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From the Editor
This eclectic December 2017 issue of JBIS marks the centenary of the birth of arguably the greatest author of science fiction of 

them all – Sir Arthur C. Clarke. Accordingly, the issue leads with an article by Stephen Baxter, who co-authored five novels with Sir 
Arthur, and who has also shared his enthusiasm for the BIS with many years of support. In a similar vein the following article is an 
essay by BIS President Mark Hempsell that examines the philosophy of constructing future worlds in SF storytelling, based on a 

presentation given at the Society’s Future Histories Symposium. The rest of the issue reverts to traditional JBIS fare of adventurous 
thinking that was the basis of so much of Sir Arthur’s work, including a potentially ground-breaking paper by Robert Zubrin – 

another long-term BIS supporter – that discusses an exciting new concept for spaceflight propulsion.
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COMMUNICATIONS FROM UTOPIA: SIR ARTHUR C CLARKE, SCIENCE
 FICTION, AND THE UNITED STATES OF EARTH

STEPHEN BAXTER FBIS  c/o Christopher Schelling, Selectric Artists, 9 Union Square #123, Southbury, CT 06488, USA
email: christopher@selectricartists.com

This paper is a personal tribute to Sir Arthur C Clarke, focussing on his achievements in science fiction and other literary fields, 
and his long-held vision of peaceful global, indeed interplanetary, governance.

Keywords: Sir Arthur C Clarke, science fiction, telecommunications, world government, space expansion

1. INTRODUCTION

It is a pleasure to contribute a personal tribute to this special 
edition of JBIS. I grew up with the works of Sir Arthur C Clarke, 
which had a profound effect on my own work and thinking. 
Later in life I was privileged to get to know Clarke personally, 
especially from 1996 when we began to collaborate on science 
fiction (SF) projects [2] [3]. In this piece I will focus primarily 
on Clarke’s work in SF, and also on the very topical subject of 
human governance and world unity, on which he held strong 
and influential views. For a bibliography, and the authorised 
biography from which some details here are drawn, see refer-
ences [4] [5].

2. EARLY LIFE 

Arthur Charles Clarke was born in 1917, in Minehead, Somer-
set, England, the son of a farmer. Clarke was educated at Hu-
ish Grammar School in Taunton, where his first appearance in 
print was in the school magazine in autumn 1932. As a boy he 
showed promise as a budding scientist or engineer, building 
telescopes, wireless sets and rockets. 

Clarke’s first exposure to science fiction was through a copy 
of the US magazine Astounding Science Fiction in 1930. How-
ever his key inspiration in SF was probably a discovery of Sta-
pledon’s Last and First Men (1931) [6].

In the course of our work together we always spoke much 
more of the future than of the past; it was in Clarke’s nature to 
look forward rather than back. And yet it always seemed to me 
that much of Clarke’s fiction was profoundly influenced by his 
own past. Consider our second Time Odyssey novel, Sunstorm 
[3], in which a disorderly sun threatens Earth. This grew out 
of an outline by Clarke provisionally called ‘Nova’, with which 
he had tinkered for many years. The misbehaviour of the sun 
had featured in many of Clarke’s works, beginning with second 
published story ‘Rescue Party’ (1946) [7], and including his 
novel Songs of Distant Earth (1986) [8], published forty years 
later, in which mankind has a thousand-year warning of the 
sun going ‘Nova’ and scatters to the stars. Perhaps this lifelong 
fascination with the idea of a troublesome sun comes from the 

For Cherene, Tamara and Melinda – may you be happy in a far better century than mine.
Arthur C. Clarke, dedication to 3001: The Final Odyssey (1997) [1]

fact that Clarke grew up on a farm utterly reliant on the weath-
er, and the light of the sun. Indeed, when he was a boy, the farm 
was without electricity; he would walk or cycle to and from 
school in the dark.

In 1936 Clarke moved to London to take a job with the Civ-
il Service. There he joined the British Interplanetary Society, 
founded in 1933, then a small, congenial group of mostly young, 
mostly male, space enthusiasts. During the Second World War 
he served in the RAF, working on radar developments, as de-
picted fictionally in his novel Glide Path [9]. He published tech-
nical papers from 1942 – under the scrutiny of military censors 
– work which, after the war, helped him get a place in King’s 
College, London, where he earned a first-class BSc. Perhaps his 
single most significant technical study was completed in his 
spare time during his wartime service. His famous paper ‘Ex-
traterrestrial Relays’ [10], published just after the war, set out 
the concept of geosynchronous communication satellites, a field 
with which he would forever after be associated.

For some time he worked as a sub-editor on a technical 
journal, but the publication in May 1950 of his first book – a 
textbook on interplanetary flight – enabled him to become a 
full-time writer. His next book, a popular work called The Ex-
ploration of Space [11], was noticed beyond the technical fields, 
and widened his reputation further. 

It is striking that Clarke came to prominence first a writer 
of science, rather than fiction. Eventually his gift for a kind of 
rational, lucid, uplifting analysis of future possibilities earned 
him a reputation as a prophet of his times. He was soon in 
much demand to write for or speak to learned bodies and po-
litical forums around the world, as well as to the general public, 
making extensive lecture tours from the 1950s to the 1970s. 
Later Clarke became familiar to a still wider audience through 
his media work, covering US space missions for CBS from 1957 
to 1970, and in the 1980s writing and hosting the TV series Ar-
thur C Clarke’s Mysterious World and Arthur C Clarke’s World 
of Strange Powers (Yorkshire TV), on scientific and other mys-
teries. 

If he had produced nothing but his non-fiction Clarke 
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would be well remembered. But meanwhile, however, back in 
1946, Clarke had achieved his first professional sales of science 
fiction short stories. The first to appear, in the pages of the same 
Astounding Magazine which Clarke had discovered as a reader 
sixteen years earlier, was called ‘Loophole’ [12].

3. CLARKE IN SCIENCE FICTION

Clarke’s first novel (though second to be published), Prelude to 
Space (1951) [13], described in great technical detail a large-
scale project to send a rocket to the Moon. Prelude is very dated, 
of course, not just in its technology - particularly its depiction 
of the enchanting two-stage nuclear moonship Prometheus, 
crammed with vacuum tubes - but also in its underlying cul-
tural assumptions. The moon flight is predominantly British, 
and funded privately - by a write-in campaign organised by a 
close clone of the British Interplanetary Society! But it was a 
start to a remarkable career.

Subsequently Clarke became part of a post-war cadre of au-
thors who attempted to map our future in generally techno-
philic and optimistic tones. Such classic visions as The Sands of 
Mars (1951) [14] and A Fall Of Moondust (1961) [15], as well 
as his technical authority, led to him having a major impact on 
the rising generation. Scientists and engineers took Clarke seri-
ously. It is no great surprise that one crew of Apollo astronauts 
chose to give their capsule the name Odyssey.

But there was a greater depth to Clarke’s fiction, dating all 
the way back to his primal immersion in the ideas of Stapledon.

Consider his novel The City and the Stars (1956) [16]. In the 
opening scene Earth’s last city, Diaspar, gleams like a jewel on 
the desert, closed on itself and tremendously old: ‘[Its inhab-
itants] had walked the same miraculously unchanging streets 
while more than a thousand million years had worn away’ 
(Prologue). But Diaspar is a kind of illusion. All its inhabitants 
are patterns stored in memory banks, made incarnate for brief 
periods; they are hiding from a dangerous universe.

 
This book of eternity itself had a long conception. Clarke 

said he began work on early versions while still at school. He 
wrote several drafts before his war service, and a version was fi-
nally accepted for serialisation by John Campbell at Astounding 
Stories in 1948. Then, during a long sea voyage in 1955, Clarke 
produced the final form. With his repeated reworking Clarke 
also showed a sound creative instinct, for the book is a clear 
exploration of and reaction to his strongest boyhood influence, 
Stapledon. But I would contend that City is a better novel, as a 
novel, than anything Stapledon ever wrote. I believe that Clarke 
had a gift for storytelling that he himself may have underrated. 
In this case the compelling story of Alvin, the first newly mint-
ed human in Diaspar in long ages, a young man who wants to 
escape his glittering prison, is the perfect vehicle for the explo-
ration of the novel’s world and themes.

And it was this quasi-mystical, Stapledonian aspect of 
Clarke’s work, not the technophilic prediction, that attracted 
the attention of Stanley Kubrick.

4. 2001 AND BEYOND

The period up to 1968 had already been a remarkable time for 
Clarke. His gift for science communication had been recog-
nised by his winning in 1962 of UNESCO’s Kalinga Prize, given 
for popularising science, following the likes of Bertrand Russell 

and Julian Huxley. The launch of communication satellites in 
geosynchronous orbit from 1964, just as he had predicted in 
1945, cemented his reputation as a ‘Prophet of the Space Age’ 
(according to Readers’ Digest in 1969). He was already con-
sidered one of the three most famous SF writers in the world, 
along with Isaac Asimov and Robert Heinlein.

 And then, in 1968, he reached true global fame with the 
release of the movie and novel 2001: A Space Odyssey [17]. (For 
Clarke’s own account of the background, see [18]). Today, five 
decades on, 2001 still deservedly towers, Monolith-like, above 
most of the rest of the science fiction genre.

But the project’s first working title was rather mundane. 
How the Solar System Was Won would have been an orderly, 
even didactic, portrait of the near-future human colonisation 
of space, complete with talking-head expert lectures. But as the 
project progressed it was not Clarke’s near-future-predictive 
hit-rate that intrigued Kubrick, but another, much more com-
plex part of Clarke’s oeuvre and personality.

 It is telling that in the end the starting point for 2001 
turned out to be an 11-page short story of Clarke’s, first pub-
lished in 1951 in an obscure, evanescent magazine [19]. ‘The 
Sentinel’ is a tale of near-future lunar explorers who happen 
upon a pyramid-shaped alien artefact on the Moon. As Clarke 
has said [18], the story of how that lonely pyramid was turned 
into a Monolith is a complex and compelling one. However the 
appeal of Clarke’s sentinel to Kubrick is clear. The lone artefact 
on the Moon would a simple, compelling, wordless symbol for 
movie-maker Kubrick to use, its very silent presence conveying 
its meaning and purpose. 

And ‘The Sentinel’ had, in retrospect, served as notice of a 
new and contradictory note in Clarke’s own career. For, with 
this story, Clarke had begun to show himself to be drawn to 
metaphysical speculation - even mysticism. Clarke the Staple-
donian did not deny this aspect of his work (though he was 
dismissive of fakery and bad science): the universe is indeed 
full of wonder, he was telling us, and no complete human be-
ing, no matter how rational, could fail to apprehend that fact. 
And so we encounter the marvellous human transcendence of 
works like Childhood’s End [20] - a transcendence which found 
its most famous expression in the uplifting of 2001’s astronaut 
Dave Bowman into the Star Child. 

Clarke - his vision clear, his storytelling compelling, his style 
lucid, eminently accessible and rarely less than beautiful - was 
surely the greatest exponent of such lofty, heart-breaking vi-
sions, which lie at the heart of a peculiarly British version of sci-
ence fiction, running from HG Wells through Clarke’s acknowl-
edged key influence, Olaf Stapledon. But Stapledon’s marvellous 
visions are aloof and chilling; Clarke could make us cry.

After all these years it is difficult to trace the influence of 
2001 in its movie and novel forms, so deeply embedded have 
they become in the history of their genres, and in wider cul-
ture. The computer Hal has been the touchstone of earnest ac-
ademic studies of how near or far we are to realising artificial 
minds. 2001’s vision of our future in space, meanwhile, appears 
remote – although Clarke himself once told me that he felt 
no disappointment about that; he was delighted to be able to 
download images from the Voyagers and later probes of outer 
worlds and moons. Indeed it was this material that in part in-
spired his novel sequels to 2001.
 As for life beyond the Earth, Clarke’s vision – of lofty aliens 
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who visit worlds like ours to uplift their inhabitants – has in 
fact been the subject of serious academic studies. According to 
the ‘zoo hypothesis’, the radio astronomers do not detect alien 
signals because we are in a kind of reserve, and the wardens are 
hiding from view [21].

 In fiction, the notion of human development being affected 
by alien intervention was dramatised before 2001, for instance 
in Nigel Kneale’s TV serial Quatermass and the Pit (1958), and 
has been since. The uplifters need not be benevolent at all, as in 
Ridley Scott’s Prometheus (2012). Indeed in 2001 the first tool 
made by the man-apes, inspired by the Monolith, is a weapon. 
In the sequels, Clarke’s own continuing vision of the Odyssey 
universe reached a final climax as humanity comes into conflict 
with the Monoliths [1], and alien interventions are well-inten-
tioned but destructive in my own collaborations with Clarke 
[3], a reworking of the 2001 mythos.

  After 2001, Clarke had become the best-known SF writer 
on Earth. But with his next novel he rather surprised his read-
ership, turning to a much older form of storytelling. However 
in Rendezvous with Rama (1973) [22], Clarke succeeds in deliv-
ering true cosmic wonder by the deceptively simple means of a 
nostalgic nod to the adventure stories of his youth. But another 
of Clarke’s persistent themes had come to the fore in Rama. In 
the twenty-second century the alien visitor to the solar system 
is greeted, not by squabbling nation-states and planetary colo-
nies, but by a (more or less) united mankind.

5. TOWARDS A FEDERATION OF WORLDS

Clarke could be modest about his contribution to the concept 
of communication satellites, which was brought to practical 
fruition by other, more dedicated engineers, some of whom in-
dependently developed the idea. In 1982, on receiving a Mar-
coni International Fellowship Award for contributions to tele-
communications, he said, ‘My efforts to promote and publicise 
the idea may have been much more important than conceiving 
it’ [23] (p42).

But he had no doubts as to the ultimate significance of the 
technology with which he was associated. In 1971 he told a 
conference convened to sign an 80-nation agreement on com-
munications-technology cooperation: ‘You have just signed a 
first draft of the Articles of Federation of the United States of 
Earth’ [24] (p21).

A future world government was a common assumption in 
post-Second World War SF, presumably inspired by the su-
pranational institutions that emerged after that war, such as 
the UN and the EU. But the idea of a world government has 
a longer history in the pages of SF. HG Wells’s Modern Utopia 
(1905) [25] depicted a world state with unified travel and eco-
nomic management – but it was not truly democratic, being 
governed by ‘Samurai’, a self-selecting elite class. 

In his fiction Clarke had been writing of world govern-
ments, generally as part of an unremarkable and unremarked 
background to the drama, at least as far back as the under-
sea-farming saga The Deep Range (1957) [26]. But it was in 
a new instalment of the Odyssey saga, 2061: Odyssey Three 
(1987) [27], that Clarke described most specifically this might 
actually come about. 

From the end of the twentieth century, with the coming of 
the jet age and of global communications, ‘the human species 

… was merging together, as the old linguistic and cultural 
divisions began to blur’ (p27). As implied in the 1971 quote 
above, this was Clarke’s central belief, regardless of the specific 
detail. Global communications – which he envisaged then as 
being embodied by a satellite dish and TV set in every village, 
delivering news, education and social contact – would break 
through the barriers between peoples, and a global unity would 
naturally, spontaneously, arise.

Meanwhile, as told in 2061, in an ‘Age of Transparency’ from 
the 1990s, with global surveillance by governments and private 
organisations – another application of communications tech-
nology - it was no longer even possible to plan a major war. By 
2060, ‘there was surprisingly little opposition when that popu-
lar monarch, Edward VIII, was elected the first Planetary Pres-
ident’ (p29). An immediate benefit is an economic boost from 
the dismantling of the armaments industry, and a united man-
kind turns to the exploration of space as a new grand venture. 
Later in the Odyssey sequence, we learn that by 3001, the 21st 
century is remembered as ‘the transition between barbarism 
and civilisation’ [1] (p87). 

But, as in Wells’s utopia, by the year 3001 there is an uncom-
fortable compromise: in this case an imposition of technologi-
cal social control. Thanks to a ubiquitous monitoring and con-
trol of individuals - via ‘Braincaps’ (ch13), which ‘[weed] out 
misfits’ (p219) while delivering seamless education  – crime has 
been cut; as early as the 2040s prisons had been closed down. 
And there is a quota on childbirth, depending on the parents’ 
‘Social Achievement Rating’, a clear application of technolo-
gy to social engineering (p204). Clarke was well aware of this 
uncomfortable inadequacy. His characters admit to a dilem-
ma over ‘the freedom of the individual versus the duties of the 
State’, and ‘there were some who believed that this achievement 
had been bought at too great a cost’ [1] (p227). Clarke’s utopia 
was at least a practical one, his telling of it honest.

As I write, the topic of global governance is in the air – if 
not always in a positive way. Britain is preparing to end its for-
ty-year membership of the European Union: a voluntary union 
of nation-states, a kind of regional prototype of a world govern-
ment, now being split. Meanwhile the future of space exploita-
tion depends on a consultation over international treaties, 
beginning with the existing Outer Space Treaty. Perhaps our 
greatest global challenge, climate change, is being managed, 
however imperfectly, according to a decades-long plan under 
the UN Paris accords, a classic world-government initiative. 

And today many space visionaries argue, like Clarke, for a 
coupling of the twin dreams of world governance and space 
expansion (see for example Crawford [28]). 

A world state would offer space expansion programmes a 
platform of geopolitical stability, legal legitimacy and oversight, 
and would itself benefit from space resources such as power 
from harvested sunlight. Indeed Baxter and Crawford have ar-
gued [29] that stable governance may in fact be an essential 
prerequisite to space expansion, for a war wielded by a society 
capable of mass interplanetary transport could be devastating 
(as Clarke himself suggested in his novel Earthlight [30]). And 
above all, humanity would benefit from the spacegoers’ gain in 
cosmic perspective.

Meanwhile, communications technologies continue to ad-
vance in ways even Clarke, their great champion, can barely 
have foreseen, as they break down old barriers and, for bet-
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ter or worse, transform our relationships with each other. As 
Clarke hoped, perhaps the barriers between us will be washed 
away, peacefully and spontaneously. There are worse dreams. 

Clarke’s own determination to present a positive future nev-
er wavered. He admitted [1] (p271) that when writing 2010: 
Odyssey Two [31] in 1981, at the height of the Cold War, he 
knew he risked criticism by showing a joint US-USSR space 
mission, but he wrote it that way anyhow. And: ‘I also under-
lined my hope of future cooperation by dedicating the novel to 
Nobelist Andrei Sakharov (then still in exile) and Cosmonaut 
Alexei Leonov’. 

4. LEGACY

After 2001, Rendezvous with Rama (1973) [22] had been an-
other huge success. From then on Clarke continued to write 
prolifically, both non-fiction and fiction, and both solo works 
and collaborations with myself and others. 

Despite a career full of great success and widespread recogni-
tion, Clarke had always engaged in other projects. From 1955 
to 1965 he was heavily involved in underwater exploration at 
the Great Barrier Reef and near Sri Lanka. Clarke was a resi-
dent of Colombo, Sri Lanka, from 1956 until his death in 2008. 
His time there was evidently happy, though he lived through 
troubles, including many years of civil disorder, and the 2004 
tsunami in which many Sri Lankans lost their lives. Clarke’s 
later life brought him many honours. In 1989 he received the 
CBE, and in 2000 he was knighted.

In later years however, Clarke, afflicted by post-polio syn-

drome, did not always have the strength to fulfil his ideas alone. 
And that was how I, and others, came to work with him.

I had first met Clarke in 1992, when my first novel Raft [32]
was nominated for (but didn’t win) the Arthur C Clarke Award, 
generously endowed by Clarke himself, for best science fiction 
novel of the year. Later, Clarke was particularly taken by The 
Time Ships (1995) [33], my sequel to Wells’s The Time Machine 
[34]. We corresponded from then on. Clarke was enormously 
generous in this way; he had no need even to take notice writ-
ers of my generation. But even in old age, Clarke was always 
fascinated by the new, by the endlessly unfolding novelty of the 
universe revealed by science – as well as in the newest science 
fiction. As for me, as I have said, his focus was always much 
more on the future than on the past. And yet there was a sense 
of continuity, of a legacy in British SF. Wells had known Olaf 
Stapledon, and Stapledon met Clarke through a lecture he gave 
at the BIS – and now here was Clarke working with me.

Arthur C Clarke was born fourteen years after the first flight 
of the Wright Brothers’ airplane. By the time he died, a robot 
spacecraft was heading for Pluto. There can have been few 
more clear-sighted witnesses to the extraordinary upheavals of 
the twentieth century – and that, perhaps, lends his prophecies, 
even now, a certain authority. 

And if global governance does come about then a debt will 
be owed to Clarke, who, in his fiction, never preached about a 
world government, but in book after book simply showed it as 
an assumed part of the background: a future world of peace, 
prosperity and unbounded frontiers that one would dearly love 
to inhabit. 
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A future history is a fictional work incorporating a complete projected history substantively linked to the world situation at the 
time of writing; ‘substantively’ meaning the story is affected by this link to the real world.  It is one of several options available 
to the creators of science fiction stories as the back history, which itself is part of the process of creating the story’s world.  
The world in which a story is set is often an unappreciated underpinning of a story’s success, and if the story leads to a multi-
story franchise it can become the most important item of intellectual property.  The story’s world sets the rules by which the 
protagonists operate and a rich interesting world can be the key component of a rich interesting story.  Using a future history 
as the back story can powerfully link a story to specific aspects of human society, whereas using disconnected or disjointed 
histories creates a more fantasy aesthetic and thus becomes a more general consideration of the human condition.  However, 
a future history has the danger of appearing as prophecy, and prophecy can rapidly appear silly and thus destroy the story’s 
original power and appeal.  The author discusses some ideas as to how a future history can be used to establish the link to the 
real world and give focus and specificity, while retaining its original aesthetic as time passes and any predictions it makes are 
inevitably proved wrong.
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1. INTRODUCTION

The background to this paper is that the author has been en-
gaged in a fiction writing project to explore the unrealised po-
tential of human spaceflight. The aesthetic of the project re-
quires that the astronautical engineering depicted is not only 
technically accurate, but is contained in a realistic timeframe. 
This has imposed the constraint that the stories created by the 
project require a future history and in the course of producing 
this future history the author has arrived at some conclusions 
on the reasons for using this device and the dangers that it pre-
sents. This paper discusses these personal reflections. 

