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INTRODUCTION

The mission of the Immortality Institute is to conquer the
blight of involuntary death.
Some would consider this goal as scientifically impossible.
Some would regard it as hubris. Others say: “Don’t mention
the ‘D–word’, it will just scare people, and turn them away
from the very real possibility that modern science will help us
to dramatically extend our healthy life span.”
What should we make of this? Is it possible that scientists
– or at least humankind – will “conquer the blight of involuntary death?” If so, to what extent will we succeed? What is
in fact possible today, and what do the experts predict for the
future? Is such a thing as ‘immortality’ feasible? Moreover, is
it desirable? What would it mean from a political, social, ethical and religious perspective?
This book will help to explore these questions.
When the Institute was approached regarding the possibility
of distilling some of the lively and insightful debates that take
place within its online forums into book form, questions arose
over what such a book should contain. In the last few years, a
couple of very good books on the scientific conquest of death
have been published. (These are indexed in the bibliography
at the end of this work.) How would this book be special?
After careful consideration, the answer seemed clear: This
should be the first truly multidisciplinary approach to the
topic. We would discuss not only biological theories of aging,
7
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but also biomedical strategies to counter it. Moreover, we
would consider alternative approaches such as medical nanotechnology, digitalization of personhood, and cryobiological
preservation. But this would only be part of the whole. We
also wanted to tackle some of the questions that are usually
left unanswered in the last chapter of scientific books: If we
accept that radical life extension is a real scientific possibility,
then where does that leave us? Would it create overpopulation,
stagnation and perpetual boredom? How would it change our
society, our culture, our values and our spirituality? If science
allows us to vastly extend our life span, should we do so?
It became clear that a single author, however knowledgeable, could not possibly address this kaleidoscope of topics
adequately. Thus, we decided to publish a compilation of
essays. Some stem from an open call for papers, some are
invited contributions by established authorities in a particular
field, and a few are specially selected reprints. From among
the numerous contributions, we carefully choose the best in
our eyes. Considering the multitude of topics and the quality
of the submissions, it was an exceptionally difficult task. The
result can only ever be a compromise. A compromise between
conveying scientific information adequately, and accessibility
to the lay reader; between philosophical depth, and the desire
to stress relevancy; and, of course, between limitless curiosity,
and the very limiting constraints of space. We hope that you
like the result.
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OVERVIEW
This book is divided into two sections: science, (including biology, biomedicine, nanotechnology, digitalization and
cryonics) and perspectives (including literature, history, philosophy, sociology and ethics). This is not a strict division, as
scientific possibilities are the starting point for all philosophy,
and, in turn, the scientists in this book are not blind to the
philosophical implications of their work.
All essays are followed by their relevant citations. All web
hyperlinks are valid as of April 2004. Please do not hesitate
to call the Institute if a link is out of date, as we might be
able to help chase it down. Please also note that the Institute
provides additional graphics, charts, and other relevant material online and free of charge to all purchasers of this book at
http://imminst.org/book1.
This book concludes with remarks, an extensive bibliography for further reading, information on the contributing
authors, and a few words of thanks.
But – as we shall soon learn – there is no time to waste:
Follow us into an exploration of the scientific conquest of
death.
The road to immortality is just the turn of a page away.
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CHAPTER I: SCIENCE
Biomedicine, nanotechnology and other
strategies

W

e start, as is proper, by defining the subject matter.
What is immortality? How can we define it in a scientifically sensible manner? Is immortality even biologically
possible? These and other questions will be addressed in “Biological Immortality” by Michael R. Rose, Professor of evolutionary biology at the University of California, Irvine and
author of Evolutionary Biology of Aging, a book that created a
complete departure from the views that had dominated the
field of aging research since the 1960’s. We will learn that far
from being a scientific impossibility, there are now good reasons for thinking that biological immortality is fundamentally
possible.
If aging can, in theory, be conquered – how would, how
should we go about it? Aubrey de Grey, an authority in the
field of anti-aging theory from Cambridge University, outlines a general strategy for proceeding with “The War on
Aging.” In his essay, Aubrey de Grey touches on numerous
issues, both scientific and societal, that will be taken up later
in the book.
After these introductions, we move to consider individual
aspects of this strategy. Firstly, on the biomedical side, microbiologist João Pedro de Magalhães provides a summary overview
of how “The Dream of Elixir Vitae” might be realized.
One of the most topical and promising approaches to
extending healthy life span is stem cell tissue engineering.
13
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Michael West, president of Advanced Cell Technology and
one of the “founding fathers” of modern stem cell research
has written “Therapeutic Cloning.” It gives us an exciting
insight not only into the scientific background, but also into
his very personal experiences and hopes in relation to the conquest of death.
While stem cell research is still an immensely dynamic field,
we have recently seen the emergence of another exciting area of
potential anti-aging treatments: “Nanomedicine” – the science
of creating medical devices through nanoscale and eventually
molecular manufacturing – has received intense media scrutiny
and generous public funding in the US and Europe. Robert A.
Freitas, a true pioneer in this area, describes how tiny machines
could be effective in the conquest of death. As a special bonus,
a second part of this chapter, including numerous illustrations,
is published online - http://imminst.org/book1.
Once inspired to consider molecular-sized machines, we
are not limited to healing and repairing our aging bodies:
Ray Kurzweil, well known futurist and the recipient of
the 1999 US National Medal of Technology introduces us
to “Human Body Version 2.0,” where advanced technology constructs and defines the very substance that we are
made of.
This introduces a second vision of immortality, one that
ventures beyond biology. Dr. William Sims Bainbridge,
Deputy Director for the Division of Information and
Intelligent Systems at the National Science Foundation, considers how digital information about personality, feelings,
likes and dislikes can be recorded. By archiving the uniqueness of a person, we might achieve some “Progress toward
Cyberimmortality.” But can we be more ambitious? Will we
one day be able to copy our ‘selves’ onto a computer?
“Will Robots Inherit the Earth?” asks Professor Marvin
Minsky, who in 1959 co-founded what became the MIT
14
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Artificial Intelligence Laboratory. He proposes humankind
will indeed leave behind the constraints of biological mortality – not only conquering death, but also expanding in
consciousness.
“All very well,” one might contend. But will these predictions come true within our own life spans? For those who seek
to conquer death, dreams of a distant future might not suffice. However, Dr. Brian Wowk, physicist and cryobiologist
introduces us to “Medical Time Travel” via cryopreservation
– the science of maintaining the human brain until the scientific predictions that we were considering in this section have
indeed come to pass.

15

BIOLOGICAL IMMORTALITY

Michael R. Rose, Ph.D.
There are no superstitions like the superstitions of the professional biologist. Biology is a sprawling field no single person
can master in its entirety. Ask a professor of biology a question about an area where they have never performed research,
and I will guarantee you that their answer will contain a fair
admixture of incorrectly recalled material from a long defunct
textbook, wild guesses, and pure superstition. Some Professors
might remember reviewing that subject for an oral exam held
midway through their doctoral program, but it was so long
ago that they would feel more comfortable if you let them
consult a textbook from their straining shelves. The decay of
their knowledge, still more their ignorance of recent research
developments, is palpable. There is little likelihood that they
will confidently pronounce facts of dubious value.
Not so where aging and immortality are concerned. Biologists
are generally of the opinion that aging is a deep mystery, which
no reasonable faculty member should research.
“All things age, so it is probably something to do with
the laws of thermodynamics, or perhaps protein breakdown. Wasn’t there some problem with aging in cells
that that fellow Hayburn, Hayflick, Haysomething

17

Biological Immortality

showed? Can’t be stopped, definitely inevitable, so no
point worrying about it.”
And with further questioning about immortality, they will
reply as follows.
“Immortality, you ask? Well, that’s a Greek myth, isn’t
it? Nothing to do with biology. Everything dies, so
immortality can’t be a real thing, no way. It’s a joke
played on us by religions.”
So saying, Professor Corngold will shake his head with relief,
grateful that there was at least one question he could answer
without having to refer to a textbook.

AN APPROPRIATE TERMINOLOGY FOR AGING AND
IMMORTALITY
Yet, very few of the superstitions that biologists and medical doctors believe about aging, immortality, and death are
true. To explain this, some refinements of terminology are
required:
The most objective definition of aging is that which occurs
when rates of survival or reproduction inexorably decline,
even when organisms are kept in excellent environments, in
which contagious disease has been virtually eliminated, with
abundant food and no prospect of being eaten. [1] Some
people like definitions of aging that include falling performance, increasing pigment levels, reduced cell replication,
and so on indefinitely. But these definitions depend on the
particulars of the biology of the organism. By contrast, all
organisms have rates of survival and reproduction and when
survival probabilities fall to low enough values, organisms die.
It is also important to exclude all reasonable external agents

18
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of death. Needless to say, human mortality patterns are not
necessarily a reflection of aging, on this definition. Even in
Western populations during the 20th Century, there are dramatic spikes in mortality associated with the 1918 outbreak
of ‘Spanish’ influenza, World War I and World War II. [1]
Surely such mortality is not to be confused with the mortality associated with aging? No professional biologist would
imagine that there will ever be organisms that are immune
to all possible causes of death or sterility. The surface of the
sun is going to kill all terrestrial life that happens to find itself
there without protective equipment. If there is such a thing
as biological immortality, it cannot mean survival under all
conceivable conditions.
Instead, we can describe immortality more sensibly as a feature of rates of survival or reproduction. An important side
issue is whether or not fertility should be included with survival in definitions of aging. For some medical professionals,
the loss of fertility with age in both men and women is a clear
manifestation of aging. For other professionals, it is merely
incidental.
If we use a definition of aging based on declining survival
and fertility, we can define immortality intelligibly. If aging
can be defined as the persistent decline of these biological
variables, then it makes sense to define immortality as a property of organisms that do not exhibit such declines. They may
have never exhibited declining survival and reproduction, or
they may have reached a point of equilibration at which further sustained declines have ceased.
Having defined aging and immortality in a concrete way,
we can now proceed to discuss them in a roughly empirical
manner.

19
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SOME FACTS ABOUT AGING AND IMMORTALITY
Let us proceed to demolish superstitions. Is aging universal?
Clearly not. If everything aged, the continued survival of the
cells responsible for producing our sperm and eggs (the ‘germline’) over millions of years would have been impossible. Most
of the bananas that you have eaten in your lifetime come from
immortal clones produced on plantations. Even in organisms
like mammals, which have germ-lines that separate very early
from the rest of the body, the survival and replication of the
cells responsible for producing gametes (germ cells) have proceeded for hundreds of millions of years. Life can continue
indefinitely.
But even if life can propagate itself indefinitely, are there any
organisms that are free of aging, living with biological immortality? I must be clear about one point concerning death: It
is not true that aging is required to kill organisms kept in the
laboratory. Showing that a species dies in the lab is not the
same thing as showing that immortality does not occur in that
species. Mechanical accidents in the lab will kill many softbodied plants, animals, and microscopic creatures. Deadly
mutations can kill at any age or time. It is also impossible
to keep living things free of all diseases indefinitely. Being
free of aging does not imply the complete absence of death.
Biological ‘immortals’ will often die, just not because of a systematic, endogenous, ineluctable process of self-destruction.
Death is not aging. Biological immortality is not freedom
from death.
Instead, the demonstration of immortality requires the finding that rates of survival and reproduction do not show aging.
There are many cases where such patterns are inferred anecdotally among plants and simple animals, like sea anemones.
But the best quantitative data known to me were gathered
by Martinez [2], who studied mortality rates in Hydra, the
20
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aquatic animal that used to be a staple of high school biology. Martinez found that his Hydra showed no substantial
fall in survival rates over very long periods. They still died, but
not in a pattern that suggested aging. Other scientists have
gathered comparable data with small animals. [e.g. 3] Some
species were immortal and some were not. The immortal species reproduced without sex.
Also, invoking laws of thermodynamics as limits to life is
clearly incorrect, given the evolutionary immortality of life
forms. Such an invocation was always rankly amateur in any
case, since these laws only apply to closed systems. Life on
Earth is not a closed system. The earth receives an abundant
input of energy from the sun.
Thus, some of the deepest prejudices of professional biologists concerning immortality are certainly false. Aging is not
universal. There are organisms that are biologically immortal.
However, this is not a very substantial conclusion. We knew
enough about the biology of death decades ago to come to
this finding. In a sense, what I have just described is the ‘old
immortality’, the immortality that has always been with us.
Below, I will describe a new immortality that has come into
view only in the last decade or so.

RECENT RESEARCH ON THE DEMOGRAPHY OF
IMMORTALITY
Another superstition of most biologists is that, once aging
starts, it continues implacably until every organism is dead.
But is aging implacable?
In terms of mortality rates, we can re-state this question as
whether or not aging species are subject to continually increasing mortality rates throughout adulthood. A deceleration
in mortality was found first in human data. [4;5] Very old
21

Biological Immortality

people did not die off as fast as demographers expected. But
human survival data are hard to interpret scientifically, given
the confusing effects of wars and improvements in medical
practice. It might be that the considerable benefits of medical
practice have been especially profound among the oldest old.
Human cohorts do not supply good data for scientific inference. Human data were never going to give a clear answer to
the question of the implacability of aging.
Things changed dramatically in the early 1990’s when
insect cohorts were used to study mortality rates late in life.
[6;7] In caged insects, kept under good conditions, mortality
rates stop increasing in late life. [8–10] The new facts of death
reveal three phases of mortality: juvenile, aging, and late life.
In the juvenile period, mortality rates do not show sustained
increases. In the aging phase, mortality rates increase rapidly.
In the third phase of life, mortality rates are roughly constant,
though they tend to maintain a very high level. Organisms
that reach the third phase can be said to be biological immortal, in that they no longer age. This is the new immortality
that I wish to introduce to discussions of the attainment of
human immortality.
But before doing so, I want to put the new immortality into
a general biological context. One way in which we can classify
organisms is to divide those that are always immortal from
those that have a period of rapidly increasing mortality rates –
aging –prior to a period of immortality. The aging species age
first and then are immortal. Immortality is thus the universal
condition of life. Aging is the less common condition. This is
a fact of enormous significance for the long-term future of the
human species.
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WHAT IS GOING ON?
The evolutionary theory of life-history, aging, etc is not
complete, but it is the best theoretical foundation for understanding the phenomena of immortality, old and new. Natural
selection is an amazing thing, but it is not all-powerful. When
natural selection is weak, survival and reproduction should be
imperiled; and natural selection is relatively weak later in life.
Consider genes that kill everyone who has even one copy of
the killer gene. If the gene kills during childhood, it will be
eliminated from the population in a single generation. Under
these circumstances, natural selection is all-powerful and this
is a common intuitive understanding of the action of natural
selection. But if killer genes act during old age, they will not
be resisted by natural selection. The killer genes have already
made it into the next generation. The future survival of the
victim of the killer gene does not matter for the transmission
of the killer genes. Natural selection is too feeble at advanced
ages. [10;11]
At early ages, natural selection is strong, and survival rates
will be high, but not 100 percent, because we do not need
aging to have death. During reproductive adulthood, natural
selection becomes progressively weaker. This increases mortality rates, and thus causes aging, even under ideal conditions.
These ideas explain both the health of youth and the advance
of aging during adulthood.
But there is a subtle twist that explains eventual immortality. The force of natural selection steadily falls with adult age.
But it cannot fall forever, because it cannot take on negative
values. As a result, it finally hits zero, and stops falling, near
the end of life. The force of natural selection reaches a plateau
from which it does not budge. This explains why immortality
arises in late life. As natural selection cannot get any worse,
bad evolutionary effects stabilize. Since these bad effects are
23
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the cause of aging, their stabilization stops aging. These are
just words, but explicit mathematical theory shows that the
arithmetic of natural selection can produce an immortal
period late in life. [13–15]
Evolutionary theory can explain immortality in organisms
like flies and ourselves. It also explains why some organisms
are always immortal. Evolutionary theory predicts that organisms that reproduce by splitting their bodies into two similar
parts will not age because there is no weakening of selection.
After the single reproductive act, two juveniles are recovered,
with no adult to undergo aging. Natural selection stays in its
first phase, at all ages. These species always have biological
immortality.

THE MANIPULATION OF AGING AND IMMORTALITY
Evolutionary biologists have been deliberately postponing
aging since the 1970’s. This has been accomplished by delaying the period of weak natural selection over many generations
by delaying reproduction. Delayed reproduction prolongs the
phase when natural selection is strong. Evolution then does
all the work once the pattern of natural selection has been
changed and aging is readily postponed. [1, pg.39–]
But there is a completely different approach to the manipulation of life span. What if the mortality plateau could be
brought forward to earlier ages, at earlier levels of physiological robustness? Individuals that have been medically treated
in this manner would no longer age. The rate at which they
would die would depend on the age at which the transition
to immortality occurs. If the transition occurs at an early
age, this rate might be low. That is, immortality would be
fairly healthy. This idea was published some time ago, in
the 1970 science fiction novel One Million Tomorrows by
24
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Bob Shaw. [16] Shaw assumed that the cessation of aging
would require the termination of sexual function. But we have
no reason to accept such a connection between reproduction
and immortality at this time. When Shaw wrote his novel, the
idea of human immortality was literally science fiction. But in
my laboratory we now have data showing this type of transition in experimental organisms – fruit flies – using selective
breeding. [17] We have not fully eliminated aging, but we
have both decelerated aging and reduced the level of mortality during the immortal phase of life. Toward the end of life,
some of our flies even cease aging earlier.
The immortal phase can be manipulated, just as aging can
be. In particular, immortality can be made to come earlier.
This does not mean that the methods used to produce this
effect in the lab can be applied to humans, but the results
show what is biologically possible in simple animals.

THE POSSIBLE
What is the practical situation with respect to attaining
human immortality earlier, in better health?
Later life is not adaptive. It is instead a product of evolutionary accidents. Such accidents involve many bits and pieces of
biology, because they are not focused by selection. To attain
an earlier, more beneficent immortality requires the re-shaping of multiple features of our biology, not a few. Unlike Bob
Shaw’s story, in real life, a single drug or treatment will not
be enough to give us immortality when we are still healthy
enough to enjoy it.
Fortunately, 21st Century biology can supply us with
thousands of pharmaceuticals and other medical treatments,
especially when the full power of genomics is applied to the
development of drugs. While the simple magic elixirs of horror
25
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movies will never successfully control aging and immortality,
we do not need to find such potions. Modern automobiles
have thousands of parts, precisely tooled to perform their
function. The attainment of an early, benign immortality will
be no less complex in terms of medical intervention. But there
are now good reasons for thinking that it is fundamentally
possible.
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THE WAR ON AGING

SPECULATIONS ON SOME FUTURE CHAPTERS IN THE
NEVER-ENDING STORY OF HUMAN LIFE EXTENSION
Aubrey de Grey, Ph.D.
Until the 1800’s, over a quarter of those born, even in wealthy
nations, died before their first birthday and a huge number
of women died in childbirth. The great French doctor Louis
Pasteur can therefore be credited without much argument as
the person who has extended more lives by more years than
anyone in history, by virtue of his introduction of the germ
theory and the consequent appreciation of the importance
of hygiene in medical care and, subsequently, of the power
of antibiotics. [1] (Had the medical establishment been less
robust in their suppression of new ideas, Pasteur would have
been preceded by over a decade by Ignaz Semmelweis [2];
I return to this point towards the end of this essay.) This
insight resulted, in the industrialized world, in a reduction by
an order of magnitude in infant mortality over a period of a
few decades. [3] It would doubtless have arrived eventually,
but we have no idea how long it might have been delayed
had Pasteur not existed. If we guess at a ten-year delay, which
is less than what Semmelweis’s suppression caused, we can
conclude that tens of millions of people who would have died
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before the age of one instead lived to an age typical of those of
their cohort who survived infancy – certainly at least 50 years
on average. Thus, Pasteur may well have added on the order
of a billion person-years to human life.
The demographic result is that deaths in infancy are now
vastly outnumbered by deaths between ages 50 and 100. But
this is not reflected in our priorities, as demonstrated by the
resources allocated to medical research and care. Enormous
effort is made to maintain the life of sick babies, and nobody
disputes the merit of such a policy. Indeed, it seems difficult to
imagine any argument against it that does not utterly fly in the
face of all that we instinctively know about human morality.
In this article I explore an extremely straightforward scenario,
whose neglect by others can, I feel, stem only from unjustifiable
short-sightedness: that humanity’s progress in reducing death
rates at older ages will recapitulate the sequence just outlined
for infant mortality. Some time – quite possibly within only a
few decades, as I have discussed extensively elsewhere and will
therefore only summarize here – we will make breakthroughs
in maintaining and restoring the health and vigor of the elderly
comparable, in terms of healthy years added to their lives, to
what Pasteur and those who implemented his ideas gave to
those otherwise destined to die in infancy. Forever thereafter,
I suggest, we will strive vigorously to reduce the incidence of
involuntary death (at whatever age) yet further. In the sections that follow I sketch some of the major advances that
we seem likely to make in this endeavor. The later episodes
that I describe may seem uninterestingly distant at first, but
such nonchalance becomes questionable when one considers how early in this chain of events those with access to the
latest medical care will begin to enjoy a diminishing mortality
risk – an increasing remaining life expectancy as time passes.
(I like to call this the achievement of ‘life extension escape velocity’.) In a nutshell, I claim it is probable that most of the first
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generation of 150-year-olds (defined as those who reach 150
and are aged at most 30 years younger than the first 150-yearold) – a group who are almost certainly already alive and may
well be middle-aged – will not die unless at their own hand.

THE SECOND WORST THING THAT CAN HAPPEN
Anti-aging medicine worthy of the name does not yet
exist and seems certain not to exist for at least 15–20 years.
By “worthy of the name” I mean interventions that can reliably restore someone exhibiting age-related dysfunction to the
physiological and cognitive robustness that they enjoyed in
early adulthood.
This fact is apparently such grim reading for those unlikely
to survive long enough to see a cure for aging, that society
allows the term “anti-aging medicine” to be used for products
that have no discernible efficacy in even slowing aging down,
let alone reversing it. [4] Such people have an alternative to
the certainty of permanent oblivion, however: oblivion that
may well be permanent but may, just possibly, be only temporary. Cryopreservation is catching on, slowly but surely:
around 1000 individuals are signed up to have their heads
(and sometimes also their bodies) immersed in liquid nitrogen upon their clinical and legal death. [5] This may sound
like very few, but not when we consider how resistant the
general public remains to the idea of serious life extension by
purely biomedical means (even as a goal, let alone a foreseeable
one). [6] In fact, I surmise that cryonics sign-ups are a respectable and probably increasing proportion of that small group
who embrace the goal of extreme life extension – and this is
hardly surprising, given the simplicity of arguments such as
Merkle’s characteristically razor-sharp quotation: “Cryonics
is an experiment. So far the control group isn’t doing very
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well.” [7] If so, the main reason people are not beating a path
to cryonics organizations is not that they are unconvinced of
the feasibility of being resuscitated in a post-aging era, but
that they doubt its desirability. How long will this remain so?
We will come back to the question of cryonics later.
I like to define the War On Aging (WOA) as the period
beginning with the announcement of mammalian (almost
certainly mouse) life extension results impressive enough to
force public opinion to accept the foreseeability of serious
human life extension, and ending with the release of effective
human life extension therapies, albeit initially at a price that
only the relatively wealthy can afford.

DEFEATING AGING AS WE KNOW IT TODAY AND AS IT
WILL THEREBY BECOME
The War On Aging is only the precursor of the (indefinite)
period of rapid and sustained reduction in mortality rates.
While the WOA is in progress, there will be a sharp rise in
the number of people who adopt lifestyle changes to improve
their chances of surviving long enough to benefit from life
extension therapies. I suspect, however, that these changes
will be modest compared to what happens when those therapies actually appear. They will quite probably still be ample
to destabilize many aspects of modern society – avoidance of
risky but vital jobs being an obvious example – but the nagging acknowledgement that we still do not know how soon
the human therapies will actually materialize (and, therefore,
whether they will be in time for us) will limit the adoption of
the more extreme measures typical of wartime as we know it.
The post-WOA era will begin when appreciable numbers
of middle-aged people – let us say, the richest 10% of those
in the richest 10 nations – have access to medical care that
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extends their healthy lifespan by at least two decades. What
will such care comprise?
As I have discussed extensively elsewhere, [8–10] there seem
to be only seven broad categories of molecular and cellular difference between older and younger people that we need to fix
to achieve two decades of human life extension (“seven deadly
things”). These consist of a decline in the number of cells in
certain tissues and an accumulation of unwanted cells of certain types, of mutations in our chromosomes, of mutations in
our mitochondria, of random cross-links between long-lived
extracellular proteins and of chemically inert but bulky ‘junk’
in our lysosomes and in extracellular spaces.
Further, I have delineated [8;10–13] approaches to either
repairing or obviating (stopping from being pathogenic
however much they accumulate) all these changes. All these
approaches are already technically feasible. The underlying precursor technologies have already been developed and
the work needed to complete them can be described in considerable detail. I have termed these projects ‘Strategies for
Engineered Negligible Senescence’ (SENS) [8–10], since
their goal is collectively to eliminate from humans the positive correlation between age and risk of death per unit time
– biogerontologists’ formal definition of senescence.
Unfortunately, most of the first-generation SENS therapies
will be not only risky and laborious but also partial. A thorough survey of this issue exceeds the scope of this essay, so I
will discuss just one illustrative example here: the breaking of
extracellular protein-protein crosslinks.
Most such links are laid down by a process called glycoxidation, in which proteins react with sugars in the circulation
to form adducts that can rearrange and undergo subsequent, oxidative reactions forming linkage to a neighboring
protein. [14] Such crosslinks are eventually harmful to longlived extracellular structures, especially the artery wall, because
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they make these structures less elastic and thus more prone
to mechanical damage. The most promising first-generation
therapy to eliminate such cross-links is a molecule known as
ALT-711. [15] However, it breaks only one class of such link,
known as dicarbonyl bonds. [16] Numerous other classes have
been identified. [17] Worse, many are thermodynamically
much more stable than dicarbonyl bonds, giving reason to
doubt that non-toxic small molecules could ever cleave them.
More elaborate approaches (already under consideration, but
beyond the scope of this article) may thus be needed in order
to limit the abundance of crosslinks indefinitely.

THE ‘ESCAPE VELOCITY’ TRANSITION
The above considerations constitute an acknowledgement
that aging will never be cured in the sense that a bacterial
infection is cured, i.e. entirely eliminated from the body.
Rather, it will be cured in the sense that malaria or AIDS
can presently be cured: it can be controlled very well given
access to appropriate medication whenever needed, but that
medication can never be confidently dispensed with forever.
It may not be clear to the reader, however, that what I have
said above allows even that degree of ‘cure’ of aging.
The reason it does so can be summed up in one word:
bootstrapping. The second-generation therapies will not be
needed for at least two decades after the first-generation therapies arrive, because that is how long it will take before the
“seven deadly things” return to the life-threatening level that
they attained before those therapies arrived. Thus, so long as
the second-generation therapies do indeed arrive within two
decades, we will be broadly in the same position as regards
mortality rates, as if they had arrived at the same time as the
first-generation. The same logic clearly extends to subsequent
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generations of therapies, without limit. Two decades is an
eternity in science, especially in well-funded science (which
life extension will certainly be at this time). Second-generation
therapies are thus virtually certain to arrive in time. Hence, as
soon as we reach the point of extending life expectancy by even
a couple of decades, we can be confident that most beneficiaries of such therapies will survive to benefit from subsequent
ones. Those people’s life expectancy will thus be indefinite,
even though they are still aging. The analogy with a projectile
propelled from the Earth at greater than escape velocity is not
perfect, but I find it evocative.

IMPROVING OUR LEAD-TIME
For the reasons surveyed above, I consider it appropriate to
regard the WOA as ending when first-generation SENS therapies become widely available. Thus far, however, I have only
discussed specific, identifiable problems – which are, necessarily, unimaginatively similar to the targets of the first-generation
therapies. What about things we have not thought of?
I predict that this point will motivate – starting as the WOA
nears its end – a research project that will dwarf even the WOA
itself. Our unarguably limited ability to predict what aging
will throw at us next could, it would seem, only be addressed
reliably by clairvoyance. Or could it? Could we metaphorically press the fast-forward button to discover what the future
holds? We are exceedingly fortunate that such an option is
indeed available.
Specifically, I predict that humanity will create and maintain
a very large colony of non-human primates of several different
species – probably totaling tens of thousands of animals – on
which to test novel life extension therapies. Primates have
three characteristics which, jointly, motivate this action: They
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are biologically extremely similar to us; They don’t talk, so if
the biomedical imperative is sufficient society feels entitled to
do more or less anything to them; They all age at least twice
as fast as us.
Because of this, a large colony of primates maintained under
conditions very similar to those under which we maintain
ourselves – the same range of diets, the same lack of exercise,
and of course the same medical care, including all life-extension treatments in use at the time – will be virtually certain to
display any health-threatening characteristic of aging that we
ourselves exhibit, at an age at most half that at which it appears
in us. These primates will be the experimental recipients of
succeeding generations of rejuvenation therapies. Some such
therapies will have unforeseen side-effects that will kill some
of the colony, which is why we will need such a large colony
so as to maintain a sufficient number of them of an age sufficiently exceeding half the age of any human yet alive to ensure
that our primate experiments succeed before their results are
needed. Splendidly, this becomes progressively easier as time
passes: we may only just have 80-year-old primates before
we have 160-year-old humans, but we will certainly have
100-year-old primates some years before we have 200-yearold humans, and the lead-time improves forever thereafter.
This strategy will be our most powerful defense against the
unforeseeable biomedical challenges that our attainment of
unprecedented ages will create.
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AVOIDING INVOLUNTARY DEATH FROM ALL CAUSES
When I entered biogerontology I saw nothing very wrong,
nothing undignified, about death; what I hated was aging.
I wanted to let people live the lives they choose; if someone
wished to live fast and thereby knowingly risk dying young,
I saw nothing wrong in a world in which that person probably would indeed die young. In recent years, however, I have
come to believe otherwise.
The principal basis for my change of heart is the stark
incompatibility of my previous position with the way people
with a respectable remaining life expectancy and an appreciation of it actually behave. Those most inclined to engage in
life-threatening activities are the young, who have not fully
grasped their own mortality and the underprivileged, whose
remaining life expectancy is always modest on account of the
lesser availability of medical care (especially preventative care),
the higher incidence of violent crime, and so on. The same is,
I believe, true at a global scale. Perhaps it is sheer luck that
we are approaching the 60th anniversary of the last time that
any western European nations were at war with each other or
internally, an interval not previously seen since Roman times.
But I strongly suspect that this arises from a sea change in
the readiness of both policy-makers and their electorate to
sacrifice large numbers of their own lives in the interests of
national pride. The elimination of the death penalty throughout Europe and the increasingly stringent restrictions on
firearms ownership seen in the UK are examples of the same
phenomenon as is the increasing public hostility to the habit
of driving under the influence of alcohol. The same process is
occurring throughout the industrialized world, albeit lagging
somewhat behind Europe in several respects. It is for this sort
of reason – simple extrapolation from the past century – that I
predict that society will act to ensure that death from ‘extrinsic’
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causes remains a lot rarer than death from causes that physiologically young individuals usually escape. This will entail
a considerable acceleration in the rate at which we alter our
lifestyles. (I predicted in 1999 that once we cure aging driving
will be outlawed [18]; I still think that is likely, at least unless
cars become much more automated and accidents thereby
made very rare even after severe human error.) This is the
final component of the logic underlying my prediction [19]
that the average age at death of those born in wealthy nations
in the year 2100 will exceed 5000 years, which is perhaps five
times the value resulting from a permanent enjoyment of the
mortality rate of young teenagers in such nations today.

