—as in one of the main sequences of Terry
Pratchett’s Discworld series—the hooded Reaper
retains considerable allegorical and philosophical
potential.

Alternative depictions of personalised Death in-
clude the angel of death, often called Azrael, and
urbane elderly gentlemen. Personable young men,
like John Death in T. F. Powys’s Unclay (1931), and
female manifestations, such as Mara in George
MacDonald’s Lilith (1895), are rarer, but idiosyncra-
tic guises are routinely improvised in melancholy
fantasies and horror stories, including Pedro de
Alarcon’s El amigo de la muerte (1852; trans. as The
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Strange Friend of Tito Gil), Alberto Casella’s oft-
filmed play La Morte in Vacanza (1924; trans. as
Death Takes a Holiday), Stephen Vincent Benét’s
“Johnny Pye and the Fool-Killer” (1937), L. E.
Watkin’s On Borrowed Time (1937, film, 1939), Nik
Cohn’s King Death (1975), and Dan Simmons’ “The
Great Lover” (1993).

The flamboyance and forcefulness of this literary
apparatus easily override naturalistic representations
of death, and the progress of science in accounting
for death is principally reflected in the stock devices
of modern hospital melodrama, which exploit the
difficulties surrounding the decision to “switch off”
mechanisms of artificial life support and the question
of whether the deceased person’s viable organs may
be “harvested” for use in transplant surgery. Science-
fictional extrapolations of such issues include Brad
Ferguson’s “Last Rights™ (1988).

Experimental investigation of death was necessa-
rily inhibited by ethical and practical factors. The
decline of vitalism was, however, associated with sig-
nificant attempts made by scientists to detect the
departure of the soul from dying bodies; experimen-
talists frequently alleged that the moment of death
corresponded with a measurable loss in weight. The
actual history of such researches is briefly mapped out
by Len Fisher’s Weighing the Soul: The Evolution of
Scientific Beliefs (2004), while literary extrapolations
of the notion include Théophile Gautier’s Spirite
(1865), Charles B. Stilson’s “Liberty or Death!”
(1917, aka “The Soul Trap”), André Maurois’ Le
peseur d’dmes (1931; trans. as The Weigher of Souls),
and Romain Gary’s satire Charge d’ame (1973; trans.
as The Gasp). The notion that such research is
inherently sinister encouraged the production of such
horror stories as George Manville Fenn’s The Man
with a Shadow (1888), in which a surgeon’s experimen-
tal research into the phenomenon of death drives
him mad.

Speculative fictions evaluating hypothetical tech-
nologies of longevity are commonplace, and are
obliged to characterise death, if only tacitly, either
as an enemy to be defeated or as a fate less undesir-
able than it may seem. Brian Stableford’s “Mortimer
Gray’s History of Death” (1995; exp. 2000 as The
Fountains of Youth) describes the career of a scholar
writing a definitive history of death from an immortal
viewpoint. Greg Egan’s “Border Guards” (1999) also
meditates on the changes wrought in the significance
of death by new technologies of longevity. James
Morrow’s The Eternal Footman (1999) makes “death
anxiety” manifest as an incarnate plague. The second
strategy often makes much of the infinite tedium of
extended life, although attempts to imagine societies
in which death is or comes to be seen as a desirable



goal in the absence of longevity go further; notable
examples include James de Mille’s 4 Strange Manu-
script Found in a Copper Cylinder (1888), James Elroy
Flecker’s The Last Generation (1908), S. Fowler
Wright’s The Adventure of Wyndham Smith (1938),
Gore Vidal’s Messiah (1954), C. C. MacApp’s “And
All the Earth a Grave” (1963), Ian Watson’s Death-
hunter (1986), and Jack Dann’s “A Quiet Revolution
for Death” (1978).

Speculative accounts of technological resurrection
tend to be dourer than the most pessimistic accounts
of artificial longevity, heavily influenced by legendary
accounts of zombies; notable examples include
Raymond Z. Gallun’s “Masson’s Secret” (1939),
William Tenn’s “Down Among the Dead Men”
(1954), Kevin J. Anderson’s Resurrection, Inc. (1988),
and Ian McDonald’s Necroville (1994; aka Terminal
Café). Even hypothetical futures in which resurrection
becomes so easy that “recreational death” becomes a
leisure pursuit—as in Michael Swanwick’s “Moon
Dogs” (2000)—are subject to an unusually intense
yuck factor. Aliens bringing the gift of technological
resurrection, like those in Eric Brown’s Kéthani
series—including “The Angels of Life and Death”
(2001), “The Kéthani Inheritance” (2001), and “The
Wisdom of the Dead” (2003)—are treated with greater
suspicion than those merely bringing an elixir of life.

Much fiction dealing with the phenomenon of
death is not so much concerned with the fact as the
manner of passing. The advancement of medical tech-
nology has increased opportunities for easing the pain
that is so frequently associated with dying, and most
apparatus of that kind—including morphine—can
also be used to hasten death. Legal issues surrounding
the administration of “‘euthanasia’ have caused con-
troversy for centuries; its literary reflections have
often considered the possibility of compulsory eutha-
nasia for the elderly, as in the play The Old Law (1656)
attributed to Philip Massinger, Thomas Middleton,
and William Rowley, Anthony Trollope’s novel The
Fixed Period (1882), Nigel Kneale’s teleplay “Wine of
India” (1970), and Terry Bisson’s “Greetings” (2003).
Other novels dealing with the theme include William
F. Nolan and George Clayton Johnson’s Logan’s
Run (1967) and Sumner Locke Elliott’s Going (1975).
Notable examples of texts suggesting that compulsion
would not be necessary if euthanasia technology
were properly marketed include David Bunch’s
“Holdholtzer’s Box” (1971) and Joseph Green’s
“Gentle into that Good Night” (1981).

The force of the existentialist argument regarding
the angst generated by foreknowledge of death is
reflected in the fact that modern medical technology
that allows hearts to be stopped temporarily during
surgical operations has given rise to a new mythology
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of “near-death experiences”. Patients who have
“died” on the operating table often report dreams of
moving towards a light, with their progress being
encouraged or impeded in various ways. Such imag-
ery is in tune with the imaginative context provided
by twentieth-century posthumous fantasies and after-
life fantasies; science-fictional extrapolations of the
notion include Connie Willis* Passage (2001).

The reluctance of people trying to organise their
worldviews within a scientific framework simply to
dispose of the notion of the immortal soul has been
an important stimulus to science-fictional invention;
the more ingenious attempts to retain or find a substi-
tute for it include Clifford D. Simak’s Time and Again
(1951), Bob Shaw’s The Palace of Eternity (1969),
Rudy Rucker’s White Light (1980), Richard Cowper’s
“The Tithonian Factor” (1983), and Robert J.
Sawyer’s The Terminal Experiment (1995). Even spec-
ulative fictions that discard the notion of human
souls sometimes credit them to *aliens, as in Poul
Anderson’s “The Martyr” (1960), George R. R.
Martin’s “A Song for Lya” (1974), and Nicholas
Yermakov’s The Last Communion (1981). A corollary
reluctance to dispose entirely of the notion of an
afterlife produced such accounts of artificial afterlives
as Philip José¢ Farmer’s Riverworld series before the
notion of uploading minds into *cyberspace added
a new dimension of plausibility to the notion. In
Patrick O’Leary’s The Impossible Bird (2002), aliens
establish an artificial afterlife for humans but find its
beneficiaries perversely ungrateful.

The notion of existential angst is capable of cos-
mological extension to the argument that all human
endeavours must be ultimately futile because the
universe itself is ultimately doomed to the extinction
of entropic heat-death or collapse. The subgenre of
*Omega Point fantasy offers equal hospitality to
gloomy reflections of this hyper-angst, attempts to
combat it with a variety of mythical and speculative
weapons, and accounts of the fashion in which the
legacy of the present universe might be passed on to
its heirs.

DECADENCE

A notion corollary to the hypothesis that cultures or
civilisations have a natural life cycle akin to that of
human individuals; a culture’s decadence is a phase
corresponding to an individual’s senescence, and is
held to manifest analogous symptoms. Images of cul-
tural decadence usually involve jaded and morally
anaesthetised aristocrats following sybaritic lifestyles
whose futility is determined as much by the imminent
doom of their culture as by their own inevitable
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deaths. The idea was first given quasi-scientific form
by the Baron de Montesquieu in Considérations sur les
causes de la grandeur des Romains et de leur décadence
(Thoughts on the Causes of the Grandiosity of the
Romans and their Decadence) (1734), but it was not
new. The idea that the glories of imperial Rome had
given way to the Dark Ages because its rulers had
embraced debauchery rather than cultivating ambi-
tion was commonplace even while the process was in
train; the Romans who complained of it had a con-
spicuous historical precedent of their own in the fate
of the Greek empire built by Alexander the Great.
Montesquieu’s thesis was adopted by Edward

Gibbon into his account of The Decline and Fall of

the Roman Empire (1776-1788), thus becoming an
important influence on subsequent English literature,
but it was more influential in post-Napoleonic
France, where the notion that the decadent phase of
a culture must be abundantly illustrated by its *art
and literature was applied to the literary produce of
contemporary France in Théophile Gautier’s preface
to the third edition of Charles Baudelaire’s Les Fleurs
du Mal (1857; exp. 1861 and 1869). Gautier’s descrip-
tion of “Decadent style” and identification of the
typical Decadent subject matter (derived from desper-
ate attempts to combat ennui and spleen) assisted
Baudelaire to become a model for future writers hop-
ing to embody as well as depict the decadence of
nineteenth-century European civilisation, prompting
the proliferation of Decadent Movements in various
nations from the mid-1880s to the end of the century.
Joris-Karl Huysmans® sarcastic comedy A rebours
(1884; trans. as Against the Grain or Against Nature)
provided a definitive description of Decadent taste
and sensibility.

The notion of cultural decadence was confused
with the idea of “degeneration” in versions of
*anthropological racial theory carrying forward J. F.
Blumenbach’s conviction that the coloured races had
been produced by the deterioration of a Caucasian
root stock. Count Gobineau’s Essai sur l'inégalité des
races humaines (1853-1855) rejected the idea of a single
root race but attributed the decadence of great civilisa-
tions to the influence of “hybridism” caused by racial
miscegenation—an idea widely reflected in subsequent
literature. The advent of *eugenics extended the notion
of degeneration into evolutionary biology, as in Ray
Lankester’s Degeneration: A Chapter in Darwinism
(1880), further amplifying anxiety regarding the threat
it posed to nineteenth-century Europe.

Max Nordau’s Entartung (1893; trans. as Degener-
ation) applied an elaboration of Gobineau’s hypothe-
sis to the criticism of Decadent art and literature,
including Pre-Raphaelitism, Wagnerism, Tolstoyism,
Ibsenism, and Nietzscheanism, all of which Nordau
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construed as morbid symptoms of cultural twilight.
Fashionable ideas relating to the *psychopathology
of genius were accommodated in the allegation that
“higher degenerates” often have some “exceptional
mental gift” developed at the cost of atrophied facul-
ties. Gobineau’s theories, as reformulated and repo-
pularised by Nordau, eventually assumed a central
role in Nazi pseudoscience, where they were used to
justify the extermination of inferior races and
“hybrids”, and stern opposition to the creeping
menaces of decadence and degeneration.

The idea of decadence became a significant antith-
esis to the idea of *progress. Many writers who did
not see nineteenth-century Europe as a decadent soci-
ety saw the future in terms of inevitable decline rather
than continuing technological and social advance-
ment. Images of future decadence were sometimes
offset by the assumption that their supersession by a
newly emergent culture was equally inevitable, but the
demands of melodrama inevitably encouraged greater
concentration on the former aspect of the process;
notable nineteenth-century images of future civilisa-
tion in irreparable decline include Louis Hippolyte
Mettais’ An 5865 (1865), Alfred Franklin’s Ruines de
Paris en 4875 (1875), Richard Jefferies’ After London
(1885), John Ames Mitchell’s The Last American
(1889), and Jules Verne’s posthumously published
“L’eternel Adam”™ (1910; trans. as “The Eternal
Adam”).

Montesquieu’s notion of decadence made some
inroads into nineteenth-century science, including
evolutionist theory—where it was applied to certain
fossil groups whose entire careers, culminating in ex-
tinction, were inscribed in rock strata—and econom-
ics, in Brooks Adams’ Law of Civilization and Decay
(1895). Its principal extension was, however, in two
key works by twentieth-century philosophers of his-
tory, Oswald Spengler’s Der Undertang des Aben-
dlandes (1918-1922; trans. as The Decline of the
West) and Arnold Toynbee’s 4 Study of History
(1934-1954), both of which offered panoramic
surveys of a whole series of cultural life cycles.
Spengler’s influence on twentieth-century literature
was particularly profound, affecting fiction set in the
past, present, and future. Toynbee’s account of the
United States as the latest in a long list of civilisations
whose day had come and gone (whose deterministic
aspects he subsequently recanted) had a greater influ-
ence on American views of the decadence of Europe
than on domestic anxieties about America’s own
future, but added to Spengler’s influence in promot-
ing the idea of a general “Western decadence” in
cultures further to the east; by the end of the century
many Europeans were equally enthusiastic to envision
the United States as a hubristic, decadent culture in



denial, as is suggested in such analyses as the essays
translated in Umberto Eco’s Travels in Hyperreality
(1986).

Isaac *Asimov’s futuristic replay of the decline and
fall of the Roman empire on a galactic stage may have
been more a matter of narrative convenience than
theoretical conviction, but it is framed in explicitly
Spenglerian terms. James *Blish’s Cities in Flight
series made very elaborate use of its Spenglerian
schema. Charles Harness used Toynbeean theory in
Flight into Yesterday (1949; aka The Paradox Men) to
license an ambience of jaded Romanticism. A similar
ambience was carried forward into such accounts of
decadent future cities as Edward Bryant’s Cinnabar
(1976), Terry Carr’s Cirque (1977), and S. P. Somtow’s
I Wake from the Dream of a Drowned Star City (1992).

The reiteration of Asimov’s galactic schema in
Poul *Anderson’s Dominic Flandry series was more
earnest in its contemplation of the advent of a “Long
Night”, and few science-fictional images of galactic
civilisation were untouched by a conviction of the
inevitability of decadence; even lain M. Banks’ defi-
antly formulated Culture was depicted in decadent
mode in Look to Windward (2000). Dean McLaugh-
lin’s meditative archaeological fantasy “For Those
Who Follow After” (1951) features a message left by
a self-consciously decadent culture, forewarning
others—no matter what their point of origin might
be—of the inevitability of their fate.

Gautier’s theory of Decadent style and substance
was imported wholesale into the imagery of far-
futuristic fantasy, and there extrapolated to its
furthest extreme, in Clark Ashton Smith’s 1930s
tales of Zothique. The idea that the life cycles of the
solar system and the entire universe have their own
built-in decadent phase, consequent on the slow ex-
tinction of the Sun in the first instance and the ravages
of entropy in the second, is frequently incorporated
into such fantasies in a histrionically elegiac spirit.
Jack Vance’s tales of the Dying Earth, Michael
Moorcock’s accounts of the ultimate ennui of the
Dancers at the End of Time, and such individual
works as Elizabeth Counihan’s “The Star Called
Wormwood” (2004) continued Smith’s Earthbound
tradition, while the subgenre of *Omega Point fiction
explored further extremes.

When the decline of *Space Age mythology pushed
conventional images of space colonisation into a
more distant *posthuman future, the new subgenre
of far-futuristic space opera immediately adopted
conventional decadent imagery in such works as
Raymond Harris’ Shadows of the White Sun (1988),
which features a network of orbital constructs
inhabited by a decadent social elite, the Hypaethra.
Meanwhile, such stories as Jim Grimsley’s “The 120
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Hours of Sodom” (2005) added to a long literary
tradition of reminders that it is not actually necessary
to wait for the far future in order to enjoy an ostenta-
tiously decadent lifestyle.

Although the term is rarely applied in such a con-
text, the notion of decadence is tacitly mirrored in
Thomas Kuhn’s theory of scientific *paradigms,
which credits theoretical frameworks with a kind of
natural life cycle not unlike those superimposed on
cultures by Montesquieu and Spengler. In Kuhn’s
account, paradigms enjoy an imperial heyday before
being eaten away by accumulating anomalies, their
sustenance increasingly dependent on the repair work
of “‘secondary elaborations” carried out by change-
resistant “aristocrats” of the scientific community—
until their final collapse is ensured by the emergence
of younger and more vigorous rivals. It remains to be
seen how close the theory of decadence might be to
the terminus of its own usefulness.

DE CAMP, LIYON] SPRAGUE
(1907-2000)

U.S. writer who studied aeronautical engineering at
the California Institute of Technology before obtain-
ing his master’s degree from the Stevens Institute of
Technology. He began writing science fiction while
working for a company organising patent applica-
tions, his early work including a satirical *evolution-
ary fantasy, in which future humankind has been
superceded by intelligent apes, written in collabora-
tion with P. Schuyler Miller. It was eventually
published as Genus Homo (1941; book, 1950); by that
time, de Camp had already become a key contributor
to John W. *Campbell Jr.’s Astounding stable.

De Camp’s fiction was conspicuously lighthearted,
dealing in uninhibited adventures when not whole-
heartedly comic. He seemed far more at home in
Astounding’s fantasy companion Unknown, although
his Astounding novella “The Stolen Dormouse”
(1941) injected a welcome irreverence into the former
magazine’s imagery of the future, and his work for
Unknown was informed by a sharp and highly distinc-
tive sense of logical discrimination, even in the ab-
surdist vein of ““Divide and Rule” (1939), in which an
alien conquest of Earth has magnificently silly results.

De Camp did not consider time travel plausible
enough to rank as Campbellian science fiction, but
that did not stop him from pointing out the language
problems that time travellers would undoubtedly
experience in “The Isolinguals” (1937), which he fol-
lowed up with an article on “Language for Time-
Travelers” (1938). Nor did it prevent him from
setting out an earnest argument for *technological
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determinism in Lest Darkness Fall (1939; book, 1941;
rev. 1949), whose timeslipped hero attempts to pre-
vent the Dark Ages following the fall of the western
Roman Empire’s last remnant. His interest in *histor-
ical causality and the hiatus in scientific progress that
followed the decline of the Roman Empire gave rise to
two conscientiously researched, two-part articles in
Astounding on “The Science of Whithering” (1940)
and “The Sea-King’s Armoured Division” (1941).

De Camp’s intense interest in ancient technology
was further developed in The Ancient Engineers
(1963), such historical novels as An Elephant for Aris-
totle (1958), The Bronze God of Rhodes (1960), The
Dragon of the Ishtar Gate (1961), and The Arrows of
Hercules (1965) and the nostalgic science fiction novel
The Glory That Was (1952; book, 1960). His interest
in the process of invention and its role in social
change was similarly developed in a book cowritten
with A. K. Berle on Inventions and Their Management
(1937, rev. 1951; rev. as Inventions, Patents and Their
Management, 1959) and such solo works as The Evo-
lution of Naval Weapons (1947) and The Heroic Age of
American Invention (1961; rev. 1993 as The Heroes of
American Invention).

The bulk of de Camp’s science fiction consists of
satirical comedies. One early series of short stories,
begun with “The Command” (1938), featured the
exploits of Johnny Black, a bear with artificially en-
hanced *intelligence. He eventually discovered a
much more flexible future-historical backcloth in the
Viagens Interplanetarias series, in which interstellar
exploration is dominated by Brazil. Its early short
stories were collected in The Continent Makers and
Other Tales of the Viagens (1953) and Sprague de
Camp’s New Anthology of Science Fiction (1953), but
its subsequent inclusions were almost all novels. With
the exception of Rogue Queen (1951), which describes
a humanoid hive society, The Stones of Nomuru
(1988), and The Venom Trees of Sunga (1992), the
novels in the series detail the eccentric history, geog-
raphy, and *xenology of the planet Krishna, detailed
in The Queen of Zamba (1949; 1954 book as Cosmic
Manhunt; aka A Planet Called Krishna), The Hand of
Zei (1950; some subsequent editions in 2 vols.), The
Virgin of Zesh (1953; first collected in The Virgin and
the Wheels, 1990), The Tower of Zanid, (1958), The
Hostage of Zir (1977), The Prisoner of Zhamanak
(1982), The Bones of Zora (1983), and The Swords of
Zinjaban (1991).

The last two titles were cocredited to de Camp’s
wife Catherine Crook de Camp, whose collaborations
with him were more numerous than the by-lines of his
books acknowledge. De Camp’s other significant
works of science fiction include the black comedy
“Judgment Day” (1955), The Great Fetish (1978),
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which parodies *Creationist resistance to evolution-
ary theory—he had earlier written a nonfictional
account of The Great Monkey Trial (1968)—and the
mosaic Rivers of Time (1993), which collects a series
of stories extrapolated from “A Gun for Dinosaur”
(1956). Much of his fiction is pure fantasy, but no
other writer of magical fantasy—at least until the
advent of Terry Pratchett—ever made such conspicu-
ous or conscientious use of the scientific outlook and
the scientific method as de Camp, and his work in
that genre is by no means irrelevant to the literary
reflection of science.

In collaboration with fellow historian Fletcher
Pratt, de Camp wrote a series of comedies in which
the discovery of the mathematical foundations of
magic allow access to a series of literary and mythical
milieux, where the protagonists’ scientifically trained,
twentieth-century intellect becomes engaged in con-
tests of wit with various gods, demons, magicians,
and monsters. The early items, two of which were
combined in The Incomplete Enchanter (1940; book,
1941) with the third being expanded for book publi-
cation as The Castle of Iron (1941; book, 1950),
appeared in Unknown; two later ones were combined
in Wall of Serpents (1960). The Land of Unreason
(1941; book, 1942), also written with Pratt, is similar
in spirit, as are some of de Camp’s solo fantasies for
Unknown. The latter include a parody of fairy-tale
conventions, The Undesired Princess (1942; book,
1990, with a sequel by David Drake, “The Enchanted
Bunny”) and Solomon’s Stone (1942; book, 1957),
which features an astral plane inhabited by the
dream projections of Earthly men.

In addition to these kinds of work, de Camp was
also a leading populariser and writer of the “sword
and sorcery” fantasy pioneered by Robert E. Howard
(with whom he wrote numerous posthumous “colla-
borations’). His rigorously skeptical nonfictional
investigation of the raw materials of modern fantasy
fiction in such books as Lands Beyond (1952, with
Willy Ley), Lost Continents: The Atlantis Theme in
History, Science and Literature (1954), Spirits, Stars,
and Spells: The Profits and Perils of Magic (1967, with
Catherine Crook de Camp), The Ragged Edge of
Science (1980), and The Fringe of the Unknown
(1983) served to reemphasise his judgment that such
fiction ought to be treated as pure entertainment,
undertaken in a spirit of mildly mischievous fun. His
biographies of H. P. Lovecraft and Robert E.
Howard might, however, be reckoned a trifle unchar-
itable in charging both writers with taking their work
and themselves far too seriously. In his own work, he
demonstrated more convincingly than any other mod-
ern writer that the scrupulous application of scientific
reasoning to all manner of premises was a game



whose rewards could include hilarity as well as exhil-
aration, and the delights of absurdity as well as the
joy of sanity.

The 1996 edition of Lest Darkness Fall was supple-
mented by a sequel by David A. Drake, ““To Bring the
Light”. De Camp is featured as a character, along
with his sometime coworkers Isaac Asimov and
Robert A. Heinlein, in “Green Fire” (2000) by Eileen
Gunn, Andy Duncan, Pat Murphy, and Michael
Swanwick. He is also featured in one of the stories
in a tribute anthology of fantasies edited by Harry
Turtledove, The Enchanter Completed (2005).