A future history is a projection of events, trends and tech-
nologies from the present into the future. Its use in a science 
fiction story, either as back history or as an integral part of the 
story itself, may seem an obvious device for a genre that in pop-
ular perception is often seen as “predicting the future,” but in 
practice is surprisingly rarely used in current science fiction. 
Highlighting that, while there are attractions to the approach, 
these are limited and often offset by the disadvantages.

Taking the definition of a future history as “a fictional work in-
corporating a complete projected history substantively linked 
to the world situation at the time of writing”, then histories of 
science fiction generally promote Olaf Stapledon's Last and 
First Men [1] as the first example of the approach. Although 
this is not a clear-cut genesis; I.F.Clarke identifies works from 
1644 that set the pattern for published projections into the fu-

ture that were intentionally fictional stories as opposed to un-
intentionally fictional prophecies [2]. However Stapledon was 
arguably the first to have science as the driving aesthetic of 
both the history and the story.

There was a brief flurry of other examples in the 1930s. The 
most ambitious and famous of these was H G Wells’ The Shape 
of Things to Come [3], which was published in 1933 with a film 
adaptation following in 1936. Also important was the Future 
Histories series by Robert Heinlein which started in 1939 [4]. 
By common consensus, it seems that the term “Future Histo-
ries” was first coined by John Campbell, editor of Astounding 
Science Fiction referring to Heinlein’s connected stories series 
[5]. However, as the “Golden Age of Science Fiction” 1938-1946 
[6] progressed, the use of precise predictions and timelines in 
the back history of stories reduced considerably. However it 
did not die out entirely and there are modern examples, such 
as Stephen Baxter’s Evolution [7], which Baxter acknowledges 
was influenced by Stapledon’s work [8]. 

To understand this cooling down of enthusiasm for the fu-
ture histories approach and explore where it still has value, one 
must consider its role in the story telling process. Future histo-
ries are a class of story back history. A story’s back history are 
the events which either implicitly or explicitly take place before 
the story starts, and is part of the overall process of creating the 
story’s “world”. 

2. WORLD-CREATION 

2.1 The World-Creation Process

Every story is placed within its own “world” with its geogra-

This paper is based on “Is There a 50 year Limit to Space Prophecy?”, presented 
at the BIS Space Conference, Charterhouse, July 2016, and on “Future History 
as Novel Enrichment”, presented at the BIS Symposium on Future Histories 
and Forecasting, January 2017.
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phy, culture and rules. It can be created implicitly as the story is 
written with no additional work by the author, or be explicitly 
and independently created with the author producing consid-
erable background material outside of the story. The World-
that is created constrains the story and the degree and subtlety 
to which it does this provides the patina that is part of the sto-
ry’s aesthetic appeal. If well done, it provides a point of interest 
for the reader. Further, good research while world creating en-
sures that the reader’s knowledge is unlikely to find inconsist-
ences that interfere with the suspension of disbelief.

The creation of a story’s world is always based on the real 
world to some extent in order to provide context for the story 
and allow its audience to relate to it. It is what gives them their 
relevance to the human audience living in the real world. For 
most serious storytelling, the author undertakes considerable 
research of the real world to establish the accuracy and increase 
the depth of the story’s world. For such stories it is the validity 
of the story’s world in relation to the real world that is an im-
portant part of the aesthetic appeal of the work and also often 
sustains its credibility. For example, a polemical work needs to 
ensure accuracy in the portrayal of the object of the attack, or 
a story set in the audience’s own world needs to reflect their 
experience of it.

While the real world has to be the basis for the story’s world, 
it cannot be used raw and unaltered. World-creation has three 
processes by which the real world basis is modified to create 
the story’s world. All three of these processes will have been 
applied, however much an author may wish to avoid them. 
They are:

 i   abstraction,
 ii  distortion,

 iii  fictionalisation

Abstraction is the necessary process of simplifying the real 
world to those aspects that are required by the story. Take, for 
example, Ian Fleming’s James Bond novels [9]. For each mis-
sion, Bond is personally briefed by the head of Britain’s Secret 
Intelligence Service (SIS) whereas, in reality SIS is a large or-
ganisation and it is extremely unlikely that field agents, howev-
er important, would be briefed by the head. Fleming’s wartime 
service in naval intelligence meant he had a good understand-
ing of the real SIS, but greatly simplified its organisation in his 
Bond world.

Distortion is the exaggeration, inversion or other changes to 
the real world to support the story’s purpose. Thus a detective 
story will exaggerate the crime element of real life, such as the 
notorious number of murders that take place in small English 
villages in Midsomer Murders [10]; or a satirical story world 
may exaggerate government bureaucracy for humorous effect 
such as in Yes Minister [11].

Again, this process can be seen in the world of James Bond. 
SIS is an intelligence-gathering organisation and rarely if ever 
proactively engages with the perceived enemies of Britain; i.e. 
they do not blow things up or kill bad guys. Britain did engage 
in this sort of activity during the Second World War through 
organisations like the Special Operations Executive (SOE), and 
30 Assault Unit, both of which Fleming was involved with. By 
placing these more proactive roles within SIS and then giving 
the impression that it is their primary activity is a significant 
distortion of the real world – as Fleming would have known. 
But of course, it creates a world with far more scope for action 
adventures with satisfyingly definitive ends.

Fictionalisation is the addition of non-real elements to the 
story’s world. It can be found in the running example of Flem-
ing’s spy novels, where James Bond famously has a “licence to 
kill” that is pure invention. It gives his hero the scope to act in 
peacetime, as his wartime models in SOE and 30 Assault Unit 
had acted as combatants under the rules of war. It completes 
the process of turning the real world Fleming knew from his 
war time intelligence work, simplifying, moulding and adding 
to it to create the fictional adventure world for his novels. 

The very process of inventing a fictional story introduces fic-
tional elements to its world; it cannot be avoided. So even nov-
els like Hilary Mantel’s Wolf Hall [12], which emphasise their 
reality and where the author has taken particular pains with 
their research to ensure nothing in the story contradicts known 
historical fact, still have simplifications (e.g. Wolsey’s and the 
King’s court operated with more people and consequently 
more complex interactions), and distortions (e.g. torture was 
more prevalent than the novels imply). The fictionalisation is 
more difficult to detect, as the author’s purpose is to eliminate 
it. Mantel describes a process of completely immersing herself 
in the Tudors' world: 

“I don’t knowingly ever falsify a date or a place or any item 
of information, but where I do operate is in the vast area of 
interpretation.” [13]

This interpretation must inevitably lead to some discrepan-
cies between real life and the novel’s world. The author needs 
to fill the gaps in the historical understanding with fictional 
elements to create a world complete enough for the story to 
be told.

In many science fiction and fantasy stories the process of 
fictionalisation can reach the other extreme of a totally invent-
ed “world” (or, in the case of science fiction, more likely an in-
vented universe) and the process of generating such worlds is 
known as “World-Building”. This is an established activity [14] 
and has academic work discussing it [e.g. 15, 16]. The literature 
on the subject emphasises the inventing of geography, culture 
and rules and even natural laws which are issues that only arise 
in the context of science fiction and fantasy and hence the use 
of the term is currently confined to those genres. 

In this paper we use the term “world-creation” to distinguish 
the much broader process of the generation of a story’s world, 
which all stories have, from the specialised and extreme variant 
of fictionalisation; “world-building”, which from its inherent 
nature is confined to the science fiction and fantasy genres. 

2.2 The Role and Value of World Creation

As noted, all fiction by necessity has some form of world-cre-
ation associated with it. This can be simply the implied world 
created alongside the story and its definition is completely con-
tained within the story; or the author can have considerable 
material defining the world that exists outside the story. This 
story world, together with the story itself and the characters, 
are the three elements that create a story’s appeal, but the story 
world is the one that receives the least attention.

The story world creates the background atmosphere and 
tone for the story, and also the rules that constrain it. The idea 
that “fairy stories” take place in “other-worlds”, and can be their 
main attraction, is an observation made by Tolkien [17], al-
though most of the traditional folk stories he refers to would 
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have originally been perceived by both authors and audience as 
set in their real world. And that returns to the point that there 
are not real and unreal story worlds; just a continuum between 
the extremes, neither of which can ever be reached in practice.

The constraining rules of the world are of key importance to 
the generation of a story that engages with its audience. Joseph 
Campbell argues that the archetypal story always has the hero 
crossing a threshold from a “mundane world” of the known and 
familiar into an “adventure world” of the unknown where the 
rules change [18]. It is how the hero handles and overcomes the 
challenges of the unfamiliar new world that creates the story, 
and without this there is no story. Even social realism schools 
such as British “Kitchen Sink Dramas” of the 1950s and 1960s, 
take protagonists that are normal people in a realistic mundane 
world and introduce world-changing situations to which they 
must respond. In that respect Jo in A Taste of Honey, [19] is the 
same as Bertie Wooster in Thank You, Jeeves [20] or Bilbo Bag-
gins in The Hobbit [21], or Luke Skywalker in Star Wars [22]. 
Note that all four of these examples conjure worlds of peril that 
are at once familiar and fascinating.

The type of story world is so fundamental that it defines the 
literary genres; war, crime, spy, romance, fantasy, western, and 
horror all define worlds with new rules and challenges for the 
hero to face. So established and popular are these genres that all 
have generic default worlds that are a part of society’s common 
culture, and authors can safely call upon them and often do 
in more commercial fiction. However the use of these generic 
worlds will deprive the story of an individual feel. This suggests 
that the care an author takes with the story world is important 
to the success of the story with the audience. The use of a ge-
neric genre world will tend to counter any originality in plot 
or character, whereas an original story world will highlight it. 

This can be seen in the success of stories with unique and 
carefully crafted worlds. In 2001 the BBC conducted a poll of 
the British public to establish their favourite novels. Of the top 
ten, five have significant external world creation material that 
is in the public domain [23] including the number one, which 
was Tolkien’s Lord of the Rings [24]. Tolkien had worked on 
his “legendarium” [25] in which he developed the history and 
geography and most specifically the languages of the “Middle 
Earth” story world for more than 20 years before starting to 
write the stories set within it. Another example is Frank Her-
bert’s 1965 novel Dune [26], which is often cited as the best sci-
ence fiction novel (and depending on how you defined science 
fiction was the highest science fiction novel in the BBC’s Big 
Read at 39). This novel was the result of five years of research 
and world building [27]. 

So detailed and meticulous world creation that apparently 
extends way beyond what is rationally required for the purpose 
of the story is an important part of creating a story that has an 
impact with the audience. Which raises the question of how 
such apparently pointless effort that the audience never sees 
somehow suffuses the story and has a positive effect on its re-
ception by that audience?

It is the rules the story world defines (i.e. what is and what 
is not possible within it), and how the characters solve the 
problems created by the story using these rules, that provides 
the entertainment. It is like a game; a game is defined by its 
rules and the more complex the rules the more entertaining 
the game. If an author simply uses a generic world, the detail of 
which is created top down as the story is written, then there is 

a danger that it generates a perception the rules are made up as 
it goes along, to suit the story; that is, the story shapes its world 
rather than the other way round.

Where the fictional world is created bottom-up, it establish-
es rules that constrain the story and not clearly at that story’s 
convenience; that is, the story is subservient to the world’s rules 
rather than the world bending to the story’s requirements. 

It is possible that a story’s subservience to its world’s con-
straints is what makes that story more appealing. The imposi-
tion of a complex, consistent, externally produced world on a 
story produces a feel that is more like the real world constraints 
on real life. The influence of the world on the narrative works 
in a way that appears less obviously conveniently contrived for 
the purpose of the story. It is a sort of saccharine substitute, 
giving a fake taste of a sugar reality. This makes the suspension 
of disbelief and engagement with the story an easier and more 
satisfying experience for the reader.  

2.3 The Story World as Product

Over the 20th century, the world-creation aspect of story-tell-
ing took on a separate life outside the story itself, in that the 
world could be used as the basis of further stories and mer-
chandising. This started with sequels, although arguably these 
can be traced back to Homer. Better early examples of a com-
mercial exploitation of sequels is Arthur Conan Doyle’s Sher-
lock Holmes started in 1886 [28], which produced a continuous 
string of short stories and novels until 1927 [29]. Obviously, to 
get to this commercial nirvana requires a work (book, film or 
TV programme) to be successful enough to make any sequels 
economically attractive. However establishing such a series 
can be a win-win situation, as readers or viewers get more of 
something they already enjoy and are more likely to purchase 
as the new product barrier has already been broken, giving the 
creators a much more secure product and one which may be 
easier to produce.

Almost as soon as the sequel was invented there were mul-
ti-media franchises, where print, film, theatre and television 
media offered products featuring the characters and their 
world. In the 19th century, successful novels would be turned 
into stage plays, so the mechanism for media transfer was al-
ready in place. However in terms of new stories it was in the 
late 19th and early 20th centuries that the true multi-media 
franchise was born; developing new stories within each medi-
um and each medium contributing to the overall story world. 
An early and arguably prototype for this was Sherlock Holm-
es. While Conan Doyle wrote more prose stories (in later life 
one could argue under duress), so the Sherlock Holmes films 
progressed from adapting the prose stories to the invention of 
entirely new stories. These stage and film stories added to the 
public's understanding of the world, for example the famous 
phrase “elementary, my dear Watson” is in none of the Conan 
Doyle stories, but was generated by P.G. Wodehouse in his nov-
el Psmith, Journalist [30] spoken by a character aping Sherlock 
Holmes. It was first used within the Sherlock Holmes franchise 
in the 1929 film The Return of Sherlock Holmes [31]. This illus-
trates the existence of a franchise world within the audience’s 
mind that is defined in part outside the original source mate-
rial. 

Until the mid-20th century, sequels were based on a stand-
ard set of characters within the story’s world. During the 20th 
century there came the realisation that the story’s world alone 
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can be the basis for the franchise, with new characters inhab-
iting it for new stories. In this context the world-creation has 
enhanced importance, as it alone is generating a franchise’s 
unique intellectual property. This allows the advantages of cus-
tomer recognition and loyalty while allowing new characters 
and situations to be introduced, giving a wider scope for sto-
ry-telling; and in the case of film and TV, less dependence on 
specific actors’ availability. An early example of this is the ex-
tension of the Star Trek franchise [32] into six distinct character 
sets (the original Star Trek, Next Generation, Deep Space Nine, 
Voyager, Enterprise, and Discovery). Once in this situation, the 
world-creating output is the principle intellectual property of 
the franchise. 

3. BACK HISTORY

A story’s back history, both that which is contained within the 
story and that which is external to it, is an inevitable part of 
world-creation. Just the fact that there are characters in posi-
tion at the story’s start means there is a back history that got 
them there, even if only by implication. Authors take various 
degrees of interest in the back history. Raymond Chandler was 
notoriously vague about plots and his key character, the detec-
tive Philip Marlowe. For example, in The Big Sleep [33] even 
Chandler did not know who committed one of the murders 
when asked by the company trying to turn the novel into a 
film. Despite Chandler’s clear and complete lack of interest in 
world-creation, the stories reveal Marlowe had been previously 
employed by the District Attorney’s office but fired for insubor-
dination, and other facts (not always consistent) about his past 
emerge as the stories progress [34]; an example of back history 
being developed as a parallel process as the story develops. 

Of all the elements of world-creation, it is the back histo-
ry and its link to the story that is probably the most impor-
tant to get right. This importance is because it is the element 
of world-creation that directly affects the story’s characters 
and plot, which is what the audience is concentrating on, so 
inaccuracies, inconsistences and absurdities are more likely to 
be spotted. The impact of this is compounded because it is the 
character’s interaction with the world’s constraints that is the 
primary driver of the story. 

It is an even bigger problem for franchises. Once a fictional 
story spawns sequels and prequels, the back history will inevi-
tably grow in complexity and the various stories and their his-
tories must achieve retroactive continuity. This opens up risks 
of inconsistencies in that history, particularly where little con-
scious world-creation was undertaken during the creation of 
the original work – a risk amplified where multiple writers are 
used. All stories have plot holes; but as the number of stories 
grows, cross-story plot holes impact the franchise world; and, 
as already noted, for franchises it is this world that is the key in-
tellectual property, and maintaining the audience’s engagement 
with this world is critical to its continued success.

In conventional fiction, whether set in the present or the 
past, the basic overall back history is real history. While sci-
ence fiction and fantasy stories can also use real history as the 
background, there are more options available for the back his-
tory; and the use of any of these options, in and of itself, means 
the story falls into the science fiction and fantasy genres. These 
other options are:
 • alternative history
 • disconnected history

 • disjointed history 
 • future history

An alternative history is an accepted term for fiction where 
the story’s history departs from real history at some point and 
the consequences of that departure are explored by the story 
[35]. An example is William Gibson and Bruce Sterling’s The 
Difference Engine [36,] which was a novel that explored a Vic-
torian age where Charles Babbage had succeeded in develop-
ing his difference engine, hence creating an information age 
150 years early. The key point of such works is the comparison 
between the history outlined in the story and the real history 
which is assumed to be known by the audience.

“Disconnected history” is not a widely accepted term, but is 
here used to denote back histories that have no intended con-
nection to real history. While there may not be a term for such 
works, it is very widely used. An almost archetypical example 
would be Tolkien’s Middle Earth [25], in which the extensive 
history has no relation or connection to real history. Another 
example would be Star Wars [22] which is vaguely set “a long 
time ago in a galaxy far far away…”  

“Disjointed history” is another term that is not widely ac-
cepted, but it was coined by Gerry Webb when introducing the 
BIS Future History symposium 2017, and by this author who 
used it in presenting the original incarnation of this paper at 
that symposium (there had been discussion between us on the 
subject prior to the symposium). It refers to back histories that 
purport to be set in the future but have no substantial connec-
tion to real history. It is also a widely used device, and lies be-
tween disconnected and future history. It is characterised by 
having a back history set in the future but without a substantive 
link to real history that affects the story’s world. Thus, as re-
gards its impact on the story, it has the same logic and aesthetic 
as a disconnected history.

An example of a disjointed history would be Frank Herbert’s 
Dune. While this is cited on the Wikipedia entry on Future 
History [5] as a notable example of a future history, there is 
only a very tentative connection with real history, (although 
the precise back history does seem to be a matter of dispute). 
However this link tells us little more than that the characters in 
the Dune universe are intended to be our distant descendants. 
In short, the connection is not substantive and the end result is 
almost the same as for a disconnected history.

Another example that this author would argue to be dis-
jointed history is the Star Trek franchise. It differs from the Star 
Wars franchise in that (like Dune) the stories are set at a rough-
ly defined point in the future. However, there was originally no 
linking timeline between the Star Trek world and real history. 
Gene Roddenberry said, “I invented the term ‘Star Date’ simply 
to keep from tying ourselves down to 2265 AD or should it be 
2312 AD? I wanted us to be well in the future, but without argu-
ing approximately which century this or that would have been 
invented or superseded” [37]. This demonstrates that originally 
Star Trek was seen as a disjointed history by its creators. As the 
franchise evolved, the back history was developed and expand-
ed, most extensively by the film First Contact, which takes the 
timeline back to the mid-21st century and a Third World War 
[38]. However this does not seem to constitute a link that sub-
stantively affects the overall world or the stories set within it.

This is a personal judgement and others may differ in their 
assessment of where Star Trek lies between disjointed history 
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and true future history. This highlights that there is a range 
from completely disjointed history, where the author has mere-
ly put a future date to what is otherwise a disconnected history, 
to a future history that is a carefully work-through, detailed 
timeline from the present. Where a particular work lies within 
that range will rely on a subjective judgement about whether 
the links to real history are substantive enough to have impact-
ed the story or its world. 

4.  FUTURE HISTORY 

4.1 Definition

There is no consensus as to the precise definition of what con-
stitutes a future history.

The Encyclopedia of Science Fiction [39] defines future histo-
ry as “the grouping of generally independent-seeming SF sto-
ries into an overarching “History of the Future”.

This definition encompasses what in this paper are being 
defined as disconnected history and disjointed history, as the 
examples given in the entry’s discussion shows. But the re-
quirement for a series of stories effectively rules out the single 
work future history; after a nod to Stapledon (a single work), 
all the examples are series. So Stephen Baxter’s Xeelee Sequence 
[40], which by the definitions used in this paper would be a dis-
jointed history bordering on disconnected, is included but the 
discussion does not mention Baxter’s Evolution [7], which is a 
classic future history in the Stapledon mould. This definition 
also entirely rules out single work future histories where the fu-
ture history element is contained in the probably unpublished 
back history.

The Wikipedia definition [5] is “A future history is a pos-
tulated history of the future and is used by authors of science 
fiction and other speculative fiction to construct a common 
background for fiction”.

The supporting discussion is less focused on the need for a 
story series. While it notes that standalone stories that trace an 
arc of history are rarely considered future histories, the discus-
sion does include single work examples. The entry emphasiz-
es the need for a historical progression of events, but does not 
contain any discussion about linking that progression of events 
to real history. 
 

For this paper we are using a slightly different definition; to 
reiterate: “a fictional work incorporating a complete projected 
history substantively linked to the world situation at the time 
of writing”.

