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“What is Cryonics?”

Cryonics is the ultra-low-temperature preservation (biostasis) of terminal patients.
The goal of hiostasis and the technology of cryonics is the transport of today’s
terminal patients to a time in the future when cell and tissue repair technology
will be available, and restoration to full function and health will be possible,

a time when cures will exist for virtually all of today’s diseases, including aging,

Ashuman knowledge and medical technology continue to expand in scope, people considered beyond
hope of restoration (bytoday’s medical standards) will be restored to health. (Thishistorical trend is very clear.)
The coming control over living systems should allow fabrication of new organisms and
sub-cell-sized devices for repair and revival of patients waiting in cryonic suspension,
The challengge for cryonicists today s to devise suspension techniques that will ensure the patients’ survival.
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UPFRONT

~ By RALPH WHELAN, EDITOR———

Whew!

So far, 1994 has been a good year for cryonics—if you can handle change, that is.
The biggest (and most beneficent) change has been the Arizona Department of
Health Services’ (informal?) decision that cryonics is “medical research,” rather than
afuneralpractice. Accordingly,theyhave agreed toissue Alcor the permitsnecessary
for transfer of our 27 patients to Scottsdale, Arizona. We're now in high-speed
make-like-a-tree mode, and likely willbe as muchin Arizona as California by the time
you read this. The “dry run” test move of a patient-less (but full of liquid nitrogen) 4-
persondewarisscheduled for the first week of February. Assumingthe dryrunisn’ttoo
educational, the 27 patients will follow soon after.

Other big changes: Alcor Members will have already received their “newsletter
precursor,” The Alcor Phoenix. To make the volume/issue numbers of the newsletter
moreintuitive (and to give the Editor a chance to make most of the obvious mistakes),
this preliminary Phoenixis “issue number zero.” ThefirstPhoenixof 1994 willbe Volume
1:1. (There will be 8 issues each year, two between each issue of Cryonics.) Since The
Phoenix is printed in-house and mailed out First Class, we expect it to set a new
standard for timely communication between Alcor Central and our hundreds of far-
flung members.

The other big change is ... well, you're reading it.  Cryonics is now a quarterly
magazine. This less frequent release schedule allows us to print slightly longer
magazines, to upgrade the printing quality, and to lay-out Cryonicsin-house. (And all
of this while saving roughly $ 10,000/year over the previous cost!) | suspect that this
pleases no one so much as overworked Alcor Members Eric Geislinger and Jane
Talisman, who have served as Production Editors for the past 40 issues with nothing
but a hefty long-distance phone bill to show forit. Thank you, Eric and Jane!

The quarterly magazines get off to a roaring start with the first half of Dr. Ralph
Merkle's “The Molecular Repair of the Brain.” A shorter version of this impressive
paper was recently published in Medical Hypotheses. Derek Ryan interviews the
fascinating lames Baglivo, winner of a free whole body suspension in the Omni/Alcor
Immortality Contest. Get to know a little more about lim—and read his winning
essay—on page 32. Hugh Hixon tells the story of the new Mobile Life Support
System Mark I, the new state-of-the-art in cryonics patient transport. And Thomas
Donaldson joins Michael Perry and Steve Bridge as aregular columnist this issue with
The Donaldson Perspective.

(On arelated note: thisissue of Cryonics and issue number zero of The Alcor Phoenix
are my trial-by-fire at desktop publishing. Any missing pages or mysteriously unfin-
ished articles will be filled in next quarter.)

Shaking things up still more was last week's earthquake, the 6.6 “Northridge
Quake.” Our thanks to the many Alcor Members who stumbled to their phones at
4:30amto place anervous call to Alcor. Everybody's fine and nothing broke, but let's
just say that none of us slept through it—and some of us now feel a good bit better
acquainted with the undersides of our kitchen tables. (And a word to those Alcor
Members who will still be living at or around X-Marks-The-Spot in the coming
months: if you get shaken up, call us as soon as possible so we know you're okay.)

Donation acknowledgment letters have now been mailed out to everyone who
donated to Alcorin 1993. If you were a donor in 1993 and have not yet received
such a letter—or if the acknowledged totalis different from what you recorded—
please callloe Hovey or Steve Bridge at Alcor. It'simportant to have such aletter for
your records, to back-up the tax write-off.

About the Cover

The cover of this issue was designed by
Ralph Whelan, using Aldus Freehand
(for the brain) and Aldus Pagemaker.
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Dear Mr. Whelan:

Recently I have noticed a feeling among
some cryonicists that my recent review of
Eric Drexler’s book Nanosystems was some-
how motivated by dislike. While I don’t
wish to retract anything I said in that review,
I feel that I should explain my motives.

As many readers know, I have felt skep-
tical about Drexler’s ideas for some time.
When I read Nanosystems, I hoped that some
of my problems would at least be answered
explicitly. I felt disappointed that (despite
all the calculations presented) my questions
were not dealt'with. It seems to me, from
reading Nanosystems, that answers to some of
these questions, if done not experimentally
but by computation and simulation, require
more powerful computers than Drexler had
access to. That is a pity and not a cause for
anyone to feel joy.

Ultimately the possibility or nonpos-
sibility (or perhaps practicality or
nonpracticality) of mechanical nanodevices
as described by Drexler is a matter of em-
pirical test. A good simulation, though, would
help to increase their possibility (or perhaps
to show their impossibility, too). My own
computing skills lie in the field of highly
para{l)el computers, and I would be happyto
help put these questions to the test.

If Drexler had recognized this issue,
rather than simply giving the reader a wave
of the hand or two, I would have said so. 1
could not find anywhere in his book where
that was done; 1 would listen with interest to
anyone who can point me there. But funda-
mentally, working machines need more than
the designs of single parts, no matter how
involved those single parts may be. And
equally fundamental, we will not under-
stand how to read ourselves off into ma-
chines (if indeed that ever becomes possible
in the way that computer programs can be
copied) without great attention to the work-
ings of the machines we now are: which
means understanding of memory, chemi-
cally, biologically, and physiologically, and

understanding of our drives also.

Best, and long life to all,
Thomas Donaldson

[ETTERS
% EDITOR

Dear Investment Committee Members:

After resisting long and hard, as a new
Alcor suspension member I find I cannot
help but put in my two cents’ worth. Please
find enclosed a copy of the Patient Fund
Investment Goals Questionnaire. 1 apologize
for deviating from the form of the question-
naire, though Isuspect I am not the only one
to do so.

The main problem that I had with the
questionnaire is the apparent assumption
that the Fund be divided into different port-
folios in fixed and somewhat arbitrary pro-
portions. I completely support the idea of
different portfolios with different strategies
and risk levels, but would like to see the
amounts apportioned to each fund have a
more concrete basis. I would like to suggest
a Fund something along these lines:

Emergency Portfolio:

$100,000. This is calculated based on
the LN2 costs at a 29 rate of return if all the
patients were converted to neuropre-
servation. All other costs of patient care are
assumed to be donated. This is the dire
extremes fund, to be used only in the event
of the collapse of Alcor, loss of the other
portfolios, or political or economic turmoil.
[tis invested in the most conservative instru-
ments, with an eye to the possible collapse of
the U.S. and/or world economies. (I do not
agree with the argument that if the economy
collapses, all is lost anyhow. My grandfather
survived World War 1, the collapse of the
Austro-Hungarian Empire, the succeeding
famine, the Depression, the German
hyperinflation, Adolph Hitler, World War
11, and a year in a POW camp.) My sugges-
tions: T-bills, Swiss bank accounts, precious
metals, cash. This portfolio is a good candi-
date for an outside trust, to provide the
patients a last measure of protection against
government confiscation or a legal judg-
ment, or malfeasance in Alcor itself.

Operating Portfolio:

About $910,000. This is calculated based
on the current total costs of patient care, at a
4% rate-of return. For this example, I am

using Ralph Whelan’s figures from the Oc-

tober Cryonics of $17,235 for neuros and
$61,634 for whole bodies. This portfolio is
used for the normal and necessary expenses
of patient care. Since effectively all the
income is used for patient care, this portfo-
lio will grow only when an additional patient
is suspended. This portfolio is invested in
instruments of moderate risk. My sugges-
tions: money market funds, corporate bond
funds, stock mutual funds, cryonics based
real estate.

Growth Portfolio:

About $40,000 (7). This is whatever is
left after the two other portfolios are estab-
lished. This portfolio is used for more
aggressive and risky investments. A goal of
perhaps 8% growth (a little over the S&P
500 for the last 25 years) is not totally
unreasonable. This portfolio assumes that
the economy grows strongly (in the long
run) as the result of new and powerful
technologies, particularly of the sort needed
to revive the patients. This will provide for
the growth needed to pay for the revival and
rehabilitation of the patients. My sugges-
tions: stock mutual funds, technology funds,
corlporate bond funds, non-cryonics based
real estate, individual technology stocks.

These portfolios are for the current Pa-
tient Care Fund. However, certain prin-
ciples govern this plan as we move into the
future. These principles dovetail nicely with
the cost of the patient care system Ralph
Whelan suggested in the October Cryonics,
though they do not rely on it. It would work
something like this:

Regularly, perhaps once a year, the cur-
rent cost of patient care is calculated. This
cost is used to determine the amount set
aside for the Patient Care Fund (not count-
ing safety margins and operating surpluses)
from each suspension. This is also used to
calculate the size of the Operating Portfolio
using the 25x capital requirement. If any
members have been suspended in the last
year, the cost per patient should have de-
creased due to economies of scale. Sincethe

.
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Operating Portfolio was funded at a higher
per patient rate the previous year, it is now
overfunded by some very small fraction.
The Fund is now reapportioned. If the
number of patients exceeds the number of
neuros that can be cared for by the current
Emergency Portfolio, then additional funds
are transferred to it from the now over
funded Operating Portfolio and the Growth
Portfolio. If not, then the over funding of
the Operating Portfolio is transferred to the
Growth Portfolio. If all these assumptions
are wrong, and one or more portfolios suf-
fered losses, the Fund is still reapportioned,
with first the Emergency Portfolio and then
the Operating Portfolio brought up to
strength. The Growth Portfolio is always
what is left over after the Emergency and

Operating Portfolios are at full strength.
As Alcor grows larger and stronger, a
greater percentage of the Patient Care Fund
is invested in higher return investments.
And while it encourages growth, it always
provides for the patients in o different
ways, even if not another person is sus-
pended and economies of scale never mate-
rialize. The Growth Portfolio absorbs the
value fluctuations of all three funds, as well
as helping provide for under funded suspen-
sions. The Emergency and Operating Port-
folios provide constant reassurance that ex-
penses can be met.
Some quick and dirty calculations indi-
cate that (using Ralph Whelan’s scenario) if
we have 200 patients in 10 years, well over

half the Fund would be in the Growth

Portfolio. If it takes longer to reach 200
patients, the proportion could be even higher
due to longer growth time. I am currently
writing a spreadsheet to further investigate
the dynamics of this under various assump-
tions (remember, there are lies, damn lies,
and spreadsheets).

Of course, all this planning is for naught
if the portfolios are not strongly diversified,
financially and geographically. But I feel it
hasanumber ofadvantages over other meth-
ods I have heard of, though I must admit that
in Georgia I am a bit out of the Alcor
mainstream, and may have missed some-
thing,

Long Life,
Stephen J. Van Sickle

EXIRO |

The First Extropy Institute Conference
on Transhumanist Thought

Sunnyvale, California, April 30 - May 1 1994

PURPOSE: Extro 1 will be a rich, intellectually invigorating
gathering designed to help push outward the boundaries of progress
and possibility. 1t will be both a serious study and a joyful

achieved. Besides presentations of accepted papers, the conference
will feature lectures by leading thinkers, panel discussions, the first
Extropy Awards banquet, and other events,

LOCATION:

The Sunnyvale Sheraton ballroom, Sunnyvale, California.

TIMES:

Saturday April 30, 8am-9am: Registration and welcome.
Saturday, 9am-8pm: Sessions.

Saturday 8.0-10.0pm: Banquet, Extropy Award Ceremony.
Sunday, 8.45am-1.0pm: Sessions.

SESSIONS:

Only those sessions currently (Jan 17) certain are listed here. Many
others are under consideration and development.

Keynote speaker: Hans Moravec (Mind Children)
The Extropians E-mail List: Past, Present, & Future

Is There an Extropian Epistemology? Pan-critical rationalism and
the Extropian Principles

SIMNET — a neural network simulator for modeling complex
dynamical systems

Cryptographic Techniques for Resuscitation of Biostasis Patients
Life Extension Research

Extropy Awards presentation

S

celebration of humanity’s limitless potential and how it will be

( ATTENDANCE FEES

Before Mar 1 After Mar 1
$60 $70

$75 $85

Exl Members
Non-members

These rates include attendance at all talks and panel discussions,
one copy of the conference Proceedings volume (which will
include considerably more than just the papers delivered at the
event), and light refreshments (coffee, juice, fruit), but not the

\banquet. )

ACCOMMODATION:

Extro 1 attendees are responsible for making their own accomodation
arrangements. If you are on tight budget, you might try asking local
Extropians to take you in (but don’t expect this for free). Bay Area
Extropians can be contacted via Exl's local events e-mail list:
exi-bay@gnu.ai.mit.edu

REGISTRATION DETAILS:

You may register immediately by mailing your payment (check, cash,
or money order in U.S. currency) to:

Extropy Institute — Extro 1
11860 Magnolia Avenue, Suite R
Riverside, CA 92503-4911

Extropy Institute members will see further developments reported in
Exponent — Exl's members’ newsletter. To receive further informa-
tion on Extro 1 as it becomes available, write to the same address, or
phone 909-688-2323.

PROCEEDINGS:

If you do not expect to attend but want to reserve a copy of the
Proceedings, contact us by April 1.
—
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Notes from the President

Alcor and Cryonics Today

by Stephen W. Bridge

or many of you, this will be the first
Fissue of CRYONICS magazine you

have ever read. Many others have
been reading about Alcor and cryonic sus-
pension for only a few months. Since thisis
the beginning of a new year——and the end
of my first year as Alcor’s President and
CEO—this looks like a good time for an
overview of cryonics in general and Alcor
in particular.

First, if you’ve just picked up this maga-
zine at a newsstand or a friend’s house and
findyoudon’tunderstand most of what it’s
about, call Alcor for a free information
packet. Ifyouwant really comprehensive
information, please order ourdetailed 110-
page book, Cryonics: Reaching for Tomor-
row (order information on the inside back
cover), and perhaps some of the other
fascinating books and articles available
from Alcor. Forthetruly obsessed, weeven
have the entire 13-year run of CRYONICS
Magazine available on computer disk and
microfilm!