DEE, JOHN (1527-1609)
English mathematician and astronomer who acquired
a posthumous reputation as a magician. He was
educated at St. John’s College Cambridge, where he
showed great promise in mathematics and began to
make astronomical observations with the aid of a
quadrant and cross-staff. He became a fellow of
St. John’s and a foundation fellow of Trinity College
in 1546. In 1548, he went to study at the University of
Louvain, where he became a close friend of the *car-
tographer Gerardus Mercator. He lectured on mathe-
matics at the University of Paris before he returned to
England in 1551, bringing back numerous navigation-
al instruments, He first entered the service of the Earl
of Pembroke, then obtained the patronage of the Duke
of Northumberland, but his career nearly came to an
end when his Protestant father, Roland Dee, was
arrested after Queen Mary came to the throne in 1553.
Roland Dee was released but never recovered his
assets; his fellow mathematician and astronomer
Leonard Digges suffered a similar fate, hastening his
premature death. Dee took responsibility for Digges’
son Thomas, with whom he continued the elder
Digges’ work on the development of the *telescope,
under the inspiration of Roger *Bacon (whose work
Dee translated into English). Dee’s release after his
own arrest in 1555 has occasioned speculation that he
became an informer, but he was in sufficient favour
when Elizabeth succeeded Mary in 1558 to be
entrusted with casting a horoscope to determine the
most favourable day for her coronation. His liberty
was more likely due to the fact that he had become an
adviser on navigational matters to the Muscovy Com-
pany formed by Sebastian Cabot, assisting with the
search for the northeast passage and instructing crews
in geometry and astronomy; he held that position for
32 years, and undoubtedly made his expertise avail-
able to other navigators operating with the blessing of
the crown, including Elizabethan privateers. His only
work on navigation to have survived was printed in
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1577—with a note asserting that it was being issued
“24 years after its first publication”—but its earlier
versions and parallel texts must have been circulated
on a strict “‘need to know” basis.

Dee presented Mary with plans for a national
library in 1556 and set out to build its nucleus on his
own Iinitiative; his collection was eventually super-
ceded by the one assembled by Archbishop Matthew
Parker, but was probably the largest in the kingdom
for a while. Despite the respect in which Elizabeth
held him, he never received any substantial financial
support from the crown, and lived with his mother in
Mortlake. He wrote prolifically, but relatively few
of his works were printed and most slipped into ob-
scurity, the most conspicuous exceptions being an
introduction to a new edition of Euclid and his ambi-
tious exercise in *occult science, Monas Hieroglyphica
(1564). In 1568, Dee presented Queen Elizabeth with
a copy of his Propaideumata Aphoristica and volun-
teered to give her lessons in mathematics to help her
understand it; it contained a comprehensive survey of
contemporary physics, mathematics, and astron-
omy—the latter heavily impregnated with astrological
theory—and showed an interest in magic typical of its
period, but was less inclined to occult syncretism than
its predecessor.

Dee and Thomas Digges made disciplined observa-
tions of the “new star” of 1572, their calculations of
its movement supplying valuable data to Tycho
Brahe. They were already Copernicans, and the new
star seemed to both of them to be proof of the helio-
centric theory. In the late 1570s, Digges became a full-
time military engineer, taking command of ordnance
in the Netherlands until his death in 1595. In the
meantime, Dee settled down with his third wife,
Jane Fromands, who bore him eight children; his
mother gave him the Mortlake house in order that
he might do so. In March 1582, Dee found a far less
suitable collaborator that Digges when he met
Edward Kelley, a counterfeiter and confidence trick-
ster who claimed that he could communicate with
angels via a polished lump of obsidian stone that he
alleged to be the Philosopher’s Stone. Initially skepti-
cal, Dee was seemingly persuaded that Kelley was
genuine, and they embarked on a long collaboration,
recording their intercourse with the angels in a code
they called the Enochian alphabet.

From 1583 to 1589, Dee and Kelley travelled ex-
tensively in central Europe, mostly in Poland and
Bohemia. When Dee returned to London—Ieaving
Kelley in Prague, where he died in 1593—he found
that most of his library had been stolen or confis-
cated; much of it ended up in the British Museum,
along with the magic stone and documents relating to
the Enochian code. Retrospective interpretations of
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the true significance of these materials differ sharply,
but those who suppose Dee to have been a spy take
the view that his journey to the heart of the Holy
Roman Empire was a matter of gathering intelligence
and that his arcane alphabet was a means of transmit-
ting coded messages. Dee’s attempts to obtain a posi-
tion on his return were frustrated, but in 1596 he was
appointed warden of the Collegiate Chapter (Christ’s
College) in Manchester. When Manchester was hit by
the plague in 1605 his wife and several of their chil-
dren died, and Dee returned to London.

It was not until fifty years after Dee’s death that his
reputation as a great magician took off, by courtesy
of Meric Casaubon’s highly fanciful A true and faith-
ful Relation of what passed between Dr. John Dee and
some Spirits, tending, had it succeeded, to a general
Alteration of most States and Kingdoms in the World
(1659). This was the source of the more widely read

accounts of Dee contained in John Aubrey’s Brief

Lives (written ca. 1692; published 1813) and Charles
Mackay’s chapter on “The Alchymists” in Memoirs
of Extraordinary Popular Delusions (1841; reprinted
in Extraordinary Popular Delusions and the Madness
of Crowds). Dee was widely credited thereafter with
all manner of other clandestine magical endeavours,
which threw his mathematical and scientific endea-
vours into the historical shade. The preservation of
his magical apparatus in the British Museum, while
his navigational endeavours and work on the tele-
scope went largely unrecorded, ensured that he
became a central figure in the retrospectively con-
structed neo-Hermetic tradition, a key inspiration
for such lifestyle fantasists as Aleister Crowley, such
literary fantasists as H. P. Lovecraft, and such histor-
ians of the occult as Frances Yates.

Dee’s posthumous reputation guaranteed him a
literary afterlife more extensive and more colourful
than any other scientist of his era, although the inevi-
table price he paid for that peculiar celebrity was that
his magical follies were magnified to a far greater
extent than any of his primitive telescopes can ever
have contrived. Notable examples of his literary
employment as a magician include W. Harrison
Ainsworth’s Guy Fawkes (1841), Gustav Meyrink’s
Der Engel vom Westlichen Fenster (1927; trans. as
The Angel of the West Window), Peter Ackroyd’s
The House of Doctor Dee (1993), and Liz Williams’
The Poison Master (2003).

DELANY, SAMUEL R[AY] (1942-)

U.S. writer. His early novels were vivid futuristic
fantasies in which scientific notions play a peripheral
role, but his strong interest in contemporary literary
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theory—especially its intricate connections with *lin-
guistics and cultural theory—increasingly informed
his work. He published his first novel, the colourful
science-fantasy The Jewels of Aptor (1962), while he
was a student at the City College of New York,
shortly after marrying his fellow student and poet
Marilyn Hacker. He followed it with the three
volumes constituting The Fall of the Towers (1963—
1965), which deployed imagery typical of the action-
adventure science fiction of the period in a far more
polished fashion, and within a plot of highly unusual
complexity and depth. His memoir of this era, The
Motion of Light in Water: Sex and Science Fiction
Writing in the East Village (1988; rev. 1990), explains
the unusual experiential context from which these
works emerged.

Delany continued to work as a full-time writer for
a further decade. He followed the novella The Ballad
of Beta-2 (1965) with Empire Star (1966), a far-futur-
istic space opera that now seems far ahead of its time
in every respect but its brevity, anticipating the *post-
human space operas of the 1990s. Its explanatory
background includes a hierarchical classification
of “simplex”, “complex”, and “multiplex” cultures
incorporating distinct kinds of thought processes
and worldviews; it attempts to anticipate future social
evolution, taking aboard the assumption that further
technological advancement would inevitably be cor-
related with new ways of thinking and new ways
of creating artwork. Similar ideas were more elabo-
rately reflected in Babel-17 (1966), which includes an
account of attempts to decipher an alien language
whose structure involves similar advances in patterns
of thought and creativity.

Broader philosophical issues of identity and sexu-
ality are included in the casual sweep of the
metafictional post-holocaust fantasy The Einstein
Intersection (1967), which makes prolific use of syn-
cretic mythological imagery. Nova (1968) is an elabo-
rate Promethean fantasy cast in the form of a space
opera, which continues the exploration of the social
meanings and uses of myth in a more focused fashion,
concentrating on the key elements of Romance.
Delany and Hacker edited a conspicuously avant-
gardist series of original anthologies, Quark (4 vols.,
1970-1971), while Delany was working on the coun-
tercultural epic Dhalgren (1975), which he originally
intended to publish in six volumes; it brought the
decadent imagery of his work and his ongoing medita-
tion on the social role of the artist much closer to home
in its depiction of a contemporary city divorced from
the history and geography of the United States, whose
“dropped out” inhabitants formulate an anarchistic
social order. His most ambitious science fiction
novel, the ‘“ambiguous heterotopia” Triton (1976;



aka Trouble on Triton), presents a bold analysis of
future social possibilities that sets out to explore and
extend the tacit assumptions built into the notion of
*Utopia.

Delany began another similarly elaborate futuristic
fantasy, but only published the first of two intended
volumes, Stars in My Pocket Like Grains of Sand
(1984), and virtually abandoned the genre thereafter
as a writer, though not as an academic. He had
obtained a post as Butler Professor of English at the
State University of Buffalo, New York, in 1975 and
held other short-term appointments thereafter, but in
1988 he settled as Professor of Comparative Litera-
ture at the University of Massachusetts, Amherst.
Much of his subsequent work, including some of his
fiction was issued by university presses and other
small presses, and his forays into the mass market
became increasingly abstruse—including his experi-
ments with such formats as the graphic novel and
such genres as pornography.

The early development of Delany’s interest in the
linguistics of science fiction had been mapped out in
the essays collected in The Jewel-Hinged Jaw (1977)
and Starboard Wine (1984) and a minutely methodical
dissection of Thomas M. Disch’s short story
“Angouleme”, set out in The American Shore (1978).
From the mid-1980s onwards, his explorations made
more elaborate use of semiotics and poststructuralist
literary theory, but he continued to make concerted
attempts to make his theses and arguments accessible
to a nonacademic audience. In the essays and other
materials collected in Silent Interviews (1994), Longer
Views (1996), and Shorter Views (1999), he works
hard to express his ideas in terms accessible to general
readers as well as academics, and to students of crea-
tive writing who might want to put them into practice.

He moved from science fiction into the burgeoning
commercial genre of fantasy in a series of books set in
an imaginary prehistoric empire, comprising 7Tales of
Neveryon (1979), Neveryona (1983), Flight from
Neveryon (1985), and The Bridge of Lost Desire
(1987, rev. as Return to Neveryon, 1989), in which
issues of cultural and sexual identity are carefully
explored in an arena that is both carefully simplified
and scrupulously analogous to the modern world.
Neveryon is, to some extent, a transfiguration of
New York, the Bridge of Lost Desire being a fanta-
sised version of the Brooklyn Bridge, and its deca-
dence is explicitly linked in the third book to the
threat posed to New York’s homosexual subculture
by the AIDS epidemic. The books were equipped with
a mélange of appendices, mostly signed by Delany’s
alter ego K. Leslie Steiner, which offered commentar-
ies on their mythical, linguistic, and philosophical
elements.

DICK, PHILIP K[INDRED] (1928-1982)

Although Delany’s work always appeared to lie at
the opposite pole of the science fiction spectrum from
*hard science fiction, with his ostensibly commercial
fiction eventually moving out of science fiction entire-
ly into fantasy, he was always one of the most intel-
lectually demanding writers in the genre, whose use of
human sciences and literary theory was invariably as
conscientious as it was intricate. No one else ever
investigated the hidden workings of science fiction
stories, in terms of the way they used language to
generate “‘special effects”, with such penetrating in-
sight or such assiduity. His later work remains rather
esoteric, but may well be crucial to a full understand-
ing of the mechanics and artistry of constructing
“fantastic”” and “futuristic”’ narratives.

DICK, PHILIP K[INDRED] (1928-1982)
U.S. writer raised in California, who found social life
and conventional employment difficult by virtue of
various phobias. He became addicted to ampheta-
mines prescribed for the relief of stress-induced asth-
ma, which may have intensified his difficulties rather
than relieving them. Although he worked briefly in a
record store—he was passionately fond of classical
music—his relative inability to deal with customers
encouraged him to attempt to develop a career as a
writer. Although he could not find a publisher for his
naturalistic novels, he began to sell science fiction
stories, and eventually devoted himself wholeheart-
edly to the genre.

Dick’s work is located at the soft end of the science
fiction spectrum, developing stock motifs with little or
no regard to their rational plausibility, but he took
such work to an unprecedented extreme by subjecting
the notion of “rational plausibility” to scathing skep-
tical analysis. He constructed numerous contes philo-
sophiques that mounted a variety of challenges to the
notion that sensory information is trustworthy, devel-
oping various versions of the possibility that the
world of phenomenal appearances might be conceal-
ing a very different reality.

Although his work was initially out of tune with
the general run of contemporary science fiction, and
tended to suffer from his amphetamine-fuelled me-
thod of production, whose hectic rushes of inspiration
rarely lasted long enough to equip his novels with
satisfactory denouements, the raw power and plain-
tive poignancy of Dick’s best work attracted a con-
siderable following. He became a figure of cardinal
critical interest when *postmodernist critics discov-
ered that work to be a perfect illustration of their
theses—an opinion untroubled by the increasing in-
fluence exerted on his fiction by the actual paranoid
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delusions he began to suffer when his addiction got
out of hand, and which lingered long after he had
been forced to kick his amphetamine habit.

Such stories as “Beyond Lies the Wub” (1952) and
“Roog” (1953) neatly encapsulated the wryly whimsi-
cal paranoia that became characteristic of Dick’s
early work, much of which focuses on the difficulty
of distinguishing real individuals from ersatz imita-
tions. These include such tales of mechanical
*androids as “Second Variety” (1953) and “Impos-
ter”” (1953), such accounts of deceptive aliens as “The
Father-Thing” (1954) and “Minority Report™ (1956),
and such tales of political chicanery as “The Variable
Man” (1953) and The World Jones Made (1956). The
hallucinatory fantasy Eye in the Sky (1957), in which
a group of tourists caught in a freak accident experi-
ences a series of distorted worlds, each based in the
beliefs of one of their number, is markedly more
intense, as are the extended delusional fantasies
Time Out of Joint (1959) and The Man in the High
Castle (1961).

Dick’s analyses of the android condition increas-
ingly likened it to schizophrenia, to whose paranoid
variety he suspected himself of falling victim. We Can
Build You (written 1962; published 1972), Martian
Time-Slip (1964), The Simulacra (1964), Dr. Blood-
money (1965), The Three Stigmata of Palmer Eldritch
(1965), and Now Wait for Last Year (1966) all develop
variants of this notion, which was refined to its philo-
sophical extremes in Do Androids Dream of Electric
Sheep? (1968) and Ubik (1969). Having no further to
go in this direction, Dick then devoted himself to
metaphysical fantasies of a more far-reaching kind,
following the quirky analyses of the nature of god-
hood contained in Galactic Pot-Healer (1969) and A
Maze of Death (1970) with the extraordinarily intense
hallucinatory fantasies Flow My Tears, the Policeman
Said (1974) and A Scanner Darkly (1977).

The writing of A Scanner Darkly was interrupted in
February—March 1974 by a series of “visions” that
obsessed Dick for the remainder of his life, which he
struggled to represent and interpret in Radio Free
Albemuth (written 1976; published 1985), and its revi-
sion as VALIS (1981), which formed the first part of a
thematic trilogy completed by The Divine Invasion
(1981) and The Transmigration of Timothy Archer
(1982). The experience made his subsequent work
relentlessly esoteric, but that only made his cult fol-
lowing more enthusiastic.

Dick’s use of science fiction imagery without the
least trace of any explanatory underpinning or extrap-
olative logic was completely contrary to the ideals of
hard science fiction, but it reflected a significant trend
within the evolution of the genre, which became
greatly exaggerated as the commercial core of the
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genre moved out of text into the visual media. His
work proved easily adaptable to the cinema once it
was stripped of most of its subtlety and complexity.
Blade Runner (1982) was a pale shadow of Do
Androids Dream of Electric Sheep? but still seemed
sophisticated by the standards of cinematic science
fiction. Total Recall (1990) was a travesty of “We
Can Remember It for You Wholesale” (1966), and
Screamers (1996) did scant justice to the horrific qual-
ity of “Second Variety”, although Minority Report
(2002) captured the quality of its original more accu-
rately. It is significant that such movies found more in
Dick’s work to develop within their own formal
conventions than is extractable from most textual
science fiction.

Dick’s fearful but sympathetic representations of
*psychopathology and alternative states of conscious-
ness manifest an experiential authority rarely found in
*psychotropic fantasy, and the distinctive quality of
his angst-ridden *alienation made him an important
contributor to modern existentialist fantasy. He did
not belong to the extensive tradition of technophobic
antiscience fiction; his work shows a consistent fasci-
nation with innovative gadgetry and its life-enhancing
uses, although he was deeply suspicious of the vanity
of the assumption that the human mind and the
human sensorium are capable of deciphering the mys-
tery of the world; his trust in science was, in effect,
far greater than his trust in the intuitive methods of
*occult science.

Dick is carefully referenced in Michael Swanwick’s
“The Transmigration of Philip K (1985) and David
Bischoft’s Philip K. Dick High (2000). He is the key
character in Michael Bishop’s The Secret Ascension,
or, Philip K. Dick Is Dead, Alas (1987), although his
appearances are fleeting and deceptive. He also fea-
tures in Paul J. MacAuley’s alternative history “The
Two Dicks” (2001)—the other being Richard Nixon.

DINOSAUR

A member of a group of extinct reptiles—which
includes many giant specimens—whose gradual reve-
lation has been the aspect of *palaeontology that has
gripped the popular imagination more intently than
any other. The term was coined in 1841 by Richard
Owen to describe a new order of reptiles, whose first
specimens had been identified in the 1820s and which
was detailed in Geoffrey St. Hilaire’s Recherches sur
de Grands Sauriens (1831). In 1887, Harry Groves
Seeley divided dinosaurs into two orders, the lizard-
like Saurischia and the bird-like Ornithischia. Ptero-
saurs, icthyosaurs, and plesiosaurs—all of which had
been discovered in the decade immediately preceding



the discovery of the first dinosaur—are usually
accommodated to the category in popular representa-
tions. The dinosaurs originated in the late Triassic
period, some two hundred million years ago, and
lived through the succeeding Jurassic and Cretaceous
periods, before disappearing some sixty-five million
years ago.

Dinosaurs became the most charismatic of all ex-
tinct creatures, and the unfolding narrative of their
diversity became a considerable inspiration to the
literary imagination. The spectacular size and forms
of the most famous specimens—including the stego-
saurus, the brontosaurus, the diplodocus, and the
triceratops—prompted popular parlance to develop
the notion that giant dinosaurs had ‘“ruled the
Earth” for 150 million years; the naming of Tyranno-
saurus rex, which became the greatest saurian
celebrity of all, added a curious official endorsement
to this analogy of majesty. The popular excitement
generated by dinosaurs is evident in the fact that the
discovery of the first American specimens in 1855
quickly gave rise to a fervent competition between
the rival “dinosaur hunters”, Edwin Drinker Cope
and his one-time associate Othniel Charles Marsh, a
professor of palacontology at Yale. Their feud is
dramatised in Sharon N. Farber’s alternative
history story “The Last Thunder Horse West of the
Mississippi” (1988).

The apparent abruptness of the dinosaurs’ ultimate
demise attracted a variety of *catastrophist explana-
tions—including 1. S. Shklovskii’s suggestion that
they might have been killed by ultraviolet radiation
after the destruction of the ozone layer by charged
particles from a supernova—before a 1980 paper in
Science by Luis and Walter Alvarez, F. Asaro, and
H. V. Michel argued that the presence of iridium in
the boundary layer marking the end of the Cretaceous
was evidence for the impact of an *asteroid about
10 kilometers in diameter, which might have
prompted the volcanic eruptions associated with the
Deccan Traps in India and blasted enough dust into
the atmosphere to precipitate a worldwide *ecocatas-
trophe. A half-submerged crater some 180 kilometers
in diameter, found at Chicxulub on the coast of the
Yucatan peninsula in Mexico, was widely hailed as
the “smoking gun” proving the Alvarez hypothesis
(although it might be more appropriately compared
to an exit wound).

The gradual realisation that the long evolutionary
history of the dinosaurs had been one of continual
change, associated with the gradual breakup of the
supercontinent Pangaea and the development of flow-
ering plants, supplemented catastrophist accounts of
their tribulations with uniformitarian accounts of a
long war of attrition between lumbering exothermic
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reptiles and sprightly endothermic mammals, but that
narrative too was subverted when Robert T. Bakker
argued that many dinosaurs were, in fact, endother-
mic—a thesis popularised by Adrian J. Desmond’s
The Hot-Blooded Dinosaurs (1977). Bakker followed
up his own account of The Dinosaur Heresies (1986;
rev. 2001) with the documentary fiction Raptor Red
(1996); his argument lent support to the notion that
the group had not been wiped out at all, the bird-like
Ornithischia being the ancestors of modern birds.

The principal problem afflicting the fictional repre-
sentation of dinosaurs is that of bridging the temporal
gap that separates them from human observers.
Stories that adopt dinosaur viewpoints, such as
Harley S. Aldinger’s “The Way of a Dinosaur”
(1928), Duane N. Carroll’s “When Reptiles Ruled”
(1935), and Fredric Brown’s ‘““Starvation” (1942),
have limited appeal, and stories that feature extrater-
restrial visitors to the Mesozoic Earth, such as Philip
Barshovsky’s “One Prehistoric Night” (1935), are
similarly esoteric. Early fiction featuring dinosaurs
usually cast them as exotic survivors lurking in re-
mote enclaves, as in Jules Verne’s Voyage au centre de
la terre (1864; trans. as Journey to the Centre of the
Earth), Robert Duncan Milne’s “The Iguanodon’s
Egg” and “The Hatching of the Iguanodon™ (both
1882), E. Douglas Fawcett’s Swallowed by an Earth-
quake (1894), Wardon Allan Curtis’ “The Monster of
Lake La Mettrie” (1899), Charles Derennes’ Le peu-
ple du pole (1907), and Arthur Conan Doyle’s The
Lost World (1912).

Although the Verne and Doyle classics became
significant models for imitation in boys’ books and
pulp adventure fiction, including numerous fantasies
by Edgar Rice Burroughs, this tradition grew thinner
as the twentieth century progressed, eventually receiv-
ing nostalgic treatment in Greg Bear’s sequel to The
Lost World, Dinosaur Summer (1998). Such survivals
were, however, extensively featured in the “fringe
science” of cryptozoology, marine species akin to
dinosaurs being routinely cited as hypothetical expla-
nations of mythical lake creatures like the Loch Ness
monster, but the possibility that dinosaur numbers
might one day increase again is rarely entertained;
Terence Roberts’ Report on the Status Quo (1955)
treats the notion satirically. An enclave of Cretaceous
dinosaurs in the Palaeolithic era is featured in Piers
Anthony’s Orn (1971).

When twentieth-century science fiction pressed the
facilitating device of *time travel into use, the age
of the dinosaurs became one of the standard destina-
tions of time machines. The prospect of hunting
dinosaurs exerted a particular fascination, reflected
in Eden Phillpotts’ “The Archdeacon and the
Deinosaurs™ (1901), Ray Bradbury’s “A Sound of
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Thunder” (1952), L. Sprague de Camp’s “A Gun for
Dinosaur” (1956) and its sequels, Brian W. Aldiss’
“Poor Little Warrior!”” (1958), and several novels by
the French writer Henri Vernes, including Les chas-
seurs de dinosaures (1965; trans. as The Dinosaur
Hunters). The imagery of the hunting party continued
to crop up in such stories as David Drake’s Time
Safari (1982; rev as Tyrannosaur, 1994).