Thus, a future history is a story whose back history projects 
forward from real history at the time of writing so that it can 
be seen as an alternative history, but where the departure point 
is the present rather than the past – the important feature be-
ing that the link with real history informs both the story and 
the story’s world, i.e. it is a substantive link. By this definition, 
in using future history the author is effectively giving the sto-
ry some of the characteristics of a prophesy even if the author 
does not intend the work to be an actual prophesy, as is nor-
mally the case. 

This definition means that just because a sequence of stories 
forms an internally consistent history does not make it a “fu-

ture history”; it is simply an imagined history, which is either 
disconnected like Tolkien’s Lord of the Rings or Star Wars, or 
disjoined like Dune. Under the other definitions; if Star Wars 
had simply started with “a long time in the future in a galaxy 
far far away…” [22], but was otherwise unaltered, it would be 
classed as a future history alongside Dune, which would trivi-
alise the categorisation of Future History and mean that it was 
not actually related to the story’s content or aesthetic.

Thus, the argument here is that if there is no substantive link 
to real history, how can the adjective ‘future’ be applied without 
a semantic inconsistency?

Also, by this definition, a single story can be a future history 
if there is a sequence of events in the back story to provide the 
substantive link to real history, even if that back story is not 
explicitly covered in the story itself.

4.2 The Fundamental Problem

The earliest future history, Stapledon’s Last and First Men [1] 
still works because of the long timescale, and the part of the 
story that the modern reader can compare with reality is very 
small. This is an approach that has been used more recently by 
Stephen Baxter in Evolution [7]. The scale of such work means 
detailed, event-by-event history and point-by-point technolo-
gy development roadmaps are not possible. Long-term future 
history normally means that any inaccuracies in predictions 
are unlikely to become apparent in the lifetime of the novel. 
Such long timescales are not generally suitable for personal sto-
ries following a single character and are thus less popular 

By contrast fiction set in the near term inevitably needs a fu-
ture history with this sort of dangerous detail, and its use con-
tains unique problems over other back history options, which 
can degrade the story’s impact

The danger of detail can be seen in a work by H.G. Wells 
published just three years after Last and First Men. Looking at 
the background and context of the 1933 The Shape of Things to 
Come [3], it probably should have been a defining classic work 
from Wells rather than the works he is actually famous for, such 
as the Time Machine [41] or War of the Worlds [42]. By the 
1930s, Wells was not seen simply as a science fiction author, 
but a generalist thinker, and in particular as a valid populariser 
of history. His book The Outline of History [43] was far more 
commercially successful than his science fiction and was a sta-
ple of school history teaching. Wells had also become a guru 
predicting the future [44]. So a work that combined Wells’ sto-
ry-telling with his role as an authoritive historian and respected 
futurist should have had great promise. Given this context, it is 
probably unsurprising that within three years it had been made 
into a feature film, with a screenplay by Wells himself [45]. But 
the film highlights the dangers of detailed prediction. The nov-
el contained a lot of detail related to then-current events, and 
even within the space of a couple of years the mis-predictions 
required extensive alterations for the film version. 

Neither the novel nor the film have worn well with time. This 
cannot be because it was completely wrong – in fact, in many 
respects its accuracy is uncanny. Wells predicted a Second 
World War, starting with Germany and Poland as the trigger 
point, and got the date it started to within three months. Some 
of his predictions as to how the war would be fought were also 
prophetic, particular the use of aerial bombing. However cor-
rect predictions do not counter the impact of mis-predictions. 
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A correct prediction slips past the audience as the familiar; a 
mis-prediction stands out immediately as something that is 
wrong and jars with the illusion of a potentially real world.

So it is the aspect of prophesy that creates the key problem 
with using future history. Despite many brave attempts, hu-
manity has yet to find any effective or useful way to predict the 
future, so anything that looks like a prediction is bound to look 
wrong, or even silly, with hindsight. In an alternative history, 
the discrepancies between the story and real history are clearly 
deliberate and part of the story’s aesthetic; whereas in a future 
history, the discrepancies are unintentional and most likely to 
interfere with the aesthetic. So a future history is in danger of 
being ephemeral, as the real world will never follow the predic-
tions in the story and these inaccurate predictions will interfere 
with the reader’s or viewer’s suspension of disbelief. If the read-
er becomes disengaged from the story, its original value is lost; 
only a comedic value remains.

This problem does not seem to affect disjointed histories, at 
least in prose fiction. Many of the “golden age” science fiction 
stories written in the 1930s to 1950s are still as readable today 
as when were originally intended to be read. The worlds cre-
ated in those stories can be “updated” in the modern reader’s 
imagination; and if the story’s themes are universal, their rele-
vance and interest remain. Examples of such stories would be 
classics like Asimov’s original 1940s Foundation Trilogy [46], or 
Clarke’s 1953 Childhood’s End [47]. In the case of Childhood’s 
End, its continued relevance can be demonstrated by the suc-
cess of the TV mini-series made in 2015 [48], which closely 
followed the original work.

However, even disjointed histories are not immune from this 
problem of “dating” in the visual media – particularly films. 
The visual realisation restricts the audiences’ ability to use their 
imagination to update the story world, and its failure to accu-
rately predict the detail of the future is instantly and irredeema-
bly obvious. Fashion, as displayed by such items as clothing and 
industrial design, is perhaps the biggest issue; but technology 
mismatches also jar with some things that are hopelessly wrong 
(what 20th-century film got mobile phones right?), along with 
things that are hopelessly optimistic such as humanoid robot 
servants, or high-quality, seamless video calling. Such works 
are ephemeral: they work for the audience at the time, but fail 
with hindsight.

In some cases of disjointed history in film, the quality and 
imagination of the production do give the film an extended life. 
A good example of this would be Blade Runner [49], which is a 
disjointed history, as it is set in Los Angeles in 2019. The quality 
of the production design, cinematography and special effects 
won special acclaim at the time, these being the categories of 
award for which it was predominantly nominated [50]. We now 
are close to the date in which it was set, yet it remains a watch-
able film. The continuing enthusiasm for the film is in spite of 
the obvious fact that as a prediction of the circumstances, tech-
nology and fashion of modern-day Los Angeles, it is spectac-
ularly wide of the mark. This audience acceptance is probably 
because the story is a highly disjointed history that is in effect 
a disconnected history. The audience soon treat the richly re-
alised story world as independent of the real world in the same 
way that they accept Middle Earth in Lord of the Rings. Indeed, 
if the opening caption “Los Angeles – November, 2019” were 
removed, the film would work just as well.

However, in the case of a future history, the substantive link 

with the real world is fundamental and cannot be removed or 
ignored. So the problem with future history is where the work 
gives an appearance of prediction, but the failure of that pre-
diction changes the impact on the audience. An author needs 
to find ways to give a future history a valid artistic role with 
an impact that overcomes its predictive failures when they be-
come apparent. Otherwise, a publishing career based on future 
histories can seriously damage the author’s wealth.

Given the dangers of using near-term future history, the 
question arises of why a storyteller would use the form at all. 
The early examples, such as Wells’ The Shape of Things to Come 
[3], seem to have been undertaken for the sheer bravado of at-
tempting prophecy, oblivious to the dangers. However, science 
fiction writers soon came to understand the perils of attempt-
ing predictions. In 1962, Arthur C Clarke in the introduction 
to Profiles of the Future [51] starts with:

“It is impossible to predict the future, and all attempts to do 
so in any detail appear ludicrous within a very few years.”

And indeed, he never claimed to be making predictions, but 
to be exploring options and their implications. This is probably 
why so much of his work still has relevance today.

4.3 Why use Future History?

Aside from those early examples of sheer bravado where proph-
ecy is attempted for its own sake, if a story is using a near-term 
future history in its back story, there is likely to be a reason 
that lies within the aesthetic of the work, i.e. supporting the 
story’s intention. The main impact of using the future history 
device is that it reduces the generality of a story and emphasises 
the element of reality to concentrate on a specific aspect of the 
current real world, thus emphasising the focus of the story and 
thereby reducing the audience’s scope to interpret the story as a 
comment on the generality of the human condition. 

This can be a simple prediction of the consequences of a 
current situation. An example of this is Harry Harrison’s 1966 
novel Make Room, Make Room! [52]. That it is a future his-
tory is made clear in the short prologue. This highlights the 
policy of inaction on population growth by the United States 
government, presents a few statistics, and then asks “In which 
case, what will the world be like?” This makes clear that the 
dystopian story is intended to be read as a realistic warning 
about the dangers of population growth; not as a fantasy or an 
allegory. Without this prologue and the setting in 1999 New 
York (within the expected lifetime of most 1960s readers), the 
story’s intended impact would be reduced.

Another example, although one that goes beyond a mere 
simple prediction, is Margaret Atwood’s The Handmaiden’s Tale 
[53]. It is a future history; and without the subtle but clear links 
to the 1980s world, The Handmaiden’s Tale could be categorised 
as a disconnected allegory, highlighting some of the implica-
tions of fundamentalist elements of western society. By making 
it a clear future history, it reads as a more direct warning about 
where right wing fundamentalist trends could lead, particular-
ly in the United States. In being a future history, it alters the 
audiences’ perception of the work.

A third example is Arthur C Clarke and Stanley Kubrick’s 
2001: A Space Odyssey [54]. It is not clear that this had the in-
tent of being a future history. With the originally announced 
title, Journey Beyond The Stars, it would have been a disjointed 
history; putting “2001” in the title moved it more towards a 
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future history, but it seems this date was to symbolise the start 
of the new millennia rather than a result of any specific future 
history timeline. 

However, the film and novel were closely followed by the 
release of NASA’s proposed Post-Apollo Programme in 1969 
[55, 56], which had effectively been produced contemporane-
ously with 2001, and this outlined a development programme 
that was entirely consistent with the technology and capability 
shown in the film. While 2001 and the Post-Apollo Programme 
were independent, they both drew upon the expectation and 
understanding within the astronautical community of the time. 
So this NASA report, combined with the careful technical de-
tail in the film (and even more in the novel), gave it the feel of a 
future history to the audience, even if this was not the author’s 
intent. This future history quality does change the audience re-
ception and perception; it is seen as a prediction of the space 
capability that mankind will have in that time frame. That 
would have been consistent with Arthur C Clarke’s science fic-
tion of the pre-Space Age. And it should be appreciated that, 
given that the development of the 2001 project was in the very 
earliest years of human spaceflight, it can be seen as effectively 
the swansong of pre-spaceflight proselytising of the potential of 
the coming Space Age.

In all these cases, the future history element changes the 
perception of the story’s intent. The predictive component 
moves it away from a generic story of the human condition, or 
an allegory, or an escapist fantasy, and moves it towards dealing 
unambiguously with specific issues in the real world and their 
consequences. This is often the author’s intention in using the 
future history device, but it will happen anyway if a future his-
tory element is included, regardless of the author’s intention. 
What follows as a consequence is that many of the story’s audi-
ence will take any apparent prophecy as actual prophecy.

This can be seen in the example of George Orwell’s Nineteen 
Eighty-Four [57], which is often taken for a future history but 
clearly was never intended as such. The title, which suggest a 
disjointed or future history, was a reversal of the year it was 
finished and intended to signal that the story was about the 
present, not the future. It was intended as an allegory and satire 
on the post-Second World War situation, drawing on elements 
of Stalinist Russia and post-war Britain. In one respect it can be 
seen as a sequel to Animal Farm [58], which satirised pre-war 
Russia as a farm where the animals had evicted the humans and 
taken over control. So, looking for accurate predictions in the 
novel 1984 has the same logic as looking for farms run by pigs 
in the English countryside. Yet so many attempts to do just this 
suggest that the book's future history trappings misled many 
into thinking that it was a warning about future possibilities, 
rather than an attack on totalitarian practices that were then 
current – and are regrettably still with us, giving the novel its 
timeless appeal.

Both 2001: A Space Odyssey and Nineteen Eighty-Four show 
that it is the audience’s reception and reaction to a story that is 
at least as important as, if not more important than, the author’s 
intent when it comes to determining what is a future history 
and what is not. We need not fully embrace the thesis of Ro-
land Barthes in The Death of the Author [59] (which argues that 
only the audience's experience of an artistic work matters) to 
realize if the audience takes a work to be a future history, then 
the advantages and dangers of the device apply, regardless of 
what the author was trying to do. And the common interpreta-
tion of Nineteen Eighty-Four highlights that audiences are very 

receptive to future history, and will pick up on the prophetic 
elements of a work, even when it was not intended to be taken 
that way. So storytellers should be careful to only use the trap-
pings of a future history when it is intended and has purpose.

4.4 Vagueness and Relevance

An author using a future history within a story needs to have 
a very clear understanding as to why it is required in the con-
text of the work’s purpose in order to then formulate strategies 
that can minimise the impact of incorrect predictions on the 
reader’s engagement, while still achieving the aesthetic inten-
tion behind using a future history back story - i.e. keep it vague 
and relevant.

The first obvious strategy is to minimise the content in the 
story’s world that can create mis-predictions – that is, to keep 
the future history content in the story world as vague as possi-
ble but consistent with the purpose of the story. A masterpiece 
of such vagueness is Margaret Atwood’s The Handmaiden’s Tale 
[52]. It is a future history. The story starts a little after its pub-
lication date in 1985 and centres a little after 2000 (although 
the exact timing is vague), yet in 2017 it can be made into a 
successful and critically acclaimed TV mini-series without any 
significant alteration of the novel’s story world – a decade after 
the events in the original supposedly occurred [60].  

It is argued that the enduring power of this novel to follow 
its original artistic intent, which includes a future historical 
aspect, is due to the minimising of the real world links only 
to those required to anchor the story theme. Furthermore, At-
wood made those links vague enough for them to be applicable 
to a general western world situation that constantly recurs, thus 
preserving the story’s relevance.

The points on vagueness and relevance are perhaps shown by 
a comparison between the films 2001: A Space Odyssey and its 
sequel 2010: The Year We Make Contact [61]. The future scenes 
of 2001 are only set in space, an environment with which the 
audience has very little familiarity – and therefore very limit-
ed reference knowledge against which to judge the reality of 
the story world being shown. Thus a 2018 audience can accept 
2001 as potentially real in the same way as a 1968 audience. 
By contrast, 2010 has an extensive 20-minute first act (nearly 
a fifth of the film) that is set on the future Earth – a setting 
with which the audience has complete familiarity and many 
references. Here, the mis-predictions jar: a token over-futuris-
tic car; 1980s clothes that not only seem implausible but clash 
with 2001’s fashion predictions; 1980s-style computer-screens 
(again also clashing with 2001’s computer interfaces). These are 
not catastrophic mistakes that destroy the film’s credibility (it 
continues to get a moderately positive reception [62]), but they 
are factors that erode the illusion of a future world. It could be 
argued the story could have been told from a solely in-space 
perspective; that adding the Earth scenes was adding unneces-
sary detail that was not required for the spaceflight theme and 
which ends up subverting its story world.

So, if the storyteller sticks only to prophecy that is relevant 
and consistent to the story’s theme or purpose, then hopefully 
any discrepancies will have a validity that can sustain the sus-
pension of disbelief and maintain the audience’s interest.

4.5 Is Space a Special Case?

To expand this point; the consideration of the Earth-bound 
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scenes compared with the space scenes in 2010: The Year We 
Make Contact also suggests that future histories set in space 
may have a wider latitude for error than those in a terrestrial 
setting. 

All members of an audience for an Earth-based story are 
very familiar with the setting based on their day-to-day expe-
rience of living in it. However, for practical purposes, all mem-
bers of an audience for a space-based story world will have no 
direct experience of space and their limited perception of it will 
probably be based more on science fiction seasoned with occa-
sional brief glimpses of life on the International Space Station. 
Thus, it is more difficult to successfully create a futuristic ver-
sion of the familiar terrestrial world, and to faciliate easy sus-
pension of disbelief, than to do so in an unfamiliar world where 
the knowledge of the audience is largely based on an erroneous 
or fictitious understanding.

2010 effectively has two story worlds, Earth and space, and 
the switch between them is quite abrupt, with little narrative 
linking. So it offers a comparison in a context where the set-
tings is the only difference, the people producing the work, the 
budget, the artistic intent are all the same. As we have already 
argued, while the Earth based scenes in 2010 may not be totally 
convincing to audiences as a vision of the future world, either 
when it came out, or since, the space-based scenes work much 
better and have stood up well as time passes. However, looked 
at objectively, the Earth-based scenes, for all their faults, are a 
vastly more accurate depiction of the real 2010 world than the 
space scenes. The latter neither match the space capability of 
the real 2010, nor are they likely to be realistic at any time in 
the near future. 

This suggests that the perception of the audience about what 
the future should be strongly influences the degree to which it 
can suspend disbelief and engage with the story’s world. So the 
less experience and knowledge the audience has of the starting 
point for a future history’s world, the more latitude there is for 
the story creator to create a believable future world that has 
some longevity. And in our current culture, space is probably 
unique as a location that is important and of interest to the au-
dience, and yet where there is almost no awareness of the cur-
rent situation or the potential direction.

4.6 Morphing from Future History to Alternative History

One way of viewing the changing perception of a future history 
over time is a morphing from a future history to an alternative 
history. This can be seen consciously done by Poul Anderson in 
his Psychotechnic League series [63]. The work was written as a 
future history with a key initiating point being a global nuclear 
war in the late 1950s – less than a decade after they were writ-
ten. This presented a problem when they were collected and 
republished in the early 1980s as an anthology under the title 
Psychotechnic League [64], so the editor explicitly rebranded 
them as an alternative history.

That this morphing will happen is inevitable; but as future 
history authors have no knowledge of the true history that their 
stories will be compared with, they have to rely on the rele-
vance of the future history to the artistic themes and aesthetic 
of the story to carry this transition off – that is, as far as possi-
ble, plan on it being an alternative history from the start. 

To take a hypothetical example, let us assume in mid-2016 
an author wrote a future history novel with the confident 

prediction that the next President would be Hilary Clinton – 
something that might have seemed a pretty safe prediction. 
If this was just a guess to add background colour to the story 
world, it would simply highlight the failure of the prophecy and 
erode the story’s credibility. However if the theme of the story 
is the problems created by attaining power through pragmat-
ic expediency during a long and highly scrutinised career in 
public office, or the problems likely to be encountered by the 
first woman President, then the story may work as an alternate 
history. Indeed, the use of a character with well known real-life 
characteristics may be an approach that could be justified be-
cause it would enable such subjects to be explored in a way that 
a story with a more fictionalised world could not.

Thus, since a future history will never be able to knowingly 
reference real history in the way an intentional alternative his-
tory can, the ability of the story to successfully make the tran-
sition from future history to alternative history depends upon 
the strength and universality of its themes. Does what the story 
is discussing both justify the use of future history and have a 
relevance and interest to readers in the future who know better 
than the author?

By way of an example, let us take the 1930 film Just Imagine 
[65]. This film starts by contrasting 1880 New York with 1930 
New York, then invites the audience to imagine a 1980 New 
York, “when everyone has a number instead of a name and the 
government tells you whom you should marry”. The film lav-
ishly constructed a 1930s vision of the future with Art Deco 
styling resonant with Metropolis [66] (still images from Just 
Imagine are sometimes mistaken for those from Metropolis). 
While great efforts were made in the creation of this highly 
praised vision, the film story was a musical comedy, with a 
flimsy and ludicrous plot and no gravitas. It was a box office 
flop and is now forgotten, its cultural legacy confined to sell-
ing clips and props for Flash Gordon and Buck Rodgers [67]. 
To modern eyes, it has only comedic value. To be fair, comedy 
was the original intention of the overall enterprise, but it is not 
clear that the prophetic elements were intended to be any part 
of the humour. 

By contrast Metropolis, with its themes of social segrega-
tion and class exploitation combined with an unapologetic and 
sympathetic communist viewpoint, has both impact and grav-
itas. The film survives the massive failure to predict the future 
by being a parable realised with conviction and imagination, 
and thus remains a significant cultural influence.

It is argued that the telling of a strong story, with a universal 
theme that can overcome the inherent limitations of the use 
of future history, is what maintains the popularity of Nineteen 
Eighty-Four, The Handmaiden’s Tale and 2001: A Space Odys-
sey. However it has not saved Make Room, Make Room!, which 
does not read so well with hindsight. While it is a competent 
adventure story and deals with a serious theme which justifies, 
perhaps even demands, a future history treatment, its mis-pre-
dictions jar and even subvert its message and as a result it fails 
to work as an alternative history. 

It is suggested that it is the lack of a mythic element that the 
other works have that is the problem in this case. The story fol-
lows the characters exploring the impact of the stress caused by 
an overpopulated New York, but the story’s plot and character 
motivations do not explore the human failings that have led to 
the overpopulation. There is no parable, or mythic layering. It 
is just an adventure story that acts as a vehicle to illustrate the 
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overpopulation theme through the impact of the story world 
on the characters. 

By contrast, in The Handmaiden’s Tale, the story not only 
illustrates the dystopian prediction, but through the story’s plot 
and character motivations explores the reasons that have led 
to it. It is not just a simple predictive story but has layers of 
parable, in that the story itself incorporates the theme, whereas 
in Make Room, Make Room! the story itself is independent of 
the theme. The element of mythic layering transcends the inac-
curacy of the prediction, and gives the story continued power 
to engage. With Make Room, Make Room!, the world itself is a 
creation of a specific government and a specific policy, but the 
story is not – so the mythic layer is missing. 

This insight suggests that a successful future history must 
contain allegorical or parable elements to give it lasting rele-
vance once it has become a flawed alternative history. These 
additional layers of meaning are of course also coloured by the 
fact they are presented in the context of a future history. 