Where We Came From

While the idea of suspended animation
has been around since at least the 1920s,
cryonics really gotits start in 1964 with the
publication of The Prospect of Immortality
by Robert C.W. Ettinger. The first human
freezing was that of Dr. James Bedford on
January 12,1967;and Dr. Bedford isstillin
suspension here at Alcor (although Alcor
was not the organization which originally
suspended him). The Alcor Life Extension
Foundation was founded in 1972 and per-
formed its first suspension in 1976.

In the early 1980s, several new
cryonicistswithmedical and scientificback-
grounds brought their expertise and view-

points to Alcor, giving the field a scientific
base and a new impetus for growth. Alcor
began doing detailed evaluations of sus-
pension procedures and significant re-
search into methods to improve those pro-
cedures. The publication of Eric Drexler’s
book on nanotechnology Engines of Cre-
ation in 1986 interested many technical
peopleincryonics, since the book contained
Drexler’s speculations on how future tech-
nology might repair frozen patients.

The suspension of Dora Kent in Decem-
ber of 1987 brought Alcor to the pointed
attention ofthe Riverside Coroner’s Office
and the California State Department of
Health Services, resulting in a landmark
series of legal actions over the following
five years. These culminated in several
court decisions which established the legal
right of California residents to choose
cryonicsuspensionand therightofAlcorto
perform those suspensions and act as care-
taker for the frozen patients.

While the bureaucratic “attention” we
received during those five years was often
painful and expensive, the media coverage
eventually resulted in millions of people
throughout North America and the world
being exposed to Alcor’s ideas. Over the
past five years, thousands of people have
written or called Alcor to find out more
about cryonics.

Where We Are

Cryonics is populated by various hard-
headed (they often prefer “rugged”) indi-
vidualists. . The mere fact that they agree
thattheylike beingalive and think cryonics
is a useful backup system does not mean
they agree on much else. Consequently,
over theyears anumber of cryonics organi-
zations have been formed, often with very
different ideas on what technology should
be used, what organizational structure is
appropriate, and how financial questions
should be addressed. Currently, there are
five organizations capable of performing

or arranging for a cryonic suspension, at
variouslevels of technology and capability,
and a sixth is being formed.

Alcor now has approximately 375 Sus-
pension Members around the world, fully
signed up for cryonics protection should it
become necessary. We also care for 27
patients who are already cryonically sus-
pended and preserved in liquid nitrogen
here at our facility.

I wish T could tell our readers that the
problems of cryonics have all been solved,
that we can guarantee that each of our pa-
tients will be repaired and revived, thatwe
know the economy will hold together, and
that the late 21st Century will be a time
filled with advanced, life-affirming; long-
lived individuals. I can’t do that. We can
only make guesses about the future, and
there are many problems to be solved in
cryonicstoday. Thatshould notdiscourage
us, however. Lifeis DEFINED by the prob-
lems that we must overcome in our every-
day survival. The only people or organiza-
tions with no problems are those which no
longer exist.

One of Alcor’s major concerns in the
past year has been to move our organiza-
tion and our patientsinto alarger building,
outside of Southern California’s earth-
quake threat. In September, a limited li-
ability company (an entity with elements of
both a corporation and a limited partner-
ship), Cryonics Property, LLC wasformed
byAlcorand several Alcorsuspension mem-
bers to purchase a building in Scottsdale,
Arizona. After several months of planning
and of discussing various legal questions
with Arizona authorities, it appears thatwe
will begin the move within the next few
weeks.

We think this move is the first step in a
bright new era for Alcor. Not only will this
provide better protection for our patients,
but it will allow us to get away from
Riverside’s prohibition (enforced only on
us) against animal research. In Scottsdale
wewill again be doing experiments to train
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our suspension team and, over the next
year, begin preparing for significant re-
search into suspension and storage meth-
ods.

Cryonicists have debated the issues of
cryonics for more than three decades now.
Thewaycryonicsgroupsareorganized and
the way suspensions are performed today
bear little resemblance to the methods of
20 years ago. But we are a long way from
havingdefinite answersto many ofthe prob-
lems of cryonic suspension, most of which
are the same as those pointed out thirty
years ago in Ettinger’s The Prospect of Im-
mortaliry. The BIG QUESTIONS still cast
mighty large shadows on the legitimacy of
cryonics.

The Big Questions

This is not meant to be a definitive list or
definitive summaries. Each of these could
and have had many pages written about
them, and more will be written in the com-
ingyears. Weinviteyour comments aswell.

The United States is a country built on
laws, creating an extremely complex maze
for anyone trying to do something brand
new. Inmany ways, laws, regulations, and
the bureaucrats who blindly enforce them
areasgreatabarrierto cryonicsprogress as
lackofresearch. Hundredsofthousands of
dollarsin legal and court fees in California
over the past five years have clearly estab-
lished the legality of cryonics in this state.
This decision hasbeen made by the courts,
since no cryonics-specific legislation has
ever been passed (or seriously contem-
plated, as far as Iknow). We believewe are
currently convincing the Arizona State
Government of that as well, probably with-
out the necessity of a court battle.

The only jurisdiction in the world (that
weare aware of) inwhich cryonicsisillegal
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is British Columbia, Canada. Several mem-
bers of the Cryonics Society of Canada are
actively working to have this law repealed.
Ifyoulivein Canadaand wish to assist with
this effort, please contact Ben Bestat P.O.
Box 788, Station “A,” Toronto, Ontario,
M5W 1G3, CANADA.

Cryonics organizations today use the
Uniform Anatomical Gift Act (inthelaws of
all 50 states) to gain legal custody of a pa-
tient for cryonic suspension. Basically, the
Alcor Suspension Member agrees to do-
nate his or her body to a very longterm
research project. Under current law,
cryonicsuspensionsmay be performed only
after legal death, and this may be true for
many years to come. We can’t prove that
patients can be recovered from this frozen
state; so we can’t make any credible legal
argument that they are really “alive.”

If we ever DO prove our point, it will
create dozens of new legal problems. If a
patient is not legally “dead,” could we use
lifeinsurance to fund suspensions? People
cannot make anatomical gifts of their Jfu-
ing bodies, so what mechanism could we
use for legal custody? How will the laws
dealing with inheritance and ownership of
property beaffected? Ifweareperforming
surgery on “living” people, we will be re-
quired to be a branch of medicine, which
opens up its own Pandora’s box of regula-
tions and expenses. I could go on and on.

It is also possible that proposed legisla-
tionapproving “physician-assisted suicide”
will eventually be useful for some of our
patients. Of course we do not view cryonic
suspension as suicide; but as cryomicists
have for the past three decades, we must
use whatever laws give our members and
patients an advantage. Dr. Jack Kevorkian
has certainly focused a lot of attention on
an individual’s “right” to control his own
life. We believe such a right should exist
and it should include the right to opt for
cryonic preservation when a disease or in-
jury is clearly terminal.

Alcor is a non-profit, tax-exempt organi-
zation. Since we are only performing 2-5
suspensions a year, it appears that the tax
and-public relations advantages of this sta-
tus are extremely important. Some other
suspension organizationsarefor-profitand
perhaps that arrangement will turn out to
more practical in the future if cryonics be-
gins a major growth spurt.

How members of the Board of Directors
are to be selected has been debated for
manyyears. Alcor hasalwaysbeenset up as
acorporationwithoutvotingmembers. Di-
rectors have an annual election to decide
which nineindividualswillbe on the Board
during the next year. Only the current
Directors vote. The purpose of this is to
provide for only very slow change in the
Board, to continuethe “corporate culture”
which emphasizes planning for the future
and care for the patients. This also pre-
ventssudden changes from alargeinflux of
new members. However, many have com-
plained that this system just as easily could
result in entrenched incompetence and in
few new people becominginvolved in deci-
sion-making. Iexpect this issue to receive
pointed examination this year.

Another area of recent debate is on the
general structure of a cryonics organiza-
tion. Should all activities (such as publica-
tions, transport, suspension services, pa-
tient care, and fund management) be kept
“inhouse,” orshould theybe “unbundled”
to several separate organizations?

Cryonics is an expensive project. Justin
basic operating funds, Alcor needs around
$300,000 per year, and this includes pay-
ingourstaffsub-marginal salaries(average
under $14,000 per year). We have spent
hundreds of hours over the past year exam-
iningour costs for providingtransport, sus-
pensions, and patient care. As a conse-
quence of this, we have raised our mini-
mum required donation for neurosuspen-
sionto $50,000 andraised our annual Emer-
gency Responsibility Fee (ERF) to $324.00.
We will still need to find other sources of
money, includingdonations,orwewill have
toraise the ERF again, or cut back on basic
programs.

The Patient Care Fund appears to be




financially solid, and much work has been
done to improve our investment portfolio.
We are confident we can keep earnings
running ahead of expenses. Forayear and
ahalfwehave been investigating the possi-
bility of placing the Patient Care Fund into
a trust arrangement of some kind; but this
has proved extraordinarily difficult and
costly. As far as our attorneys can tell, no
trust like this has ever been created by a
non-profit corporation, at least not with
money it already owns. As of this writing,
we have not been able to come up with
something that could pass IRS approval
and still be effective protection; but discus-
sions are continuing,

Some years ago Alcor began a program
of appointinglocal coordinatorsinvarious
areasoftheU.S.A. and supplyingthemwith
“Transport Training” and equipment. As
Alcor’s membership has grown, this has
expanded into a loose network of chapters
and discussion groups, with manyindividu-
als trained as Transport Team Members.
We will continue to train people for this
purpose, with the eventual goal of having
trained teams of volunteers in every area of
the United States with very many Alcor
members. I suspect that eventually many
self-sufficientorganizationswill be formed
as local membership grows.

A similar program has been attempted
in Canada and Australia, but for now the
distances between the few cryonicists in
these immense countries still inhibit their
ability to organize and get together. The
Alcor organization in Great Britain has its
owntransportand preparation facility, due
to the generosity of Alan Sinclair and oth-
ers, and the British members are closer
together; so they are better prepared for a
suspension than anyone else outside the
United States. Still, interest in cryonics in
each of these countries must grow im-
mensely before full self-sufficiency can be
achieved.

Thisis the most crucial of research ques-
tions because survival of identity and
memory is the entire point of what we are
doing. Itis also the most difficult, because
we still don’t know enough about what
memoryisto knowifitsurvives. Thegoal of
every cryonicist interested in research is to
beabletotrain an animal, freeze it, thawit,
and show that it retains the memory of its
training. Unfortunately, researchers can-
notyetfreeze and thaweven oneorganand
have it survive (although that goal appears
to be getting closer by the month), much
less any animal much more complexthana
worm. Thereare manytechnical problems
tobesolved beforethe central question can
evenbe examined—althoughitmaybesoon
possible to show survival of memory in the
worms. (Given the limited intellectual ca-
pacity of a worm, I suspect few people be-
yond us will be impressed.)

An immense amount of basic research
needsto be donebeforewe even knowhow
toapproachthisquestion. Cryonicistshave
beendependingtoolongontheraggedbits
ofrelatedinformation casually dropped by
researchersinother fields. Weneedto find
ways to fund this basic research ourselves.

The easy answer is the hardest to accom-
plish, of course. We’ll know when some-
one is thawed and tells us, “Yes, it’s me.”
Being told we won’t have the answer until
we have the answer is hardly satisfying.
Before we can begin to answer these ques-
tions, we need more basic information
about how a cell operates, what makes it
stop operating, and what changes occur at
extremelylowtemperatures. Rightnowwe
are stuck with imprecise results from cryo-
biology that show some cells survive freez-
ing well. Thanks to the research of dedi-
cated cryonicists like Jerry Leaf, Michael

Darwin, and Hugh Hixon over the past de-
cade, we doknowthat our procedures from
declaration of death through blood wash-
out and cooling (down to about 4 degrees
above freezing) have a high likelihood of
preserving brain structure and memory.
Dogshavebeentreated in thiswayand held
at 4 degrees C (not frozen) for as long as
fivehours on occasion and survived, memo-
ries intact.

Beyond that we are theorizing with com-
paratively limited information. Answers
could probablybe obtained with avery few
million dollars of research, but that kind of
money is not available now.

A number of possible solutions to this
exist, some of which are exploredin Alcor’s
basicliterature. These range from biologi-
cally-engineered cell replacement devices
tomechanical cell-repair machinesto copy-
ing all of the person’s identity into a com-
puter and building a new brain. /See “The
Molecular Repair of the Brain, ” by Ralph
Merkle, Ph.D. in this issue. —FEd.] Which
choices will be available in the future re-
main unknown, but it seems likely that at
least one of these methodswill be possible.
I'don’t feel we should spend an inordinate
amount of time worrying about this issue.
For now, the most important thing is to
work hard to insure that enough informa-
tion is preserved, so there is something left
to repair.

I suspect that within the next 50 years
some form of “suspended animation” will
be possible. That is, scientists will be able
to place a healthy individual into a kind of
unchanging state (possibly via freezing or
low temperature storage, but not necessar-
ily), hold that individual for an appropri-
ately long period of time, and revive him.
That accomplishment will NOT mean that
patients frozen with today’s limited tech-
niques can then be revived. Today’s pa-
tients are far from healthy and weknowwe
are inflicting additional damage on their
bodies before we can reduce their tem-
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peratures to an unchanging state.
A cryonics organization must survive af
leasruntilthefollowingthings are possible:

A. Most diseases are curable, and
the damage caused by them and by
traumatic injuries is repairable.

B. Medicine has the ability to ac-
complish at least some cell-by-cell
repair, and to regrow any organ
whichismissingorwhich cannotbe
easilyrepaired. Such abilities prob-
ably include an advanced technol-
ogy for manipulating individual
molecules.

C. Agingisreversible and an indefi-
nite lifespan is possible.

D. The damages caused by freezing
injury are reversible. For some pa-
tients frozen under particularly dif-
ficult conditions, this may require
advanced artificial intelligences
with a near-total knowledge of nor-
mal brain structure and how it is
disrupted by myriad ischemic and
freezing scenarios.