Other notable expeditions to the era are described
in Pauline Ashwell’s “The Wings of a Bat” (1966) and
“Boneheads” (1996)—both by-lined Paul Ash—
Steven Utley’s “Getting Away” (1976), Harry
Turtledove’s “Hatching Season” (1985), Tim Sullivan’s
“Dinosaur on a Bicycle” (1987), Joseph H. Delaney’s
“Survival Course” (1989), Robert J. Sawyer’s End of
an Era (1994), Stephen Dedman’s “Target of Opportu-
nity” (1998), and Michael Swanwick’s Bones of
the Earth (2002). In Charles L. Harness’s time travel
fantasy ““A Boost in Time” (2000), an asteroid diverter
is used in an attempt to save the dinosaurs from
extinction. John *Taine’s Before the Dawn (1934) is
painstakingly restrained in employing a technology
that can merely see through time, while Robert
Chilson’s The Shores of Kansas (1976) features parapsy-
chological exploration.

*Cinema, with its ready-made accommodation of
impossibility, saw no need for such facilitating devices
as time travel; the anachronistic representation of pre-
historic men living alongside dinosaurs became so
commonplace as to rate as a cliché, and one of the
most glaring of all “scientific errors” in cinematic sci-
ence fiction. D. W. Griffith’s blithely absurd Man'’s
Genesis (1912) was remade by Hal Roach as One
Million B.C. (1940; aka Man and His Mate and The
Cave Dwellers) and as a straightforward drama by
Britain’s Hammer films as One Million Years B.C.
(1966), although the juxtaposition reverted to joke
status thereafter, in such parodies as 4 Nymphoid Bar-
barian in Dinosaur Hell (1991) and a sequence of TV
commercials for Volvic mineral water (2004-2005).

The notion of dinosaur “survivals” acquired a
spectacular new variant when the possibility of “res-
urrecting” dinosaurs by *cloning their DNA was
raised by L. Sprague de Camp in “Employment”
(1939). An article by Charles Pellegrino prompted
Michael Crichton to write Jurassic Park (1990), which
was filmed by Steven Spielberg in 1993; other dramati-
sations of the notion include Gregory Benford’s
“Shakers of the Earth” (1992). Tiny dinosaurs had
previously ‘‘synthesised” from bone fragments in
Brian W. Aldiss’ “The Tell-Tale Heart Machine”
(1968). Other images of present-day dinosaurs include
Allen Steele’s “Trembling Earth” (1990).

The notion that dinosaur evolution might have
continued had it not been for their catastrophic
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destruction, so that they rather than their mammal
rivals became ancestral to an intelligent species, is
elaborately explored in numerous exobiological fan-
tasies and alternative prehistory stories, including
Norman L. Knight’s “Saurian Valedictory” (1939),
Anne McCaffrey’s Dinosaur Planet (1978), Damien
Broderick’s The Dreaming Dragons (1980), David F.
Bischoff and Thomas F. Monteleone’s series begun
with Day of the Dragonstar (1983), Harry Harrison’s
series begun with West of Eden (1984), Ward Hawkins’
Red Star Burning (1985), Barry B. Longyear’s The
Homecoming (1989), Robert J. *Sawyer’s Quintaglio
trilogy (1992-1994), James Kelly’s “Think Like a
Dinosaur” (1995), Ken MaclLeod’s Cosmonaut Keep
(2000), Stephen Baxter’s “The Hunters of Pangaea”
(2002), and Kathleen Ann Goonan’s ‘“Dinosaur
Songs” (2004).

The notion of alternative dinosaurs, including in-
telligent species, was extensively developed in Dougal
Dixon’s illustrated book The New Dinosaurs: An
Alternative Evolution (1988). It achieved best-seller
status in a similar format in James Gurney’s Dinoto-
pia: A Land Apart from Time (1993), in which dino-
saur intelligence does not require any modification
of the familiar forms. Dinotopia’s abundant spinoff
included Gurney’s own sequel Dinotopia: The World
Beneath (1995), Alan Dean Foster’s Dinotopia Lost
(1996), and a TV miniseries (2002). In combination
with a spinoff from Jurassic Park, such material con-
stituted a significant fad, satirised in Ian McDowell’s
“Bernie” (1994) and in Richard Chwedyk’s account
of the marketing of cute miniaturised “‘saurs” in “The
Measure of All Things” (2001) and its sequels.

DISASTER
A large-scale, life-threatening event. The innate ap-
peal of *catastrophist explanations in science and the
melodramatic imperative of popular fiction combined
to generate a significant subgenre of disaster scenarios
based on speculative premises. The first instinct of
journalists engaged in scientific *reportage is to look
for “disaster potential”, thus helping to maintain the
prevalence of the *Frankenstein complex in public
attitudes to science. History provides abundant demon-
stration of the vulnerability of the human race to natu-
ral disasters, including plagues and various kinds of
*meteorological catastrophes and *ecocatastrophes.
The myths of Europe and the Middle East frequent-
ly contain accounts of large-scale disaster, including
several versions of the Deluge and the Fimbulwinter
of Norse mythology. The notion that the world’s
predetermined end will be signaled by or manifest as
a large-scale disaster is similarly incorporated into



religion, with particularly strident resonance in Chris-
tianity; the incorporation into the Bible of the surreally
melodramatic Revelation of St. John the Divine encour-
aged the repeated resurgence within Christendom of
Millenarian cults avid for signs of disaster, and such
prospects have always been treated with considerable
ambivalence.

The notion that contemporary civilisation might
be so badly affected by some such affliction that the
legacy of thousands of years of technological and
social progress might be lost increased in proportion
to the progress actually made. The potential dangers
were multiplied and magnified by the advancement of
science; the discoveries of *geology revealed the ex-
tent to which the Earth’s surface had been modified
by vulcanism, earthquakes, and Ice Ages, while astro-
nomical discoveries suggested that the planet might
be struck by a *comet or an *asteroid, and that the
Sun might some day go *nova. The popularisation of
the notion that nineteenth-century Europe was in the
throes of its cultural *decadence lent further emphasis
to such anxieties.

Although Mary Shelley’s The Last Man (1826) was
part of a minor glut whose other components were
poems, including Thomas Campbell’s “The Last
Man” (1823) and Thomas Hood’s parodic “The
Last Man” (1826), the great majority of nineteenth-
century disaster novels featured limited and local
events; several stories threatened worldwide disasters
only to avert them, as in William Minto’s The
Crack of Doom (1886) and the first part of Camille
Flammarion’s La fin du monde (1894; trans. as
Omega; the Last Days of the World).

The advent of scientific romance helped to over-
come literary inhibitions regarding the representation
of large-scale natural disaster. H. G. Wells’ “The Star”
(1897) and M. P. Shiel’s The Purple Cloud (1901)
provided high-profile precedents that were echoed in
J. D. Beresford’s “A Negligible Experiment” (ca. 1916)
and Arthur Conan Doyle’s The Poison Belt (1913).
Grant Allen’s “The Thames Valley Catastrophe”
(1897) and Fred M. White’s “The Four White Days”
(1903) featured more localised phenomena. Accounts
of man-made catastrophe made their debut with tales
of suffocating smog, including W. D. Hay’s The Doom
of the Great City (1880) and Robert Barr’s “The Doom
of London” (1892). Such stories inevitably called to
mind Biblical accounts of the Deluge, whose moral
dimension was frequently reproduced in comments
on their implications regarding the attitudes and mys-
terious ways of the deity. Disaster stories became a
significant device for assaulting human hubris, as in
such contes philosophiques as Valery Bryusov’s Respu-
blika yuzhnavo kresta (1905; trans. as “The Republic of
the Southern Cross™).

DISASTER

The notion that a civilisation-shattering disaster
might have its upside took early root in British scien-
tific romance in the wake of Richard Jefferies’ After
London; or, Wild England (1885). The notion that
hubristic European civilisation deserved destruction
became commonplace in the years of disenchantment
following the end of World War I—a sentiment
expressed in S. Fowler Wright’s Deluge (1920), J. J.
Connington’s Nordenholt’s Million (1923), Victor
Bayley’s The Machine Stops (1936, by-lined Wayland
Smith), and Storm Jameson’s The World Ends (1937,
by-lined William Lamb) as well as countless future
war stories, and postdisaster Romanticism flourished
in such works as John Collier’s Tom’s a-Cold (1933).

This ambivalent tradition was extended in such
satires as R. C. Sheriff’s The Hopkins Manuscript
(1939), such contes philosophiques as Gerald Heard’s
“The Great Fog” (1944), and such moral tales as
H. de Vere Stacpoole’s The Story of My Village (1947)
and John Beresford’s 4 Common Enemy (1941), even-
tually being carried forward by a glut of thrillers
produced in the wake of John Wyndham’s best-seller
The Day of the Triffids (1951), including Wyndham’s
The Kraken Wakes (1953), John Boland’s White
August (1955), John Christopher’s The Death of
Grass (1956), and The World in Winter (1962) and
various works by John Lymington and Charles Eric
Maine. British “cosy catastrophe™ stories entered a
more clinical and cynical phase thereafter in such
works as the early novels of J. G. *Ballard, Brian
W. Aldiss’ Greybeard (1964), Keith Roberts’ The
Furies (1966), and Richard Cowper’s The Twilight of
Briareus (1974), but still retained a crucial ambiva-
lence, sustained into the twenty-first century in such
works as Adam Roberts’ The Snow (2004).

The American pulp magazines began to exploit the
melodramatic potential of disaster fiction before the
advent of specialist science fiction pulps, following
such native precedents as Simon Newcomb’s “The
End of the World” (1903). Disaster stories remained
standard fare in general fiction pulps long after more
specialised motifs had been hived off into the genre
magazine, including such blatantly science-fictional
versions as Victor Rousseau’s “World’s End”
(1933), Philip Wylie and Edwin Balmer’s When
Worlds Collide (1933) and After Worlds Collide
(1934), and John Hawkins’ “Ark of Fire” (1937).

Many such works—notably Jack London’s The
Scarlet Plague (1912; book, 1915)—represented the
destruction of civilisation as a terrible tragedy, but
some writers began to take considerable delight in
imagining the apparatus of civilisation swept away.
The heroes of such stories, liberated from the shackles
of complex social organisation, became free to roam
and tame the wilderness, recapitulating the exploits of
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America’s Western pioneers. Key examples of this
kind of story include Garrett P. Serviss’s The Second
Deluge (1911), George Allan England’s trilogy
begun with Darkness and Dawn (1912), and Victor
Rousseau’s “Draft of Eternity” (1918; in book form
as Draught of Eternity, by-lined H. M. Egbert). Ro-
manticism of this stripe was combined with reactions
against technological civilisation in such works as
David H. Keller’s “The Metal Doom™ (1932).

This kind of romanticism never disappeared entire-
ly from American fiction, but a sharper awareness
gradually developed of the magnitude of the loss
that might be suffered, and of the vulnerability of an
intricately linked technological infrastructure to sud-
den breakdown. A marked ambivalence is reflected in
such satires as Ward Moore’s Greener Than You
Think (1947) and Kurt Vonnegut’s Cat’s Cradle
(1963). More earnest works, such as George R.
Stewart’s Earth Abides (1949), laid the groundwork
for sophisticated disaster stories to become something
of a literary fad in the 1970s. Thomas N. Scortia and
Frank M. Robinson’s best-selling exemplar The Glass
Inferno (1974) demonstrated the cinematic potential
of the subgenre when it was filmed as The Towering
Inferno (1974).

The Towering Inferno was followed by a plethora
of meticulous cinematic accounts of the effects of
huge fires, violent storms, endangered aircraft, floods,
volcanoes, earthquakes, and so forth, interwoven
with accounts of ingenious attempts to mount holding
actions against them. The popularity of such fictions
assisted the proliferation of the *technothriller sub-
genre. The traditional lexicon of disasters was aug-
mented in this period by tsunamis, as in Crawford
Kilian’s Icequake (1979) and Tsunami (1983) and oil
spills, as in Kevin J. Anderson and Doug Beason’s 7//
Wind (1995). Beyond the borders of the United States,
fears of more drastic inundation were manifest in such
novels as Sakyo Komatsu’s Nippon Shinbotsu (1973;
trans. as Japan Sinks). Images of cosmic disaster grew
more drastic in such novels as Fred and Geoffrey
Hoyle’s The Inferno (1973).

The disaster movie fad was extravagantly satirised
in David Langford and John Grant Earthdoom!
(1987), which paid particular attention to the manner
in which further science-fictional motifs had drafted
in to supply extra measures of drama in accounts of
plagues and asteroid strikes. A more earnest version
of a compound “‘ultimate disaster scenario” is fea-
tured in Greg Bear’s The Forge of God (1987). Similar
motifs supplemented the imagery of *atom bomb
devastation in the development of the standardised
backcloth of the ultraviolent perverted Romanticism
of survivalist fiction. The most remarkable develop-
ment of disaster fiction as the end of the century
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approached, however, was the proliferation of reli-
gious fantasies looking forward to the fulfillment of
the prophecies of Revelation, as exemplified by Tim
LaHaye and Jerry B. Jenkins’ best-selling Left Behind
series (1995-2003).

Assisted by this resurgence of religious propa-
ganda, disaster fiction reached a new level of intensity
as the year 2000 approached, much of it labeled “‘mil-
lennial fiction”. Although the term “Millennium” had
originally signified the thousand years for which
Christ would reign following his (supposedly immi-
nent) return, the passage of time had refocused atten-
tion on calendrical Millennia. A legend became
widespread in Renaissance Europe that the approach
of the year 1000 had been marked by civil unrest and
other symptoms of chiliastic panic, and the approach
of the year 2000 gave rise to anticipations of similar
distress, which might perhaps arise as a result of self-
fulfilling *prophecies. Such anticipations were effec-
tive in actuality as well as in fiction, giving rise to
“Y2K” anxieties about the inability of computer
software in which dates were plotted in two-digit
form to cope with the “reversion” to 00. Fictional
anticipations of more various adverse reactions in-
cluded Russell Griffin’s Century’s End (1981) and
John Kessel’s Good News from Outer Space (1989).

The hard science fiction imagery of cosmic disaster
was exaggerated in the 1990s in parallel with the imag-
ery of religious apocalyptic fantasy, in such novels as
Charles R. Pellegrino and George Zebrowski’s The
Killing Star (1995), although the most extreme exem-
plars were postponed to more-or-less distant futures
in Greg Egan’s Diaspora (1997), Wolf Read’s
“Spindown” (1998), and Stephen *Baxter and Arthur
C. Clarke’s Time’s Odyssey diptych (2004-2005). The
movie genre had grown stale by then, although new
special effects allowed its increasing desperation to
be displayed to spectacular effect in such movies as
The Day After Tomorrow (2004).

DYSON, FREEMAN (JOHN) (1923-)

English-born physicist who became a U.S. citizen in
1957, associated with the Institute for Advanced
Study at Princeton since 1953. His scientific endea-
vours included contributions to quantum theory but
he became better known for his cosmological calcula-
tions regarding the possible fate of the universe, as
elaborated in ‘“Time Without End: Physics and
Biology in an Open Universe” (1979), and his spec-
ulations regarding the eventual fate of humankind
and its analogues within that context, which made him
a key contributor to the development of *Omega
Point theory. Corollary speculations about the future



evolution of technology and his enthusiasm for the
*SETI project led him to popularise the notion of a
“Dyson sphere”: a vast artifact surrounding a sun
and harvesting all its radiant imagery.

Dyson initially discovered the idea that advanced
civilisations might surround their primaries with
“light traps”™ in Olaf *Stapledon’s Star Maker (1937),
but made it his own when he introduced the proposi-
tion into a brief paper on the possibility of locating
extraterrestrial civilisations published in Science in
1960. He argued that the strategy of scanning G-type
suns for radio broadcasts might be the seriously
flawed, because authentically advanced civilisations
might be associated with stars rendered invisible by
the construction of such artifacts. In developing this
notion he took up a suggestion by the Russian astron-
omer Nikolai Kardaschev that civilisations in the
universe might be classifiable into three types. Type 1
civilisations would eventually control the resources of
an entire planet, type 2 civilisations the resources of a
star, and type 3 civilisations the resources of a galaxy.
Although a type 1 civilisation—which humans might
achieve within a few hundred years—would have to
grow by a factor of several billion times to develop into
a type 2 civilisation, Dyson calculated that a society
with one percent economic growth could make the
transition in twenty-five hundred years.

Although stars exploited by type 2 civilisations
would be permanently eclipsed, they would not be
astronomically undetectable; the second law of ther-
modynamics requires a civilisation exploiting the en-
ergy output of a star to radiate away a fraction of that
energy as waste heat, so a type 2 civilisation would
appear to Earthly astronomers as a powerful source
of infrared radiation, probably in a band of wave-
lengths distributed around a mean of ten microns.
Dyson’s suggestion that SETI astronomers should
attempt to pick up radio broadcasts from such infra-
red sources did not, however, produce any immediate
evidence of the existence of type 2 civilisations. The
fictional deployment of Dyson spheres often places
them in the distant narrative background, as in Fritz
Leiber’s The Wanderer (1964) and Linda Nagata’s
Deception Well (1997), while accounts of discoveries
made by space travellers often involve smaller struc-
tures such as Larry Niven’s Ringworld (1970).

This tentativeness is partly due to the narrative
inconvenience of artifacts of that scale, but also
reflects a technical difficulty widely publicised in the
wake of Edgar Rice Burroughs’ hollow Earth stories:
Gravity cannot anchor anything to the inner surface
of a sphere. Although gravity could be simulated by
rotation, the g-force inside a rotating sphere would
vary from the poles to the equator, where the atmo-
sphere would tend to collect. For this reason, the

DYSTOPIA

basic notion is carefully modified in various ways in
hard science fiction stories featuring Dyson spheres
and similar objects, such as Frederik Pohl and Jack
Williamson’s Cuckoo series (1975-1983), Bob Shaw’s
Orbitsville series (1975-1990), Tony Rothman’s The
World Is Round (1978), Somtow Sucharitkul’s Inques-
tor series (1982-1985), Timothy Zahn’s Spinneret
(1985), James White’s Federation World (1988),
Stephen Baxter’s The Time Ships (1995), David Brin’s
Heaven’s Reach (1998), and Peter F. Hamilton’s
Pandora’s Star (2004).

Speculative engineers have made similar sugges-
tions for the modification of Dyson’s basic design;
Dan Alderson proposed that a double sphere, con-
sisting of two shells with an atmosphere enclosed
between them, might be much more convenient than
a single sphere. Alternatively, a disk shaped like a
gramophone record—with the sun in the central
hole—extending as far as the orbit of Mars or Jupiter
might be more useful. The possibility of enclosing a
sun or an artificial “‘starlet” with a whole series of
connected concentric spheres is broached in Colin
Kapp’s Cageworld series (1982-1983) and Brian
Stableford’s Asgard trilogy (1979-1990). Pat Gunkel
recommended that the first step in the evolution of an
appropriate megastructure might be the construction
of an ever-extending “topopolis” shaped like a hollow
strand of macaroni, carefully looped around the sun,
which might be gradually built up into a complex
space-enclosing sphere. Dyson is the model for a key
character in Gregory Benford’s Eater (2000).

DYSTOPIA

A term used—and perhaps coined—by John Stuart
Mill in 1868 as an antonym of *Utopia, tacitly con-
struing the latter term as “‘eutopia” (good place),
rather than “outopia” (no place), as Thomas More
originally intended. Dystopian speculation describes
hypothetical societies that are considerably worse
than our own, tending towards the worst imaginable,
although that extreme is hardly ever attained.
Although very many societies described in *satires
are dystopian, the term is usually applied to relatively
earnest images of futures in which political totalitari-
anism, economic ruthlessness, and/or the impetus of
*technological determinism have had unfortunate
consequences. Emile Souvestre’s Le monde tel qu'il
sera (1846; trans. as The World as It Shall Be) estab-
lished the pattern in France, where it was further
developed by Paschal Grousset and Jules Verne in
the description of Stahlstadt in Les cing cents millions
de la bégum (1879: trans. as The Begum’s Fortune).
H. C. Marriott Watson’s Erchomenon (1879), Walter
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Besant’s The Inner House (1888), and Ignatius
Donnelly’s Caesar’s Column (1890) provided signifi-
cant precedents in England and the United States.

Notable anti-Capitalist dystopias include Jack
London’s “The Iron Heel” (1907) and Claude
Farrere’s Les condamnés a mort (1920; trans. as Use-
less Hands), while notable anti-Socialist dystopias in-
clude Conde B. Pallen’s Crucible Island (1919), John
Kendall’s Unborn Tomorrow (1933), and Ayn Rand’s
Anthem (1938). Anti-Fascist dystopias include Joseph
O’Neill’s Land Under England (1935), Sinclair
Lewis’ It Can’t Happen Here (1935), and Murray
Constantine’s Swastika Night (1937). Extreme exam-
ples on both sides of the political spectrum often refer
to a literal and metaphorical *automation of society,
as in Owen Gregory’s Meccania (1918) and J. D.
Beresford and Esmé Wynne-Tyson’s The Riddle of
the Tower (1944); the latter also employs the imagery
of the ant hive, which is widely invoked as a paradigm
of dystopian organisation.

Notions of *decadence associated with excessive
dependence on technology—exemplified by E. M.
Forster’s “The Machine Stops” (1909), Laurence
Manning and Fletcher Pratt’s “City of the Living
Dead” (1930), and John W. Campbell Jr.’s “Twilight”’
(1934)—became increasingly important in dystopian
fiction as anxieties regarding technological develop-
ment gradually overtook and partially eclipsed twenti-
eth-century political disputes. Bertrand *Russell’s
judgment, in Icarus, or the Future of Science (1924),
that scientific progress was bound to make the world a
worse place to live in, because it would allow society’s
power groups to oppress others more effectively, was
echoed in many other works.

Egevny Zamyatin’s We (1920; trans. 1924)
provided an early exemplar of this kind of dystopia
extrapolated to its logical extreme, in which political
leaders employ all kinds of social and mechanical
technology to secure absolute authority. The scrupu-
lously modest development of the same thesis in
George Orwell’s Nineteen Eighty-Four (1949) made
that novel a leading contributor of imagery to popu-
lar and political rhetoric. Aldous *Huxley’s black
comedy Brave New World (1932) argued on similar
lines that technology would corrode the most valu-
able aspects of human life even in the hands of the
most benevolent leaders. S. Fowler Wright’s The New
Gods Lead (1932) offered a similarly scathing indict-
ment of the values of technocracy and the perversity
of the “Utopia of comforts™.

Although such suspicion contrasted strongly with
Hugo *Gernsback’s optimistic celebration of a com-
ing “Age of Power Freedom”, it became widespread
in early pulp science fiction, starkly manifest in the
antitechnological parables of David H. Keller. John
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*Campbell encouraged the contributors to his As-
tounding Science Fiction to respond to this creeping
anxiety with accounts of technically ingenious heroic
rebellion against science-suppressing and science-
monopolising dystopias, including Robert A. Heinlein’s
“If This Goes On...” (1940) and Sixth Column (1941,
book, 1949), Fritz Leiber’s Gather, Darkness! (1943;
book, 1950), and Raymond F. Jones’ Renaissance
(1944; book, 1951). In the science fiction magazines of
the 1950s, this formula became more refined and in-
creasingly stylised, producing a glut of dystopian novels
in which various organisations dominate society with
the aid of technologically sophisticated means of
persuasion, shaping it to their special interests.

The archetype of this subspecies is The Space Mer-
chants (1953) by Frederik Pohl and C. M. Kornbluth,
in which the power of advertising is fully mobilised;
other notable examples include Damon Knight’s
Hell’'s Pavement (1955; aka Analogue Men) and
James Gunn’s mosaic The Joy Makers (1955; book,
1961). In the most impressive item of dystopian sci-
ence fiction produced in the course of this flood, Ray
Bradbury’s Fahrenheit 451 (1953), the state becomes
the enemy of refined thought and emotion, elevating
book burning to the status of a profession—but the
focal point of heroic resistance in Bradbury’s account
is the preservation of literary appreciation rather than
scientific thought.