5. TECHNICAL LIMITATIONS
 OF FUTURE HISTORY

5.1 The Problem of “Magic-Tech”

The problems of minimising the mis-predictions in the future 
history elements of a story has an additional element when 
dealing with the issues around technology. In a very short-term 
future history, it is the history itself that will jar with the reader; 
in the longer term (but still set within the likely lifetime of the 
work), the political and social situation are likely to be less in-
trusive than errors in technology. 

In these circumstances the author has two options: either be 
the reckless prophet and invent the future inventions (and their 
context within the history); or to be the timorous myopic and 
assume no changes in technology (at least, for the parts of the 
world that impact the story). 

The first option will inevitably lead to the ignominy of gross 
mis-prophecy. Using technologies such as interstellar drives or 
time travel is problematic in and of itself, but when attempting 
to anchor the story’s purpose to specifics of the real world a fur-
ther credibility problem emerges. Such things are not known 
to current science and could be seen as fantastic creations that 
are essentially on a par with magic. It is taking Clarke’s third 
law: “Any sufficiently advanced technology is indistinguishable 
from magic” [49 - 1973 revision] and reversing it to give the 
logic – ‘any magic could be sufficiently advanced technology.’ 
And thus we have ‘magic-tech’ – that is, the magic in the story 
is given the fake veneer of technology.

The most high-profile example of this is arguably Star Trek 
[32] which has more magic per minute than Lord of the Rings. 
In The Making of Star Trek, [37] the history of warp drives, 
transporters, phasers, etc. is well documented. They are all plot 
devices to aid speeding up the story, as well as keeping the spe-
cial effects budget down, and are certainly not the outcome of 
any deep insight into future technologies. 

Later work by people outside the franchise have tried to 
add a scientific basis to these devices. But at best, the role of 
Star Trek is as a vague inspiration, for it cannot offer any real 
technical or scientific insight. Which raises the question why 

Star Trek? One might as well credit the inspiration for serious 
work on teleportation to “disapperation” in Harry Potter [68], 
or “disintegrator-reintegrators” in The Fly [69], or any of the 
many works using the instant travel plot device back to the 
19th century [70], as the “transporter” in Star Trek – where it 
was intended to: 
 a:  speed up the story, 
 b:    save the cost of showing a starship landing on a planet 

each week 
 c:  enable covert landings stories (as a bonus). 

The same point could be made of the other Star Trek ‘tech’, 
all of which have many antecedents in science fiction; so why 
do these attempts to provide a scientific justification for the 
technology always reference Star Trek? It is, of course, one of 
the two major space operas in popular culture, and so has a 
very high profile; but also, and here it is argued to be more im-
portant, it is a testament to the successful generation of the Star 
Trek world as an engaging vision of a technical utopia, and in 
particular pain-free space exploration. For many it has been an 
inspiration for an interest in astronautics, with the subsequent 
danger that it is taken by some people as prophecy – and thus 
takes on the mantle of future history (regardless of this author’s 
previously expressed opinion).

The point here is that if the story is given the mantle of an 
insightful prophecy, it loses the element of fantasy that enables 
an audience to accept the magic-tech and to continue to en-
gage with it. Space opera, and the like, that use such magic-tech 
devices while attempting (with varying degrees of success) to 
create the aesthetic of a high-technology real world is always 
fantasy; the audience is actually accepting the magic-tech as 
magic, not tech. And this is fine from a story-telling point of 
view: fantasy can still engage with the reality of life, while pro-
viding the escapism that most of the audience is looking for 
in a story. But trying to tip magic-tech into ‘real tech’ inevita-
bly creates the appearance of prophecy, with the risks that en-
tails. This is what happens if a future history element is added: 
a link is created between the magic-tech and the real world, 
and the unreality of the technology may be highlighted to the 
detriment of the aesthetic. Once the real technology catches 
up, the illusion of a real future world is broken. For example, 
the “communicators” in the original series of Star Trek looked 
very futuristic in the 1960s, but compared to modern mobile 
phones they look primitive and to modern eyes jarring with the 
illusion of a future world. 

To avoid this, a storyteller could go with the second option 
and create a future world that assumes no technology changes 
from the current real world. This works for The Handmaid-
en’s Tale and for Make Room, Make Room! – and of course for 
any story that assumes a regression in human society such as 
Mad Max [71] set a “few years from now”. So although there 
is no connecting history, the closeness to the time of produc-
tion means that it works as a future history. Regardless of such 
works’ success in other repects, in this case a dystopian story of 
human regression will always have credibility with a same or 
lower technology assumption. The problem comes if the story 
world is trying to conjure a progressive world. Static technol-
ogy becomes somewhat counterproductive to the story’s over-
all intention because the story’s audience expects technology 
to advance, based both on their own experience of life and on 
their expectation of what science fiction is about. 

So in the case of science fiction with the intention of incorpo-
rating the development of science, the author is forced to be the 
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reckless prophet, while attempting not to be actually reckless 
– to make the story work both as a realistic future history and 
as a viable alternative history without the technology clunkers.

5.2 Mundane Science Fiction

To achieve credible technology, the storyteller will need to 
askew the fantasy magic-tech and stick to technology that can 
be viably modelled, either by trend analysis (such as Moore’s 
Law [72]), or by reasoned and viable argument based on known 
science and engineering. 

This aversion to magic-tech ends up in essentially the same 
territory as mundane science fiction; a sub-genera defined by 
The Mundane Manifesto [73]. This short document was pro-
duced as a light-hearted poke at clichéd space-opera science 
fiction, emphasising that a greater variety of more original sto-
ry worlds could be created by avoiding fantasy technology and 
fantasy plot devices like anthropomorphic aliens. The route 
Geoff Ryman and the manifesto’s other authors took to arrive 
at this position was very different from the line of argument in 
this paper. The tenets of the Manifesto are seen by its authors as 
a way to better and more original stories, whereas in this paper 
they are argued as a device to help a future history through the 
transition to an alternative history. This can been seen in the 
few examples The Mundane Manifesto gives as mundane sci-
ence fiction. Only two of these could be classed as future histo-
ry, Nineteen Eighty-Four and Gregory Benson’s Timescape [74], 
neither of which seems to have originally had pretensions to 
being a serious future history. But despite the differing routes 
and purposes, the resulting ‘cut out the fantasy’ rules are the 
same in The Mundane Manifesto and in this paper.

The premise the audience is asked to accept is that there 
are no new technologies that are beyond our current ability 
to comprehend and model. An example of a successful use of 
this approach is the 2002 film Minority Report [75]. It is set in 
2054; but, with no significant link to current history, it should 
be classed as a disjointed history. However the director, Ste-
ven Spielberg, made serious efforts to make the technology ad-
vances shown in the film credible. Fifteen “experts” spent three 
days in a workshop to provide the basis of the film’s technology 
vision, and the results were so successful that the technology 
depicted in the film merits its own Wikipedia page [76]. As a 
consequence, fifteen years later the film still manages to suc-
cessfully conjure a world that is believable as a future while 
clearly remaining a projection of the present.  

As an aside it is interesting to compare the aesthetic of the 
worlds created for Minority Report and Star Trek. Minority Re-
port largely anchored the future technology to justified projec-
tions of current technology and let the story and production de-
sign work around this as a constraint. In the Star Trek world, the 
future technology was largely influenced by the convenience to 
the story and production design. It produces a very different feel 
to the illusion of reality and fantasy that the audience perceives.

5.3 The Technology Barrier

However, confining a story to the tenets of mundane science 
fiction, and following the rule of only using the science and 
technology proscribed by current knowledge and understand-
ing, has its own inherent problem. We have seen in the example 
of Minority Report that this can be done successfully for stories 
set a little in the future, but there are limits to this. As you look 
into more and more distant futures, the assumption of ‘no new 

factors that are beyond the ability to model’ becomes less and 
less credible. If you are dealing with the 23rd century, as in Star 
Trek, simply adding a bit more to what we currently have will 
strain an audience’s credibility because it knows (or, to be more 
accurate, expects) that by that time some magic-tech that we 
cannot predict will have happened.  

So it is not a negative criticism of Star Trek that it has mag-
ic-tech. It is set so far in the future that, somewhat ironically, it 
has what is required to give it credibility to the audience. How-
ever, it does not stop it from becoming fantasy, as there is no 
way to give any aspect of the magic-tech credibility. The prob-
lem this almost “Catch 22” dilemma shows us is that a future 
history, with a substantive link to real history, and thus giving 
it the feel of prophecy, is not a device that can be extended in-
definitely into the future. As story settings move further away 
from our current time, the absence of magic-tech feels wrong, 
but its presence drives the story into fantasy, so the purpose of 
using a future history premise is negated.

So if the story is to be set so far in the future that magic-tech 
is required, then it is best to play safe and make it a disjointed 
history. Which, as already pointed out, is what Gene Rodden-
berry originally intended for Star Trek.

Where the “technology barrier” to successful future history 
exists is difficult to assess. For a vague work of prose, it proba-
bly lies a lot further into the future than a film where it is un-
avoidable that the detail has to be defined. Also there will be 
a considerable range in audience reception to the technology 
content depending on education, culture and personal taste. 

However, a case can be made for a roughly 50-year technol-
ogy barrier; a working lifetime. It is still almost impossible to 
in any way accurately predict any technology over a period of 
fifty years, as Patrick Moore’s The Next Fifty Years in Space [77] 
illustrates. Although not science fiction, it was a prophecy and 
covered the prediction range we are considering. It was a very 
conservative view of the rate of progress mankind would make, 
predicting Moon bases in a 1995 to 2000 timeframe and Mars 
around 2020. Even so, in the end it proved grossly optimistic 
and, devoid of a story, it has no value now except as a record of 
thinking at that time. 2001: A Space Odyssey covered a shorter 
time frame and, if viewed as future history, was far more am-
bitious, yet it remains valid. We have already discussed some 
reasons for its continued popularity, but to that must be added 
that the spaceflight technology it depicts was believable when 
it was made and remains believable now. This was due to the 
care taken by Kubrick to get the technology and science right 
through extensive consultations with the space industry, in-
cluding noted spaceflight visionary Fredrick Ordway [78]. Thus 
the story world in which the narrative was set was founded on 
a contemporary understanding of what could be realistically 
achieved – indeed, it can still be seen as a credible future, and 
as a consequence the work retains its original artistic aesthetic.

So the point of the 50-year projection limit is not that it will 
be in any way accurate, but that it will be believed by the audi-
ence to be credible.

A prophet predicting the future of flight around 1910 (a little 
after the Wright brothers’ flight) may have envisaged large-scale 
passenger flight in the 1960s and created a story world where 
characters fly from place to place in the world much quicker 
than sailing – and that would have worked well through to the 
1950s. Our hypothetical prophet would almost certainly have 
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missed jet engines and supersonic flight, but supersonic flight 
was not part of everyday life in 1960 (or even now). And if the 
author was sensible enough not to emphasise any details of 
propulsion in their story, it could probably still have worked 
well for a prose work even in 2018. 

Another example could be a prophet predicting the impact 
of computing around 1970, a little after the introduction of in-
tegrated circuits and Moore’s article on their potential. In this 
case there are many examples of just that, such as 2001: A Space 
Odyssey. The artificial intelligence capabilities shown by the 
spaceship’s computer, HAL, in that work were grossly optimistic 
for the date – and indeed, are still a long way off being realised 
two decades after the story’s timeline. As already noted; part 
of the enduring appeal of the film and novel is that this helps 
to maintain its illusion as a vision of the future. By contrast, 
the computer hardware shown in the film is very pessimistic 
and clearly influenced by the large mainframe computers of the 
time, missing the reality that when a computer such as HAL is 
actually produced, the danger is that it will be so small it could 
be lost down the back of the sofa. Yet this gross mis-prediction 
does not jar with a 2018 audience, probably for three reasons. 
The first is vagueness: it is never highlighted that the room that 
HAL is housed in is intended to be all HAL; it could be taken 
for just a room where many items of electronic equipment are 
located, including HAL. The second reason is uncertainty in 
the audience’s mind as to what a computer with artificial intel-
ligence will actually be like. The third, and probably overriding, 
reason is its dramatic justification. In Hero’s Journey terms, this 
scene is the protagonist confronting and defeating the monster, 
so the monster needs to have size and substance (a single PCB 
board would not really work), and live in a dark lair. 

Consideration of these examples suggests that the strategy 
for developing technology for a story’s future history is to con-
fine the predictions to a relatively near term – something like 
50 years. Then follow the example of 2001: A Space Odyssey 
and Minority Report and consult with experts. They have a bet-
ter idea than the non-expert of knowing what might lie ahead, 
partly because there is a chance they may actually know what 
they are talking about, and also because they are likely to be 
agents of change in that technology area. And once the sto-
ry creator has their future technology predictions, then follow 
the same overall strategy for successful future history: keep it 
vague, keep it relevant, and give it a mythic content.

6. CONCLUSIONS

In this paper we have used a definition of future history as “a 
fictional work incorporating a complete projected history sub-
stantively linked to the world situation at the time of writing”, 
and it is one option for a story’s back history available to the 
science fiction creator. It has a unique ability to explore spe-
cific issues by anchoring them to the real world’s history; but 
its use has particular dangers for the longevity of its original 
artistic ascetic, as its inherent element of prophecy is inevitably 
rendered absurd by the course of that inconveniently unpre-
dictable real history.

That there will be an element of prophecy is inevitable and 
is a consequence of the definition’s emphasis on a substantive 
link with real history in a way that significantly impacts the 
story and its world. Without this substantive link, the story is 
a disjointed history from which the element of prophecy is re-
duced. There is no clear boundary between a disjointed history 

and a future history: these are extremes of a continuum, and a 
story’s place on that continuum is determined by the degree to 
which its links to real history invoke a feeling of prophecy. This 
is, of course, completely subjective and will vary from person 
to person as shown by the example of the differing views of Star 
Trek as a vision of the future of spaceflight.

It is also important to appreciate that ultimately it is the au-
dience’s perception, and not the author’s intent, that determines 
if a story is a future history. We have seen with examples, such 
as Nineteen Eighty-Four, that if an audience believes a work has 
a prophetic element then the dangers of it dating and losing its 
impact exist regardless of the creator’s intention. 

The audience’s responses and reactions to a story’s world are 
more important than generally realised. Works that analyse 
story structure or offer advice to potential authors emphasise 
that a story’s success depends on strong characters and plot. 
For example, the Dummies Guide to Novel Writing devotes nine 
of its twenty three chapters to various aspects of plot and char-
acter [79] but does not even mention story world creation as 
a subject that should concern an author. Yet consideration of 
the great stories that acquire the mantle of merit and survive 
the vicissitudes of time generally conjure unique, complex and 
self-consistent worlds that can leave the most lasting impres-
sion on the audience after plot and character details are for-
gotten. Sometimes these strong, memorable story worlds are 
clearly unconsciously generated by the author, but more of-
ten it is the result of deliberate and conscious work. The story 
world is the most important factor that can raise a story above 
a genera stereotype.

Considering the consequences of a failing prophecy and 
past science fiction stories that have the characteristics of fu-
ture history, it is suggested there are five general strategies that 
help such stories morph into viable alternative histories and 
maintain their original artistic aesthetic.

 
 i.  Keep the future history’s prophetic elements as vague as 

possible
 ii.  Make sure that all the future history the story reveals is 

strictly relevant to the story’s intentions.
 iii.  Ensure the future history supports a mythic element in 

the story.
 iv.  Confine future technology to that which can be justified 

within current understanding.
 v.  Project the technology no more than about fifty years (a 

limitation created by point iv).

The thoughts and conclusion in this paper are a result of 
work on a specific space-based future history creative writing 
project, and focused on the needs and concerns of that pro-
ject. Therefore these strategies are not intended as rules or even 
guidelines in story world creation, but as thoughts from one as-
piring author’s own efforts for other story creators to consider 
if their back story is moving towards what an audience might 
take as future history.

There is one final conclusion that can be drawn from the 
examples of successful future histories discussed in this paper. 
The factors outlined here play a part in the successful pro-
duction of a work that is anchored in history, yet can surpass 
history as time renders its historical context meaningless. Yet 
considering work such as The Handmaiden’s Tale, 2001: A Space 
Odyssey, Nineteen Eighty-Four and Blade Runner, the overarch-
ing message is that quality trumps everything.

Mark Hempsell
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DIPOLE DRIVE FOR SPACE PROPULSION

1. BACKGROUND

The performance of rockets as propulsion systems is greatly 
limited by their need to carry onboard propellant, which adds 
to the mass which must be propelled exponentially as the ex-
tent of propulsive maneuvers is increased. For this reason, en-
gineers have long been interested in propulsion systems that 
require no propellant. 

The best known propellantless system is the solar sail, which 
derives its thrust by reflecting light emitted by the Sun. Solar 
sails are limited in their performance however, by their de-
pendence upon sunlight, which decreases in strength with the 
square of the distance, and the laws of reflection, which dic-
tate that the direction of thrust can only lie within 90° of the 
vector of sunlight. Moreover, because photons move so swiftly, 
the amount of thrust than can be derived by reflecting light 
is at best 0.0067 mN/kW (at 100% reflectance, full normal in-
cidence), which means that very large sails, which necessarily 
must have significant mass and be difficult to deploy, must be 
used to generate appreciable thrust. As a result, while solar sails 
have been studied since the time of Tsiolokovsky [1], they have 
thus far only been used once in space.

An alternative to the solar sail is the magnetic sail, or mag-
sail, which was first proposed by Zubrin and Andrews in 1988, 
and subsequently analyzed extensively by them in a variety 
of further papers [2, 3] in the 1990s. The magnetic sail uses 
a loop of superconducting wire to generate a magnetosphere 
to deflect the solar wind. Assuming the development of high 
temperature superconducting wire with the same current den-
sity as existing low temperature superconductors, a magsail 

The dipole drive is a new propulsion system which uses ambient space plasma as propellant, thereby avoiding the need to 
carry any of its own. The dipole drive remedies two shortcomings of the classic electric sail in that it can generate thrust within 
planetary magnetospheres and it can generate thrust in any direction in interplanetary space. In contrast to the single positively 
charged screen employed by the electric sail, the dipole drive is constructed from two parallel screens, one charged positive, the 
other negative, creating an electric field between them with no significant field outside. Ambient solar wind protons entering 
the dipole drive field from the negative screen side are reflected out, with the angle of incidence equaling the angle of reflection, 
thereby providing lift if the screen is placed at an angle to the plasma wind. If the screen is perpendicular to the solar wind, only 
drag is generated but the amount is double that of an electric sail of the same area. To accelerate within a magnetosphere, the 
positive screen is positioned forward in the direction of orbital motion. Ions entering are then propelled from the positive to 
the negative screen and then out beyond, while electrons are reflected. There are thus two exhausts, but because the protons are 
much more massive than the electrons, the thrust of the ion current is more than 42 times greater than the opposing electron 
thrust, providing net thrust. To deorbit, the negative screen is positioned forward, turning the screen into an ion reflector. The 
dipole drive can achieve more than 6 mN/kWe in interplanetary space and better than 20 mN/kWe in Earth, Venus, Mars, 
or Jupiter orbit. In contrast to the electric sail, the ultimate velocity of the dipole drive is not limited by the speed of the solar 
wind. It therefore offers potential as a means of achieving ultra-high velocities necessary for interstellar flight.
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should be able to generate significantly higher thrust to weight 
than is possible with solar sails. However such wire has yet to 
be developed. 

Another propellantless propulsion system of interest is the 
electric sail [4], which like the magsail operates by deflecting 
the solar wind, in its case by using an electrostatic charge. As a 
result, like the magsail, the classic electric sail (electric sail) can-
not operate inside of a planetary magnetosphere other than as a 
drag device, has its thrust decrease with distance from the Sun, 
and is limited in the potential direction of its thrust. Because of 
the low momentum density of the solar wind, electric sails must 
be even bigger than solar sails. However, because only sparsely 
spaced thin wires are needed to create sail area, higher thrust to 
mass ratios can be achieved than are possible using solar sails 
that require solid sheets of aluminized plastic.

Electrodynamic tethers [5] have also been proposed, which 
use the interaction of a current in a tether with the Earth’s geo-
magnetic field to produce thrust. In addition to facing a variety 
of engineering and operational issues, however, such systems 
can only operate in a planetary magnetic field and can only 
thrust in a direction normal to the field lines – a consideration 
that limits their applicability.

Finally, we note recent claims for a system called the EM 
Drive [6], which according to its proponents can generate 
about 1 mN/kWe, in any direction, without the use of propel-
lant, an external light source or plasma wind, or magnetic field. 
Such performance would be of considerable interest. However, 
as it appears to contradict the laws of physics, there is reason to 
suspect that the measurements supporting it may be erroneous.

Journal of the British Interplanetary Society, Vol. 70, pp.442-448, 2017
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As a result, there clearly remains a need for a new type of 
propellantless propulsion system, which can operate both in-
side and outside of a planetary magnetosphere, can thrust in 
a multitude of directions, and which is not dependent upon 
sunlight or the solar wind as a momentum source. The dipole 
drive is such a system. 

2. THE DIPOLE DRIVE

The principle of operation of the dipole drive while accelerat-
ing a spacecraft within a planetary magnetosphere is illustrat-
ed in Fig. 1 above. In Fig. 1 we see two parallel screens, with 
the one on the left charged positive and the one on the right 
charged negative. There is thus an electric field between them, 
and effectively no field outside of them, as on the outside the 
field of each screen negates the other. There is also a voltage 
drop between the two, which for purposes of this example we 
will take to be 64 volts.

Protons entering the field region from the left are accelerat-
ed towards the right and then outward through the right-hand 
screen, after which they escape the field and experience no fur-
ther force. Protons entering from the right are reflected towards 
the right, adding their momentum to that generated by the pro-
tons accelerated from left to right. There is thus a net proton cur-
rent from left to right, and a net proton thrust towards the left.