E. All of the above advances can be
affordedbytheorganizationrespon-
sible for the patients.

If you are fortunate enough to survive
another fifty years, you may reach a period
wheresuspension(theword “cryonic” may
not even be appropriate by then) is re-
quired only forvictims of especially damag-
ing accidents or sudden, rare diseases. But
Iwouldn’t bet mylife that medical technol-
ogy will progress that fast—those of us in
our forties and fifties thought we would be

_ living on the Moon by now. If you are

young and think you can just skip cryonics
and go directly to biological immortality,
you’retakinganawful chance. IThaveknown
several otherwise healthy people who died
under the age of 40 from cancer, sudden
infection, “silent” heart disease, accident,
or homicide.

The best advice I can give is: /Agpe this
will work in less than fifty years, but pre-
pare for it to take 200 years.

8 Cryonics
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Talk, talk, and more talk. Personal con-
tactisstillthe onebiggestkey to convincing
people that cryonics is a sensible thing to
pursue. So Alcor employees and volun-
teers produce literature for distribution,
givelectures, attend conferenceswhich may
attract similar individuals, and do dozens
of mediainterviews andin-housetourseach
year.

All of our readers and members can help
with this effort. Send copiesof Alcorlitera-
ture to any of your friends and family with
open, inquisitive minds. Help us set up
conferenceandlectureappearances. Some
of you may learn enough about cryonics to
do local interviews (but please don’t do
this without informing Alcor). Set up ca-
sual groups in your local area to discuss
cryonics, perhaps combined with the other
subjects most of us are fascinated by: life
extension, artificial intelligence, future
technology, space travel, etc.

Another factor is that we need morefacts
to talk about. We have to afford the re-
searchsowecanbeseenas makingprogress.
Cryonics is currently a very well thought-
out and presented idea. But the amount of
evidence we have to back it up is painfully
thin. You canhelp bysupportingthebegin-
ning stages of research yourself.

Actually, the answers to these questions,
as well as 1 through 9, require the same
things: more people, more ideas, more
effort, more money. Itisimpossible to get
the most talented people to manage Alcor,
toperformsuspensions, and to doresearch
if we can only pay them $14,000 per year.
‘We have had many volunteers over the de-
cades who contributed mightily of their
time and intellect; but full time people are

required for anything major to be accom-
plished. I would love to say that you can
invest in some cryonics company, make a
lotof money foryourself and the company,
and achieve our research goals. That’s not
true now and won’t be true for a very long
time.

Right Now

Right now, we need people who decide
that staying alive is worth enough to them
to provide their time and money to help
run the organization and propel the re-
search. Sitting around and thinking about
cryonics has accomplished about all it’s
goingto. Thetime forsolideffortby alarge
number ofpeople—asopposedtothehand-
ful who have been doing it for years—is
long past.

Maybe it’s time for you to step forward.
You don’t have to move to Arizona to help
us make progress. With your own time and
effort you can influence friends, writers,
and scientists all over the world, merely by
sending them our literature with your own
comments. If you are able, contributing
funds to research and to the daily progress
of Alcor will put us closer to our goals.
There are many other ways to help. Please
call or write. JTou could be part of the
answer to the Big Questions.




For the Record. . .

Trials of a Hopeful Immortal
The Life and Times of Origen

by Michael Perry, Ph.D.

( jryonics is a unique, 20th-century
phenomenon, based on a scientific
perspective of reality, and relying

on human efforts and ingenuity to com-
plete its mission of liberating the human
frame from its biological limitations. It is
only rendered possible, in turn, by the great
advances that have been made in under-
standing and technology, so that the idea of
effecting our own superhuman transition
seems increasingly plausible and worthy of
thought and effort.

We are indeed fortunate to be living in
such times, yet it is worthwhile occasion-
ally to look back to earliertimes. In the past,
there was little prospect of addressing the
problem of death scientifically, yet people
were still very much interested in freeing
themselves of this burden and ascending to
higher than human status. Some were so
moved by a serene confidence in the de-
sired outcome, by whatever means it might
happen, that they spent their earthly lives,
as far as possible, pondering what might lie
in the infinite beyond and how to better
direct one’s life toward it. Their thoughts,
stretching over millennia and exploring
many avenues of the problem
of becoming more than hu-
man, are worthy of atten-
tiontoday, evenif our view
of reality is different.

One of the greatest of
these speculative trans-
humanists was the 3rd
century Christian philoso-
pher Origen, whose early
life was spent mainly in the
Greek-speaking Egyptian
city of Alexandria. Origen (the
name means “born of Horus” but
was used by Christians as well as pagans)
was mentioned in this column before, in
connection with religion and cryonics!.
However, there are certain features of his
life and thought that call for more extended

treatment, emphasizing those elements that
extend across the boundaries of a particular
world view. I think that we as.immortalists
can appreciate the problems he faced, de-
spite our differences in outlook; and per-
haps gain insight that will help in our own,
hopefultransition to more-than-human sta-
tus.

We may imagine then, the problems that
would be confronted by a sensitive, intelli-
gentchild thrustinto a world where life was
often nasty and short, and death could not
be evaded by human effort, however sin-
cere and diligent. Origen’s family had em-
braced Christianity, which, as citizens of
the Roman Empire, placed them underthreat
ofpersecution. (Christianization ofthe Em-
pire would not come until the accession of
Constantine more than 100 years later.)
Christianity offered an exalted view of a
world beyond the mortal limits, and pre-
scribed a code of conduct to attain it. Unfor-
tunately some of its requirements ran afoul
of'the establishment and fostered continual
harassment. For example, citizens were re-
quired to profess respect for the emperor as
a divinity (done by offering a pinch of

“We may imagine, then, the problems
that would be confronted by a sensitive,
intelligent child thrust into a world where life
was often nasty and short, and death
could not be evaded by human effort,

however sincere and di]igent. o

incense at a civic altar), something Chris-
tians refused to do. Refusal placed one’s
loyalty to the state under suspicion and
might be treated very harshly.

At intervals persecutions against Chris-

tians were organized on a scale that was
large and violent. It was® during .one of
these, about:202°A.D. when Origen was
seventeen, that his own father was put to
death for the beliefs he followed and had
taught his son. The precocious and devoted
youth, already acquiring a reputation for
scholarship-and interest in the deep ques-
tions of life, wanted to join his father in
martyrdom, and was.only dissuaded with
difficulty by his mother. Origen’s preoccu-
pations then, though esoteric, were far from
purely academic, and he was willing to
suffer as necessary for the ideals he upheld.
There is, in fact, an interesting contrast
with the general run of attitudes seen in the
pre-Christian Roman state, and those who
would eventually supplant it. The state
would have been concerned with citizens
en masse, with each citizen “doing his
duty,” remaining loyal and productive
through his or her natural lifespan. When
that was over, the state would have no
further interest, except insofar as there
should be progeny so life could
go on, more or less as before.
On the other hand Chris-
tians, in the formative pe-
riod a century or so before
Origen, had an apocalyptic
vision in which Jesus was
expected soon to return to
earthand lead hismovement
to a new and unprecedented
condition, the “kingdom of
heaven.” Though opinions var-
ied, the hope was seriously en-
tertained that this would be the
start of truly more-than-human, immortal
existence. This hope was preserved and
nurtured in the new faith as it developed,
and continued to burn fiercely after expec-
tations of an imminent return had faded.
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INTEREST IN ORIGEN CONTINUES, AS THESE MODERN TITLES ATTEST

The “kingdom”™—a community of im-
mortals—would obviously differ radically
from existing society, many of whose insti-
tutions and demands were consequently
seen as unimportant:

In fact, in the New Testament that was a
product of this formative period one finds
somerather startling anticipations of issues
that would only be expected to surface if
death could be eliminated. Jesus, it says in
aremarkable passage,? was disputing some
Sadducees who denied that
people would beresurrected.
Their arguments were not
along the lines of saying
resurrection was impos-
sible in principle (“all
things” would have been
possible to God, for in-
stance), but that it would
never happen because it
would violate the established, sanctioned
order. That is, if a woman had remarried
after the death of her husband (this is iter-
ated to seven successive husbands to un-
derscore the point) then at the resurrection,
they ask, whose wife would she be? Poly-
andry being disallowed in society of the
time, this was an impossibility.

10 Cryonics

Viewed a little more generally, we see
what appears to be recognition of abiologi-
cal fact: people don’t just “live,” they grow
up, marry, produce families, die, and that’s
it. They are part of a cyclic chain of events:
life goes on though individuals do not; to
have it otherwise would be improper.

In expressing an alternative possibility,
Jesus hits on something of no small signifi-
cance to us, as we contemplate a literal end
to death through scientific means. He says

It seems likely, in fact, that sex can be
entirely decoupled from }eproduction. People
may continue to be fully active, sexual beings yet

have full control of the “population problem.”

that the woman and her husbands would no
longer be married but would live “like
angels,” i.e., the biological imperatives
would no longer apply. After immortality,
procreation, having served its purpose, es-
sentially must cease. (In view of the mores
ofthe times, this meant sex must cease also,
something I’ll say a little more about later.)

e January, 1994

ORIGEN

The Bible and Philosophy
in the Third~century Church

JOSEPH WILSON TRIGG

== finds in the Christian litera-
ture a disparagement of sexu-
ality. Sometimes Christian-
ity has been severely taken
to task for this hostility to-
ward something that is so
strongly rooted in human
| nature and so widely seen as
: necessary for joy and
fulfilment. However, I think
there are larger issues at stake
that are bravely being ad-
dressed, and much of the
negativity is at least under-
standable. Immortality will
surely bring major changes.

So, to return to the over-
stressed, brilliant young man
who hadrecently endured the
murder of his father and oth-
ers among his people, it may
not seem surprising that
thoughts of an otherworldly
existence would very largely
dominate his thinking. True
to this pattern, his personal
life became a study in auster-
ity, while he spent his hours
in research, teaching and

writing.

Some of this austerity no doubt was
fostered by his now-serious financial
plight—the death of his father, who had
been fairly prosperous, left Origen to pro-
vide for his widowed mother and eight
younger siblings. He fasted often, wore no
shoes and subsisted with little sleep and
withoutabed. This however wasnotenough
and, following a Biblical exhortation to
make oneself a eunuch “for the sake of the
kingdom ofheaven,”4he cas-

trated himself (or had the
operation performed; it
was a routine surgical
practice,5 eunuchs hav-

ing their uses). Such an

act was not viewed fa-
vorably and would be
used against him, many
years later, in a dispute with
the local bishop, in which Origen was ban-
ished from Alexandria. (He thenspentmuch
of his time in Caesarea, Palestine.) Ironi-
cally, Origen himself would comment that
doing violence to the body was nottheroad
to “true purity” and would perfect a non-
literal approach to interpreting passages
from the Bible.6 (He continued, however,




to advocate sexual renunciation for those so
inclined, including himself.)

Despite the hardships of his youth, Origen,
with the help of a wealthy patron, would go
on to become one of the most prolific writers
of all time, and one of the most compassion-
ate thinkers in the history of Christianity. In
fact, when a long lull in the persecutions
allowed a flowering of creative output,
Origen found himself in trouble with his
own people. He was too kind-hearted, as-
serting that the goodness of God would re-
sult in the salvation of all rational beings in
the end. (A later detractor would rail that “he
has dared to pay great honor to the devil”?
who would be among the beneficiaries.)

And eventually, there was another perse-
cution. Origen, now in his sixties, was ar-
rested and tortured severely, the object being
not to kill him but make him renounce his
beliefs. His feet were stretched far apart, a
chain was fastened around his neck, and he
was repeatedly brought to the brink of death,
then revived. But Origen held firm, and the
death of the emperor ended the ordeal. The
severities had broken his health, however,
and he died soon afterward, around 253.

Later, when Christianity became the state
religion, Origen’s writings came under in-
creasing scrutiny and attack. They were fi-
nally condemned at the Fifth General Coun-
cilin Constantinople, in 553, and most of his
vast output was subsequently destroyed or
lost (about a third survives, mainly in trans-
lations). One remarkable work that we still
possess in reconstructible form is On First
Principles. Here Origen lays out a system of
the world and speculates on transhuman and
posthuman existence. Essentially, life in the
future is seen as a vast educational process,
in which the secrets of the universe will be
revealed in all their depth and clarity, and in
addition, each participant will experience an
“unspeakable joy.”8 This process will never
be finally consummated for, no matter how
far the understanding extends, there is al-
ways more to be learned. There will always
be something worth living for, and the means
to live life as it should be lived.

In the long history of thought about what
sort of life ought to follow this one—if
something other than oblivion is possible—
there are those who concentrated on the
punishments some might receive, and others
who focused more on the rewards and ben-
efits. I think it is the latter, among whom
Origen is prominent, who have more to say
that is of interest to us. It seems unlikely, for
example, that long and ingenious punish-

ment would be the best way to deal with
anyone’s problems, in the transition from
mortal to immortal, but everyone will want
to enjoy benefits. What will the “good life”
of the future be like? No doubt there will be
many changes, among the most fundamental
of which, one suspects, being those con-
nected directly with the elimination of death.
In particular, without the attrition of older
individuals, procreation will indeed lose its
urgency, and in fact become a liability. To-
day we already see this happening, with the
world population burgeoned by increasing
life expectancy, but also indications that the
problem may be less severe than once
thought. Improved methods of birth control,
increasingly encouraged and accepted, al-
low limiting of childbearing without the
austerities of the past. It seems likely, in fact,
that sex can be entirely decoupled from
reproduction. People may continue to: be
fully active, sexual beings yet
have full control of the “popu-
lation problem.” (It is worth
pointing out, too, that procre-
ation could actually continue
for a long time to come at the
rate of two children percouple
without exhausing the re-
sources likely to be available.)
I suspect, though, that in
the immense changes and in-
creased options that will ac-
company our progress to
posthumans, concepts like
sexuality and procreation will
largely lose their meaning.
Hopefully, we will all engage
in reasoned activity to pro-
mote ourimmortality and hap-
piness. Sometimes this may
involve creation of other be-
ings with whom we hope to
share eternity, though the pro-
cess may differ greatly from
its biological precursor. But
exactly -how it will be, and
what we might discover about
the true nature of life and
death, and the possibilities of
immortality, only time cantell.
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The MLSS We Wanted To Build:
The Mobile Life Support System

| Marklll

by Hugh Hixon

From Cryonics, March, 1987:

Early in 1985 a decision was made by Cryovila Laboratories with support from the Alcor Life Extension Foundation
to develop an easily transporiable, fully self-contained extracorporeal perfusion and cooling unit for use in the transport
of biostasis patients. The objectives to be met in the design of this unif-were that it be readily transporiable, relatively
straightforward to operate, fully self-contained in terms of power requirements and supporting supplies (disposables,
surgical instruments, medications, elc.), and that it be capable of meeting the normothermic metabolic demands of the
average adult.