Although the depth of its anguish was anticipated
in a more conspicuously sarcastic fashion in Aldous
Huxley’s Ape and Essence (1948), Orwell’s Nineteen
FEighty-Four became the model for much subsequent
fiction in which the future is imagined—as Orwell’s
O’Brien imagined it—as a metaphorical boot stamp-
ing on a human face forever, simply because it can.
The adjective “Orwellian” was adapted to describe
such works as Gerald Heard’s Doppelgangers (1947),
Bernard Wolfe’s Limbo (1952), Evelyn Waugh’s Love
Among the Ruins (1953), David Karp’s One (1953),
L. P. Hartley’s Facial Justice (1960), Anthony Burgess’
A Clockwork Orange (1962), Michael Frayn’s 4 Very
Private Life (1968), and Ira Levin’s This Perfect Day
(1970), which seemed too surreal to qualify as straight-
forward political fantasies, although such hard-edged
novels as Arthur Koestler’s The Age of Longing (1951),
Adrian Mitchell’s The Bodyguard (1970), and Arthur
Herzog’s Make Us Happy (1978) kept Orwell’s preoc-
cupation with the advent of a quintessentially modern
totalitarianism in much clearer focus.

As the Cold War’s long winter settled in, the de-
piction of scientists and technologists as compliant
civil servants—obediently following political instruc-
tions while comfortably alienated from the ultimate
products of their labor—became a staple item of
dystopian imagery, further reflected in a great deal



of thriller fiction. It was especially prominent in the
spy story subgenre, for which the Cold War provided
an ideal context. The nuclear alarmism of the 1950s
and early 1960s had not yet begun to wear thin when
dystopian tendencies in futuristic fiction were further
reinvigorated by a new wave of anxieties regarding
the probable effects of the *population explosion and
its attendant environmental *pollution, as expressed in
such novels as Harry Harrison’s Make Room! Make
Room! (1966), John Brunner’s Stand on Zanzibar
(1968) and The Sheep Look Up (1972), Robert
Silverberg’s The World Inside (1971), Andrew J.
Offutt’s The Castle Keeps (1972), and Philip Wylie’s
The End of the Dream (1972).

The hysterical tone of such works, laid atop the
existing stratum of Cold War disenchantment, was
reflected in such dystopian *sociological analyses of
the contemporary situation as Alvin Toffler’s Future
Shock (1970), which proposed that the sheer pace of
technological change and its social effects threatened
to make everyday life unendurable even in the
absence of an *ecocatastrophic collapse—a prospect
featured in such downbeat anticipations as Thomas
M. Disch’s 334 (1972). The advent of *computers in
the 1970s added to such anxieties—inevitably, given
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the tenor of previous science fiction stories about
ruthlessly despotic giant computers.

The increasing urgency of feminism in the same
decade gave rise to its own flood of dystopian imag-
ery, in images of oppressive masculinity run wild such
as those contained in Suzy McKee Charnas’ Walk to
the End of the World (1974) and Margaret Atwood’s
The Handmaid’s Tale (1985). By the end of the twen-
tieth century, the sum of all of these fears had ensured
that the dominant question of near-futuristic fiction
was not whether it might settle into an undesirable
political configuration, stabilised by the oppressive
use of new technologies, but whether *civilisation
could survive at all as the reserves of fossil fuels
sustaining the global economy began to dwindle rap-
idly, leaving an overcrowded world drowning in its
own wastes subject to the slow or sudden onset of a
Hobbesian war of all against all. As the twenty-first
century began, almost all fictional images of the near
future were permeated with dystopian imagery; even
the traditional optimism of *futurology found it in-
creasingly difficult to mount any kind of defense
against the seeming inevitability of the fact that the
world was bound to get a lot worse before it could
possibly begin to get better.
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EARTH

One of the four Classical *elements, whose establish-
ment by Aristotelian cosmology as the bedrock of
creation led to the term’s eventual use as the name
of the planet on whose surface humankind evolved.
The notion of earth as an element retreated to the
realm of metaphor as science advanced, but the term
retained a crucial defiant ambiguity that identified the
world as a whole with the soil in which its land-based
plants—its “primary producers”’—are rooted. Such
phrases as “Mother Earth” continue to retain their
mythic resonance.

Archimedes and Eratosthenes established that the
Earth’s surface was curved into a sphere in 200 B.C. or
thereabouts, but the opinion that it was a flat disk—
popularised by the Bible-based flat-earth *geography
of Cosmas’ Topographia Christiana—still retained
some support in the Renaissance. Classical arguments
regarding the shape of the Earth are dramatised in
Charles L. Harness’ ““‘Summer Solstice” (1984), which
features an argument between Eratosthenes and
Ptolemy. The planet is depicted as a sphere in most
diagrammatic representations of the geocentric
*cosmology—it is thus represented in the thirteenth-
century French poem Ymage du Monde and in
Dante Alighieri’s fourteenth-century Divina Comme-
dia, which locates the mountain of Purgatory at the
antipodes—but the opposite opinion retained some
support until the sophistication of *cartography in
the service of navigation established the roundness
of the world beyond reasonable doubt.
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Opinions also varied in the Renaissance as to what
lay beneath the Earth’s surface. The interior of the
Earth had been the location of the Classical Under-
world, and it became the site of the circles of Hell in
Dante’s Inferno. The notion of a hollow interior
continued to echo long thereafter. Athanasius Kircher’s
Mundus subterraneus (1665) envisaged an intricate
system of cavities and a channel of water connecting
the poles—an image reflected in numerous works of
fiction, including the anonymous A Voyage to the
World in the Centre of the Earth (1755) and Le passage
du pole arctique au poéle antarctique (1780), Robert-
Martin Lesuire’s L aventurier francois (1782), Giacomo
Casanova’s Icosameron (1788), Jacques Collin de
Plancy’s Voyage au centre de la terre (1821), and Jules
Verne’s Voyage au centre de la terre (1863; trans. as
Journey to the Centre of the Earth).

Kircher’s model was complicated by Edmond
Halley’s attempt in “A Theory of Magnetic Varia-
tions” (1692) to explain variations in *magnetic
north by means of the hypothesis that the Earth’s
interior was made up of a system of concentric spheres.
Reproduced by Cotton Mather in The Christian Phi-
losopher (1721), Halley’s model became the ancestor
of John Cleve Symmes’ theory of the hollow Earth,
popularised in his Circular Number 1 (1818) and
satirised in the pseudonymous Symzonia (1820, by-
lined Adam Seaborn). Symmes called on Humphry
Davy and Alexander von Humboldt to mount an
expedition into the Earth to prove the thesis, but if
they ever heard the call they declined. Humboldt’s
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Kosmos (1848) preferred a near-contemporary model
proposed by the Scottish natural philosopher John
Leslie, which represented Earth as a hollow sphere
filled with a kind of “imponderable matter”” whose
pressure inflated it like a balloon, containing two
radiant bodies—Pluto and Proserpine—that rotated
like a binary star system. The Swiss mathematician
Leonhard Euler proposed a similar model with a
singular “internal sun”.

Euler’s model was reminiscent of the image of
the world’s interior contained in Ludwig Holberg’s
Nicolaii Klimii Iter Subterraneum (1741; trans. as
A Journey to the World Underground by Nicholas
Klimius)—in which the central sun has its own family
of planets—and variants of it continued to recur in
imaginative fiction, most famously in Edgar Rice
Burroughs’ representation of Pellucidar, although
American writers tended to confuse the citation,
often attributing the Leslie/Euler model to Symmes.
This was because Symmes’ propagandising had
attracted the attention of a number of writers inter-
ested in the thesis—common to Kircher, Halley, and
Symmes—that there was an opening at the pole giving
access to the Earth’s interior. Edgar Allan *Poe’s
Narrative of Arthur Gordon Pym (1838) is the best-
known work employing the idea; notable variants
include George Sand’s Laura: voyage dans le cristal
(1865; trans. as Journey Within the Crystal), Clara
Holmes’ “Nordhung Nordjansen” (1898), George
Griffith’s “From Pole to Pole” (1904), and Vladimir
Obruchev’s Plutoniya (1924; trans. as Plutonia).

The Leslie/Euler model of the Earth’s interior
continued to attract such twentieth-century adherents
as Karl Neupert, Marshall B. Gardner, and Raymond
Bernard, while Burroughs’ influence ensured that
hollow Earth stories remained popular in the pulp
magazines—A. Hyatt Verrill’s “The Inner World”
(1935) is a notable example—in spite of his failure to
realise that gravitational attraction would pull to-
wards the central sun rather than the inner surface.
Rudy Rucker’s *steampunk novel The Hollow Earth
(1990), which features Poe as a character, brought the
idea ingeniously up to date. In the meantime, geolog-
ical and seismological investigations suggested that
the Earth’s crust sat atop a fluid mantle and a hot,
dense iron core. Although it was a good deal less
useful for writers of Utopian or action-adventure
fiction, this model still permitted accounts of future
retreats from the surface as it became inhabitable
because of the cooling of the Sun; notable examples
include Gabriel Tarde’s Fragment d’histoire future
(1896, trans. as Underground Man), John and Ruth
Vassos’ Ultimo (1930), and R. F. Starzl’s “If the Sun
Died” (1931). Notable accounts of burrowing expedi-
tions into the kind of Earth imagined by modern
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geology include G. N. Howard’s “Depth” (1946),
Paul A. Carter’s “The Last Objective” (1946), Harry
Harrison’s “Rock Diver” (1951), Paul Preuss’ Core
(1993), and Nelson Bond’s “Proof of the Pudding”
(1999).

Flat Earths are much rarer in fiction than hollow
ones, save for calculatedly perverse texts like S. Fowler
Wright’s Beyond the Rim (1932) and Richard A.
Lupoff’s Circumpolar (1984), but a stubborn minority
of independent thinkers maintained a Flat Earth
Society throughout the twentieth century, descended
from the nineteenth-century Zetetic Society whose
views were outlined in Samuel Birley Rowbotham’s
Zetetic Astronomy (1849). The Universal Zetetic
Society was renamed by Samuel Shenton in 1956
and passed into the care of Charles K. Johnson in
1971; its Internet home page bears the proud legend
“Deprogramming the Masses since 1547”. Other
unorthodox models—including the depiction of the
Earth as the inner surface of a hollow sphere, as in
Alfred William Lawson’s Lawsonomy (1935-1939)—
have excited even less literary interest, although the
quasi-Aristotelian notion that the planet is surrounded
by a solid transparent shell lingered in such exotic
romances as Charles W. Diffin’s “Land of the Lost”
(1933-1934) and William Lemkin’s “Beyond the
Stratosphere” (1936).

A planet is too large, and its lifetime too long, to be
comfortably accommodated within fiction as a topic
in its own right, although that has not prevented
the production of such panoramic overviews of
Earth as those contained in Camille Flammarion’s
Lumen (1866-1869) and David Brin’s Earth (1990).
The development of global economic and *ecological
worldviews greatly assisted such holistic thinking,
encouraging the growth of such notions as Pierre
Teilhard de Chardin’s nodsphere, evolving towards
its *Omega Point, and James *Lovelock’s Gaia hy-
pothesis. It is sometimes argued that a significant
perceptual threshold was crossed when photography
was able to frame the entire Earth for the first time, in
pictures taken from space; reproductions of such
images of a cloud-strewn “blue planet” became very
widespread in the late twentieth century.

The sheer size of the Earth also inhibits speculative
accounts of attempts to modify its gross structure
technologically, although attempts to straighten its
wobbly rotation are featured in John Jacob Astor’s
A Journey in Other Worlds (1894) and William
Wallace Cook’s “Tales of Twenty Hundred” (1911
1912), and its tilt is further increased in Nathan
Schachner’s “Earthspin” (1937). Successful attempts
to move it from its orbit are much more common, as
featured in Homer Eon Flint’s “The Planeteer”
(1918), Neil Bell’s The Seventh Bowl (1930; by-lined



Miles), and Edmond Hamilton’s “Thundering
Worlds™ (1934), but later versions of the notion usu-
ally involve extraterrestrial agencies, as in Fritz
Leiber’s “A Pail of Air” (1951), Frederik Pohl and
C. M. Kornbluth’s Wolfbane (1957), and Roger
McBride Allen’s The Ring of Charon (1990).

Accounts of the ultimate fate of the Earth are
usually dressed in ostentatious mourning, as dis-
played in George C. Wallis’ “The Last Days of
Earth” (1901) and Edmond Hamilton’s “Requiem”
(1962), although the latter’s depiction of the event as a
cynically marketed tourist attraction is rerun as slap-
stick comedy in Douglas Adams’ “The Restaurant at
the End of the Universe” (1980). Frank Belknap
Long’s “The Blue Earthman” (1935) depicts a far-
future Earth tide-locked to the Sun and spiraling
ever closer, while Brian W. Aldiss’ Hothouse (1962)
offers a conspicuously *decadent image of a far-
future Earth tide-locked to the Moon and bound to
it by giant cobwebs. However, science fiction writers
often look back at the Earth from a distant *Space
Age perspective in which Earth is merely one insignif-
icant inhabited world among a multitude.

The Space Age perspective is taken to extremes in
accounts of galactic empires in which the name has
become legendary and the planet itself has been lost,
as in Isaac Asimov’s Foundation series and E. C.
Tubb’s Dumarest series. Such treatments are unaf-
fected by the fact that science fiction writers often
refer to planet Earth as “Terra”—or, if they are better
Latinists, as “Tellus”. Asimov’s model of the galactic
empire, which became the conventional framework of
late twentieth-century science fiction, represents the
galaxy as a cornucopia of Earth-clones, thus reprodu-
cing the imagery of early debates regarding the possi-
ble *plurality of worlds, save for the fact that the
Earths in question have been populated by *colonisa-
tion rather than creation. James Blish’s “Earthman,
Come Home” (1953) encapsulates this worldview in
its concluding line: “Earth isn’t a place. It’s an idea”.

ECOCATASTROPHE

A term popularised by Paul Ehrlich, who used it in
1969 as the title of a futurological narrative summar-
ising the anxieties about the threat of *population
explosion and its corollary problems of resource
management and environmental *pollution, as previ-
ously expressed in The Population Bomb (1968). Alvin
Toffler’s Ecospasm (1975) offered an alternative term,
while Mark Budz’s Clade (2003) and Crache (2004)
refer to an “ecocaust”. It was gradually realised that
numerous cultures of the past must have suffered
ecocatastrophic destruction, usually due to the
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deforestation of habitable enclaves such as the islands
of Polynesia and the desert-trapped region in the
southern United States, where the Anasazi ruins
remain. Political “environmentalism” based on the
notion that industrial civilisation might prove to be
self-destructive, and thus fearful of the possibility of
ecocatastrophe, first became evident in embryo in the
nineteenth century, in such texts as Henry David
Thoreau’s Walden (1854) and George Perkins
Marsh’s Man and Nature (1864).

Robert Malthus’ Essay on Population (1803) antici-
pates an enduring situation of strife and stress rather
than a catastrophic reversal of progress, but catastro-
phist future imagery gradually became more evident
in such texts as W. D. Hay’s The Doom of the Great
City (1880) and Richard Jefferies’ After London, or,
Wild England (1885). When the evolution of *ecology
provided a firmer scientific framework for such anxi-
eties, a clearer view was obtained of possible causal
sequences that might precipitate ecocatastrophe. J. D.
Beresford’s “The Man Who Hated Flies” (1929) is an
early “‘ecological parable” about the inventor of a
perfect insecticide, whose annihilation of insect popu-
lations disrupts processes of pollination, thus precipi-
tating massive crop failures and threatening the
extinction of humankind. John Russell Fearn’s “The
Man Who Stopped the Dust” (1934; exp. as Annihila-
tion, 1950) is a similar account of man-made ecoca-
tastrophe. The future history mapped out in Laurence
Manning’s The Man Who Awoke (1933; book, 1975)
includes an ecologically hyperconscious society in
recovery from the self-destructive profligacy of the
“Age of Waste”.

The potential exhaustion of soil’s crop-bearing
capacities was dramatised in the United States by
the emergence of the Midwestern Dust Bowl—
popularised by such books as Stuart Chase’s Rich
Land, Poor Land (1936)—and received considerable
literary attention in the works of such writers as John
Steinbeck. These anxicties were extrapolated in pulp
science fiction by such stories as Nathan Schachner’s
“Sterile Planet” (1937) and Willard E. Hawkins’
“The Dwindling Sphere” (1940). British futuristic
fantasies foregrounding the problem include A. G.
Street’s Already Walks Tomorrow (1938) and Edward
Hyams’ The Astrologer (1950). The vulnerability of
humankind’s agricultural base was satirically drama-
tised in Ward Moore’s Greener Than You Think
(1947), in which a single species of grass displaces all
other plant life, while John Christopher’s The Death
of Grass (1956) provides an earnest description of an
ecocatastrophe precipitated by a grain blight that
destroys the world’s staple crops.

Anxieties of this kind increased dramatically when
Malthusian arguments resurfaced in the mid-1950s
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and the self-appointed Population Council became a
significant disseminator of propaganda regarding the
dangerous rapidity of world population growth.
The scope of the arguments was rapidly broadened
to take in the exhaustibility of other resources than
food—especially oil—and the hazards of environmen-
tal pollution. Garrett Hardin, editor of Population,
Evolution, and Birth Control: A Collage of Controver-
sial Ideas (1964), sketched out a new discipline of
“ecological economics” in a classic essay, “The Trag-
edy of the Commons” (1968), arguing that the funda-
mental logic of capitalism, as exemplified by the
workings of Adam Smith’s “invisible hand”, was
bound to lead to ecological devastation in the absence
of powerful moral restraint.

After the publication of Rachel Carson’s Silent
Spring (1962), which argued that the use of such
pesticides as DDT threatened ecocatastrophe because
nonbiodegradable organic compounds accumulated
in the tissues of higher animals, the environmental
protection movement made considerable progress
in the United States. Its concerns were stridently
expressed in such texts as Richard Lillard’s Eden in
Jeopardy: Man’s Prodigal Meddling with His Environ-
ment (1966) and The Environmental Handbook (1970),
edited by Garett de Bell. Richard Nixon created an
Environmental Protection Agency in 1970, although
its political battles against proponents of economic
growth were hard fought and largely unsuccessful.

The possibility of ecocatastrophe became a signifi-
cant topic of political discourse, reflected in such texts
as J. Clarence Davis’ The Politics of Pollution (1970)
and James Ridgeway’s The Politics of Ecology (1971).
Green Parties were founded in many European
countries, linked to such pressure groups as Friends
of the Earth (founded 1969) and Greenpeace
(launched 1971). These developments were reflected
in speculative fiction in such images of worldwide
ecocatastrophe as James Blish’s “We All Die Naked”
(1969), John Brunner’s The Sheep Look Up (1972),
Philip Wylie’s The End of the Dream (1972), and
William Jon Watkins and Gene Snyder’s Ecodeath
(1972). The British TV series Doomwatch (1970-
1972), originated by Kit Pedler and Gerry Davis,
helped to export such anxieties to a wider audience.
Accounts of ecocatastrophes precipitated by the
inexorably spreading effects of singular causes became
commonplace; notable examples include Zach
Hughes’ Tide (1974) and Chelsea Quinn Yarbro’s
False Dawn (1978). A sense of inevitability also haunts
such accounts of attempted response as Cary Neeper’s
A Place Beyond Man (1975).

Discussion of the scientific bases of ecocatas-
trophic alarmism became increasingly heated as
opposition to environmentalism took form and
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environmentalists responded, usually by hardening
their views. Barry Commoner objected to Paul
Ehrlich’s ““neo-Malthusianism” and Garrett Hardin’s
“ecological Hobbesianism™ in The Closing Circle:
Man, Nature and Technology (1971), but his own
arguments about the ‘“debt to nature” incurred by
the “mythology” of wealth creation also tended to
the apocalyptic. The argument was further amplified
by such works as Angus Martin’s The Last Genera-
tion: The End of Survival? (1975) and Jonathan
Schell’s The Fate of the Earth (1982). The latter
added the *greenhouse effect and the depletion of
the Earth’s ozone layer to the ecocatastrophic mix—
a supplementation reflected in Trevor Hoyle’s The
Last Gasp (1983), Paul Theroux’s O-Zone (1986),
Whitley Strieber and James Kunetka’s Nature’s End
(1986), George Turner’s The Sea and Summer (1987),
David Brin’s Earth (1990), and Michael Tobias’ Fatal
Exposure (1991).

Ecocastastrophic incidents in the actual world,
though limited in scope, began to attract widespread
attention. The oil spill generated by the Torrey
Canyon in 1967 generated more surprise than alarm,
but the Exxon Valdez disaster in 1989 was widely seen
as symptomatic of a deep-seated malaise—a sensi-
bility that gave rise to such disaster stories as Kevin
J. Anderson and Doug Beason’s 1/l Wind (1995). The
subgenre of post-holocaust fantasies, long dominated
by the *atom bomb, increasingly took aboard post-
ecocatastrophe scenarios such as the one described
in Ian R. MacLeod’s The Great Wheel (1998),
while technothrillers began to make more of the no-
tion of ecological sabotage and “ecoterrorism”, as
featured in such stories as Paul Di Filippo’s “Up the
Lazy River” (1993), Rebecca Ore’s Gaia’s Toys
(1995), Thomas A. Easton’s Firefight (2003), and
Catherine Wells” “Point of Origin” (2005). Charles
R. Pellegrino’s apocalyptic fantasy Dust (1998)
describes an unfolding ecocatastrophe precipitated
by the mass extinction of insects.

Feverish alarmism was only one facet of the liter-
ary response to the perception of impending ecocrisis,
but relatively few fiction writers echoed the more
optimistic note of such anticatastrophist works as
Murray Bookchin’s Towards an Ecological Society
(1980) or Fritjof Capra and Catherine Spretnak’s
Green Politics: The Global Promise (1984), reflected
in such fictional images of future environmentalism as
Alex Irvine’s “Elegy for a Greenwiper” (2001). The
imperatives of melodrama combined well with a gen-
eral disenchantment with political short-termism,
reinforced by the disintegration of the myth of the
*Space Age and its corollary exit strategy of cosmic
breakout. As the twenty-first century began, the vast
majority of science-fictional images of the future took



it for granted that the ecocatastrophe was not only
under way but already irreversible, and that the back-
lash against environmentalism in the U.S. political
arena was a manifestation of psychological denial—
although Michael Crichton’s State of Fear (2004)
raised the banner of a defiant rearguard action, repre-
senting environmentalists as members of a global
conspiracy intent on disrupting economic progress.

ECOLOGY

A term coined by Ernst Haeckel in 1866, referring to
the study of organisms in relation to the physical
components of the environment and the other organ-
isms with which they share it. It was rarely used until
the end of the century, when botanists began to con-
sider the physical distribution of plants in the context
of Darwinian evolutionary theory. The Ecological
Society of America was founded in 1915, bringing
botanists and zoologists together with soil scientists,
agriculturalists, and other interested parties. Charles
Elton’s Animal Ecology (1927) was a landmark work,
stressing the significance of “food chains extending
from ‘“‘primary producers” that fix solar energy
through a series of strata comprising herbivores, pre-
dators, and parasites, according to a pattern often
called “the Eltonian pyramid” because the biomass
of each layer is less than the one underlying it.
Ecological perspectives are vital to such hypotheti-
cal sciences as *exobiology and such notions as *terra-
forming as well as to alarmist fears relating to
*population growth and *pollution, so they make up
a powerful and broad framework in modern specula-
tive thought. An acute awareness of human depen-
dence on the natural environment developed long
before the emergence of scientific ecology as an inevi-
table corollary of agricultural endeavour. Early
*anthropologists observed that the primary purpose
of practical magic and religious ritual in preliterate
agrarian societies was to attempt to ensure bountiful
harvests and success in hunting. Like other sciences
descendant from religious and magical practices, the
discipline is still fringed by pseudoscientific notions
that may be grouped under the heading of “ecological
mysticism”, which tend to exaggerate the “balance”
and “harmony” of *Nature. It was often suggested in
the nineteenth century that the agricultural and tech-
nological aspects of the Industrial Revolution had
resulted in a significant *alienation of modern human-
kind from Nature, a notion extravagantly displayed in
W. H. Hudson’s 4 Crystal Age (1887) and Green
Mansions (1902). The latter text—a *Rousseauesque
response to Joseph Conrad’s Heart of Darkness
(1902)—proposes that the horrific core of human
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nature derives from the fact that all extant cultures,
no matter how “primitive” or “advanced” they may
be, have forsaken an intimate bond with the nurturing
aspects of Mother *Earth.