RETHINKING CORPOREAL CONTINUITY
One contributor to involuntary death was omitted from
my survey in the preceding section: frustration. Adjustments
in society to diminish greatly the incidence of death from
armed conflict, homicide and accidents are already accepted
as welcome in principle; all that is in question is the extent
to which such measures can be implemented without unacceptably infringing human rights or expending resources that
could achieve similar life extension in other ways, and these
arguments become weaker as the amount of life lost by an
avoidable death increases. It will thus be entirely in keeping
with contemporary social norms if the cure of aging, and
the widespread appreciation that violent death deprives the
individual of an indefinite number of years, causes society to
embrace such changes, even ones that were vigorously resisted
hitherto. But the same cannot necessarily be said for lifestyle
changes that severely and permanently impact the quality of
our newly indefinite lives. Unfortunately, some of the activities that make our lives fulfilling are associated with a definite
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risk. Sometimes only a small risk, but even that may, at that
time, be greater than our risk of dying of old age; and therefore become something we take much more seriously than
we do today. Further, some such risks – notably, exposure to
new infectious diseases – seem likely to yield non-uniformly
and unpredictably, if at all, to the increased expenditure that
will surely be marshaled against them. [20] Thus, our continuing and ever-improving success in avoiding physical or
mental frailty will be at the increasingly unsatisfactory price of
eschewing fulfilling activities that just might kill us.
For this reason, I expect that in centuries to come we will work
to develop what might be termed “non-invasive static uploading” or, more prosaically, backing-up of our cognitive state.
At this point it is plausible, though obviously not known, that
all the moderately persistent components of that state (that
is, everything except short-term memory) are encapsulated in
the network of synaptic connections between our neurons.
The strength of those connections probably matters too, but
maybe not to all that much precision. It is also plausible that,
a century or three from now, an extremely high-resolution
version of magnetic resonance imaging may exist that can
scan a living person’s brain and detect all such information.
This amount of data could easily be stored electronically by
then, as it exceeds by only 3–5 orders of magnitude the storage capacity of today’s personal computers. Further, cells in
culture will by then be amenable not only to differentiation
along desired lineages but to stimulation to form synaptic
connections with particular other cells to which their axons
are juxtaposed. This means that, in principle, a copy of a
living person’s brain – all trillion cells of it – could be constructed from scratch, purely by in vitro micromanipulation
of neurons into a synaptic network previously scanned from
that brain. (Doing this in less than geological time would be
possible because it could be highly parallelized. Since most
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axons are extremely short, small parts of the new brain could
be constructed in separate vessels, leaving only a small minority of connections to be made to link these modules together.)
If this were performed at close to zero degrees Centigrade,
no electrical activity would occur during construction; such
a brain (after installation into a much more straightforwardly
reconstructed body) could then be ‘awakened’ simply by slow
warming, much as people often recover from hypothermiainduced comas. In this way, a human could be created with
the cognitive (and, if necessary, an improvement on the physical) state of someone deceased, even in the absence (which
I suspect will be with us for a very long time indeed) of a
detailed understanding of how that cognitive state results from
that synaptic network. It is the lack of need for such understanding that distinguishes this procedure from the transfer of
our cognitive state to radically different hardware on which
it would actually ‘run’, which is the essence of the full-blown
‘uploading’ concept introduced by Moravec. [21]
If so, who would the constructed person be? They would
surely claim to be the deceased person. It would be difficult
to disagree, because we already have a precedent: corporeal
continuity is not the basis for our emotional attachment to
the person who fell asleep in our bed last night or the one
who will wake up in our bed tomorrow. Rather, we identify with that person because we know that their state of
mind – irrespective of how many atoms their body shares
with ours – was/will be so deeply similar to our own that they
were/will be unarguably us. This line of thought plainly raises
phenomenal philosophical questions about identity (in cases
where someone is constructed from a backup of someone who
is not dead, for example), but I suspect that such esotericisms
will not long restrain us when we see it as a way out of the by
then intolerably risk-averse character of our existence. This is
the final step in my argument for supposing that even the first
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generation of sesquicentenarians will mostly not die involuntarily; their acquisition (by the means described in previous
sections) of a 5000-year life expectancy means that, even if
the scanning and reconstruction technology posited in this
section takes 500 years to develop, most of them will still be
alive – in a youthful state – to take advantage of it.
I now return to the topic of resuscitating cryonics patients.
Much work has gone into developing technology to lower a
person to liquid nitrogen temperatures without forming ice
crystals in their cells, because such crystals decimate cell membranes and thereby render implausible the resuscitation of the
individual in the future, even presuming sophisticated technology to address the cause of their death. [22] I think this
may not have been as important as most have supposed, and
I base this view on a consideration of the circumstances in
which a cryonics patient is and is not likely to be devitrified.
It will not be enough to have cryopreserved and resuscitated
a chimpanzee, for example, and failed to detect any difference in its personality, because assays of that personality will
be inadequate to reveal changes of a subtlety that would still
matter if they occurred in a human. The choice to resuscitate
will simply not be made while even a small risk is perceived
that a resuscitation will be only a qualified success, and if
technology can be foreseen (even distantly so) which would
substantially diminish that risk. Hence, I strongly suspect that
those currently residing in cryonic containers in Scottsdale
and Detroit will be resuscitated by the scanning and reconstruction approach just outlined, and not by thawing or
devitrifying their original body. And it seems highly likely
that such a scan could be performed just as successfully on a
brain shot through with ice crystals as on one that had been
perfectly vitrified.
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IN CONCLUSION
The first-generation SENS therapies that will give middleaged humans an extra 20–50 years of healthy life may be
developed well before mid-century, or they may not. But
however long it takes, most of the first cohort who benefit
from those therapies will probably live as long as they choose
to, whereas those only five or ten years older will only have the
opportunity of cryonics to live beyond 150. Every day that we
can expedite the development of SENS will, therefore, probably confer on roughly 100,000 people the opportunity to
extend their life span indefinitely – and this figure is largely
independent of when SENS arrives. We can no longer pretend
that we know so little about how to cure aging that the timing
of this advance will be determined overwhelmingly by future
serendipitous discoveries: we are in the home straight already.
We are therefore perpetrating, right now, an offence that puts
the medical establishment’s suppression of Semmelweis in the
shade.
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THE DREAM OF ELIXIR VITAE

João Pedro de Magalhães, Ph.D.
Human aging is a universal process of loss of viability and
increase in vulnerability. Although so far the underlying
mechanisms of aging remain largely a mystery, it is reasonable to expect that we will eventually understand the human
aging process. Possibly during this century, we will know
what changes occur in a human being from ages 30 to 70 to
increase the chance of dying by roughly 32-fold. Yet even if
researchers detail those changes, even if researchers identify
the causal molecular and cellular mechanisms responsible for
human aging, this will not necessarily lead to a cure for aging.
HIV was identified as the cause of AIDS over 20 years ago
and we still cannot cure AIDS. [1] So to delay aging, not to
mention to stop or reverse the human aging process, will be a
monumental task. It is true that we still do not know in detail
what changes occur as human beings age, but it is equally true
that the most important question in studying aging is not why
we age but how can we fix it.
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THERAPY AS INFORMATION
A disease, any type of disease, is a time-dependent change
in the body that leads to discomfort, pain, or even death.
Therapies aim to delay, stop, or reverse those changes from
occurring either by large-scale interventions, such as surgery,
or by transmitting the necessary information to the body. For
example, a bacterial infection may be reversed by penicillin,
which is an information vector that ‘tells’ the bacterial wall to
‘open’, thus killing the bacteria and reversing the disease state.
Most pharmaceutical interventions are, in essence, information vectors transmitting instructions that are intended to
delay, stop, or reverse the time-dependent changes related to
a given pathology. Antibiotics, pain-killers, corticosteroids,
anti-depressants, and many more products fit this description.
Yet present therapies transmit relatively simple instructions:
a pain-killer ‘tells’ neurons to stop transmitting pain signals
and corticosteroids ‘tell’ the immune system to diminish its
response. Curing aging will most likely require the transmission of much larger amounts of information.
Aging is a sexually transmitted terminal disease that can be
defined as a number of time-dependent changes in the body
that lead to discomfort, pain, and eventually death. In order
to cure aging we will need to target multiple types of cells
and address different types of molecular damage and malfunction. That is why organ transplants and surgery will not be the
solution for aging, at least not a definitive cure. The future of
medicine is not in large-scale interventions but in smaller, less
invasive but more precise therapies. The solution to aging is
not in addressing individual age-related pathologies but rather
in tiny structures that are able to instruct our body to become
young again.
Thanks to the enzyme telomerase, it is possible to prevent
cells in culture from certain forms of aging. [2] It is equally
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possible to reverse the genetic program of adult cells back to
youthfulness by cloning techniques. [3] There is no law of
nature to prevent us from instructing the cells of an adult
human being to avoid aging by, for example, changing the
genetic program at a DNA or epigenetic level. Since, like any
disease, aging results from disrupted or unbalanced molecules
it is also theoretically possible to reverse age-related changes
by precise molecular and cellular therapies. [4;5]
To slow, stop, and reverse human aging we will likely
require three steps: (1) remove damaged or inactive molecules
and cells; (2) restore function to several molecules and cells
by repair or replacement; (3) modify the genetic program to
prevent the aging process from repeating itself. These interventions are what we will most likely need to balance the
body’s chemical reactions and molecular structural changes
that become disrupted as we age. Yet how can we transmit
such massive amounts of information to our body?

INSTRUCTING THE HUMAN BODY
Most pharmaceutical interventions are composed of chemicals or biomolecules usually transmitting a single signal to
the body: acetyl-salicylic acid, also known as aspirin, the antidepressant fluxetine, hormones, etc. Novel findings in chemical
genetics may allow the development of small molecules that
target specific genes and pathways. [6] Yet the simple instructions these deliver to our cells are unlikely to be enough to cure
aging. Assuming that aging is, to a large degree, programmed
in our genes [7], curing aging will require technologies that
are not yet available. To give an example, there are dozens of
inherited diseases originating in single genes for which there
is no cure simply because we lack the technologies to turn
on and off human genes. Since curing aging will require us
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to transmit large amounts of information to the body, new
technologies will be necessary. Herein, I will first give a brief
overview of the most promising technologies to address this
problem: gene therapy and single-gene interventions, cell
therapy and stem cells, and nanotechnology. Afterwards,
I will attempt to foresee how we can cure aging based on these
technologies and what breakthroughs will be necessary.

GENE THERAPY
Gene therapy has been hailed as a major tool to deliver information, genes in this case, to the human body. [8] Although
genes can be injected directly [9], most gene therapy methods
involve the use of a vector for the specific purpose of inserting
DNA into cells. Viruses are the most widely used vector and
several experiments have already shown the power of this technology. In one exciting discovery, virus-induced expression
of IGF-1, a growth factor, reversed age-related changes in the
skeletal muscle of mice. Increases of almost 30% in strength
were witnessed in treated old animals when compared to controls. [10] If aging may be reversed by the expression of key
genes, then gene therapy holds great promise. Neuronal death
has also been delayed by the introduction of a single gene using
the herpes virus [11] and reversal of age-associated neural atrophy was achieved in monkeys by gene therapy. [12]
Gene therapy is promising but limited in scope due to the
inherited ‘bandwidth’ constrains of the technique. Large-scale
genetic engineering is already possible in embryos [13] and
maybe our grandchildren will be born without aging. But
present-day gene therapy does not provide a technology to
cure aging in adults. The main reason is that viruses cannot
‘transport’ much genetic information. A typical virus carries
up to a few hundred thousand base pairs, which is mean50
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ingless when compared to the three billion base pairs of the
human genome. Maybe it is possible to use a combination of
viruses but there are other problems. Viral vectors can stably
integrate the desired gene into the target cell’s genome but the
gene’s integration may occur at oncogenes (cancer-inducing
genes), causing cancer. An immune response against viruses or
transgenes may also occur and could be fatal as in the famous
case of Jesse Gelsinger. [14] Virus-based gene therapy does
not appear adequate to cure aging for not only is its safety
dubious but the amount of genetic information viruses can
carry is insufficient.
In addition to viruses, it has also been proposed that certain bacteria can act as vectors in gene therapy – the major
advantage being that bacteria can transport larger amounts
of information and still be able to change the genome. [15]
As with viral-induced gene therapy, the immune response is
a major problem. Some promising results have emerged from
cancer treatments [16] but it is dubious bacterial-based vectors can become a solution to aging within a near future due
to safety concerns.
If gene therapy can be used to express certain genes, RNA
interference or RNAi can be used to inactivate them. Tiny
double-stranded molecules of RNA can be designed to block a
given target gene. [17] For example, it has been proposed that
blocking the action of the gene responsible for Huntington’s
disease may prevent the onset of this disease. RNAi can be
seen as another type of information vector used to transmit
information to the body. Of course there are limitations, but
if specific genes have to be turned off at specific times to cure
aging, RNAi appears a viable solution. For instance, oncogenes appear to be activated during aging. For these, RNAi
and ‘classical’ single-molecule-based pharmaceutical interventions [18] appear a viable solution.
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CELL THERAPY
Gene therapy and RNAi are limited in the number of genes
they can affect in cells. One way to overcome this limitation
is by replacing the cells themselves, a process known as ‘cell
therapy’. Since there are few theoretical restrictions as to the
number of genetic modifications cells can endure, cell therapy has a greater ‘bandwidth’. For example, in an experiment
aimed at treating the immunodeficiency disease SCID-X1,
cells from the immune system were extracted from a patient,
genetically engineered, and inserted back again with encouraging results. [19]
One growing area involves stem cells. A stem cell is a sort
of ‘unprogrammed’ cell that has the potential to become
any type of cell in the adult body. Aging has been linked
to an age-related inability of stem cells to replenish mature
cells and so therapeutic interventions that enhance stem cell
functional capacity might ameliorate the age-associated atrophies of several organ systems. [20] More importantly, with
nuclear transfer experiments such as Dolly [3], it is now possible to ‘turn back the clock’ and generate embryonic stem
cells from an adult. [21;22] In theory, it is possible to genetically modify these cells according to needs, differentiate them
into the necessary tissue or organ and then implant them to
treat age-related diseases, a procedure called ‘therapeutic cloning’. [23;24] Since these cells are genetically identical to the
patient’s there are few or no problems of immune rejection.
The ability of stem cells to regenerate virtually all types of
tissues holds great promise. [25] In theory, it is possible to
create practically all components of a human being in the lab
and then replace the patient’s organs and tissues one by one.
Stem cells have been used with success against heart disease,
[26] or to repair damage to the brain [27] and spinal cord.
[28] Also, stem cells are incredibly versatile: transplantation of
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mesenchymal stem cells into the bone marrow has shown that
they can travel through the body and become bone or muscle
cells where needed. [29] These experiments demonstrate how
a few cells can impact on whole organs by fostering regeneration, how a few tiny cells can transmit massive amounts of
information to the human body.
Although much research is necessary and stem cells are still
too expensive for widespread use, the basics for using these
techniques are known and we can expect more practical applications to emerge in a near future. The ability stem cells have
to sprout regeneration and repair tissues makes them an excellent candidate for anti-aging therapies.

NANOTECHNOLOGY
An adult human, once a tiny cell, is a self-assembling machine
made of trillions of microscopic components. Roughly,
a human being consists of ~7x1027 atoms and ~105 different
molecular species, mostly proteins [30]. Genes and proteins
are organic nanostructures working with molecular precision
to form complex components such as human cells. The concept of nanotechnology, first proposed by Richard Feynman
and later developed by the pioneering work of Eric Drexler, is
our ability to manipulate matter and energy at smaller scales
(one billionth of a specified unit is called a ‘nano’). This capacity will increase until we reach and surpass our own biological
nanostructures [4;31]. One key concept in nanotechnology
is the molecular assembler, a machine capable of assembling
other molecules given a set of instructions and the necessary
resources. Ribosomes, the sites where proteins are built based
on the instructions of the genes, are known molecular assemblers. A man-made molecular assembler capable of building
molecule-scale machines to guide specific chemical reactions
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would allow the construction of devices with atomic precision
capable of a myriad of functions.
In theory, nanostructures can be built to drive chemical
reactions capable of reversing aging by reversing chemical
reactions and damage that occur as we age. The goal would
be to build the necessary nanostructures to reverse age-related
changes with minimal perturbation. For example, damage to
DNA increases with age. Even though it is debatable whether
this is a result or a cause of aging, it appears likely that if we
could build nanostructures to reverse these changes it could
reverse at least some aspects of age-related disease. The body
already features several of these nanostructures as part of the
DNA repair machinery. Enhancing it with novel nanostructures could help turn the balance of DNA damage versus repair
in our favor and thus reverse this form of damage. The applications of nanotechnology are manifold and it is not possible
to describe them all, but one possible application would be to
design bacteria, viruses, or even stem cells to perform largescale gene therapy without being attacked by the immune
system. For example, by taking the viral nanostructures for
integrating foreign DNA into host cells and apply them to
stem cells. [32]
Nanotechnology holds great expectations and promises.
The greatest problem is that, so far, nanotechnology is almost
exclusively theoretical without any clinical or medical trials.
Even so, nanomachines aimed at correcting molecular defects
for which there is no ‘natural’ tool – e.g., removal of lipofuscin, also called age-pigment – may be necessary. [33]
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CHANGING THE SOUL OF MAN
The ultimate aim of research on aging is to create what
medieval alchemists called ‘Elixir Vitae’, what science-fiction
writer David Zindell called ‘Godseed’ [34] an entity capable
of reversing the molecular and cellular changes that occur as
we age and changing the genome of our cells to prevent aging
from happening again. Initially, the Elixir will need to transmit a signal to drive regeneration, as happens in apparently
non-aging animals such as lobsters [35] and turtles. [36] It
may even be the case that tissue regeneration will eliminate
damaged molecules and quiescent cells while at the same time
restoring function. Otherwise the Elixir will have to incorporate ways to eliminate nonfunctional nanostructures and cells
while at the same time restoring youthful vigor. Afterwards,
the regenerated tissue will need to be prevented from aging
again, probably by including the necessary instructions
together with the instructions ordering regeneration. [37].
From a technological perspective, the Elixir will likely be a
combination of the techniques presented previously: a mix of
RNAi, gene therapy, and stem cells. The goal is to instruct the
body’s cells to regenerate while suppressing undesired genes.
In addition, even if we do not know in detail how to reverse all
age-related changes and pathologies, we may address specific
pathologies through conventional therapies. For instance, to
rejuvenate the immune system we will need to prevent the
thymus from degenerating and so specific interventions will
be necessary. Eventually, novel nanostructures may allow us to
reverse specific age-related degenerative changes. [32] Yet we
will not need mature nanotechnology for building the Elixir.
It is impossible to say if man-made molecular assemblers will
emerge in 10, 50, or 500 years from now, so we should not,
and need not, depend upon nanotechnology to cure aging. As
such, the core of the Elixir will likely be stem cells.
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One specific case is the brain, the source of our consciousness.
Again, the primary strategy should be to foster regeneration.
It appears dangerous to use viruses and bacteria as vectors for
gene therapy in the brain, so again stem cells hold the greatest
promise. Non-invasive methods to express exogenous genes in
the brain already exist and may serve to express specific critical
genes. [38]
In addition, several species such as reptiles, lobsters and
birds feature advanced regenerative capacities and appear not
to age. Deriving information from these species to engineer
how to rebuild the human genome to avoid aging is also
within our reach. [39] In another example, work is being conducted to attempt to implement the advanced regenerative
capacity of amphibians to mammals. [40] Synthetic biology
and information systems will be the ‘glue’ that binds all these
fields together and allow us to design, regulate, and apply the
Elixir.

CONCLUSION
Elixir Vitae needs not be anything besides present technologies combined with some engineering feats. Importantly, the
theoretical basis for these technologies already exists. What
remains is the engineering problem of making them work
according to our needs. Namely, we must (1) develop therapies based on stem cells for tissue regeneration; (2) implement
synthetic biology to control stem cells; (3) test and develop
the safety and accuracy of RNAi, gene therapy, and molecular
therapies; (4) learn more about regeneration and the signals
involved in each type of tissue; (5) apply whole genome engineering to aging. Lastly, we need to know, of course, where
to act. That is, what causes aging in humans, what makes us
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gradually weaker and more vulnerable – but that is not the
subject of this article.
It remains that Elixir Vitae is not just a utopia but also an
achievable goal that we can build, hopefully within a reasonable time span.
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THERAPEUTIC CLONING

Michael D. West, Ph.D.
On a warm, still summer’s night in August 1999, I stood in
an Indiana hospital intensive care unit and turned my head to
look at the clock. It was nearly 2am, the dark and deep hours
before the morning light, when most human deaths occur.
My dear mother’s heart raced at 140 beats per minute, but that
was about to end. She was dying, the woman who had given
me life. I had long devised a plan that I hoped would one day
help her, a plan some 20 years in the making. It was a plan
to profoundly intervene in the biology of human aging. But
I must say my best efforts seemed impotent at that moment,
staring into the icy face of death.
At my request, a nurse pinched her fingernail bed one more
time with a hemostat, squeezing her tender fingertip with the
force of a pair of pliers. She winced, though imperceptibly.
That was enough for the attending physician. She ordered
the respirator that periodically forced air into my mother’s
lungs to be turned off along with the intravenous dopamine
that was driving her heart. My eyes were fixed on the monitors. Mom’s chest flattened. Her heart at first maintained its
steady rhythm of 140 beats per minute and then slowly began
its descent, drifting downward like a falling leaf in autumn
– 140, 125, 110, 100…
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My mind flashed back to a fall day in 1960 when I was
seven years old. My mother and I walked along the sidewalk,
on our way to the corner store. Suddenly, from above, a red
leaf began a slow descent from the top of a tree in front of us.
The leaf fell among some bushes alongside the sidewalk and I
stopped to pick it up. “Mom, look, a cocoon.” There among
the fallen leaves was a gray cocoon, as big as your thumb,
woven between the stems of a branch. I snapped it off and on
we went to the store.
When we got home, my mother propped the cocoon on
a ledge near a frosted kitchen window and I forgot about it
over the long Michigan winter months. Then one spring day,
a miracle happened. My mother and I had just stepped out
of the car and my sister came in running, screaming, “Hurry,
you gotta see!” Running into the kitchen I stopped at the
door in amazement. A spectacular moth sat perched on the
windowsill, more colorful, larger, and more wonderful than
anything I knew existed – six inches from wing to wing, and
painted in deep velvety colors of the rainbow. The miracle of
this immortal cycle of metamorphosis – egg, caterpillar, moth
and back to egg again – never left this young boy’s mind.

THE CYCLE OF LIFE
For millennia our ancestors were observant enough to recognize the profundity of the cycle of life, and the fact that there
is a sense in which life is immortal. While it is true that the
individual plant ages and dies, out of the sun-drenched soil of
spring a resurrection of plant life occurs every year. And while
the individual zebra dies, as far back as anyone can remember
there have always been zebras, and they always wear stripes. In
other words, there is an immortal substratum of life, a continuum that connects the generations – a cycle of life, an immortal
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cycle. The individual passes away, but there is a continuity of
individuals. The ancients attributed the force of this continual
renewal of life to the realm of the gods.
The ancient Egyptians witnessed this immortal cycle of
renewal on the banks of the river Nile. They came to revere its
permanence. Like the sun that dies every evening in the western sky, only to be reborn the following morning, so the life of
the individual is a transient phenomenon, but the immortal
cycle of life itself is unchanging. In the mind of the ancient
Egyptian mythologist, the phenomenon of immortal renewal
was more than just a scientific observation; it was the cornerstone of the meaning of life itself. It was (so they reasoned) the
work of a god, and they called that god Osiris.
Osiris, often depicted with his face painted green to symbolize this force of immortal renewal, was the foundation of
ancient Egyptian religion. Osiris not only escaped death and
corruption himself, but, inasmuch as any of his disciples could
learn the mystery of the path into immortality, he too could
hope for an immortal renewal of life transcending death.

IMMORTAL CELLS
I think the ancient Egyptian philosopher would have marveled to know that from the dry desert sand, future scientists
would learn to make clear glass, and then to mold that glass
into lenses, and then to stack those lenses together to make
telescopes to magnify the night sky, and microscopes to magnify the world too small for the unaided eye. The microscope
allowed early biologists to peer into the cellular substructure
of life, and by the mid-1800’s, it was confidently asserted that
the mechanism of animal reproduction was via cells, not some
amorphous “life force.” All life comes from pre-existing life,
and all cells come from pre-existing cells. In other words, sci65
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ence had uncovered the force of immortal renewal. It was an
invisible thread that connected the generations, a lineage of
microscopic primordial cells.
The German scientist August Weismann clearly understood
the implications of this observation. The cell theory implied
that life on our planet today likely originated many millions
of years ago from single-celled animals that were immortal.
By immortal Weismann did not mean to imply that they could
not be killed. Indeed, the struggle of the fittest implied that
their less-fit cousins did indeed die. By ‘immortal’ Weismann
meant only that they need not die – that given proper nutrition, and barring some accident, any particular cell could
continue dividing, leaving no dead ancestors in its wake.
Weismann then suggested that these original immortal cells
may have clung to their daughter cells after dividing, thereby
forming a small cluster of identical cells. It is then easy to
imagine that these cells simply surrounded themselves with
daughter cells to aid in their competition for immortality.
One could imagine, for instance, that by “holding hands”
in this manner, they were better able to move through the
water, or perhaps better able to avoid being eaten by some
other animal.

SPECIALIZATION OF CELLS
But complex, multicellular animals like you and me do
leave dead ancestors behind. When and why did that happen?
Here is where Weismann made a revolutionary proposal.
He surmised that some of the cells in this cluster changed
in a profound manner. When the largest animal was still a
small cluster of cells – perhaps something like the ball of cells
called Volvox, the microscopic pond water animal – some of
these primordial and immortal cells specialized in a subtle way
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to facilitate the reproduction of their sister cells. These specialized cells, which are called ‘somatic’ cells (from the Greek
word ‘soma’, meaning body), lost the ability to create other
organisms like themselves. They had irreversibly specialized.
For the first time in history, a specialization of cell types
arose. The change may have made the entire organism more
fit compared to its competition, but the cost was that the
somatic cells were destined to die, losing the potential for
their own immortality. This, Weismann argued, was the first
time programmed death appeared. As Joseph Wood Krutch
(1856) put it:
The amoeba and the paramecium are potentially
immortal... But for Volvox, death seems to be as inevitable as it is in a mouse or in a man. Volvox must die, as
Leeuwenhoek was to die because it had children and is
no longer needed. When its time comes it drops quietly
to the bottom and joins its ancestors. As Hegner, the
Johns Hopkins zoologist, once wrote, “this is the first
advent of inevitable natural death in the animal kingdom and all for the sake of sex. [1]
The question of the actual mechanisms of aging has been
one of the most challenging questions mankind has ever
faced. Weismann himself, recognizing the significance of this
question, carefully considered the possible mechanisms of the
body’s aging. In 1881, he delivered a lecture to his fellow scientists at the Association of German Naturalists called ‘Über
die Dauer des Lebens’, or ‘On the Duration of Life’. It was
the first effort to uncover the mechanisms of aging of the
multicellular animal utilizing the sciences of cell biology and
evolution. [2]
Let us now consider how it happened that the multicellular
animals and plants, which arose from unicellular forms of life,
came to lose this power of living forever. The answer to this
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question is closely bound up with the principle of division of
labor the first multicellular organism was probably a cluster
of similar cells, but these units soon lost their original homogeneity: the single cluster would come to be divided into two
groups of cells, which may be called somatic and reproductive.
As the complexity of the metazoan body increased, these two
groups became more sharply separated from each other. Very
soon the somatic cells surpassed the reproductive in number,
and during this increase they became more and more broken
up by the division of labor into sharply separated systems of
tissues. As these changes took place, the power of reproducing large parts of the organism was lost, while the power of
reproducing the whole individual became concentrated in the
reproductive cells alone. But, it does not therefore follow that
the somatic cells were compelled to lose the power of unlimited cell reproduction.
So, Weismann made the astonishing prediction that while
the germ-line cells of multicellular animals, such as humans,
were immortal (specifically, they could replicate without
limit), the somatic cells were in fact mortal – that is, they had
the capacity to divide only a finite number of divisions:
Death takes place because a worn-out tissue cannot forever renew itself, and because a capacity for increase by
means of cell-division is not everlasting, but finite. [2]

HAYFLICK’S EXPERIMENT
In 1961, the cell biologist Leonard Hayflick published the
seminal work that convinced the scientific community that
cells in the human body – the somatic cells – are mortal. [3]
They could divide and proliferate, but as Weismann had
predicted so many years earlier, even with optimum growth
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conditions they always eventually exhausted this ability and
arrested their growth.
When I entered the field of aging research in the late 1970’s,
Hayflick’s observation was already dogma. Humans are an
amalgam of cells, some mortal and others immortal. Everyone
is painfully aware of the mortal ones. Like bricks that are mortared side by side to construct the walls of buildings, so our
cells are cemented together to form the tissues of our bodies.
And those tissues – our bones, blood, and skin and the cells
from which they are made – are all destined to age. We are
made of mortal stuff. Our body’s cells and therefore our
bodies themselves share a common sentence of death. So, it
may surprise you to learn that there is an exception.

HEIRS OF OUR IMMORTAL LEGACY
Still resident in the human body are potential heirs of our
immortal legacy, cells that have the potential to leave no dead
ancestors; cells from a lineage called the germ-line. These cells
have the ability for immortal renewal as demonstrated by the
fact that babies are born young, and those babies have the potential to someday make their own babies, and so on, forever.
In 1997, we at Geron Corporation, along with a host of
collaborators, finally succeeded in isolating the gene that we
reasoned should impart this capacity for unlimited replication in germ-line cells. The gene encodes a protein called
telomerase that rewinds the clock of aging at the ends of the
chromosome. The isolation of this ‘immortality gene’ stirred
considerable controversy as to its potential to ‘rewind’ the
Hayflick clock in cells in the human body after we showed
that it actually works on cells cultured in a laboratory dish.
Introducing the gene in an active state literally stops cellular aging. The cells become immortal but are still otherwise
69

Therapeutic Cloning

normal. This procedure, sometimes referred to as telomerase
therapy, may indeed one day provide a means of transferring
some of the powers of immortal renewal into at least some of
the cells of the body. But it has proven difficult to efficiently
introduce this, or indeed any gene, into most tissues in the
human body.

STEM CELLS
And so, in the meantime, my mind turned to other ways
to mine the rich vein of gold of the immortal germ-line.
One fall day several years earlier, I took a break from working on telomerase and walked along the San Francisco Bay
waterfront. I began thinking about what are called stem cells.
A stem cell is a cell that can branch like the stems of a tree,
either making another stem cell or changing to become a more
specialized cell. There are all kinds of stem cells in the body,
some more “potent” than others (that is, some have the potential to become more similar in cell type than others do).
I wondered that day whether it would be possible to grow a
human totipotent stem cell in the laboratory. A human totipotent stem cell, though entirely theoretical at the time, could
potentially branch into any cell in the body. If we imagine
the branching of the fertilized egg cell into all the cells in the
body, these totipotent stem cells would be analogous to the
trunk of the tree of cellular life, the mother of all stem cells.
I was well aware of Weismann’s work from my years working on cellular aging, and it occurred to me that if we could
isolate and culture such cells from the human germ-line, they
might be naturally immortal and telomerase positive, at least
until they are directed to become a specific mortal cell type.
And, most important of all, all the cells that come from them
would be young, just as babies are born young.
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EMBRYONIC STEM CELLS
In the following years and through the hard work of collaborators such as Jamie Thomson of the University of
Wisconsin at Madison and John Gearhart at Johns Hopkins
School of Medicine, the cells were finally isolated. They are
called human embryonic stem cells because they come from
human pre-implantation embryos (microscopic balls of cells
that have not yet begun to develop and attach to the uterus
to begin pregnancies.) These cells have fulfilled their promise
in displaying the awesome power of making any cell type in
the human body. And as we hoped, they made young cells
that could theoretically be used to repair or replace aged or
diseased cells and tissues.
President George W. Bush addressed the American people
on August 9, 2001, to describe his policy relating to human
embryonic stem cell research. He suggested that all federal
funding be limited to the number of cell lines that had been
isolated as of that date. He expressed his moral concerns about
further efforts to isolate the cells, stating his religious belief
that the entities from which the cells were derived were not in
fact simply a clump of unformed cells, but instead were in fact
very small people. [4]
There are several problems with the President’s position.
The practical one is that even if federal funding led to our
ability to efficiently manufacture some cells of great therapeutic value, they would not be available to you – that is, the
body would in most cases reject the transplanted cells as being
a foreign invader. The miracle in the laboratory could not
easily lead to a comparable miracle in the hospital bed.
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THERAPEUTIC CLONING
And so in 1999, my colleagues and I proposed a controversial solution. We argued that the procedure called cell nuclear
transfer – the transfer of a somatic cell into an enucleated egg
cell – not only could produce embryos that when transferred
into a uterus could produce a clone, but could also be harnessed to make embryonic stem cells as well. [5] Such cells
would be essentially identical to the patient’s cells. This could
potentially solve the remaining problem of histocompatibility by creating human embryonic stem cells and then any
cell in the body, all of which should never be rejected by the
patient.
The use of somatic cell nuclear transfer for the purposes of
reversing time’s arrow on a patient’s cells has been designated
therapeutic cloning. This terminology is used to differentiate
this clinical indication from the use of nuclear transfer for the
cloning of a child, which in turn is often designated reproductive cloning.
Since the debate over therapeutic cloning began, the power
of the technique has become increasingly impressive. In April
2000, my colleagues and I reported evidence that the egg cell
could act as a “cellular time machine”, not only reversing the
arrow on differentiation (that is, not only converting a body
cell like a skin cell into an embryonic stem cell), but also doing
the unimaginable, returning the aged body cell to immortality
and rewinding the clock of cellular aging as well. [6] These
results, now reported for multiple mammalian species, suggest that we may have the potential to reverse the aging of
human cells in the same manner.
This would mean that we could make young cells of any
kind for a patient of any age. While this “time machine” is
expected only to be big enough to take on a single cell, the
resulting regenerated cells could theoretically be expanded
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and turned into cells that repopulate our blood with young
immune cells, or cells that can re-seed our blood vessels with
fresh young cells, or indeed young cells of any kind to treat a
vast array of currently untreatable diseases.

HEATED CONTROVERSY
Despite the good intentions of researchers in this emerging
field of regenerative medicine, these technologies have been at
the center of one of the most heated controversies in the history of science. The raging controversy over embryonic stem
cells and cloning has deeply divided our nation, and the stem
cells’ profound implications for battling the manifestations
of age-related degenerative disease have raised concerns that
mankind may be meddling in technologies that will anger the
gods themselves.
In the face of lives molded and bounded by death, we are
forced to choose our own position on these new technologies.
In the summer of 1999, as I stood with my mother in a small
hospital room, I knew my position in the debate. I would do
anything to save the life of my mother – anything, that is,
short of harming an actual human being.
And I had strong reasons to believe that therapeutic cloning
would not have to create an individualized human being, even
at the earliest states of development. I would risk my life, my
finances, my reputation; I would give anything to help her.