The primary purpose of the MALSS is to allow for field cardiopulmonary support by extracorporeal perfusion.
However, because of the necessity fo await the pronouncement of clinical death imposed by current legal constraints,
preparation of the patient for exiracorporeal support must begin after respiratory and cardiac arrest. In order to minimize
ischemic damage during the interval between pronouncement of legal death and the start of extracorporeal support it
is necessary to administer CPR. While it is anticipated that under most circumstances femoral cutdown and initiation of
bypass can be undertaken with 15 to 30 minutes of legal death, it is still necessary to have mechanical adjuncts for CPR
available in order to maximize use of the extremely limited number of personnel available in a field setting.

monitor-defibrillator, two 22 ft3 oxygen “E”
cylinders, and three storage drawers. [See
the issue of Cryonics quoted above for pic-
tures. —Ed [ These they turned over to me.

And so we did.

Jerry Leaf had had this project in mind
forsometime,and had acquired fromsome-
where a-24-volt tubing (or
roller) pump (probably de-
signed for the Army, which still
uses that voltage). He had seen
in perfusionist professional lit-
eratureseveral custom-built per-
fusion carts and so had a good
ideaofwhathe wanted—except
for the price. Estimates of the
costoftheprototypecartsranin
the neighborhood of $150,000
to $250,000; not unreasonable
for something designed and
built by a custom engineering
company but far beyond our
means.

Shopping around, Jerry and
MikeDarwinlocated aTravenol
Life Suppore Litter, which in a folding tu-
bular aluminum frame accomodated a
Brunswick HALR 50-90 thumper, a cardiac

. . .
‘We remounted the drawers, and I built

support frames for the tubing pump, two
12-voltbatteries, aweird 2x 12-volt battery

charger to provide 24-volt power, a (very
noisy) air/vacuum pump modified from a
12-volt auto tire pump, a water pump, and
a power distribution panel for the whole
thing. Wealso grafted onacol-
lection of struts and clamps to
mount an oxygenator, moni-
toring instruments, and the
like. And it didn’t fold any
more.

One problem was immedi-
ately obvious: the main frame
was very noticeably bowed
from the weight of all the
equipment on it (the batteries
totaled 90 lbs alone). Jerry
took the frame away and
brought it back with the bot-
tom struts replaced with
chrome-moly steel tubing. It
was still a bit springy, but OK.
Inowestimatethatatthatpoint

itweighed about 4501bs, without a patient.

This impression of overloading was rein-
forced a few years ago when I replaced the
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The “squid” surface cooling spray system.

wheels. Therims of the original wheelshad
been progressively deformed by the roll-
ing weight, so that the solid tires were no
longer tight on the rims. With a patientand
ice bags, the MLSS easily topped 650 1bs.
Itwas NOT “easily transportable,” aswe
had originally called for. Getting it into the
Cryovita van, and later the Alcor ambu-
lance, was a gut-busting strain-everything
operation as two or three men lifted first
one end and then the other into the two-
foot-highvehiclebed, withinadequate sup-
port and handholds. We didn’t do it very
often, and in factnever did itwith a patient
thisway. The real advancein transportabil-
ity came when we had a 1000-b lift gate
installed on the ambulance. I think the fi-
nal straw thatled to thatbeing donewasour
first experience in using the MLSS, in the
“Carl Harper” suspension in June, 1987.
Becauseof(amongotherthings)theweight
problem, we transported the patient on a
regulargurneywith HLR in theambulance
to Alcor, and then moved him onto the
MLSS in the facility for extracorporeal
washout and cooldown. After that, I inves-
tigated the power lifts used on the vehicles
of handicapped persons. What we eventu-
ally got was a modified pickup truck lift
gate. Jerry, with a bad back, was particu-
larly appreciative of the $2,500 investment.
In the following years, we made several
major modifications to the MLSS: The
Brunswick HLR was replaced by a more
effectiveand reliableMichigan Instruments
HLR; the cardiac monitor was removed
and a modified ice bath was mounted on
the top, replacing ice bags heaped on the
patient in an unstable, dripping pile; an
icewater circulating system was added; and
various changes were made for the use of
different perfusion circuit components.
Asnoted above, the first use of the MLSS
wasin 1987, and as s expected for a proto-
type, it had some problems; which were
addressed by some modifications. The next
use was in the Dick Jones suspension’of
December, 1988. By this time we had the

liftgateontheam-
bulance and the
Michigan Instru-
ments HLR had
replaced the fail-
ure-prone
Brunswick. Dick
was =~ removed
from the hospital
on the HLR, and
was placed on by-
pass at.a local
mortiary.

In June, 1990,
the seed of an-
other improve-
ment was in-
vented. For
Arlene Fried’s
suspension, Fred Chamberlain puttogether
a spray system to improve surface cooling
while extracorporeal circulation was being
established. (Seepictureabove.) Referred
toasa “squid” forallits distributionlegs, it
worked well butwasnotveryefficient, since
Fred put it together from available pieces
on very short notice. I reworked the idea
for the MLSS, and since it required an ice
bath to operate, Mike Darwin put a modi-
fied ice bath on the MLSS, along with a
more effective Michigan Instruments High
Impulse HLR. The MLSS was not used
again, however, until December, 1991.
Therewe found outthat my systemwasa bit
too enthusiastic, and puticewateron people
thatdidn’tneedit. Robert Cardwell in Aus-
tralia subsequently came up with a better
diffuser design and I incorporated it into
the MLSS.

Also along the way, we under-
went a number of modifications in
the perfusion circuit. Probably the
most important one was proce-
dural. Jerry Leaf was an experi-
enced perfusionist, and the extra-
corporeal perfusion tubing packs
he built for both the MLSS and the
cryoprotective perfusion reflected
that. They had just the basic com-
ponents, and Jerrywould complete
the circuitin the field with bits and
pieces from other sources. The up-
shotofthiswasthatonly Jerry could
string the circuits; a problem that
caused us no end of troubleif Jerry
was away. And by monumental bad
luck, two suspensions occurred
when he was on vacation. On the
second ofthese,in December, 1990,
the problem was dropped in my
lap, and I was not even aware that
the tubing pack was incomplete. If
stringing the perfusion circuit was
anintelligence test,] failed it miser-
ably. (Fortunately, the patient was
just an hour from Alcor’s lab, so
anotherwashoutmethod wasused.)

The Mark Ill outweighs the Mark Thy 115 [bs.

After Jerry’s suspension, responsibility
for the MLSS and perfusion circuit packs
fell to me. My packs have all the compo-
nents, a build-up diagram, an assembly dia-
gram,; a list of additional required compo-
nents, and extensive markings on the tub-
ing and other components as to what tube
goes where. I also have a complete non-
sterile tubing package for training people,
andhave done so. Iwould not pronounce it
idiot-proof (idiots are much too clever),
but setup of the circuit is much simpler
now.(Usingitinthefieldisawhole’ nother
can of worms, but ’'m working on it.)

After the separation of Cryovita Labora-
tories from Alcorin 1992, Alcor continued
to lease the old MLSS from Cryovita; but
given the circumstances, thiswas obviously
a fragile arrangement. About this time for
other reasons, (engineer and Alcor board
member) Keith Henson began construc-
tion ofa MLSS ofhis own. It hasnever been
completed, but Keith fabricated it by gas-
welding mild steel tubing. Most medical
equipment is made of stainless steel or alu-
minum, or chrome-plated steel, for resis-
tance to corrosion, lightness, looks, and
combinationsofthese reasons. Thejoining
technologies involved with these materials
are not for beginners. However, given that
the MLSS is a low-use item (reducing cor-
rosion problems), and that because of the
equipment on it, it is already beyond the
ability of four big paramedics (or even four
gorillas) to lift when loaded (cancelling
any particular advantage for the lower
weight of aluminum in the frame), mild
steel, with its-ease of fabrication, becomes
a good choice for a frame material, and
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Keith’s work made that obvious. Finally,
since I had taken an adult-education weld-
ing class for fun several years previously, I
knew what I would need for equipment to
do the job.

Eventually, I bought most of the equip-
ment for a small welding shop and set to
work (See Box, top of next page). My first
projectwas asteel-frameicebathtoreplace
the plywood-and-PVC-pipe one in our Re-
mote Kit (the air-shipment package that
allowsustodo awash-
outand cooldown out-
side the range of our
ambulance; it has

been used six times.)
Thenewicebath folds
intoareasonably com-
pact package for air
shipmentandisagreat
deal stronger and
more durable than the old ice bath. The

second was a new MLSS; the schedule be-

ingsomewhataccelerated by Cryovita’ster-
mination of ourlease on the old one, for
undisclosed reasons.

I will not go into the design decisions
that resulted'in the new MLSS, but among

ability, the possibilities in a moderately

14 Cryonics

| length (85 inc hes A

weight of the MLSS plus p
rounds (Where helicopters are
arge troop transport ‘copters of military origin)

the parameters were: fabricating equip-
merit available, component cost and avail-
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large hardware catalogcollection, the inte-
rior dimensions of a certain almost-too-
small hospital elevator, (Alcor Suspension
Services Manager) Tanya Jones’ height
(5°2™), caster design, oxygen cylinder di-
mensions, the height of the door of the
ambulance, modifications possible to an
extracorporeal tubing pump, the width of
doorways, the critical dimensions of the
old MLSS, the size of the HLR, oxygen
supply logistics, ambulance power output,

nt plus ice
sed for medical transport, the

the memory of various curses by Jerry and
Mike laid upon the old MLSS in moments
of-inadequacy, and personal experience
with the old MLSS on two transports.
And so we now have the Alcor Mobile
Life Support System, Mark III, the MLSS
wereallywantedin 1985. Weightready-to-
go, 625 lbs; parts cost, approximately
$6,500; constructiontime, several hundred
man-hours, spread out over four months,

The perfusion
* circuit mounting’
board can be swung

out for stringing and
locked back within
the profile while
strung.

whlch cahld"easslg h

Details of improvements as follows:

B Thenewsteel frameisstrongerand more
durable than the aluminum, steel and PVC
tubing combination of the original, anditis
custom designed and constructed around
essential features of the whole unit. And it
isdesignedtointegrate into theambulance.

BThe frame is constructed such that the
7°1” ice bath can be shortened by nearly a
foot on the spot. (A tight elevator ride on
one patient trans-
port convinced us
that this is a good
idea.) Because of
the steel frame, the
PIB has a larger in-
ternal capacity (for
bigger patients),
despite having al-
most identical ex-
ternal dimensions as the old MLSS.

B All componentswiththe exception of the
HLR are secured within the frame profile;
this prevents the perfusion circuit and
equipment from being scraped off going
through doorways and from the inevitable
collisions with walls and furniture.

B The blood pump has been modified and
placed to ease stringing of the perfusion




circuit; and the adjacent perfusion circuit
mountingboard can be swungout for string-
ingandlocked backwithin theprofilewhile
strung (See Box below). The consequence
of this is that the perfusion tubing circuit
can be strung when time is less critical, in
advance of the pronouncement of the
patient’slegal death. (Onthe old MLSS the
circuit stood in continual danger of being

left on a random doorknob. Thus, it was
strung in the confusion of the surgical
cutdown, the HLR banging away, people
shouting over the noise, the perfusionistin
a race with the surgeon, etc. Don’t tell me
about the good old days.)

B With the more efficient configuration of

equipment and
a larger frame
profile, more
on-board stor-
age capacity is
available in
shallow, large-
capacityremov-
able drawers.

B The oxygen
cylinders hold
7,000-liters of
oxygen (com-
pared to 1,256
liters previ-
ously). This
gives the HLR
of the Mark III
an unsupported endurance of about an
hour. This can be readily extended by con-
necting the MLSS to hospital oxygen, the
ambulance oxygen system, or separate cyl-
inders.

BEThe Mark ITI’s electrical components all
use 110-volt power, supplied either from
the wall or from a 1200-watt inverter pow-
ered by an 80-ampere-hour, 12-voltgelbat-
tery, or by the ambulance 12-volt system.
This is a major improvement over the per-
verse and inflexible 12/24-volt system de-
manded by the 24-volt roller pump of the
Mark I, and allows the Mark ITI to be fully
supported either from wall power or from
the ambulance. An on-board ammeter al-

_ hospital, such aunit would cause the admlmstratmn and nursmg
_ staffs to go through the ceiling; in a Russian hospital, they would
_ probably want to buy it. The electrical system would be entirely
. 12-volt,and asmall compressed ‘ Xygen cy}mder wguld sufﬁce to

oply “:needed and th
ththe inverter zs;eaten up.

2 P
ot ship | full gas cylinders nd blg battemes by air frexght due
fety regulations Instead, the,

. mechamcal section now used for storage

lows estimation of battery drain.

- BThe icewater circulating pump pumps

faster, and thedistribution system contains
Robert Cardwell’s non-splashing flow dif-
fusers.

BlThe orientation of the original MLSS
(with the patient’s head at the rear of the
ambulance) hasbeen reversed, so that ac-
tivities in the ambulance are a lot easier.
Alsobecause of this, theambulancelift gate
has been shortened 177, easing the strain
onits mounts. (Thiswas agood example of

Text concludes on page 30

(Credits R

The Mark Il MLSS was designed and
built entirely in-house at Alcor, Tanya
Jones, Scott Herman, and Keith Henson
were major contributors to the effort,
which was spearheaded by Hugh Hixon.
Hugh also gets many thanks for having
advanced most of the cost out-of-pocket
{this allowed the project to proceed with-
out regard to transient cash flow con-
cerns). Hugh also purchased the equip-
ment for a small but complete welding
shopinaid ofthisand other development
andprototyping projectsatAlcor.(One of
these is a much-improved portable ice
\bath (PIB) design) )

: echamcal section wxﬂ go

Wlll take p space in the
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" Molecular Repair

" Brain

by Ralph C. Merkle, Ph.D.

A short version of this 1 paper. entitled “The Technical Feasxbﬂlty of
16

Cryonics” appeared in Medical Hypotheses Vol 39, 1992,

Abstract

Cryonic suspension is a method of stabilizing the condition of someone who is
terminally ill so that they can be transported to the medical care facilities that will be
available in the late 215t or 22nd century. There is little dispute that the condition of
a person stored at the temperature of liquid nitrogen is stable, but the process of

freezing inflicts a level of damage which cannot be reversed by current medical technology. Whether or notthe damage inflicted
by current' methods can ever be reversed depends both on the level of damage and the ultimate limits of future medical
technology. The failure to reverse freezing injury with current methods does notimply that it can never be reversed in the future,
justasthe inability to build a perscnal computerin 1890 did notimply that such machines would never be economically built. This
paper considers the limits of what medical technology should eventually be able to achieve (based on the currently understood
laws of chemistry and physics) and the kinds of damage caused by current methods of freezing. It then considers whether
methods of repairing the kinds of damage caused by current suspension techniques are likely to be achieved in the future.