In the case of electrons, the situation is exactly the opposite, 
with a net electron current from right to left, and a net electron 
thrust towards the right. Note that while electrons entering 
from the right will be greatly accelerated by the field, reflected 
electrons will only be reflected with their initial velocity. There 
will also be an electron current through the outside plasma to 
neutralize the net proton flow to the right.

Because space plasmas are electrically neutral, the number 
density of both electrons and ions (which for the moment we 
will consider to be protons, but may which – advantageously – 
be heavier species, as we shall discuss later) will be the same, so 
the proton and electron electrical currents will be equal, as will 
the power associated with each of them. However because the 
mass of a proton is about 1842 times as great as the mass of an 
electron, the thrust of the proton current will be about 43 times 
greater than the opposing electron current thrust (because the 
momentum of particles of equal energy will scale as the square 
root of their mass (√1842=43), and the system will generate a 
net thrust. The acceleration of the electrons is a form of drag, the 
energy for which is provided by loss of spacecraft kinetic energy. 
It therefore could, in principle, be used to generate electric pow-
er, partially compensating for the power consumed to accelerate 
the protons. In the following examples, however, we will assume 
that there is no provision for doing this, i.e. that the efficiency of 
any such energy recovery is zero.

To see what the performance of a dipole drive might be, let 

Fig. 1 The dipole drive accelerating within a magnetosphere.

us work an example, assuming a 500 W power source to drive 
the system. The electron current negates about 2% of the thrust 
(1/43rd) produced by the proton current. The maximum possi-
ble jet power is thus about 490 Wj. Assuming additional ineffi-
ciencies, we will round this down to 400 Wj, for a total system 
electrical to jet power efficiency of 0.8.

A Coulomb of protons has a mass of 0.011 milligrams. If the 
jet power is 400 W, and the potential difference is 64 V, so the 
proton current will be 6.25 A, and have a mass flow of 0.0652 
mg/s. The relationship of jet power (P) to mass flow (m) and 
exhaust velocity (c) is given by:

(1)

Taking P = 400 W and m = 0.0652 mg/s, we find that c= 
110,780 m/s. Since thrust (T) is given by T=mc, we find:

(2)

This is a rather striking result. It will be recalled that the 
electrical power driving this system is 500 W. So what we are 
seeing here is thrust to power ratio of 14.4 mN/kWe – more 
than ten times better than that claimed for the EM Drive, but 
done entirely within the known laws of physics!

If it is desired to deorbit (decelerate) a spacecraft, the di-
rection of the screens would be reversed, with the negative 
screen leading in the direction of orbital motion. In this case, 
the screens would become a proton reflector. An electric sail 
could also be used as a drag device to serve the same purpose. 
However, because the dipole drive doesn’t merely create drag 
against passing protons, but reflects them, it would create twice 
the drag of an electric sail of the same area. If the dipole drive 
is positioned obliquely to the wind angle, it can reflect protons, 
with the angle of incidence equaling the angle of reflection. For 
example, if it is tilted 45° to the wind, a force will be generated 
perpendicular to the wind – that is, “lift” will be created. Such 
maneuvers could also be done with the dipole drive in acceler-
ation mode, deflecting protons to combine lift with thrust. Us-
ing this capability, a dipole drive-propelled spacecraft in orbit 
around a planet could execute inclination changes.

To summarize, in contrast to the electric sail which can 
only create drag against the wind to lower its orbit, the dipole 
drive can thrust in any direction, raising or lowering its orbit 
or changing its orbital inclination. In addition, when used as a 
drag device, the dipole drive can create twice the drag per unit 
area as the electric sail.

 
3. THE DIPOLE DRIVE IN PLANETARY ORBIT

Let us therefore analyze the system further. The dipole drive 
exerts no field outside of its screens, so the only plasma it col-
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lects is the result of its own motion through the surrounding 
medium. So how big does its screen need to be?

We consider first the case of the above described dipole 
drive system operating in LEO at an altitude of 400 km, being 
used to thrust in the direction of orbital motion. It is moving 
forward at an orbital velocity of 7760 m/s. The average densi-
ty of ions at this altitude is about 1,000,000 per cc. Assuming 
(conservatively) that all the ions are protons, the required ion 
mass flow of 0.0652 mg/s would be swept up by a screen with 
a radius of 127 m.

It may be noted however, that at 400 km altitude there are 
also O+ ions, each with a mass 16 times that of a proton, with 
a numerical density of about 100,000/cc. These therefore more 
than double the ion mass density provided by the protons 
alone. If these are taken into account, the required scoop radius 
would drop to about 80 m.

Another way to reduce the scoop size would be by going to 
higher voltage, so that more power can be delivered to a small-
er number of ions. If, for example, we quadrupled the voltage 
to 256 volts, the exhaust velocity would double, to 222 km/s, al-
lowing us to cut the mass flow by a factor of four, and the scoop 
radius by a factor of two, to just 40 m. The thrust, however, 
would be cut in half, giving us 3.6 mN/kWe.

As we go up in altitude, the plasma density decreases, as 
does the orbital velocity, requiring us to go to larger scoops. 
Examples of 500 W dipole drive systems operating at a variety 
of altitudes are provided in Table 1. In Table 1, Vo and C are 
orbital velocity and exhaust velocity, in km/s.

It can be seen that the dipole drive is a very attractive sys-
tem for maneuvering around from LEO to MEO orbits, as the 
high ion density makes the required scoop size quite modest. 
It should be emphasized that the above numbers are for a 500 
W system. If a 5 W dipole drive thruster were employed by a 
microsatellite, the required scoop areas would be reduced by a 
factor of 100, and the radius by a factor of 10.

It may be noted that Mars, Venus and Jupiter all have ion 
densities in low orbit comparable to those below. For example, 
Mars has 500,000/cc at 300 km, Venus has 300,000/cc at 150 

TABLE 1: Dipole Drive Systems Operating in Earth Orbit (Power=500 W)
Altitude (km) ion density/cc Volts Vo C Thrust (mN) Screen Radius (m)

400 1,000,000 1 7.8 14 57.6 640

400 1,000,000 4 7.8 28 28.8 320

400 1,000,000 16 7.8 56 14.4 160

400 1,000,000 64 7.8 111 7.2 80

400 1,000,000 256 7.8 222 3.6 40

400 1,000,000 1024 7.8 444 1.8 20

700 100,000 64 7.5 111 7.2 288

700 100,000 256 7.5 222 3.6 144

700 100,000 1024 7.5 444 1.8 72

1000 50,000 64 7.35 111 7.2 410

1000 50,000 256 7.35 222 3.6 205

1000 50,000 1024 7.35 444 1.8 103

km, and Jupiter has 100,000/cc at 200 km, making the dipole 
drive attractive for use around such planets as well. Many of 
the moons of the outer planets also have ionospheres, and the 
dipole drive should work very well in such environments.

      
As one ascends to higher orbits, the density of ions decreas-

es dramatically, while the orbital speed decreases as well. For 
example, in GEO, the ion density is only about 20/cc, while the 
orbital velocity is 3 km/s. These two factors combine to make 
much larger scoops necessary. So, for example, in GEO, a 500 
W dipole drive operating at 1024 volts would need a scoop 3.6 
km in radius.

      
Because the effectiveness of the dipole drive decreases at 

higher altitudes while operating within the magnetosphere, 
the best way for a dipole drive-propelled spacecraft to escape 
the Earth is not to continually thrust, as this would cause it to 
spiral out to trans GEO regions where it would become ineffec-
tive. Rather, what should be done is to only employ it on thrust 
arcs of perhaps 30° around its perigee, delivering a series of 
perigee kicks that would raise its apogee on the other side of its 
orbit higher and higher until it escaped the magnetosphere and 
became able to access the solar wind.
 
4. DIPOLE DRIVES IN INTERPLANETARY SPACE
      
The dipole drive can also operate in interplanetary space. Com-
pared to planetary orbit, the ion densities are lower, but this is 
partially compensated for by much higher spacecraft velocities 
relative to the plasma wind. As a result, the required scoop sizes 
are increased compared to planetary orbital applications, but not 
by as much as considerations of ion density alone might imply.
      

Let us consider the case of a dipole drive traveling in helio-
centric space at 1 AU, positioned at an angle of 45° to the wind, 
with its negative screen on the sunward side. It would thus re-
flect solar wind protons 90 degrees, thereby accelerating itself 
forward in the direction of orbital motion. A diagram showing 
the dipole drive operating as a sail in interplanetary space is 
shown in in Fig. 2.

The solar wind has a velocity of 500 km/s, so to ensure reflec-
tion, we employ a voltage of 2028 volts, sufficient to reverse the 
motion of a proton moving as fast as 630 km/s. With a density 
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of 6 million protons per cubic meter, the wind has a dynam-
ic pressure of 1.25 nN/m2. As the sail is positioned 45 degrees 
obliquely to the wind, its effective area will be reduced by a fac-
tor of 0.707, with the thrust reduced to 0.9 nN/m2. In this case, 
virtually all of the protons hitting the sail will be coming from 
the sunward side, and since they are reflected without adding 
any kinetic energy, no power is required to drive them. Howev-
er, we still have an electron current coming from the sunward 
side being accelerated outward. This requires power. With 500 
W, total radial thrust would be 1.27 mN, with 1.27 mN also 
delivered in the direction of orbital motion, for a L/D ratio of 
1. The total effective screen area would therefore need to be 
1,414,000 m2, with an actual area of 2,000,000 m2, requiring a 
radius of 798 m. Total thrust to power would be 3.6 mN/kWe.

If instead we had not concerned ourselves with obtaining 
complete deflection of each particle, we could have used a low-
er voltage. This would increase the thrust per unit power, but 
increase the required sail area for a given amount of thrust. So, 
for example, if we chose 512 volts, we would have a total thrust 
of 3.6 mN, for a thrust/power ratio of 7.2mN/k, but need a sail 
radius of 1127 m.

It may be noted that all of these results are for a 500 W di-
pole drive. A microsatellite might employ a 5 W dipole drive, in 
which case the required scoop radii would drop by a factor of 10.

The thrust and diameter of a 1 kWe dipole drive system op-
erating as a solar wind sail in interplanetary space at 1 AU is 
shown in Fig. 3.

Fig. 2  The dipole drive operating as a sail in interplanetary space.

5. USE OF THE DIPOLE DRIVE 
FOR INTERSTELLAR FLIGHT

In contrast to the electric sail, the dipole drive can be used to 
accelerate a spacecraft at velocities greater than that of the solar 
wind. For example, consider a spacecraft moving away from the 
Sun at a velocity of 1000 km/s. The solar wind is following it at a 
velocity of 500 km/s, so relative to the spacecraft there is a wind 
moving inward towards the sun at a velocity of 500 km/s. In this 
case, to accelerate the spacecraft would direct its positive screen 
away from the sun. This would cause it to accelerate protons 
sunward, while reflecting electrons outward, for a net outward 
thrust. At 500 km/s the protons are approaching the spacecraft 
with a kinetic energy equal to 1300 volts. It can be shown that 
employing a screen voltage difference that is about triple the 
kinetic voltage produces an optimal design for an accelerating 
system, while one using a voltage difference equal to the kinetic 
voltage is optimal for deceleration. This is illustrated in Figs. 4 
and 5 which respectively show the kinetic voltage as a function 
of velocity, and the relative power/thrust and area/thrust ratios 
of the spacecraft as a function of the dimensionless parameter 
Z, where Z = (engine voltage)/(kinetic voltage).

Dipole Drive for Space Propulsion

Fig. 3. Thrust and Diameter of a 1 kWe dipole drive system 
operating as a solar wind sail in interplanetary space.

Fig 4. Kinetic Voltage as a function of spacecraft velocity.

Fig 5. Relative Power/Thrust and Area/Thrust as a function of 
Z = (engine voltage)/(kinetic voltage.) There is a step factor of 2 
increase in thrust during deceleration when Z reaches 1, because 
protons are reflected. For acceleration, Power/Thrust ~ 1 + 
√(1+Z), while Area/Thrust ~ 1/(-1 + √(1+Z)).
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If we add 3900 volts to the incoming protons, quadrupling 
their energy, we will double their velocity relative to the space-
craft, thereby providing an effective exhaust velocity of 500 
km/s. The solar wind has a density of 6 million protons/m3 at 
1 AU, with ambient density decreasing to 1 million/m3 in in-
terstellar space. If we take the former value, we get a thrust of 
(1.67e-27 kg/proton)(500,000m/s)2(6,000,000/m3) = 2.5 nN/m2. 
If we take the latter value, it would be 0.42 nN/m2. The pro-
ton current at the smaller value would be 80 nA/m2, which at 
3900 volts works out to 0.312 mW/m2. The thrust to power ratio 
would therefore be 1.35 mN/kW. (This ratio would also hold 
true at the 1 AU value, but the magnitudes of both the thrust 
and power per unit area would be six times greater.)

If dipole drive-powered spacecraft were receding 500 km/s 
directly away from the Sun, it would see no relative wind and 
thus produce no thrust. However, like a modern sailboat that 
can sail faster crosswind than downwind, because it can gen-
erate lift, the dipole drive can get to speeds above 500 km/s by 
sailing across the wind. As the spacecraft’s crosswind speed in-
creases, it becomes advisable to turn the sail to ever greater an-
gles to the solar wind and increasingly normal to the crosswind. 
As this occurs, the L/D resulting from solar wind reflection in-
creases while the total solar wind thrust decreases. At the same 
time, however, thrust resulting from the acceleration through 
the screens of crosswind protons increases, maintaining total 
thrust constant at ever higher L/D (relative to the solar wind) 
levels. Once the crosswind velocity exceeds the solar wind ve-
locity the solar wind becomes increasingly irrelevant and the 
dipole drive becomes a pure acceleration system, driving the 
incoming crosswind plasma behind it to produce thrust,

As the speed of the spacecraft increases relative to the wind, 
it is necessary to increase the voltage in order to maintain 
thrust/power ratio efficiency. For example, let’s say we want to 
achieve 3000 km/s, or 0.01c. Then the kinetic energy equiv-
alent voltage of the approaching protons would be 47 kV. So, 
to double this velocity we need to quadruple the total voltage, 
or add a sail voltage drop of 141 kV. The proton current would 
have a value of 480 nA/m2, with a power of 68 mW/m2. The 
thrust would be 15.1 nN/m2, for a thrust to power ratio of 0.22 
mN/kW. 

It may be observed that since the necessary voltage increases 
as the square of the velocity, with power increasing with voltage 
but thrust increasing with velocity, the thrust to power ratio of 
the dipole drive decreases linearly with velocity. This puts lim-
itations on the ultimate velocity achievable. For example, the 

TABLE 2:  Advanced Dipole Drive Performance for Ultra High-Speed Missions (1 kg/kW power)
Final speed

(km/s)
Final voltage 

(kilovolts)
Final 

acceleration km/s per year
Average  

acceleration km/s per year
Time

(years)
Distance 

(AU)
250 0.975 84 164 1.52 39.9

500 3.9 42 84 5.95 319

1000 15.6 21 42 23.8 2554

2000 62.4 10.5 21 95.2 20,432

3000 141 7 14 214 68,958

4000 250 5.25 10.5 381 163,458

5000 390 4.2 8.1 617 319,250

6000 564 3.5 7 857 551,664

most optimistic projections for advanced large space nuclear 
power system project a mass to power ratio of 1 kg/kW. If we 
accept this number, then, neglecting the mass of any payload 
or the dipole drive system itself, then the system described in 
the previous paragraph performing with a thrust to power ratio 
of 0.22mN/kilowatt at 3000 km/s would have an acceleration 
of 0.00022m/s2, or 7 km/s per year. The average acceleration 
getting up to 3000 km/s would be twice this, so the spacecraft 
would take 214 years to reach this speed. During this time it 
would travel 1.07 light years. To reach 6000 km/s (0.02 c) start-
ing from negligible velocity would require 857 years, during 
which time the spacecraft would travel 8.57 light years. The 
performance of such a system is shown in Table 2 below. Note 
63,000 AU = 1 light year. The performance shown assumes an 
advanced 1 kg/kWe power supply. If a more near-term power 
system with a higher mass/power is assumed, the time to reach 
any given distance increases as the square root of the mass/
power ratio. So for example, if we assume a conservative near-
term space nuclear power reactor with a mass/power ratio of 
25 kg/kW, the time required to reach any given distance would 
increase by a factor of 5.

It can be seen that advanced dipole drive spacecraft could be 
quite promising as a method of propulsion for missions to near 
interstellar space, for example voyages to the Sun’s gravitational 
focus at 550 AU. Unless much lighter power systems can be de-
vised than currently anticipated, however, they would still re-
quire centuries to reach the nearest stars. Power beaming may 
provide an answer. However, such technologies are outside the 
scope of this paper.

If a spacecraft has been accelerated to interstellar-class ve-
locities, whether by means of the dipole drive or any alternative 
technology, the dipole drive provides a means of deceleration 
without power (it could actually generate power) by creating 
drag against the relative plasma wind. This feat can also be done 
by a magnetic sail or an electric sail. However, because it can 
also create lift as well as drag, the dipole drive offers much great-
er maneuverability during decleration as well as a means to free-
ly maneuver within the destination solar system after arrival. 
 
6. DIPOLE DRIVE DESIGN ISSUES

Let us consider the case of a 2 kg microsatellite operating in 
LEO, with 5 W of available power to drive a dipole drive. (Note, 
a typical CubeSat has a mass of 1.3 kg. At 20 kg/kWe, a 5 W 
solar array should have a mass of about 0.1 kg.) If we oper-
ate it with a voltage of 16 Volts, it will produce 28.8 mN/kWe, 
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or 0.144 mN thrust overall. It would have an acceleration of 
0.000072 m/s2. This would allow it to generate a ΔV of 2288 
m/s in a year, sufficient to provide extensive station-keeping 
propulsion, to substantially change its inclination, or to raise it 
from a 400 km altitude orbit to a 700 km orbit in 1.6 months. 
To generate this much thrust at 400 km would require a scoop 
with a radius of 16 m, while doing so at 700 km would require 
a scoop with a radius of 58 m. Let us assume that the scoop is 
made of aluminum wire mesh, using wires of 0.1 mm in diam-
eter separated by distances of 2 m. Each square meter of mesh 
would thus have about 1 m length of wire. This needs to be 
doubled as there are two meshes, one positive and one neg-
ative. Therefore, a scoop with a radius of 16 m would have a 
mass of 32 grams. If the propulsion system were used simply 
for station-keeping, inclination change, or deorbit functions at 
the 400 km altitude, that’s all that would be needed. To operate 
at 700 km, a 116 gram scoop would be required. From these 
examples we can see that the use of the dipole drive to provide 
propulsion for microsatellites in LEO could potentially be quite 
attractive, as the modest scoop sizes required do not pose ma-
jor deployment challenges.

Now let us consider a 100 kg interplanetary spacecraft in in-
terplanetary space, operating with 500 W at a voltage of 2028 
volts. From the discussion above it can be seen that this would 
generate about 2.54 mN of thrust in the direction of orbital mo-
tion. The scoop would need to have a radius of about 800 m. In 
interplanetary space, the Debye shielding length is ~60 m, and 
so a screen with a 20 m mesh would suffice. Such a screen would 
have a mass of about 8.5 kg, which would be well within the 
spacecraft mass budget. The 2.54 mN thrust would accelerate 
the spacecraft at 0.000025 m/s2. It could thus impart a ΔV to the 
spacecraft of about 804 m/s per year. Higher accelerations could 
be provided by increasing the spacecraft power to mass ratio. 

The deployment of large scoops composed of two parallel, 
oppositely charged meshes poses operational and design is-
sues. Prominent among these is the fact that the two opposite 
charged screens will attract each other. However the total force 
involved is not that large. For example, let us consider a con-
figuration consisting of two sails of 500 m radius separated by 
500 m with a 2 kV potential difference. Then the electric field 
between them will be 4 volts/m. The area of each screen will be 
785,400 m2. From basic electrostatics we have EA = Q/ε, so Q, 
the charge of each screen will be given by Q=(4)(785,400)(8.85 
e-12) = 0.000028 coulombs. The electrostatic force on each sail 
is given by F=QE, so the total electrostatic force of each sail will 
be 0.1 mN. This is about a tenth the thrust force exerted by the 
screens themselves. Nevertheless, as small as they are, both of 
these forces will need to be negated. This can be done either 
with structural supports or by rotating the spacecraft and us-
ing artificial gravity to hold the sails out perpendicular to the 
axis of rotation. An alternative is to use the self-repulsion of the 
charge of each sail to help hold it out flat. In such a configura-
tion two sails held separate from each other by a boom attached 
to their centers could be expected to curve towards each other 
at their edges until the stiffening self-repulsive force on each 
sail from its own charge balanced the bending forces exerted 
by the spacecraft’s acceleration, the push of the wind, and the 
attractive force of the opposite sail.

One way to avoid such issues would be to design the system 
as a literal dipole, with a rod holding a positive charge at its end 
to the front of the spacecraft, and a rod holding the negative 
charge pointing to the rear of the spacecraft. Seen from a dis-
tance, such a configuration is electrically neutral and would ex-

ert negligible field. However, in the zone between the charges, 
there is a strong field from one pole to the other. Particles en-
tering this field along the rod center lines would experience the 
full voltage drop. Particles entering the field at some distance 
from this central axis would experience a lower voltage drop. 
The overall functional voltage of such a system, from the point 
of view of power consumption and exhaust velocity, would 
be an average over many particles entering the dipole field at 
all distances from its axis. This is obviously a more complex 
configuration to analyze than that of the two parallel screens 
discussed so far, but it may be much simpler to implement in 
practice on an actual spacecraft. 