DEATH IS THE ENEMY
My mother’s pulse continued its downward glide – 90, 80,
20, 10, 8… I thought to myself, her heart was solid; I would
never have worried that she would have died of heart failure.
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I saw in my mind the swelling imbalance in blood chemistry,
the millions of cells in her body screaming for help, her precious mind being turned to chaos by anoxia. Finally her heart
cells – facing, for the first time since the origin of life on earth,
the abyss of death – gave up their valiant defense of life and
fell into chaos and arrhythmia. They had accomplished their
appointed goal; they had successfully passed on their genome
into a son. Minutes passed. As successful as my mother’s
life might have been in completing the job of reproduction,
I found the strategy of the life cycle completely unacceptable.
I stood there, hating death.
I walked to my car later that night, wandering aimlessly
into the darkness. I had no itinerary, no plane reservations;
I felt like driving randomly into the night. I looked overhead
in that warm summer sky and stared at a bright but waning
moon and I recognized its significance. The moon has for
millennia been a source of encouragement to mankind facing
the bleak realities of death and of loss. In 14 days, it is cut into
pieces like the death of Osiris, but it always regenerates in an
eternal fugue.
In the years to come, science and medicine will deliver on
the promise of regenerative medicine. It is inevitable that the
immortal cell, which can do so much to alleviate human suffering, will find its way to the hospital bed. But when these
new therapies are available for our loved ones entirely depends
on how we as a society grapple with these important issues.
The United States has a proud history of leading the world
in boldly exploring new technologies. We did not hesitate to
apply our best minds in an effort to enable a man to walk on
the moon. We were not paralyzed by the fear that we would
anger the gods by reaching for the heavens. But a far greater
challenge stands before us now. We have been given two talents of gold. The first, the root of immortal human life, is the
human embryonic stem cell. The second is nuclear transfer
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technology. Shall we, like the good steward of the Bible, take
these gifts to mankind and courageously use them to the best
of our abilities to alleviate the suffering of our fellow human
beings, or will we fail most miserably and bury these gifts in
the earth?
I am confident that the United States, which historically has
led the way in advancing technology, will find the courage to
lead in regenerative medicine as well. I only hope we will do
so quickly; time is not on our side.
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THE QUEST FOR ACCIDENT-LIMITED HEALTHSPANS
Robert A. Freitas Jr., J.D.
Editors Note: Dr. Freitas’ original document includes a great
number of graphics, tables and statistics that, for technical reasons,
could not be included in this print version. You can obtain these
graphics as well as an extended version of this article free of charge
by visiting the E-reference site for this book:
http://imminst.org/book1

The greatest advances in halting biological aging and preventing natural death are likely to come from the fields of biotechnology and nanotechnology – that is, from nanomedicine.
Nanomedicine is most simply and generally defined as the
preservation and improvement of human health, using molecular tools and molecular knowledge of the human body [1].
Soon molecular tools of nanomedicine will include biologically active materials with well-defined nanoscale structures,
such as dendrimer-based organic devices and pharmaceuticals
based on fullerenes and organic nanotubes. We should also
see genetic therapies and tissue engineering becoming more
common in medical practice, which can contribute a little to
life extension at the oldest ages.
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In the mid-term, the next 5 or 10 years or so, knowledge
gained from genomics and proteomics will make possible:
(a) new treatments tailored to specific individuals, (b) new
drugs targeting pathogens whose genomes have now been
decoded, (c) stem cell treatments to repair damaged tissue,
replace missing function, or slow aging, and (d) biological
robots made from bacteria and other motile cells that have had
their genomes re-engineered and re-programmed. We could
also see artificial organic devices that incorporate biological
motors or self-assembled DNA-based structures for a variety
of useful medical purposes. We may even begin to see targeted
anti-aging treatments which address each of the seven specific
forms of cellular damage that produce pathologies leading to
natural death, as described by Aubrey de Grey and colleagues
[2], although there remain many institutional obstacles to
direct progress via this conventional approach. [3]
In the farther term, perhaps somewhere in the 10 or 20-year
time frame, the first fruits of molecular nanorobotics should
begin to appear in the medical field. My own theoretical work
in nanomedicine has concentrated on medical nanorobotics using diamondoid materials and nanoparts. This area,
though clinically the most distant and still mostly theoretical,
holds the greatest promise for health and life extension. With
medical nanorobotics, we will gain the technological ability
to perform specific internal repairs on individual cells in real
time, thus largely eliminating all major causes of natural biological death.
The early theoretical work done by Drexler and Merkle,
including most prominently a collection of bearings, gears, and
other possible nanorobot parts, is well known. Possibly their
most complex design was a nanoscale neon pump consisting
of over 6,000 atoms, which was later simulated by computational chemists at California Institute of Technology. [5]
The device could serve either as a pump for neon gas atoms
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or (if run backwards) as a motor to convert neon gas pressure
into rotary power. The researchers reported that preliminary molecular dynamics simulations of the device showed
that it could indeed function as a pump, although “structural
deformations of the rotor can cause instabilities at low and
high rotational frequencies”. The motor was not particularly
energy efficient – but it worked.
The ultimate goal of molecular nanotechnology is to
develop a manufacturing technology able to inexpensively
manufacture most arrangements of atoms that can be specified in molecular detail. Building medical nanorobots, each
made of millions or billions of atoms, cheaply enough to be
practical for medical therapies requires a new kind of manufacturing technology. Molecular manufacturing will be the
ultimate mechanized production in terms of its precision and
flexibility. Two central mechanisms have been proposed to
achieve these goals at the molecular scale: (1) programmable
positional assembly including, for example, fabrication of diamond structures, using molecular feedstock, and (2) massive
parallelism of all fabrication and assembly processes.
As machine structures become more complex, getting all the
parts to spontaneously self-assemble in the right sequence is
increasingly difficult. To build complex structures, it makes
more sense to design a mechanism that can assemble a molecular structure by what is called ‘positional assembly’ – that is,
picking and placing molecular parts. A device capable of positional assembly at the molecular scale would work much like
the robot arms that manufacture cars on automobile assembly
lines in Detroit, or which insert electronic components onto
computer circuit boards with blinding speed in Silicon Valley.
Using the positional assembly approach, the robot manipulator picks up a part, moves it to the workpiece, and installs it.
The robot then repeats the procedure over and over with many
different parts until the final product is fully assembled.
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In order to build durable nanorobots, we first must be
able to fabricate parts made of diamond, sapphire, or similar strong materials. The controlled addition of carbon
atoms to a growth surface of the diamond crystal lattice is
called diamond mechanosynthesis. [6;7] In 2003, we proposed a new family of mechanosynthetic tools intended to
be employed for the placement of two carbon atoms – a CC
“dimer” – onto a growing diamond surface at a specific site.
[6] These tools should be stable in vacuum and should be able
to hold and position a CC dimer in a manner suitable for
positionally controlled diamond mechanosynthesis at liquid
nitrogen temperatures and possibly even at room temperatures.
The function of a dimer placement tool is to position the
dimer, then bond the dimer to a precisely chosen location
on a growing diamond molecular structure, and finally to
withdraw the tool, leaving the dimer behind on the growing
structure. The diamond structure is then built up, dimer by
dimer, until a complete molecularly precise nanopart has been
fabricated.
Both the fabrication of nanoparts and the assembly of
nanoparts into working nanorobots must be automated and
must employ massive parallelism to be practical. There must be
many hands at work simultaneously. Without this parallelism,
there would be too many atoms per device (millions/billions)
and too many devices needing to be assembled per application
(trillions). New techniques for massively parallel positional
assembly are being developed, including massively parallel
manipulator arrays and self-replicating systems. One example
of parallel assembly arrays, called “exponential assembly”, has
been proposed and patented by Zyvex [8]. There have also
been many proposals for self-replicating systems known as
“molecular assemblers” – tiny machines that could manufacture nanorobots with molecular precision [9].
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What sorts of medical nanorobots could we build, and what
would they do, if we could build them? The first simple device
that I designed 9 years ago was the respirocyte, an artificial red
blood cell [10].
Natural red cells carry oxygen and carbon dioxide throughout the human body. We have about 30 trillion of these cells
in all our blood. Half our blood volume is red cells. Each
red cell is about 3 microns thick and 8 microns in diameter.
Respirocytes are much smaller than red cells, only 1 micron in
diameter, about the size of a bacterium. Respirocytes are selfcontained nanorobots built of 18 billion precisely arranged
structural atoms. Each device has an onboard computer and
an onboard powerplant.
I show them blue in color, because part of the outermost
shell is made of sapphire, a tough ceramic made of aluminum
and oxygen atoms that is almost as hard as diamond. These
tanks could be safely charged up to 100,000 atmospheres of
pressure, but we are conservative and only run them up to
1000 atmospheres. Most importantly, molecular pumps are
arranged on the surface to load and unload gases from the pressurized tanks. Tens of thousands of individual pumps, called
molecular sorting rotors, cover a large fraction of the hull surface of the respirocyte. As the rotor turns, molecules of oxygen
(O2) or carbon dioxide (CO2) may drift into their respective
binding sites on the rotor surface and be carried into (or out
of) the respirocyte interior. There are 12 identical pumping
stations laid out around the equator of the respirocyte, with
oxygen rotors on the left, carbon dioxide rotors on the right,
and water rotors in the middle. Temperature and concentration sensors tell the devices when to release or pickup gases.
Each station has special pressure sensors to receive ultrasonic
acoustic messages, so doctors can tell the devices to turn on
or off, or change their operating parameters, while the nanorobots are inside a patient. The shaded area at left is the O2
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storage tank, the area at right is the CO2 tank, the black dot at
the center is the computer, and the open volume around the
computer can be a vacuum, or can be filled or emptied with
water. This allows the device to control its buoyancy very precisely and provides a crude but simple method for removing
respirocytes from the blood using a centrifuge.
When we can build respirocytes, they could be used as an
emergency treatment at the scene of a fire, where the victim
has been overcome by carbon monoxide poisoning. In an
animation [11] from the PBS documentary Beyond Human,
5 cubic centimeters of respirocyte-containing fluid are injected
into the patient’s vein. After passing through the pulmonary
bed, the heart, and some major arteries, the respirocytes make
their way into smaller, and smaller, blood vessels. After about
30 seconds, they reach the patient’s capillaries and begin
releasing life-giving oxygen to starving tissues. In the tissues,
oxygen is pumped out of the device by the sorting rotors on
one side. Carbon dioxide is pumped into the device by the
sorting rotors on the other side, one molecule at a time. Half a
minute later, when the respirocyte reaches the patient’s lungs,
these same rotors reverse their direction of rotation, recharging the device with fresh oxygen and dumping the stored
CO2, which can then be exhaled by the patient.
Only 5ccs of respirocytes, just 1/1000th of our total blood
volume, could duplicate the oxygen-carrying capability of
the entire human blood mass. Each respirocyte transports
hundreds of times more physiologically available oxygen molecules than an equal volume of natural red blood cells. A half
a liter of respirocytes, the most that could possibly be safely
added to our blood, would allow a person to hold his breath
at the bottom of a swimming pool for up to 4 hours, or to
sprint at top Olympic speed for up to 12 minutes, without
taking a breath.
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Another medical nanorobot I designed more recently is the
microbivore – an artificial white cell [12–15].
One main task of natural white cells is to absorb and
digest microbial invaders in the bloodstream. This is called
phagocytosis. Microbivore nanorobots would also perform
phagocytosis, but would operate much faster, more reliably,
and under human control. Like the respirocyte, the microbivore is much smaller than a red blood cell but is more
complex than the respirocyte, having about 30 times more
atoms involved in its construction.
The microbivore device is a flattened sphere with the ends
cut off. It measures over 3 microns in diameter along its major
axis and 2 microns in diameter along its minor axis. This size
helps to ensure that the nanorobot can safely pass through
even the narrowest of human capillaries and other tight spots
in the spleen (e.g., the interendothelial splenofenestral slits
[16]) and elsewhere in the human body. The microbivore
has a mouth with an irising door, called the ingestion port,
into which microbes are fed to be digested. The microbivore
also has a rear end, or exhaust port. This is where the completely digested remains of the pathogen are expelled from
the device. The rear door opens between the main body of
the microbivore and a tail-cone structure. Inside the microbivore, there are two concentric cylinders. The bacterium is
minced into little pieces in the morcellation chamber, the
smaller inner cylinder, and then the remains are pushed into
the digestion chamber, the larger outer cylinder. In a preprogrammed sequence engineered digestive enzymes are added,
then removed, using an array of sorting rotors. In just 30 seconds these enzymes reduce the microbe’s remains to simple
chemicals like amino acids, free fatty acids, and simple sugars,
which are then expelled harmlessly from the device. A human
neutrophil, the most common type of leukocyte or white cell,
can also capture and engulf a microbe in a minute or less,
83

Nanomedicine

but complete digestion and excretion of the bug’s remains can
take an hour or longer.
But the first thing a microbivore has to do is reliably acquire
a pathogen to be digested. If the correct bacterium bumps
into the nanorobot surface, reversible binding sites on the
microbivore hull can recognize and weakly bind to the bacterium. A set of 9 different antigenic markers should be specific
enough, since all 9 must register a positive binding event to
confirm that a targeted microbe has been caught. There are
20,000 copies of these 9-marker receptor sets, distributed
in 275 disk-shaped regions across the microbivore surface.
Inside the receptor ring are more rotors to absorb glucose and
oxygen from the bloodstream for nanorobot power. At the
center of each receptor disk is a grapple silo; each disk is 150
nanometers in diameter.
Once a bacterium has been captured by the reversible
receptors, telescoping grapples rise up out of the microbivore
surface and attach to the trapped bacterium. The microbivore grapples are modeled after a watertight manipulator arm
originally designed by Drexler [17] for nanoscale manufacturing. This arm is about 100 nanometers long and has various
rotating and telescoping joints that allow it to change its position, angle, and length. But the microbivore grapples need
a greater reach and range of motion, so they are longer and
more complex, with many additional joints. After rising out of
its silo, a grapple arm can execute complex twisting motions,
and adjacent grapple arms can physically reach each other,
allowing them to hand off bound objects as small as a virus
particle. Grapple handoff motions can transport a large rodshaped bacterium from its original capture site forward into
the mouth of the microbivore device. The bug is rotated into
the proper orientation as it approaches the open mouth.
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Our natural white cells – even when aided by antibiotics – can
sometimes take weeks or months to completely clear bacteria
from the bloodstream. By comparison, a single terabot dose
of microbivores should be able to fully eliminate bloodborne
pathogens in just minutes or hours, even in the case of locally
dense infections. Microbivores would be up to ~1000 times
faster acting than natural leukocytes. They’d digest almost
100 times more microbial material than an equal volume of
natural white cells could digest, in any given time period.
Even more powerful applications – most importantly,
involving cellular replacement or repair – are possible with
medical nanorobotics. For example, most diseases involve a
molecular malfunction at the cellular level, and cell function
is significantly controlled by gene expression of proteins. As
a result, many disease processes are driven either by defective chromosomes or by defective gene expression. So in many
cases it may be most efficient to extract the existing chromosomes from a diseased cell and insert fresh new ones in their
place. This procedure is called “chromosome replacement
therapy”.
During this procedure, your replacement chromosomes are
first manufactured to order, outside of your body, in a clinical
benchtop production device that includes a molecular assembly line. Your individual genome is used as the blueprint.
If the patient wants, acquired or inherited defective genes could
be replaced with nondefective base-pair sequences during the
chromosome manufacturing process, thus permanently eliminating any genetic disease – including conditions related to
aging. Nanorobots called chromallocytes [18], each carrying a
single copy of the revised chromosomes, are injected into the
body and travel to the target tissue cells. Following powered
cytopenetration and intracellular transit to the nucleus, the
chromallocytes remove the existing chromosomes and then
install the properly methylated replacement chromosomes in
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every tissue cell of your body (requiring a total dose of several
trillion nanorobots), then exit the cell and tissue, re-enter the
bloodstream, and finally eliminate themselves from the body
through the kidneys.

DECHRONIFICATION: A TREATMENT FOR THE DISEASE
OF NATURAL DEATH
The end result of all these nanomedical advances will be to
enable a process I call ‘dechronification’ – or, more colloquially,
‘rolling back the clock’. I see no serious ethical problems with
this. According to the volitional normative model of disease
that is most appropriate for nanomedicine [19], if you’re physiologically old and don’t want to be, then for you, oldness and
aging –and natural death – are a disease and you deserve to be
cured. Dechronification will first arrest biological aging, then
reduce your biological age by performing three kinds of procedures on each one of the 4 trillion tissue cells in your body:
First, a respirocyte – or microbivore – device will be sent to
enter every tissue, to remove accumulating metabolic toxins
and undegradable material. Afterwards, these toxins will continue to slowly re-accumulate as they have all your life, so
you’ll probably need a whole-body cleanout to prevent further aging, maybe once a year.
Second, chromosome replacement therapy can be used to
correct accumulated genetic damage and mutations in every
one of your cells. This might also be repeated annually, or less
often.
Third, persistent cellular structural damage that the cell
cannot repair by itself such as enlarged or disabled mitochondria can be reversed as required, on a cell-by-cell basis, using
cellular repair devices. We’re still a long way from having
complete theoretical designs for many of these machines, but
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they all appear possible in theory. By the time our molecular
manufacturing capability progresses to the degree necessary
to begin building medical nanorobots, probably in the next
10–20 years, we will have good designs for cell repair devices.
The net effect of these interventions will be the continuing
arrest of all biological aging, along with the reduction of current biological age to whatever new biological age is deemed
desirable by the patient, severing forever the link between
calendar time and biological health. These interventions may
become commonplace, several decades from today.
Using annual checkups and cleanouts, and some occasional
major repairs, your biological age could be restored once a
year to the more or less constant physiological age that you
select. I see little reason not to go for optimal youth – though
trying to maintain your body at the ideal physiological age
of 10 years old might be difficult and undesirable for other
reasons. A rollback to the robust physiology of your late teens
or early twenties would be easier to maintain and much more
fun. That would push your Expected Age at Death up to
around 700–900 calendar years. You might still eventually
die of accidental causes, but you’ll live ten times longer than
you do now.
How far can we go with this? Well, if we can eliminate 99%
of all medically preventable conditions that lead to natural
death [19], your healthy life span, or health span, should
increase to about 1100 years. It may be that you’ll find it hard
to coax more than a millennium or two out of your original
biological body, because deaths from suicides and accidents
have remained stubbornly high for the last 100 years, falling
by only one-third during that time. But our final victory over
the scourge of natural biological death, which we shall achieve
later in this century, should extend the health span of normal
human beings by at least ten- or twenty-fold beyond its current maximum length.
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One can hope that the rate of suicides might be greatly
reduced, with so much to look forward to, and with new
nanomedical treatments for debilitating mental states becoming available. Nanotechnology can also improve the overall
safety of our material environment – e.g., by making possible virtually crash-free, crash-safe cars and aircraft, buildings
(including houses) that incorporate active safety devices,
advanced nanomedicine for severe trauma anticipation and
recovery, and the like – leading to vastly fewer deaths from
accidents. Finally, genetic modifications or nanomedical augmentations to the human body [20] may extend healthy life
spans still further, to a degree that cannot yet be accurately
predicted.
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HUMAN BODY VERSION 2.0

Raymond Kurzweil, Ph.D.
In the coming decades, a radical upgrading of our body’s physical and mental systems, already underway, will use nanobots to
augment and ultimately replace our organs. We already know
how to prevent most degenerative disease through nutrition
and supplementation; this will be a bridge to the emerging
biotechnology revolution, which in turn will be a bridge to
the nanotechnology revolution. By 2030, reverse engineering
of the human brain will have been completed and nonbiological intelligence will merge with our biological brains.

IT’S ALL ABOUT NANOBOTS
In a famous scene from the movie, The Graduate, Benjamin’s
mentor gives him career advice in a single word: “plastics”.
Today, that word might be “software”, or “biotechnology”,
but in another couple of decades, the word is likely to be
“nanobots”. Nanobots – blood-cell-sized robots – will provide the means to radically redesign our digestive systems,
and, incidentally, just about everything else.
In an intermediate phase, nanobots in the digestive tract and
bloodstream will intelligently extract the precise nutrients we
require, call for needed additional nutrients and supplements
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through our personal wireless local area network, and send
the rest of the food we eat on its way to be passed through for
elimination.
If this seems futuristic, keep in mind that intelligent machines
are already making their way into our blood stream. There
are dozens of projects underway to create blood-stream-based
‘biological microelectromechanical systems’ (bioMEMS)
with a wide range of diagnostic and therapeutic applications.
BioMEMS devices are being designed to intelligently scout
out pathogens and deliver medications in very precise ways.
For example, a researcher at the University of Illinois at
Chicago has created a tiny capsule with pores measuring only
seven nanometers. The pores let insulin out in a controlled
manner but prevent antibodies from invading the pancreatic
Islet cells inside the capsule. [1] These nanoengineered devices
have cured rats with type I diabetes, and there is no reason
that the same methodology would fail to work in humans.
Similar systems could precisely deliver dopamine to the brain
for Parkinson’s patients, provide blood-clotting factors for
patients with hemophilia, and deliver cancer drugs directly to
tumor sites. A new design provides up to 20 substance-containing reservoirs that can release their cargo at programmed
times and locations in the body.
Kensall Wise, a professor of electrical engineering at the
University of Michigan, has developed a tiny neural probe
that can provide precise monitoring of the electrical activity
of patients with neural diseases. Future designs are expected
to also deliver drugs to precise locations in the brain. Kazushi
Ishiyama at Tohoku University in Japan has developed micromachines that use microscopic-sized spinning screws to deliver
drugs to small cancer tumors. [2]
A particularly innovative micromachine developed by
Sandia National Labs has actual microteeth with a jaw that
opens and closes to trap individual cells and then implant
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them with substances such as DNA, proteins or drugs. [3]
There are already at least four major scientific conferences on
bioMEMS and other approaches to developing micro- and
nano-scale machines to go into the body and bloodstream.
Ultimately, the individualized nutrients needed for each
person will be fully understood (including all the hundreds
of phytochemicals from plants) and easily and inexpensively
available, so we won’t need to bother with extracting nutrients from food at all. Just as we routinely engage in sex today
for its relational and sensual gratification, we will gain the
opportunity to disconnect the eating of food from the function of delivering nutrients into the bloodstream.
This technology should be reasonably mature by the 2020’s.
Nutrients will be introduced directly into the bloodstream by
special metabolic nanobots. Sensors in our blood and body,
using wireless communication, will provide dynamic information on the nutrients needed at each point in time.
A key question in designing this technology will be the
means by which these nanobots make their way in and out
of the body. As I mentioned above, the technologies we have
today, such as intravenous catheters, leave much to be desired.
A significant benefit of nanobot technology is that unlike mere
drugs and nutritional supplements, nanobots have a measure
of intelligence. They can keep track of their own inventories,
and intelligently slip in and out of our bodies in clever ways.
One scenario is that we would wear a special ‘nutrient garment’ such as a belt or undershirt. This garment would be
loaded with nutrient bearing nanobots, which would make
their way in and out of our bodies through the skin or other
body cavities.
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DIGITAL DIGESTION
At this stage of technological development, we will be able
to eat whatever we want, whatever gives us pleasure and gastronomic fulfillment, and thereby unreservedly explore the
culinary arts for their tastes, textures, and aromas. At the same
time, we will provide an optimal flow of nutrients to our
bloodstream, using a completely separate process. One possibility would be that all the food we eat would pass through
a digestive tract that is now disconnected from any possible
absorption into the bloodstream.
This would place a burden on our colon and bowel functions,
so a more refined approach will dispense with the function of
elimination. We will be able to accomplish this using special
elimination nanobots that act like tiny garbage compactors.
As the nutrient nanobots make their way from the nutrient
garment into our bodies, the elimination nanobots will go the
other way. Periodically, we would replace the nutrition garment for a fresh one. One might comment that we do obtain
some pleasure from the elimination function, but I suspect
that most people would be happy to do without it.
Ultimately we won’t need to bother with special garments or
explicit nutritional resources. Just as computation will eventually be ubiquitous and available everywhere, so too will basic
metabolic nanobot resources be embedded everywhere in our
environment. In addition, an important aspect of this system
will be maintaining ample reserves of all needed resources
inside the body. Our version 1.0 bodies do this to only a very
limited extent, for example, storing a few minutes of oxygen
in our blood, and a few days of caloric energy in glycogen and
other reserves. Version 2.0 will provide substantially greater
reserves, enabling us to be separated from metabolic resources
for greatly extended periods of time.
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Once perfected, we will no longer need version 1.0 of our
digestive system at all. I pointed out above that our adoption of these technologies will be cautious and incremental,
so we will not dispense with the old-fashioned digestive process when these technologies are first introduced. Most of us
will wait for digestive system version 2.1 or even 2.2 before
being willing to dispense with version 1.0. After all, people
didn’t throw away their typewriters when the first generation of word processors was introduced. People held onto
their vinyl record collections for many years after CDs came
out (I still have mine). People are still holding onto their
film cameras, although the tide is rapidly turning in favor
of digital cameras. However, these new technologies do ultimately dominate, and few people today still own a typewriter.
The same phenomenon will happen with our reengineered
bodies. Once we’ve worked out the inevitable complications
that will arise with a radically reengineered gastrointestinal
system, we will begin to rely on it more and more.

PROGRAMMABLE BLOOD
As we reverse-engineer (learn the principles of operation of)
our various bodily systems, we will be in a position to engineer new systems that provide dramatic improvements. One
pervasive system that has already been the subject of a comprehensive conceptual redesign is our blood.
One of the leading proponents of ‘nanomedicine’, (redesigning our biological systems through engineering on a
molecular scale) and author of a book with the same name is
Robert Freitas, Research Scientist at the nanotechnology firm
Zyvex Corp. Freitas’ ambitious manuscript is a comprehensive road map to rearchitecting our biological heritage. One of
Freitas’ designs is to replace (or augment) our red blood cells
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with artificial ‘respirocytes’ that would enable us to hold our
breath for four hours or do a top-speed sprint for 15 minutes
without taking a breath. Like most of our biological systems,
our red blood cells perform their oxygenating function very
inefficiently, and Freitas has redesigned them for optimal
performance. He has worked out many of the physical and
chemical requirements in impressive detail.
It will be interesting to see how this development is dealt with
in athletic contests. Presumably, the use of respirocytes and
similar systems will be prohibited from Olympic contests, but
then we will have the specter of teenagers in junior high school
gymnasiums routinely outperforming Olympic athletes.
Freitas envisions micron-size artificial platelets that could
achieve hemostasis (bleeding control) up to 1,000 times faster
than biological platelets. Freitas describes nanorobotic microbivores (white blood cell replacements) that will download
software to destroy specific infections hundreds of times faster
than antibiotics, and that will be effective against all bacterial, viral and fungal infections, with no limitations of drug
resistance.

HAVE A HEART, OR NOT
The next organ on my hit list is the heart. It’s a remarkable
machine, but it has a number of severe problems. It is subject
to a myriad of failure modes, and represents a fundamental
weakness in our potential longevity. The heart usually breaks
down long before the rest of the body, and often very prematurely.
Although artificial hearts are beginning to work, a more effective approach will be to get rid of the heart altogether. Among
Freitas’ designs are nanorobotic blood cell replacements that
provide their own mobility. If the blood system moves with
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its own movement, the engineering issues of the extreme pressures required for centralized pumping can be eliminated. As
we perfect the means of transferring nanobots to and from the
blood supply, we can also continuously replace the nanobots
comprising our blood supply.
With the respirocytes providing greatly extended access to
oxygenation, we will be in a position to eliminate the lungs by
using nanobots to provide oxygen and remove carbon dioxide.
One might point out that we take pleasure in breathing (even
more so than elimination!). As with all of these redesigns, we
will certainly go through intermediate stages where these technologies augment our natural systems, so we can have the best
of both worlds. Eventually, however, there will be no reason
to continue with the complications of actual breathing and
the requirement of having breathable air everywhere we go.
If we really find breathing that pleasurable, we will develop
virtual ways of having this sensual experience.
We also won’t need the various organs that produce chemicals, hormones, and enzymes that flow into the blood and other
metabolic pathways. We already create bio-identical versions
of many of these substances, and we will have the means to
routinely create all biochemically relevant substances within a
couple of decades. These substances (to the extent that we still
need them) will be delivered via nanobots, controlled by intelligent biofeedback systems to maintain and balance required
levels, just as our ‘natural’ systems do today (for example, the
control of insulin levels by the pancreatic Islet cells). Since we
are eliminating most of our biological organs, many of these
substances may no longer be needed, and will be replaced by
other resources that are required by the nanorobotic systems.
It is important to emphasize that this redesign process will
not be accomplished in a single design cycle. Each organ
and each idea will have its own progression, intermediate
designs, and stages of implementation. Nonetheless, we are
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clearly headed towards a fundamental and radical redesign of
the extremely inefficient and limited functionality of human
body version 1.0.

SO WHAT’S LEFT?
The skeleton is a stable structure, and we already have a
reasonable understanding of how it works. We replace parts
of it today, although our current technology for doing this
has severe limitations. Inter-linking nanobots will provide
the ability to augment and ultimately replace the skeleton.
Replacing portions of the skeleton today requires painful surgery, but replacing it through nanobots from within can be a
gradual and noninvasive process. The human skeleton version
2.0 will be very strong, stable, and self-repairing.
We will not notice the absence of many of our organs, such
as the liver and pancreas, as we do not directly experience their
functionality. The skin, however, is an organ we will actually
want to keep, or at least we will want to maintain its functionality. The skin, which includes our primary and secondary sex
organs, provides a vital function of communication and pleasure. Nonetheless, we will ultimately be able to improve on
the skin with new nanoengineered supple materials that will
provide greater protection from physical and thermal environmental effects while enhancing our capacity for intimate
communication and pleasure. The same observation holds for
the mouth and upper esophagus, which comprise the remaining aspects of the digestive system that we use to experience
the act of eating.
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REDESIGNING THE HUMAN BRAIN
The process of reverse engineering and redesign will also
encompass the most important system in our bodies: the
brain. The brain is at least as complex as all the other organs
put together, with approximately half of our genetic code
devoted to its design. It is a misconception to regard the brain
as a single organ. It is actually an intricate collection of information processing organs, interconnected in an elaborate
hierarchy, as is the accident of our evolutionary history.
The process of understanding the principles of operation
of the human brain is already well under way. The underlying technologies of brain scanning and neuron modeling
are scaling up exponentially, as is our overall knowledge of
human brain function. We already have detailed mathematical models of a couple dozen of the several hundred regions
that comprise the human brain.
The age of neural implants is also well under way. We
have brain implants based on ‘neuromorphic’ modeling (i.e.,
reverse engineering of the human brain and nervous system)
for a rapidly growing list of brain regions. A friend of mine
who became deaf as an adult can now engage in telephone
conversations again because of his cochlear implant, a device
that interfaces directly with the auditory nervous system. He
plans to replace it with a new model with a thousand levels
of frequency discrimination, which will enable him to hear
music once again. He laments that he has had the same melodies playing in his head for the past 15 years and is looking
forward to hearing some new tunes. A future generation of
cochlear implants now on the drawing board will provide
levels of frequency discrimination that go significantly beyond
that of ‘normal’ hearing.
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Researchers at MIT and Harvard are developing neural
implants to replace damaged retinas. [4] There are brain
implants for Parkinson’s patients that communicate directly
with the ventral posterior nucleus and subthalmic nucleus
regions of the brain to reverse the most devastating symptoms
of this disease. An implant for people with cerebral palsy and
multiple sclerosis communicates with the ventral lateral thalamus and has been effective in controlling tremors. “Rather
than treat the brain like soup, adding chemicals that enhance
or suppress certain neurotransmitters,” says Rick Trosch, an
American physician helping to pioneer these therapies, “we’re
now treating it like circuitry.”
A variety of techniques are being developed to provide
the communications bridge between the wet analog world
of biological information processing and digital electronics.
Researchers at Germany’s Max Planck Institute have developed noninvasive devices that can communicate with neurons
in both directions. [5] They demonstrated their ‘neuron transistor’ by controlling the movements of a living leech from
a personal computer. Similar technology has been used to
reconnect leech neurons and to coax them to perform simple
logical and arithmetic problems. Scientists are now experimenting with a new design called ‘quantum dots’, which uses
tiny crystals of semiconductor material to connect electronic
devices with neurons. [6]
These developments provide the promise of reconnecting
broken neural pathways for people with nerve damage and
spinal cord injuries. It has long been thought that recreating these pathways would only be feasible for recently injured
patients because nerves gradually deteriorate when unused.
A recent discovery, however, shows the feasibility of a neuroprosthetic system for patients with long-standing spinal
cord injuries. Researchers at the University of Utah asked a
group of long-term quadriplegic patients to move their limbs
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in a variety of ways and then observed the response of their
brains, using magnetic resonance imaging (MRI). Although
the neural pathways to their limbs had been inactive for many
years, the pattern of their brain activity when attempting to
move their limbs was very close to that observed in non-disabled persons.
We will, therefore, be able to place sensors in the brain
of a paralyzed person (e.g., Christopher Reeve) that will be
programmed to recognize the brain patterns associated with
intended movements and then stimulate the appropriate
sequence of muscle movements. For those patients whose
muscles no longer function, there are already designs for
‘nanoelectromechanical’ systems (NEMS) that can expand
and contract to replace damaged muscles and that can be activated by either real or artificial nerves.

WE ARE BECOMING CYBORGS
We are rapidly growing more intimate with our technology. Computers started out as large remote machines in
air-conditioned rooms tended by white-coated technicians.
Subsequently they moved onto our desks, then under our
arms, and now in our pockets. Soon, we’ll routinely put them
inside our bodies and brains. Ultimately we will become more
nonbiological than biological.
The compelling benefits in overcoming profound diseases
and disabilities will keep these technologies on a rapid course,
but medical applications represent only the early adoption
phase. As the technologies become established, there will be no
barriers to using them for the expansion of human potential.
In my view, expanding our potential is precisely the primary
distinction of our species.
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Moreover, all of the underlying technologies are accelerating.
The power of computation has grown at a double exponential rate for all of the past century, and will continue to do
so well into this century through the power of three-dimensional computing. Communication bandwidths and the pace
of brain reverse-engineering are also quickening. Meanwhile,
according to my models, the size of technology is shrinking at
a rate of 5.6 per linear dimension per decade, which will make
nanotechnology ubiquitous during the 2020’s.
By the end of this decade, computing will disappear as a
separate technology that we need to carry with us. We’ll routinely have high-resolution images encompassing the entire
visual field written directly to our retinas from our eyeglasses
and contact lenses (the Department of Defense is already using
technology along these lines from Microvision, a company
based in Bothell, Washington). We’ll have very-high-speed
wireless connection to the Internet at all times. The electronics for all of this will be embedded in our clothing. Circa 2010,
these very personal computers will enable us to meet with each
other in full-immersion, visual-auditory, virtual-reality environments as well as augment our vision with location- and
time-specific information at all times.
By 2030, electronics will utilize molecule-sized circuits,
the reverse-engineering of the human brain will have been
completed, and bioMEMS will have evolved into bioNEMS
(biological nanoelectromechanical systems). It will be routine practice to have billions of nanobots (nano-scale robots)
coursing through the capillaries of our brains, communicating
with each other (over a wireless local area network), as well
as with our biological neurons and with the Internet. One
application will be to provide full-immersion virtual reality
that encompasses all of our senses. When we want to enter a
virtual-reality environment, the nanobots will replace the sig-
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nals from our real senses with the signals that our brain would
receive if we were actually in the virtual environment.
We will have panoply of virtual environments to choose
from, including earthly worlds that we are familiar with, as
well as those with no earthly counterpart. We will be able
to go to these virtual places and have any kind of interaction
with other real (as well as simulated) people, ranging from
business negotiations to sensual encounters. In virtual reality,
we won’t be restricted to a single personality, since we will be
able to change our appearance and become other people.
The most important application of circa-2030 nanobots will
be to literally expand our minds. We’re limited today to a mere
hundred trillion inter-neuronal connections; we will be able
to augment these by adding virtual connections via nanobot
communication. This will provide us with the opportunity
to vastly expand our pattern recognition abilities, memories,
and overall thinking capacity as well as directly interface with
powerful forms of nonbiological intelligence.
It’s important to note that once nonbiological intelligence
gets a foothold in our brains (a threshold we’ve already
passed), it will grow exponentially, as is the accelerating
nature of information-based technologies. A one-inch cube of
nanotube circuitry (which is already working at smaller scales
in laboratories) will be at least a million times more powerful
than the human brain. By 2040, the nonbiological portion of
our intelligence will be far more powerful than the biological
portion. It will, however, still be part of the human-machine
civilization, having been derived from human intelligence,
i.e., created by humans (or machines created by humans) and
based at least in part on the reverse-engineering of the human
nervous system.
Stephen Hawking recently commented in the German
magazine Focus that computer intelligence will surpass that of
humans within a few decades. He advocated that we “develop
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as quickly as possible technologies that make possible a direct
connection between brain and computer, so that artificial
brains contribute to human intelligence rather than opposing
it.” Hawking can take comfort that the development program
he is recommending is well under way.
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PROGRESS TOWARD CYBERIMMORTALITY

William Sims Bainbridge, Ph.D.
Advances in information technology are essential for most of the
imaginable means for achieving immortality, and fundamental
to many. Before nanoscale robots are sent into a person’s body
to repair the damage from aging, computers will have to analyze what is needed and design the nanobots. [1;2] In the slow
process of transferring a mind from an old brain into a freshly
cloned one, that mind will need to be cached temporarily in an
information system. This, then, raises the question of why it
is necessary to transfer the mind from the information system
into a vulnerable brain, rather than into a more durable robot
or keeping it in the information system. [3]

METHODS OF MIND READING
At a first approximation, there are two fundamental ways of
reading the contents of a human mind into a computer: structural and functional. Each of these has innumerable variants
that share a common principle.
In the structural approach, some process or device reads out
the relevant structure of the brain and duplicates it inside a
computer. The dominant structural assumption at present
holds that a person’s memories, mental skills, and much of
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the personality are encoded in the shape of the network of
connections linking neurons. “Self lives in the synapses,”
might be the motto of this viewpoint. Actually, much smaller
structures may also play a role, either inside the neurons or
on their surfaces near the synapses. It has even been suggested
that the glial cells, which outnumber neurons in the brain, are
not merely supportive tissue but have some active function in
thought or memory. Granting that further research is needed,
let us assume for present purposes that a mind really does
consist of the momentary structure of neuronal connections.
At present, we can only imagine how that fine structure might
be mapped.
Magnetic Resonance Imaging (MRI), Computer Assisted
Tomography (CAT scans), Positron Emission Tomography
(PET scans), Electroencephalography (EEGs or brain waves),
and infrared observation are non-destructive ways of studying
the brain. However, all of them have rather poor resolution.
For example, MRIs are generally unable to resolve features
smaller than a cubic millimeter, whereas thousands of neurons
may jostle each other within this space. To see smaller structures requires increasing the power of the MRI scan, but this
is dangerous and violates government regulations for research
on human subjects. Perhaps computer analysis techniques can
improve the resolution somewhat, but several of these methods already use sophisticated software, so we cannot count on
really dramatic advances without a fresh approach. [4]
Unfortunately, at the present time it is difficult to see how the
brain’s detailed structure could be mapped without destroying it. In the Visible Human Project of the National Library of
Medicine of the National Institutes of Health, two deceased
human beings were frozen and then sliced so that their cross
sections could be photographed, from head to toe. The images
were then computerized so that three-dimensional models
could be made of any of the organs. The resolution was at
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best a third of a millimeter, still far too gross to record the fine
structure of the neurons, but the methods could probably be
improved greatly. Whether through a similar mechanical sectioning process or through an intensive application of brain
scan techniques, destructive mapping of the brain could conceivably chart the connections between the neurons. Storage
and analysis of the data are well beyond current information
technology capabilities.
Functional approaches have a different set of advantages and
disadvantages, but they are ready today to make at least low
fidelity copies of human personalities. While we can imagine
many possibilities for the distant future, they will be of no
value for the millions of people who will die before they can
be developed.
If I had to make a prediction, I would guess that everyone
alive when this essay is published will have died before structural methods of mind reading are perfected, and they will be
of little value until a short time before then. This last point
is based on the view that we will have to know very much
about neural connections before we can deduce what meaning
they represent. With functional mind reading, the meaning
is attached to the data, so that even small fragments can be
understood. A good metaphor is assembling a jigsaw puzzle
when some parts of the image become perfectly clear long
before we figure out what the whole picture is about.