Introduction

Tissue preservedinliquid nitrogen can sur-
vive centuries without deterioration!. This
simple fact provides an imperfect time
machine that can transport us almost un-
changed from the presentto the future: we
need merely freeze ourselves in liquid ni-
trogen. Iffreezing damage cansomedaybe
cured, then a form of time travel to the era
when the cure is available would be pos-
sible. While unappealing to the healthy
this possibility is more attractive to the ter-
minally ill, whose options are somewhat
limited. Far from being idle speculation,
this option is available to anyone who so
chooses. First seriously proposed in the
1960°s by Ettmger[SO] thereare nowthree

.merkle@parcfxerox com

organizations in the U.8. that provide
cryonmic suspension services.

Perhaps the most important question in
evaluating this option is its technical feasi-
bility: will it work?

Given the remarkable progress of sci-
ence during the past few centuries it is dif-
ficult to dismiss cryonics out of hand. The
structure of DNA was unknown prior-to
1953; the chemical (rather than “vitalis-
tic”) nature of living beings was not appre-
ciated until early in the 20th century; it was
not until 1864 that spontaneous genera-
tion was put to rest by Louis Pasteur, who
demonstrated that no organisms emerged
from heatsterilized growth medium kept
in sealed flasks; and Sir Isaac Newton’s
Principia established the laws of motion in
1687, justover 300yearsago. Ifprogressof
the same magnitude occurs in the next few
centuries, thenitbecomes difficultto argue
thattherepair of frozen tissueisinherently
and forever infeasible.

Hesitation to dismiss cryonics is not a
ringing endorsement and still leaves the

basic question in considerable doubt. Per-
haps a closer consideration of how future
technologies might beapplied totherepair
of frozen tissue will let us draw stronger
conclusions—inonedirectionorthe other.
Ultimately, cryonics will either (a) work or
(b) fail to work. It would seem useful to
know in advance which of these two out-
comes to expect. If it can be ruled out as
infeasible, then we need not waste further
time on it. Ifit seems likely that it will be
technically feasible, then a number of non-
technical issues should be addressed in or-
der to obtain a good probability of overall
success.

The reader interested in a general intro-
duction to cryonics is referred to other
sources{17, 18, 51]. Here, we focus on
technical feasibility.

‘While many isolated tissues (and a few
particularly hardy organs) have been suc-
cessfully cooled to the temperature of lig-
uid nitrogen and rewarmed|35], further
successes have proven elusive. While there
isnoparticularreasonto believe thatacure

1Peter Mazur, a well known cryobiologist and critic of cryonics, has said: “Cryobiologists are often asked how long cells can remain viable at -196 degrees
C, the temperature of boiling liquid nitrogen (which is the usual cryogenic fluid). The answer is clear—more than 1000 years. The reason is that direct
ionizations from background radiation are the only source of damage at such temperatures. Ordinary chemical reactions cannot occur. The pertinent question
then is not storage stability, it is how can one get cells down to -196 degrees C and back without killing them.”[26] The record for storage is held by Leonard
Hayflick, who has kept normal fibroblasts from embryonic human lungs in liquid nitrogen for 28 years (as of June 1990) without noticeable deterioration[63].
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for freezing damage would viclate any laws
of physics (or is otherwise obviously infea-
sible), it is likely that the damage done by
freezing is beyond the self-repair and re-
covery capabilities of the tissue itself. This
does not imply that the damage cannot be
repaired, only that significant el-
ements of the repair process
would have to be provided
from an external source. In
decidingwhethersuch exter-
nally provided repair will

(or will not) eventually
prove feasible, we must

keep in mind that such re-

pair techniques can quite
literally take advantage of
scientific advances made
duringthe nextfew centuries.
Forecasting the capabilities of
futuretechnologiesistherefore

an integral component of deter-
mining the feasibility of cryonics.
Such a forecast should, in principle, be
feasible. Thelaws of physics and chemistry
as they apply to biological structures are
wellunderstood andwell defined. Whether
the repair of frozen tissue will (or will not)
eventually prove feasible within the frame-
work defined by those laws is a question
which we should be able to answer based
on what is known today.

Current research (outlined below) sup-
ports the idea that we will eventually be
able to examine and manipulate structures
molecule by molecule and even atom by
atom. Such a technical capability has very
clear implications for the kinds of damage
that can (and cannot) be repaired. The
most powerful repair capabilities that
should eventually be possible can be de-
fined with remarkable clarity. The ques-
tion we wish to answer is conceptually
straightforward: will the most powerful
repair capability that is likely to be devel-
oped in the long run (perhaps over a few
centuries) be adequate to repair tissue that
is frozen using the best available current
methods?2

The general purpose ability to manipu-
late structures with atomic precision and
low cost is often called nanorechnology
(alsocalled molecularengineering, molecu-
lar manufacturing, molecular nanotech-
nology, etc.). There is widespread belief
that such a capability will eventually be
developed|[1,2,3,4,7,8,9, 15,25, 28, 30,
54,55,56,67,68,69,73,74,75,76,77,78]
though exactly how long it will take is un-
clear. Thelongstorage times possible with
cryonicsuspension make the precise devel-
opment time of such technologies noncriti-

cal. Development any time during the next
few centuries would be sufficient to save
the lives of those suspended with current
technology.

In this paper, we give a brief introduc-
tion to nanotechnology and then clarify the

“In deciding whether such externally
provided repair will (or will not) eventually
prove feasible, we must keep in mind that
such repair techniques can quite literally

take advantage of scientific advances

made during the next feW centuries.”

technical issues involved in applying it in
the conceptually simplest and most power-
ful fashion to the repair of frozen tissue.

Nanotechnology

Broadly speaking, the central thesis of
nanotechnology is that almost any struc-
ture consistent with the laws of chemistry
and physics that can be specified canin fact
bebuilt. This possibilitywas firstadvanced
by Richard Feynman in 1959 [4] when he
said: “The principles of physics, as far as I
can see, do not speak against the possibility
of maneuvering things atom by atom.”
(Feynman won the 1965 Nobel prize in
physics.)

This concept is receiving increasing at-
tention in the research community. There
have been two international research con-
ferences directly on molecular manufac-
turing [54, 55, 73, 77] as well as a broad
range of conferences on related subjects.
Science |28, page 26] said “The ability to
design and manufacture devices that are
only tensor hundredsof atomsacross prom-
ises rich rewards in electronics, catalysis,
and materials. The scientific rewards
should be just as great, as researchers ap-
proach an ultimate level of control—as-
sembling matter one atom at a time.”
“Within the decade, [John] Foster[at IBM
Almaden]orsomeotherscientistislikelyto
learnhowto piece together atoms and mol-
ecules one at a time using the STM [Scan-
ning Tunneling Microscope].”

Eigler and Schweizer[30] at IBM re-
ported on “...the use of the STM at low

temperatures (4 K) to position individual
xenon atoms on a single-crystal nickel sur-
face with atomic precision. This capacity
has allowed us to fabricate rudimentary
structures of our owndesign, atom by atom.
The processes we describe are in principle
applicable to molecules also. In
view of the device-like charac-
teristics reported for single
atoms on surfaces [omitted
references], the possibili-
ties for perhaps the ulti-
mate in device miniatur-
ization are evident.”
J. A. Armstrong, IBM
Chief Scientist and Vice
President for Science and
Technology[67] said “I be-
lieve that nanoscience and
nanotechnology will be cen-
tral to the next epoch of the
information age, and will be as
revolutionaryasscience and tech-
nology at the micron scale have been since
the early “70’s.... Indeed, we will have the
ability to make electronic and mechanical
devices atom-by-atom when that is appro-
priate to the job at hand.”

The New York Times said[68]: “Scien-
tists are beginning to gain the ability to
manipulate matter by its most basic
components—molecule by molecule and
even atom by atom.” “That ability, while
nowverycrude, mightonedayallow people
to build almost unimaginably small elec-
tronic circuits and machines, producing,
for example, a super computer invisible to
thenaked eye. Some futurists evenimagine
building tiny robots that could travel
through the body performing surgery on
damaged cells.”

Drexler([1,9,15,25,56] has proposed the
assembler, a small device resembling an
industrial robotwhich would be capable of
holding and positioning reactive com-
poundsinorder to control the preciseloca-
tionatwhich chemical reactionstake place.
This general approach should allow the
construction of large atomically precise
objectsbyasequence of precisely controlled
chemical reactions.

The best technical discussion of
nanotechnologyhasrecentlybeenprovided
by Drexler[56].

Ribosomes

The plausibility of this approach can be
illustrated by the ribosome. Ribosomes
manufacture all the proteins used in all
living things on this planet: A typical ribo-

2There is no implication here that the most powerful repair method either will (or will not) be used or be necessary. The fact that we can kill a gnat with a
double-barreled shotgun does not imply that a fly-swatter won't work just as well. Ifwe aren’t certain whether we face a gnat or a tiger, we'd rather be holding
the shotgun than the fly-swatter. The shotgun will work in either case, but the fly-swatter can’t deal with the tiger. In a similar vein, we will consider the
most powerful methods that should be feasible rather than the minimal methods that might be sufficient. While this approach can reasonably be criticized
on the grounds that simpler methods are likely to work, it avoids the complexities and problems that must be dealt with in trying to determine exactly what
those simpler methods might be in any particular case and provides additional margin for error.
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some is relatively small (a few thousand
cubic nanometers) and is capable of build-
ingalmostany protein by stringing together
amino acids (the building blocks of pro-
teins) in a precise linear sequence. To do
this, the ribosome has a means of grasping
aspecificamino acid (more precisely, ithas
a means of selectively grasping a specific
transfer RNA, which in turn is chemically
bonded by a specific enzyme to a specific
amino acid), of grasping the growing
polypeptide, and of causing the specific
amino acid to react with and be added to
the end of the polypeptide[13].

The instructions that the ribosome fol-
lows in building a protein are provided by
mBNA (messenger RNA). This is a poly-
mer formed from the 4 bases adenine, cy-
tosine, guanine, and-uracil. A sequence of
several hundred to a few thousand such
bases codes for a specific protein. The
ribosome “reads” this “control tape”
sequentiall, and acts on the direction it
provides.

Assemblers

In an analogous fashion, an assembler
will build an arbitrary molecular structure
following a sequence of instructions. The
assembler, however, will provide three-di-
mensional positional and full orientational
control over the molecular component
(analogous to the individual amino acid)
beingadded to a growing complex molecu-
lar structure (analogous to the growing
polypeptide). In addition, the assembler
will be able to form any one of
several different kinds of
chemical bonds, not just
the single kind (the pep-
tide bond) that the ribo-
some makes.

Calculations indicate
that an assembler need
not inherently be very
large. Enzymes “typi-
cally” weigh about 105
amu (atomic mass units3),
while the ribosome itself is
about 3 x 105 amu[13]. The
smallest assembler might be a factor of ten
or so larger than a ribosome. Current de-
sign ideas for an assembler are somewhat
larger than this: cylindrical “arms™ about
100 nanometers in length and 30 nanom-
eters in diameter, rotary joints to allow
arbitrary positioning of the tip of the arm,
and a worst-case positional accuracy at the

tip of perhaps 0.1 to 0.2 nanometers, even
inthe presence of thermal noise[56]. Even
asolid block of diamond aslarge as such an
armweighs only sixteen million amu, sowe
can safely conclude that a hollow arm of
such dimensionswouldweighless. Sixsuch
arms would weigh less than 108 amu.

Molecular Com puters

The assembler requires a detailed se-
quence of control signals, just as the ribo-
some requires mRNA to control its actions.
Such detailed control signals can be pro-
vided by a computer. A feasible design for
a molecular computer has been presented
by Drexler{2, 15, 56]. This design is me-
chanical in nature, and is based on sliding
rods that interact by blocking or unblock-
ing each other at “locks.”* This design has
a size of about 5 cubic nanometers per
“lock” (roughly equivalent to a singlelogic
gate). Quadrupling this size to 20 cubic
nanometers(toallowforpower, interfaces,
and the like) and assuming that we require
aminimum of 10% “locks” to provide mini-
mal control results in a volume of 2 x 105
cubic nanometers {.0002 cubic microns)
for the computational element. This many
gates is sufficient to build a simple 4-bit or
8-bit general purpose computer. For ex-
ample, the 6502 8-bit microprocessor can
be implemented in about 10,000 gates,
while an individual 1-bit processor in the
Connection Machinehasabout 3,000 gates.
Assuming that each cubic nanometer is oc-
cupied by roughly 100 atoms of carbon,

“Synthesis under these conditions is somewhat
like placing the parts of a radio into a box,
shaking, and pulling out an assembled radio.
The ability of chemists to synthesize what they

want under these conditions is amazing.”

this 2x 105 cubic nanometer computer will
have a mass of about 2 x 108 amu.

An assembler might have a kilobyte of
high speed (rod-logic based) RAM, (simi-
lar to the amount of RAM used ina modern
one-chip computer) and 100 kilobytes of
slower but more dense “tape” storage—
this tape storage would have a mass of 108

amu or less (roughly 10 atoms per bit—see
below). Some additional mass will be used
for communications {sending and receiv-
ing signals from other computers) and
power. In addition, there will probably be
a “toolkit” of interchangeable tips that can
be placed at the ends of the assembler’s
arms. When everythingis added up a small
assembler, with arms, computer, “toolkit,”
etc. should weigh less than 109 amu.

E. coli (a common bacterium) weighs
about 1012 amu[13, page 123]. Thus, an
assembler should be much larger than a
ribosome, but much smaller than a bacte-
rium.

Self Replicating Systems

Itisalso interestingto compare Drexler’s
architecture for an assembler with thevon
Neumann architecture for a self replicat-
ing device. Von Neumann’s “universal con-
structing automaton”[27] had both a uni-
versal Turing machine to control its func-
tionsand a “constructing arm” to build the
“secondary automaton.” The constructing
armcanbepositionedinatwo-dimensional
plane, and the “head” at the end of the
constructing arm is used to build the de-
siredstructure. WhilevonNeumann’scon-
struction was theoretical (existing in a two
dimensional cellular automata world), it
stillembodied many of the critical elements
that now appear in the assembler.