A critical issue is the material to be used to create the di-
pole drive. In his original paper on the classic electric sail [4], 
Pekka Janhunen suggested using copper wires with diameters 
between 2.5 and 10 microns. This is not an optimal choice, as 
copper has a much lower strength to mass ratio than alumi-
num, and such thin strands would be quite delicate. For this 
reason, in the above examples we specified aluminum wire 
with 100-micron diameters. A potentially much better option, 
however, might be to use aluminized Spectra, as Spectra has 
about 10 times the yield strength of aluminum, and roughly 1/3 
the density (Aluminum 40,000 psi, 2700 kg/m3, compared to 
Spectra 400,000 psi, 970 kg/m3.). Spectra strands with 100-mi-
cron diameters and a coating of 1 micron of aluminum could 
thus be a far superior material for a dipole drive system, and for 
classic electric sails as well. An issue, however, is Spectra’s low 
melting point of 147 °C. Kevlar, however, with a yield strength 
of 200,000 psi, a density of 1230 kg/m3, and a melting point of 
500 °C could provide a good compromise. Still another promis-
ing option might be aluminized strands made of high strength 
carbon fiber, such as the T1000G (924,000 psi, 1800 kg/m3) 
produced by Toray Carbon Fibers America. 

Some options for dipole drive spacecraft configurations are 
show in in Fig. 6. As can be seen, small dipole drive systems can 
be used for spacecraft control, for example as an empennage. 
Such small dipole drive units could also be used for attitude 
control on non-dipole drive spacecraft, such as solar sails.

As with the electric sail, the dipole drive must deal with the 
issue of sail charge neutralization caused by the attraction of 
ambient electrons to the sail’s positive screen. In reference [4], 
P. Janhunen showed that the total such current that an electric 
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Fig. 6  Options for dipole drive spacecraft configuration. Small 
dipole drive systems can be used for attitude control.
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sail would need to dispose of would be modest, entailing small 
power requirements if ejected from the spacecraft by a high 
voltage electron gun. In the case of the dipole drive, the current 
would be still smaller because the spacecraft has no net charge. 
In addition electrons acquired by the positive screen could be 
disposed of by using the power source to transport them to the 
negative screen. Alternatively, if an electron gun were used, its 
required voltage would be less than that needed by an electric 
sail because external to the screens, the dipole drive’s field is 
much weaker and falls off much more quickly. For these rea-
sons, the issue of sail charge neutralization on the dipole drive 
should be quite manageable.

Because the dipole drive does not interact with plasma out-
side of the zone between its screens, the issue of Debye shield-
ing of its screen system to outside charges is not a concern. 
Debye shielding of its individual wires within screens can be 
dealt with by means of adequately tight wire spacing. As shown 
by Janhunen [4], such spacing may be quite liberal (~60 m in 
near Earth interplanetary space), enabling sails with very low 
mass to area ratios [7].

7. CONCLUSION

The dipole drive is a promising new technological concept that 
offers unique advantages for space propulsion. Requiring no 
propellant, it can be used to thrust in any direction, and both 
accelerate and decelerate spacecraft operating within planetary 
magnetospheres, in interplanetary space, and interstellar space. 
Unlike magnetic sails and electric sails, it can generate both lift 
and drag, and its maximum velocity is not limited by the speed 

of the solar wind. Near-term dipole drives could be used to 
provide a reliable, low cost, low mass technology to enable pro-
pellantless movement of spacecraft from one orbit to another, 
to provide station keeping propulsion, or to deorbit satellites, 
as required. The dipole drive could also be used as a method 
of capturing interplanetary spacecraft into orbit around desti-
nation planets, or of lowering the orbits of spacecraft captured 
into initial elliptical orbits using high thrust propulsion. 

The latter application is particularly interesting, because it 
could enable a small lightweight lunar ascent vehicle to carry 
astronauts home from the Moon by launching directly from 
the lunar surface to trans-Earth injection and then subse-
quently lower itself to LEO to rendezvous with a space station 
or reentry capsule spacecraft without further use of propel-
lant. Such an approach could potentially reduce the mass of a 
manned lunar mission to within the launch capacity of a single 
Falcon Heavy. Because it needs no propellant, the dipole drive 
offers the unique advantage of being able to provide its pro-
pulsion service to any spacecraft indefinitely. While the dipole 
drive is most attractive in orbital space where ambient plas-
ma is thickest, it can be used in interplanetary space and even 
enable interstellar missions as well, becoming more attractive 
for such applications as ancillary technologies, such as power 
generation, evolve.

There are many technical issues that need to be resolved 
before practical dipole drive spacecraft can become a reality. 
However both the theory of dipole drive operation and it po-
tential benefits are clear. Work should therefore begin to ad-
vance it to flight status. The stars are worth the effort.
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BEAM-DRIVEN SAILS AND DIVERGENCE OF NEUTRAL PARTICLE BEAMS

1.  NEUTRAL-PARTICLE-BEAM-DRIVEN 
SAIL CONCEPT

Use of a neutral particle beam to drive a Magsail was proposed 
by Geoffrey Landis as an alternate to photon beam-driven 
sails [1]. He suggested a neutral particle beam to eliminate 
the diffraction limit on beam-driver optics and increase the 
effective acceleration distance. 

While a neutral particle beam reduces the diffraction 
problem, Andrews pointed out that it introduces a new 
problem: beam divergence [2]. Andrews discussed divergence 
caused by residual thermal motions of the neutral atoms after 
acceleration, and assumed this could be reduced to < 10-8 
radians. Divergence acts to reduce the acceleration distance.

More recently, Nordley and Crowl have reviewed the many 
concepts for using particle beams to achieve high velocities [3]. 
Alan Mole proposed using it to propel a lightweight probe of 
1 kg [4]. The latter probe is accelerated at 1,000 g by a neutral 
particle beam of power 300 GW, with 16 kA current, 19 MeV 
per particle. The particle beam intercepts a spacecraft that is a 
Magsail: payload and structure encircled by a magnetic loop. 
The loop magnetic field deflects the particle beam around it, 
imparting momentum to the sail. This paper considers whether 
such particle beams can be generated with the required 
properties.

Intense particle beams have been studied for 50 years. One of 
the key features is that the intense electric and magnetic fields 
required to generate such beams determine many features of 
the beam and whether it can propagate at all. For example, 
intense charged beams injected into a vacuum explode due 
to electrostatic repulsion. Intense magnetic fields can make 
beam particles ‘pinch’ toward the axis and even reverse their 
trajectories and go backwards. Managing these intense fields is 
a great deal of the art of applying intense beams.

In particular, a key feature of such intense beams is the 
transverse velocity of beam particles. Even though the bulk of 
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One concept for a light interstellar probe is to accelerate it by a neutral particle beam. This paper considers whether that particle 
beam can be generated with the required properties. Unavoidable beam divergence, caused by the neutralization process, acting 
on a charged particle beam, makes the beam spot size much larger than the sail diameter. Divergence cannot be efficiently 
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the energy propagates in the axial direction, there are always 
transverse motions caused by the means of generation of beams. 
For example, most beams are created in a diode; the self-fields 
in that diode produce some transverse energy. Therefore one 
cannot simply assume that there is a divergence-less beam.

The key question is how small that transverse energy can 
be made to be. The reason this is important for an interstellar 
probe application is that the beam must propagate over huge 
distances, in the Mole case 0.3 AU or 45,000,000 km. That 
requires that the beam divergence be very small. In the paper 
on the subject by Dana Andrews [2], the beam divergence is 
simply stated to be 3 nanoradians. This very small divergence 
may have been simply assumed, because without it the beam 
will spread much too far and the beam energy will not be 
coupled to the Magsail. (Note that at 0.3 AU, this divergence 
results in a 270 m beam cross-section, conveniently about the 
size of the Magsail capture area.)

One method of getting a neutral particle beam might be to 
generate separate ion and electron beams and combine them. 
But two nearby charged beams would need to be propagated 
on magnetic field lines or they would simply explode due to the 
electrostatic force. If they are propagating parallel to each other 
along magnetic field lines, they will interact through their 
currents as well as their charges. The two beams will experience 
a JxB force, which causes them to spiral about each other. This 
produces substantial transverse motion before they merge. 
This example shows why the intense fields of particle beams 
create beam divergence no matter how carefully one can design 
them. Next we discuss divergence of neutral particle beams.

2.  NEUTRAL BEAM DIVERGENCE

To produce a neutral hydrogen beam, negative hydrogen atoms 
with an extra electron are accelerated; the extra electron is 
removed as the beam emerges from the accelerator. 

The divergence angle of a neutral beam is determined by 
three factors. First, the acceleration process can give the ions 
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a slight transverse motion as well as propelling them forward. 
Second, focusing magnets bend low-energy ions more than 
high-energy ions, so slight differences in energy among the 
accelerated ions lead to divergence (unless compensated by 
more complicated bending systems).

Third, and quite fundamentally, the divergence angle 
introduced by stripping electrons from a beam of negative 
hydrogen or tritium ions to produce a neutral beam gives the 
resulting neutral particle a sideways component of motion.  

Although the first two causes of divergence can in principle 
be reduced, the last source of divergence is unavoidable because 
the beam that has been accelerated must be neutralized. 

As a specific example, we calculate the divergence angle 
introduced by stripping electrons from a beam of negative 
hydrogen ions to produce a neutral beam. The energy required 
to detach an electron from a singly charged negative ion is 
defined as the electron affinity. For Hydrogen, it is 0.7 eV.

An atom of mass mi has an axial velocity va perfectly parallel 
to the beam axis and energy Ea = mi va

2/2. An electron with 
mass me is removed by adding the affinity energy Ee = me ve

2/2, 
the electron affinity energy. The electron must move radially 
out of the beam to give neutrality, so ve is radial. Τhe atom is 
given a kick in the opposite direction, so the transverse velocity 
of the atom is changed by Δva. Μomentum conservation in the 
radial direction is 

The divergence angle θ is the ratio of velocity components: 

Combining the above relations,

We see that the divergence is due to two ratios, both of 
them small: a ratio of particle masses (~10-3) and a ratio of 
neutralization energy to beam particle energy (about 10 eV/10 
MeV~10-6). Therefore neutral beam divergence is typically a 
few microradians.

Eq. 3 agrees with experimental data. An OTA report by 
Ashton Carter gives the observed divergence of a 100 MeV 
neutral beam as 3.6 microradians, a Triton beam (atomic 
weight 3) as 2 microradians [5]. That is a factor of 2 more than 
Eq. 3, and fits the scaling of Eq. 3.

In Alan Mole’s example, the beam velocity is highest at the 
end of acceleration, 0.2 c, twice the ship final velocity. Particle 
energy for neutral hydrogen is 18.8 MeV. The affinity energy 
imparted to the electron to drive it out of the beam, resulting in 
a neutral, is 0.7 eV for hydrogen. Evaluation of Eq. 3 gives beam 
divergence of 4.5 microradians. 

The beam size at the end of acceleration will be 411 km. 
Alan Mole’s magnetic hoop is 270 m in diameter. Therefore the 
ratio of the area of the beam to the area of the sail is 2.3 x 106.  
Only a small fraction of the beam impinges on the spacecraft. 
This is an underestimate because beam impact on the artificial 
magnetosphere of the Magsail will enlarge its cross-section, 
which will partially compensate for the beam spread. That 
would need quantification in a proper analysis, but will have 
only a modest effect.

To reduce the beam divergence, one could use heavier 
particles, which enters in the square root in Eq. 3, but no 
nucleus is heavy enough to reduce the beam spot size to the sail 
diameter. For example, Landis suggests mercury [6]. For the 
same ion energy as Mole, taking into account mercury’s affinity 
and mass, eq. 3 gives a beam divergence of 0.8 microradians. 
Finally, the implication of the limitations imposed by beam 
divergence is that sails may have to be far larger, hence more 
massive spacecraft and more powerful beams. 

Laser Cooling of Divergence?

Gerry Nordley has suggested that neutral particle divergence 
could be reduced by use of laser cooling [7]. This method 
uses lasers that use narrowband photons to selectively reduce 
the transverse velocity component of an atom, so they must 
be precisely tunable. It is typically used in low temperature 
molecular trapping experiments [8].

The lasers would inject transversely to the beam to reduce 
divergence. This cooling apparatus would be located right after 
the beam is cleaned up as it comes out of the injector. They 
would have substantial powers in order to neutralize the beam 
as it comes past at a fraction of the speed of light.

For the Mole example, lasers must produce a change in 
transverse velocity of 60 m/s. The wavelength needed is 

so laser photons have energy of 188 eV, the softer end of the 
x-ray spectrum, roughly 100 eV photons. 

The key question is what is the cross-section for a neutral 
atom to absorb the x-ray photon. Particle density can be 
calculated by noting that in one second a neutral particle will 
go 60,000 km. Alan Mole shows the beam is flowing at 10-8 kg 
per second, so a square meter beam would have a density of 
2x1011 protons per cubic meter.

Fig. 1 Beam cooling using transverse injected laser beams.
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The neutral atoms have a cross-section of about a few Bohr 
radii squared, which is of order 10-20 m² per atom. If the beam 
has a 1 m diameter, the cross-section for absorption of laser 
photons by beam particles is of order 10-9. The laser photons are 
very unlikely to collide, so almost all of the laser beam passes 
through the neutral beam unchanged. Even if every photon 
is absorbed the laser power required would be about 400 W. 
Consequently, the laser power required would be about 400 
GW, which is the power of the beam accelerator.  

(Since these are x-rays, it’s not possible to bounce the photons 
back and forth through the beam by reflection because x-rays 
reflect poorly.) 

Consequently the coupling between the laser beam and 
the neutral beam is extraordinarily poor. Concentrating the 
neutral beam to a 1 cm diameter would get an additional factor 
of 10,000, but still couples only about 10-5 of the laser beam. 
This highly inefficient means of limiting divergence therefore 
would substantially increase system size and cost.

Furthermore, the x-ray laser required is beyond state-of-the-
art. Although x-ray lasers of the free electron laser variety exist 
at very high powers, their pulse durations are sub-nanosecond 
and are pulsed at tens of kilohertz, so the average power is low, 
far less than the peak power. In any case, a continuous laser 
beam is required, which does not exist in the X-ray. (Repetitive 
pulses won’t work, because then parts of the neutral beam 
wouldn’t be hit by the laser beam at all.)

I conclude that neutral beam divergence cannot be efficiently 
reduced by laser cooling. Therefore the neutral particle 
acceleration concept, as proposed, cannot succeed.

3.  FAST INTERPLANETARY SAILING

The above shows that beam divergence limits the possibilities 
for acceleration to interstellar speeds. However, fast 
interplanetary missions look credible using  the neutral beam/
Magsail concept.

Given that the beam divergence is fundamentally limited to 
microradians, I use that constraint to make rough examples 
of missions. The missions goal would be very fast transit to 
the planets using a neutral beam driver system. Typically the 
accelerator would be in high Earth orbit, perhaps at a Lagrange 
point. At the other end, the decelerating system is in a similar 
location about another planet such as Mars or Saturn. 

Fig. 1 shows a sail accelerated by a neutral beam with 
divergence angle θ over a range R, after which it coasts to 
its target where a similar system decelerates it to its final 
destination. 

Fig. 2  Geometry of neutral beam-driven sail.

Where t0 is the acceleration time, a the acceleration and final 
velocity is v0. At this speed the sail coasts over the destination 
distance D for time τ. Including deceleration, total trip time is 
T=2 t0+ τ.  

The  spacecraft kinetic energy for a total sailship mass m, 
including sail, magnetic loop and payload, is Ek=m vf

2/2. The 
beam average beam power P=Ek/ t0.  

To get a feeling for the quantities, here are the speeds and 
times for divergence angle θ and sail diameter Ds normalized 
to a microradian and 100 m, accelerations in gees:

We take divergence to be limited to microradians, from the 
above neutralization calculation, and in agreement with the 
measured divergences of state-of-the-art beams. Table 1 below 
shows performance of neutral particle beam-driven sail probes 
with microradian divergence and increasing acceleration, 
driven by increasingly powerful beams.

TABLE 1: Parameters of neutral particle beam-driven  
sail probe

Beam/Sail  
Parameters

Fast 
Interplanetary

Faster 
Interplanetary

Interstellar 
Precursor

θ 1 microradian 1 microradian 1 microradian
acceleration 100 m/sec2 1000 m/sec2 10,000 m/sec2

Ds 270 m 270 m 540 m
v0 163 km/sec 515 km/sec 2,300 km/sec
R 135,000 km 135,000 km 270,000 km

t0 27 minutes 9 minutes 4 minutes

mass 3,000 kg 3,000 kg 3,000 kg

Ek 4 1013 J 4 1014 J 8 1015 J

P 24 GW 756 GW 34 TW

particle energy 50 MeV 50 MeV 50 MeV

beam current 480 A 15 kA 676 kA

time to Mars 8.7 days 34 hours 8 hours

If the sail diameter is Ds, then the equations of motion 
describe the beam accelerating the sail efficiently out to a 
distance R:

Beam-Driven Sails and Divergence of Neutral Particle Beams

(5)

(6)
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The first column shows a fast interplanetary probe, with high 
interplanetary-scale velocity, acceleration 100 m/sec2, 10 gees, 
which a nonhuman cargo can sustain. Time required to reach 
this velocity is 27 minutes, at which time the sail has flown to 
135,000 km. The power required for the accelerator is 21GW. If 
the particle energy is 50 MeV, well within state-of-the-art, then 
the required current is 1.6A. How long would an interplanetary 
trip take? If we take the average distance to Mars as 1.5 AU, 
the probe will be there in 8.7 days. Therefore this qualifies as a 
Mars Fast Track accelerator.

An advanced probe, at 100 gees acceleration, requires 0.75 
TW power and the current is 15 kA. It takes only 34 hours to 
reach Mars. At such speeds the outer solar system is accessible 
in a matter of weeks. For example, Saturn can be reached by 
direct ascent in a time as short as 43 days. 

A very advanced probe, an Interstellar Precursor, at 1000 
gees acceleration, reaches 0.8% of light speed. It has a power 
requirement 34 TW and the current is 676 kA. It takes only 
8 hours to reach Mars. At such speeds the outer solar system 
is accessible in a matter of days. For example, Saturn can be 
reached by direct ascent in the time as short as a day. The soar 
focus at >550 AU could be reached in less than 2 years. The 
Oort Cloud at 2,000 AU, can be reached in 6 years.

4.  CONCLUSIONS

The rough concepts for neutral beam driven spacecraft that 
have been developed by Landis, Andrews, and Mole show that 
neutral beam-driven magnetic sails deserve more attention. 
But the simple mission scenarios described in the literature to 
date don’t come to grips with many of the realities, in particular 
beam divergence. The efficiency of momentum transfer to the 
sail should be modeled accurately. Credible concepts for the 
construction of the sail itself, and especially including the 
mass of the superconducting hoop, should be quantified. As 
addressed above, concepts for using laser cooling to reduce 
divergence are not promising but should be looked into further.

A key missing element is that there is no conceptual design 
for the beam generator itself. Neutral beam generators thus 
far have been charged particle beam generators with a last 
stage for neutralization of the charge. As I have shown, this 
neutralization process produces a fundamentally limiting 
divergence. 

Neutral particle beam generators so far have been operated 
in pulsed mode of at most a microsecond with pulse power 

equipment at high voltage. Going to continuous beams, which 
would be necessary for the minutes of beam operation that 
are required as a minimum for useful missions, would require 
rethinking the construction and operation of the generator. 
The average power requirement is quite high, and any adequate 
cost estimate would have to include substantial prime power 
and pulsed power (voltage multiplication) equipment, a major 
cost item in the system. Of course, it will vastly exceed the 
cost of the magnetic sails, which is an economic advantage of 
beamed propulsion.

The Fast Interplanetary example in table 1 requires 24 GW 
power for 27 minutes, which is an energy of 11 MW-hours. This 
is within today’s capability. The Three Gorges dam produces 
225 GW, giving 92 TW-hours. The other two examples cannot 
be powered directly off the grid today. So the energy would be 
stored prior to launch, and such storage would be expensive.

Furthermore, if it were to be space-based, the heavy mass of 
the high average power required would mean a substantially 
massive system in orbit. Therefore Mole’s suggestion, that the 
neutral beam be sited on Earth, has its attractions. However, 
this needs economic analysis to see what the cost optimum 
would actually be. Such analysis would take into account the 
economies of scale of a large system as well as the cost to launch 
into space versus the advantages of beaming from Earth. 
There is also the question of the effects of propagating in the 
atmosphere, on both beam attenuation and on divergence.

We can see in Table 1 an implied development path: a System 
starts with lower speed, lower mass sails for faster missions 
in the inner solar system. As the system grows, the neutral 
beam System grows and technology improves. Economies 
of scale lead to faster missions with larger payloads. As 
interplanetary commerce begins to develop, these factors can 
be very important to making commerce operate efficiently, 
outcompeting the long transit times of rockets between the 
planets and asteroids. The System evolves.