PROGRESS IN PERSONALITY CAPTURE
Functional mind reading is already possible at a moderate level of fidelity, and concentrated research efforts could
achieve significant progress rapidly. Both traditional psychological tests and more recent computerized methods can
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collect a great deal of data rigorously about a person’s skills,
beliefs, behaviors, preferences, and emotional reactions.
My own research has focused on recording people’s attitudes and preferences, building on decades of past work
in such fields as sociology and political science that have
become progressively computerized. [5–7] Attitudes are not
merely personal but social, and my methodology begins with
the ambient culture surrounding with the individual. [8]
In May 1997, I launched a website called The Question Factory
to create questionnaire items by posting open-ended surveys
that asked respondents to write their views on various general
topics. [9;10] For example, after pretesting on The Question
Factory an open-ended question about what will happen over
the coming century, I was able to place it in Survey2000, a
massive web-based questionnaire sponsored by the National
Geographic Society. About 20,000 people responded. From
the several megabytes of predictions, I was able to edit 2,000
statements about the future that became fixed-choice questionnaire items, expressing the full range of views found in
our culture. The respondent is supposed to say how likely it is
that each idea will come true, and how good it would be if it
did, so the resultant number of questions was actually 2 times
2,000 or 4,000. [11;12]
Other work with The Question Factory led to a total of 20,000
statements or 40,000 items. One set of 2,000 were stimuli that
might elicit one of 20 different emotions in people: Anger,
Boredom, Desire, Disgust, Excitement, Fear, Frustration,
Gratitude, Hate, Indifference, Joy, Love, Lust, Pain, Pleasure,
Pride, Sadness, Satisfaction, Shame, and Surprise. I then
wrote a program for a pocket computer that would make it
easy and convenient for a person to respond to a few items
wherever they happened to be during the day. Each stimulus
was rated in terms of how much it might produce each of the
20 emotions in a person, and in terms of three semantic dif110
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ferentials: Bad-Good, Weak-Strong, and Passive-Active, for a
total of 46,000 responses. Naturally, I experiment on myself
in this research, as well as with the help of other people, and to
this point I have recorded my own personal answers to about
100,000 questions.
While I find answering questions fun, a kind of hobby,
in general people will need to be motivated to record themselves, so future attitude recording systems will be designed
to accomplish other things as well, such as psychotherapy
and advice-giving. Recently, I have written a program called
ANNE that runs on a small tablet computer that is easy to carry
around. ANNE stands for ANalogies in Natural Emotions, is
based on the 2,000 emotion stimuli, and helps the user orient
emotionally to incidents that occur in life.
Suppose I have to give a lecture to a skeptical audience.
I enter “give a lecture to a skeptical audience” into ANNE, then
click a number of buttons (or speak my responses, because
tablet computers have pretty good voice recognition systems),
rating this incident on all the emotions and other variables.
Immediately, ANNE compares my ratings with all the ratings of the 2,000 episodes stored in the computer, identifying
which are most similar, so I can then contemplate what fundamental features they share and what strategies have worked
well in the past in similar situations. Used over a period of
years, ANNE would accumulate not only thousands of fresh
episodes, but also much more information about my reactions to them than I would ordinarily remember – raising the
paradox that a computer-generated duplicate of myself might
be more like me than I am actually like myself at any given
moment in my forgetful life.
Some quite prominent researchers in computer science or
cognitive science are developing other means to record personality. From one perspective, we are what we experience.
At Carnegie-Mellon University, from 1997 to 2000, Howard
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Wactlar created a system called Experience on Demand, for
the Defense Advanced Research Projects Agency, unobtrusively capturing people’s experiences in a form that facilitates
sharing them. [13] At Microsoft, Gordon Bell’s team has
been developing ways to collect and organize the documents
and experiences of a lifetime in a project called MyLifeBits.
[14;15]
Many researchers are developing computer methods to
record how people perceive their environments. [16] Others
are developing the technology not only to record real environments but to make virtual copies of them, notably the effort at
Columbia University to duplicate electronically the Cathedral
of Amiens, the Virtual Vaudeville project at the University
of Georgia to recreate century-old performances like those
of acrobat Sandow the Magnificent, and the Monuments and
Dust project at the University of Virginia to recreate Victorian
London, beginning with the famous Crystal Palace.
Recordings of behavior include facial expressions, [17] personal conversations [18] and the subtle delays when a person
responds to challenging stimuli. [19;20] Lisa and Daniel
Barrett [21] have used pocket computers to conduct a random
sample of the things a person does or experiences, and we can
well imagine that within a few years many people will have
their wearable computers constantly switched on and sending
their words, deeds, and feelings over wireless Internet to be
recorded on a home digital library.

ARTIFICIAL INTELLIGENCE
Once data about an individual personality have been ported
into an information system, some method is needed to revive
it. One common idea is that some form of artificial intelligence (AI) will reanimate the person’s mind, so it is worth
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examining the current state of AI. In the past, proponents of
AI oversold the capabilities of their technology, leading to a
general stigmatization of the entire field within computer science. [22] Recently, however, there has been a resurgence of
AI, coupled with a refocus.
People who availed themselves of the opportunity to visit
the website of the National Science Foundation (NSF), could
have seen an expansion of grant programs in this area over the
past year or two. A new program in Computer Vision emerged
from the program in Robotics and Human Augmentation.
A new program in Human Language and Communication
(really multi-modal computerized language processing) similarly emerged from the Human-Computer Interaction (HCI)
program. And the Knowledge and Cognitive Systems (KCS)
program morphed into a program explicitly called Artificial
Intelligence and Cognitive Science. As it happens, I ran both the
HCI and KCS programs for two years and work closely with all
of these programs. However, what I write here is not based on
any insider knowledge, but simply on what has been available
for any visitor to the NSF website to see. Anybody who wants
to know exactly what research all of these programs are funding
can search the web-based NSF awards database, which offers
abstracts of all grants made during the past 15 years.
Some of the more vocal pioneers of AI claimed that their
work was giving machines the power to think the way humans
do, but the failure of their technology to match human performance has become a profound embarrassment, now that they
can no longer blame the slow speeds and low memory capacity
of their computers. Recently, the focus of AI has shifted from
supplanting to supplementing human intelligence. The goal
is no longer a walking, talking robot, but tools that improve
the effectiveness of information systems serving human needs.
When the Spirit robot rover was falling toward the Martian
surface, immediately before its heroic bounces to a safe land113
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ing, the onboard computer vision system detected that the
spacecraft was moving to one side more rapidly than desired,
so the control system immediately compensated. Because
there was no human being on board, and the speed-of-light
limitation prevented information and commands from going
to and from Earth in time, autonomous vision was crucial.
But the robot vision system was not capable of recognizing
objects, merely measuring the speed that objects and textures
were moving across the field of view. Computer vision is progressing rapidly, but it has a long way to go before it matches
the capabilities of a sparrow, let alone a human being.
Similarly, the computer techniques called natural language
processing (NLP) are progressing rapidly. [23] Imperfect but
serviceable speech recognition programs now operate many
companies’ telephone information and reservation systems,
and the quality of this technology improves constantly.
Perhaps the greatest controversy in NLP right now is how
much can be accomplished by brute-force statistical systems without incorporating the results of linguistics research
about the structure of language and the meaning of words.
For example, a speech recognition system may consist of a set
of mathematical models of phonemes – the individual sounds
that comprise speech when strung together – and a statistical model of the probability that various words would appear
together in a sentence, based on analysis of a vast corpus of
written language using techniques such as Hidden Markov
Models (HMM). Some researchers are beginning to add linguistic rules, word definitions, and information from other
modes of communication such as facial expressions. But NLP
is not yet a fully ‘intelligent’ system that could take over a
person’s speaking and listening functions, let alone thought
processes.
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Artificial Intelligence, broadly defined, covers not only
computerized vision and language, but a whole host of other
approaches such as probabilistic planning, rule-based reasoning, case-based reasoning, logic programming, machine
learning, neural networks [24;25] and even methods that go
beyond what individual human minds do, such as genetic
algorithms that mimic biological evolution. [26] Perhaps the
major application area is finding patterns in vast sets of data.
One often hears about knowledge extraction, implying that
the computer can take crude data and refine it to meaningfulness. Data fusion and data mining refer to assembling raw
data from many sources and sifting them for discoveries that
a human could never make, simply because the data are too
vast and too fragmented. It is often said that a human being
can hold only about seven things in mind at once, whereas
modern information systems deal with billions. [27]
Thus, AI intending to duplicate human abilities is currently
in hiatus, while AI to enhance the information processing
abilities of humans is being pursued aggressively. At the same
time, some researchers are doing fundamental research at
the intersection of AI and Cognitive Science. For example,
Lokendra Shastri [28–30] of the International Computer
Science Institute in Berkeley, California, has been modeling
how the hippocampal system in the human brain may record
memories of specific episodes in the person’s life. Damage
to the hippocampus deep within the human skull disrupts
the ability of the person to learn life’s events, without necessarily blocking other kinds of learning such as language and
skills. Shastri postulates that the hippocampus and related elements of the brain hold memories of episodes as connections
between a small number of concepts that themselves are stored
elsewhere. “John gave Mary a book” may be represented by
neural connections between a link to memories of John, a link
to memories of Mary, a link to the concept book, plus verb
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links such as that “gives” requires someone in a giver relationship and someone in a receiver relationship.
Nobody knows how many episodes an adult remembers,
but the number 50,000 is sometimes mentioned in Cognitive
Science discussions. If Shastri is right, then a computer model
of the hippocampal system might not need to be very big. If
concepts are addressed efficiently in other parts of the brain,
then an episode like “John gave Mary a book” could be stored
in fewer than a hundred bytes. This would imply the entire
hippocampal system could get by with only 5 megabytes of
memory, a tiny fraction of the memory of today’s pocket computers. Shastri notes that the human mind imaginatively fills
in the missing details of memories, and each episodic memory
really has very little information in it. We are not generally
conscious of the yawning gaps in our memory, any more than
we are conscious of the blind spot in the vision of each of our
eyes. Shastri also notes that memories are generally stored in
multiple copies, perhaps to guard against losing them through
the death of any single neuron, but the redundancy in memory
may have other functions as well, such as helping us combine
facts from different sources by placing some copies of them
nearer to each other. Computerized memories might not need
that redundancy.
This very quick summary of the current state of AI suggests
that we really cannot predict how soon computer and information scientists will be able to simulate real human minds.
Rapid progress is going on in other directions, and in a few
years a renewed interest in duplicating human intelligence
could plausibly move forward very quickly by exploiting all
the discoveries and inventions that are being made now for
other purposes. Once we know how to duplicate a mind in a
computer, then we will know far better how much information of what kinds we will need. We do not currently have this
knowledge, but such rapid progress is being made in several
116
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approaches to recording human personalities. I would argue
that it is time to begin seriously recording people who want it
done yet are unlikely to live until the technology is completely
mature.

IDENTITY DIFFUSION
In principle, and perhaps in actuality three or four decades
from now, it should be possible to transfer a human personality into a robot, thereby extending the person’s lifetime by the
durability of the machine. This is an old idea that is probably
also old-fashioned. A better and more modern idea might be
semi-autonomous robots that periodically or continuously
update and are updated by a networked database. There is no
need to design a vastly expensive, technologically challenging robot into which a human’s personality could be placed.
Rather, a person archived in a dynamic, distributed information system may temporarily use a variety of relatively simple
robots over a period of time, via wireless links. These robots
may be modular, reconfigurable, and specialized. There could
be aquatic robots for swimming, aerial robots for flying, and
mole-like robots for traveling underground - all of which could
be shared by many individuals in turn for sake of economy.
One may well ask about a distributed intelligence: Where is
it located? We often use traditional language and metaphorically locate ourselves in our hearts, even though that cognition
actually takes place in our brains. Subjectively, we are located
wherever our senses collect input. Thus, if the hardware that
hosts your mind is in a laboratory, but the input and feedback
come from an ocean-going robot, then your consciousness is
in the sea, not the lab. However, if the robot sinks, your consciousness will revert to the safety of the lab.
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Computer archived human personalities will live again on
the grid. The grid is more than the net or the web. The Internet
is a network of connections that allows one computer to send
data to another. The World Wide Web is the most prominent of the many data exchange systems that lie on top of the
Internet, consisting of a vast number of data files connected
by hypertext links. The Cyberinfrastructure Grid includes the
net and the web, but by definition it also includes a variety
of physical resources such as sensors and other input devices,
actuators and other output devices, memory, and computers.
Today, grid computing is chiefly a method of simulating the
performance of a supercomputer by linking together a number
of more ordinary computers that carry out calculations in parallel. Computer scientists are beginning to imagine a future
grid that unites every imaginable resource, which would make
it an ideal environment in which to be reincarnated.
Once a personality has entered the grid, it may use a variety
of resources located at vast distances from each other, which
could require it to separate into a number of fairly autonomous pieces that intermittently communicate or rejoin with
each other. No longer contained within the confines of the
skull, intelligence will distribute itself dynamically across the
information network, becoming potentially ubiquitous. [31]
On the one hand, identity diffusion means that the person
becomes scattered, possibly incoherent but certainly complex – no longer a star but a nebula. On the other hand, this
also means that the person can become greater than any conventional individual, a distributed intelligence that pervades
civilization.
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CONCLUSION
In the distant future, we may learn to conceptualize our biological lives on Earth as extended childhoods preparing us for
the real life that follows in cyberspace. The metaphor of biological caterpillars becoming cybernetic butterflies would be
apt, were it not for the proverbial fragility of insects. And the
transition from flesh to data will not be so much metamorphosis as liberation. As information contained in a star-spanning
database – call it StarBase – we will travel across immensity,
create new bodies along the way to dwell in every possible
environment, and have adventures of the spirit throughout
the universe. [32] Fundamentally, we are dynamic patterns
of information. The self-awareness that we call consciousness
is not a supernatural soul, but the natural consequence of our
semantic complexity that gives us the ability to conceptualize
ourselves. As information, we can be translated from one storage medium to another, combined with other information,
and expressed through an almost infinite variety of instrumentalities. When we emerge into cyberspace, we should no
more lament the loss of the bodies that we leave behind than
an eagle hatchling laments the shattered fragments of its egg
when it first takes wing.
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WILL ROBOTS INHERIT THE EARTH?

Marvin L. Minsky, Ph.D.
Early to bed and early to rise, makes a man healthy and
wealthy and wise. --- Ben Franklin
Everyone wants wisdom and wealth. Nevertheless, our health
often gives out before we achieve them. To lengthen our lives,
and improve our minds, in the future we will need to change
our bodies and brains. To that end, we first must consider
how normal Darwinian evolution brought us to where we are.
Then we must imagine ways in which future replacements for
worn body parts might solve most problems of failing health.
We must then invent strategies to augment our brains and
gain greater wisdom. Eventually we will entirely replace our
brains – using nanotechnology. Once delivered from the limitations of biology, we will be able to decide the length of our
lives – with the option of immortality – and choose among
other, unimagined capabilities as well. In such a future, attaining wealth will not be a problem; the trouble will be in controlling it. Obviously, such changes are difficult to envision.
Many still argue that these advances are impossible, particularly in the domain of artificial intelligence. But the sciences
needed to enact this transition are already in the making, and
it is time to consider what this new world will be like.
123

Will Robots Inherit the Earth?

HEALTH AND LONGEVITY
Such a future cannot be realized through biology. In recent
times we have learned a lot about health and how to maintain it. We have devised thousands of specific treatments for
particular diseases and disabilities. Scientists are seriously considering the possibility of extending the maximum human
life span, but we have not yet achieved this goal. According
to the estimates of Roy Walford, professor of pathology at
UCLA Medical School, the average human life span was about
22 years in ancient Rome; about 50 in the developed countries
in 1900, and today stands at about 75. Still, each of those curves
seems to terminate near 115 years [1]. Centuries of improvements in health care have had no effect on that maximum.
Why are our life spans so limited? The answer is simple:
Natural selection favors the genes of those with the most
descendants. Those numbers tend to grow exponentially with
the number of generations. This favors the genes of those
who reproduce at earlier ages. Evolution does not usually
favor genes that lengthen lives beyond that amount adults
need to care for their young. Indeed, it may even favor offspring who do not have to compete with living parents. Such
competition could promote the accumulation of genes that
cause death. We humans appear to be the longest-lived warmblooded animals. What selective pressure might have led to
our present longevity, almost twice that of our other primate
relatives? This is related to wisdom! Among all mammals, our
infants are the most poorly equipped to survive by themselves.
Perhaps we needed not only parents, but grandparents too, to
care for us and to pass on precious survival tips.
Even with such advice, there are many causes of mortality to
which we might succumb. Some deaths result from infections.
Our immune systems have evolved versatile ways to deal with
most diseases. Unhappily though, those very same immune
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systems often injure us by treating various parts of ourselves
as though they too, were infectious invaders. This blindness
leads to conditions such as diabetes, multiple sclerosis, rheumatoid arthritis, and many others.
We are also subject to injuries that our bodies cannot repair.
Namely, accidents, dietary imbalances, chemical poisons, heat,
radiation, and sundry other influences can deform or chemically alter the molecules inside our cells so that they are unable
to function. Some of these errors get corrected by replacing
defective molecules. However, when the replacement rate is
too slow, errors accumulate. For example, when the proteins
of the eyes’ lenses lose their elasticity, we lose our ability to
focus and need bifocal spectacles.

BIOLOGICAL WEARING-OUT
Most likely, eventual senescence is inevitable in all biological organisms. As we learn more about our genes and cellular
biochemistry, we will hopefully be able to correct, or at least
postpone many conditions that still plague our later years.
However, even if we found cures for each specific disease, we
would still have to deal with the general problem of ‘wearing
out’. The normal function of every cell involves thousands of
chemical processes, each of which sometimes makes random
mistakes. Our bodies use many kinds of correction techniques,
each triggered by a specific type of mistake. However, those
random errors happen in so many different ways that any lowlevel scheme to correct them would be difficult indeed.
The problem is that our genetic systems were not designed
for very long-term maintenance. The relationship between
genes and cells is exceedingly indirect. To repair defects on
larger scales, a body would need some sort of catalogue that
specified where the various types of cells should be located
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– or extensive, constant treatment using future regenerative
medicine. In computer programs it is easy to install such redundancy. Many computers maintain unused copies of their most
critical ‘system’ programs, and routinely check their integrity.
However, no animals have evolved like schemes, presumably because such algorithms cannot develop through natural
selection. The trouble is that error correction then would stop
mutation – which would ultimately slow the rate of evolution of an animal’s descendants so much that they would be
unable to adapt to changes in their environments.
Could we live for several centuries simply by changing some
number of genes? After all, we now differ from our evolutionary relatives, the gorillas and chimpanzees, by only a few
thousand genes – and yet we live almost twice as long. If we
assume that only a small fraction of those new genes caused
that increase in life span, then perhaps no more than a hundred or so of those genes were involved. Still, even if this
turned out to be true, it would not guarantee that we could
gain another century by changing another hundred genes.
We might need to change only a few of them – or we might
have to change a good many more.
Making new genes and installing them is slowly becoming
feasible. But we are already exploiting another approach to
combat biological wear and tear: replacing each organ that
threatens to fail with a biological or artificial substitute. Some
replacements have already become routine, while others are
on the horizon. Hearts are merely clever pumps. Muscles and
bones are motors and beams. Digestive systems are chemical reactors. Eventually, we will solve the problems associated
with transplanting or replacing all of these parts.
When we consider replacing a brain though, a transplant
will not work. You cannot simply exchange your brain for
another and remain the same person. You would lose the
knowledge and the processes that constitute your identity.
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Nevertheless, we might be able to replace certain worn out
parts of brains by transplanting tissue-cultured stem cells.
This procedure would not restore lost knowledge – but that
might not matter as much as it seems. We probably store each
fragment of knowledge in several different places, in different
forms. New parts of the brain could be retrained and reintegrated with the rest, and some of that might even happen
spontaneously. Progress in regenerative medicine in the past
few years is already leading to this form of treatment for neurodegenerative conditions like Parkinson’s.

LIMITATIONS OF HUMAN WISDOM
Even before our bodies wear out, I suspect that we run into
limitations of our brains. As a species we seem to have reached
a plateau in our intellectual development. There is no sign that
we are getting smarter. Was Albert Einstein a better scientist
than Newton or Archimedes? Has any playwright in recent
years topped Shakespeare or Euripides? We have learned a lot
in two thousand years, yet much ancient wisdom still seems
sound – which makes me suspect that we haven’t been making
much progress. We still do not know how to deal with conflicts between individual goals and global interests. We are so
bad at making important decisions that, whenever we can, we
leave to chance what we are unsure about.
Why is our wisdom so limited? Is it because we do not have
the time to learn very much, or that we lack enough capacity? Is it because, as in popular legend, we use only a fraction
of our brains? Could better education help? Of course it can,
but only to a point. Even our best prodigies learn no more
than twice as quickly as the rest. Everything takes us too long
to learn because our brains are so terribly slow. It would certainly help to have more time, but longevity is not enough.
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The brain, like other finite things, must reach some limits to
what it can learn. We do not know what those limits are; perhaps our brains could keep learning for several more centuries.
Ultimately, though, we will need to increase their capacity.
The more we learn about our brains, the more ways we will
find to improve them. Each brain has hundreds of specialized
regions. We know only a little about what each one does – but
as soon as we find out how any one part works, researchers
will try to devise ways to extend that organ’s capacity. They
will also conceive of entirely new abilities that biology has
never provided. As these inventions accumulate, we will try
to connect them to our brains – perhaps through millions of
microscopic electrodes inserted into the great nerve-bundle
called the corpus callosum, the largest data-bus in the brain.
With further advances, no part of the brain will be out of
bounds for attaching new accessories. In the end, we will find
ways to replace every part of the body and brain – and thus
repair all the defects and flaws that make our lives so brief.

REPLACING THE BRAIN
Almost all the knowledge that we learn is embodied in various networks inside our brains. These networks consist of
huge numbers of tiny nerve cells, and even larger numbers of
smaller structures called synapses, which control how signals
jump from one nerve cell to another. To make a replacement of your brain, we would need to know something about
how each of your synapses relates to the two cells it bridges.
We would also have to know how each of those structures
responds to the various electric fields, hormones, neurotransmitters, nutrients and other chemicals that are active in its
neighborhood. Your brain contains trillions of synapses, so
this is no small requirement.
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Fortunately, we would not need to know every minute detail.
If that were so, our brains would not work in the first place.
In biological organisms, generally each system has evolved to be
insensitive to most details of what goes on in the smaller subsystems on which it depends. Therefore, to copy a functional
brain, it should suffice to replicate just enough of the function
of each part to produce its important effects on other parts.
Suppose that we wanted to copy a machine, such as a brain,
that contained a trillion components. Today we could not
do such a thing (even were we equipped with the necessary
knowledge) if we had to build each component separately.
However, if we had a million construction machines that
could each build a thousand parts per second, our task would
take only minutes. In the decades to come, new fabrication
machines will make this possible. Most present-day manufacturing is based on shaping bulk materials. In contrast,
the field called ‘nanotechnology’ aims to build materials and
machinery by placing each atom and molecule precisely where
we want it.
By such methods, we could make truly identical parts – and
thus escape from the randomness that hinders conventionally made machines. Today, for example, when we try to etch
very small circuits, the sizes of the wires vary so much that
we cannot predict their electrical properties. However, if we
can locate each atom exactly, then those wires will be indistinguishable. This would lead to new kinds of materials that
current techniques could never make; we could endow them
with enormous strength, or novel quantum properties. These
products in turn will lead to computers as small as synapses,
having unparalleled speed and efficiency.
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LIMITS OF HUMAN MEMORY
If we want to consider augmenting our brains, we might first
ask how much a person knows today. Thomas K. Landauer of
Bell Communications Research reviewed many experiments
in which people were asked to read text, look at pictures, and
listen to words, sentences, short passages of music, and nonsense syllables. [1] They were later tested in various ways to see
how much they remembered. In none of these situations were
people able to learn, and later remember, more than about 2
bits per second, for any extended period. If you could maintain that rate for twelve hours every day for 100 years, the
total would be about three billion bits – less than what we can
store today on a regular 5-inch Compact Disk. In a decade or
so, that amount should fit on a single computer chip.
Although these experiments do not much resemble what
we do in real life, we do not have any hard evidence that
people can learn more quickly. Despite those popular legends
about people with ‘photographic memories,’ no one seems to
have mastered, word for word, the contents of as few as one
hundred books – or of a single major encyclopedia. The complete works of Shakespeare come to about 130 million bits.
Landauer’s limit implies that a person would need at least four
years to memorize them. We have no well-founded estimates
of how much information we require to perform skills such
as painting or skiing, but I do not see any reason why these
activities should not be similarly limited.
The brain is believed to contain the order of a hundred trillion synapses – which should leave plenty of room for those
few billion bits of reproducible memories. Someday though,
it should be feasible to build that much storage space into a
package as small as a pea, using nanotechnology.
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THE FUTURE OF INTELLIGENCE
Once we know what we need to do, our nanotechnologies
should enable us to construct replacement bodies and brains
that won’t be constrained to work at the crawling pace of ‘real
time’. The events in our computer chips already happen millions of times faster than those in brain cells. Hence, we could
design our new selves to think a million times faster than we
do. To such a being, half a minute might seem as long as
one of our years, and each hour as long as an entire human
lifetime.
But could such beings really exist? Many thinkers firmly
maintain that machines will never have thoughts like ours,
because no matter how we build them, they will always lack
some vital ingredient. They call this essence by various names
– like sentience, consciousness, spirit, or soul. Philosophers
write entire books to prove that, because of this deficiency,
machines can never feel or understand the sorts of things that
people do. However, every proof in each of those books is
flawed in the same way: by assuming the thing that it purports
to prove – the existence of some magical spark that has no
detectable properties.
In order to think effectively, you need multiple processes to
help you describe, predict, explain, abstract, and plan what
your mind should do next. The reason we can think so well
is not because we house mysterious spark-like talents and
gifts, but because we employ societies of agencies that work
in concert to keep us from getting stuck. When we discover
how these societies work, we can put them to inside computers too. Then if one procedure in a program gets stuck,
another might suggest an alternative approach. If you saw a
machine do things like that, you would certainly think it was
conscious.
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THE FAILURES OF ETHICS
This article bears on our rights to have children, to change
our genes, and to die if we so wish. No popular ethical system
yet, be it humanist or religion-based, has shown itself able
to face the challenges that already confront us. How many
people should occupy Earth? What sorts of people should
they be? How should we share the available space? Clearly,
we must change our ideas about making additional children.
Individuals now are conceived by chance. Someday, though,
they could be ‘composed’ in accord with considered desires
and designs. Furthermore, when we build new brains, these
need not start out the way ours do, with so little knowledge
about the world. What sorts of things should our new children know? How many of them should we produce and who
should decide their attributes?
Whatever the unknown future may bring, already we are
changing the rules that made us. Although most of us will
be fearful of change, others will surely want to escape from
our present limitations. When I decided to write this article, I
tried these ideas out on several groups and had them respond
to informal polls. I was amazed to find that at least three quarters of the audience seemed to feel that our life spans were
already too long. “Why would anyone want to live for five
hundred years? Wouldn’t it be boring? What if you outlived
all your friends? What would you do with all that time?” they
asked. It seemed as though they secretly feared that they did
not deserve to live so long. I find it rather worrisome that so
many people are resigned to die.
My scientist friends showed few such concerns. “There are
countless things that I want to find out, and so many problems
I want to solve, that I could use many centuries,” they said.
Certainly, immortality would seem unattractive if it meant
endless infirmity, debility, and dependency upon others – but
132