Further work on self-replicating systems
was done by NASA in 1980 in a report that
considered the feasibility of implementing
aself-replicatinglunar manufactur-

ing facility with conventional
technology[29]. One of their
conclusions was that “The
theoretical concept of ma-
chine duplication is well de-
veloped. There are several
alternative strategies by
which machine selfreplica-
tion can be carried out in a
practical engineeringsetting.”
Theyestimateditwouldrequire
20 years (and many billions of
dollars) to develop such a system.
‘While they were considering the design of
a macroscopic self-replicating system (the
proposed “seed” was 100 tons) manyofthe
concepts and problems involved in such
systems are similar regardless of size.

3 An atomic mass unit is the same as a Dalton. Different authors in different fields have different preferences for the name used to describe this unit, and
so no single abbreviation will satisfy everyone. The use in this paper of the atomic mass unit, abbreviated as amu, was a compromise intended to be most
easily understood by the widest audience.

4A wide variety of mechanical computer designs are feasible. Perhaps the most famous proposal for a mechanical computer was made by Charles
Babbage[65] in the early to mid 1800’s. Mechanical systems can be scaled down to the molecular size range and still function, although the analysis of
such molecular mechanical systems requires the use of (appropriately enough) molecular mechanics: a thriving field which models molecular behavior by
the use of force fields to describe the forces acting on the individual nuclei[66]. The time evolution of the locations of the nuclei can be followed using relatively
straightforward computational methods.
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Positional Chemistry

Chemists have been remarkably success-
ful at synthesizing a wide range of com-
pounds with atomic precision. Their suc-
cesses, however, are usually small in size
(withthe notable exception of various poly-
mers). Thus, we know that a wide range of
atomically precise structures with perhaps
afew hundreds of atoms in them
arequitefeasible. Larger atomi-
cally precise structures with
complex three-dimensional
shapes can be viewed as a
connected sequence of
small atomically precise
structures. While chemists
have the ability to precisely
sculpt small collections of
atoms, there is currently no
ability to extend this capabil-
ity in a general way to struc-
tures of larger size. An obvious
structure of considerablescientific
and economicinterestisthe computer. The
ability to manufacture a computer from
atomically precise logic elements of mo-
lecular size, and to position those logic ele-
mentsintoathree-dimensionalvolumewith
a highly precise and intricate interconnec-
tion pattern, would haverevolutionary con-
sequences for the computer industry.

Alarge atomically precise structure, how-
ever, can beviewed as simply a collection of
small atomically precise objects which are
thenlinked together. Tobuild atrulybroad
range of large atomically precise objects
requires the ability to create highly specific
positionally controlled bonds. Avariety of
highly flexible synthetic techniques have
been considered by Drexler [56]. We shall
describe two such methods hereto give the
reader a feeling for the kind of methods
that will eventually be feasible.

Weassume that positional controlis avail-
able and that all reactions take place in a
hard vacuum. The use of a hard vacuum
allows highly reactive intermediate struc-
tures to be used, e.g., a variety of radicals
with one or more dangling bonds. Because
the intermediates are in a vacuum, and be-
cause their position is controlled (as op-
posed to solutions, where the position and
orientation of a molecule are largely ran-
dom), such radicals will not react with the
wrong thing for the very simple reason that
they will not come into contact with the
wrong thing.

It is difficult to maintain biological struc-
tures in a hard vacuum at room tempera-
ture because of water vapor and the vapor
of other small compounds. By sufficiently
lowering the temperature, however, it is
possible to reduce the vapor pressure to
effectively O.

Normal solution-based chemistry offers
asmaller range of controlled synthetic pos-

sibilities. For example, highly reactive com-
poundsin solutionwill promptly react with
the solution. In addition, because posi-
tional control is not provided, compounds
randomly collide with other compounds.
Any reactive compound will collide ran-
domly and react randomly with anything
available(includingitself). Solution-based
chemistry requires extremely careful selec-

“Much of current solution-based chemical
synthesis is devoted to preventing unwanted
reactions. With assembler-based synthesis,
such prevention is a virtually free by-

product (f positiona] control.”

tionof compoundsthatarereactive enough
to participate in the desired reaction, but
sufficiently non-reactive that they do not
accidentally participate in undesired side
reactions. Synthesis under these condi-
tions is somewhat like placing the parts of a
radio into a box, shaking, and pulling out
anassembled radio. The ability of chemists
to synthesize what they want under these
conditions is amazing.

Much of current solution-based chemi-
cal synthesis is devoted to preventing un-
wanted reactions. ‘With assembler-based
synthesis, suchpreventionisavirtually free
by-product of positional control.

To illustrate positional synthesis in
vacuum somewhat more concretely, let us
suppose we wish to bond two compounds,
A and B. As a first step, we could utilize
positional control to selectively abstract a
specifichydrogen atom from compound A.
To do this, we would employ a radical that
had two spatially distinct regions: one re-
gion would have a high affinity for hydro-
gen while the other region could be built
into a larger “tip” structure that would be
subject to positional control. A simple ex-
ample would be the 1-propynyl radical,
which consists of three co-linear carbon
atoms and three hydrogen atoms bonded
to the sp3 carbon at the “base” end. The
radical carbon at the radical end is triply
bonded to the middle carbon, which in
turn is singly bonded to the base carbon.
In a real abstraction tool, the base carbon
would be bonded to other carbon atoms in
alarger diamondoid structurewhich would
provide positional control, and the tip
might be further stabilized by a surround-
ing “collar” of unreactive atoms attached
near the base that would limit lateral mo-
tions of the reactive tip.

The affinity of this structure for hydro-

genis quite high. Propyne (the same struc-
ture but with a hydrogen atom bonded to
the “radical” carbon) has a hydrogen-car-
bon bond dissociation energy in the vicin-
ity of 132 kilocalories per mole. Asaconse-
quence, a hydrogen atom will prefer being
bonded to the 1-propynyl hydrogen ab-
straction tool over being bonded to almost
any other structure. By positioning the
hydrogenabstraction tool over
a specific hydrogen atom on
compound A, we can per-
form a site specific hydro-
gen abstraction reaction.
This requires positional
accuracy of roughly a
bond length (to prevent
abstraction of an adjacent
hydrogen). Quantum
chemical analysis of this
reaction by Musgrave et.
al.[69] show that the activa-
tion energy for this reaction is
low, and that for the abstraction
of hydrogen from the hydrogenated dia-
mond (71)surface(modeledbyisobutane)
the barrier is very likely zero.

Having once abstracted a specific hydro-
genatom from compound A, we can repeat
the process for compound B. We can now
join compound A to compound B by posi-
tioning the two compounds so that the two
dangling bonds are adjacent to each other,
and allowing them to bond.

This illustrates a reaction using a single
radical. With positional control, we could
also use two radicals simultaneously to
achieve a specific objective. Suppose, for
example, that two atoms Al and A2 which
arepartofsomelarger moleculeare bonded
toeach other. Ifwewereto position thetwo
radicals X1 and X2 adjacent to Al and A2,
respectively, then a bonding structure of
much lower free energy would be one in
which the A1-A2bond wasbroken, and two
new bonds A1-X1 and A2-X2 were formed.
Becausethisreactioninvolvesbreakingone
bond and making two bonds (i.e., thereac-
tion product is not a radical and is chemi-
cally stable) the exact nature of the radicals
is not critical. Breaking one bond to form
two bonds is a favored reaction for a wide
range of cases. Thus, the positional control
of two radicals can be used to break any of
awide range of bonds.

A range of other reactions involving a
variety of reactive intermediate compounds
(carbenes are among the more interesting
ones) are proposed in [56], along with the
results of semi-empirical and abinitio quan-
tum calculations and the available experi-
mental evidence.

Another general principle that can be
employed with positional synthesis is the
controlled use of force. Activation energy,
normally provided by thermal energy in
conventional chemistry, can also be pro-
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vided by mechanical means. Pressures of
1.7 megabars have been achieved experi-
mentally in macroscopic systems[19]. At
the molecular level such pressure corre-
sponds to forces that are a large fraction of
the forcerequiredtobreakachemicalbond.
A molecular vise made of hard diamond-
like material with a cavity designed with the
same precision as the reactive site of an
enzyme can provide activation energy by
the extremely precise application of force,
thus causing a highly specific reaction be-
tween two compounds.

To achieve the low activation energy
needed in reactions involving radicals re-
quires little force, allowing a wider range
ofreactionstobe caused by simpler devices
(e.g., devices that are able to generate only
small force). Further analysis is provided
in[56].

Feynman said: “The problems of chem-
istry and biology can be greatly helped if
our ability to see what we are doing, and to
do things on an atomic level, is ultimately
developed—a development which I think
cannotbeavoided.” Drexler has provided
the substantive analysis required before
this objective can be turned into a reality.
Wearenearingan erawhenwewill be able
to build virtually any structure that is speci-
fied inatomicdetailand whichis consistent
withthelaws of chemistry and physics. This
hassubstantialimplications for future medi-
cal technologies and capabilities.

Repair Devices

A repair device is an assembler which is
specialized for repair of tissue in general,
and frozen tissue in particular. We assume
that a repair device has a mass of between
109 and 1010 amu (e.g., we assume that a
repair device might be as much as a factor

of 10 more complicated than a simple as-
sembler). This provides ample margin for
increasingthe capabilities of the repair de-
vice if this should prove necessary.

A single repair device of the kind de-
scribed will not, by itself, have sufficient
memory to store the programs required to
perform all the repairs. However, if it is
connected to a network (in the same way
that current computers can be connected
into a local area network) then a single
large “file server” can provide the needed
information for all the repair devices on
the network. The file server can be dedi-
cated to storing information: all the soft-
ware and data that the repair devices will
need. Almost the entire mass of the file
server can be dedicated to storage, it can
service many repair devices, and can be
many times the size of one device without
greatly increasing system size. Combining
these advantagesimplies the file server will
have ample storage to hold whatever pro-
grams might be required during the course
of repair. In a similar fashion, if further
computational resources are required they
can be provided by “large” computer serv-
ers located on the network.

Cost

One consequence of the existence of as-
semblersisthattheyare cheap. Becausean
assembler can be programmed to build
almost any structure, it canin particular be
programmed to build another assembler.
Thus, self reproducing assemblers should
be feasible and in consequence the manu-
facturing costs of assemblers would be pri-
marily the cost of the raw materials and
energy required in their construction.
Eventually (after amortization of possibly

20 Cryonics e January, 1994

quite high development costs), the price of
assemblers (and of the objects they build)
should be no higher than the price of other
complex structures made by self-replicat-
ing systems. Potatoes—which have a stag-
gering design complexity involving tens of
thousands of different genes and different
proteins directed by many megabits of ge-
netic information~—cost well under a dol-
lar per pound.

Describing the Brain at the
Molecular and Atomic Level

In principle we need only repair the frozen
brain, for the brain is the most critical and
importantstructure inthe body. Faithfully
repairing the liver (or any other secondary
tissue) molecule by molecule (or perhaps
atom by atom) appears to offer no benefit
over simpler techniques—such as replace-
ment. The calculations and discussions
that follow are therefore based on the size
and composition of the brain. Itshouldbe
clear that if repair of the brain is feasible,
then the methods employed could (if we
wished) be extended in the obvious way to
the rest of the body.

The brain, like all the familiar matter in
theworld around us, is made of atoms. Itis
thespatial arrangement of these atoms that
distinguishes an arm from a leg, the head
from the heart, and sickness from health.
This view of the brain is the framework for
our problem, and it is within this frame-
work that we must work. Our problem,
broadly stated, is that the atomsin a frozen
brain are in the wrong places. We must put
them back where they belong (with per-
haps some minor additions and removals,
aswell as justrearrangements) ifwe expect
torestore the natural functions of this most
wonderful organ.

In principle, the most that we could use-
fully know about the frozen brainwould be
the coordinates of eachand everyatominit
(though confer footnote 5). This knowl-
edgewould put usin the best possible posi-
tion to determine where each and every
atom should go. This knowledge, com-
bined with a technology that allowed us to
rearrange atomic structure in virtually any
fashion consistent with the laws of chemis-
try and physics, would clearlylet us restore
the frozen structure to a fully functional
and healthy state.

In short, we must answer three ques-

tions:
1.) Where are the atoms?
2.) Where should they go?
3.) How do we move them from where they
are to where they should be?

Regardless of the specific technical de-
tails involved, any method of restoring a




person in suspension must answer these
three questions, if only implicitly. Current
efforts to freeze and then thaw tissue (e.g.,
experimental work aimed at freezing and
then reviving sperm, kidneys, etc.) answer
these three questions indirectly and im-
plicitly. Ultimately, technical advances
should allow us to answer these questions
in a direct and explicit fashion.

Rather than directly consider these ques-
tions at once, we shall first consider a sim-
pler problem: how would we go about
describing the position of every atom if
somehow this information was known to
us? The answer to this question will let us
better understand the harder questions.

How Many Bits to Describe
One Atom

Each atom has a location in three-space
that we can represent with three coordi-
nates: X, Y, and Z. Atoms are usually a few
tenths of a nanometer apart. If we could
record the position of each atom to within
0.01 nanometers, we would know its posi-
tionaccurately enoughto knowwhat chemi-
cals it was a part of, what bonds it had
formed, and so on. The brain is roughly .1
meters across, s0.01 nanometersisabout 1
part in 1010, That is, we would have to
know the position of the atom in each coor-
dinate to within one part in ten billion. A
numberofthissize can berepresented with
about 33 bits. There are three
coordinates, X, Y, and Z, each
of which requires 33 bits to
represent, so the position of
anatom canberepresented
in 99 bits. An additional
fewbitsare needed tostore
the. type of the atom
(whether hydrogen, oxy-
gen, carbon, etc.), bringing
the total to slightly over 100
bits5.