Physical environments are considerably modified by
the side effects of the food chains to which they are host;
on the largest scale of all—the ecosphere—the atmo-
spheric oxygen on which all respiration depends is a
product of photosynthesis by plants and algae. Food
chains are the context in which *Darwinian natural
selection occurs, so *evolution is a prolific producer of
organisms that enhance their reproductive fortunes by
exploiting the feeding habits of other organisms; many
plants produce nectar that recruits insects to serve as
pollen disseminators, and seeds with edible packaging
for distribution by the animals they feed. Such ‘“‘symbi-
otic” patterns of mutual dependency further augment
the complexity and intricacy of ecosystems.

Symbiosis—along with predation and parasitism,
which lend themselves very well to social analogy and
the creation of *monsters—is one of the ecological
relationships of most obvious interest to the literary
imagination, ingeniously extrapolated in numerous
ecological puzzle stories, including Walt and Leigh
Richmond’s “Cows Can’t Eat Grass” (1967). The
manner in which native ecosystems could be disrupted
by invaders was demonstrated by many actual
cases of reckless importation, especially into Pacific
islands and Australia—a theme extrapolated in such
science fiction stories as Robert Abernathy’s “Pyra-
mid” (1954). Other contes philosophiques founded
in ecological notions include Herbert L. Cooper’s
“A Nice Little Niche” (1955) and Robert Chilson’s
“Excelsior!” (1970) and “Ecological Niche’ (1970).

A new kind of ecological mysticism was pioneered
by C. S. Lewis’s religious fantasy Out of the Silent
Planet (1938), in which the harmony of the Martian
ecosphere is ensured by active involvement of a spiri-
tual overseer. Pierre Teilhard de Chardin had already
worked out an evolutionary schema in which the
destiny of the ecosphere was to fall increasingly
under the sway of a superimposed “nodsphere” until
a harmonious integration was achieved at an *Omega
Point, but the notion had to await posthumous publi-
cation in 1955. Secularised versions of similar notions
were gradually integrated into the *exobiological
descriptions of pulp science fiction during the 1930s,
acquiring new levels of sophistication in the work of
Clifford D. *Simak, whose celebrations of the pasto-
ral first became mystically infused in the series begun
with “City” (1944). Simak followed Lewis and
Teilhard into the transfiguration of religious imagery
in Time and Again (1951), where alien “symbiotes”
provide stand-ins for souls and the raw material of
potential nodspheres.
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Godlike intelligences manifest within sentient eco-
spheres were also featured in such science fiction
stories as Murray Leinster’s “The Lonely Planet”
(1949) and A. E. van Vogt’s “Process” (1950), which
spearheaded a remarkable resurgence of ecological
mysticism in science fiction of the late 1950s and
1960s, when would-be *colonists were frequently
humiliated by the belated discovery of sophisticated
ecosystems blessed with quasi-supernatural harmony.
Notable examples include Richard McKenna’s “The
Night of Hoggy Darn” (1958; revised as ‘“Hunter
Come Home”, 1963), Robert F. Young’s “To Fell a
Tree” (1959), Mark Clifton’s Eight Keys to Eden
(1960), and Kris Neville’s “The Forest of Zil” (1967).
Images of symbiosis—imported into genre science fic-
tion by such stories as Eric Frank Russell’s “Sym-
biotica” (1943) and Will F. Jenkins’ “Symbiosis”
(1947)—took on extensive quasi-supernatural conno-
tations, often sternly opposed to metaphors of vampir-
ism and possession. Fictions of this kind included
explicit ideological replies to earlier works—notably
Ted White’s By Furies Possessed (1970), which attacks
the tacit xenophobia of Robert A. Heinlein’s The
Puppet Masters (1951). Symbiosis became a central
element of ecological mysticism in such works as
Sydney van Scyoc’s Daughters of the Sunstone trilogy
(1982-1984). The more ambivalent view of human/
alien commensalism adopted in Octavia Butler’s
Clay’s Ark (1984) and the first part of Dan Simmons’
Hyperion (1989) undercut this modern sensibility while
continuing to trade on it.

The remystification of ecological relationships is
reflected in two of the best-selling science fiction
novels of the 1960s, both of which took the form of
messianic fantasies focusing on the reverent ritualisa-
tion of water relations: Robert A. Heinlein’s Stranger
in a Strange Land (1961) and Frank Herbert’s Dune
(1965). Piers Anthony’s Ommnivore (1968) and its
sequels transformed the fundamental pattern of
ecological relationships into a mystical trinity, while
Herbert’s The Green Brain (1966) described an active
revolt of intelligent nature against the ecological here-
sies of humankind. The notion of fully integrated
ecosystems—often extending to ecospheric dimen-
sions—became very popular, as reflected in such stories
as Stanislaw Lem’s Edem (1959; trans. as Eden), James
H. Schmitz’s “Balanced Ecology” (1965), Arkady and
Boris Strugatsky’s Ulitka na sklone (1966-1968; trans.
as The Snail on the Slope), Ursula K. Le Guin’s “Vaster
Than Empires and More Slow” (1971), Neal Barrett’s
Highwood (1972), Gordon R. Dickson’s “Twig” (1974),
Doris Piserchia’s Earthchild (1977), and M. A. Foster’s
Waves (1980).

A similar upsurge of ecological mysticism occur-
red within the environmentalist movement, most
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conspicuously represented by the Findhorn Founda-
tion, inaugurated in 1962 and named for a bay on the
East Coast of Scotland where its first experimental
Utopian community was based. The Findhorn com-
munity was tolerant of a wide range of ideologies,
provided that they included the assumption of an
“intelligent nature” in which God is incarnate and
everpresent. The theoretical framework of ecology
began to broaden to signify a worldview rather than
a mere branch of science. Gregory Bateson’s ““Steps
Towards an Ecology of Mind” (1972) proposed that
the essential “holism” of the ecological perspective
was appropriate to the study of mental as well as
biological phenomena. Arne Naess’ “The Shallow
and the Deep: Long Range Ecology Movement”
(1973) proposed a wide-ranging pursuit of “ecocentric
wisdom”, whose ambitions were resummarised in
Ecology, Community, and Lifestyle: Outline of an
Ecosophy (1989).

The idea that life on Earth could be viewed in
terms of “intelligent nature”, first advanced as a sci-
entific proposition by Vladimir Vernadsky in The
Biosphere (1926; trans. 1986), made a spectacular
comeback in James *Lovelock’s Gaia: A New Look
at Life on Earth (1973). Although not mystical in
itself, the language in which the Gaia hypothesis was
couched lent tremendous encouragement to those
who desired to construe it as if it were, so Lovelock’s
tentative assertion that the ecosphere could, in some
respects, be usefully viewed as if it were a single
organism was routinely extrapolated into a literal
personification. The notion was rapidly fed back
into science fiction in such works as John Varley’s
Titan trilogy (1979-1984), whose sentient superorgan-
ism is named Gaea. The more explicit versions of
ecological mysticism contained in genre science fiction
had no qualms about extrapolating their lyricism in
the direction of spiritual transcendence; notable
examples include Ursula Le Guin’s The Word for
World Is Forest (1972), Sally Miller Gearhart’s The
Wanderground (1979), Hilbert Schenck’s At the Eye of
the Ocean (1980), Somtow Sucharitkul’s Starship and
Haiku (1984), Octavia Butler’s The Parable of the
Sower (1993), and Cynthia Joyce Clay’s Zollocco: A
Novel of Another Universe (2000). The perspectives of
Lovelock and Teilhard de Chardin were fused in a
prospectus for a hyper-Gaian “Galaxia” set out in
Isaac Asimov’s Foundation’s Edge (1982).

Ecological mysticism was trivialised at a vulgar
level by a tendency to use the talismanic prefix “eco-"’
promiscuously, and by the development of such
advertising phrases as “ecologically friendly”. These
developments occurred in parallel with a renaissance
of pastoral nostalgia in many areas of popular
fiction, whose meditative plaints became increasingly



eloquent in science fiction in such heartfelt stories as
Richard Cowper’s trilogy begun with The Road to
Corlay (1978), John Crowley’s Engine Summer
(1979), Kate Wilhelm’s Juniper Time (1979), Norman
Spinrad’s Songs from the Stars (1980), Russell
Hoban’s Riddley Walker (1980), and Ursula Le
Guin’s Always Coming Home (1986) and extended into
extraterrestrial settings in such works as Judith
Moftett’s Pennterra (1987) and Jack McConnell’s
“Into Greenwood” (2001).

The case for an actual technological retreat was
forcefully made in Ernest Callenbach’s Millenarian
tract Ecotopia: The Notebooks of William Weston
(1975; rev. as Ecotopia: A Novel About Ecology, People
and Politics in 1999, 1978), which describes the seces-
sion from the United States of the western seaboard
states, where a new low-tech society is established,
based on the principles of ‘“‘alternative technology”
laid out in such texts as Ernst Schumacher’s Small Is
Beautiful (1973). Callenbach’s neologism, reiterated in
the nonfictional The Ecotopian Encyclopedia for the
80s: A Survival Guide for the Age of Inflation (1980)
and the prequel novel Ecotopia Emerging (1981), gave
rise to a broader movement, whose aims are sum-
marised and dramatised in Kim Stanley Robinson’s
science fiction anthology Future Primitive: The New
Ecotopias (1994).

The notion that an ideal society must be ecologi-
cally sustainable was integrated into more general
Utopian philosophy in such stories as Louis J. Halle’s
Sedge (1963), Alexei Panshin’s “How Can We Sink
When We Can Fly?” (1971), Christopher Swan and
Chet Roaman’s YV88: An Eco-Fiction of Tomorrow
(1977), D. J. L. Naruda’s “Green City” (1982-1984),
and Frederik Pohl’s “Rem the Rememberer” (1984),
but such societies are often envisaged as domed
enclaves surrounded by blighted landscapes, as in
Marie C. Farca’s Earth (1972). The philosophy of
“small is beautiful” is rather claustrophobically ech-
oed in Robert Nichols’ Daily Lives in Nghsi-Altai
(1977-1978) and Mary Alice White’s Land of the
Possible (1979). Most ecotopias tend to be socialist
or anarchist in their political organisation, in spite
of Garrett Hardin’s argument in “The Tragedy of
the Commons” (1968) that *ecocatastrophe is inevi-
table in the absence of stern stewardship; Mary
Rosenblum’s “Jumpers” (2004) offers a rare glimpse
of a privatised ecosphere. L. E. Modesitt’s Ecolitan
series, launched by The Ecologic Envoy (1986),
adapted ecological politics to the requirements of
action-adventure science fiction.

Warwick Fox’s Towards a Transpersonal Ecology
(1990)—a prospectus for “utopian ecologism”—and
Freya Mathews’ The Ecological Self (1991) continued
the broadening process begun by Bateson. The
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transplantation of ecological concepts to other fields
was continued by the development of a school of
literary “‘ecocriticism”. Ursula Le Guin’s whimsical
essay on “The Carrier Bag Theory of Fiction” (1986),
which draws a basic distinction between ‘‘techno-
heroic” tales of hunters and uncombative novelistic
accounts of gatherers, was reprinted in more earnest
surroundings in The Ecocriticism Reader: Landmarks
in Literary Ecology (1996), edited by Cheryll Glotfelty
and Harold Fromm. The latter volume became the
doctrinal basis of an Association for the Study of
Literature and the Environment founded in 1992.
The British tradition of ecocriticism, founded by
Jonathan Bate’s Romantic Ecology: Wordsworth and
the Environmental Tradition (1991), locates the origins
of ecological concern in English literature in *Roman-
ticism and discovers a coherent tradition extending
therefrom in Arcadian literary responses to the indus-
trial revolution.

ECONOMICS

A term derived from a Greek word signifying the art
of household management, extended by analogy to
pertain to “macroeconomic’ studies of the manage-
ment of the industry and finances of nations, while
retaining a “microeconomic” dimension whose cen-
tral focus in societies that use money is on the deter-
mination of prices. Economics is sometimes called
“the dismal science”, in spite of the capacity of eco-
nomic issues to arouse powerful individual and politi-
cal passions and the fact that economic issues play a
central role in *Utopian fiction from Thomas More’s
Utopia (1516) on. According to St. Paul’s first epistle
to Timothy, “the love of money is the root of all
evil”’—although Jesus had been happy to use it as
a metaphor in the parable of the talents—and it
therefore became the central subject matter of much
literature. Although conventional strategies of story
closure often rank economic rewards second to
romantic ones, there is near-universal agreement to
the proposition that they work best in combination.
Money was one of the earliest and most significant
of all technological innovations, facilitating the
avoidance of problems of equivalence involved in
barter by establishing an external scale in which
exchange values are manifest as prices, and payments
are made in the form of coins or promissory notes.
The use of pieces of metal as tokens of exchange
probably originated in the third millennium B.c., but
the officially certified standardisation of coinage first
became widespread in the seventh century B.C., early
coins often being made of the gold/silver mixture
called ““electrum”. Coins designed for counting rather
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than weighing immediately became vulnerable to
“clipping”—the consequent preferential use of lighter
coins being reflected in Gresham’s law, ““bad money
drives out good”—and gave rise to the dubious art of
forgery. Paper money, first introduced in China in the
eighth century and widely adopted in Europe in the
late eighteenth century, played a discreet but signifi-
cant role in facilitating the industrial revolution.

Money is a unique technology, in that it involves
the deliberate incarnation of an idea, sustained by
social convention; although coins may have a sub-
stantial “objective” value by virtue of the metal they
contain, bank notes have virtually none, and yet their
perceived value makes them far more useful and
desirable than objects whose value is crudely utilit-
arian. Money is essential to the economic organisa-
tion of all but the simplest societies; the development
of accounting systems to keep track of it was a major
force in the development of *writing. On the other
hand, its confusing effect on traditional conventions
of personal obligation is frequently reflected in reli-
gious suspicion, which has been particularly relevant
to the charging of interest on loans.

The foundations of modern economic theory were
laid down in the eighteenth century by the French
“Physiocrats” and their English equivalents. The lat-
ter included Bernard de Mandeville, who formulated
his ideas in the ironic poem The Grumbling Hive, or,
Knaves Turn’d Honest (1705), which became the head-
piece of The Fable of the Bees; or Private Vices, Pub-
lick Benefits (1714; second part, 1729); the literary
form seemed appropriate because of the seeming ethi-
cal paradoxicality of the basic thesis that the net result
of individuals independently seeking to maximise
their own advantage in trade is the collective enrich-
ment of their whole society. Mandeville’s fable
inspired a reply in the Baron de Montesquieu’s fable
of the troglodytes in Lettres persanes (1721), and
Mandeville was represented unsympathetically as
Lysicles in George Berkeley’s dialogue Alciphron, or,
The Minute Philosopher (1732). His argument is also
echoed in John Gay’s The Beggar’s Opera (1728) in
the philosophy of the roguish Peachum.

The condemnation of Mandeville’s ideas as
blasphemous in Simon Tyssot de Patot’s Voyages et
aventures de Jacques Massé (ca. 1715) was intended
ironically, but Claude Helvetius’ De [esprit (1758,
trans. as Essays on the Mind)—which argued that
self-interest is the mainspring of mental and moral
activity—actually was condemned by the Paris parle-
ment and burned by the hangman. Even so, that
notion became the foundation stone of economic the-
ory, taken up by Adam Smith in his landmark analy-
sis of The Wealth of Nations (1776), where its effects
were likened to that of an “invisible hand”. National
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governments had previously taken it for granted that
national prosperity depended on the margin by which
exports exceeded imports, and had thus imposed
heavy excise duties on imports; Smith’s argument
that free trade would work to the benefit of the
whole community of nations implied that all market
regulation ought to be abandoned; this proposition
became one of the most powerful transformative
ideas of the modern era, although it remained an
item of fervent political controversy into the twenty-
first century.

The principal difficulty with the production of
public benefits (that is, general economic growth) by
the invisible hand of the market was that it seemed to
be a temporary process, because competition was
always forcing the price of goods down towards the
cost of their production (the “law of diminishing
returns’’). David Ricardo refined Smith’s arguments
in Principles of Political Economy and Taxation
(1817), partly by means of integrating into his eco-
nomic model the ideas of Robert Malthus regarding
the impossibility of sustaining economic growth pure-
ly by *population growth and the exploitation of new
resources. One of the earliest and most sustained
exercises in the popularisation of science employing
both nonfictional and fictional instruments was
undertaken by Harriet Martineau in order to demon-
strate the principles of the new science, in such works
as lllustrations of Political Economy (1832) and Illus-
trations of Taxation (1834).

Ricardo’s analysis, further refined by John Stuart
Mill’s Principles of Political Economy (1848) became
the lynchpin of governmental economic policy in
Britain, while Smith’s version remained more influen-
tial in the United States, whose population and natu-
ral resources had much greater scope for expansion
and exploitation. The difficulties encountered by the
“mature” economies of Europe exploded in a series of
political upheavals in the year that Mill published his
Principles, assisting the emergence of an alternative
economic model proposed by Karl *Marx. From then
on, economic theory became a political and philo-
sophical battleground on which countless intellectual
and actual armies carried forward increasingly bitter
and bloody conflicts.

The extension of this battleground into the field of
literature was most obvious in the field of Utopian
satire, where moral and political arguments frequent-
ly overshadowed arguments derived from economic
theory. David Stirrat’s A Treatise on Political Econo-
my...in the form of a romaunt (1824) is an exceptional
didactic vision of the future of socioeconomic classes,
but the discourses of Utopian fiction were more elab-
orately influenced by economic theory in the late
nineteenth century, in such works as Cyrus Elder’s



Dream of a Free-Trade Paradise (1872), Theodore
Hertzka’s Freiland (1890, trans. as Freeland), Adeline
Knapp’s One Thousand Dollars a Day: Studies in
Practical Economics (1894), King Gillette’s The
Human Drift (1894), and Lebbeus Rogers’ The Kite
Trust: A Romance of Wealth (1900). Numerous
American works in this vein showed the influence of
Henry George’s Progress and Poverty (1879), which
concentrated on the role of land ownership and man-
agement rather than the entrepreneurial production
of goods, advocating the nationalisation of all land
and the replacement of all other forms of taxation by
rents charged to its various users.

The commercial success of George’s book helped
pave the way for Edward Bellamy’s Looking Back-
ward, 20001887 (1888) to become a huge best-seller.
George’s single tax system is adopted—but subse-
quently modified—by citizens of the free asteroid
Henrygeorgia in the anonymous Man Abroad (1886),
and is imposed temporarily by reformers in Thomas
McGrady’s Beyond the Black Ocean (1901) and James
B. Alexander’s The Lunarian Professor (1909). Anna
Bowman’s The Republic of the Future (1887) is an
anti-Georgian tract. In Ingersoll Lockwood’s 71900,
or, The Last President (1896) George becomes post-
master general when William Jennings Bryan wins the
1896 presidential election, and the country goes to
rack and ruin in consequence. Georgian socialist ana-
lyses were not overtaken in the United States by
Marxist ones until the mid-twentieth century, having
exercised a strong influence on the distinctive Ameri-
can socialist tradition carried forward by Eugene
Debs. Economic arguments deployed by socialist
writers of British scientific romance, such as the one
set out by M. P. Shiel in The Lord of the Sea (1901),
were as likely to be derived from George as from
Marx and Engels.

In terms of economic theory rather than political
implication, what Smith, Ricardo, and Marx had in
common was arguably more significant than their
differences, in that all three accepted the labour theo-
ry of value—the notion that the price of an item was
ultimately dependent on its cost of production, and
hence on the labour invested in its manufacture. The
growing awareness that prices were more heavily de-
pendent on the subjective evaluations of buyers than
the objective costs of sellers encouraged skeptical
reflections on the amazing vagaries of subjective
value, as illustrated by such notorious historical epi-
sodes as Holland’s ““tulipomania” and the scandal of
the “South Sea Bubble”, the later being satirised in
Samuel Brunt’s 4 Voyage to Cacklogallinia (1727).
The replacement of the objective theory of value by
a subjective one led to the development at the end of
the nineteenth century of “marginal utility theory”,
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but the attempt to refine “‘supply-side” economics
with theories of demand proved very difficult because
of the essential mercuriality of demand, which was
subject to such strange phenomena as ““fashion”.

As the twentieth century progressed, the economies
of developed countries became increasingly focused
on “luxury goods” that were enormously sensitive to
the vagaries of demand, and hence to the pressures of
advertisement, whose representations in speculative
fiction—including Villiers de I'Isle Adam’s “L’affich-
age céleste” (1873; trans. as “Celestial Advertising”),
Skelton Kuppord’s A Fortune from the Sky (1903),
and George Allan England’s “A Message from the
Moon: The Story of a Great Coup” (1907)—became
increasingly antipathetic. Such responses to the al-
leged crudity of advertising techniques were, however,
a trifle disingenuous; fiction became increasingly sig-
nificant as a celebrant of the idea and trappings of
luxury, not only generating and amplifying an exact-
ing status envy but peddling the notion that such
rewards were within reach of anyone prepared to
make the most of golden opportunity and native abil-
ity. The best-selling American writer of the 1890s was
the dime novelist Horatio Alger, whose ‘rags to
riches” stories equated poetic justice with material
acquisition and founded one of the most prolific
traditions of twentieth-century popular fiction.

Adam Smith’s championship of the virtue of
free trade was undermined towards the end of the
nineteenth century by increasing anxieties about
the tendency of competing corporations to fuse
into monopolies or to form cartels. This tendency
became an important focus of preventive regula-
tions, and stimulated such fearful anticipations as
Jack London’s The Iron Heel (1907), J. C. Haig’s In
the Grip of the Trusts (1909), and George Allan
England’s The Air Trust (1915). The problems
involved in regulating money supply by metallic stan-
dards also came under scrutiny in such works as
Edgar Allan Poe’s “Von Kempelen and His Discov-
ery” (1849), Henry Richardson Chamberlain’s 6000
Tons of Gold (1894), and Garrett P. Serviss’ The Moon
Metal (1900). The notion of wrecking the world finan-
cial system by destroying its base was presented in an
enthusiastic light by such socialist writers as Jules
Lermina in To Ho le tueur d’or (1905; trans. as To-
Ho the Gold-Slayer) and England in The Golden
Blight (1912). Frank O’Rourke’s satire Instant Gold
(1964) updated the notion.

The tradition of Utopias based in economic theory
continued in the mid-twentieth century in such works
as Robert Ardrey’s World’s Beginning (1944), Henry
Hazlitt’s The Great Idea (1951; aka Time Will Run
Back), and Ayn Rand’s fervently propagandistic
Atlas Shrugged (1957). Notable twentieth-century
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satires on economic theory included Upton Sinclair’s
The Millennium (1914; book, 1924), in which the eco-
nomic phases of social development are rapidly
reenacted by a small company of survivors in the
wake of a disaster, and Archibald Marshall’s
Upsidonia (1915), which describes a society in which
fundamental self-interest is overwhelmed by the pres-
sure of social disdain.

Economic theory had little impact on early pulp
science fiction, although an exotic exchange system is
featured in Stanton A. Coblentz’s The Blue Barbarians
(1931). It was imported into John W. *Campbell’s
Astounding Science Fiction by Robert A. *Heinlein,
extrapolating notions he had developed during his
brief involvement with Upton Sinclair’s EPIC (“End
Poverty in California”) campaign. In “The Roads
Must Roll” (1940) a transport strike is called in the
name of “Functionalism”—the proposition that the
greatest economic rewards should go to the workers
whose jobs are most vital to a society’s infrastructure.
“Let There Be Light...” (1940, by Lyle Monroe)
discusses the economic logic of the suppression of
innovation by power groups heavily invested in exist-
ing technologies. “Logic of Empire” (1941) includes
similar discussions of the economics of slavery. “The
Man Who Sold the Moon” (1950) describes the
financing of a pioneering Moon voyage—an issue
taken up by numerous subsequent Space Age fanta-
sies, including Alexis Gilliland’s “The Man Who
Funded the Moon” (1989). Heinlein’s economic
theorising was comprehensively updated in The
Moon Is a Harsh Mistress (1966), which helped to
popularise the acronym TANSTAAFL (“There Ain’t
No Such Thing as a Free Lunch”); the precedents he
set were enthusiastically followed up by numerous
exponents of libertarian science fiction.