Essays on Infinite Lifespans

Marvin L. Minsky

we will build a state of perfect health. Some people expressed
a sounder concern – that the old ones must die because young
ones are needed to weed out their worn-out ideas. However,
if it is true, as I fear, that we are approaching our intellectual
limits, then that response is not a good answer. We would
still be cut off from the larger ideas in those oceans of wisdom
beyond our grasp. [2]
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A QUESTION OF SCIENCE
Brian Wowk, Ph.D.
Time travel is a solved problem. Einstein showed that if you
travel in a spaceship for months at speeds close to the speed of
light, you can return to earth centuries in the future. Unfortunately for would-be time travelers, such spacecraft will not
be available until centuries in the future.
Rather than Einstein, nature relies on Arrhenius to achieve
time travel. The Arrhenius equation of chemistry describes
how chemical reactions slow down as temperature is reduced.
Since life is chemistry, life itself slows down at cooler temperatures. Hibernating animals use this principle to time
travel from summer to summer, skipping winters when food
is scarce.
Medicine already uses this kind of biological time travel.
When transplantable organs such as hearts or kidneys are
removed from donors, the organs begin dying as soon as their
blood supply stops. Removed organs have only minutes to
live. However with special preservation solutions and cooling in ice, organs can be moved across hours of time and
thousands of miles to waiting recipients. Cold slows chemical
processes that would otherwise be quickly fatal.
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Can whole people travel through time like preserved organs?
Remarkably, the answer seems to be yes. Although it is seldom
done, medicine sometimes does preserve people like organs
awaiting transplant. Some surgeries on major blood vessels
of the heart or brain can only be done if blood circulation
through the entire body is stopped. [1;2] Stopped blood circulation would ordinarily be fatal within 5 minutes, but cooling
to +16°C (60°F) allows the human body to remain alive in
a ‘turned off’ state for up to 60 minutes. [3] With special
blood substitutes and further cooling to a temperature of 0°C
(32°F), life without heartbeat or circulation can be extended
as much as three hours. [4] Although there is currently no surgical use for circulatory arrest of several hours [5], it may be
used in the future to permit surgical repair of wounds before
blood circulation is restored after severe trauma. [6]
While some biological processes are merely slowed by deep
cooling, others are completely stopped. Brain activity is an
important example. Brain electrical activity usually ceases at
temperatures below +18°C (64°F), and disappears completely
in all cases as freezing temperatures are approached. [7] Yet
these temperatures can still be survived. In fact, not only can
the brain survive being turned off, surgeons often use drugs
to force the brain to turn off when temperature alone does
not do the trick. [8] They do this because if the brain is active
when blood circulation is stopped, vital energy stores can
become depleted, later causing death. This reminds us that
death is not when life turns off. Death is when the chemistry
of life becomes irreversibly damaged.
Specialized surgeries are not the only cases in which the
brain can stop working and later start again. Simple cardiac
arrest (stopping of the heart) at normal body temperature also
causes brain electrical activity to stop within 40 seconds. [9]
Yet the heart can remain stopped for several times this long
with no lasting harm to the brain. Anesthetic drugs, such as
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barbiturates, can flatten EEG (brain electrical activity) readings for many hours while still permitting later recovery. [10]
This prolonged drug-induced elimination of brain activity is
sometimes used as a treatment for head injuries. [11] Patients
do not emerge from these comas as blank slates. Evidently
human beings do not require continuous operation like computer chips. Brains store long-term memories in physical
structures, not fleeting electrical patterns.
Perhaps the most extreme example of brains completely
stopping and later starting again are the experiments of Isamu
Suda reported in the journal Nature [12] and elsewhere [13]
in 1966 and 1974. Suda showed recovery of EEG activity in
cat brains resuscitated with warm blood after frozen storage at
-20°C (-4°F) for up to seven years.
Reversible experiments in which all electrical activity stops,
and chemistry comes to a virtual halt, disprove the 19th-century belief that there is a ‘spark of life’ inside living things.
Life is chemistry. When the chemistry of life is adequately
preserved, so is life. When the chemical structure and organization of a human mind is adequately preserved, so is the
person.
Suda’s frozen cat brains deteriorated with time. Brains
thawed after five days showed EEG patterns almost identical to
EEGs obtained before freezing. However brains thawed after
seven years showed greatly slowed activity. At a temperature
of -20°C, liquid water still exists in a concentrated solution
between ice crystals. Chemical deterioration still slowly occurs
in this cold liquid.
Preserving the chemistry of life for unlimited periods of
time requires cooling below -130°C (-200°F). [14] Below this
temperature, any remaining unfrozen liquid between ice crystals undergoes a “glass transition”. Molecules become stuck to
their neighbors with weak hydrogen bonds. Instead of wan-
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dering about, molecules just vibrate in one place. Without
freely moving molecules, all chemistry stops.
For living cells to survive this process, chemicals called cryoprotectants must be added. Cryoprotectants, such as glycerol,
are small molecules that freely penetrate inside cells and limit
the percentage of water that converts into ice during cooling.
This allows cells to survive freezing by remaining in isolated
pockets of unfrozen solution between ice crystals. [14] Below
the glass transition temperature, molecules inside these pockets lock into place, and cells remain preserved inside the glassy
water-cryoprotectant mixture between ice crystals.
This approach for preserving individual cells by freezing was
first demonstrated half a century ago. [15] It is now used routinely for many different cell types, including human embryos.
Preserving organized tissue by freezing has proven to be more
difficult. While isolated cells can accommodate as much as
80% of the water around them turning into ice, organs are
much less forgiving because there is no room between cells for
ice to grow. [16] Suda’s cat brains survived freezing because
the relatively warm temperature of -20°C allowed modest
quantities of glycerol to keep ice formation between cells
within tolerable limits.
In 1984 cryobiologist Greg Fahy proposed a new approach
to the problem of complex tissue preservation at low temperature. [17] Instead of freezing, Fahy proposed loading tissue
with so much cryoprotectant that ice formation would be completely prevented at all temperatures. Below the glass transition
temperature, entire organs would become a glassy solid (a solid
with the molecular structure of a liquid), free of any damage
from ice. This process was called “vitrification”. Preservation
by vitrification, first demonstrated for embryos [18], has now
been successfully applied to many different cell types and tissues of increasing complexity. In 2000, reversible vitrification
of transplantable blood vessels was demonstrated. [19]
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New breakthroughs in reducing the toxicity of vitrification solutions [20], and in adding synthetic ice blocking
molecules [21;22] continue to push the field forward.
In 2004, successful transplantation of rabbit kidneys after
cooling to a temperature of -45°C (-49°F) was reported.
[23] These kidneys were prevented from freezing by replacing more than half of the water inside them with vitrification
chemicals. Amazingly, organs can survive this extreme treatment if the chemicals are introduced and removed quickly at
low temperature.
Reversible vitrification of major organs is a reasonable prospect within this decade. What about vitrification of whole
animals? This is a much more difficult problem. Some organs,
such as the kidney and brain, are privileged organs for vitrification because of their high blood flow rate. This allows
vitrification chemicals to enter and leave them quickly before
there are toxic effects. Most other tissues would not survive
the long chemical exposure time required to absorb a sufficient concentration to prevent freezing.
It is useful to distinguish between reversible vitrification and
morphological vitrification. Reversible vitrification is vitrification in which tissue recovers from the vitrification process
in a viable state. Morphological vitrification is vitrification in
which tissue is preserved without freezing, with good structural
preservation, but in which key enzymes or other biomolecules
are damaged by the vitrification chemicals. Morphological
vitrification of a kidney was photographically demonstrated
in Fahy’s original vitrification paper [17], but 20 years later
reversible kidney vitrification is still being pursued.
Given this background, what are the prospects of reversibly
vitrifying a whole human being? It is theoretically possible,
but the prospects are still distant. Morphological vitrification
of most organs and tissues in the body may now be possible,
but moving from morphological vitrification to reversible
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vitrification will require fundamental new knowledge of
mechanisms of cryoprotectant toxicity, and means to intervene in those mechanisms.
If reversible vitrification of humans is developed in future
decades, what would be the application of this ‘suspended
animation’? Space travel is sometimes suggested as an application, but time travel – specifically, medical time travel – seems
more likely to be the primary application. People, especially
young people dying of diseases expected to be treatable in
future years would be most motivated to try new suspended
animation technologies. Governments would probably not
even allow anyone but dying people to undergo such an
extreme process, especially in the early days. Applications like
space travel would come much later.
Medical time travel, by definition, involves technological anticipation. Sometimes this anticipation goes beyond
just cures for disease. After all, if people are cryopreserved
in anticipation of future cures, what about future cures for
imperfections of the preservation process itself? As the medical prospect of reversible suspended animation draws nearer,
the temptation to cut this corner will become stronger.
In fact, some people are already cutting this corner very wide.
In 1964, with the science of cryobiology still in its infancy,
Robert Ettinger proposed freezing recently deceased persons until science could resuscitate them. [24] The proposal
assumed that the cause of death, the early stages of clinical
death, and crude preservation would all be reversible in the
future. Even aging was to be reversed. This proposal was made
in absence of any detailed knowledge of the effects of stopped
blood flow or freezing on the human body. The proposal later
came to be known as ‘cryonics’.
Cryonics was clever in that it circumvented legal obstacles
to cryopreserving people by operating on the other side of
the legal dividing line of death. However 40 years later, as
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measured by the number of people involved and the scientific acceptance of the field, cryonics remains a fringe practice.
Why? Probably because by operating as it does, cryonics is
perceived as interment rather than medicine. One organization, the Cryonics Institute, is even licensed as a cemetery.
It advertises that professional morticians deliver its services (as
if this is an endorsement?). Dictionaries now define cryonics
as ‘freezing a dead human’. Is it any wonder that cryonics is
unpopular? It is a failure by definition!
Is this view biologically justified? In the 1980’s another
cryonics organization, the Alcor Life Extension Foundation,
adopted a different approach to cryonics. Under the leadership
of cardiothoracic surgery researcher, Jerry Leaf, and dialysis
technician, Mike Darwin, Alcor brought methods of modern
medicine into cryonics. Alcor sought to validate each step of
their cryopreservation process as reversible, beginning with
life support provided immediately after cardiac arrest, and
continuing through hours of circulation with blood replacement solutions. Leaf and Darwin showed that large animals
could be successfully recovered after several hours at nearfreezing temperatures under conditions similar to those in the
first hours of real cryonics cases. [25] Blood gas measurements
and clinical chemistries obtained in real cryonics cases further demonstrated that application of life support techniques
(mechanical CPR and heart-lung machines) could keep cryonics subjects biologically alive even in a state of cardiac arrest
and legal death. [26]
This leaves cryonics today in an interesting situation.
It is stigmatized as something that cannot work because
the subjects are legally deceased. Yet under ideal conditions
the subjects are apparently alive by all measurable criteria,
except heartbeat. At the start they are biologically the same as
patients undergoing open heart surgery, legal labels notwithstanding. The cryopreservation phase of cryonics is of course
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not yet reversible. But cryonicists would argue that this does
not imply death either because death only happens when biochemistry becomes irreversibly damaged, and “irreversibility”
is technology-dependent.
To clarify these issues, cryonicists have proposed the “information-theoretic criterion” for death. [27] According to this
criterion, you are not dead when life stops (we already know
that from clinical medicine), you are not dead when biochemistry is damaged, you are only dead when biochemistry
is so badly damaged that no technology, not even molecular
nanotechnology [28], could restore normal biochemistry with
your memories intact. By this criterion, someone who suffered cardiac arrest days ago in the wilderness is really dead.
Someone who suffered only a few minutes of cardiac arrest
and cryoprotectant toxicity during morphological vitrification may not be.
Whether or not one accepts this information-theoretic criterion, the modern cryonics practice of using life support
equipment to resuscitate the brain after legal death raises
important issues. Among them is the scientific issue that cryonics cannot be dismissed simply by calling its subjects ‘dead’.
Two minutes of cardiac arrest followed by restoration of blood
circulation does not a skeleton make. There should be a rule
that no one is allowed to say “dead” when discussing cryonics.
It is usually a slur that communicates nothing scientific.
Whether cryonics can work depends on biological details of
cerebral ischemic injury (brain injury during stopped blood
flow), cryopreservation injury, and anticipated future technology. There is much published literature on cerebral ischemia,
and a small, but growing body of writing on relevant future
technologies. [29– 33] There is, however, very little information on the quality of preservation achieved with cryonics.
[34;35] It would seem logical to look to cryobiologists for this
information.
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Cryobiologists, professional scientists who study the effect
of cold on living things, decided long ago that they did not
want their field associated with cryonics. [36] The Society for
Cryobiology bylaws even provide for the expulsion of members that practice or promote “freezing deceased persons”.
The result has been the polarization of cryobiologists into
either outspoken contempt or silence concerning cryonics.
The contempt camp typically speaks of cryonics as if it has
not changed in 40 years. This political environment, plus the
fact that most cryobiologists work outside the specialty of
organ cryopreservation, makes obtaining informed cryobiological information about cryonics very difficult.
The most important cryobiological fact of cryonics (other
than its current irreversibility) is that cryoprotectant chemicals can be successfully circulated through most of the major
organs of the body if blood clots are not present. We can
conclude this by simply considering that everything now
known about long-term preservation of individual organs was
learned by removing and treating those organs under conditions similar to ideal cryonics cases. It is generally observed
that the quality of cell structure preservation (as revealed by
light and electron microscopy) is very poor when there is no
cryoprotectant, but steadily improves as the concentration of
cryoprotectant is increased (provided toxicity thresholds are
not exceeded). Recent years have seen a trend toward using
higher cryoprotectant concentrations in cryonics, yielding
structural preservation that is impressively similar to unfrozen
tissue. [35]
Extraordinary claims require extraordinary evidence. While
it is plausible that mechanical CPR and rapid cooling can keep
the brain alive long after cardiac arrest, cryonicists need to provide more oxygenation and blood chemistry data from more
cases to support this claim. While it is plausible that morphological vitrification of major organs can now be achieved with
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existing technology, more research needs to be published supporting this claim. Copious technical information is critical to
the evaluation of a highly speculative field that will not have
clinical feedback for decades or centuries. Cryonics without
feedback is a recipe for mischief. [37]
Somewhere between freezing, morphological vitrification,
reversible vitrification of the central nervous system, and
reversible vitrification of whole people, there is technology
that will lead medicine to take the idea of medical time travel
seriously within this century. Whether what is now called cryonics will eventually become that technology remains to be
seen. It will depend on whether cryonicists can manage to
outgrow the stigma attached to their field, and develop methods that are validated by more biological feedback and less
hand waving. It may also depend on whether critics of cryonics can manage to engage in more substantive discussion
and less name-calling. The ultimate feasibility of medical time
travel is a question of science, not rhetoric.
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CHAPTER II: PERSPECTIVES
Ethics, Sociology and Philosophy

W

e could end it here. The scientific story has been
told, the experts have made their predictions, and the
options have been presented. But the Institute’s mission has
always been more encompassing. Many questions have been
brought up: About what it means to be human, about what
it means to be mortal; about the society of the future and the
dreams that shape it today. In this section, we will encounter
those who are enthusiastically supportive and those who are
deeply skeptical of the quest for immortality.
But this section is not just about moral wrongs and (human)
rights. We are also asked to consider deeper philosophical questions about time, identity, and our outlook on death and life.
We begin with “Some Ethical and Theological
Considerations” by Brad F. Mellon. The editors must confess that in light of the recent statements made by the US
President’s Council on Bioethics, we were pleasantly surprised
to encounter such a measured and thoughtful analysis of the
relationship between Christianity and the scientific conquest
of death. In concluding, Mellon leaves us with at least two
questions: Why should we fear death and should we spend
resources more wisely?
The latter question is often paraphrased as a Malthusian
concern about limited resources. Surely there are too many
people already? Yet, immortalist philosopher and founder of
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the extropian transhumanist movement, Max More, argues
that “Superlongevity without Overpopulation” is entirely
feasible.
Another instinctive objection to the scientific conquest of
death is to claim that dying is, after all, natural. Businessman
and activist Mike Treder takes issue with the contention that
this is “Upsetting the Natural Order.” He sees death as an
evil to be eradicated, and the desire for immortality to be far
from unnatural – as do many of our scientific contributors.
Eric S. Rabkin, Professor of English Language, examines
the way in which the human struggle for immortality has
been represented in literature. In a thorough and insightful investigation he comes to conclude that the desire for
immortality is “The Self-defeating Fantasy”. Opposing the
preceding author, who advocates the expansion of consciousness by merging digital selves into ‘super-beings,’ Rabkin warns,
“Who would choose such a neutered eternity?”
We can see that there is another dimension in the discussion
of life span: identity and its conception. Dr. Manfred Clynes
leads us in a challenging discussion on “Timeconciousness in
Very Long Life”. If the time we experience is more important
than the length of time we live, how would it alter our identity if we were conscious of time in a different way?
After such abstract excursions, some readers will no doubt
be pleased to come upon an essay by a true ‘identity’ who is
by no means “neutered”: Shannon Vyff, mother of three, is
a real life immortality advocate who practices caloric restriction, is signed up for cryonic suspension and lobbies for life
extension research in her spare time. In her “Confessions
of a Proselytizing Immortalist” she shares her own story,
thoughts and experiences.
But should someone like Shannon really call herself an
‘Immortalist?’ Ben Best, President of the Cryonics Institute,
himself a firm advocate for conquering death, feels there are
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“Some Problems with Immortalism.” Immortality is an
inconceivably long time, after all. Should those wishing to
conquer death not just focus on extending the human life
span?
“On the contrary,” replies Marc Geddes. In his
“Introduction to Immortalist Morality” he develops an
argument from moral philosophy, grounding moral theory on
the human perception of death and the desire for immortality. Geddes also debunks the commonly held notion that our
mortality is what makes life worth living.
This leads us to the last essay in this section, which returns
to the first question raised by Chaplain Mellon: All this talk
of scientific immortality notwithstanding, why “Should We
Fear Death?” Australian writer Russell Blackford examines Epicurean and modern arguments concerning this issue.
His statement “We should not console ourselves with false
reassurances about the supposed virtues of being mortal”
brings a conclusion to this second section.
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Brad F. Mellon, Ph.D.
The Immortality Institute (hereafter ‘the Institute’) is dedicated to the goal of achieving physical immortality through its
stated mission to overcome involuntary death. [1] This paper
will explore some of the ethical and theological considerations
that, in my view, need to be clearly understood in undertaking
such an ambitious project. When exploring ethical concerns,
I will appeal to the classic Georgetown principles of modern
bioethics, namely autonomy, beneficence, nonmaleficence
and justice. I will also consult more specific formulations such
as the four interests of the Commonwealth of Pennsylvania (to
preserve life, prevent suicide, protect third parties, and uphold
the integrity of health care facilities). Theological considerations for the present study are taken from the Judeo-Christian tradition, including the Hebrew and Christian Scriptures
and theological reflection by noted scholars. Finally, we will
need to take into consideration Delkeskamp-Hayes’ correct
observation that ethics can be viewed as an ‘essential ingredient’ of theology.[2] The result is that ethical implications
are often included or embedded in theological concerns, and
should be applied together, not separately.
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POSITIVE ASPECTS
In light of ethical and theological principles, the concept of
human physical immortality has much to commend it. First,
there is an abundance of Scriptures that uphold and promote
life, including eternal life. According to Ecclesiastes 3:11, for
example, God has placed immortality in our hearts (although
we are not able to comprehend it). The wisdom of Proverbs
12:28 contends that the ‘path’ of the godly leads to life eternal.
In Genesis 9:1–6, the sanctity of human life is an integral part
of God’s covenant agreement with Noah, where the ancient
writer connects the sacred character of life to our creation in
the Imago Dei (the image of God).
Another passage from the Hebrew Scriptures, Psalm
139:13–16 provides a beautifully poetic description of life as
the creative activity of God:
For you created my inmost being; you knit me together
in my mother’s womb. I praise you because I am fearfully and wonderfully made; your works are wonderful,
I know that full well. My frame was not hidden from
you when I was made in the secret place. When I was
woven together in the depths of the earth, your eyes saw
my unformed body. All the days ordained for me were
written in your book before one of them came to be.
Further Scriptures that support the Institute’s commitment
to radical life extension include Psalm 116, where the author
gives thanks to God for delivering him from death and allowing him to live a while longer.
The Christian Scriptures likewise are filled with words that
uphold life. For example, Jesus strongly affirms that human
life is far more valuable than the resources that are required
to sustain it (Matthew 6:25). The reflections of Pope John
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Paul II in his treatise entitled, The Gospel of Life resound with
those of Jesus and deserve to be quoted in full:
The Gospel of life is at the heart of Jesus’ message.
Lovingly received day after day by the Church, it is to
be preached with dauntless fidelity as ‘good news’ to the
people of every age and culture…. When he presents
the heart of his redemptive mission, Jesus says: ‘I came
that they may have life, and have it abundantly’ (John
10:10). In truth, he is referring to that ‘new’ and ‘eternal’ life which consists in communion with the Father,
to which every person is freely called in the Son by the
power of the Sanctifying Spirit. It is precisely in this
‘life’ that all aspects and stages of human life achieve
their full significance. [3]
He goes on to say that God himself has placed “inestimable
value” upon our temporal life here on earth. Life is a “sacred
reality” that has been entrusted to us, and the result is a responsibility to preserve our own life and that of others.
The ambitious mission of the Institute to eradicate what its
members see as the “blight” of involuntary death can also be
seen as consistent with at least two of the interests set forth by
the Commonwealth of Pennsylvania. In an apparent attempt to
assure that every effort will be made to prevent premature death,
the Commonwealth has placed a premium on preserving life
and protecting third parties. ‘Third parties’ are those who are
financially dependent on their parents, other family members,
or guardians. It is not hard to imagine how efforts to preserve
and extend physical life might benefit such dependents.
Another positive aspect of the Institute’s mission is that it
can serve as a counterbalance to what many would call the
present-day ‘culture of death’. [4] Peter Singer, for example,
has expounded the view that human beings should not be
set above other forms of life and gives the illustration that an
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animal, such as a dog or pig might have superior rationality to
a severely handicapped human infant. He adds that it might
well be kinder to such an infant to offer treatment that leads
to death. Singer contends this matter ultimately should be left
up to the wishes of the parents. In his view we should respect
the desire of a rational human who wants to die and asserts
that to give a lethal injection may in certain cases (such as
persistent vegetative state) be ethically equivalent to removing
a feeding tube (and in his mind preferable and more merciful). [5]
There are other proponents in favor of active euthanasia and
assisted suicide for those who suffer. As a representative of this
view Jack Kevorkian suggests such measures are “long overdue” in our society. He contends that Western culture has
established ‘arbitrary laws’ against euthanasia and assisted suicide because of pressure brought on by religious beliefs. [6]
Although advocates of euthanasia and assisted suicide contend that such practices are designed in theory to ‘do good’
(beneficence); many critics claim that the application of these
measures can lead in a different and even dangerous direction.
An editorial in Christianity Today, for example, analyzes recent
legislation in Holland that extends a right to die for anyone
16 years old without parental consent. The editor writes:
In Germany, the moral memory of Aktion T4, Hitler’s
euthanasia law, is still alive. But the Dutch seem to have
forgotten that Hitler’s regime first sharpened its execution skills and tested its gas chambers on sick children
and disabled adults from 1939 to 1941 before it applied
its new technical expertise to Jews at Auschwitz and
Treblinka. [7]

160

Essays on Infinite Lifespans

Brad F. Mellon

One can see why in light of historical developments, ‘preventing suicide’ is included in various ethical formulations
and why Pennsylvania, for example, has established it as one
of four state interests. The movement in favor of a ‘right to
die’ in our view needs to be assessed against the movement to
radically extend life. At the very least it is our hope that the
Institute’s pronounced emphasis on life would serve to counter
any moves to allow autonomous premature death, or especially the unlawful taking of life (nonmaleficence). Although
the Institute’s mission statement is directed toward ending
involuntary death, adding a position on voluntary death in
our view might serve to provide a more realistic perspective
on crucial life and death issues facing society.

CONCERNS
Although we have found support for the Institute’s mission
among the ethical and theological principles derived from our
Judeo-Christian tradition, some concerns arise.
First, there is the obvious reality of death. An American
proverb contends that ‘death and taxes’ are the only two certainties we can expect. The Hebrew and Christian Scriptures
likewise testify to death’s reality. If we revisit the Scriptures
that promote life (above), we find many of them mention
death as well. The testimony about immortality within the
human soul in Ecclesiastes 3:11 is tempered by a later passage
where the writer describes the aging process that brings us to
life’s end (Ecclesiastes 12:1–7). Shortly after Jesus’ affirmation of life in John 10:10 (see above), he clearly indicates that
eternal life exists beyond this one (John 14:1–4). Pope John
Paul II affirms the profound meaning of life on earth, yet says
that human life far exceeds the temporal plane because it is
bound up in the very life of God. [3] Drane reminds us that
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although life, from a Christian perspective, is considered a
“gift from God, a creation in the image of God, an object of
divine providence”, so death also is ordained of God. Even the
time of death and the way in which someone dies are part of
the divine order. [8]
Death is portrayed in the Scriptures in both a negative and
positive light and as a boundary between the human and the
Divine. Clowney’s vivid description of death demonstrates
that it is not something to be taken lightly:
The brevity of man’s life [stands] in fearful contrast
with God’s eternity…. Death’s shadow flies upon us
and blots out today’s sunlight with tomorrow’s darkness. [9]
Death reminds us that we depend upon God for our existence (cf. Acts 17:28), and according to Barth it forms a limit
between God and humankind. [10] Although the author of
Psalm 116 begins with a thanksgiving to God for extending
his life, he later declares that the death of God’s people can be
“precious” in the Lord’s sight.
These Scriptures lead us to the end-of-life bioethical concept
of a ‘good death’ (the original and literal meaning of ‘euthanasia’). The authors of a book entitled Dying Well describe a
good death in ideal terms,
…ending one’s days in old age, relieved of disabling
pain, surrounded by friends and family, attended by
sensitive caregivers, reconciled with all persons…at
peace with God. [11]
Of course, there are many other dynamics to be considered,
such as when death comes in a violent way to the young, etc.
However, if a ‘good death’ is possible, and if eternal life is
understood as an existence beyond this one, we are faced with
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the question of what value can be derived from extending
physical life and from efforts to eradicate death.
Finally we will consider comments and analysis by Daniel
Callahan and James Drane that serve to further challenge the
drive to conquer death. [12] Callahan notes that although
“death is treated as an evil in and of itself with no redeeming features (unless, now and then, as a surcease from pain)”,
and that this war is treated as an imperative, it is nonetheless a relatively modern concept (since Descartes and Bacon).
He adds there are problems with this war, such as when a
terminally ill patient extends his or her suffering by coming
to hospice late in the dying process. Technological advances
can also be as much bane as blessing when it is assumed that
“something more can always be done” for dying patients.
He further suggests that too often in this scenario medical
staff unfortunately can ignore a patient’s last wishes.
Callahan contends “to fear and resist death might be
a perfectly sensible response except for the fact that it fails
to ask the question of the meaning (italics mine) of death.”
Likewise it does not adequately deal with quality of life issues.
For example, Callahan cannot accept the idea that extending
life could offer a guarantee of indefinite freedom from boredom and other problems associated with the aging process.
Drane reminds us that another common problem associated
with aging is depression, and that extending life and waging
war on disease have not solved the problem of lack of meaning
for the elderly. Further, he says that ignoring death in older
age tends to exacerbate one’s problems. Even if we might be
able to conveniently ignore death for a time, it can come suddenly and unexpectedly. [8]
Both Callahan and Drane agree that despite efforts to
eradicate involuntary death, death will have the final word.
This conclusion is one that is consistent with Judeo-Christian
theology and ethics. Callahan contends that despite victories
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in the war on death, people will continue to die. Drane’s comments on this subject are likewise pointed:
At the fringes of every aging experience is increasing
pressure from the reality of death. Many of the senior
activities in American culture come over as distractions from, or even denials of this reality. Death in the
U.S. often is treated as a taboo topic. Sooner or later
however, death and questions about how to die, force
themselves into consideration. Aging anticipates something else, and that something else is death. Death is
a part of the aging experience that cannot be ignored,
no matter what the cultural peculiarities of the newly
designed period. [8]
Alongside the reality of death are questions directed to
how death might theoretically be eradicated. These questions
include whether death is conquerable because the time of
death is not ‘fixed’ and comes to different persons at different times. [12] Another suggestion is to see death as a series
of potentially preventable diseases that science could conquer
by eliminating one disease at a time. [13] In light of the overwhelming historical evidence regarding the reality of death,
however, neither of these theories is convincing.

CONCLUSION AND PROPOSALS
The goal of eradicating involuntary death is both supported
and challenged by Judeo-Christian theology and ethical principles based on that theology. The Scriptures uphold and
promote life, including eternal life, yet view immortality as
an existence that goes beyond this temporal, earthly one.
Modern ethical formulations that issue a call to preserve life
likewise recognize the reality of death. Quality of life issues,
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such as the quest for meaning in old age and the problems of
boredom and depression need to be addressed amid the quest
to conquer death and radically extend life.
Callahan has pointed out problems with viewing death as
an ‘evil’ and with committing resources and energy toward
a ‘war’ on death. One of his greatest concerns is how this
war produces casualties, especially terminally ill patients who
extend their suffering by seeking hospice late in the dying process. Drane raised the issue that ignoring death can become
problematic for elderly persons who have to face it suddenly
and unexpectedly.
Based on the above discussion, the present writer would like
to offer some proposals for the Institute to consider: First,
the ambitious nature of the mission statement suggests a need
to devote further research to the subject of how death might
be eliminated. New theories can be formulated and explored.
Second, the mission could be extended to include voluntary
as well as involuntary death, which would be compatible with
theological and ethical proscriptions against premature or
unlawful death, including suicide, assisted suicide, euthanasia, etc. Third, since it would appear that an effort to radically
extend life is theoretically more attainable than conquering
death; why not commit the greater share of time, energy, and
resources to that end? Fourth, considering quality of life issues
that emerge during the aging process, we would suggest the
Institute seek to address how such problems might be mitigated or resolved.
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SUPERLONGEVITY WITHOUT OVERPOPULATION

Max More, Ph.D.
Proponents of superlongevity (indefinitely extended life spans)
have been making their case for the possibility and desirability
of this change in the human condition for decades. For just
as long, those hearing the arguments for superlongevity have
deployed two or three unchanging, unrelenting responses.
The question: “But what would we do with all that time?” is
one of them. Another is the “But death is natural!” gambit.
The final predictable response is to conjure up the specter of
overpopulation. Despite strong downward trends in population growth since this issue gained visibility in the 1960’s, the
third concern remains an impediment.
Paul Ehrlich’s 1968 bestseller, The Population Bomb [1],
ignited a trend in which alarmists routinely ignored data and
reasonable projections to scare the public. Those of us who
see achieving the indefinite extension of the human life span
as a central goal naturally find this behavior quite irritating.
If baseless fear wins out, we will gain little from our personal programs of exercise, nutrition, or supplementation.
Widespread fear leads to restrictive legislation – legislation
that in this case could be deadly. Although the volume has
been turned down a little on the population issue, it continues
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to reverberate and deserves a response. The purpose of this
essay is to address the essential concerns, provide current facts,
and dispel the errors behind the overpopulation worries.

VALUES FIRST
As I will show, we have little reason to fear population growth
with or without extended lives. However, to bring into focus
an ethical issue, I will pretend for a moment that population
growth is or will become a serious problem. Would this give
us a strong reason for turning against the extension of human
lifespan?
No. Opposing extended life because, eventually, it might
add to existing problems would be an ethically irresponsible
response. Suppose you are a doctor faced with a child suffering
from pneumonia. Would you refuse to cure the child because
she would then be well enough to run around and step on the
toes of others? On the contrary, our responsibility lies in striving to live long and vitally while helping others do the same.
Once we are at work on this primary goal, we can focus more
energy on solving other challenges. Long, vital living at the
individual level certainly benefits from a healthy physical and
social environment. The superlongevity advocate would want
to help find solutions to any population issues. But dying is
not a responsible or healthy way to solve anything.
Besides, if we take seriously the idea of limiting life span so
as to control population, why not be more proactive about it?
Why not drastically reduce access to currently commonplace
medical treatments? Why not execute anyone reaching the age
of seventy? Once the collective goal of population growth is
accepted as overriding individual choices, it would seem hard
to resist this logic.
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IT IS HOW MANY, NOT HOW LONG, THAT MATTERS?
Limiting population growth by opposing life extension
not only fails the ethical test, it also fails the pragmatic test.
Keeping the death rate up simply is not an effective way of
slowing population growth. Population growth depends far
more on how many children families have, as opposed to how
long people live. In mathematical terms, longer life has no
effect on the exponential growth rate. It only affects a constant of the equation. This means that it matters little how
long we live after we have reproduced. Compare two societies:
In country A, people live on average only to 40 years of age,
each family producing 5 children. In country B, the life span is
90 years but couples have 4 children. Despite the much longer
life span in country B, their population growth rate will be
much lower than that of country A. It makes little difference
over the long term how many years people live after they have
had children. The population growth rate is determined by
how many children we have, not how long we live.
Even the short-term upward effect on population due to a
falling death rate may be cancelled by a delay in child bearing. Many women in developed countries choose to bear
children by their early 30’s because the obstacles to successful pregnancy grow as they age. As the last few decades have
already shown, extending the fertile period of women’s lives
would allow them to put off having children until later, until
they have developed their careers. Not only will couples have
children later, we can expect them to be better positioned
financially and psychologically to care for them.
Almost certainly, the first truly effective technologies to
extend the maximum human life span will come with a significant cost of human development and application. As a
consequence population effects would first be felt in the developed countries. This points to another flaw in the suggestion
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that extended longevity will dramatically boost population
growth. The fact is, superlongevity in the developed nations
would have practically no global or local population impact.
The lack of global impact is a consequence of the small and
falling share of the global population accounted for by the
developed nations. No local population boom drama can realistically be expected because these countries are experiencing
very low, zero, or negative population growth:
The share of the global population accounted for by the
developed nations has fallen from 32 percent in 1950 to
20 percent currently and is projected to fall to 13 percent in 2050. [2] If we look just at Europe, we see an even
more remarkable shrinkage: In 1950, Europe accounted for
22 percent of the global population. Currently it has fallen to
13 percent, and is projected to fall to 7 percent by 2050. [3]
To put this in perspective, consider that the population of
Africa at 749 million is now greater than that of Europe at
729 million, according to UN figures. Europe’s population
growth rate of just 0.03 per cent will ensure that it will rapidly
shrink relative to Africa and other developing areas.
In Eastern Europe, population is now shrinking at a rate of
0.2 percent. Between now and 2050, the population of the
more developed regions is expected to change little. Projections
show that by mid-century, the populations of 39 countries will
be smaller than today. Some examples: Japan and Germany
14 percent smaller; Italy and Hungary 25 percent smaller; and
the Russian Federation, Georgia and Ukraine between 28–40
percent smaller. [3]
For the United States (whose population grows faster than
Europe), the bottom line was summed in a presentation to the
President’s Council on Bioethics by S.J. Olshansky who “did
some basic calculations to demonstrate what would happen if
we achieved immortality today.” The bottom line is that if we
achieved immortality today, the growth rate of the population
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would be less than what we observed during the post World
War II baby boom. [4]
Low fertility means that population trends in the developed regions of the world would look even milder if not for
immigration. As the 2000 Revision to the UN Population
Division’s projections says: “The more developed regions
are expected to continue being net receivers of international
migrants, with an average gain of about 2 million per year
over the next 50 years. Without migration, the population of
more developed regions as a whole would start declining in
2003 rather than in 2025, and by 2050 it would be 126 million less than the 1.18 billion projected under the assumption
of continued migration.”
All things considered, countries fortunate enough to develop
and make available radical solutions to aging and death need
not worry about becoming overpopulated. In an ideal scenario, life extension treatments would rapidly plunge in cost,
making them affordable well beyond the richest nations.
We should therefore look beyond the developed nations and
examine global population trends in case a significantly different picture emerges.

GLOBAL POPULATION FLATLINING
We have seen that we have no reason to hesitate in prolonging life even if population were to grow faster due to higher
fertility rates. But does the developing world, with or without
cheap, ubiquitous life extension, have much to fear from a
population explosion? Are populations growing out of control
in those regions? The fad for popular books foretelling doom
started in the 1960’s, at the tail end of the most rapid increase
in population in human history. Since then, the poorer countries, well below us in the development cycle, have also been
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experiencing a drastic reduction of population growth. This is
true despite major relative life extension – the extra decades of
life bestowed by medical intervention and nutrition.
Taking a global perspective, the numbers reveal that the
average annual population growth rate peaked in 1965–1970
at 2.07 percent. Ever since then, the rate of increase has been
declining, coming down to 1.2 per cent annually. That means
the addition of 77 million people per year, based on an estimated world population of 6.1 billion in mid-2000. [3]
A mere six countries account for fully half of this growth:
India for 21 percent; China for 12 percent; Pakistan for
5 percent; Nigeria for 4 percent; Bangladesh for 4 percent,
and Indonesia for 3 percent. China has markedly reduced the
average number of births per woman over the last 50 years
from six to 1.8. Starting from the same birth rate at that time,
India has fallen much less, although still almost halving the
rate to 3.23 percent. If these trends continue up to 2050,
India’s population will exceed that of China. [5]
Despite the fecundity of these top people-producers, the
overall picture is an encouraging one:
The total fertility rate for the world as a whole dropped
by nearly two-fifths between 1950/55 and 1990/95
– from about 5 children per woman down to about 3.1
children per woman. Average fertility in the more developed regions fell from 2.8 to 1.7 children per woman,
well below biological replacement. Meanwhile total fertility rates in less developed nations fell by 40 percent,
falling from 6.2 to 3.5 children per woman. [6]
We can expect population growth to continue slowing until
it reaches a stable size. What size will that be? No one knows
for sure, but the best UN numbers indicate that population may peak at as low as 8 billion people, with a medium
projection of 9.3 billion and an upper limit projection of
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10.9 billion. [2;7] The medium projection also points to global
population peaking around 2040 and then starting to fall.
I wrote the first version of this paper in 1996. In revising it,
I found it interesting that, less than a decade ago, the higher
projection allowed for 12 billion or more. Demographers had
continued their long tradition of over-estimating population
growth. This effect seems to have been reduced, but take all
projections (especially those longer than a generation) with a
healthy dose of skepticism.

FORCES OF POPULATION DECELERATION
Why, though, should we expect people in less developed
countries, even given contraceptives, to continue choosing to
have smaller families? This expectation is not merely speculation based on recent trends. Sound economic reasoning
explains the continuing trend, and makes sense of why the
poorer nations are only just beginning to make the transition
to fewer births.
Decelerating population growth appears to be an inevitable
result of growing wealth. Early on in a country’s developmental curve, children can be regarded as ‘producer goods’ (as
economists would say). Parents put their children to work on
the farm to generate food and revenue. Very little effort is put
into caring for the child: no expensive health plans, special
classes, trips to Disneyland, X-Men action figures, or mounting phone bills. As we become wealthier, children become
‘consumer goods’. That is, we look on them more and more
as little people to be enjoyed and pampered and educated, not
beasts of burden to help keep the family alive. We spend thousands of dollars on children to keep them healthy, entertain
them, and educate them. We come to prefer fewer children
to a vast mob of little ones. This preference seems to be rein175
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forced by changing tastes resulting from improved education.
The revenue vs. expense equation for extra children further
shifts toward having fewer offspring as populations become
urbanized. Children cost more to raise in cities and can produce less income than in the country.
Fertility declines for another reason: As poorer countries
become wealthier, child mortality falls as a result of improved
nutrition, sanitation, and health care. Reduced child mortality in modern times can come about even without a rise in
income. People in poorer countries are not stupid; they adjust
their childbearing plans to reflect changing conditions. When
child death rates are high, research has shown that families
have more children to ensure achieving a given family size.
They have more children to make up for deaths, and often have
additional children in anticipation of later deaths. Families
reduce fertility as they realize that fewer births are needed to
reach a desired family size. Given the incentives to have fewer
children as wealth grows and urbanization proceeds, reduced
mortality leads to families choosing to reduce family size.
Economic policy helps shape childbearing incentives. Many
of the same people who have decried population growth have
supported policies guaranteed to boost childbirths. More than
that, they boost childbearing among those least able to raise
and educate children well. If we want to encourage people to
have more children, we should make it cheaper for them to do
so. If we want to discourage fertility, or at least refrain from
pushing it up, we should stop subsidizing it. Subsidies include
free education (free to the parents, not to the tax-payers), free
child health care, and additional welfare payments to women
for each child they bear. If parents must personally bear the
costs of having children, rather than everyone else paying,
people will tend to have just the number of children for whom
they can assume financial responsibility.
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Even if there were a population problem in a few countries,
extending the human life span would worsen the problem no
more than would improving automobile safety or worker safety,
or reducing violent crime. Who would want to keep these
deadly threats high in order to combat population growth?
If we want to slow population growth, we should focus on
reducing births, not on raising or maintaining deaths. If we
want to reduce births, we might voluntarily fund programs
to provide contraceptives and family planning to couples in
poorer countries. This will aid the natural developmental process of choosing to have fewer children. Couples will be able
to have children by choice, not by accident. Women should
also be encouraged to join the modern world by gaining the
ability to pursue vocations other than child-raising.