Thus, if we could store 100
bitsofinformation forevery atom
in the brain, we could fully describe its
structure in as exacting and precise a man-
ner as we could possibly need. A memory
device of this capacity should be quite liter-
ally possible. To quote Feynman[4]: “Sup-
pose, to be conservative, that a bit of infor-
Mation is going to require a little cube of
atoms 5x 5 x 5—thatis 125 atoms.” This is

indeed conservative. Single stranded DNA
already stores asingle bitin about 16 atoms
(excluding the water that it’s in). It seems
likely we can reduce this to only a few at-
oms[1]. The work at IBM[30] suggests a
rather obvious way in which the presence
orabsence ofasingleatom could beusedto
encodeasinglebit ofinformation (although
some sort of structure for the atom to rest
upon and some method of sensingthe pres-
ence or absence of the atom will still be
required, so we would actually need more
than one atom per bit in this case). Ifwe
conservatively assume that the laws of chem-
istry inherently require 10 atoms to store a
single bit of information, we still find that
the 100 bits required to describe a single
atom in the brain can be represented by
about 1,000 atoms. Put another way, the
location of every atom in a frozen structure
is(inasense)already encoded inthat struc-
turein ananalogformat. Ifweconvertfrom
this analog encoding to a digital encoding,
wewill increase the space required to store
the same amount of information. That is,
an atom in three-space encodes its own
position in the analog value of its three
spatial coordinates. If we convert this spa-
tial information from its analog formattoa
digital format, we inflate the number of
atomswe need by perhapsas muchas 1,000.
If we digitally encoded the location of ev-
eryatominthe brain, wewould need 1,000
times as many atoms to hold this encoded
data as there are atoms in the brain. This

“We are nearing an era when we will be able
to build virtually any structure that is consis-
tent with the laws of chemistry and physics.
This has substantial implications for future

medical tecbno]ogies and capabi]ities. 7

means we would require roughly 1,000
times the volume. The brain is somewhat
over one cubic decimeter, so it would re-
quire somewhat over one cubic meter of
material to encode thelocation of each and
every atom in the brain in a digital format
suitable for examination and modification
by a computer.

‘While this much memory is remarkable
bytoday’sstandards, itsconstruction clearly
doesnotviolateanylaws of physicsor chem-
istry. Thatis, it should literally be possible
to store a digital description of each and
every atomin the brain in a memory device
that we will eventually be able to build.

How Many Bits to Describe a Molecule

‘While such a feat is remarkable, it is also
much more than we need. Chemists usu-
ally think of atoms in groups—called mol-
ecules. For example, water is a molecule
made of three atoms: an oxygen and two
hydrogens. If we describe each atom sepa-
rately, we will require 100 bits per atom, or
300 bits total. If, however, we give the
position of the oxygen atom and give the
orientation of the molecule, we need: 99
bitsforthelocation of the oxygen atom+20
bits to describe the type of molecule (“wa-
ter”, in this case) and perhaps another 30
bits to give the orientation of the water
molecule (10 bits for each of the three
rotational axes). This means we can store
the description of a water molecule in only
150 bits, instead of the 300 bits required to
describe the three atoms separately. (The
20 bits used to describe the type of the
molecule can describe up to 1,000,000 dif-
ferent molecules—many more than are
present in the brain).

As the molecule we are describing gets
larger and larger, the savings in storage
gets bigger and bigger. A whole
protein molecule will still re-
quire only 150 bits to de-
scribe, eventhoughitismade
of thousands of atoms. The
canonical position of every
atom in the molecule is
specified once the type of
the molecule (which occu-
pies a mere 20 bits) is given.
Alarge molecule mightadopt
many configurations, so it
might at first seem that we’d re-
quire many more bits to describe
it. However, biological macromolecules
typically assume one favored configuration
rather than a random configuration, and it
is this favored configuration that we will
describe$.

We can do even better: the moleculesin
the brain are packed in next to each other.
Havingonce described the position of one,

5To fully specify the state of each atom would, strictly speaking, require that we specify the states of all its electrons. For the most part, however, these
states are known or can be readily inferred once the type of atom is given. For example, a sodium atom in solution will normally be the ion, Na*. Likewise,
the bonding structure of two carbon atoms separated by a certain distance can normally be-inferred from the distance. The state of magnetization, while
relevant for computers (the state of magnetization of a floppy disk is obviously of importance) is of negligible importance in biological systems. People are
routinely exposed to magnetic fields of several Tesla to make diagnosticimages, and appear none the worse for the experience. While coordinate information
should be sufficient in aimost all cases, we can always add a few bits of additional information if there is some ambiguity. This won't increase our estimate
f 100 bits per atom by very much, and because 100 bits is a conveniently round number we'll continue to use it.

¢ Because proteins are always produced as a linear chain, they must of necessity be able to adopt an appropriate three dimensional configuration by
_themselves, Usually, the correct configuration is unique. If it isn’t, it is usually the case that the molecule will spontaneously cycle through appropriate
_configurations by itself, e.g., an ion channel will open and close at appropriate times regardless of whether it was initially starfed in the “open” or “closed”

configuration. If any remaining cases should prove to be a problem, a few additional bits can be used to describe the specific configuration desired.
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we can describe the position of the next
moleculeasbeingsuch-and-such adistance
from the first. If we assume that two adja-
cent molecules are within 10 nanometers
of each other (a reasonable assumption)
then we need only store 10 bits of “delta
X.,” 10 bits of “delta Y,” and 10 bits of
“deltaZ” ratherthan 33 bitsof X, 33 bits of
Y, and 33 bits of Z. This means our mol-
ecule can be described in only
10+10+10+20+30 or 80 bits.

‘We can compress this further by using
various other clever stratagems (50 bits or
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less is quite achievable), but the essential
pointshould be clear. We are interested in
molecules, and describinga molecule takes
fewer bits than describing an atom.

Do We Rea]]y Need to Describe Each
Molecule?

A further point will be obvious to any
biologist. Describing the exact position
and orientation of a hemoglobin molecule
withinaredblood celliscompletely unnec-
essary. Eachhemoglobin moleculebounces
around within the red blood cell in a ran-
dom fashion, and it really doesn’t matter
exactly where it is, nor exactly which way
it’s pointing. Allwe need doissay, “It’sin
thatred blood cell!” So, too, for any other
molecule that is floating at random in a
“cellular compartment:” we need only say
which compartment it’s in. Many other
molecules, even though they do not diffuse
freely within a cellular compartment, are
still able to diffuse fairly freely over a sig-
nificant range. The description of their
position can be appropriately compressed.

‘While this reduces our storage require-
ments quite a bit, we could go much fur-
ther. Instead of describing molecules, we
could describe entire sub-cellular or-
ganelles. It seems excessive to describe a
mitochondrion by describing each and ev-
ery molecule in it. It would be sufficient
simplyto notethelocation and perhapsthe
size of the mitochondrion, for all mito-
chondria perform the same function: they
produce energy for the cell. While there
are indeed minor differences from mito-
chondrion to mitochondrion, these differ-
encesdon’tmatter much and could reason-
ably be neglected.

‘We could go still further, and describe
an entire cell with only a general descrip-
tion of the function it performs: this nerve
cell has synapses of a certain type with that
other cell, it has a certain shape, and so on.
‘We might even describe groups of cells in
terms of their function: this group of cells
intheretina performsa “center surround”
computation, while that group of cells per-
forms edge enhancement. Cherniak[115]
said: “On the usual assurnption that the
synapse is the necessary substrate of
memory, supposingveryroughly that(given
anatomicaland physiological “noise™) each
synapse encodes about one binary bit of
information, and a thousand synapses per
neuron are available for this task: 1010 cor-
tical neurons x 103 synapses = 1013 bits of
arbitraryinformation (1.25 terabytes) that
could be stored in the cerebral cortex.”

How Many Bits Do We Really Need?

This kind of logic can be continued, but
where does it stop? What is the most com-

pact description which captures all the es-
sential information? While many minor
details of neural structure are irrelevant,
our memories clearly matter. Any method
of describing the human brain which re-
sulted in loss of long term memory has
rather clearly gonetoo far. When we exam-
inethis quantitatively, we find that preserv-
ing the information in our long term
memory might require as little as 109 bits
(somewhat over 100 megabytes)[22]. We
cansayrather confidently thatitwill take at
least this much information to adequately
describe an individual brain. The gap be-
tween this lower bound and the molecule-
by-molecule upper bound is rather large,
and it is not immediately obvious where in
this range the true answer falls. We shall
not attempt to answer this question, but
will instead (conservatively) simply adopt
the upper bound.

Criteria qf Death

“death \’deth\ 7 [ME deez4, fr. OE
death; akintoON dauthi death,deyja
todie—moreatDIE] 1:a permanent
cessation of all vital functions : the
end of life”

Webster’s New Collegiate Dictionary

Determining when “permanent cessa-
tion of all vital functions” has occurred is
not easy. Historically, premature declara-
tions of death and subsequent burial alive
havebeenamajor problem. Intheseventh
century, Celsus wrote “... Democritus, a
man of well merited celebrity, has asserted
that there are in reality, no characteristics
of death sufficiently certain for physicians
to rely upon.”[57, page 166].

Montgomery, reporting on the evacua-
tion of the Fort Randall Cemetery, states
that nearly two percent of those exhumed
were buried alive[57].

“Many people in the nineteenth century,
alarmed by the prevalence of premature
burial, requested, as part of the last offices,
that wounds or mutilations be made to as-
sure that they would not awaken ... em-
balming received a considerable impetus
from the fear of premature burial. ”[57].

New Criteria

Current criteria of “death” are sufficient
to insure that spontaneous recovery in the
mortuary or later is a rare occurrence.
‘When examined closely, however, such
criteria are simply a codified summary of
symptoms that have proven resistant to
treatment by available techniques. His-
torically, they derive from the fear that the
patient will spontaneously recover in the
morgue or crypt. There is no underlying
theoretical structure to support them, only




a continued accumulation of ad hoc proce-
dures supported byempirical evidence. To
quote Robert Veach{14]: “Weare leftwith
rather unsatisfyingresults. Mostofthe data
do not quite show that persons meeting a
given set of criteria have, in fact, irrevers-
iblylost brain function. They show
that patientslose heart function
soon, or that they do not “re-
cover.” Autopsy data are
probably the most convine-

ing. Even more convincing,
though, isthatovertheyears
notone patientwho has met

the various criteria and then
beenmaintained, forwhatever
reason, has been documented
as having recovered brain func-
tion. Although this is not an elegant argu-
ment, it is a reassuring.” In short, current
criteria are adequate to determine when
current medical technology will fail to re-
vive the patient, but are silent on the capa-
bilities of future medical technology.

Each new medical advance forces a reex-
amination and possible change of the exist-
ingadhoccriteria. The criteriaused by the
clinician today to determine “death” are
dramatically different from the criteriaused
100years ago, and have changed more sub-
tly but no less surely in the last decade?. It
seems almost inevitable that the criteria
used 200 years from now will differ dra-
matically from the criteria commonly em-
ployed today.

These ever shifting criteria for “death”
raise an obvious question: isthere a defini-
tionwhichwillnotchangewithadvancesin
technology? A definition which doeshavea
theoretical underpinningandis zo¢depen-
dent on the technology of the day?

The answer arises from the confluence
and synthesis of many lines of work, rang-
ingfrominformation theory, neuroscience,
physics, biochemistry and computer sci-
ence to the philosophy of the mind and the
evolving criteria historically used to define
death.

When someone has suffered a loss of
memory or mental function, we often say
they “aren’t themselves.” As the loss be-
comes more serious and all higher mental
functions are lost, we begin to use terms
like “persistentvegetative state.” Whilewe
will often refrain from declaring such an
individual “dead,” this hesitation does not
usually arise because we view their present

state as “alive™ but because there is still
hope of recovery to a healthy state with
memory and personality intact. From a
physical point of view we believe there is a
chance that their memories and personali-
ties are still present within the physical

“Historically, premature declaration of death and
subsequent burial alive have been a major prob-
lem ... Montgomery, reporting on the evacuation
of the Fort Randall Cemetery, states that nearly

two percent of those exhumed were buried alive.”

structure of the brain, even though their
behavior does not provide direct evidence
forthis. Ifwe could reliably determine that
the physical structures encoding memory
and personality hadin factbeen destroyed,
then we would abandon hope and declare
the person dead.

The Information Theoretic Criterion

qf Death

Clearly, if we knew the coordinates of
each and every atom in a person’s brain
then wewould (atleastin principle) beina
position to determine with absolute final-
ity whether their memories and personal-
ity had been destroyed in the information
theoretic sense, or whether their memo-
ries and personality were preserved but
could not, for some reason, be expressed.
If such final destruction had taken place,
then there would belittle reason for hope.
If such destruction had 7nor taken place,
then it would in principle be possible for a
sufficiently advanced technology to restore
the personto a fully functional and healthy
state with their memories and personality
intact.

Considerations like this lead to the in-
formation theoretic criterion of death®. A
person is dead according to the informa-
tion theoretic criterion if their memories,
personality, hopes, dreams, etc. have been
destroyed in the information theoretic
sense. Thatis, if the structuresin the brain
that encode memory and personality have
been so disrupted that it is no longer pos-
sible in principle to restore them to an

appropriate functional state then the per-
son is dead. If the structures that encode
memory and personality are sufficiently
intact that inference of the memory and
personality are feasible in principle, and
therefore restoration to an appropriate
functional state is likewise fea-

sible in principle, then the

person is not dead.

A simple example from
computertechnologyisin
order. If a computer is
fully functional then its
memory and “personal-

ity” are completely intact.
Ifitfell outtheseventh floor
window to the concrete be-
low, it would rapidly cease to
function. However, its memory and “per-
sonality” would still be present in the pat-
tern of magnetizations on the disk. With
sufficient effort, we could completely re-
pair the computer with its memory and
“personality” intact?.

In a similar fashion, as long as the struc-
tures that encode the memory and person-
ality of a human being have not been irre-
trievably “erased” (to use computer jar-
gon) then restoration to a fully functional
state with memory and personality intact is
in principle feasible. Any technology inde-
pendent definition of “death” should con-
clude that such a person is not dead, for a
sufficiently advanced technology could re-
store the person to a healthy state.

On the flip side of the coin, if the struc-
tures encoding memory and personality
have suffered sufficient damage to obliter-
ate them beyond recognition, then death
by the information theoretic criterion has
occurred. An effective method of insuring
such destruction is to burn the structure
and stir the ashes. This is commonly em-
ployed to insure the destruction of classi-
fied documents. Under the name of “cre-
mation” it is also employed on human be-
ings and is sufficientto insure that death by
the information theoretic criterion takes

place.

More Exotic Approaches

It is not obvious that the preservation of
life requires the physical repair or even the
preservation ofthebrain[10,11]. Although
the brain is made of neurons, synapses,
protoplasm, DNA and the like; most mod-

7“For many years, it was thought that irreversible cellular damage unavoidably occurs after only a few minutes of complete cerebral ischemia. This opinion
has been modified during the past decade [omitted reference]. Provided that the conditions for recovery are optimal, short-term restoration of brain functions
may be achieved after periods of ischemia lasting as long as 60 minutes..."[60].