Notable science-fictional contes philosophiques
exploring the consequences of economic theory in-
clude Henry Kuttner’s “The Iron Standard™ (1943;
initially by-lined Lewis Padgett), in which human cast-
aways disrupt the economy of an alien culture, and
Poul Anderson’s “The Helping Hand” (1950), which
offers a scathing analysis of the economics of “foreign
aid”. The economics of *colonisation, which had
provided a major bone of contention in British politi-
cal economy throughout the nineteenth century, were
extrapolated on a galactic stage by Anderson’s
Polesotechnic League series, including the novelettes
collected as Trader to the Stars (1964), which feature
Nicholas van Rijn, the ingenious manager of the Solar
Spice and Liquors Company. The principal provider
of economics-based science fiction to Campbell’s
magazine in the 1960s was Mack Reynolds, whose
parents were socialist activists and whose ideas were
strongly influenced by Eugene Debs; his work ranged

146

from low-key contes philosophiques such as ““Subver-
sive” (1962) to flamboyant accounts of economic
subversion on a planetary scale such as “Ultima
Thule” (1961; exp. as Planetary Agent X, 1965). “Ad-
aptation” (1961; exp. as The Rival Rigelians 1967)
describes an experiment in which spacefarers divide a
planet’s nations between themselves in order to com-
pare the relative efficacy power of free enterprise
and Marxist planning as forces of social evolution.
Reynolds went on to write a substantial series of
Utopian novels updating the ideas of Edward Bellamy,
beginning with Looking Backward, from the Year 2000
(1973) and Equality in the Year 2000 (1977).

This work was produced against the background
of a slow revolution in political economy brought
about by recognition of the power and responsibility
of governments to exercise a certain amount of con-
trol over demand, as analysed by John Maynard
Keynes. The application of sophisticated mathemati-
cal analysis to the rapidly growing stock of historical
and contemporary economic data—which came in
quantified form, thanks to the ubiquity of money as
an exchange mechanism—resulted in a dramatic com-
plication of economic analyses, engendering a massive
proliferation of ‘“‘economic indicators”. Increasing
precision of analysis could not compensate, however,
for the fundamental mercurialness of demand, which
continued to limit the explanatory power of economic
analyses. The practical application of economic theo-
ry was also undermined by the fact that any predic-
tions issued by economists immediately affected the
behavior of the people involved in the marketplace,
altering the situation whose analysis had produced
the prediction: a classic instance of the paradox of
prophecy whose effects became increasingly obvious.
This inability to anticipate the future of economic
systems worked to the disadvantage of the public
image of economists, who came to be seen as inept
dogmatists continually outflanked by the unexpected,
but it had considerable dramatic value for writers
constructing plots, especially contes cruels celebrating
the irony of fate.

The seeming perversities of economic theory were
satirically extrapolated in science fiction by Frederik
Pohl in such stories as “The Midas Plague (1954), in
which the efficiency of mechanical production results
in citizens being afflicted with ever-more-burdensome
consumption quotas to maintain economic growth,
and “The Tunnel Under the World” (1955), which
extrapolated the newly fashionable practice of market
research to a new extreme. Pohl imported such con-
cerns into two of the novels he wrote in collaboration
with C. M. Kornbluth: The Space Merchants (1953),
in which the economy of the United States is driven
to extremes of conspicuous consumption and the



advertising industry has become the principal instru-
ment of government; and Gladiator-at-Law (1955), in
which the stock market reigns supreme, strategically
manipulated by monopolistic corporations run by the
ultimate decadent capitalists.

The necessity of stoking up demand to maintain
economic growth was further extrapolated in Robert
Sheckley’s “Cost of Living” (1952) and Louis
Charbonneau’s The Sentinel Stars (1963), in which
the inheritance of wealth is replaced by the inheri-
tance of ever-escalating family debt, and Damon
Knight’s Hell’s Pavement (1955, aka Analogue Men).
Knight’s “A for Anything” (1957; exp. as The People
Maker) explored the socioeconomic consequences of
the instant disruption of the monetary exchange
mechanism by the invention of a matter-duplicator,
and makes an interesting contrast with other stories
on an identical theme, including George O. Smith’s
“Pandora’s Millions” (1945) and Ralph Williams’
“Business as Usual, During Alterations” (1958).

The potential economic consequences of alien con-
tact are explored in a number of stories by Clifford D.
Simak, including The Visitors (1980). In D. C. Poyer’s
Stepfather Bank (1987), the dictatorial rule of a World
Bank is secured by its ability to lure dissenters into
debt. Almost all science fiction stories of this kind
have a sarcastic edge, considerably sharpened in
such satires as Christopher Anvil’s “Compound
Interest” (1967), Lee Killough’s “Caveat Emptor”
(1970), Joseph H. Delaney’s “My Brother’s Keeper”
(1982), and Hayford Peirce’s series featuring an
“ethical stockbroker”, which includes “The Boxie
Rebellion” (1979; incorporated into Jonathan White,
Stockbroker in Orbit, 2001). Economists using futur-
ological scenarios to dramatise their ideas, as in the
anonymous Report from Iron Mountain on the Possi-
bility and Desirability of Peace (Dial Press, 1967) and
Paul Erdman’s The Crash of 79 (1977), were readily
infected by the tendency to sarcasm. The economic
problems of Third World development became an
increasingly important concern of global economists
in the last quarter of the twentieth century, reflected in
such literary works as Bruce Sterling’s ““Green Days in
Brunei” (1985) and Islands in the Net (1988). The
vulnerability of money held in *cyberspace to fraudu-
lent manipulation also became a considerable concern,
reflected in such speculative fictions as L. E. Modesitt
Jr.’s “The Great American Economy” (1973).

EDISON, THOMAS ALVA (1847-1931)

U.S. technologist who became a legend in his lifetime
and the archetype of the ingenious inventor; his re-
markable life story became a key narrative in the

EDISON, THOMAS ALVA (1847-1931)

popular understanding of technological evolution.
Edison had almost no formal schooling, although he
was tutored by his mother, a former schoolteacher.
He set up a small laboratory in the cellar of his home
when he was ten, becoming fascinated by electrical
phenomena and gadgetry; when he “went into busi-
ness” at the age of twelve, selling supplies to rail
passengers, he moved his laboratory to a baggage
car. He trained himself in telegraphy and spent the
Civil War years as a peripatetic telegrapher before
briefly obtaining a position with Western Union in
1868. Shortly afterwards he read Michael Faraday’s
Experimental Researches in Electricity (1839), which
inspired him to intensify his own endeavours and to
quit Western Union in order to work for himself.

Edison soon registered his first patent, for an elec-
trical vote recorder. The device was a technical
success but a commercial failure—an experience he
accepted as a crucial lesson. After moving to New
York in 1869, he was living in a Wall Street basement
when the Western Union’s telegraphic price indicator
in the Gold Exchange broke down. After repairing it,
he was installed as its supervisor, and the company
commissioned him to improve the stock-ticker that
had recently come into use. The Edison Universal
Stock Printer, together with other modifications of
contemporary telegraph machines, made him a for-
tune, providing him with the capital to set up as a
manufacturer of telegraph machines in Newark, New
Jersey. Western Union remained his leading client as
he applied his knowledge to the refinement of a wide
range of emergent electrical technologies, but he also
hawked his wares to its rivals. In 1876, he moved his
laboratory to Menlo Park, where he established a
“scientific village” for his employees’ families. Menlo
Park became famous as the operating arena of the
United States’ primary genius.

Edison maintained a relentless pace, applying for
patents at a greater rate than one a day. He missed
out on patenting the telephone, but quickly improved
Alexander Graham Bell’s model with a carbon trans-
mitter. He achieved two significant breakthroughs in
quick succession when he patented the phonograph in
1877 and the electric light bulb in 1879, the latter
securing the fortunes of the Edison Electric Light
Company he had established with venture capital
from J. P. Morgan and the Vanderbilts. His acciden-
tal discovery in 1883 of the current flowing between
a hot and cold electrode—which he named the
Edison Effect—found no immediate application, but
eventually gave rise to the electron tube and the elec-
tronics industry. He increased the size of his operation
when he moved it from Menlo Park to West
Orange, whose Edison Laboratory eventually became
a national monument; its products included the
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mimeograph, the alkaline storage battery, the fluoro-
scope, and the dictating machine, and he made highly
significant improvements to motion picture cameras
and projectors.

Even in the period of his greatest success, Edison’s
commitment to direct current rather than the alter-
nating current developed by his one-time employee
Nikola Tesla cost him dearly; he gradually lost con-
trol of his principal marketing instrument, the Edison
General Electric Company—which subsequently for-
sook his name—and the millions he subsequently
poured into the attempted exploitation of his movie
technology completed the loss of his fortune. He
continued to work hard, however, heading the
Naval Consulting Board during World War I and
establishing the Naval Research Laboratory in 1920.

Edison’s celebrity stamped itself firmly on the early
development of American science fiction in the dime
novels medium, whose heroic gunslingers and detec-
tives were supplemented by a flock of young inventors,
one of whom was called Tom Edison Jr. and all of
whom were cast in the same mould. John Clute coined
the term “Edisonade” (by analogy with Robinsonade)
to describe an entire subgenre of stories sprung from
this fountainhead, in which heroic inventors devise
technological fixes to save their communities from
disaster—the ultimate celebration of individual
improvisation under the spur of necessity.

Edison had a cameo role in Pearl Benjamin’s “The
End of New York™ (1881), but he played much more
important parts in the Comte de Villiers de I'Isle
Adam’s L’Eve Future (1886; trans. as Tomorrow’s
Eve) and Garrett P. Serviss’ Edison’s Conquest of
Mars (1898; book, 1947), a newspaper-serial sequel
to H. G. Wells’ The War of the Worlds. He was
credited as a source of ideas in George Parson
Lathrop’s futuristic fantasy “In the Deep of Time”
(1897). He is featured in Manly Wade Wellman’s
Giants from Eternity (1939; book, 1959) and Kurt
Vonnegut’s “Tom Edison’s Shaggy Dog” (1953), in
which he tries out an intelligence analyser on his dog.
He runs for president against William Jennings Bryan
in Geoffrey A. Landis’ alternative history story “The
Eyes of America” (2003).

EGAN, GREG (1961-)

Australian writer and computer programmer. He
became one of the outstanding *hard science fiction
writers of the 1990s, publishing a series of unprece-
dentedly adventurous and philosophically sophisti-
cated short stories and novels combining ideas
drawn from physics, cosmology, and biology with
uncompromising theoretical exactitude. ‘“Beyond the
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Whistle Test” (1989), describing the application of
computers to the analysis of the brain’s responses to
music, is relatively tentative, but “Learning to Be
Me” (1990) is a more robust exploration of possibi-
lities of neurological manipulation that were further
extrapolated in “Transition Dreams” (1993) before
being taken to a remarkable extreme in “Reasons to
be Cheerful” (1997). In “Fidelity” (1991) a *nano-
technological lock secures neural pathways so that
love really can last forever. “In Numbers” (1991)
features an exotic kind of space sickness.

Egan’s first novel, Quarantine (1992), extrapolated
the *uncertainty principle to a new extreme. When
human astronomical observation begins to influence
the nature of the universe by collapsing its inherent
uncertainties, Earth is isolated in order to protect it.
Permutation City (1994) found abundant new poten-
tial in the idea of achieving immortality by uploading
personalities into *cyberspace; in one of its subplots
a population of insectile cellular automata evolve to
independence of thought and the acquisition of armed
might. In the meantime, biochemical genetics
provided a basis for “Cocoon” (1994), in which a
bioartifact designed to protect embryos from AIDS
has more controversial potential applications, includ-
ing the prevention of homosexuality, and “Mitochon-
drial Eve” (1995), in which feminists and masculinists
are driven to violent conflict by evolutionary extra-
polations.

The *political fantasy Distress (1995), set on a
quasi-Utopian floating island, has a principal plot
organised around the impending announcement of a
crucial advance in theoretical *physics, while one of
its subplots features the Voluntary Autists—an orga-
nisation of sufferers from Asperger’s syndrome whose
resistance to the threat of compulsory corrective sur-
gery leads them to challenge the notion that a “nor-
mal” ability to read other people’s emotional states is
anything more than a comforting delusion. The
biological fantasy Teranesia (1999) is more restrained
in its use of ideas than its predecessors, but the *cos-
mological extravaganza Diaspora (1997) more than
made up for it. The sudden destruction of life on
Earth by radiation from a gamma-ray burster forces
a number of space habitats largely staffed by uploaded
personas to set off on a series of exploratory expedi-
tions, which eventually take them far into a hierarchi-
cal *macrocosm. Schild’s Ladder (2002) tracks the
creation and evolution of a ‘“novo-vacuum” that
begins to expand into a new cosmos in the wake of its
own *Big Bang.

The sequence of contes philosophiques assembled in
the collections Axiomatic (1995) and Luminous (1998)
continued in his subsequent work. “The Planck Dive”
(1998) features a suicidal journey into a *black hole.



“Oceanic” (1998) describes the conflict between the
Deep Church and heretic Transitionals. “Border
Guards” (1999) features virtual “quantum soccer” in
the context of a meditation on the changes wrought in
the significance of death by new technologies of
longevity. In “Oracle” (2000) alternative-historical
stand-ins for Alan Turing and C. S. Lewis confront
one another in a 1950s TV debate about whether
machines can think. In “Singleton” (2002) an artificial
intelligence is painstakingly educated by its creator,
who is troubled by the conviction that all of his choices
are taken both ways in the many worlds of quantum
uncertainty and is intent on shielding the artificial
intelligence’s host computer from quantum entangle-
ments, so that all its decisions will be absolute.

EINSTEIN, ALBERT (1879-1955)

German theoretical physicist whose reputation
became a counterpart of sorts to that of Thomas
*Edison, in that he similarly became a legend in his
lifetime and an archetype of the popular imagination,
in his case of “pure’” rather than “applied” science.
As with Edison, his remarkable life story became a
key narrative in the popular understanding of the
evolution of science.

Einstein’s schooling in Munich was rigidly disci-
plined, but he was not considered an outstanding
pupil. Initially, he preferred music—he became an
accomplished violinist—to science, and he failed to
complete his diploma. His father and uncle owned an
electrical factory and engineering works, but it did
not flourish and his family moved to Milan. Einstein
resumed his education in Switzerland, eventually
studying physics at the Polytechnic Academy in
Zurich before getting a job as an examiner in the
Patent Office in Bern in 1900. He completed a thesis
on “A New Determination of Molecular Dimen-
sions” to qualify for his Ph.D., publishing it in the
Annalen der Physik in 1905; in a remarkable burst of
theoretical creativity, he published four further papers
in the same journal before the year’s end.

The first of these papers suggested an explanation
of the phenomenon of Brownian motion—the ran-
dom movements of microscopic particles suspended
in a liquid medium—in terms of molecular kinetics.
The second postulated that light is composed of indi-
vidual quanta, using this hypothesis to explain the
enigmatic photoelectric effect; it was this paper that
was to win him the Nobel Prize in 1921. The third
proposed the special theory of *relativity, based on
the assumption that the speed of light is constant for
all observers, whose subjective measurement of space
and time varies according to their relative velocities.
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The fourth added a footnote to this theory, which
deduced the equivalence of mass and energy and cul-
minated in the famous equation E = mc?. The illimit-
able consequences of this flood of inspiration were all
the more remarkable in light of the fact that his
consequent attempts to supplement them came to
very little once he had expanded the special theory
of relativity into the general theory in 1916. Like
Edison’s eventual commercial failure, this decline
from a spectacular zenith became part and parcel of
his legend.

Einstein’s work did not win universal acceptance
immediately, but it captured the allegiance of many
other theoretical physicists in advance of the first
major demonstration of one of the general theory’s
consequences, when light rays passing close to the
Sun were shown to suffer deflection by gravity during
the solar eclipse of 1919. That vindication secured
Einstein’s international reputation as a genius, but
he was then living in Berlin; his conversations with
Alexander Moszkowski—the author of the Utopian
satire The Isles of Wisdom—in Einstein, Einblicke in
seine Gedankenwelt (1920) reveal the extent of his
anxieties about that situation. The rising tide of
German anti-Jewish feeling led to his being castigated
during the 1920s as a champion of allegedly obscu-
rantist “Zionist” or “Bolshevik™ theory that flew in
the face of commonsense. This persecution served to
increase the dimensions of his heroism further; he
travelled widely during this period, using his platform
to preach pacifism as well as the new physics, eventu-
ally renouncing his citizenship and leaving Germany
for good when the Nazis came to power in 1933.

Having accepted a position at the Institute for
Advanced Study at Princeton, Einstein remained
there for the rest of his life, conspicuously burdened
by stoical sadness in the face of historical events and
struggling heroically but unavailingly to produce a
theory that would settle the conflict of apparent con-
tradictions between relativity and quantum mechan-
ics. In many minds, including his own, his failure to
produce that “grand unifying theory” mirrored the
political failure of Cold War politics; although he died
in his sleep, rumor persisted in reporting that he was
scribbling equations desperately until the end. The
last item of writing he left incomplete was actually a
speech in celebration of Israel’s Independence Day.

Although he wrote a crucial letter to President
Roosevelt on the feasibility of developing an *atom
bomb, Einstein played no active part in the Manhat-
tan Project, and learned about the destruction of
Hiroshima in the same manner as the most ordinary
of citizens. Public opinion, however, insisted on
reckoning him among the fathers of the bomb. In
Frederik Pohl’s sarcastic fantasy ‘““Target One”
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(1955) he is assassinated on those grounds—but his
killers do not return, as they intended, to a future
without the bomb.

Einstein’s imagistic influence was at least as great
as Edison’s, and his physical appearance—somewhat
reminiscent of a frail but infinitely serious and deeply
melancholy teddy bear—made him a far more sympa-
thetic character in an age dominated by *photograph-
ic representations. Andy Warhol produced a portrait
of him in 1980 and he was Time Magazine’s man of
the century in 1999. The many anecdotes in which he
features, and his most widely quoted aphoristic
remarks, emphasise his modesty as much as his wis-
dom. The nature of his achievement, however, was
much less amenable to literary imitation, becoming a
byword for abstruseness and incomprehensibility—
Arthur Eddington, asked in 1919 whether it was true
that only three people in the world understood
the theory of general relativity, allegedly replied
“Who’s the third?”’ In consequence, Einstein’s fiction-
al clones remained ineluctably mysterious, beyond the
pale of common humanity. Representations of him in
such historical fictions as Terry Johnson’s play Insig-
nificance (1982; film, 1985) invariably combine rever-
ence with puzzlement, and a suspicion that his
heartfelt commitment to pacifism and social justice
was merely one more symptom of his unworldliness.
Fictional simulacra such as Professor Barnhardt in
The Day the Earth Stood Still (1951) and Dr. Know
in Steven Spielberg’s 47 (2001) do not contradict this
impression.

Although Einstein produced some autobiographi-
cal writings, including My Philosophy (1934) and Out
of My Later Years (1950)—not to be confused with
Gerhard Roth’s novel Die Autobiographie des Albert
FEinstein (1972; trans. as The Autobiography of Albert
Einstein), whose protagonist is delusional—they
concentrate almost entirely on his scientific work,
explicitly setting out to avoid the “merely personal”.
Anthony Storr’s characterisation of ““schizoid creativ-
ity” in The Dynamics of Creation (1972) includes a
supplementary chapter devoted to him and Isaac
Newton, as exemplars of highly intelligent men who
expressed their schizoid tendencies in building “New
Models of the Universe”. Subsequent psychological
analysts might be more likely to interpret the same
“symptoms” in terms of Asperger’s syndrome, with
much the same effect.

Einstein plays an orthodox heroic role in Richard
A. Lupoff’s Countersolar! (1987)—in which his chief
antagonist is Eva Peron. In Stephen Kraus’ “Frame
of Reference” (1988) it is he, not John Scopes, who is
prosecuted in the Deep South for scientific heresy by
William Jennings Bryan in the 1920s, and defended by
Clarence Darrow. In George Alec Effinger’s story of a
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time machine invented in a Naziless Germany in 1938,
“Everything But Honor” (1989), he appears alongside
Werner Heisenberg and Erwin Schrodinger. Alan
Lightman’s Einstein’s Dreams (1993) is a philosophi-
cal rhapsody in which the great man dreams of
alternate worlds in which time is experienced differ-
ently. Einstein is cloned in Robert Silverberg’s
“The Millennium Express” (2000). He features as
the protagonist of Zoran Zivkovic’s “The Violinist”
(2002), and is insistently present in spirit in Michael
Swanwick’s “The Dark Lady of the Equations”
(2003), which illustrates Einsteinium in the author’s
Periodic Table of Science Fiction. In Deborah
Layne’s Western transfiguration “The Legend of
Jake Einstein” (2004) the eponymous gunslinger is
involved in a shootout with Ned Bohr. Kevin
McLaurty’s The Einstein Code (2004) takes the form
of a fictitious diary recording Einstein’s responses to
the evolution of speculative fiction (including a
meeting with Isaac Asimov).

Einstein is the subject of Philip Glass’ opera Ein-
stein on the Beach (1976), Ed Metzger’s one-man stage
show Albert Einstein: The Practical Bohemian (1978),
and Yahoo Serious’ film Young Einstein (1988), and
he also features in Steve Martin’s play Picasso at the
Lapin Agile (1996). No other scientist has enjoyed
such a rich and varied existence in the worlds of
modern legend and fiction.

ELECTRICITY

The phenomena aggregated under the heading of
electricity are now known to be those arising from
the *atomic property of charge, and have been theo-
retically fused with those of *magnetism, but those
that were known before the nineteenth century
seemed peculiar and deeply enigmatic. The adjective
“electric”’—used by William Gilbert, in De Magnete
(1600)—was first applied to attractive forces gener-
ated by friction; the term “‘electricity’ itself may have
been used for the first time by Sir Thomas Browne
in 1646.

Gilbert attributed the attractive power of a fric-
tion-charged object to the removal of a fluid
“humor”, which left a kind of aura around it. Such
electrostatic phenomena were frequently studied by
experimenters, but it was not until 1729 that Stephen
Gray discovered electrical conductivity. Shortly there-
after Charles Dufay—Louis XV’s gardener—pointed
out that Gilbert’s attractive force had a repulsive
counterpart. Benjamin Franklin signified the opposed
forces as + and — and proposed that they were always
in balance; his experimental attachment of a key to a
kite, which he flew in a thunderstorm to attract and



conduct lightning—thus demonstrating that it was an
electric phenomenon—became one of the best-known
legends of science. A suggestion by Franklin led
Joseph Priestley—who published a History of Elec-
tricity in 1767—to determine that electrical attraction
was similar to gravitational attraction in that its force
was subject to an inverse square law.

The notion that the fundamental property of *life
might be electrical was enthusiastically extrapolated
by James Graham, who concluded that electric shocks
were of immense medical value. From 1775 onwards
he offered a variety of electric and magnetic therapies
at a series of Temples of Health and Hymen in Bath,
Bristol, and London. The notion that life is “vital
electricity” was encouraged by Luigi Galvani’s dis-
covery—made in 1780 and published in 1792—that
electrical stimulation could cause a frog’s muscle to
contract; the study of electric currents became known
as “‘galvanism” thereafter. Alessandro Volta applied
Galvani’s observations of the effects of contact
between metals and moist surfaces to the develop-
ment of the voltaic pile, the first electrical battery. In
the early nineteenth century the English electrical
experimenter Andrew Crosse became convinced that
he had generated invertebrate life-forms by electrical
stimulation, but Humphry Davy obtained much
better results with his pioneering endeavours in elec-
trochemistry.