‘OVERPOPULATION’ DISTRACTS FROM REAL PROBLEMS
Major downward revisions in population growth – throughout the UN’s sixteen rounds of global demographic estimates
and projections since 1950 – have drained the plausibility of
any overpopulation-based argument against life extension.
We can better understand the real problems that are talked
about in relation to overpopulation instead as issues of poverty. Poverty, in turn, results not from having too many
people, but from several major factors including political misrule, continual warfare, and insecurity of property rights.
As Bjorn Lomborg points out, we find many of the most
densely populated countries in Europe. The region with the
highest population density, Southeast Asia, has about same
number of people per square mile as the United Kingdom.
Although India has a large, growing population, it also has a
population density far lower than that of The Netherlands,
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Belgium, or Japan. Lomborg also notes that Ohio and
Denmark are more densely populated than Indonesia. [3]
We should also recognize that most population growth
takes place in urban areas, which provide a better standard of
living. As a result, most of this planet’s landmass will not be
more densely populated than it is today. Over the next three
decades, we can expect to see almost no change in the rural
population of the world and, by 2025, 97% of Europe will
be less densely populated than today. [8] We should celebrate
the urbanization trend since even the urban poor thrive better
than they would in the country. The causes of this include
better water supplies, sewage systems, health services, education, and nutrition. [9] Oddly enough, serious infectious
diseases like malaria are less threatening the closer buildings
are together (and so the smaller the space for swampy areas
beloved of mosquitoes and flies). [10]

SUSTAINABILITY AND THE GREAT RESTORATION
The future could be far brighter than the eco-doomsters
have long portrayed it. As Ronald Bailey [11] reports:
Jesse Ausubel, director of the Program for the Human
Environment at Rockefeller University, believes the 21st
century will see the beginning of a ‘Great Restoration’
as humanity’s productive activities increasingly withdraw from the natural world.
If world farmers come to match the typical yield of today’s
US corn growers, ten billion people could eat amply while
requiring only half of today’s cropland. This is one way in
which technological advance in farming will allow vast
expanses of land to revert to nature. Transgenic crops could
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also multiply today’s production levels while solving several
significant environmental challenges. [12]
Visions that emphasize human ingenuity and opportunity have
a far more impressive historical record than those that emphasize
human passivity and helplessness. Paul Ehrlich is a classic case of
the latter type and you have only to browse his dark, alarming books
to recognize how consistently bad he has been at making environmental predictions. In a 1969 article, Ehrlich predicted the oceans
dead from DDT poisoning by 1979 and devoid of fish; 200,000
deaths from ‘smog disasters’ in New York and Los Angeles in
1973; U.S. life expectancy dropping to 42 years by 1980 because
of pesticide-induced cancers, and U.S. population declining to
22.6 million by 1999. [13] Ehrlich famously lost a ten year bet
against cornucopian economist Julian Simon (and refused to
renew the bet). [14] In 1974, Ehrlich recommended stockpiling
cans of tuna due to the certainty of protein shortages in the USA.
And so on.
As Bailey explains [13], contrary to Ehrlich:
Instead, according to the United Nations, agricultural
production in the developing world has increased by
52 percent per person since 1961. The daily food intake
in poor countries has increased from 1,932 calories,
barely enough for survival, in 1961 to 2,650 calories in
1998, and is expected to rise to 3,020 by 2030. Likewise,
the proportion of people in developing countries who
are starving has dropped from 45 percent in 1949 to
18 percent today, and is expected to decline even further to 12 percent in 2010 and just 6 percent in 2030.
Food, in other words, is becoming not scarcer but ever
more abundant. This is reflected in its price. Since 1800
food prices have decreased by more than 90 percent,
and in 2000, according to the World Bank, prices were
“lower than ever before”.
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A reading of economic and social history quickly makes
one thing plain: throughout history people have envisaged
overpopulation. Even the great nineteenth century social
scientist W. Stanley Jevons in 1865 claimed that England’s
industrial expansion would soon cease due to the exhaustion of the country’s coal supply. [15] However, as shortages
developed, prices rose. The profit motive stimulated entrepreneurs to find new sources, to develop better technology
for finding and extracting coal, and to transport it to where
it was needed. The crisis never happened. Today, the USA
has proven reserves sufficient to last hundreds or thousands
of years. [16] If one resource does begin to run low, rising
prices will encourage a switch to alternatives. Even a vastly
bloated population cannot hope to exhaust energy supplies.
(Solar energy and power from nuclear fission and soon fusion
are practically endless.) So long as we have plentiful energy
we can produce substitute resources and even generate more
of existing resources, including food. Even if population were
to grow far outside today’s highest projections, we can expect
human intelligence and technology to comfortably handle the
numbers.
Human intelligence, new technology, and a market economy will allow this planet to support many times the current
population of 6.2 billion – it can support many more humans
than we are likely to see, given trends toward lower birth rates.
Many countries, including the USA, have a rather low population density. If the USA’s population were as dense as Japan
– hardly a crowded place overall – our population would be
3.5 billion rather than 265 million. If the USA had a population density equal to that of Singapore, we would find almost
35 billion people here, or almost seven times the current world
population. New technologies, from simple improvements
in irrigation and management to current breakthroughs in
genetic engineering should continue to improve world food
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output. Fewer people are starving despite higher populations.
This does not mean they are feeling satisfied. Millions still go
hungry or are vulnerable to disruptions in supply. We need to
push to remove trade barriers, abolish price controls on agriculture (which discourage production and investment), and
pressure governments engaging in warfare and collectivization
to change their ways.

POLLUTION
Nor should we expect pollution to worsen as population
grows. Contrary to popular belief, overall pollution in the
more developed countries has been decreasing for decades.
In the USA, levels of lead have dropped dramatically. Since the
1960’s levels of sulfur dioxide, carbon monoxide, ozone, and
organic compounds have fallen despite a growing population.
Air quality in major urban areas continues to improve, and
the Great Lakes are returning toward earlier levels of purity.
[17] This is no accident. As we become wealthier, we have
more money to spare for a cleaner environment. When you
are longing for food, shelter, and other basics, you will not
spare much thought for the environment. So long as mechanisms exist for converting desires for cleaner air and water and
space for recreation into the things themselves, we can expect
it to happen.
Most effective at spurring the positive changes are markets
– price signals creating incentives for moves in the right direction. If polluters must pay for what they produce because their
activity intrudes on the property rights of others, they will
search for ways to make things with less pollution. Pollution
problems do exist. Most of them can be traced to a failure to
enforce private property rights, so that resources are treated as
free goods that need not be well managed. Fishing in unowned
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bodies of water is an example of this. The desertification of
collectively or government owned land in Africa is another.
We can be reasonably confident that the trend towards less
pollution with greater population will continue. However,
complacency is out of place. We should press for responsible
management of resources by privatizing collectively owned
resources to create incentives for sound management and
renewal.
So long as we continue to allow freedom to generate more
wealth and better technology, we can expect pollution to
continue abating. More efficient recycling, production processes that generate fewer pollutants, and better monitoring
and detection of polluters, along with economic incentives
making each producer responsible for their output, will allow
us to continue improving our environment even as population
grows. Assuming that we achieve complete control of matter
at the molecular level, as expected by nanotechnologists, we
will have the keys to production without pollution. Another
product of molecular manufacturing will be the disappearance of most large-scale, clumsy machinery. Less and less land
will need to be used for manufacturing equipment, making
more room for people to enjoy. Some manufacturing will
be moved into space. The result of these and other changes
(some of which are already underway) will be the freeing of
the Earth from unwanted, but previously necessary, means
and by-products of manufacturing.
The population issue raises numerous factual, economic,
and ethical concerns. I urge the interested reader to check
into the sources listed in the References, especially the essays
by Jesse Ausubel [18] and the books by Bailey, Lomborg, and
Simon. [3;19;20–25] I have only sketched lines of thinking
showing that we would be severely misguided not to push
for extended life out of fear of overpopulation. Let us move
full speed ahead with extending life span: Once we have
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vanquished aging, I would expect other threats to life, such
as war and violent crime, will become even less acceptable.
We can look forward to a long-lived society better off than
previous generations; not only in economic well being, but
also in security of life and health.
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EMANCIPATION FROM DEATH

Mike Treder
In the time that it takes you to read this sentence, at least
10 real people will die, some of them helpless children, and
some in horrible pain. Every single day 24,000 people die of
starvation; 6,000 children are killed by diarrhea; 2,700 children are killed by measles; and 1,400 women die in childbirth. [1]
All told, more than 150,000 humans will lose their lives
today. Some of them will be elderly, of course, but why should
that be a death sentence? Even worse, tens of thousands of
youthful adults and children will be lost tomorrow – and the
next day, and the day after that – to preventable or curable illnesses simply because treatment is not available to them. Must
we accept this daily horror? Is it really necessary? I believe it is
time we start fighting back; the good news is we are.
Each day significant progress is being made to defeat disease and reduce suffering. In addition, work is well underway
to understand the aging process and someday eliminate it.
As Robert Ettinger has said: “Being born is not a crime, so
why must it carry a sentence of death?” [2] In the appeals
court of science and technology, the summary execution of
every human being may soon be overturned, hopefully within
your lifetime.
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UPSETTING THE ‘NATURAL’ ORDER
“This is hubris,” some tell us. “Death is natural, and we must
not play God.” [3] Yet ever since the earliest human donned an
animal skin, we have used our native resourcefulness and creativity to enhance our security, comfort, and efficacy; from the
loincloth to the toga to the modern suit, from Ben Franklin’s
bifocals to contact lenses to laser eye surgery.
In modern marketing, products are commonly promoted as
‘natural’. But what is natural? And what is unnatural? By the
most precise definition, everything that occurs in our world
– whether synthetic or not – is natural, because humans are
a part of nature and therefore the products of our hands – or
our machines – are also part of nature. That is not, however,
the meaning of ‘natural’ that most people intend. Rather, they
are referring to products, events, or occurrences not made or
caused by human beings. Thus, milk would be classified as
‘natural’, while Kool-Aid would not. (Never mind that the milk
we buy in cartons at the store has been pasteurized, homogenized, and vitamin fortified.) Less trivial debates surrounding
the word ‘natural’ arise when considering enhancements that
might be made to human beings, especially when we talk of
defeating death. It is interesting to note that numerous other
scientific measures to improve the human condition have
initially been scorned as unnatural and intolerable by many,
only to be later accepted almost universally. Examples include
anesthesia, blood transfusions, vaccinations, birth control
pills, and organ transplants. Consider what our world might
be like without these and hundreds of other improvements
that may not fit the popular definition of ‘natural’.
Tooth decay is natural – should dentistry be outlawed?
Polio is natural – should we ban the Sabin vaccine? Cholera
is natural – should we allow epidemics to rage unchallenged?
Death is natural – must it continue to wreak its dreadful
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havoc? Clearly this is foolishness. Of course we should use
all available means to better human life. We have been doing
it for ages with fire, farming, steam, electricity, antibiotics,
vaccines, dental prosthesis, organ transplants, etc.; and we
should not stop now. If modern science and technology can
safely improve the human condition by overcoming natural
limits, including aging and death, then they should be used
to this end. Determining whether something is good or bad
simply by asking whether or not it is natural does not follow
common sense.
All this is not to say that we should ignore the moral and ethical challenges that confront us. Questions of safety, propriety,
individual choice, and societal responsibility must not be dismissed, but must be considered gravely and at length. Issues
of overpopulation, reproductive rights, resource distribution,
and environmental impact must be addressed forthrightly.
This can only be done, however, in an atmosphere of openness and progressive thinking.

EMANCIPATION FROM DEATH
For those who still believe that opposing death is somehow wrong or unnatural, please remember that opposition to
human slavery was also once considered crazy and dangerous.
Arthur C. Clarke has written:
Every revolutionary idea evokes three stages of reactions:
At first people say, “It’s completely impossible.” Then
they say, “Maybe it’s possible to do it, but it would cost
too much.” Finally they say, “I always thought it was a
good idea.” [4]
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Clarke’s amusing observation is exactly on target. Staying
with the analogy of human slavery, note that throughout most of history (and, no doubt, prehistory), it has
been common for some humans to own other humans. [5]
The movement toward recognition of freedom as a fundamental human right is relatively recent. During the drafting of
the U.S. Constitution, its framers debated how to handle the
so-called ‘slave issue’. This was at a time, recall, when many
nations, particularly those in Western Europe, had already
abolished the practice. Although a large number of American
leaders abhorred slavery, totally eliminating it was widely
considered to be “completely impossible”. [6] As U.S. history
proceeded and opposition to slavery grew, the debate changed
to one of practicality. People said, “Maybe it’s possible to do
it, but it would cost too much.” A few generations after a
bloody, costly, destructive and painful civil war, descendants
of Americans who once owned other humans would say about
abolition, “I always thought it was a good idea.” When the
time comes – and it will – that humans are no longer enslaved
by death, leadership on this issue will be recognized for what
it is: courageous, honest, and humane.
Biotechnology and nanomedicine may hold the promise for
us to live forever free from illness, disease, and physical disability; always youthful and vigorous; free to do whatever we
want with our lives; liberated from the constraints of ill health
and physical frailty.
In addition to the obvious hope of living without death in
human bodies, there are numerous other ways we can imagine
extending our lives. One way is to inject our personality into
a virtually indestructible robot. This might be done by physically relocating the brain from our frail, vulnerable body and
implanting it into a robot; but more likely it would be done
by making a digital copy of our brain and downloading all the
information into the robot. This method has the advantage
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of being able to preserve a backup copy of our personality, as
insurance against the remote possibility that something catastrophic might destroy our robot body. This really would make
us effectively immortal, as we could store copies of ourselves
in places all over the solar system, the galaxy, or eventually
even beyond.

SIMULATING IMMORTALITY
It is a loathsome and cruel trick that nature takes such an
exquisitely wondrous creation as the human brain and imprisons it inside the weak, inefficient, fragile, and short-lived
structure that is the human body. Our bodies may be beautiful, but they are unacceptably ephemeral.
The body you now inhabit, however remarkable it may be,
is not the product of intelligent design. It was not created
for any purpose other than survival and reproduction. We are
conditioned by social and biological forces to favor the appearance of the human form and to be attracted by its outlines and
contours. It is therefore a natural reaction – although not necessarily a rational one – for us to be repelled by any substantial
deviation from the standard model. That’s why most of us
cringe (at least inwardly) at the sight of a person with a disfigured face or missing limbs. It also explains why many people
are repelled by the thought of replacing the natural human
body with one of artificial design and creation.
And yet, why not? The body we were given by nature is
the result of millions of years of meandering and directionless
change. It is the product of a tortuous, cumbersome, slow
and dumb process called evolution. The human body was not
designed for our optimum enjoyment and benefit; it became
as it is now basically by accident. Nature, given its leeway,
would continue to blindly experiment with us. Following the
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random cues of genetic mutation, our bodies would slowly
evolve, gradually becoming something different.
In contrast, we humans are highly intelligent creatures and
have reached the point where we can take the future development of our bodies into our own hands. Using our minds and
the marvelous tools we are now making, we can produce a
new form – or many new forms – for the body. We can design
to suit our own purposes and preferences.
In the past, engineers developing new prototypes for aircraft, automobiles, or ocean liners would create scale models
and then evaluate the performance of their concepts in wind
tunnels or other testing media. Modern engineers find it
easier, cheaper, and more effective to do the same type of testing in simulated environments. Using powerful computers
and highly sophisticated software programs, they can learn
precisely how their creations will perform under a variety of
conditions.
As a way of experimenting with possible new designs for your
posthuman body, you will likely do the same thing. Instead
of going to the trouble of building your new body molecule
by molecule and then determining whether it is satisfactory,
you can create a simulation in a virtual reality environment
and test it there. The exciting difference is that you will not be
limited to observing the simulation as are today’s engineers.
Rather, you will be able to inhabit your virtual body and know
firsthand how it will react, perform, and feel.
The next step is obvious. If the simulation is powerful enough,
the experience of occupying the simulated body should be
indistinguishable from conventional physical reality; it will be
virtually the same – hence the name ‘virtual reality’. Then why
not just live there? Assuming you can have all the experiences
of the ‘real’ world – plus many more that you could never have
– and that you will still be able to see and touch and interact
with the people you love, why not just stay?
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Many humans today might recoil from the idea of living
only within a virtual realm. But from a philosophical perspective, there is truly no difference between the experience
of inhabiting a sufficiently advanced simulation, and the
everyday life that we experience today. Consider this: our
current physical bodies can be thought of as organic robots.
They go out into the physical world, carrying a brain/mind/
personality/identity around inside. My organic robot body
sees, hears, touches, smells, and tastes for me; it transmits
those experiences to my brain through electrical pathways;
parallel processing computation within my neurons and synapses results in a pattern of thought so complex and elegant
that it generates meta-cognition, or self-awareness. I think it
is ‘me’ that is out there in the world enjoying direct sensory
experiences, but it is not!
The part of me that is really me – the part that is my consciousness and my personality – can never have such direct
experiences. Gray matter has neither hands, nor eyes, nor
ears, nor mouth, nor nose. My brain must rely on an indirect interface to apprehend ‘reality.’ That interface can be the
physical body I now inhabit, it could be a tele-robot exploring
the surface of Mars, or it could be a substrate of computation
providing a ‘simulated’ environmental experience.
The point is that everything we experience is simulated.
Nothing is immediate. Over the next few decades, as we
spend more and more time in virtual environments, our
definition of reality will change. It is conceivable that within
a century or less, many human personalities may be living
full-time in cyberspace, inhabiting myriad simulations.
They will undoubtedly discover new sensations and emotions
we cannot even comprehend. Will their lives be less ‘real’ than
ours today?
It seems likely that millions of people, if not billions, will
make just that choice. Does this sound like science fiction?
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Perhaps so, but current trends in computing technology suggest this could start to become a reality within as little as 20 or
30 years from now. [7]

THE UNIMAGINABLE FUTURE
Here’s another fascinating question. If living in one body is
good, why not have two? If two is good, why not have three or
four or five? Why not five hundred or five million?
World Future Society President Edward Cornish has said,
In our most imaginative fantasies, we cannot anticipate all the extraordinary possibilities of the future for
us humans and whatever creatures come after us. The
wildest speculations of today may be the facts of tomorrow, and our human potential is not only greater than
we think but greater than we can think. [8]
Imagine for a moment inhabiting multiple bodies; not
merely having a variety of bodies to choose from, like suits of
clothes in a closet, but being in many different bodies at the
same time. One of the bodies might be the one you were born
with; others might be duplicates or clones; some could be
substantially different, perhaps designed to fit a specific environment; a majority of them will probably be robot bodies or
virtual bodies.
What will be your experience of personal identity when
your consciousness is spread over many different substrates?
Will you still be you? Will you choose to maintain, as much as
possible, simultaneous awareness in all the bodies at once? Or
will it be preferable to allow your bodies to function autonomously with an occasional, perhaps daily, synchronization of
your experiences and realignment of your identity?
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It is even conceivable that in the future we will be able to
simulate the personalities of people from the past – whether
celebrities, historical figures, or loved ones – and relate directly
with them. It is also possible that you might (with their permission, of course) choose to integrate one or more of these
identities into your own.
You may also someday accept the invitation to become part
of a meta-being by subsuming your identity (or maybe a copy
of your identity) into theirs. Some have speculated that the
long-term evolution of posthumans must follow this pathway
into integrated immortal super-beings. [9]
Whatever happens, it is clear that the future will be much
stranger – and far more wonderful – than we have ever
imagined.
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THE SELF-DEFEATING FANTASY

Eric S. Rabkin, Ph.D.
In our oldest tale, The Epic of Gilgamesh from the 3rd millennium B.C.E., the hero learns
a secret thing [a mystery of the gods]. There is a plant
that grows under the water, it has a prickle like a thorn,
like a rose; it will wound your hands, but if you succeed in taking it, then your hands will hold that which
restores his lost youth to a man (pg. 116). [1]
To retrieve immortality, Gilgamesh weights himself with
stones and plunges into the life-offering, death-threatening
water. But
deep in the pool there was lying a serpent, and the serpent sensed the sweetness of the flower. It rose out of the
water and snatched it away, and immediately it sloughed
its skin and returned to the well. Then Gilgamesh sat
down and wept, the tears ran down his face. I found a
sign and now I have lost it (pg. 117). [1]
Italo Calvino has written that
the ultimate meaning to which all stories refer has two
faces: the continuity of life, the inevitability of death
(pg. 259). [2]
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We see both in this founding tragedy, for nature in the form
of the snake returns to the pool, able to escape its corporeality
and renew it, while humanity in the form of Gilgamesh can
only return to the dusty city of Uruk, well built it is true, but
ultimately a feeble defense against death. Nonetheless, many
still hope for immortality, feeling, like Dostoevsky, that
if you were to destroy in mankind the belief in immortality, not only love but every living force maintaining the
life of the world would at once be dried up (581:19). [3]
Yet our fictions often tell us that immortality is best only as a
hope and never as an actuality, for, despite its venerable, obvious, and intimate appeal, the fantasy of immortality masks a
terrible reality.
The clearest warnings against immortality, some might
suggest, are really warnings against hubris, foolishness, and
disobedience. The Cumaean Sybil, adored by Apollo, is
granted a thousand years of life, but because she spurns the
love of the god, he withholds eternal youth and she suffers
on and on. Tithonus, beloved of Eos, the Goddess of Dawn,
is granted immortality but forgets to ask for eternal youth, so
he ages forever in what Tennyson has him call “cruel immortality”. Prometheus is by nature an immortal, but for having
stolen fire for humanity, his immortality becomes an eternity
of suffering. One could say that immortality in these cases
is no worse in itself than gold is in the story of Midas: a fine
thing in its proper place, but ironic, indeed tragic, when corrupted. The apotheoses of Greek heroes and Hebrew prophets
would seem to corroborate this positive view of immortality,
as would the irony of so fine a state leading not to happiness
but to horror. However, can we find an immortality that does
not suffer such fatal defects?
It is often said that the central promise of Christianity is
immortality: “I am the resurrection, and the life: he that
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believeth in me, though he were dead, yet shall he live: And
whosoever liveth and believeth in me shall never die” (Jn
11:25–26). History shows that this promise has much appeal,
but, curiously, we have very few glimpses of what it would
mean to live this perfect immortality. In Man and Superman,
George Bernard Shaw clearly prefers hell, “the home of the
unreal and of the seekers for happiness” to heaven “the home
of the masters of reality, and [earth] […] the home of the
slaves of reality” (pg. 139). [4]
This matter of masters and slaves brings us back to the issue
of disobedience. Milton wrote in the opening lines of Paradise
Lost:
Of Man’s First Disobedience, and the Fruit / Of that
Forbidden Tree, whose mortal taste / Brought Death
into the World, and all our woe. [5]
If Jesus is the new Adam, then his redemption of us is a
return to Edenic obedience, for, as Milton clearly says, death
and disobedience stand against life and, one presumes, obedience. Yet a heaven of perfect obedience, when concretely
realized, hardly seems human happiness, so dependent is our
happiness on notions of individual freedom and of desire.
Adam, like Gilgamesh, lost immortality through the intervention of a serpent. One supposes that in heaven there are
no serpents, nor any dangers, nor even the sexuality that such
serpents in part represent. Shaw’s heaven, like St. John’s, suffers from what Arthur C. Clarke calls “the supreme enemy of
all Utopias –boredom” (pg. 75). [6]
The paradigmatic benevolence of Christianity, the compensation, as it were, for Original Sin and the Flood, is God
the Father projecting himself into the mortal reality of Jesus.
For believing Christians, of course, this is a unique and pivotal event in human history; I do not mean to comment on
such beliefs. But in fiction, the willingness to accept mortality
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is by no means rare, and, where there is no promise of lifeeverlasting, as there is not, say, for Sidney Carton when he
takes Charles Darnay’s place at the guillotine at the end of
Charles Dickens’ A Tale of Two Cities. [7] Such mortality is
the measure of human, not divine, heroism. Jesus can promise
the robbers that they will be that day with him in paradise
(Lk 23:43), but Sidney Carton can achieve his immortality
only in art. However, most of us, I believe, would agree with
Woody Allen who said,
I don’t want to achieve immortality through my work,
I want to achieve it through not dying (pg. 260). [8]
Unfortunately, the available images of ‘not dying’ are typically either sketchy, as with the Christian, or grotesque. In The
Facts in the Case of M. Valdemar, Edgar Allan Poe presents a
man mesmerized “in articulo mortis” (pg. 269). [9] The narrator and hypnotist can calculate the hour of expected death
because Valdemar suffers from a progressive wasting disease,
but in some sense Valdemar in his inevitable mortality is like
us all; for, as the inhabitants of Samuel Butler’s Erewhon say,
To be born . . . is a felony – it is a capital crime, for
which sentence may be executed at any moment after
the commission of the offence (pg. 145). [10]
Poe’s story, readable at first as a bizarre science fiction and
at second as a flagrant satire, has the time from the narrator’s ‘conception’ of the mesmerizing project to its end equal
nine months, the last seven spent with Valdemar somehow
suspended by mesmeric intervention. At a key moment in
entrancing Valdemar, the narrator says “[I] proceeded without hesitation – exchanging, however, the lateral passes for
downward ones, and directing my gaze entirely into the right
eye of the sufferer” (pg. 273). This ostentatiously objective
rhetoric of science, on second glance, conceals a satire of
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extreme unction. Indeed, on a subsequent visit, the narrator
elicits vibrations from the tongue of the unbreathing, cold
Valdemar, and they say, “I am dead” (pg. 277). Finally the
narrator decides to try awakening his subject. The story ends
with this paragraph:
As I rapidly made the mesmeric passes, amid ejaculations of “Dead! Dead!” absolutely bursting from the
tongue and not from the lips of the sufferer, his whole
frame at once – within the space of a single minute, or
even less, shrunk – crumbled – absolutely rotted away
beneath my hands. Upon the bed, before that whole
company, there lay a nearly liquid mass of loathsome
– of detestable putridity. (pg. 280)
At the most obvious level, this ending suggests that there
are some things “that man was not meant to know”; that
primal disobedience, such as seeking immortality, may appear
to work for a pregnant while, but ultimately the divinelyordained human dissolution will have its way.
But at a deeper level, this is a grotesque, dirty joke. The ejaculations of the tongue parody the ejaculations of a penis and
the quick, spasmodic shrinking “beneath my hands” equates
unnatural science with masturbation. Instead of describing
fertile seed, the story reveals its narrator’s own anxieties by
ending with “a nearly liquid mass of loathsome […] putridity.” In Genesis, the very instant Adam and Eve ate the apple,
“they knew that they were naked” (Gn 3:7). With mortality
comes sexuality; those who seek immortality, the power of the
gods, seek, perhaps unknowingly, to exchange procreation for
creation. Mary Shelley’s Frankenstein [11] can restore dead
flesh to what may well be permanent life, but the monster,
more human than his creator, seeks only a bride, while Victor,
like Poe’s masturbatory narrator, holds off death with his own
hands alone. In Interview With the Vampire, Anne Rice’s
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youthful auditor, when he hears the vampire’s first description of drinking away someone else’s life, says, “’It sounds
as if it was like being in love’. The vampire’s eyes gleamed.
‘That’s correct. It is like love’, he smiled” (pg. 31). [12] But,
of course, it is a love without procreation. Immortality, for
the angels, for the devils, and for the creatures of modern science, is a childless state, and to that extent a denial of human
potential and of human happiness.
Freud, in Beyond the Pleasure Principle [13], suggested that
“we have adopted […] the hypothesis that all living substance
is bound to die from internal causes […] because there is
some comfort in it”, meaning that all our own failures and
our own ultimate demise seem less terrible if seen as either
comparatively small or as inevitable. He goes on to assert that
“The notion of ‘natural death’ is quite foreign to primitive
races; they attribute every death that occurs among them to
the influence of an enemy or of an evil spirit.” Freud does not
seem to recognize that our seeking of fatal causes – heart failure, cancer, gunshot – reflects no different motive. Instead, in
the spirit of Victor Frankenstein, Freud expresses admiration
at the writings of August Weismann
who introduced the division of living substance into
mortal and immortal parts. The mortal part is the body
in the narrower sense – the ‘soma’ – which alone is subject to natural death. The germ-cells, on the other hand,
are potentially immortal, in so far as they are able, under
certain favorable conditions, to develop into a new individual, or, in other words, to surround themselves with
a new soma. [13, pg. 616–617]
This is an amazing statement. First, Freud’s utter silence
here about earlier divisions of the living substance into body
and soul reveals a powerful scholarly blindness which can be
motivated, one supposes, only by a desperate need to believe
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that some progress is being made in the eternal human confrontation with death. Second, the focus on the germ-cells,
“on the other hand,” is as isolated and masturbatory in its
own way as Poe’s focus on mesmerism, another trick of the
mind, like Freud’s notion of the death wish, to hold back
the ultimate terror. And third, this notion of immortality for
the germ-cell reduces the human being as we would normally
view it to a mere convenience. While this may be the view
of modern sociobiology observing what Richard Dawkins has
called “the selfish gene” [14], it has little to do with the aspirations of individuals.
But surely we are not our mere bodies. If one lost a finger,
the self would not change. But what if one lost an arm?
Or the ability to procreate? It is clear that we are not much
like our younger selves at the age of, say, three, when we were
all prepubic, utterly dependent, and largely ignorant – indeed,
there may be few atoms in our living bodies that have not
been replaced over the years –yet we like to think of ourselves
as continuous. This is in part an example of the famous philosophical conundrum of the farmer’s axe: “Have you had that
axe a long time?” – “Oh, yes. Twenty years. I’ve replaced the
handle three times and the head twice.”
The persistence of the individual is a fantasy, clearly, yet a
productive fantasy without which we would have no sense of
self, and hence without which the very notion of immortality
would be reduced to mere persistence, a state not unlike that
of a rock.
Modern science fiction has, of course, imagined selves concretized if not in rocks then in silicon. In Clarke’s The City
and the Stars, citizens of Diaspor live so mind-numbingly long
that they eventually voluntarily walk back into the “Hall of
Creation” where machines “analyze and store the information
that would define any specific human being” [15, pg.15] and
then they give themselves back up to silence – one shouldn’t
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call it death – until recalled by the Central Computer at some
random future time to live with a newly randomized mix of
ten million of Diaspor’s billion potential citizens. Yet in this
immortal utopia, where merely to speak the name of desire
is to have it materialize, our hero Alvin is not just another
revenant but “in literal truth […] the first child to be born
on Earth for at least ten million years” [15, pg. 17]. It is he
who brings fecundity and progress back to a stagnant world.
There is no real human life without mortality, without the
risk of death. From among all the traits that characterize us,
we choose to call ourselves “mortals”. This is the wisdom of
Pinocchio.
In William Gibson’s Neuromancer, one character is a socalled “construct”, a computer chip containing the knowledge
and personality of a famous denizen of “cyberspace,” the virtual reality of the infosphere. He is activated by some “meat”
characters who need his help, and he agrees to aid them but
with one proviso: at the end of the adventure, “I want to be
erased” [16, pg. 206]. Apparently disembodied immortality is
as much a trap for Dixie Flatline as aging, embodied mortality is for Tithonus. We understand why, I think, when Case,
the protagonist, tells Dixie that “’Sometimes you repeat yourself, man.’” “’It’s my nature,’” Dixie punningly replies [16,
pg. 132]. Given enough time, and no body to respond to a
changing environment, we would all repeat ourselves, living
out patterns, no matter how grand, that lead ultimately to the
merest repetition, and hence the destruction of any sense of
individuality.
Thus it is that the sentient computer HAL, in
Clarke’s 2001: A Space Odyssey, ceases to be a character
– an individual – but continues to function as a computer
when his “higher function” boards are removed and he is
reduced to repeating the calculations and self-identifying
serial numbers first programmed into him. [18 pg. 156–157]
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It is for the same reason that Olaf Stapledon in Star Maker
praises not swarming “hive minds” that obliterate the individual but the “intricate symbiosis” [19, pg. 255] represented
by a perfect marriage, by that “prized atom of community”
[19 pg. 257] in which two may depend upon each other – and
procreate – but in which each maintains essential individuality, and risks individual death.
Against this view, we have Blood Music, in which Greg Bear
lets loose a plague of “intelligent leukocytes” and the world
is transformed, all of us ultimately parts of a planetary hive
mind. The protagonist says, “if I die here, now, there’s hundreds of others tuned in to me, ready to become me, and I
don’t die at all. I just lose this particular me […] it becomes
impossible to die” [20 pg. 197]. Bear’s protagonist may believe
that, but identical twins do not: no matter the duplication
of information in another copy, the death of the individual
as contemplated by that individual is death indeed. And the
capacity to die is a great, self-defining freedom, the ultimate
existential freedom according to Sartre and Camus and the
very ground of conflict between the individual and the state,
as seen in the hospitalized, limbless combat victim in Dalton
Trumbo’s Johnny Got His Gun [21], in Brian Clark’s tube-fed
paraplegic in Whose Life Is It Anyway? [22], and in D-503,
the protagonist of Eugene Zamiatin’s We, after the “splinter
[of imagination] has been taken out of [his] head” and he is
reduced to a permanent, idiot grin, for “Reason must prevail”
[23, pg. 217–218]. This happy state of inevitable obedience
is the ultimate Eden, and the splinter removed from D-503 is
the “thorn” of the plant Gilgamesh sought, its prickle reminding us that we are alive as individuals only when we are subject
to death.
It is said that when Michelangelo completed the idealized Medici tombs ordered by Pope Clement VII someone
remarked on an absence of realism. “Who will care,” the great
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sculptor replied, “in a thousand years’ time, whether these
are their features or not?” [24, pg. 399]. Indeed. On the day
jazz great Duke Ellington died, John Chancellor began his
nightly television newscast by saying that “Edward Kennedy
‘Duke’ Ellington died this morning of cancer of the lungs and
pneumonia. Later in the program we’ll hear him play for us”
(pg. 76). [25] Idealized in stone or vinyl, the great achieve
immortality not in themselves but only in their leavings, an
immortality that supplants, and hence defeats, the self.
St. Paul promises us that here on Earth
we see through a glass, darkly; but then [after Judgment
Day] face to face: now I know in part; but then shall I
know even as I am known (1 Cor 13:12).
This notion of ideal knowledge in eternity is not limited to
the Western world. The voice in Brihadaranyaka Upanishad,
pleads:
Lead me from the unreal to the real! / Lead me from
darkness to light! / Lead me from death to immortality!
(Bartlett 56:20) [3]
But who is this me? Who is this I? When Moses asks on
Mt.Sinai to see God face to face, God, who favors Moses,
withholds this favor “for there shall no man see me, and live”
(Gn 34:20). St. Paul understood this, too. Speaking of the
resurrection after Judgment Day, he says
Behold, I shew you a mystery; we shall not all sleep, but
we shall all be changed. In a moment, in the twinkling
of an eye, at the last trump: for the trumpet shall sound,
and the dead shall be raised incorruptible, and we shall
be changed. For this corruptible must put on incorruption, and this mortal must put on immortality (1 Cor
15:51–53).
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When we put on incorruption, we are all changed: we are
changed into ideals, into endless repetitions, into sterile vampires, childless angels, works of art, computer chips. We are
changed into objects for the contemplation of others but in the
process we lose our very selves. Immortality is a self-defeating
fantasy, a desperate defense against death. Finally, who would
choose such a neutered eternity? Not Tennyson’s Tithonus:
Let me go; take back thy gift. / Why should a man desire
in any way / To vary from the kindly race of men, / Or
pass beyond the goal of ordinance / Where all should
pause, as is most meet for all? Release me, and restore
me to the ground. [17]
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TIMECONSCIOUSNESS IN VERY LONG LIFE

Manfred Clynes, Ph.D.
Counting is not time – there is no time to count.
In the following essay, I will leave immortality to the Good
Lord, and will try to be absolved of some hubris by dealing
with individual life of only a few million years long. I hope
not to disappoint readers through this, at least not for their
first million years.
What is time? We have been all too much influenced by
physicists, who have described it as a dimension: an infinitely
thin straight line, or somewhat curved if you consider Einstein,
along which events move. What happens is that t moves from
t1 to t2, two points along that line – the beginning and the
end of the event. Time as an infinitely small point goes from
its place at t1 to the place t2. And we additionally have been
brainwashed to consider it going from left to right. Under
quantum level conditions, at the scale of Planck’s constant,
time may even reverse for very short instants. To ask “how fast
does it move along that line?” is a meaningless question for
the physicist. Yet the relative rate at which time goes depends
on the coordinate system; the frame of reference.
What is missing from this view is the present. In physics as in
human life, time converts potentiality to actuality. Einstein was
uncomfortable too in banishing the present from his theory
(or not encompassing it). But I have yet to find a physicist
211

Timeconsciousness in Very Long Life

today who misses the present, as a physicist. It seems simply
nothing to worry about. But, interestingly, the present is all
that exists for us as humans. The past is gone and the future is
not here yet. What we experience appears to be a continuing
present, as long as we are conscious – also memories of the
past, and anticipations of the future are experienced in the
present. The present is always with us. We can say, even, that
the present itself is unchanging and only its contents change.
In a sense, the present is eternal. As long as you live. What is
it then that we have that creates the present in us?
We call it timeconsciousness. In the place of an infinitesimal
point sweeping along the time line, we have a finite time slider
on which we sit, so to speak, that slides along time, carrying
us piggyback. The slider is the omnipresent present. In my
earlier work of the seventies I showed that a good measure of
the duration of the present is about 180 milliseconds. It is
the duration of a syllable, of the minimum time during which
a decision cannot be reversed, motor reaction time, and the
time for which a slowly moving object is seen as moving, rather
than stationary. More recently we have also found that it is
the preferred time for a composer’s fastest independent pulse
components, at least in Mozart and Beethoven Allegros.
But a word is not a substitute for understanding, or should
not be. We know little about timeconsciousness. Through
our work in music, we have found evidence for four different
clocks and processes involved in different aspects of timeconsciousness in our brain. These clocks involved in music operate
in our timeconsciousness. Since it is possible to think music
while dreaming, they are transferred also to our changed timeconsciousness while dreaming – some of them. Somehow,
in dreaming our timeconsciousness is rescaled – how come?
We don’t know.
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As we readily surmise today, different animals (conscious
machines) have different timeconsciousnesses. There is nothing absolute about our timeconsciousness. On a different
galaxy, say, a living being could exist to whom night and day
would be a flicker. Our timeconsciousness is purely relative to
our being human.