 We’re now talking about matters in the 22nd and 23rd 
centuries. On this time scale, neutral beam-driven sails can 
go beyond interplanetary, to address interstellar precursor 
and interstellar missions from the standpoint of a much more 
advanced beam technology than we have today.
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NODES: A PROPOSED SOLUTION TO FERMI’S PARADOX

1. INTRODUCTION

After nearly 60 years of searching, SETI researchers have rou-
tinely come up dry. Many solutions to Fermi’s classic question, 
“Where is everybody?,” known as Fermi’s Paradox or the Great 
Silence, have been proposed [1]. Arguments have included the 
possibility (a) that we are alone, at least in the Milky Way, either 
because we are the first civilization to emerge, or because our 
predecessors are now extinct; (b) that ET exists but chooses not 
to contact us, perhaps because they are frightened, incurious, 
or adhere to an ethic of not wishing to disturb new civiliza-
tions; (c) they are transmitting in a manner that is detectable, 
but we have not found the signal yet simply because it is a very 
large haystack in which we seek a very small needle; (d) that we 
are looking in an incorrect fashion, perhaps because they are 
transmitting in infrared (IR) while so far we are mostly looking 
in optical and radio bands; or (e) as a subset of (d), that ET is 
not broadcasting information by means of EM waves, but rath-
er sending information physically on its equivalent of a hard 
drive, and we have yet to systematically search our own Solar 
System for these probes. The current paper proposes a different 
solution, whereby ET’s nearest, but remotely positioned, artifi-
cially intelligent (AI) outpost intends to contact Earth as soon 
as it detects us as technologically capable of receiving its signal. 

2. PROBES RECONSIDERED

2.1 Advantages of Probes over Beacons
 
This author, among others, has previously argued that great 
advantages would accrue to ET in sending information physi-
cally by way of probes instead of by EM beacons from its home 
planet [2,3,4,5,6,7]. Probes would require vastly less energy to 
send the same given amount of information relative to contin-
uously broadcasting beacons. Probes completely solve for the 

Within the SETI community, a school of thought holds that ET might prefer to send information physically in so-called 
“probes,” rather than by radio or optical beacon, in effect, a message in a bottle.  In this paper, a related solution to Fermi’s 
Paradox (also known as the “Great Silence”) is proposed whereby ET civilizations aggregate knowledge into a system of “nodes,” 
interspersed throughout the galaxy.  Each node explores and serves the local star systems, detecting through its exploration 
non-technological life, and enlisting newly emergent technological civilizations, such as ourselves, into its central system.  Each 
node would download information to new member civilizations and upload information from those civilizations, passing it 
along to its immediately adjacent nodes, such that new information would pass through the entire galaxy at near light speed.  
The most local node would not be directly detectible by us until it signaled Earth in response to a detection of its artificial 
electromagnetic (EM) leakage.  This is because Earth would not be in the narrow beam of the signal pathways between our 
local node and its adjacent nodes, nor between the local node and other local civilizations, while the spillover signal strength 
of far distant nodes would be too weak to be detectable.  Thus, the Great Silence of the galaxy is simply the result of the fact 
that Earth is not currently situated within a communications pathway in an otherwise well interconnected galaxy.
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problem of L in Drake’s equation, the length of time an ET civi-
lization persists in transmitting, since the fate of the progenitor 
civilization would not affect the probe once it was launched in 
the direction of our Solar System. Probes would also probably 
be easier for us to discover. By broadcasting to us locally, their 
signal may be stronger relative to far distant beacons. There-
fore, we would presumably be able to determine the content 
of a signal and not just the fact of a signal, while we might not 
be capable of detecting a message within the carrier wave of a 
far distant beacon using our current generation of telescopes. 
A probe’s signal would probably be persistent, because Earth 
would be its only target, as opposed to beacons, that might cy-
cle among hundreds to millions of stars and have a very short 
dwell time on our Solar System. This limiting factor would be 
multiplied by our own strategy of slewing among thousands of 
target stars, the resultant combined effect of the two targeting 
strategies being an extremely low probability of detection.

2.2  Disadvantages of probes

These advantages notwithstanding, there would be large inade-
quacies in this approach from ET’s point of view: 

• Each civilization would be required to send its own probe 
to the Solar System. It would obviously be more efficient were 
civilizations to join together so as not to duplicate efforts. 

• Each ET civilization might also feel the need to send mul-
tiple probes if they wish to routinely update Earth on the 
progress of their civilization (while beacons could continu-
ously update their content). 

• Probes could lay dormant within our Solar System for 
eons while they await a signal from Earth that it had be-
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come technologically active. That signal might never come, 
as Earth’s biology might never emerge as technological. In 
the meantime, probes would pile up uselessly in our Solar 
System.

• The sending civilization would have little realistic chance 
of receiving a reply. The probe might have arrived in our 
Solar System millions or billions of years before humans 
emerged as technologically capable of detecting them, de-
laying a response by that amount. During such a protracted 
period of latency, the probe might even have lost all track of 
its progenitor civilization as both our star and its star me-
ander in their orbits around the center of the Milky Way. 

3. NODES

3.1  Nodes defined

The author initially distinguishes “nodes” from probes by de-
fining the former as positioned away from our Solar System, 
while the latter as resident within it. Nodes would have char-
acteristics in common with cell phone towers, public libraries, 
the Internet, server farms, and galactic explorers.

3.2 Nodes as cell phone towers and a Galactic Internet 

AI nodes might be placed at set distances from one another, 
each servicing a galactic volume of something on the order of 
100 cubic light years (merely a guess for purposes of illustra-
tion). Alternatively, they might be interspersed in accordance 
with the number of stars or perhaps the number of technolog-
ical civilizations within their service areas; i.e., more nodes in 
more heavily populated areas of the galaxy. Nodes within a ga-
lactic network would constantly update one another, each node 
being in contact with, for example, the half dozen nodes near-
est it, such that new information would circulate throughout 
the galaxy at almost the speed of light. Nodes would therefore 
contain identical or near-identical information sets. Redun-
dancy assures the survival of this library system from superno-
vae, gamma ray bursts, hostile civilizations, or other hazards. 

Each node would serve the local community of civilizations. 
If there are no local civilizations, nodes would still provide in-
valuable services by acting as signal relay stations or explor-
ers, and by passing on information about potentially habita-
ble planets available for colonization. Because they would be 
relatively nearby, the energy requirements to send and receive 
signals would be much reduced relative to what would be re-
quired for civilizations to directly communicate with one an-
other from remote corners of the galaxy. Lasers would seem to 
make the best sense, as over a local distance of ~100LY a mere 
1000 W laser would be able to transmit 1012 bits per second in 
a very narrow beam specifically targeting Earth (i.e., <.02 arc 
sec., resulting in a beam of <1AU) [8]. Because they are nearby, 
upload and download intervals would be short – perhaps on 
the order of less than a century, rather than potentially tens of 
thousands of years. 

3.3  The Nodes as explorers and ambassadors
 
Nodes would be responsible for locating and recruiting into the 
system emerging technological civilizations, such as our own. 
Because they are nearby, they might easily detect emergent civ-
ilizations by way of their EM leakage. 

• Nodes might act as translators. Having databases filled 
with possibly thousands or millions of civilizations, nodes 
might be in a position to format information in a fashion 
most easily understandable to recently emergent civiliza-
tions. 

• Long before technological civilization would emerge, 
nodes might have sent tiny flyby probes to surveil each star 
within its sphere of influence and responsibility along the 
lines of what is currently contemplated by the Breakthrough 
Starshot project [9]. Consequently, the nodes would have 
long foreknowledge that Earth was biologically active. 

3.4  Establishing a commercial relationship with a node 

The nodes may work on a “give a book/get a book” system. 
Nodes would issue a “library card” to civilizations that agree to 
share their own proprietary information. That is, civilizations 
would not be allowed to download unless and until they were 
willing to upload. In practice, because a node would have or-
ders of magnitude more and better information than the newly 
applying civilization, it could afford to start the trade by down-
loading a small subset of information as a “loss leader.” 

 
3.5  Nodes as arbitrators of galactic behavior

Nodes might also curate downloads, so that, for example, blue-
prints for nuclear bomb manufacture would be unavailable or 
restricted, and neither would information on the whereabouts 
of extant civilizations. The library would constantly grow as 
more civilizations joined, and member civilizations routinely 
updated. Nodes, by being the sole contact point for civiliza-
tions, could arbitrate behavior. Aggressive or otherwise mis-
behaving civilizations could be cut off from further commu-
nication. Nodes might serve as traffic controllers, allocating 
or suggesting planets for colonization among member civili-
zations. 

3.6  Letting go of our fondness for fellow squishies

It may be that by joining the node system, we would, in effect, 
lose any ability to directly contact fellow 'squishies' (i.e., carbon 
based life forms). We would have basically no alternative, and 
there would be no point to such an effort in any event after con-
tact is achieved with a node. We may emotionally miss a lack 
of squishy-to-squishy contact, but the node system would com-
pletely obviate the need for it, and would actually be superior. It 
would be much safer for civilizations to communicate through 
nodes. After all, there could be hostile and dangerous actors 
in the galaxy who could intercept Earth’s exploratory outreach 
efforts, such as by directing powerful radio beams at random 
stars (a technique known as METI, short for “messaging ET 
intelligence”). In common with probes, the node system would 
be impervious to Drake’s L, the length of time that a civilization 
broadcasts, be that era ended through extinction, boredom, 
exasperation, change of philosophical outlook, budgetary con-
straints, or some other cause. The library would continuously 
grow larger over time, irrespective of how many contributing 
civilizations persist, or whether their total number increases or 
decreases over time.

The node system does not disadvantage Earth in any way 
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relative to direct civilization-to-civilization contact. What do 
we want from ET? First, we wish to simply know that we are 
not alone. Second, we want them to tell us what they know. Is 
their math the same as ours; what do we not know about the 
laws of physics; what do they look and act like; is their biology 
based upon carbon and some variant of DNA, and so forth? 
Finally, we want to know about their origin, history (includ-
ing whether and why they might have gone extinct), and about 
their “art” and beliefs. All of this could be gained through in-
formation exchange with a node.

3.7  Who established the node system?

Even after contact, the origin of the node system might prove 
an enduring mystery. We need not know the exact origin and 
history of the Internet or Bitcoin to effectively use either. It is 
even possible that a single, long-extinct civilization initiated 
the node system, perhaps by launching just one von Neumann 
replicator [13] eons ago.

3.8  Disadvantages of nodes from Earth’s point of view

The proposed node system does disadvantage Earth, relative to 
within-Solar System probes: 

• Upload and download times would be measured in dec-
ades and not minutes or hours. 

• We would lose the ability to retrieve and physically exam-
ine a probe.

• Probes might serve as ET ambassadors, that is, as AI be-
ings (i.e., able to pass the Turing test) who might be able to 
converse with us in real time.

Nevertheless, beggars cannot be choosers. Because we need 
contact with a node more than it needs contact with us, it is the 
node that will set the terms of engagement, and probably oper-
ate with regard to its own maximal efficiency rather than ours.

3.9 Probes and nodes acting in concert

• The Node Hypothesis does not necessarily negate the 
Probe Hypothesis. For example, once a flyby mission de-
termines that Earth is life bearing, perhaps a node might 
send a permanent probe to our Solar System. Such a probe 
might flag to the node Earth’s emergence as a technological-
ly active planet, and act as a local ambassador. It could also 
act as its own relay station, amplifying and directing Earth’s 
EM precisely toward the local node. For example, the local 
probe might intercept its favorite episode of I Love Lucy, 
extracting it from the cacophony of all of Earth’s concurrent 
transmissions. It might then translate and reformat the epi-
sode in a manner that can be understood by nodes. Finally, 
it would directly and narrowly beam the episode on to the 
nearest node, which node would in turn incorporate it into 
its normal data stream, and send it on to other nodes. In 
such a fashion, I Love Lucy would soon permeate the galaxy 
in a way in which its omnidirectional leakage from Earth 
would not directly allow.

• Probes and Nodes might be one and the same. A single 
AI entity situated, for example, on a local asteroid could 
perform the functions of a probe in its monitoring of and 
communications with Earth, and at the same time serve 

as the local node, being in constant communication with 
nearby nodes in Earth’s galactic neighborhood. In effect, 
the probe/node would have a transmitter/receiver pointed 
at Earth, with another (or the same) transmitter/receiver 
pointed at local nodes. Alternatively, McConnell has sug-
gested that extant civilizations might disseminate informa-
tion circuitously among themselves through a node system, 
rather than exclusively through direct one-to-one channels 
of communication [11].

• Although the I Love Lucy radius has been in common par-
lance among SETI researchers for many years, some who 
have examined its assumptions closely have concluded that 
it is more mythic than real. They argue that at interstellar 
distances, although military and planetary radar may be 
detectable (although they bear no information other than 
to indicate their technological origin), TV and radio broad-
casts (which bear lots of information) would damp down 
and cancel each other out, such that they would become 
incoherent and indistinguishable from broadband noise 
[12,13,14]. In such event, nodes would have no practical 
alternative but to preposition probes in those solar systems 
where biologically indicative planets are known to reside if 
they wish to know something about the content of leaked 
transmissions. 

4.  SEARCHING FOR NODES

4.1  Nodes might be anywhere
 
Nodes could be anywhere there is an energy source and mate-
rial to build out capabilities and self-repair, such as on a plan-
et, asteroid, or moon in another stellar system, in orbit around 
a brown or white dwarf, or perhaps even in interstellar space 
– possibly associated with a planet that had been previously 
ejected from its own solar system. 

4.2  METI as as search strategy

Proponents of METI might argue that nodes merely await our 
signaled desire to join the galactic club. They could be right. 
However, for all of the reasons this author, among others, have 
previously stated, this is a very bad idea [15,16,17]. Even were 
this author very confident in the correctness of the current hy-
pothesis, it would be unethical to impose his certainty upon 
everyone else, imperiling all of Earth because of a personal 
conviction. Moreover, because we currently have no idea where 
the nearest node may be located, the entire sky would have to 
be blindly targeted, making it easy for any hostile galactic actor 
to intercept the signal.

4.3  Think galactically, but search locally

First radio transmissions date from around 1920, however, EM 
leakage really picked up with the widespread dissemination 
of over-the-air terrestrial television broadcasts. Therefore, the 
distance that these early signals have travelled is often whimsi-
cally referred to in the SETI literature as the I Love Lucy radius. 
As stated above, ET may not be able to discern our leakage as 
being anything more than broadband noise, but nonetheless, it 
might reasonably determine it to be technologically generated 
noise. SETI may be futile beyond .5x this radius. ET will simply 
contact us when it first detects Earth’s artificial EM radiation. 
There is no need for us to do anything, except to keep our tel-
escopes aimed at local (i.e., < .5 x I Love Lucy radius) targets. 

John Gertz
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The node’s signal will probably persist until the node receives 
Earth’s response. The node would correctly reason that it will 
take our civilization time to discover its signal, time to decode 
it, time to decide what to do, time to craft a response, and time 
for that response to return to the node. 

It has never been obvious that we should only search lo-
cally. If the strategy has been to establish squishy-life-form to 
squishy-life-form direct communication, then reasonable solu-
tions to the Drake Equation suggest that the nearest such intel-
ligent and communicating civilization could be quite distant 
from Earth. However, if one abandons the paradigm that the 
ET one is searching for is a squishy life form and instead devote 
the search to AI probes or nodes, then their local proximity is a 
quite reasonable conjecture. 

4.4  Search Strategies 

The node’s signal may be so obvious that we will pick it up al-
most despite ourselves. A laser pointed persistently at us might 
show up as a bright new “star” in the sky where none existed 
before. By spectroscopy, the new point source would be in-
stantly recognizable as narrow band and therefore artificial. It 
might not be associated with a known star, but rather be free 
floating in interstellar space, or associated with a brown dwarf 
that would not normally be on any SETI target list – or, indeed, 
listed in any current star catalogue. Consequently, the signal 
could be coming from any direction and not just from a known 
local stellar target. A node might show up in a simple survey 
of photographic “plates” by searching for any recent change in 
the light emanating from local (i.e., <~35-50 LY) stars. More 
broadly, a 360 degree search might be conducted for a new 
visual object within the <~35-50LY envelope. Breakthrough 
Listen is currently engaged in comprehensive radio and optical 
surveys of local stars, including those within half the I Love 
Lucy radius. 

If the nearest node is 100 LY from us, it is may detect Earth’s 

artificial EM soon, and we might therefore hear from it in about 
another century at the earliest. If the nearest node is about 35-
50 LY away, it might already be signaling Earth.

In the meantime, there is probably nothing we can do to de-
tect our local node. Nodes would only communicate with their 
immediately neighboring nodes and the civilizations within 
their service area, if any. We are therefore unlikely to be in a 
communications pathway and would not be able to eavesdrop. 
Nodes might employ very narrow beam lasers not only because 
they are efficient carriers of information, but also explicitly to 
avoid signal spillover by which they might be inadvertently 
detected. Moreover, they might be specifically positioned such 
that no biologically active planet is either in their foreground 
or detectable background. This would then explain why the 
galaxy is not buzzing with detectable signals, and in itself serve 
as a solution to Fermi’s Paradox. The only hope, then, for a 
pre-contact detection might be in viewing the node’s waste heat 
in the IR. However, unless the node is very near or very large 
and hot, its heat signature would likely be beneath the detecta-
bility level of the James Webb Space Telescope or other current 
IR detection systems.

5.   CONCLUSIONS

If the Node Hypothesis is correct, it solves Fermi’s Paradox. 
We are not alone. ET exists, and the galaxy is awash in its sig-
nal traffic. We are blind to those signals simply because they 
are very narrow beam and only pass between nodes and their 
immediately adjacent nodes, or between nodes and the civili-
zations within their immediate service areas. Earth is simply 
not in those locally few and narrow pathways. Signals broad-
cast by nodes would not be any more powerful than necessary 
(e.g., 1000 W laser), and over large distances lasers would be 
obscured by gas and dust clouds. Consequently, we would not 
be able to detect traffic among nodes nodes that are in other 
regions of the galaxy.
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One potential application for alien megastructures is Star Lifting. Suggested by David Criswell in 1985, this technique could be 
applied by a technologically advanced space faring civilization to gradually reduce the mass of its host star, thereby increasing its 
main sequence life expectancy. To apply Star Lifting, a civilization would construct a partial shell of solar collectors around its 
star and use this energy to project a collimated electromagnetic beam into the star’s photosphere. This process would increase 
the star’s solar wind. Star Lifting is investigated quantitively and several operational scenarios are presented. To be effective, 
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biosphere during the post-main-sequence phase of its host star’s existence using interstellar migration as an alternative.
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1.    INTRODUCTION: A SURVIVAL STRATEGY

In 1985, David Criswell introduced Star Lifting: a technique 
that could be used by a technologically advanced galactic civi-
lization to increase the solar wind of its host star [1]. Although 
Criswell suggested that Star Lifting might be applied to re-
source acquisition, it might also serve as a means of increasing 
stellar lifetime by decreasing stellar mass. 

Essentially, Star Lifting requires a partial ring of electro-
magnetic collectors orbiting the subject star. Every photon ab-
sorbed by this structure is directed to a laser bank that focusses 
energy on the stellar photosphere. Absorbed energy within this 
hotspot locally heats the photosphere causing kinetic energy of 
some photosphere particles to exceed the star’s escape velocity. 
The enhanced stellar wind reduces the star’s mass and increases 
its main sequence life expectancy. 

It is expected that a civilization would conduct Star Lifting 
late in its host star’s main sequence phase. Much interest in 
possible alien megastructures has been engendered by recent 
observations of the enigmatic light curve of KIC8462852, an 
F3 main sequence star near the start of its subgiant phase [2,3]. 
The main sequence life expectancy of such a star, which has a 
mass 1.32-1.37 solar masses, has been estimated at 4-4.9 billion 
years [4]. Planets within this star’s planetary system, if such ex-
ist, may have resided in the ecosphere long enough for intelli-
gent life forms to have evolved. 

We know a good deal more about the properties of our Sun 
than those of KIC8462852, which is approximately 1,300 light 
years from the solar system. The following analysis, therefore, 
will be based upon the properties of a G2V Sun-like star. Some 
relevant properties of such a star are presented in Table 1.

2.    ANALYSIS

It is known that the main sequence life expectancy of a Sun-like 
star (L ) is about 1010 years. A star’s main sequence life expec-

tancy is related to the inverse 2.5 power of the star’s mass [7]: 

TABLE 1: Some Relevant Solar Properties [5,6]
Mass (M )  ≈ 2 x 1030 kg
Mean Sequence Life Expectancy (L )                    ≈ 1010 yrs

Effective Temperature (T )                                     = 5777 K

Photosphere Escape Velocity (Ves)                          = 618 km/s
Photosphere Mass Density (ρph)                            ≈ 2 x 10-4 kg m3

Photon Mean Free Path in Photosphere (MFP)        ≈ 100 km

(1)

Defining R as the fractional reduction in Sun-like star mass 
during the Star Lifting process and ∆T as the increase in star 
main sequence life expectancy caused by Star Lifting, we find:

(2)

To estimate the amount of energy required to evaporate ma-
terial from the star’s photosphere, it is first necessary to com-
pute the root-mean-square velocity (Vrms) of photosphere at-
oms. This is done using the standard equation [8]:

(3)

where k is Boltzmann’s Constant (1.38 x 10-23 J/K), T  is the 
photosphere effective temperature (5777 K) and m is the av-
erage photosphere particle mass (here taken as 1.0 x 10-27 kg) 
since the photosphere is a plasma consisting mostly of protons 
and electrons. The root mean square velocity of a photosphere 
ion is approximately 120 km/s. This is far below the photo-
sphere escape velocity of 618 km/s, which is listed in Table 1. It 
is therefore assumed that all energy required to eject additional 
mass from the photosphere is supplied by the megastructure 
laser / maser array. The approximate energy required to lift 
mass from the star’s photosphere is therefore 1.9 x 1013 J/kg.
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Applying the value of photosphere mass density (ρph) listed 
in Table 1 and defining the photon mean free path in the pho-
tosphere (MFP) as the thickness of the hotspot on the photo-
sphere generated by the laser or maser beam, the photosphere 
mass energized by the beam is equal to ρph (MFP) Ahs ≈ 20 Ahs 
kg, where Ahs is the hotspot area in square meters.