In 1820, Hans Christian Oersted published his
observations of the effect of electrical currents on
compass needles; within five years André-Marie
Ampere had produced an early formulation of the
mathematical laws governing the interaction of
currents and magnetic fields. The phenomenon of con-
ductivity, and the “resistance” variously manifest by
different substances, was mathematically analysed by
Georg Simon Ohm. The various threads of this work
were gathered together and further extended by
Michael Faraday, who listed eleven fundamental pro-
positions regarding electrical phenomena in 1834.
His discovery of electromagnetic induction and devel-
opment of the concept of ““lines of force” making up an
electrical field paved the way for electric motors,
but the first important technological application of
electrical theory was the development of telegraphy
by Samuel Morse in 1830s; the commercially viable
system he demonstrated in 1838 launched a new indus-
try. The relationship between electrical currents and
heat was investigated by James Prescott Joule, who
published his findings in 1841.

The fusion of electrical and magnetic theory begun
by Faraday was completed by James Clerk Maxwell
in a definitive set of equations published in 1864,
which also incorporated the connection, first made
by Gustav Kirchhoff, between electromagnetism and
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light. Faraday had suggested in 1833 that electricity
might be particulate rather than fluid, and Maxwell
also referred to ““molecules” of electricity, even
though his equations described *etheric waves. J. J.
Thomson’s experiments with primitive cathode-ray
tubes in the mid-1890s proved that electricity did
indeed consist of individual components that were
soon named ‘“‘electrons”, whose discovery prompted
new models of the atom. By this time, the revolution
in electrical technology begun by Morse was acceler-
ating rapidly, spearheaded by Thomas *Edison’s
pioneering endeavours in the industrialisation of
invention.

The early impact of these developments on the
literary imagination was mostly focused on the notion
of vital electricity, their most striking reflection being
Mary Shelley’s account of the ‘““modern Prometheus”,
Frankenstein (1818). Shelley’s exemplar helped to en-
sure that the idea was mainly used throughout the
nineteenth century to shore up horrific motifs, most
graphically in such fin-de-siecle stories as J. Maclaren
Cobban’s Master of His Fate (1890) and Arthur
Conan Doyle’s “The Los Amigos Fiasco” (1892).
A redemption of sorts began, however, when William
Crookes’ experiments with ‘“‘cathode rays” in the
1870s were explicitly linked by him and others to the
burgeoning field of “psychic research”, later renamed
*parapsychology, thus helping to stimulate the
*occult revival. Marie Corelli’s best-selling 4 Romance
of Two Worlds (1887) celebrated the enlivening power
of occult electricity, redefining God as a ““circle of
electric force”, while Alfred Smythe’s The New Faust
(1896) explained all psychic phenomena as manifesta-
tion of an Electric Principle permeating the universe.
In William Hope Hodgson’s The Night Land (1912),
the last hopes of humankind are invested in the
invigorating “Earth-Current”.

Such narrative moves reflected the fact that elec-
tricity was widely seen by nonscientists as a kind of
magical force, and Maxwell’s equations as arcane
formulas. An important conceptual boundary had
been crossed that placed the explanation of electro-
magnetic phenomena outside the range of common
comprehensibility. Rather than life acquiring an ap-
pearance of explicability by virtue of its reconceptua-
lisation as vital -electricity, electricity took on
something of the essential mysteriousness of life,
remaining in the realm of the occult because many
people simply could not conceptualise it clearly. The
accelerating flood of technological applications
demonstrated the competence of scientific under-
standing of electricity, but did not make that under-
standing any easier for the untrained mind to grasp.

Speculative extrapolation of the idea that electrici-
ty might become an important power source for
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machinery made exceedingly rapid headway after
1870, when the advanced capabilities of Jules Verne’s
Nautilus were casually explained as applications of
electricity. The Utopian society of Edward Bulwer-
Lytton’s The Coming Race (1871) is powered by the
ubiquitous electric force of vril, and Robert Dudgeon
Ellis’ Colymbia (1873) is also comprehensively electri-
fied, drawing its power from the Earth’s magnetic
field. Albert Bleunard’s La Babylone électrique
(1888; trans. as Babylon Electrified) provided a
striking symbolic depiction of the raising of an all-
electric city, Liberty, from the ruins of Babylon, while
Herbert D. Ward’s “The Lost City” (1891) imagined
an all-electric U.S. city of Russell, but few literary
images bothered with such limited scales of represen-
tation. The majority of projections of electrical tech-
nology leapt directly to images of whole societies—or
the entire world—completely transformed by electric-
ity, as displayed in such Utopian romances as John O.
Greene’s The Ke Whonkus People (1890), Kenneth
Folingby’s Meda (1891), Robert Grimshaw’s Fifty
Years Hence (1892), Byron Brooks’ Earth Revisited
(1893), A. Garland Mears’ Mercia (1895), Alexander
Craig’s lonia (1898), Arthur Bird’s Looking Forward
(1899), Albert Adams Merill’s The Great Awakening
(1899), and Herman Hine Brismade’s Utopia Achieved
(1912).

L. Frank Baum declared in a didactic ‘“‘electrical
fairy-tale” that electricity was The Master Key (1901)
to the future—a notion dramatised in similar fashion
in John Trowbridge’s The Electrical Boy (1891).
Harry W. Hillman’s Looking Forward: The Phenome-
nal Progress of Electricity in 1912 (1906)—in which
the author’s employer, George Westinghouse (Thomas
Edison’s principal rival in the marketplace) appears as
a character—is an early example of fiction used as
advertising. By this time, electrical machinery was very
widely distributed in popular fiction, being the chief
stock-in-trade of tales of *invention. Electricity became
an ubiquitous facilitating device, applicable to almost
any hypothetical purpose—as, indeed, it seemed to be
in actuality. The twentieth century saw Baum’s and
Hillman’s hopes abundantly justified, particularly with
the development of new “electronic” technologies
employing “vacuum tubes” as electronic valves.

The Edison’s company’s British adviser, John
Ambrose Fleming, developed a diode vacuum tube
in 1904, which could filter current generated by
*radio waves so that the output current only flowed
in one direction. In 1907, Lee DeForest inserted a
third electrode between the anode and cathode to
produce a triode, which added the property of ampli-
fication to that of rectification, eventually leading to
the development of radio broadcasting. The addition
of further electrodes enabled vacuum tubes to acquire
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and refine further properties, including oscillation,
frequency modification, and switching, which led to
the eventual development of *TV receivers and cam-
eras. Tubes filled with various gases also proved use-
ful, especially those filled with neon adapted for
lighting purposes. While these developments were
taking place, the scope of electronics was dramatically
widened by the development of semiconductors and
the consequent rapid advancement of “‘solid-state”
devices, which permitted a gradual replacement of
vacuum tubes by transistors, greatly facilitating the
development and manufacture of *computers.

To laypersons, electronic technology represented
the perfection of electricity’s arcana, its abstruse
equations further supplemented by circuit diagrams
whose straight lines and graphic symbolism belied the
complexity of their significance. The peculiar proper-
ties of the vacuum tube—exemplified by its ability
to produce eerie glows—and its amazing ubiquity
secured it an iconic role in the visual representation
of laboratories and *scientists at work, supplementing
the chemical symbolism of the test tube. The descrip-
tions of hypothetical machines in early twenticeth-
century speculative fiction routinely refer to glowing
tubes, employing them as key emblems of power and
ingenuity, and such imagery was readily transferred
to the *cinema. Within little more than a generation,
electricity had passed from the outer limits of the
literary imagination to such wide fictional distribution
that it had become exceedingly difficult to imagine a
world without it, although its abrupt stoppage was
featured in numerous *disaster stories. Christopher
Anvil’s “Not in the Literature” (1963) is a very rare
attempt to imagine an alternative twentieth century
whose technology is based entirely on chemistry, and
in which electricity’s belated discoverer is brusquely
brushed off as a crackpot believer in magic.

ELEMENT

One of a set of fundamental components out of which
all experienced substances are made. Early Greek
philosophers proposed that there must be a single
essential principle of matter, to which all forms of
physical existence might ultimately be reduced, but
they disagreed as to its nature. Thales suggested
*water, Anaximenes *air, Heraclitus *fire, and Xeno-
phanes *earth, while Anaximander proposed that
there must be an invisible “fabric”, the apeiron (un-
limited), out of which these apparent elements must
be made. Empedocles popularised the compromise
view that the experienced world is made up of four
elements, while the fabric of the heavens is a distinct
*ether. In the Aristotelian cosmology the four elements



are arranged hierarchically, in spite of their interaction
and admixture, with earth as the foundation and the
native spheres of water, air, and fire stacked
sequentially upon it; Aristotelian *physics is based on
the notion that each element has a tendency to return
to its “natural location”.

The theory of the four elements remained a con-
ventional instrument of analysis until the Renais-
sance, when its use within *alchemy was subjected to
new elaborations of mystical significance, which
found parallels in other disciplines according to the
invariable tendency of *occult science. The four ele-
ments were already mirrored in the four humours of
Classical medical theory, and echoed in *astrology,
where the twelve signs of the zodiac were divided into
four affinity groups. *Paracelsus helped to revitalise
the notion that each element had an associated “ele-
mental spirit”—a notion extravagantly developed
in German *Romantic literature, most famously in
Friedrich de la Motte Fouqué’s Undine (1812). The
same symbolism was elaborately developed in Eng-
land, notably in Erasmus *Darwin’s The Temple of
Nature (1803) and—in syncretic amalgam with other
folkloristic analogies—the poetry of Percy Shelley. In
France, the four “great elementals” were credited
with a creative role in Tiphaigne de la Roche’s alle-
gorical Giphantie (1760; trans. as Gyphantia).

The notion of a single underlying principle
resurfaced in alchemical speculation, reflected in
such literary representations as the “primitive ele-
ment” for which the anti-hero of Honoré de Balzac’s
Le recherche de I'absolu (1834: trans. as The Quest for
the Absolute) searches in vain. The notion is also
broached in Edward Bulwer-Lytton’s occult romance
A Strange Story (1862) and is fused with a hypotheti-
cal *electrical fluid in the vri/ featured in The Coming
Race (1871). The development of modern chemistry
produced a version of this notion in which all atoms
are regarded as complications of the fundamental
hydrogen atom, to which they might be reduced—a
hypothesis that forms the basis of the apocalyptic
technology featured in Fred T. Jane’s The Violet
Flame (1899). Another universal substance transmut-
able into any other is featured in William Cane and
John Fairbairn’s The Confectioners (1906).

The development of *chemistry out of alchemy
involved a dramatic proliferation of the number of
substances perceived as elements, although the old
scheme lingered into the eighteenth century. Follow-
ing precedents set in the revised atomic theory of
Robert Boyle, the term was redefined by Antoine
Lavoisier in Traité élémentaire de chimie (1789) as a
substance that could not be decomposed into further
substances. Lavoisier and Joseph Priestley had al-
ready demonstrated that neither water nor air was
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an element in this sense; earth plainly did not qualify,
and the same experimenters had also come up with a
new theory of combustion to account for fire. As
more substances were shown to be compounds,
more new elements were discovered, assisted by new
methods of isolation like Humphry Davy’s electro-
chemistry. The process of identification made rapid
progress in the early nineteenth century, and the new
chemical elements were swiftly subjected to the taxo-
nomic organisation of Dmitri Mendeleev’s periodic
table in 1869.

The periodic table of the elements became a stimu-
lus to further discovery as researchers raced to fill in
its various gaps and complete the pattern in to which
the first ninety-two elements fell—relatively tidily,
save for the anomaly of the “rare earths”, which
formed a sidebranch. Before this work had been com-
pleted, however, *atomic theory had moved into a
new phase, having demonstrated that the chemical
elements were not the ultimate constituents of matter
at all. Early twentieth-century expectation that there
might be only a few “‘elementary particles” making up
the chemical elements were dashed in their turn when
the number of subatomic particles observed in cyclo-
trons and predicted by hypothetical organising
schemes began to grow profusely in the second half
of the twentieth century. Theoretical physicists then
took the search for relative simplicity to the even-
more-fundamental level of quark theory.

In spite of their scientific supersession, the four
Classical elements retained a powerful influence on
literary imagery. The exemplars provided by Roman-
tic literature, in which metaphorical representation of
natural phenomena in terms of the four elements had
not only taken aboard but further extended the mys-
tical elaborations of the Paracelsians, assisted the
Classical elements to become significant flag-bearers
of Keatsian poetic resistance to the supposed imagi-
native corrosions of nineteenth-century science. The
persistence of such phrases as “in one’s element” and
“the elements” (with reference to the weather), assisted
by the extent to which biology and meteorology lagged
behind the physical sciences, helped to maintain their
metaphorical currency, and the twentieth-century
resurgence of “alternative *medicine’ gave new cur-
rency to similar pseudoscientific formulations, notably
the “five elements” of Chinese medicine (earth, water,
fire, wood, and metal). The genre fantasy produced on
an increasingly prolific scale after 1976 also provided
new imaginative space for the development and further
elaboration of occult schemes based on the Classical
elements.

Early writers of generic speculative fiction often
used the discovery of fabulously powerful new ele-
ments as a plot lever, but post-Mendeleevian chemistry
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was already too sophisticated to allow such devices to
carry much conviction, except as facilitating devices.
In nineteenth-century scientific romance new metals
and gases were usually used in the cause of *aeronau-
tics, providing the means to construct or lift airships or
spaceships, as in Harry Collingwood’s The Log of the
“Flying Fish” (1887), E. Douglas Fawcett’s Hartmann
the Anarchist (1893), and W. Cairns Johnston’s Beyond
the Ether (1898). Garrett P. Serviss’ artemisium in The
Moon Metal (1900) replaces gold as a currency stan-
dard. Stephen Chalmers’ Saturnium in “Star-Dust”
(1912) facilitates communication with the dead. Such
casual miracles became a staple of crude action-
adventure science fiction but were treated with much
greater circumspection in science fiction that took its
inspiration from actual chemistry.

Although the early science fiction pulps produced a
rich crop of new elements, the harvest grew much
thinner in the 1940s. The element aptly called X in
E. E. Smith’s The Skylark of Space (1928; book, 1946)
opened up the galactic playground of space opera
with a casual flourish, but Smith opted for a more
elaborate jargon in later series as the well of plausible
inspiration gradually ran dry. Other notable examples
from the pulps include Gawain Edwards’ undulal in
The Earth-Tube (1929), Ralph Linn’s Carsonium
in “Element 87 (1930), Donald Wandrei’s rhillium
in “The Blinding Shadows” (1934), and Nathan
Schachner’s transuranic element 93, evanium, in
“The Ultimate Metal” (1935). The further reaches of
the transuranic spectrum offered a brief respite from
the general decline in such stories as Milton K. Smith’s
“The Mystery of Element 117 (1949), but most such
inventions, including element 167 in A. E. van Vogt’s
The House That Stood Still (1950), were restricted
to cameo appearances. The new inert gas agnoton,
featured in Anthony Boucher’s “Transfer Point”
(1950), is relegated to a story within the story.

In the meantime, the speculative quest for a further
underlying simplicity continued in such stories as
Donald Wandrei’s “Finality Unlimited” (1936) and
“Infinity Zero” (1936)—which replace the Classical
elements with five “ultimates” (time, space, matter,
life, and intelligence) capable of independent varia-
tion—and Willard E. Hawkins’ “The Dwindling
Sphere” (1940), in which the single fundamental
form of matter is ““plastocene”. Daniel F. Galouye’s
Lords of the Psychon (1963) carried that quest to its
idealist extreme in suggesting that the ultimate com-
ponent of reality is an aspect of id rather than matter.
The discovery that many elements exist in several
distinct isotopic states because of the variation of
the number of neutrons contained in their nuclei
permitted the invocation of new isotopes in place of
new clements, but physical chemistry had already
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progressed to the point at which the properties of
hypothetical isotopes could be calculated in advance,
thus reducing their potential as fictitious miracle
workers. In hard science fiction, at least, fictionally
interesting discoveries of new elements became rare
and somewhat treacherous; the dangerous ‘“new
element” jupiterium in Stephen L. Suffitt’s “The Ele-
ment” (1979) eventually turns out to be an isotope of
silver, although its discoverer does succeed, belatedly

in having his name attached to halberstamium.

ENGINEERING

The art of contrivance, involving the application of
the scientific method to the design and construction of
artifacts. Although the notion of engineering overlaps
that of *invention, it usually involves more improvi-
sation than innovation, solving practical problems by
adapting general designs to suit particular circum-
stances—the term comes from the same Latin root
as the word “ingenious”—so the engineer has become
the archetype of the technological pragmatist who
gets jobs done efficiently, elegantly, and economically
(and wusually anonymously). The term was first
commonly used in connection with the design and
construction of engines of *war: earthworks, forts,
catapults, siege towers, improvised bridges, and so on.

Prodigious feats of early military engineering
include the construction of a pontoon bridge across
the Hellespont on the orders of the Persian king Xerxes
in the fifth century B.C. and the construction of the
Great Wall of China, begun in the third century B.C.
Nonmilitary projects of similar scope were undertaken
in the pursuit of monarchical grandiosity, especially
in ancient Egypt. The first engineer whose name
was committed to legend was the builder of the step
pyramid at Saqqarah, Imhotep, but his was a rare
privilege; most of the engineers of the seven wonders
of the ancient world remain uncredited. Early theoret-
ical investigations of the principles of engineering
were carried out by Archimedes. Alexandria, estab-
lished by the Classical world’s greatest military genius,
became and remained a key centre of improvisation,
while the Athenian philosophers were more inclined to
abstract cerebration. The pragmatically inclined and
imperialistically ambitious Romans also made consid-
erable advances in engineering while paying little or
no heed to abstract matters. The first textbook of
engineering was Roman: Vitruvius’ De architectura
(first century A.D.).

The history of warfare is easily representable as a
long contest between offensive and defensive engi-
neers, especially in the conduct of siege warfare, and
the success of empire-builders was invariably founded



on the superiority of their military engineers. Such is
the politics of celebrity, however, that the lack of credit
given to engineers in legend extended seamlessly to
history and reportage, which invariably focus on the
direct appliance of violence or the issuing of strategic
commands. Among the host of Renaissance military
engineers, only *Leonardo da Vinci achieved lasting
fame, by virtue of the exceptional skill and fanciful
tendencies of his technical drawing rather than any
concrete achievements. Scientists who embarked on
careers as military engineers, such as John *Dee’s pro-
tégé Thomas Digges, tended to slip out of sight in the
history of science, aided in their elusiveness by the fact
that their discoveries were generally maintained as
military secrets, at least for a while.

The first school of engineering, the Ecole Nationale
des Ponts et Chaussées, was founded in France in
1747. The Ecole Polytechnique founded in 1794 was
designed to train military officers in mathematics,
science, and engineering. From its inception in 1775
the U.S. Army had a chief engineer responsible for
fortifications; the Engineering Corps established in
1779 was reformed in 1794 as the Corps of Artillerists
and Engineers, and in 1815 Sylvanus Thayer intro-
duced an engineering school into the U.S. Military
Academy at West Point. Civil engineering developed
in the eighteenth and nineteenth centuries as an off-
shoot of military engineering. The U.S. Army Corps
of Topographic Engineers, who mapped the West for
military purposes, was co-opted by Congress to de-
sign and construct canals and railroads, while the
skills of European military engineers diffused into
the context of “public works”: the building of roads,
bridges, water supply systems, waste disposal systems,
and so on. The first British civil engineer to use the
title was John Smeaton, the designer of the Eddystone
Lighthouse. The British Institution of Civil Engineers
received its royal charter in 1828, its first president
being Thomas Telford, builder of the Menai Bridge.

The term “civil engineer’” was supplemented in the
early nineteenth century by that of “mechanical engi-
neer”’, primarily as a result of the endeavours of
James Watt and Matthew Boulton in designing and
building steam engines. The adaptation of steam
engines to multiple functions in the textile industry,
and the parallel development of the machine tool
industry, brought the profession of engineering into
its first heyday in the mid-nineteenth century, when
Isambard Kingdom Brunel became the archetype of
the engineer, much as Thomas Edison was later to
become the archetype of the inventor and Albert
Einstein the archetype of the theoretical scientist. Al-
though Brunel’s literary presence is far more elusive
than that of his counterparts, Queen Victoria’s diary,
as envisaged in Stephen Baxter’s “The Modern
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Cyrano” (1999), suggests that he might have placed
an object in orbit, and he is the builder of a problem-
atic Thames tunnel in Paul J. McAuley’s steampunk
fantasy “Dr. Pretorius and the Lost Temple™ (2002).

The heroic age of engineering was defined and
detailed by Samuel Smiles’ Lives of the Engineers
(1861-1862; rev. eds., 1874 and 1904), a project that
carried forward the argument of Smiles’ best-selling
Self-Help (1859), which had offered exemplary lives
of various great men in association with the admoni-
tion “Do thou likewise”. It was given more poetic
expression, from the viewpoint of a machine-user
rather than a machine-maker—by Rudyard Kipling
in “M’Andrew’s Hymn” (in The Seven Seas, 1896),
which attempts to embody the worldview of a steam-
ship’s “engineer”’—and helped to cement the cliché of
the rough but ever-ready Scottish engine-minder.
Engineers were famed for their versatility in the heroic
era, but the profession was to undergo a long process
of subdivision and specialisation thereafter, giving
rise to such categories as electrical engineering, chem-
ical engineering, and electronic engineering.

Like legend, history, and reportage, literature has
always tended to short-change the engineer. Although
the achievements of the heroic age of engineering are
abundantly featured in naturalistic fiction and its
potential achievements are extravagantly displayed
in speculative fiction, the credit is invariably given to
the characters who have the big ideas and drop the
bombs rather than the people who actually build
things. The objects manufactured by engineers rou-
tinely carry more charisma than their improvisers, as
is evident in the description of such constructs as Jules
Verne’s L'ile a helice (1895; trans. as Floating Island
and Propellor Island) and Curt Siodmak’s F.P.I
Antwortet Nicht (1930; trans. as F.P.I Does Not
Reply), but there are some notable exceptions. The
Brunelesque hero of Paschal Grousset’s De New York
a Brest en sept heures (1888, by-lined André Laurie;
trans. as New York to Brest in Seven Hours) is equally
hard-headed as an engineer and as a businessman.
Bernard Kellermann’s Der Tunnel (1913; trans. as
The Tunnel), gives due credit to its hero’s prowess as
an engineer as well as to his invention of the supersteel
Allanite.

John Lawrence Hodgson’s The Time-Journey of
Dr. Barton: An Engineering and Sociological Forecast
Based on Present Possibilities (1929) is an ambitious
futuristic projection by a civil engineer. The hero of
John Knittel’s Amadeus (1939; trans. as Power for
Sale) does not actually succeed in building a dam
across the straits of Gibraltar in order to increase
the land surface of the Mediterranean countries (more
water evaporates from the sea than flows into it from
rivers), but gets full credit for effort and imagination.
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The spirit of these Western European examples was
amplified dramatically in Soviet science fiction by such
writers as Alexei Tolstoi and Aleksandr Kazantsev,
who preferred engineers to theoretical scientists on
ideological grounds.

In early American science fiction inventors and
theoreticians were awarded heroic status far more
frequently than engineers, but John W. *Campbell
Jr. strove to redress the imbalance in the pages of
Astounding  Science Fiction, where celebratory
accounts of ingenious improvisation became part of
the magazine’s staple diet. Arthur J. Burks’ “Hell
Ship” (1938) transferred the cliché of the Scottish
engineer into space opera, where it did long and
noble service before it was taken up by Star Trek. It
is significant, however, that this quasi-propagandist
spirit was most evident in the work of those writers in
Campbell’s stable who gained the reputation of being
competent journeymen rather than literary stars. The
most conspicuous examples in the 1940s were George
O. Smith, whose Venus Equilateral series (launched
1942) became archetypal of engineering science fic-
tion, and Raymond F. Jones, in such stories as “The
Toymaker” (1946), “The Model Shop” (1947), and
“Tools of the Trade” (1950). Smith’s “Rat Race”
(1947) is an ironic extrapolation of the classic engi-
neering problem of building a better mousetrap.