TIMECONSCIOUSNESS SCALING
This invites the consideration of scaling of timeconsciousness. We will learn it from how the DNA does it. And
redesigning ourselves for long life we can take advantage of
variable timeconsciousness scaling.
What is the timeconsciousness scaling of a computer? Or,
what is the timescaling of a computer? The computer’s idea
of time is that it has no idea of it at all. All it knows is a
series of numbers, the time stamps. What the time interval is
between these numbers is entirely arbitrary. We can increase
the duration of a computer’s tick (computing cycle) and the
computer would not know: all its answers would be the same.
Any calculation it can do at any tick size within its technologic ability will provide the same answer. A string of ones
and zeros cannot give either it or us the experience of time.
A flaw in the Turing test is that it leaves out time. And as long
as we are modeling ourselves along the lines of a computer as
we understand it today, we will have no timeconsciousness at
all. And that means we would not be conscious.
Zeros and ones, numbers, cannot replace the uniqueness
of time for us. Indeed it can in a four-dimensional matrix,
in Minkowski’s representation, and for Einstein it requires
an imaginary axis to distinguish it from spatial dimensions.
But numbers cannot tell us about the experience of time, nor
for that matter of space. Our brain and our nervous system
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are designed so as to distinguish time and space. It gives time
attributes that cannot be represented by a simple imaginary
operator. Nor do neural pulse trains in our brain distinguish
between space and time. On the other hand, music provides a
prime laboratory to examine our relationship to time.

TIMECONSCIOUSNESS AND THE EXTEND LIFE
In considering greatly extended life we need to reflect on
the following (these points cover only a few aspects of concern
related to time; we shall here leave out social concerns):
Until timeconsciousness is understood sufficiently to enable
computers or robots to have it, and until they become conscious, extending life beyond the limits imposed on the
materials from which we are made today is not possible.
Replacing biologic materials, homeostasis, metabolism,
human reproduction and of course memory and thinking (as
we know it today, insofar as we know it at all) with more
stable non-biologic materials, nanotechnology, and biostructural design will suffice only once we know how consciousness
arises. I am convinced that consciousness is not a function of
complexity in itself, nor that a very high degree of complexity
is a prerequisite for consciousness. It is something else.
Once we will know how to create consciousness, we are in
a totally different world compared to which cloning will be
mere child’s play. It may be only hundreds of years before that
happens. It could be thousands. No one really has a clue today.
To me a salient thing about consciousness is that the more one
removes its contents, the closer one gets to ‘pure consciousness’ i.e., contentless consciousness. Helen Keller was not less
conscious than most of us, but probably more so. Various
sensory inputs interfere relatively little with one another in
consciousness, we can hear, see, smell, touch simultaneously
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and more. If we create conscious machines, (which are what
we tend to think we are today), but of different structures
than those we know, then there is a real possibility of dissolving the ties to time that we are accustomed to experience.

CHOOSING YOUR OWN TIMECONSCIOUSNESS
When creating conscious machines, we would have the
freedom to design ourselves to have different timeconsciousness rates, and also variable timeconsciousness rates to suit
our needs. What will our needs be? In terms of travel, we
can envisage much: for space travel, slow down our time consciousness, say by a factor of 10,000. What’s 10,000 years if
they pass like one year or even one month? And if you combine this with relativistic Einsteinian time slowing, you have
some favorable space travel conditions. If you have millions of
years to live, timeconsiousness contraction does not matter;
there will be plenty of experience left. It will also be useful to
have contact with other forms of life, at least in our galaxy and
adjust your time-consciousness to other beings.
More likely, often, for other than space travel, we would
use the opposite, an expanding time consciousness, a speeding-up adjustment using nanotechnology, or picotechnology;
thinking could be say 10,000 times faster than we are used to.
What would happen then? A year would last 10,000 years.
The seasons would not change for 2,500 years. The factor
of 10,000 is perhaps a somewhat extreme example here; you
could adjust your time consciousness rate as you wish, maybe
sometimes only double it or triple it, depending on the situation you are in.
Aging will be eliminated as we know it. Aging would turn
into a rather serious problem of memory accumulation however. All the matter in the universe is insufficient memory
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to store the state of all matter in the universe. As the age of
individuals mounts into millions of years relatively more and
more matter will be needed to store the memories. Eventually,
Freud notwithstanding, a selective erasing of memories may
need to take place – a hot political issue of the very distant
future.
More serious would be the problems posed by our emotions
and their communication. As I have shown, the expression
and generation of emotion by communication such as gesture, dance, and music is highly time dependant. Time forms,
which we call sentic forms, form the vocabulary of our inherent language of emotion communication and generation.
Shape (in time) is quality. What happens to those under timeconsciousness transformation?
Take laughing as an example. Can we laugh in our dreams,
on a different time scale, and yet experience laughter? A fast
thinking person still laughs at similar rates of ha’s than a slow
thinker, even Marvin Minsky. The difficulty lies in the mysterious so far unexplainable inherent connection between the
time form and the quality of feeling that it embodies. Speed
up timeconsciousness by a factor of 10,000 and laughter
would have to be speeded up in a similar ratio. Simply as a
motor control problem, even if we are greatly downsized, this
appears to be unrealizable (atoms within our brains do not
now move many thousands of times faster than our arms).
The inertia of matter, which we cannot remove, will conflict
with the speed of thought, which in essence is free from material considerations of inertia, that is the speed of computation
vs. the speed of motion: the speed of electrons and of photons
versus that of protons and neutrons – leptons vs. hadrons.
The duration of orgasm seems to be more fixed in us than the
duration of thinking. The inherent time-link of a sigh, of a
caress, of a joyous leap all seem part of our nature we would
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from our perspective want to keep qualitatively, or improve if
possible, under timeconsciousness transformation.
Obviously, emotional communication and generation,
caresses, sighs, would have to become free of – (present) body
constraints. Can that be possible without changing its quality? Or, would one hope for a transformation of quality into
something desirable unknown? It may seem unlikely that the
exploration of changing qualities of the range of experience
under timeconsciousness transformation would yield new
qualities preferable to those we know. But we do not know.
We do know already that qualities of experience in dreams are
rather similar to those in the waking state, even during this
limited transformation. How far can this be extended? What
new qualities can be created by more systematic and extensive
timeconsciousness transformations?
Already we sense that music is too slow to give us its feeling and content: the visual sense, video, is overtaking it in
our culture, through its more concentrated meaning transfer, with its parallel input instead of serial. A symphony takes
too long for our relatively fast paced world. Music is used as
background for the visual. What will happen to music under
timeconsciousness transformation? Its art will also be transformed. Problems and related aspects of that are considered
next: logogenesis.

LOGOGENESIS
Logogenesis is the ‘invention of nature’ which appears in
evolution that substitutes a quality of feeling, of experience,
for convoluted thought and for reflex activity. Logogenesis is
what creates qualia, the flavor of life. Like morphogenesis it
is genetically controlled. Quality and its cognitive substrates
arise in our brains through a genetic program details of which
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we do not yet know. For example, the feeling of laughter, its
funniness, is indissolubly linked to the pattern of expression.
Rednesss or sweetness is indissolubly linked to a particular
pattern of neural and synaptic activity, which in itself looks
similar to other neural activities and in no way discloses the
quality of redness or sweetness. Yet these (‘unlearned’) qualities of experience remain unchanged throughout a lifetime,
and often even until the last moments of life. We do not know
what controls logogenesis. The earliest ingenious invention
perhaps is the substitution of the feeling hunger for other
ways to regulate food intake. That feeling tells us when to
eat, what to eat, and how much to eat and urges us to move
to find food. What an amazing thing! How would we invent
something like this?
But perhaps even more ingenious is the sexual feeling. With
it the chances of reproduction (say of a mammal) increase
from infinitesimal to a viable, even likely number. That feeling in its manifestations makes the continuation of the species,
and evolution itself, possible.
What invented that feeling and placed it in its environment
so it could, much of the time, function? Is it itself evolving?
Clearly it is genetically programmed. If the sexual organs are
generated through morphogenesis, the feeling, conscious and
subconscious, is generated by logogenesis. So is the intense
feeling of orgasm, different from other feelings. All qualia are
created by logogenesis. We do not know yet how that works,
and how it will change under timeconsciousness transformation. But a computer or a robot will need it to feel. It does
not seem that zeros and ones are a way to obtain its function.
How then? We have a terrible way to sweep under the carpet
anything we do not understand and pretend it does not exist.
It is time to see that the emperor has no clothes. Neither consciousness, nor timeconsciousness is possible for a machine
until logogenesis is understood. It is no good to say that we
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are software, and can be up- or downloaded. Brain processes
and experiences are both analog and digital, continuous, and
discrete. Today, you can make a computer laugh but it will
not enjoy it; even if it says it does. It is time to stop deceiving
ourselves. Turing deserves better than that.
My computer plays beautiful Beethoven. I am happy that it
does. But it is not. Nor will it be until it understands Beethoven.
Without timeconsciousness that is impossible. Without logogenesis that is impossible. But give it time, maybe some day
it will join us in all this. Then it will become one of us and
we will become one of them. The Good Lord probably (or
improbably) knows when and how this will happen. But I
would caution us to try to find the probability. A little faith is
probably programmed into our logogenesis system.
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CONFESSIONS OF A PROSELYTIZING IMMORTALIST

Shannon Vyff
Why Immortality? Isn’t that selfish? Doesn’t God, fate, and
evolution tell us when to die? I hear this all the time, shortly
after I meet people at church, on vacation, in buses, in line
at the grocery store, at parties, and at family gatherings. It all
begins like a perfectly normal conversation with questions of
the weather, or what the person has been doing for the day.
I usually mention my schoolwork explaining that I started
studying nutrition after my 85-pound weight loss (always
a motivating, intriguing story for others). Ears perked, they
want to know how I did it. I tell of how I got involved in
Calorie Restriction (CR) with Optimal Nutrition online mailing list. [1]
Through the CR Society, I’ve had fun being in Oprah
Magazine, in Marie Claire, on 20/20, traveling to the CR
conference to hear the latest research on this anti-aging diet,
and meeting interesting people who use themselves as human
guinea pigs. I myself have sent in blood work and various
other test results keeping track of my bio-chemical markers of
aging to help out with the human studies. People say I look
great, (especially if it is someone I have not seen for several
years and they remember me as being much larger), but then
they naturally want to know why I started on this diet.
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I start by telling about how, throughout high school, I followed the biosphere dome and Dr. Walford, [2] because of
my love of science fiction. While growing up, I always had
the dream of traveling to the stars. I guess I was hoping that in
my 20’s there would be self-contained spaceships heading to
colonize Mars, and that I could sign up. When the biosphere
was in the media usually there was also mention of the calorie
restriction (CR) diet so it was always in the back of my mind
as a slimming and anti-aging diet.
In my early twenties I choose to start a family, and learned
from La Leche League [3] about the healthiest way to do that.
When it came time to wean them from the breast milk that
gave them the thickest neuron connections, quickest reflexes
and strongest immune systems that with our current technology they could have, I had to look at what real food was best
to put into their growing bodies. I lived in Eugene, Oregon
where there was so much support – with actual organic-only
restaurants, free health newsletters, and a high population of
health conscious people – that I was introduced to a new way
of looking at food. I realized that we replace many cells every
6 months and most of our body every seven years, so that we
truly become what we eat many times during our lifetime.
I also started learning about fungicides, germicides, pesticides, rodenticides, herbicides, antimicrobials and how they
collect in body tissues. I read studies such as the recent one
funded by the National Institute for Environmental and
Health Sciences [4], that looked at pre-school age children in
Seattle and found that organically fed children vs. non organically fed children had six times less organophosphorus (due to
pesticide exposure) in their urine.
Though I had started eating more natural and organic
foods, I was still 205 pounds three months after the birth
of my last child, and I started thinking I needed a real diet!
I began reading about all the diets out there and remembered
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that life extension diet I’d heard of back in high school. That
is how I picked up the book Beyond the 120 Year Diet by Roy
Walford, M.D. when my third baby was four months old.
As I was still breastfeeding and still had the post-pregnancy
slimming hormones, I did lose weight more rapidly than is
recommended for CR. I lost 85 pounds in six months, but
a much more gradual decrease is recommended. One should
consider losing large amounts of weight (perhaps over 40+
pounds) over 2–4+ years or consider losing weight no faster
than a pound per month. This is because the release of toxins
stored in the bodies fat tissues and the stress of the weight
loss on the system could foil extending life span in one’s final
years. [5] When I was beginning the diet I used software to
help me balance what nutrients I needed. I started making
mega-muffins for my family to eat (like human lab chow with
organic chocolate chips thrown in for my kids to eat them).
[6] I found that as my weight came off I had more energy and
clearer skin.
Usually, by now, people want to know why I want to follow
what they see as an extreme diet. Saying that it is the only
scientifically proven way to extend my life [7], hormones,
anti-oxidants, exercise or high carb/low carb diets – generally
are not enough. Usually people express that I must have iron
will power and torture myself with hunger, something they
could never do. I assure them that for me it is easy; there is
great support from the CR Society. People do it many different ways. I recommend The Anti-Aging Plan by Roy & Lisa
Walford for an easy to read beginners introduction, though
Beyond the 120 Year Diet [5] has better detail & more current
science references.
As I became enamored with the science of CR, and embarked
on it as a way of life, I started seeing more references to it in
popular culture. [8] The ongoing experiments in primate &
human studies also made it very real for me. The National
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Institute on Aging has been conducting a long-term study,
since 1987, of CR on rhesus monkeys. In 1999, the NIA
researchers stated:
Emerging data from studies of CR in rhesus monkeys
show promise that the model is working in a manner
similar to that seen in rodents thereby strengthening
the possibility that the well-known effects of CR on life
span, disease, and aging processes may be generalized to
all species. [10]
Regarding the NIA study, Modern Maturity states “The
incidence of diabetes (...) is greatly reduced in monkeys on a
restricted diet. The monkeys also show fewer signs of spinal
arthritis, a common condition they share with humans.” [9]
These monkeys show other signs of reduced aging, such as
a prevention of age-associated decline in melatonin levels.
[10;11] When I was at the CR conference I was able to see a
presentation by the researchers working with the rhesus monkeys and hear about how they were doing, even how they were
enjoying their new living environment! Seeing the drastic difference between the ad-lib monkeys and the calorie restricted
ones made it all the more real for me.
On the ‘easiness’ of CR, I explain that it is important for me
to see as much of life as I can. Therefore, I have transferred my
comfort foods into more healthy ones, like air popped popcorn,
raw veggies, or green tea. This helps me reach the long-term
goal I always have in my mind: to keep my brain sharp as
long as possible. CR is a way to help me reach my other goals.
I want to stay alive to a time when we change the ratio of
expenditure from 400 billion US dollars to the military [12]
with only approximately three million to aging research [13]
to something more appropriate to combat and eradicate the
greatest killer of all time – aging. There are lots of figures out
there, and in all of them America’s military spending dwarfs
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any other countries and even many countries entire GNP.
In discussions, when some are particularly pessimistic about
the ability of our current society to change, I point out that
I notice more people every year are committed to bringing
about complete political reprioritization. This makes me
optimistic. Yet when I look at the past 2000 years of written human history, I know the changes I envision, including
immortality, may not occur within my lifetime, even with
CR. So I have a back up plan:
This is when I show my braided gold medic-alert while
I say I’m signed up with ALCOR to be frozen when I die
(actually ‘vitrified’, a new technique with virtually no cellular
damage). [14] To me, it beats being buried in the ground or
becoming ashes. I then explain why I hope to see the future:
I believe we will soon (100 years or so) learn to not only end
aging but to reverse it and have handy things like brain backups if we have accidents, effectively making us immortal.
This is where the various conversations with strangers,
friends, and family from all walks of life, in all sorts of places,
really get interesting! People understand eating healthy; they
appreciate hearing practical things to help them now in 2004.
It is easy to have someone believe you when you talk of things
that can help right now, but when projecting into the realm
of science fiction, or just humanity’s future, I run up against
a wall. Facial expressions change and I’m asked why I’d want
to live forever or believe on blind faith that it is possible. This
is where I hear that God, evolution, or fate knows when we
are to die and that it is selfish to extend our lives unnaturally.
I point out that a primitive society life span is around 25 years
of age with 40 being a rare old man. Being old is in fact not
natural in nature’s setting. Living 50–60+ years for a significant percentage of human populations is a modern adaptation
of the last 100 years of human history. The majority of deaths
also changed from those of young children to those of old
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people. Our scientific and technological advancements in the
past 100 years are already giving us vastly extended life spans
[15–17].
This brings me to my counter point to the ‘selfish’ accusation. The basis of my argument is that extending life through
medical interventions helps us to do more of what God, fate,
or evolution has planned for us to do. This is why we are
given, or have developed, the intelligence to stay alive longer.
When we stay healthy longer through CR, or anything that
we develop in the future, we can work longer and can give
more to the spiritual, scientific, or non-profit organizations
we affiliate with. I for one would love to be able to donate
more to the Methuselah Mouse Prize for anti-aging research
[18]. If the award for that was more near the largest ever US
lottery jackpot of 363 million, rather than the fifty thousand
dollars currently donated, we would shortly end aging. With
more prize money there would be a lot more contenders for
the prize that will be awarded to whoever can significantly
reverse aging in a mouse, or postpone it.
With a longer life, many opportunities would open up, for
new careers, new travel, and exploring the ever-expanding
questions of the universe. These conversations with people
can be very inspirational. It is surprising how creative people
can be when you open them up to talking about the future.
At times I am dismayed that with our current technology my life will be so short. Yet my heart revels with what
epiphanies I inspire in my children about how things in
this world interact. I get a rush when I explain to them in
simple terms (and they actually get it) – about why it is
important for our country to balance the budget, how to
support universal health care, how people live in oppression
even today, or just explain any little piece of the puzzle to
them. With the help of the Unitarian Universalist Church’s
education programs, I teach them about the world’s reli228
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gions. What other people believe, their histories and how
their cultures (and even our own) are affected today by their
religions. In class they also learn about community service,
about self-esteem and how caring committed people have
affected change. I see my children struggling to balance
their emerging ideals with what is ‘cool’ as seen in our popular media culture versus what their own hearts tell them. It
can be overwhelming for anyone young or old to hear of all
the wrongs to be righted. To my children I like to mention
that if the Earth’s 4.5 billion year history were represented as
24 hours, the 2000 years of written history would be a mere
second or two, and in that brief time we humans have been on
an increased path of happiness and wisdom.
In all these wonderful, almost daily, deep, philosophical discussions I get into with various people and my own children
about the nature of this universe, I mainly try to instill hope.
I think the ripples I create might spread. It’s not just about
proselytizing (although I’d love all to join the immortalist
cause). It is about the little sound bites I give people (like
the eye-opening things you will no doubt read in this book)
such as neural chip implants for rats, photographic memory
for fruit flies, and cat brains that have been frozen and then
brought back to normal looking electrical activity – things we
have actually been able to do. I like to think these sound bites
will come out elsewhere in other people’s conversations, and
they may be inspired to learn more. In this process of becoming more curious and aware, they internalize how they can
affect change.
When younger people today (and older people who have
already accumulated more wealth and power) think about
such things as being aware of how research money is spent
and their own taxpayer money is used, they can vote in to
office the people who will spend it most effectively for them.
I am thankful that the Immortality Institute has been created
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to help change how some of this wealth is spent. Some day we
could even be supporting our own Immortalist candidates for
office, supporting foreign aid, increasing science and technology fields, and ending aging! I know most of the people I’ve
met who are already immortalists have not gotten into the
movement until they were a young person in an old person’s
body wondering what happened. This is why I talk to so many
people to try to spread awareness in the younger generation.
It is why my children are being raised with the naturalness of
transhumanism (being open to what we may become).
If you ask my brilliant seven-year-old what she thinks about
immortality she will boldly start talking about what things she
could do with a robot body. My highly imaginative four-yearold son will say how he wants to be a scientist that discovers
how to end aging since he never wants to die! My angelic
two year old hugs and kisses everyone, and reminds me of the
basic instinct to feel pleasure by helping others, as she shares
her food and toys, along with her vibrant spirit of life.
This book is exhilarating in its scope, and in its predictions.
The best way to predict the future is to help create it. I hope
that things you read in this book will touch that spark of optimism each of us has at the emerging of our own consciousness,
as we rush through our childhood eager to understand our
place in this universe.
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SOME PROBLEMS WITH IMMORTALISM

Ben Best
In the Land of Oden / There Stands a Mountain / A
Thousand Miles in the Air. / Once every Million Years
/ A Little Bird comes Winging / To Sharpen its Beak
on that Mountain. / And when that Mountain / Is just
a Valley / This to Eternity shall be... / One Single Day.
I heard this English translation of an Austrian folksong during
my second year of university, and it still strikes a deep emotional resonance within me. I have craved to live for eons since
I was a small child, and evocations of the expanses of time
draw me with a hypnotic power. Long before I heard of cryonics I had a rich fantasy life and I would imagine myself happily surviving alone after the rest of Mankind had passed from
the scene and the planet Earth had been turned to volcanoes
and fire. But, although I place no limits upon how long I want
to live, I believe that there are good reasons for believing that
immortalism is an unrealistic goal – and even a self-defeating
goal. ‘Forever’ is not just a long time; it is eternity and therefore beyond realistic conception.
There are mathematical models that can be used to calculate
valuations in infinite time: I would rather be given $1 today
than $1 in one year’s time. Similarly, the value of being alive
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for the next year is more important for me than the value
of being alive the following year, and much more important
than the value of being alive for one year 100 years in the
future. The present value of money can be compared with the
future value of money in a choice of present money or future
money – a mutually exclusive choice. A mutually exclusive
choice cannot be made with life because being alive in the
future requires being alive in the present – all the more reason
for placing greater value on life in the present; but diminishing returns can and do still apply.
Let’s say that being alive in 2005 is 98 % as important to
me as being alive in 2004. Then I can calculate the value of
immortality for me as:
the sum of N from zero to infinity for
(0.98)N=1÷(1-0.98)=50.
That is, I value immortality 50 times as much as I value
being alive for another year. If this seems unreasonable, then
ask yourself: “Is being alive for one year at the age of 100
really as important to me as being alive for one year at the age
of one thousand or one million?” It must be that events far in
the future, even being alive, must be of less personal significance or urgency than events in the present.
To put the argument in the most forceful terms, if you knew
for a certainty that you were going to be obliterated without
hope of further life at the age of one million years, would
that be significantly more tragic than an age of ten million?
Ten billion? Ten trillion? Even after ten quadrillion years, you
can never know that you have achieved immortality – that
would take eternity.
Imagine that you have a million dollars and that you are to
allocate that money entirely toward ensuring your survival in
any given year. If you allocate the entire million to surviving
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only for the coming year, chances are very good that you will
survive the entire year, but maybe not so good that you will
survive the following year. If you allocate one dollar per year
to survive one million years you may have a hard time lasting
even one year with only a dollar for food, shelter, medicine,
self-defense, etc. By allocating more money to the next few
decades you increase the probability that you will be able to
acquire money to survive in future decades. The analogy with
money should be expanded to effort and attention.
I have known an ‘immortalist’ who argued very strenuously
with me when I suggested that physical immortality is probably not possible or deserving of attention. Yet this person
would not make the effort to complete cryonics paperwork
– preferring philosophical questions. Although many defenders of physical immortality have indeed completed their
paperwork, I still think the emphasis on physical immortality
is misplaced. It is too easy to step into an open manhole by
spending too much time with one’s head in the clouds. Even
if one’s own immediate survival is not imperiled, there is a
danger to others – and ultimately to oneself – of distracting
attention from real and tractable problems in favor of futuristic and fanciful ones (which may be more entertaining).
Concerning priorities, I think that making cryonics arrangements – and taking steps to ensure that those arrangements are
implemented – is good first aid. It could be valuable to work
on means of extending maximum life span, but only after adequate attention has been given to preventing death by cancer,
cardiovascular disease and fatal accident. Too much focus
on the former while ignoring the latter is another instance
of having one’s head in the clouds. A very sad example in
this regard is Frank Cole, who studied anti-aging medicine,
practiced calorie restriction, made cryonics arrangements,
trained as an Alcor cryonics transport technician – and who
was murdered in North Africa as a result of exposing himself
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to excessive risk by his desire to ‘confront death’. Concern for
immediate safety should be the highest priority.
Another important problem with immortalism is that it is
an affront to religion. It is not an affront to religion to speak
of an extended life span of 100 years or even 1,000 years.
After all, Methuselah reportedly lived 969 years. To say that
a 1,000 year life span is an affront to God would be to insult
God (if such exists). What is 1,000 years – or even one million
years – to Eternity?
If human beings were free of disease and senescence the
only causes of death would be accident, suicide and homicide.
Under such conditions it is estimated that from a population of one billion, a 12-year-old would have a median life
span of 1,200 years and a maximum life span of 25,000 years
(i.e., one-in-a-billion would live the maximum 25,000 years).
Thus, I can say that my goal is to live to one thousand. That
does not mean I wouldn’t like to live longer, but I will remain
focused on my goal. It also means that both cryonics and antiaging science are simply extensions of medicine, rather than
a challenge to religion (cryonics patients have not died, they
have deanimated). In practical terms, someone who claims to
be trying to extend his or her life span may be less likely to be
snuffed-out by a fundamentalist physician than a would-be
immortalist who is seen as a blasphemist.
The more cryonicists can present themselves as life-extensionists rather than immortalists, the better the chance cryonics
has of being accepted (or, at least, tolerated) by medicine, by
religion and by society. The more cryonics is accepted, the
better is the chance that cryonics and cryonicists can survive.
Some question that immortality may not be achievable
because of such things as extinction of the sun, heat death of
the universe, and proton decay. I find it difficult to even take
a theoretical interest in these questions. The most immediate
issues for our survival are staying alive as long as possible, the
236

Essays on Infinite Lifespans

Ben Best

elimination of aging and disease and ensuring that cryonics
can work. If these problems can be solved, we will have hundreds or thousands of years to think about other threats to
our existence. If they cannot, other problems are irrelevant.
If I am alive in a youthful condition 200 years from now,
then the most awesome problems of mortality will have been
solved – and the chances of finding ways to ensure survival for
another 800 years will be trivial in comparison.
There is little to be gained by worrying about circumstances
beyond 1,000 years. We cannot now comprehend the conditions of life and survival a thousand years in the future
anyway, so it is a waste of effort to try. The most immediate
survival goals are to either live long enough to benefit from
tangible reversals of aging through technology or to see reversible suspended animation of the brain. That could happen in
anything from 10 to 50 years.
For those who survive the next 50 years, during which the
elimination of aging is bound to occur (in my opinion), the
next challenge will be to survive death-by-accident and to
learn to live safely. Close behind that danger will be deathby-murder, because the progress of science will always include
the power for people to annihilate other people by increasingly sophisticated means. Following that problem will be
self-annihilation through transformation. As people augment
themselves with smart drugs, biological add-ons, computational and communications hardware, migration to other
platforms, etc, they may easily lose their ‘self’ in the process.
Although it is true that the longer we live, the more adept
we become at surviving, it is also true that we only need to be
a victim of murder or a fatal accident once to be obliterated
forever. However small we can make the probability, with
enough time a fatal event is inevitable.
Is there anything to be gained by attempting now to take on
the problems of survival beyond a millennium? Don’t we have
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enough problems to cope with, without presenting ourselves
as enemies of religion? Let’s concentrate of extending our lives
long enough to take the next step – or there might not be a
next step to take. Let’s be life extensionists – trying to survive
the next thousand years – rather than ‘immortalists’.
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Marc Geddes
The desire for immortality is one of the deepest, most enduring dreams of humanity. But is it a noble dream? Advanced
technologies such as biotech, nanotech and infotech appear
to hold great promise for extending human life spans and
restoring youth at some point in the not-too-distant future.
But even assuming that radical life extension is possible, some
people find the idea disturbing. There are philosophers who
argue that the quest for immortality is morally wrong, that we
should accept aging and death as a necessary part of life. In this
essay an argument for the opposite conclusion is presented.
It shall be argued that not only is the quest for immortality
morally good, it is in fact the very foundation of morality!