Equating laser / maser power (P) delivered to the hotspot 
with kinetic energy of photosphere mass per second just escap-
ing the Sun, P can be related to hotspot area: 

From the above discussion, the array beam energizes about 
20 Ahs kg in 1.13 Ahs

1/2 / (Va,o -Vr) s.  The required mass ener-
gized in kilograms per second can also be expressed as 6.3 x 
1016 R/Emy, where Emy is the continuous beam operation time in 
millions of years. Equating these two results for mass energized 
per second and manipulating, we obtain:

Star Lifting: an Application for Alien Megastructures

(4)

where τ is the time (in seconds) that the hotspot is energized by 
the laser/maser beam.

It is presumed here that the later / maser array orbits the 
host star and that the hotspot moves across the photosphere 
directly below the array at a velocity (Va,o -Vr), which is the dif-
ference between the array’s orbital velocity and the rotational 
velocity of the host star. It is assumed here that both array orbit 
and stellar rotation are in the same direction. Since the hotspot 
diameter is 2(Ahs/ π )1/2, τ can be estimated as:

(5)

(6)

Note that convection has been ignored in developing this 
simple model. This is because the photosphere is above the 
star’s convective zone and radiation should be the major mech-
anism of energy transfer.

3.    SOME STAR LIFTING SCENARIOS 

Consideration of the following scenarios yields an appreciation 
of Star Lifting. These show both the potentials and difficulties 
of the technique. It will be a very long time before humanity or 
its descendants can attempt such a project.

3.1    Scenario A: an impossible approach 

Consider a civilization wishing to reduce the mass of its G2V 
star by 10% over a 108 year laser / maser beam-operation pe-
riod.  This implies that R = 0.1 and Emy = 100. From Eq. 1, the 
star’s main sequence lifetime will be increased from 1010 years 
to 1.3 X 1010 years.

To reduce effects of the beam-enhanced solar wind from the 
civilization’s host star, the array might be co-orbital with the 
home planet, perhaps at Lagrange 4 or 5. If the planet is at 1 As-
tronomical unit from the star, as is the Earth, its orbital velocity 
Va,o is about 30 km/s.

Assuming that the star has an approximate 27 day rotational 
velocity as does our Sun and a 7 x 105 Sun-like radius [9], the 
star’s rotational velocity Vr is about 2 km/s.

Substitution of Eq. 6 reveals that the square-root of the hot-
spot area is about 1.3 x 105 kilometers, about 19% of the solar 
radius. From Eq. 5, the time that a photosphere hotspot is en-
ergized by the beam is about 5,400 seconds.  Substitution in Eq. 
4 reveals that the required beam power is about 1027 watts, far 
in excess of the solar luminosity (about 3.9 x 1026 watts), even if 
the array energy conversion efficiency is 100%.

3.2    Scenario B: aggressive but possible

Next consider a civilization reducing the mass of its star by 5% 
over a 200 million year interval. In this case, R = 0.05 and Emy 
= 200. This implies a 14% increase in the star’s main sequence 
life expectancy to 1.14 x 1010 years. Now, the square-root of the 
photosphere hotspot area is 3.2 x 104 kilometers. Substituting 
in Eq. 5, the time that a photosphere hotspot is within the beam 
is about 1,290 seconds. Substitution in Eq. 4 reveals that the 
required beam power delivered to the hotspot is about 3 x 1026 
watts, close to the star’s radiant output.

3.3   Scenario C: a bit more “realistic”

Our next scenario is somewhat more conservative. Here, the 
hypothetical extraterrestrial civilization reduces the mass of its 
host star by 5% over a 600 million year time interval. In this 
case, R = 0.05 and Emy = 600. The star’s main sequence life ex-
pectancy increases by 14% to become 1.14 x 1010 years. The 
square-root of the hotspot area is approximately 1.07 x 104 km. 
Substituting in Eq. 5, the time that a portion of the photosphere 
remains within the hotspot is approximately 430 seconds. From 
Eq. 4, the required continuous beam power is 1.04 x 1026 watts. 
This is about 26% of the star’s radiant output.

 3.4    Scenario D: a “conservative” approach

The final scenario considers a reduction in star mass by 3% over 
a 600 million year time interval. Here, R = 0.03 and Emy = 600. 
Applying Eq. 1, the star’s main sequence life expectancy increas-
es to 1.08 x 1010 years. The square-root of the hotspot area is 
6450 km. From Eq. 5, the time that a portion of the photosphere 
remains within the hotspot is 258 seconds. Substituting in Eq. 4, 
we find that the required continuous beam power is about 6.1 x 
1025 watts or about 16% of the star’s radiant output. 

 

4. CONCLUSIONS: OBSERVATIONAL
                       MANIFESTATIONS OF STAR LIFTING

If human astronomers discover (or have discovered) an al-
ien megastructure near a distant star, what observational data 
would indicate that Star Lifting is the structure’s principle ap-
plication?

One hint would be the star’s position on the Hertz-
sprung-Russell Diagram. If the star is leaving the main se-
quence to expand to the subgiant phase, Star Lifting might be 
employed by the extraterrestrial civilization to reduce the star’s 
mass and prolong its main sequence life expectancy.

Distant observers might notice a decrease in the host star’s 
radiant output as the megastructure is constructed. Later, if ob-
servers are situated to observe transits, periodic dips in the star’s 
light curve will be observed as photon collector, beam trans-
mitter and heat radiator partially occult the host star. Since no 
beaming system will have 100% efficiency, infrared emissions 
from the radiators will be an observable parameter.
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It is evident from the above scenarios that effective Star Lift-
ing is a very long-duration process. Therefore, advanced space 
faring civilizations facing the termination of their host star’s 
main sequence existence might elect to follow the alternative 
strategy of interstellar migration.

Acknowledgement

The author wishes to thank Ian Crawford for reading a draft 
of this manuscript and for suggesting the disadvantage of Star 
Lifting when compared with interstellar migration for pur-
poses of an advanced civilization surviving the post-main-se-
quence evolution of its host star. 

Received 28 August 2017  Accepted 31 October 2017

REFERENCES
1.  D. R. Criswell, “Solar System Industrialization: Implications for 

Interstellar Migrations”, Chap. 4.in Interstellar Migration and the 
Human Experience, B. R. Finney and E. M. Jones eds., University of 
California Press, Berkley, CA, 1985.

2.  T. S. Boyajian, et. al. “Planet Hunters X. KIC8462852—Where’s the 
Flux?” arXiv: 1509.03622v1 [astro-ph.SR] 11 Sep 2015.

3.  J. T. Wright, et. al., “The G Search for Extraterrestrial Civilizations with 
Large Energy Supplies. IV. The Signatures and Information Content of 
Transiting Megastructures”, arXiv: 1510.04606v1 [astro-ph.EP] 15 Oct 
2015.

4. S. H. Dole, Habitable Planets for Man, Table 11. 2nd. ed., American 
Elsevier, NY, 1970. 

5.  W. C. Livingston, “Sun” in Allen’s Astrophysical Quantities, Chap. 14, 
4th ed. A. N. Cox ed., Springer-Verlag, N.Y., 2000.

6.  P. G. Judge, L. Kleint, M. Rempel, V. Suematsu, T. Tsuneta, “Photon 
Main Free Paths, Scattering, and Ever-Increasing Telescope Resolution”, 
Solar Physics, 290, 979-996, 2015.

7.  M. A. Seeds and D. Backman, Stars and Galaxies, Brooks/Cole, p. 246. 
Boston, MA, 2008.

8.  H. C. Ohanian, Physics, 2nd. ed. Norton, NY, 1985. Chap. 19.
9.  K. Lodders and B. Fegley Jr., The Planetary Scientist’s Companion, 

Oxford University Press, Oxford, UK, 1998.



461

Journal of the British Interplanetary Society, Index Vol. 70, 2017

Issue Nos Themes

1  General Papers

2/3/4  7th European Conference on Space Debris

5/6  Interstellar

7  General Papers

8  General papers

9  Reinventing Space Conference 2016

10/11  Advanced Propulsion Concepts

12  General Papers

JBIS
Journal of the British Interplanetary Society

VOLUME 70 2017

CONTENTS BY THEME

Index



462

Journal of the British Interplanetary Society, Index Vol. 70, 2017

A
Additive manufacturing 337
Attitude estimation 45, 52

B
Beagle 2 262
Breakthrough Starshot 175

C
Casimir effect 238, 394, 405
Clarke, Arthur C. 426
Communications 426
Computing
 genetic algorithm 19
Correspondence 36, 250
Cubesats 287
Culture shock 219

D
Desalination 227
Dipole drive 442
DNA
 data storage 163
 sequencing 287

E
Economics 36, 199
EM-Drive 238, 385, 415
ENVISAT 45, 143
Ethics 219
Extrasolar planets 196
Extra-terrestrial civilisation 454
Extra-terrestrial life 219

F
Fairyfly 196
Fermi paradox 454
Fire prevention 12
Fluid dynamics 300
Future history 430

G
Gas-gas mixing 300
Generation ship 184, 208
Genetic algorithm 19 
Genetics 184
GESTRA tracking radar 82
Governance 426

Gravitational radiation 405 

I
Icarus 36, 175
Inertia, physics of 238, 354
Information theory 85
Infrastructure
 space launch 313
Interstellar communications 163
Interstellar precursor mission 175, 449
Interstellar propulsion 175, 442, 449
Interstellar travel 36, 163, 184, 196, 199, 213
ISAR (imaging radar) 45

L
Launch vehicles
 SLS 306
 Vega 143
LIRIS optical tracking 152
Liquid crystals 394

M
Mach effect gravity assist 365
Mach's Principle 354, 365, 385
Magnetic confinement 319
Magnetic shielding 344
Manned spaceflight
 radiation protection 344
Mars
 Beagle 2 262
 Mars Express 262
Mars Express 262
Measurement techniques
 thrust 415
METI (Messaging to ETI) 219
Microbes for data storage 163

N
Nanotechnology 196
Navigation 152
Neutral-particle beam 449
Nuclear reactor 244

O
Optical tracking 69, 152
Orbital mechanics 19, 63, 69, 77, 134

P
Panspermia 163

CONTENTS BY SUBJECT



463

Journal of the British Interplanetary Society, Index Vol. 70, 2017

PMMA (polymethyl methacrylate) 12
Policy
 exploration strategy 36
Power systems (see also Space power)
 space-based solar power 227
Propulsion methods
 beam-driven sail 449
 dipole drive 442
 dipole sail 442
 fusion 175
 gravity tractor 210 
 green propellant 278
 interstellar 175, 442, 449
 laser/maser sail 175
 methane rocket 278
 monopropellant 278
 nuclear electric 319
 propellantless 238, 365, 385, 394, 415
 rocket performance 300
 solar wind sail 210, 442
Quantum entanglement 372
Quantum mechanics 372, 394
Radar tracking 45, 82
Radiation 344
Relativity 213, 354, 385, 394
Remote sensing 19
Rendezvous techniques 134, 143, 152
Robotics 337
Rocket
 combustion physics 300
 methane 278
 monopropellant turbopump 278
 non-hypergolic 300

S
Satellites
 collision assessment 85, 98, 105
 constellations 19, 98, 105
 geosynchronous 283
 manoeuvring 63
 reconfigurability 19
 repeating ground track 19
 tracking 45, 63, 69, 82, 85
Science fiction 426, 430
Semiconductors 394
SETI 
 culture shock 219
 Fermi paradox 454
 megastructures 210, 458
 methods 163
 METI 219
Short arc problem 63, 69
Skyfarm 3, 250
SLS (Space Launch System) 306

Space agriculture 3, 250
Space colonisation 3, 184, 196, 250
Space debris 
 attitude estimation 45,52,134
 collisions 85, 98, 105, 118, 283
 de-orbiting 125, 134, 143
 mitigation 118, 283
 object break-ups 77, 98, 105
 removal 52
 tracking 69, 77, 134
Space exploration 306
Space Launch System 306
Space object break-ups 77, 98, 105
Space power
 ion scoop 208
 nuclear fission 244
 nuclear fusion 319
Space safety
 fire prevention 12 
 radiation protection 344
Space settlements 12, 184
SP-100 nuclear reactor 244
Star lifting 458
Starwisp 175
Structures
 planet sail 210
 star lift 458
Sun
 solar storms 344

T 
Tabby's Star 210, 458
Technical Note 208
Technology change 199
Technology planning 313, 319
Test facilities
 thrust measurement 415
3-D printing 337
Turbopump 278

U
United Kingdom
 launch technology 313
Unruh radiation 238, 385
UoBSat (University of Bristol) 287

V
Vacuum engineering 394

W
Wait calculation 36



464

Journal of the British Interplanetary Society, Index Vol. 70, 2017

Bamford R. Can Artificial Miniature Magnetospheres Be Used to Protect Spacecraft? 344
Baxter S. Communications from Utopia: Sir Arthur C Clarke, Science Fiction, and the United States of Earth 426
Benford J. Sailships vs. Fusion Rockets: A Contrarian View 175
Benford J. Beam-Driven Sails and Divergence of Neutral Particle Beams 449
Biesbroek R. et al E.Deorbit - ESA’s Active Debris Removal Mission 143
Borges et al SP-100 Space Nuclear Power Reactor Simulation by the BEMTE-3 Code 244
Borobia E. et al Fast Re-Entry Deorbitation with Acceptable Risk Level 125
Bradford A.  The UK’s path to Launch: The National Space Technology Strategy for Launch Technologies, Vehicles  

and Services 313
Cassenti et al Performance Predictions for Interstellar Missions using the Special Theory of Relativity 213
Chiao R. Dynamical Casimir Effect and the Possibility of Laser-like Generation of Gravitational Radiation 405
Clemmet J. Beagle 2 on Mars – the Discovery Assessed 262
Coe E.-J. Droplet Vaporization and Mixing in Non-Hypergolic Combustion Chambers 300
Cramer J. The Quantum Handshake Explored 372
Dakka S. M.  Theoretical Prediction of Critical Pyrolysate Mass Fluxes of a Material to Mitigate Spacecraft or  

Planetary Habitat Fire 12
DeMars K. et al Information-Theoretic Approaches to Space Object Collision 85
Ellery A. Extra-terrestrial 3D Printing & In-Situ Resource Utilisation to Sidestep Launch Costs 337
Fearn H. et al Voltage Power Law scaling of the Force for a Mach Effect Gravitational Assist Drive 365
Frey S. et al Status of the Space Environment: Current Level of Adherence to the Space Debris Mitigation 118
Gertz J. Nodes: a Proposed Solution to Fermi’s Paradox 454
Grasset P. Retrieval Strategies for Dead ComSats for the Necropolis System Mission 283
Hempsell M. Skyfarm: Feeding a Large Space Population 3
Hempsell M. Using Future History in Storytelling 430
Homfray D. Technology Roadmap for a Magnetically Confined Fusion Powered Spacecraft 319
Hyland D. An Epitaxial Device for Dynamic Interaction with the Vacuum State 394
Joannès J. Feasibility Study of a DNA-Sequencing Cubesat Satellite 287
Marin F.  HERITAGE: A Monte Carlo Code to Evaluate the Viability of Interstellar Travels using a  

Multi-Generational Crew 184
Masson A. et al Airbus DS Vision Based Navigation Solutions Tested on LIRIS Experiment Data 152
Matloff G. On-Board Power for Interstellar Generation Ships: Application of Cassenti’s Toroidal Ion Scoop 208
Matloff G. A Rationale for Alien Megastructures 210
Matloff G. Star Lifting: an Application for Alien Megastructures 458
Mazurek J. On the Feasibility of Human Interstellar Flights from Economic, Energetic and Other Perspectives 199
McDonald M. Preparations for Thrust Measurement and Error Discussion of the IMPULSE Resonant Microwave Cavity 415
Mole R. Nanobots and Fairyflies 196
Montillet J.-P. et al The Relativistic Capacitor Model and the Mach-Lorentz Theory 385
Paek S. et al Greening Earth from Space – Turning Deserts into Forests with Space Solar Power 227
Paek S. et al Concurrent Design Optimization of Earth Observation Satellites and Reconfigurable Constellations 19
Peters S. et al Architecture and First Achievements of a Simulation for the Approach of an Uncooperative Target 134
Philoux G. A Monopropellant Driven LOx-Methane Engine for Space Propulsion 278
Radtke H. et al Sensitivity of the Space Debris Environment to Large Constellations and Small Satellites 105
Revelin B. et al Risk Induced by the Uncatalogued Space Debris Population in the Presence of Large Constellations 98
Robinson K. et al NASA’s Space Launch System: a Transformative Capability for Exploration 306
Šilha J. et al Debris Attitude Motion Measurements and Modelling by Combining Different Observation Techniques 52
Siminski  J. et al Assessment of Post-Manoeuvre Observation Correlation Using Short-Arc Tracklets 63
Slatton Z. et al Method of Predicting and Processing Breakups of Space Objects 77
Sommer S. et al Temporal Analysis of ENVISAT’s Rotational Motion 45
Taylor T. Propulsive Forces using High-Q Asymmetric High Energy Laser Resonators 238
Traphagan J. Do No Harm? Cultural Imperialism and the Ethics of Active SETI 219
Wilden H. et al GESTRA-Technology Aspects and Mode Design for Space Surveillance and Tracking 82
Woodward J. Einstein, Mach’s Principle, and the Unification of Gravity and Inertia 354
Yanez C. et al  Optical Measurements Association Using Optimized Boundary Value Initial Orbit Determination  

Coupled with Markov Clustering Algorithm 69
Zubrin R. Interstellar Communications using Microbial Data Storage: Implications for SETI 163
Zubrin R. Dipole Drive for Space Propulsion 442

REFEREED CORRESPONDENCE  
Ashworth S. The Kennedy Wait Calculation Reconsidered 36
Kennedy A. Reply To: The Kennedy Wait Calculation Reconsidered 38

CONTENTS BY AUTHOR



DIARY

RUSSIAN/SINO FORUM 
2 and 3 June 2018, 9.30pm-5.30pm
VENUE:	BIS, 27-29 South Lambeth Road, London SW8 1SZ
One of the most popular and longest-running events in the Society’s history. Papers are invited for the 38th 
Forum and registration is now open.

BLOCKBUSTERS FROM SPACE?  
7 June 2018, 7pm
VENUE:	BIS, 27-29 South Lambeth Road, London SW8 1SZ
Earth-i launched its first prototype satellite in January this year.  Mr. Xu Teo, Client Services at Earth-I, will 
be touching on Earth-i’s exciting plans to launch further satellites, again built by Surrey Satellite Technology, 
into the Vivid-i Constellation – the world’s first satellite constellation that will deliver near real-time Ultra High 
Definition, full colour video and still images from space. This is in addition to the 3 other satellite constellations 
with which Earth-i is already working. 

THE SPACE AGE: A GLOBAL REVOLUTION  
19 June 2018, all day
VENUE:	 The Exhibition Centre, Liverpool
As the age of commercial space travel dawns, leaders and innovators from across the global space industry 
are gathering at the International Business Festival 2018 to discuss the sectors emerging challenges and 
opportunities. The BIS is in partnership with the Northern Space Consortium to present a specially invited 
panel of key organisations and individuals.  

MOON, MARS AND BEYOND  
17 July 2018, 7 pm
VENUE:	 The Royal Institution, 21 Albermarle Street, London, W1S 4BS
Where should humans inhabit next? Apollo Astronaut Al Worden and BIS Council Members, Dr Stuart Eves 
and Prof Chris Welch will argue their case for settling on the Moon, Mars or travelling beyond. Who will win 
your vote?  

73RD ANNUAL GENERAL MEETING  
28 July 2018, 1 pm
VENUE:	 Royal Gunpowder Mills, Beaulieu Drive, Waltham Abbey, Essex, EN9 1JY
Admission to the AGM is open to Fellows only but all Members are welcome to join the discussion after the 
formalities conclude around 1.15 pm. Please advise in advance if you wish to attend (attendance to this part of 
the afternoon is free).
The AGM will be followed by the BIS Summer Get-together at the same venue; tickets are £20 and are on sale 
now on our website.
Council nomination forms are obtainable from the Executive Secretary or from the the BIS website.These must 
be completed and returned not later than 12 noon on 4 May 2017. If the number of nominations exceeds the 
number of vacancies, election will be by postal ballot. Voting papers will then be prepared and circulated to all 
Corporate Members. 

EXOMARS TALKS
13 September 2018, 7pm
VENUE:  BIS, 27/29 South Lambeth Road, London SW8 1SZ
The joint European-Russian ExoMars Rover is due for launch in 2020 following its assembly by Airbus in 
Stevenage. Paul Meacham, Lead Systems Engineer at  Airbus presents the current status of the ExoMars 
mission.

BIS PRESTIGE LECTURE – WALLY FUNK AND SUE NELSON
16 October 2018, 6pm
VENUE:   BIS, 27/29 South Lambeth Road, Vauxhall, London, SW8 1SZ
Join us for an evening with Wally Funk and Sue Nelson. 
Wally Funk (born 1 February 1939) is an American aviator and Goodwill Ambassador. Funk was one of the 
Mercury 13. Sue Nelson currently co-produces/presents the award-winning Space Boffins podcast. Doors 
open at 6 pm for drinks and canapes (included in the price) and the lecture starts at 7 pm, with a Q&A session 
at 8pm. Doors close at 9 pm.
Entrance fee Members £20, Non-members £30.
Pre-booking is essential as seating is limited, and early booking on the BIS website is advised.

FORTHCOMING LECTURES & MEETINGS OF THE BIS



jbis.org.uk

JBIS
Journal of the British Interplanetary Society