The adjustable spanner, or ‘“monkey wrench”,
became an iconic symbol of engineering expertise in
Astounding’s illustrations, often juxtaposed with more
refined devices such as the slide rule, but it only played
a significant part in the fiction when pressed into ser-
vice as a makeshift weapon. On the other hand, the
magazine’s use of science fiction to develop interesting
hypothetical exercises in engineering spilled out into
the academy; John E. Arnold’s article in the May 1953
issue described a creative engineering course at the
Massachusetts Institute of Technology, including a
project in which students designed a machine for
a hypothetical alien race inhabiting a cold world with
a methane atmosphere. Successful anticipations in the
magazine’s pages included the central image of Robert
A. Heinlein’s “Waldo” (1942): mechanical arms con-
trolled with the aid of television monitors.

Other notable works of science fiction champion-
ing the talents of engineers include James Blish’s
“Bridge” (1952), Thomas N. Scortia’s What Mad
Oracle? (1961), and Artery of Fire (1972), which
draw on the author’s experiences in the aerospace
industry, and Colin Kapp’s series collected in The
Unorthodox Engineers (1979). Philip K. Dick’s “The
Variable Man” (1953) offers only the vaguest account
of how its repairman hero obtains results, but pays
tribute to a growing mystique attached to talented
handymen. Hypothetical engineering projects of
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heroic dimensions featured prominently in science
fiction because of the crucial roles envisaged for
them in the early phases of the *Space Age, not
merely in the construction of spaceships but in the
building and operation of space stations and other
kinds *artificial satellites, and in the maintenance of
*colonies in difficult physical circumstances. By the
time Astounding became Analog, tales of engineering
in space had acquired a fine gloss of realism, as dis-
played in stories by regular contributors Donald
Kingsbury, as in “Shipwright” (1978), and John
Berryman, as in “The Big Dish” (1986). Michael F.
Flynn’s series begun with Firestar (1996) pays close
attention to the engineering problems involved in the
space program it describes. Steven Popkes’ “Stove-
lighter” (1987) is one of many stories extending
this kind of exercise from near-contemporary space
hardware towards the design of starships.

There was a further and more grandiose dimension
to the representation of engineering in Campbellian
science fiction, pioneered by such stories as Clifford
D. Simak’s Cosmic Engineers (1939), whose epony-
mous entities are mechanical beings working “at the
rim of exploding universe” to avert its collision with
another universe in five-dimensional “‘interspace”.
Carried forward by such stories as Harry Stine’s
“Galactic Gadgeteers” (1951), the tradition of cosmic
engineering stories eventually expanded into a whole
subgenre of stories featuring vast and enigmatic
alien artifacts, unceremoniously dubbed “big dumb
objects” in the 1992 edition of John Clute and Peter
Nicholls’ Encyclopedia of Science Fiction.

Early archetypes of this subgenre include Larry
*Niven’s Ringworld (1970), Arthur C. *Clarke’s Ren-
dezvous with Rama (1973), and Bob Shaw’s Orbitsville
(1975), and it was extensively developed thereafter in
such extravagant sequences as Stephen *Baxter’s
Xeelee series and Charles *Sheffield’s Heritage Uni-
verse series, drawing considerable inspiration from
the ideas of Freeman *Dyson regarding projects
that might be undertaken by type 2 civilisations. Sim-
ilar structures constructed by future humans or *post-
humans include the skyweb in Jack Williamson’s
Lifeburst (1984) and the Met in Tony Daniel’s
Metaplanetary (2001). Unsurprisingly, however, the
engineers responsible for all of these projects are usu-
ally conspicuous only by their absence from the
stories in which their achievements are featured.

ENTOMOLOGY

The branch of *zoology devoted to the study of
insects. Although spiders and other arachnids are
not insects, and thus not part of the scientific subject



matter of entomology, they are routinely aggregated
with insects in the “ethnoentomology” of the popular
imagination and its literary extensions, and the mean-
ing of the term will therefore be stretched for the
purpose of this discussion to include them.

Although it is no more significant as a scientific
discipline than any other sector of the study of the
diversity of living organisms, entomology has had a
grossly disproportionate influence on literary imag-
ery, especially in the recent production of *monsters
by their extreme magnification. The notion that
insects could simply be scaled up to giant size is one
of the most common “‘errors” of modern melodra-
matic fiction—ignoring the mechanical limitations of
load bearing and problems of oxygen supply and
nourishment associated with the fact that doubling
the linear dimensions of an organism increases its
body mass to a much greater extent than the dimen-
sions of its limbs and internal transport systems—but
the impulse producing such images has nothing to do
with rational extrapolation, being far more concerned
with matters of *psychology and *aesthetics.

It is not entirely clear why so many insects and
creatures lumped with them in the vulgar category of
“creepy-crawlies’” are commonly held to be archetypes
of ugliness, or why they should occasion phobic anxi-
eties that extend far beyond the troublesome effects of
their bites and stings, but that is very obviously the
case. The quasi-instinctive horror with which many
people regard creatures such as centipedes and spiders
may have as much to do with the way they move as the
way they look, but that does not assist the process of
explanation. It is easy enough to understand why some
elaborately coloured insects—especially butterflies—
are considered beautiful rather than ugly, but night-
flying moths and brightly coloured dragonflies are
often regarded with distinct ambivalence in this
respect. It is also easy to understand why the phenom-
enon of insect metamorphosis—which turns ugly
caterpillars into beautiful butterflies, and many other
larvae into even-less-prepossessing imagoes, following
a sojourn in a chrysalis—excited particular interest in
myth-makers and litterateurs, by virtue of its innate
marvelousness as well as its abundant metaphorical
scope.

The tendency of moths to be attracted by flames is
another entomological phenomenon that recom-
mends itself for metaphorical usage, and its associa-
tion with death allowed the Egyptian scarab to take
on a very elaborate symbolism. The most striking
item of this kind is the organisation of social insects
into hives: communities organised around a single
fertile female, analogically dubbed the queen, sup-
ported by various castes of sterile females—including
workers and soldiers—and male drones. Once the
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pattern was fully explicated, the hive provided a
model of sexual reproduction strikingly different
from that of human society (posing an awkward
problem to theorists of natural selection, the explana-
tion of its evolutionary logic being the cardinal tri-
umph of *sociobiology). It also provided an apparent
model of either the ultimate in totalitarianism or
the ultimate in altruistic cooperation, according to
political taste.

The origins of entomology in the classical zoology
of Aristotle already reflected a keen awareness of
insects as pests as well as the marvels of metamorpho-
sis. The damaging effects of swarms of locusts are
evident in literature descended from oral tradition;
the afflictions visited on the Egyptians in Exodus
8-10 include swarms of biting flies and locusts. On
the other hand, bees were appreciated for making
honey, as well as becoming emblems of cooperative
industry, along with ants. Silkworms became a prized
component of early textile technology. These con-
trasted aspects of the science are sometimes reflected
in their representation; the Elizabethan physician
Thomas Moffet cast his account of Silkwormes and
their flies (1599) as a Georgic poem. Moffet had al-
ready composed a pioneering textbook of entomology
in Latin, but it was not published until 1634; it was
translated into English as The Theatre of Insects. The
image of the insect world as a ‘“‘theatre” viewed by
humans proved persistent and versatile, cropping up
continually in satire, children’s literature, and such
unlikely locations as Théophile Gautier’s Mademoi-
selle de Maupin (1835-1836). The anonymous The
Ants: A Rhapsody (1767) is an early literary account
of hive organisation, crediting ‘“‘emmets” with an
elaborate language.

The need to protect translocated crops from local
pests made entomological investigations significant
in the context of *colonisation, evidenced by such
works as Thaddeus William Harris’ Treatise on Some
of the Insects of New England Which are Injurious
to Vegetation (1842). The founder of American ento-
mology, Thomas Say—whose American Entomology
was issued in 1824-1828—was a member of Robert
Owen’s New Harmony community. The U.S. Ento-
mological Commission, established in 1877 under the
directorship of Charles V. Riley, was primarily inter-
ested in pest control. Leland O. Howard, the chief
entomologist for the United States Department of
Agriculture, was the first person to experiment with
biological pest control when he imported parasites
from England in the hope of limiting New England’s
gypsy moth population in 1905.

One of the deepest roots of literary accounts of
giant insects and spiders extends back into nine-
teenth-century fairy tales, and particularly to the
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tradition of fairy painting established in that era,
which made much of the notion that fairies were
very tiny and possessed of insectile wings. This led to
humanlike creatures being frequently depicted in illus-
tration alongside similarly scaled insects. The imagery
was not menacing at first—the partly anthropomor-
phised insects in William Roscoe’s illustrated poem
“The Butterfly’s Ball and the Grasshopper’s Feast”
(1807) are charming—but it took on a more sinister
edge in the paintings of Richard Dadd and John
Anster Fitzgerald and such literary works as Sara
Coleridge’s Phantasmion (1837), whose eponymous
hero is menaced by a giant stag-beetle. Like *archaeol-
ogy and *palacontology, entomology became a dis-
tinctly unglamorous profession in the nineteenth
century, but its extension as an amateur hobby gave
it greater scope. Its metaphorical resonances and
certain items of its standard apparatus recommended
it for literary use in such stories as H. G. Wells’ “A
Moth—Genus Novo” (1895), L. P. Hartley’s “The
Killing Bottle (1927), and A. S. Byatt’s “Morpho
Eugenia” (1992).

The innately dramatic quality of insect reproduc-
tion excited a considerable sense of wonder in
such nineteenth-century entomologists as Jean-Henri
Fabre, who became a highly significant populariser of
the subject in his Souvenirs entomologiques (10 vols.,
1879-1907). Among those influenced by his work
were the key Symbolist writers Rémy de Gourmont,
who made abundant use of insect examples in his
Physique de 'amour (1903; trans. by Ezra Pound as
The Natural Philosophy of Love), and Maurice Mae-
terlinck, who rhapsodised on the subject in La vie des
abeilles (1901; trans. as The Life of the Bee) and a
1926 sequel based on Eugéne Marais’ then-unpub-
lished Die siel van die Mier (1937, trans. as The Soul
of the White Ant). The subject retained a particular
fascination in French literature, carried into the late
twentieth century in the work of Bernard Werber,
including the best-selling Les fourmis (1991; trans. as
Empire of the Ants), Jour des fourmis (1992), and La
révolution des fourmis (1995). The practice of drawing
fabular symbolic links between insect and human
behaviour reached an exotic apogee in Karel and
Josef Capek’s play Ze zivota hmyzu (1921: trans. as
“And so ad infinitum...” and The Insect Play).

Fabre and Maeterlinck laid the foundations for the
quasi-mystical consideration of a hive of social insects
as a kind of collective organism possessed of a
“hive mind”. The notion was accommodated within
scientific discourse in such works as Auguste-Henri
Forel’s study of “insect psychology” Le monde social
des fourmis (5 vols., 1923) and William Morton
Wheeler’s Social Life Among the Insects (1923), subse-
quently exercising a powerful influence on the literary
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imagination. The hive became one of the most popu-
lar analogues developed in speculative *exobiology,
and giant ants became common monsters of the
science-fictional imagination. Notable expressions of
this fascination include A. Lincoln Green’s “The Cap-
tivity of the Professor” (1901), H. G. Wells’ The First
Men in the Moon (1901) and “The Empire of the
Ants” (1905), F. Hernamann-Johnson’s The Poly-
phemes (1906), Ralph Milne Farley’s The Radio Man
(1924; book, 1948), F. A. Ridley’s The Green Machine
(1926), Stanton A. Coblentz’s After 12,000 Years
(1929; book, 1950), Norman L. Knight’s “Island of
the Golden Swarm” (1938), Ben Hecht’s “The Adven-
tures of Professor Emmett” (1939), Bob Olsen’s
“The Ant with the Human Soul” (1932), William
K. Sonnemann’s “The Council of Drones” (1936),
Alfred Gordon Bennett’s The Demigods (1939), Will
F. Jenkins’ “Doomsday Deferred” (1949), Fredric
Brown’s “Come and Go Mad” (1949), Francis Rufus
Bellaamy’s Atta (1954), the film Them! (1954), Keith
Roberts’ The Furies (1966), Lindsay Gutteridge’s
Killer Pine (1973), Joseph L. Green’s The Horde
(1976), and Edward Bryant’s “giANTS” (1979).

Newspaper reportage reflected anxieties about hive
power in stories of “killer bees” that became popular
in the early 1970s, reflected in such novels as Arthur
Herzog’s The Swarm (1974)—anticipated in Will H.
Gray’s “The Bees from Borneo” (1931). H. G. Wells’
“Empire of the Ants’ pioneered the notion that insect
hives might be serious contenders to end human dom-
ination of Earth—a theme continued in Charles de
Richter’s La menace invisible (1927; trans. as The Fall
of the Eiffel Tower) and Francis Flagg’s “The Master
Ants” (1928). In Homer Eon Flint’s “The Emancipa-
trix” (1921) humans are enslaved by bees—a motif
more elaborately developed in David H. Keller’s
The Human Termites (1929; book, 1978) and Frank
Belknap Long’s “The Last Men” (1934) and “Green
Glory” (1935). Frank Herbert’s The Green Brain
(1966) imagines a multispecific hive evolving to re-
store the world’s *ecological balance after its disrup-
tion by humans.

Literary images of hivelike human societies usually
find the idea utterly horrific, and it is often invoked
in *dystopian fiction. It is, however, proposed as a
probable pattern for human’s evolutionary future in
Elizabeth Bisland’s “The Coming Subjugation of
Man” (1889), Edward Knoblock’s The Ant Heap
(1929), J. Harvey Haggard’s “Human Ants” (1935),
J. D. Beresford and Esmé Wynne-Tyson’s The Riddle
of the Tower (1944), Edward Hyams” Morrow’s Ants
(1975), and the series begun with Stephen Baxter’s
Coalescent (2003). L. Sprague de Camp’s Rogue
Queen (1951) describes a human-prompted rebellion
in an extraterrestrial humanoid hive. More ambivalent



treatments of the notion include T. J. Bass’s Half Past
Human (1971), Frank Herbert’s Hellstrom’s Hive
(1973), John Boyd’s The Girl with the Jade Green
Eyes (1978), and Robert Silverberg’s The Queen of
Springtime (1989), but the eventual verdict of such
works usually remains negative.

The idea of a collective mind is abstracted from
hivelike reproductive systems in numerous imagina-
tive accounts, which routinely find it more acceptable
in decontextualised form. Group-minds are employed
as images of enviable social harmony in Olaf
Stapledon’s Last and First Men (1930) and Star Maker
(1937), Theodore Sturgeon’s More Than Human
(1953) and The Cosmic Rape (1958), and Arthur C.
Clarke’s Childhood’s End (1953), although loss of indi-
viduality is often seen as a price too high to pay, as in
Brian W. Aldiss’ Enemies of the System (1978) and
Mikhail Emtsev and Eremei Parnov’s World-Soul
(trans. 1978).

Alien hives are often matched against humans in
what seems to be a fundamental Darwinian struggle
for existence, as in Roscoe B. Fleming’s “The Menace
of the Little” (1931), Robert A. Heinlein’s Starship
Troopers (1959), Joe Haldeman’s The Forever War
(1974), and Orson Scott Card’s Ender’s Game
(1977; exp. 1985), but the alien hives in Barrington
J. Bayley’s “The Bees of Knowledge” (1975) and
Keith Laumer’s Star Colony (1981) are granted more
respect, and Card followed up Ender’s Game with
Speaker for the Dead (1986), in which the guilt-
stricken genocidal hero searches for a new home for
the last surviving alien queen. More detailed sympa-
thetic accounts of alien hive societies are featured in
C. J. Cherryh’s Serpent’s Reach (1982) and Linda
Steele’s Ibis (1985).

Romances of miniaturisation like Edwin Pallan-
der’s Adventures of a Micro-Man (1902) also deployed
confrontations of similarly scaled humans and insects
before pulp fiction began to make more prolific use of
giant insects and spiders, in such stories as Murray
Leinster’s far-futuristic fantasies “The Mad Planet”
(1920) and “The Red Dust” (1921), T. S. Stribling’s
“The Web of the Sun” (1922), and Russell Hays’
“The Beetle Experiment” (1929). More inventive
accounts of hypothetical arachnids include Charles
Loring Jackson’s ““An Undiscovered Isle in the Far
Sea” (1926) and H. Warner Munn’s “The City of
Spiders™ (1926).

Giant spiders lent themselves particularly well to
cinematic representation in such movies as Tarantula
(1955), The Incredible Shrinking Man (1957), and
Arachnophobia (1990), which assisted them in acquir-
ing a quasi-archetypal status as figures of menace,
pressed into service as the very essence of horror in
Stephen King’s It (1986; film, 1990). In the meantime,
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Franz Kafka represented the ultimate in human
*alienation as transmogrification into a giant cock-
roach in Die Vervandlung (1915, trans. as Metamor-
phosisy—a notion recapitulated on a more popular
level in George Langelaan’s “La mouche” (1957;
trans. as “The Fly”’; films, 1958 and 1986).

Insect palacontology did lend some support to the
notion of giant insects, revealing the legacy of a Car-
boniferous heyday associated with the first develop-
ment of flight, whose monstrous stars included giant
dragonfly-like Palaeoptera and the burly ancestors of
modern cockroaches and beetles. Such imaginative
stimulation was, however, superfluous to the trend.
The parallel revelation of the crucial role played by
some biting insects in spreading disease—advertised
by Ronald Ross’ clarification of the manner in which
mosquitoes spread malaria—also added little to the
dread in which they were already held. On the other
hand, further elucidation of the manner in which
some insects parasitise other species, including mam-
mals, by laying eggs inside them whose larvae become
endoparasites, did lend itself to extrapolation into
graphic images of exploitation, reflected in urban
legends as well as science fiction stories featuring
horrid *aliens, such as A. E. van Vogt’s “Discord in
Scarlet” (1939), Robert A. Heinlein’s The Puppet
Masters (1951), Philip Jos¢ Farmer’s The Lovers
(1952; book 1961), the film series launched by Alien
(1979), and Octavia Butler’s “Bloodchild” (1984). An
article by Ian Watson on the rational plausibility of
such science-fictional images of such “‘necrogenes”
sparked a combative correspondence in the pages of
the journal Foundation in 1987-1988.

Awareness of the rational flaws in the notion of
giant insects and spiders slowed the production of
such images in more conscientious science fiction dur-
ing the second half of the twentieth century. Hard
science fiction stories based in entomology include
W. Macfarlane’s “Biological Peacefare” (1973) and
Bruce Sterling’s ‘“‘Luciferase” (2004), while such
works as Ian Watson’s The Flies of Memory (1988;
exp. book, 1990) and Scott Baker’s Webs (1989) took
on a surreal edge. The advent of *genetic engineering
prompted some writers to look more realistically at
the prospect of building bigger and better insects, as
in Brian Stableford’s “The Invertebrate Man” (1990)
and Rebecca Ore’s Gaia’s Toys (1995). The possibility
of using real or artificial insects as metaphorical
“bugs” for surveillance purposes is explored in such
stories as Stanley Schmidt’s Argonaut (2002). In the
title story of Darryl Murphy’s Wasps at the Speed of
Sound (2005), insects leave Earth just as humans are
beginning to learn to communicate with them, thus
emphasising the gulf of misunderstanding that has
always affected the relationship, and the sense of
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injury that insects would probably feel if they knew
what most humans thought of them.

The use of insects as food, although not uncom-
mon, has a built-in yuck factor that encourages its
literary use as a stomach-turning exercise—a service it
also performs in many reality TV shows—and occa-
sionally gives rise to speculative fiction of a blackly
comic stripe, as in Edward Bryant’s “The Human
Side of the Village Monster” (1971), which features
the creation of an edible cockroach.

ENTROPY

A term employed by the German physicist Rudolf
Clausius in 1850 as a measure of the distribution of
energy within a system; entropy increases as energy
differentials—and hence the potential for energy
transmission—decrease. The notion had been foresha-
dowed in Sadi Carnot’s theoretical analysis of steam
engines in Réflexions sur la puissance motrice du feu
(1824). The invention of the term drew a swift response
from William Thomson—Iater Lord Kelvin—in “On a
Universal Tendency in Nature to the Dissipation of
Mechanical Energy” (1852), which included the con-
clusion that the Earth must one day become uninhab-
itable because of the effects of entropy. The second law
of thermodynamics—which states that entropy within
a closed system always increases, until it reaches ter-
minal equilibrium—seemed to Kelvin and others to
encapsulate a kind of cosmic pessimism, testifying to
the inevitable ultimate extinction of everything: the
“heat death of the universe”.

Kelvin followed up his first article on entropy with
“On the Age of the Sun’s Heat” (1862) in the popular
periodical Macmillan’s Magazine, which included the
first of a series of calculations he made regarding the
date when the sun’s waning heat—which he assumed,
falsely, to be produced by the energy of gravitational
collapse—would no longer be adequate to sustain life
on Earth. These calculations exercised a considerable
influence on the literary imagination, echoed in such
poems as James Clerk Maxwell’s “A Paradoxical
Ode” (1878), before providing the ideative underpin-
nings of a school of far-futuristic fantasy whose pro-
ducts included Camille Flammarion’s La fin du monde
(1893-1894; trans. as Omega: The Last Days of the
World), H. G. Wells’ The Time Machine (1895), and
William Hope Hodgson’s The House on the Border-
land (1908). Kelvin also estimated the age of the Earth
by the same method, coming up with a figure very
much shorter than those favoured by geologists and
lending considerable support to *Creationists.

Entropy is sometimes represented as a measure of
“disorder”, while “order” is construed as structural
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complexity, but the entropic “heat death” that pro-
mises to reduce the entire universe to a condition of
uniform inactivity can also be conceived as a state of
perfect order. The *evolution of complexity within
*Earth’s ecosphere is dependent on the inflow of en-
ergy from the Sun, so it is not a closed system, but the
organising tendency of life is sometimes conceived as
“negative entropy” or “negentropy’’, and the manner
in which complex constructs emerge from systems
whose built-in tendency is always to uniformity has
become a considerable source of fascination to philo-
sophically inclined scientists, especially in connection
with the new understanding of the word “*chaos”.

Although entropy is arguably the least dramatic of
all scientific concepts, the notion that everything in
the universe is caught up in an eternal and irresistible
process of decay, against which background all con-
structive endeavour must ultimately prove futile, is
imaginatively powerful. The distance of the prospect
has not prevented philosophers, physicists, and litter-
ateurs from expressing anxieties about the seeming
indignity of universal entropic “heat death’ and from
producing such imaginative countermeasures as
*Omega Point theory, which is partly based on J. D.
Bernal’s contention in The World, the Flesh and the
Devil (1929) that humankind’s ultimate descendants
might well be able to cheat the heat death.

J. F. Sullivan’s “The Dwindling Hour” (1893) is an
early image of ‘“‘reversed entropy’”’, which imagines
an “accelerating universe”; Christopher Anvil’s
“Untropy” (1965) is a more sophisticated version of
the notion. Nathan Schachner’s “Entropy” (1936), in
which the heat death is accomplished, but becomes
the prelude to a new creative process, is more typical
of such exercises. In Jack Williamson’s “Released
Entropy” (1937) a plan to thwart the heat death
goes awry. The hero of James Kahn’s Timefall
(1987) similarly attempts to prevent the world from
“running down” by importing energy from parallel
universes. Notable descriptions of an entropic univer-
sal anticlimax include David Langford’s “Waiting for
the Iron Age” (1991) and Stephen Baxter’s “The
Gravity Mine” (2000).

In more recent times the notion of entropy has
been a prolific generator of “mood pieces” forging a
quasi-justificatory link between universal entropy and
personal feelings of en