MORAL THEORY
Any theory of morality has to begin somewhere. We shall
here begin with something known as ‘moral intuitionism’.
Moral intuitionism is the idea that some moral precepts are
understood through direct conscious awareness, rather than
through logical arguments. Appealing to the intuition of readers then, the proposed starting precept is very straightforward:
“life is better than death.”
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Can it be logically proved that life is better than death?
The question is debatable, but such proof is not necessary,
provided that virtually all readers can agree that this is a good
starting premise. One does not have to agree that in all circumstances life is better than death. Sometimes death may
indeed be preferable. All that is being proposed is that in general, life is better than death. Most sane people could probably
intuitively agree with the claim. In fact, the preference for life
appears to be a universal throughout human culture. It is near
universal for humans to celebrate birth and lament death.
Let us now apply the idea that life is generally better
than death to the ethical question of human life extension.
Suppose that at some point in the future science finds a way
to eradicate aging and disease, so that – barring accidents or
violence – a person could live on indefinitely. Let us further
suppose that science can not only lengthen life, but also fully
reverse any disabilities and symptoms of old age, so that everyone can enjoy the vigor of a healthy 20-year old. Put aside
the question of whether or not such a thing is possible for the
moment. The question we are asking here is whether or not
eternal youth would be ethical. How long would you choose
to live, if you had the choice of living in good health for as
long as you desired?
A variety of possible objections to the offer of eternal youth
present themselves. The objections can be divided into two
different categories: practical and philosophical. Practical worries might include: the population problem, the problem of
scarce resources and environmental pollution, eternal youth
that is only available to the wealthy, the accumulation of too
much wealth and power by an elite group of immortals.
We shall not here examine the myriad of practical problems
that radical life extension might cause. It shall simply be noted
that the historical record suggests that almost any scientific or
technological advance causes new practical problems. (As an
240

Essays on Infinite Lifespans

Marc Geddes

example take the Internet.) In the case of the question of radical human life extension, it is certainly reasonable to assume
that should such a thing come about, it will cause problems.
But all of these problems might be solvable. We need to examine the philosophical reasons for wanting life extension. If we
find that there are strong ethical reasons for life extension, this
means we can be more confident that life extension would be
on balance a good, regardless of the problems that might arise
from it.
While most people might accept that generally life is better
than death, it has to be considered whether this is only true
for a finite length of time. Perhaps life is better than death for
a while, but then the postulate ceases to be true. Is there a time
limit to the claim that life is better than death? It is hard to see
why this should be so. If there is a time limit, where does it lie?
If you think that living to 100 in good health is better than
living to 50, why is 200 years of great health not better than
100? Why stop at 200? Why not 500? If you would be happy
to live to 500, why not a million years, even forever?
A philosophical objection to life extension is the worry that
the longer we lived, the less we would value our time. After all,
a basic economic principle is that the value of a resource tends
to increase the scarcer it is. Would we somehow value each
moment less if we lived longer? Another worry that people
may have is that a desire for life extension is somehow selfish.
Perhaps budding immortals would become really self-centered and narcissistic?
It shall now be argued that both of these philosophical objections are without merit. It will be shown that not only does
striving for a longer life increase the value of each moment,
but it also increases the motivation for moral behavior.
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VALUING INFINITE LIFETIME
The first stage of the argument follows from the fact that
the continuation of our lives requires effort, both individually
and on the social level. The continuation of human life is not
guaranteed. There are basic survival requirements. Humans
need air, water, food and shelter at an absolute minimum.
We have to take actions on an on-going basis to ensure survival. Staying alive takes work! At any moment sentient beings
have choices. Some of the choices we make will harm our
chances of survival. Other choices will enhance our survival
prospects. Since life is better than death, it follows that the
choices that harm survival prospects are bad, and the choices
that enhance survival prospects are good.
It is clear, however, that simply focusing on our own
short-term survival hardly leads to other ethical behavior.
For instance, we could steal someone’s wallet. If there was
a lot of money in it, it might enhance our own short-term
survival prospects greatly, but few people would regard this as
moral behavior.
But why should our goal simply be short-term survival?
For the example of stealing someone’s wallet, such behavior
may help the thief in the short-term, but could it be that in
the long run such behavior actually reduces survival prospects?
Imagine if everyone lived in a barbaric way, trying to take
advantage of everyone else. In the distant past social life was
closer to this. Small tribes spent their time fighting with other
tribes - rape and pillage were the preferred modus operandi.
This pre-civilized state has come to be known as ‘Hobbesian’
after the political philosopher Thomas Hobbes.
What Hobbes pointed out was that it would actually be to
everyone’s long-term advantage to accept some limitations
on their behavior. The idea was that people could always
hurt each other if they were determined enough. If A hurt B,
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then B’s angry friends could strike back. Be nasty to people
and they are more likely to be nasty back. Tit for Tat. From
Hobbes and Locke came the idea of a ‘Social Contract’. [1]
A contract is a formal or informal agreement whereby parties
agree to recognize various obligations to one another. In the
case of the ‘social contract’ the idea is that everyone living in a
society has implicitly agreed to play by a set of rules because,
over the long run, playing nice makes everyone better off
than they would be in the anarchistic ‘Hobbesian’ world.
These ideas form the basis of a political philosophy known as
‘Contractualism’.
Rational people understand that actions have consequences.
A life of crime may help a person in the short term, but in the
long run it may get you killed or imprisoned. That we recognize it is in our own long-term interests to respect others leads
to moral behavior. When we respect the rights of other people,
they are more likely to co-operate with us, to mutual benefit.
Of course, for this to work people have to learn to defer shortterm gain in favor of long-term benefit. The critical point is
a person’s awareness that they have a future. People are more
likely to be moral when they understand they will have to face
the consequences of their actions in the future. It follows that
the further into the future one plans for, the more moral one’s
behavior should become. People that live a short time do not
have to experience the future consequences of all their actions.
Longer lives should reduce the tension between the individual
and society.
The extent to which moral behavior stems from the ability to
plan for the future has perhaps not been properly recognized
as of yet. Evolutionary biologists have tried to understand
moral behavior such as altruism in terms of the possible survival advantages it would bring. But moral behavior cannot
be fully explained in this way – if we only consider the shortterm.
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In a recent Nature paper [2], a moral dilemma was described.
Two subjects were asked to share a pot of money, say $100, in
which one person decided the amount that each of them got
and the other person either had to accept it or neither of them
would get any money at all. They only play once. If A decides
that he should get $95, and offers B only $5, it might seem
logical for B to accept. After all, B gets $5 if he accepts, and
nothing if he does not. But when the game is played in real
life, people refuse to accept splits that are too unequal, foregoing personal gain in order to punish the other guy.
Moral behavior is only of advantage when the game is
played many times (an ‘iterated game’). Over many games
it is logical for the person who is offered an unfair split to
decline, and for the person splitting the money to do so fairly.
This is because it is known that the optimum strategy for interactions between two parties over the long run is simple ‘Tit for
Tat’. The success of the ‘Tit for Tat’ strategy was discovered
in a worldwide computer competition in 1981. The competition was looking for a solution to a moral dilemma known as
‘The Prisoner’s Dilemma.’
There is a lesson there. In the real world kindness to strangers is only really to one’s advantage over the long run. In fact,
morality would only be perfectly logical if we lived forever.
People have to stick around long enough to reap all of the
consequences of their actions. When humans act morally they
are in a sense acting as if they are immortal! We can conjecture that human morality is in part explained by the uniquely
human sense of time. Only sentient beings capable of rational thought can plan far into the future, and only they can
understand that the world will continue to carry on without
them should they die. Humans are motivated to act morally
because, in their imaginations, they can consider what people
would think of them if they were alive at any time into the
future – be it 5 minutes from now or 5 centuries.
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Let us also consider the question of the value of the moments
in a person’s life. Time is no ordinary commodity! A person
with more time can plan further into the future. They have
more choices available to them in the present because some
of the things a person could do in the present would only
pay off over the longer-term. A person with more choices has,
by definition, more freedom, and has an increased range of
goals to choose from. Thus the longer a person has to live, the
greater the potential value of each moment.
We have presented strong reasons for believing that life is
generally better than death no matter how long an individual might live. Firstly, the potential value of each moment
is increased the longer a person lives. Secondly, the longer a
person expects to live, the greater the motivation for moral
behavior. This would appear to clinch the ethical justification for life extension: Life extension is morally good. Since
the arguments apply over any length of time, the longer an
individual can potentially live, the greater the good. Thus it is
actually an ethical imperative that we strive for immortality!
Since a truly immortal person would live an infinite time, it
seems that immortality is in a sense an infinite good. It would
be a reasonable conjecture then, that the quest for immortality
is the ultimate moral imperative. Let us call this idea ‘immortalist morality’. The idea is that we base the whole of ethics on
‘affirmation of life’. When sentient beings make a life-affirming choice, this is designated as morally good. When sentient
beings make a choice that degrades life, this is designated as
morally bad. Why not make immortalist morality the entire
foundation of our value systems?
An important point to note here is that morality and legality
are two separate spheres. There is a danger with any suggested
ethical system that some people will want to impose these
morals on everyone else. But the problem is here is one of
tolerance. It is not being suggested that laws be passed on
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the basis on ‘immortalist morality’, although it could serve as
guide in formulating public policy for some issues.
A number of philosophers have tried to construct ethical
systems by taking affirmation of life as the foundation for
morality. Ayn Rand based her Objectivist theory of ethics on
the idea that one’s individual life is one’s ultimate value. The
German humanitarian and theologian Dr. Albert Schweitzer
wrote:
Affirmation of life is the spiritual act by which man
ceases to live unreflectively and begins to devote himself
to his life with reverence in order to raise it to its true
value. To affirm life is to deepen, to make more inward,
and to exalt the will to live. At the same time the man
who has become a thinking being feels a compulsion
to give to every will-to-live the same reverence for
life that he gives to his own. He experiences that
other life in his own. He accepts as being good: to
preserve life, to promote life, to raise to its highest value
life which is capable of development; and as being evil:
to destroy life, to injure life, to repress life which is
capable of development. This is the absolute, fundamental principle of the moral, and it is a necessity of
thought. [3]
A major objection to the idea that ethics is derived from the
survival goal, is that there are many things that we value in life
beyond mere survival. After our physical needs are taken care
of, we still have physical desires that may conflict with our
survival. And quite apart from physical desires, we have emotional and intellectual goals. Is it not better to regard survival
as just one value out of many, and ethics as a weighing up of
multiple preferences?
It is important to understand that many of our desires are
actually by-products of evolution. Evolutionary psychol246
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ogy studies the ways in which human actions may be driven
by biological urgings that evolved because they provided
an evolutionary advantage. For instance, our emotions and
our thoughts indirectly aid our survival prospects. Emotions
enable us to empathize with others, helping us to better cooperate with people. Social skills provide a clear survival
advantage. Rational thinking is a survival tool, because we can
use abstract thinking to understand and predict how the world
works. ‘Life affirming’ things can even include art and philosophical systems of thoughts. We have come to value these
for their own sake, but they arose by chance and remained
because they provided an evolutionary advantage for humans.
Of course it was genes that evolution was selecting for, not
the extension of individual lives. But survival needs did tend
to correlate with reproductive fitness. So making the survival
goal primary does not necessarily conflict with the many
other things we come to value. Immortalist morality conjectures that everything worthy of value stems from the quest for
immortality.

STAGNATION
The most common philosophical objection to radical life
extension is that really long life would simply get too boring.
Perhaps we will simply run out of interesting things to do?
Would we end up in a static world where there is nothing new
under the sun? But the opposite is argued here. If everything
worthy of value comes from the quest for immortality, then a
long life should actually be more interesting and meaningful.
How could this be?
The first point to note is that once technology becomes
advanced enough to radically extend human lifespan, it
is likely that technology will also be advanced enough to
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radically alter the minds and bodies of those who desire it.
For instance we could imagine ‘brain refresher drugs’ which
prevented brains from becoming too inflexible. The people
living in the far future might be able to alter their bodies
and personalities as easily as the people of today change their
clothes. The fact that some people living today get tired of
life is more likely to be a practical, biological problem than a
philosophical one.

IDENTITY
Another philosophical concern emerges. An individual
might worry that if he lived long enough he would cease to
be ‘himself’ and become someone else. After all, exactly what
is the ‘self’? Astronomer Martin Rees recently expressed this
worry:
I’m reconciled to extinction – losing all consciousness
as well as rotting away physically. Indeed, I think we
should welcome the transience of our lives. Individual
immortality would be deleterious for life’s further
development unless we could transform ourselves, mentally and physically, into something so different from
our present state that the transformed entities wouldn’t
really still be ‘us’. If technology allowed me to transcend
these limitations, I would only be the same person in the
sense that I would retain some memories of early life.
But even over present life spans it is not clear how much
continuity of personality is really preserved. Each of us
is a ‘bundle of sensations’ somehow woven together as a
continuous thread or ‘world line’. [4]
The idea that we are just a ‘bundle of sensations’ dates back
to philosopher David Hume, but other philosophers such as
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extropian transhumanist Max More would disagree, regarding
the concept of ‘self’ as perfectly meaningful. [5] The philosophy and science of the mind is currently not advanced enough
to provide an answer to the question of the self. So long as a
living being retains memories of his past, there is a connection
between its past and present selves which may be sufficient for
it to retain the same sense of ‘self’. In order to remember our
past, our current self has to be ‘backwards compatible’ with
all our past selves.
A related worry is that an extremely long-lived person would
somehow cease to be human. Yet human nature itself is not
fixed. Human beings have constantly re-invented themselves through cultural change and new technology argues
Transhumanist philosopher Nick Bostrom. [6] Even if it
would be true that someone who lived hundreds of years
started to change into a different entity, why should this be
feared? After all, a man at 20 years is rather different to a man
at 5 years, just as the man at 60 years is rather different to
the man at 20. But the potential for change is precisely what
makes life exciting and creates the opportunity for something
better to come along. And consider the alternative: death.
Did we not agree that life is generally better than death? Better
to evolve than die!

RELIGION
Some people may object to the quest for immortality on
religious grounds. It is argued that extremely long life is somehow un- natural, that it is ‘against God’s plan’. Yet some of the
strongest allies of the quest for immortality may come from
those of Jewish faith. In Judaism the primary metaphor for
God is that “God is Life”. Judaism may be the religion most
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compatible with ‘immortalist morality’. At a 1999 conference
on life extension, Rabbi Neil Gillman had this to say:
There is nothing redemptive about death. Death is
incoherent. Death is absurd.
The rabbi was asked if Jewish tradition would endorse prolonging human life for twenty years. “Yes”, answered the rabbi.
Forty years? “Yes.” One hundred years? “Yes.” He regarded
the indefinite prolongation of life as a moral good. [7]

MOTIVATION
What would motivate very long-lived people to continue
to strive to create new things and explore new realms? The
basic moral premise we have been talking about: the desire to
see life survive. This is an ongoing process: it is a journey not
a destination. If immortality was something that we reached
at some point, then it could no longer serve as the foundation of ethics. But no matter how far advanced our science
and technology becomes, it is unlikely that the continuation
of our own life can ever be guaranteed. It may be theoretically possible to live forever, but this would likely involve the
continual solving of new problems and overcoming of new
challenges. We could think of guaranteed infinite life span
as a sort of mathematical limit, which we can get closer and
closer to, but never quite reach. Each new scientific advance
would lower the risk of dying, but the quest for immortality
would continue forever.
Would not people who adopted an immortalist morality
become very risk adverse? The answer is no, because people
have to take some risks in order to continue to survive. There
is no paradox between aiming to live a long time and taking
some risks in the short-term. Short-term risks have to be taken
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to secure long-term gain. For example, a person would not get
up out of bed in the morning if they were trying to maximize
their short-term survival chances. However, a little longerterm thinking can determine that the rational action is to take
the risk of getting out into the world and accomplishing your
goals. That is the only way to make ends meet and survive
over the long run. It is important to emphasize that staying
alive requires constant effort, and immortality is a journey not
a destination.

SELFISHNESS
There is another point to consider here. Immortality as a
fundamental moral imperative need not be interpreted in a
purely egotist sense. That is, it is not being argued that the
survival of our own individual life is central at all times.
We can also allow that the lives of others may take precedence
in some circumstances. It is perfectly consistent with immortalist morality to take some risks in order to help the survival
chances of others. Throughout history, explorers and soldiers
put their lives on the line for the good of others. In some
circumstances it may be life-affirming to practice altruism,
and sacrifice our own life so that others may live. So clearly,
immortalist morality is not totally selfish.
This also answers the objection that the chance of radical
life extension in our lifetime is too low to make it a worthy
goal. Some may say that it is not worth wasting time on such
an unlikely goal when there are many problems to solve in
the here and now. But our own personal chance of success
has no bearing on whether or not life extension is a worthy
goal. Even if we die long before scientific advances find a cure
for old age, the goal is still worthy in so far as we are helping
others to reach it.
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It is interesting to point out that the suggested foundation
for morality can be empirically falsified. Perhaps we cannot
prove that the quest for immortality should be the ultimate
value, but we could disprove it. If science ever determined
that it is impossible for life in the universe to last forever,
the quest for immortality is impossible and cannot be justified. So, does the scientific evidence rule out the idea that
life could, in principle, survive forever? Some have thought
so. One argument that life cannot survive forever comes from
a law of physics known as the second law of thermodynamics. This says that the entropy of an isolated system (a system
which exchanges no matter or energy with its environment)
must always increase. Entropy is a measure of how disordered
the system is. For instance science writer Adrian Berry once
wrote: “Preserving a living body forever would violate the
second law of thermodynamics.” [8]
In fact the second law of thermodynamics does not imply
that a living thing has to decay. Living things are not isolated
systems. They constantly exchange matter and energy with
the environment. For instance the human body excretes waste
and takes in air, food and water. So long as a living thing continues to take in new energy, there is no reason why it has to
decay. The biosphere of planet Earth as a whole is exchanging
energy with the wider solar system. What about the universe
as a whole, however? The universe appears to be an isolated
system in which entropy has to increase. Will all sources
of useable energy one day run out? Will everything decay?
The great philosopher Bertrand Russell certainly thought so.
He wrote these depressing words:
“That man is the product of causes that had no prevision of the end they were achieving; that his origin, his
growth, his hopes and fears, his loves and his beliefs, are
but the outcome of accidental collocations of atoms;
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that no fire, no heroism, no intensity of thought and
feeling, can preserve individual life beyond the grave;
that all the labors of the ages, all the devotion, all the
inspiration, all the noonday brightness of human genius,
are destined to extinction in the vast death of the solar
system, and that the whole temple of Man’s achievement must inevitably be buried beneath the debris of a
universe in ruins- all these things, if not quite beyond
dispute, are yet so nearly certain that no philosophy
which rejects them can hope to stand. Only within the
scaffolding of these truths, only on the firm foundation
of unyielding despair, can the soul’s habitation henceforth be safely built.” [9]
However, to a scientist, it is not known how the universe
will end, if at all. It seems that the universe might go on
expanding forever, but the nature of dark energy is not well
enough understand to be very sure. It is important to understand that even if the average entropy density of the universe
has to inevitably increase, this does not mean that it ever
has to reach a maximum and stop dead. Even if the universe
comes to an end, it may still be possible for life to survive
forever. In 1979, English physicist Freeman Dyson published
a paper [10] in which he argued that even in a universe with
finite energy an intelligent being could still think an infinite
number of thoughts. He considered the case where the universe kept expanding, but started to ‘die’ as useable energy
ran out. He found that as the universe grew colder and colder
advanced beings could still live forever by thinking thoughts
at a slower and slower rate. Physicist Frank Tipler considered
the opposite scenario - the universe one day stops expanding
and starts to collapse under the force of gravity, coming to an
end at a ‘big crunch’. His idea was that as the universe grew
hotter and hotter, intelligent beings could still live forever by
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thinking thoughts at a faster and faster rate, but only if they
developed technologies powerful enough to modify the large
scale structure of the universe. This is known as the ‘Omega
Point’ theory. [11]
It emerges, that the empirical data are insufficient to determine whether life in the universe has to end. So there is no
scientific basis for Russell’s pessimism and we can advance as a
reasonable conjecture the claim that life can last forever.
It is interesting to note however, that life on Earth will
probably have to expand into space in order to continue to
survive. If life on Earth has to one day expand into space to
stay alive, and continue expanding, then it seems unlikely that
life would ever become boring or free of risk, no matter how
long one lived. There will always be exciting new challenges
to face and it is precisely the quest for immortality that will
drive humanity to face them! This is all the more reason for
believing that the quest for immortality should indeed be the
ultimate moral imperative.
It has been argued that immortality is possible, but only if
rational beings make continual efforts to stay alive. It is not
being argued that immortality can ever be guaranteed. If science ever found a way to guarantee immortality, immortality
would cease to be a goal and could not provide the basis for
morality.
Tipler’s idea that life will one day have to spread across all
space and develop technology powerful enough to change the
structure of the universe is intriguing because it suggests that
the very fate of the universe is tied to the efforts of living
things to stay alive. If so, immortality could be said to be the
very ‘telos’ (end purpose) of the universe.
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SHOULD WE FEAR DEATH? EPICUREAN AND
MODERN A RGUMENTS

Russell Blackford, Ph.D.
Most of us fear death, to a greater or lesser extent, though
some philosophers believe that we would do well to accept it
and to fear any prospect of immortality. Bernard Williams, in
particular, has argued that we would eventually suffer unbearable boredom, and come to welcome death, if we had the ability to live for hundreds of years (p89–98). [1] Though we
might die earlier than we would like, he suggests, the fact that
we all die is actually a good thing. Many others have argued,
ever since antiquity, that death is at least not something to be
feared.
In this essay, I argue that it is rational to be attached to life
and live as long as we can, though not to fear death with the
intensity, or nagging anxiety, that human beings often do.
Furthermore, our reasons for being attached to life are also
reasons why we should want to live indefinitely.
In the ancient world, the first philosophical attacks were made
on the rationality of fearing death, based on the assumption
that there is no afterlife and that death extinguishes all sensation, thought, and awareness. Separate issues arise, if we have
religious grounds to believe that there is an afterlife of eternal
bliss or punishment. I will set those aside and consider the fear
of death and our attachment to life purely from a secular phil-
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osophical viewpoint. (I will also set aside whether it is rational
to fear the process of dying, as opposed to death itself – though
there is no doubt that the process is usually painful and nasty.)
The locus classicus of the debate is the work of the Hellenistic
philosopher Epicurus and his followers, who viewed death in
a strikingly modern way, as the end of all sensation or awareness. On that assumption, we cannot rationally fear it as a
great unknown, or as a prequel to divine judgment and possible punishment. Is there any other rational justification to
fear death, or consider it a bad thing? What is so bad about
death?

ARGUING LIKE AN EPICUREAN
In his Letter to Menoeceus, Epicurus argues “all good and evil
lie in sensation” [2; pg.149]. Since death is the extinction of
sensation, it is “nothing to us”, something that is neither good
nor evil. This can be formulated as what I will call The Basic
Epicurean Argument:
The Basic Epicurean Argument:
P1. Nothing is a misfortune unless it includes or causes
unpleasant sensations.
P2. Death does not include or cause unpleasant sensations.
C. Death is not a misfortune.
This argument is logically valid. More interestingly, it is
amenable to significant modification should counterexamples
be offered to challenge P1. This premise can be altered in
numerous ways without affecting the validity of the argument, so long as appropriate alterations are also made to P2.
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By way of explanation, consider the following counterexample to P1: a close friend who loves me ceases to do so (for
whatever reason). I might never be adversely affected by this,
in the sense of suffering unpleasant sensations, e.g., my friend
might maintain a pretense of love, and I might, as events turn
out, never even become aware of the change in her feelings.
Yet, the loss of a friend’s love is usually considered to be a
misfortune. [3; pg. 4–6]
An Epicurean could respond to such counterexamples by
making suitable modifications to both premises of The Basic
Epicurean Argument. Thus, the Epicurean might point out
that, if a friend has ceased to love me, she might thereafter
have some propensity to act in ways that I will find unpleasant. The Epicurean could modify P1 by including among
the classes of misfortunes those events that, at the time they
happen, make us more vulnerable to unpleasant sensations.
She could then plausibly modify P2 to state that death is not
such an event – after all, I will have no unpleasant sensations,
or sensations of any other kind, once I am dead. Since both
premises have been modified appropriately, the argument
remains valid.
Not all possible counterexamples can be accommodated in
this way. For example, will it not be a misfortune for me if
my reputation is defamed in some way after I die (possibly as
a consequence of my death, since I will no longer be able to
defend myself). An Epicurean could respond to this kind of
example with a second strategy. She might suggest that the
new example is not a misfortune. Rather, someone who worries about such things is in the grip of a kind of pride that is
irrational because it is not conducive to living the happiest
kind of life.
This brings us to the nub of the matter. A full Epicurean
argument against the rationality of fearing death would
have to include a specific account of the good life.
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The Epicureans had such an account and it actually has
some attraction. Specifically, they claimed that the good
life consists in living with freedom from pain (aponia) and
freedom from anxiety (ataraxia). They believed that achieving aponia and especially ataraxia (which we might translate
as “tranquility”) for as long as we are alive and conscious,
is the highest level of human happiness, and that many of
our strivings and concerns actually frustrate our happiness.
Such propositions can be found in Epicurean documents such
as the Letter to Menoeceus and, particularly, the Key Doctrines
(149–150). [2] The Roman poet Lucretius, the greatest of
Epicurus’ followers, argues in detail in his masterful De Rerum
Natura that our lives are blighted whenever we strive after
goals that are inconsistent with ataraxia (p 151–153). [4]
If we could accept these more general Epicurean views,
we might well limit the classes of genuine misfortune and
we might conclude that a combination of the strategies that
I explained above could protect the spirit of The Basic
Epicurean Argument against any possible counterexample to
P1. This is because, according to the Epicurean conception of
happiness, any genuine misfortune must be something that
can interfere with our tranquility while we are alive. Death
itself does not do so – though fearing it does – so death itself
is not a misfortune. To an Epicurean, then, death is not a bad
thing.
On the other hand, this analysis suggests that The Basic
Epicurean Argument can be successfully defended only if we
accept general Epicurean views about the nature of happiness.
These would require us to jettison many of our commonsense
ideas; such as that it is a misfortune to be despised by others
(even if we are blissfully ignorant).
It appears to me that there is more truth to the Epicurean
view of happiness than is usually acknowledged. There does
actually seem to be a limit to our happiness, and we do seem
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to get close to that limit if we find ourselves living healthy
lives without pain or anxiety. Much of our striving for more
than that seems futile, or even counterproductive. Still, I will
argue that there is more to a good life than the Epicureans
articulated in their philosophy. That ‘something more’ is
what makes it undesirable to die.

DEATH AS A DEPRIVATION OF ADDITIONAL LIFE
We could reject the Epicurean account very quickly if we
insisted that being alive, as such, is a good thing, and saw
death as a misfortune simply because it deprives us of additional life. That, however, creates more problems, since the
concept of deprivation is not straightforward. It appears to
include the idea of being denied something that it was possible to have. However, in what sense is it possible for a person
to have a longer life than (speaking without tense for the
moment) she actually does have? That question raises intractable issues about determinism, fate, and free will, issues that
it seems better to avoid if we are to make any progress.
To avoid them, I want to focus more closely on the concept
of fearing death. There is a relationship between fearing some
kind of future event and acting to avoid or resist it. For example, we try to avoid disease by inoculations, healthy diet, good
hygiene, etc. Similarly, we may avoid violence by fleeing it, or
we may use force to resist. Even if the Universe is deterministic, our own actions to avoid or resist such things must surely
form part of the chain of deterministic causes. If so, actions
such as fleeing or opposing violence are rational.
Thus, whether or not determinism (or fate) prevails in the
Universe, there are many actions that we can take to avoid or
resist events that would otherwise be the death of us. If additional life is a good thing, it is rational to take such actions.
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On that assumption, it seems rational to act as if we feared
death. If we had the choice, we would even be prudent to
‘program’ ourselves to have some degree of subjective fear of
death, in order to motivate ourselves to identify and undertake actions that will help us live longer. It does appear to me
that some fear of death is a good thing. Later, however, I will
ask how much fear of death we ought to have.
None of this reasoning is sound unless being deprived of
additional life is, indeed, a misfortune and there is a ready
reply to that claim. Once again, our friends, the Epicureans,
made it in antiquity.

DO WE WANT ADDITIONAL LIFE?
In De Rerum Natura, Lucretius argues that it is not bad to
be deprived of additional life, since no one thinks it was bad
not being alive, prior to the time we were born. We are not,
he suggests, upset about not having been alive at the time
of the Carthaginian wars (p151). [4] If missing out on additional life after our deaths is a misfortune, what about all
that life we missed out on before we were born? Of course,
it is not rational to fear a misfortune that is already in the
past. It is only rational to fear future events. However, an
Epicurean could add, past misfortunes are surely matters for regret. Yet we do not even regret not being around
in the days when the Romans fought the Carthaginians.
Some attempts to answer this line of argument raise metaphysical issues about the nature of the self. Unfortunately, those
issues –much like those to do with the prevalence in the Universe
of determinism or fate – are too complex to resolve here.
For example, Nagel argues that it is not possible for us to have
any sensations very long before we were born – certainly not
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before we were even conceived (p8). [3] This assumes that
each of us is the biologically organized matter continuous
with a particular zygote, created at a particular point in time.
Kaufman takes a different approach. He argues that even if
the self, as a “metaphysical entity” (p309), [5] is defined in
this way, the real problem for Lucretius is that events in my
past affect my current personality. If I had been alive at the
time of the Carthaginian wars, I would not now be as I now
am, thinking the thoughts that I do and having the wishes
that I have! That being so, Kaufman says, I cannot coherently
regret not having been alive earlier, for I would be wishing
away my own personality (307–311). [5]
In my view, these arguments are not at all decisive against the
position of Lucretius. The short answer to Kaufman is that his
approach proves too much. Many events whose occurrence
we later regret influence the development of our personalities.
Indeed, Kaufman’s argument appears to rule out the appropriateness of regret in those cases where it actually seems to
be most appropriate, such as when someone’s personality has
changed deeply over the years as a result of dwelling upon a
crime, or some non-criminal but seriously hurtful act, that she
once committed.
The argument put by Nagel is both more difficult and more
convincing. In the end, however, it appears to fail. Assume for
the sake of argument that ‘I’ am a biologically organized fourdimensional being whose earliest temporal stage is the zygote
that was formed when one of my father’s sperm cells fertilized
one of my mother’s ova. It seems that I could not simultaneously have an identity defined in such a way and have had
experiences before I was even conceived.
At the same time, we can imagine logically possible scenarios in which the very same zygote could have come
into existence at an earlier time than it did. Imagine that
a certain person was born twenty years after a particular
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ovum and sperm cell were selected for in vitro fertilization.
For all those years, prior to the IVF procedure being carried
out, the two gametes were separated and cryonically preserved. The sperm cell was then used to fertilize the ovum,
and, after further medical procedures (involving, let us say,
a volunteer surrogate mother), the person’s birth finally
took place. Would she regret the ‘lost’ years when she might
have been alive if the IVF procedure had not been delayed?
I doubt that regret would be either appropriate or actually experienced in the normal course (if this scenario can be
thought of as in any sense normal). However, it is possible
to imagine specific circumstances in which regret might be
appropriate. What if the gametes were preserved near the end
of a time of peace and prosperity, and the person concerned
reached her adolescence just as this was ruined by a terrible
war? Perhaps, in specific circumstances such as those, she
would have cause for regret, but the regret would be that her
adolescent experiences took place in a worse social environment than might have been, not that she missed out on an
additional period of life.
Reflection on the circumstances in which we could rationally and consistently regret not being born earlier seems to
me to strengthen the Epicurean arguments, at least to this
extent: What is regrettable is not the mere fact of not being
alive for a period of time. Still, I think that Lucretius can be
answered.
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PROJECTS, RELATIONSHIPS, COMMITMENTS
A better reply to Lucretrius than that given by Nagel or
Kaufman is the following, based broadly upon the views of
Williams (p85–87) and (particularly) Martha Nussbaum
(318–320), [1;6] even though neither would actually favor
human immortality. The gist of the reply is this: Once we are
born and begin to become part of a society, we soon have good
reasons for preferring to stay alive, reasons that are forwardlooking, so there is no symmetry with our the past before we
were conceived or born.
I might, for example, wish to complete a novel or a work
of philosophy that I am writing. I might be obsessed with
the fluctuating fortunes of a favorite athlete or sports team.
I might be involved in an interesting and charming flirtation,
or perhaps an ever-deepening love affair, and there might be
various people who are dependent on me, emotionally or
financially.
In short, I might have a multitude of projects (some deeply
serious, some less so), relationships (likewise), commitments,
and interests that I can imagine extending and changing into
the indefinite future. All of these are attachments to life, and
almost everybody forms them. Even Epicurus died with a
request to a friend to “take care of the children of Metrodorus!”
(p151) [2] He was not entirely indifferent to what would
happen after his death. Indeed, none of us could be indifferent to our own prospective deaths, what might follow them,
and what they would prevent, while simultaneously retaining
such attachments.
Nor would we be better off without such attachments to
life. Lucretius is doubtless correct that foolish obsessions can
distort our lives and lead to unhappiness (p151–153). [4] Yet,
our forward-looking projects, relationships and commitments
are an important part of what is valuable in our experience.
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To the extent that the Epicurean conception of a happy life
asks us to give them up, or to deprecate their importance,
that conception is impoverished and should be rejected.
Although there is some wisdom in the Epicurean worldview,
it is incomplete at best. It cannot be used to save what I called
The Basic Epicurean Argument against fearing death, because
there is more to a good life than freedom from pain and anxiety – aponia and ataraxia. A good life includes rich kinds of
experience and connection that are, by their natures, forwardlooking.
None of this is to say that there is no force at all in the
Epicurean arguments. In his Key Doctrines, Epicurus argues
that “the flesh” (p151) wants infinite duration of life, while
the intellect knows better. [2] In fact, I left open the question,
earlier in this essay, of how much we should fear death, even
if we have reasons to avoid and resist it. Perhaps “the flesh”
has its own reasons to fear death, reasons that make us fear it
more than is good for our happiness.
Though it is beyond the scope of this essay to pursue the
issue in detail, the equivalent of “the flesh” in contemporary
thought may be our unconscious genetic predispositions,
some of which may have increased our evolutionary ancestors’ inclusive fitness, but do not increase our happiness as
individuals. It is rational to have projects, relationships, commitments, and interests that attach us to life. However, the
degree to which we actually fear death – the sense of nagging
anxiety or even panic that the thought of death sometimes
causes – might not be something we would choose if we
could reach into ourselves and rewrite our own genetic code,
in order to harmonize our personalities with our considered
ideas of what constitutes a happy life.
If my argument so far is correct, it would be rational to fear
death less than we do, but it is also rational to want to remain
alive, at least for as long as we have projects, relationships,
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etc., that attach us to life. Moreover, it is also rational to feel
frustrated when we experience, or imagine, the decline in our
mental and physical powers that will make us less and less
able, as we age, to carry out our projects and commence new
ones. Indeed, our knowledge that aging and death await us
restricts what projects we can rationally commit ourselves to
in the time available. If not for the specters of age and death,
we could commit ourselves to projects that might take hundreds of years to see completion.
Williams’ argument that we would experience terrible boredom if we could live forever (p89–98) [1] strikes me as rather
unconvincing. As long as I have my full capacities, I can see no
limit to my ability to immerse myself in new projects, in new
and more relationships, in new interests. I suppose it might
be different if the world did not change around me, so that a
time came when nothing was new. But why should that ever
be the case? Technology will advance, society will change, our
understanding of the Universe will deepen, and we will find
time to explore it.
I suppose one counterargument is that the longer our lives
become the less we can have vivid and immediate memories
of our entire lives. Very long-lived people might have some
difficulty maintaining a psychological connection with their
pasts, for, in a greatly extended life, memory may not be able
to handle all that has been experienced. However, the extent
of this problem is unclear, since we know so little about the
neurophysiological workings of memory.
In any event, it is not obvious that the outcome would be
terrible – or drastically different from everyday experience
even now. I can remember little of my life before the age of
five and I find that memories, even of critical experiences,
become unexpectedly vaguer as I grow older. However, that
does not mean that I fail to recognize how they have shaped
me, nor has my past lost its interest to me.
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If we live much longer lives than have ever been possible,
our experience of our own identity may change, but that does
not mean that our lives will be empty, discontinuous or without fascinating internal connections. Changed conceptions
of personal identity might open up possibilities for growth,
rather than being burdensome.
Perhaps if we could all live indefinitely, a time might eventually come for each of us when we believed ourselves fulfilled
and no longer able to grow. Eventually, we might cease to feel
attached to life in the ways that I have described, especially if
we reached some kind of hard limit to our ability to adapt to a
changing world, to maintain a strong sense of identity, and to
remain creative. Personally, though, I would like to have the
option of exploring the world and my own capacities until I
found those limits. If I ever did come up against them, I could
die at a time of my own choosing. If everything was right with
my health, and my creative and intellectual powers, I can not
imagine that any such time would arrive except many, many
years after the completion of the eight or ten decades that
I can currently hope for.
When we take a hard look at what is so bad about having
to decline and die, it appears that we fear death too much.
Yet, we should be careful not to rationalize the situation to
the extent that we understate what is regrettable about aging
and death. The reasons why death is a bad thing are simply
the reasons why we are attached to life. Not only that, they
are reasons that could attach us to it indefinitely, at least if we
could retain the faculties that enable us to live life to the full.
This suggests that we should do what we can to turn down
the volume of our fear of death, but we should not console
ourselves with false reassurances about the supposed virtues of
being mortal. Certainly, we should not adopt a stance of fashionable pessimism about the desirability of living beyond the
rather pitiful limits that nature has allowed. Instead, we should
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live to the full, pursue our projects, and enjoy our relationships and interests for as long as we can, with no equivocation
or apology. If we can extend the span of robust human life,
or even live indefinitely, that is a prospect to embrace with all
our optimism and energy.
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CHAPTER III: RESOURCES

W

e conclude this introduction to the ongoing scientific
conquest of death, with a challenge.

We invite you to
• investigate any of the topics raised, starting with the
selected references in the bibliography.
• learn a bit more about the numerous authors and their
work.
• visit us, to learn more and to share your views on the
exciting project that is the scientific conquest of death.
Please note:
These resources, more information, and accompanying material
are available at the website which has been set up for the special
benefit of readers of this book:

www.ImmInst.org/book1
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“WHO WANTS TO LIVE FOREVER?”

AN INTERACTIVE CHALLENGE TO THE READER
For those rooting for a breakthrough in life extension research,
to question why it would be desirable to lead a longer and
healthier life might seem banal. But a number of people
cannot seem to conceive of any reason why anybody would
want to live beyond the currently fashionable limit of about
four score.
Some possible answers include:
• Watch your grandchildren and great-grandchildren
grow up
• Find out what the future will be like
• Because art and creativity are inexhaustible
• Have more time to help others
• Why not?
• If you live, you can always change your mind about it
later; death is irreversible.
• Watch Tibet beat Brazil in the football world cup final
• More time to figure out the meaning of life, if there is
one
• Because it would suck to be in the very last generation
to die of old age
• There are people who love you and who need you
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“Who wants to live forever?”

• Have a chance to really grow up and find out what kind
of wisdom and maturity might be attainable by a healthy 800-year-old
• Spend more time with friends and loved ones without a
time bomb ticking quietly inside you all the while
• Learn the answer to some of the great mysteries:
How does the mind work? Is there extraterrestrial life?
• Play, create, and make love, to explore exotic mental
states
• Build and experience virtual realities
• Live happily ever after
To share and discuss your own thoughts visit
http://www.imminst.org/why
Inspirations by Nick Bostrom, PhD, Oxford University
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