“Most clinical and experimental studies suggest that the normothermic brain is not able to withstand complete ischemia of >8 to 10 min. There is, however,
firm experimental evidence of functional and biochemical recovery of a substantial part of the brain after complete cerebrocirculatory arrest of one hour
[omitted references]’[64]. .
“It turned out in fact that appropriate treatment of post-ischemic recirculation disturbances led to recovery of energy metabolism and neuronal excitability
after complete cerebro-circulatory arrest of as long as 1 hour at normal body temperature [omitted reference][62].

8Definitions that are similar or identical to the one given here are well known in the cryonics literature[17].

8 This issue is of great concern to computer users. A variety of tools and techniques exist for recovering information from damaged or otherwise inoperative
disk drives, with the intent of recovering the memory and “personality” of the computer so that the user will not suffer a (sometimes traumatic) loss.
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ern philosophers of consciousness view
these details as no more significant than
hair color or clothingstyle. Three samples
follow.

The ethicist and prolific author Robert
Veatch said, in Deazk, Dying, and the Bio-
logical Revolution, “An “artificial brain’ is
not possible at present, but a walking, talk-
ing, thinkingindividualwhohad onewould
certainly be considered living.”[14, page
23].

'%’he noted philosopher of consciousness
Paul Churchland said, in Mazter and Con-
sciousness, “If machines do come to simu-
late all of our internal cognitive activities,
to the last computational detail, to deny
them the status of genuine persons would
be nothing but a new form of racism.”[11,
page 120].

Hans Moravec, renowned roboticist and
Director of the Mobile Robot Lab at
Carnegie Mellon said, “Body-identity as-
sumes that a person is defined by the stuff
of which a human body is made. Only by
maintaining continuity of body stuffcanwe
preserve an individual person. Pattern-
identity, conversely, defines the essence of
a person, say myself, as the pazzern and the
process going on in my head and body, not
the machinery supporting that process. If
the process is preserved, I am preserved.
The rest is mere jelly.”[31, page 117].

pe
Weight of water in brain

1100 grams
Welght of protein in bram 100 gams
Weight of lipids in brain: 175 gams
Weight of "other solids”: - 35grams
Weight of “typical’ protem 50,000 amu
Weight of “typical” fipid:  500amu
Weight of water molecule: 18 amu - ;
Waight of carbon atom: - 12amu ; Che cal,energy siored m the

Density of carbon (dlamond)

Number of proteins in brain; 1.2 x 1021

Number of lipid molecules in brain: 2 x 1023

Number of water molectules i inbrain:  4x1020

Time to synthesrze aprotein:  10seconds . alom

Time fo repatr one profein molecule: . 100 seconds (kT at 300 degrees K)
*Time fo repair one lipid molecule: 1 second One watt

*Time to repair all brain macromolecules:
*Number of repair machines to repair

_ allbrain molecules in three years: 3,2 x‘ ‘1015; . , of atoms in one mole);
*Wesght of that many repalr devices: 5310 530 grams 1 One mole of a substance
Number of bits needed to storethe ' ,

molecular structure of the brain: 1025 bits

‘Energy dlSSlpated by a single ‘rodlogic”
_ (gate) operation {includingafew
. percent of irreversible operatxons)
*Speed of a single *rod logic”
(gate) operatlon
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1350 cub:c centimeters ,
1400 grams
mo grams

100 nanometers

351 grams/cubac centlmeter -

3.2x 1023repair~mach|ne secands

1022 joules

100 x 1012 seconds

We’ll Use the Conservative Approacb

Restoration of the existing structure will
be moredifficultthan building an artificial
brain(particularlyiftherestorationisdown
tothe molecular level). Despite this, wewill
examine the technically more exacting
problem of restoration because it is more
generally acceptable. Most people accept
theideathatrestoringthebraintoahealthy
state in a healthy body is a desirable objec-
tive. Arange of increasingly lessrestrictive
objectives (as described) are possible. To
the extent that more relaxed criteria are
acceptable, the technical problems are
muck less demanding. By deliberately
adopting such a conservative position, we
lay ourselvesopentothevalid criticism that
the methods described here are unlikely to
prove necessary. Simpler techniques that
relaxto somedegreethe philosophical con-
straints we have imposed might well be
adopted in practice. In this paper we will
eschew the more exotic possibilities (with-
out,however, adoptingany positionontheir
desirability).

Another issue is not so much philosophi-
cal as emotional. Major surgery is not a
pretty sight. There are few people who can
watch a surgeon cut through living tissue
with equanimity. Ina hearttransplant, for
example, surgeons cut open the chest of a

One ktlc;waﬁ hour k

 stiucture of the. bram

Avogadros number (the number.

amu (atomic mass units):

Joules per (dietary) ‘Calaﬁé: ‘

dying patient to rip out their dying heart,
cut open a fresh cadaver to seize its still-
beatingheart, and then stitch the cadaver’s
heartinto the dying patients chest. Despite
this (which would have been condemned
in the middle ages as the blackest of black
magic), we cheer the patient’s return to
health and are thankful that we live in an
era when medicine can save lives that were
formerly lost.

The mechanics of examining and repair-
ing the human brain, possibly down to the
level ofindividual molecules, might not be .
the best topic for after dinner conversa-
tion. While the detailswill vary depending
onthespecific method used, this could also
be described by lurid language that failed
to capturethe centralissue: therestoration
to full health of a human being,

A final issue that should be addressed is
that of changes introduced by the process
of restoration itself. The exact nature and
extent of these changes will vary with the
specific method. Current surgical tech-
niques, for example, result in substantial
tissue changes. Scarring, permanent im-
plants, prosthetics, etc. areamongthe more
benign outcomes. In general, methods
based on a sophisticated ability to rear-
range atomicstructureshould resultin mini-
mal undesired alterations to the tissue.

“Minimal changes” does not mean “no




changes.” A modest amount of change in
molecular structure, whatever techniqueis
used, isbothunavoidableand insignificant.
Themolecularstructure of the humanbrain
isina constantstate of change duringlife—
molecules are synthesized, utilized, and
catabolized in a continuous cycle. Cells
continuously undergo slight changes in
morphology. Cells also make small errors
in building their own parts. For example,
ribosomes make errors when they build
proteins. About one amino acid in every
10,000 added to a growing polypeptide
chain by a ribosome is incorrect| 14, page
383]. Changes and errors of a similar mag-
nitude introduced by the process of resto-
ration can reasonably be neglected.

Does the Information Theoretic Cri-

terion Matter?

It is normally a matter of small concern
whetheraphysician of2190would orwould
notconcurwith thediagnosis of “death” by
a contemporary physician applied to a spe-
cific patient in 1990. A physician of today
who found himself in 1790 would be able
to do little for a patient whose heart had
stopped, even though he knew intellectu-
ally that an intensive care unit would likely
be able to save the patient’slife. Intensive
careunitsweresimplynotavailablein 1790,
no matter what the physician knew was
possible. So, too, with the physician of
today when informed that a physician 200
years hence could save the life of the pa-
tient that he has just pronounced “dead.”
There is nothing he can do, for he can only
apply the technologies of today—exceps in
the case of cryonic suspension.

In this one instance, we must ask not
whether the person is dead by today’s
(clearly technology dependent) criteria,
butwhetherthe personisdeadbyall future
criteria. In short, we must ask whether
death by the information theoretic crite-
rion has taken place. If it has not, then
cryonic suspension is a reasonable (and
indeed life saving) course of action.

Experimental Proof or Disproof of
Cryonics

Itis often said that “cryonics is freezing
the dead.” It is more accurate to say that
“cryonics is freezing the terminally ill.
Whetherornottheyare dead remainstobe

seen.”
The scientifically correct experiment to

verify that cryonics works (or demonstrate
that 1t does not work) is quite easy to de-
scribe:

1.) Select N experimental subjects.

2.) Freeze them.

3.) Wait 100 years.

4.) See if the technology available 100
years from now can (or cannot) cure them.

The drawback of this experimental pro-
tocolis obvious: we can’tget the results for
100 years. This problem is fundamental.
The use of future technology is an inkerent
part of cryonics. Criticisms of cryonics
based on the observation that freezing and
thawing mammalswith present technology
don’t work are irrelevant, for that is not
what is being proposed.

This kind of problem is not entirely
unique to cryonics. A new AIDS treatment
might undergo clinical trials lasting a few
years. The ethical dilemma posed by the
terminally ill ATDS patient who might be
assisted by the experimental treatment is
wellknown. Ifthe AIDS patientisgiven the
treatment prior to completion of the clini-
cal trials, it is possible that his situation
could be made significantly worse. On the
otherhand, to deny a potentially life saving
treatment to someone who will soon die
anyway is ethically untenable.

In the case of cryonics this is not an
interim dilemma pending the (near term)
outcome of clinical trials. It is a dilemma
inherentinthenatureofthe proposal. Clini-
cal trials, the bulwark of modern medical
practice, are useless in resolving the effec-
tiveness of cryonics in a timely fashion.

Further, cryonics (virtually by defini-
tion) is a procedure used only when the
patient has exhausted all other available
options. In current practice the patient is
suspended after legal death: the fear that
the treatment might prove worse than the
disease is absent. Of course, suspension of
the terminally ill patient somewhat before
legal death has significant advantages. A
patient suffering from a brain tumor might
view suspension following the obliteration
of his brain as significantly less desirable
than suspension prior to such obliteration,
even if the suspension occurred at a point
intimewhen the patientwaslegally “alive.”

In such a case, it is inappropriate to dis-
regard or overridethe patient’sownwishes.
To quote the American College of Physi-
cians Ethics Manual, “Fach patientis a free
agent entitled to full explanation and full
decision-making authority with regard to
hismedical care. John StuartMill expressed
it as: ‘Over himself, his own body and

mind, the individual is sovereign.” The
legal counterpart of patient autonomy is
self-determination. Both principles deny
legitimacy to paternalism by stating un-
equivocally that, in the last analysis, the
patient determines what is right for him.”
“If the [terminally ill] patient is a mentally
competent adult, he has the legal right to
acceptor refuse arty form of treatment, and
his wishes must be recognized and hon-
ored by his physician.”[59]

If clinical trials cannot provide us with
an answer, are there any other methods of
evaluating the proposal? Can we do more
than say that (a) cryonic suspension cando
no harm (in keeping with the Hippocratic
oath), and (b) it has some difficult-to-de-
fine chance of doing good?

Failure Criteria

Trying to prove something false is often
the simplest method of clarifying exactly
what is required to make it true. A consid-
eration of the information theoretic crite-
rion of death makes it clear that, from a
technical point of view (ignoring various
non-technicalissues) therearetwoand only
two ways in which cryonics can fail10.

Cryonics will fail if:

(1) Information theoretic death occurs
prior to reaching liquid nitrogen tempera-
turell.

(2) Repair technology that is feasible in
principleis never developed and appliedin
practice, even after the passage of centu-
ries.

The first failure criterion can only be
considered against the background of cur-
rent understanding of freezing damage,
ischemicinjury and mechanisms of memory
and synaptic plasticity. Whether or not
memory and personality are destroyed in
the information theoretic sense by freez-
ing and the ischemic injury that might pre-
cede it can only be answered by consider-
ing both the physical nature of memory
and the nature of the damage to which the
brain is subjected before reaching the sta-
bility provided by storage in liquid nitro-
gen. The following sections will therefore
provide brief reviews of these subjects.

The second failure criterion is consid-
ered in the later sections on technical is-
sues, which discuss in more detail how fu-
ture technologies might be applied to the
repair of frozen tissue.

Asthe reader will readily appreciate, the
following reviews will consider only the
most salient points that are of the greatest
importance in determining overall feasi-

10Cryonics will also fail if a person is prematurely thawed. This failure mode, however, is not an argument against cryonics, rather it is an argument for reliable
refrigerators. A person injured in a car crash might die if their ambulance was struck by a train. This is not an argument that we should cremate accident
victims rather than use an ambulance to transport them to a hospital!

1There is fairly general agreement that death by the information theoretic criterion will not occur during storage of tissue at the temperature of liquid nitrogen,
confer footnote 1. For this reason we neglect the possibility that significant information loss occurs during storage even though this might be viewed as

theoretically possibie.
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bility. They are necessarily too short to
consider the topics in anything like full
detail, but should provide sufficient infor-
mationtogivethereaderan overview of the
relevantissues. Referencestofurtherread-
ing are provided throughout12.

Freezing Damage

Thereis an extensiveliterature on the dam-
age caused by both cooling and freezing to
liquid nitrogen temperatures. Some re-
viewsare[5, 6,42,43]. Scientific American
hadarecentand quiteaccessiblearticle[33].
Inthissection, we briefly review the nature
of such damage and consider whether it is
likelyto causeinformation theoreticdeath.
Damage, per se, is not meaningful except to
the extent thatit obscures or obliteratesthe
nature of the original structure.

While cooling tissue to around 0° C cre-
ates a number of problems, the ability to
cool mammals to this temperature or even
slightly below (with no ice formation) us-
ing current methods followed by subse-
quent complete recovery [36, 37] shows
that this problem can be controlled and is
unlikely to cause information theoretic
death. Wewill, therefore, ignore the prob-
lems caused by such cooling. Thisproblem
is discussed in [5] and elsewhere.

Further, some “freezing” damage in fact
occurs upon re-warming. Current work
supports this idea because the precise
method used to re-warm tissue can strongly
affect the success or failure of present ex-
periments even when freezing conditions
are identical[5, 6]. If we presume that fu-
ture repair methods avoid the step of re-

warming the tissue prior to analysis and

instead analyze the tissue directly in the
frozen state then this source of damage will
be eliminated. Several current methods
can beused to distinguish between damage
that occurs during freezing and damage
that occurs while thawing. At present, it
seems likely that some damage occurs dur-
ingeach process. Whilesignificantdamage
does occur during slow freezing, itdoes not
induce structural changes which obliterate

the cell.

Present Day Successes

Many types of tissue including human
embryos, sperm, skin, bone, red and white

blood cells, bone marrow, and others[5, 6,
35] have been frozen in liquid nitrogen,
thawed, and have recovered. This is not
true of whole mammals!3. Thebrainseems
more resistant than most organs to freez-
ing damage[34, 50]. Recovery of overall
brain function following freezing to liquid
nitrogen temperature hasnotbeen demon-
strated, although recovery of unitlevel elec-
trical activity following freezing to -60° C
has been demonstrated[50].

Fractures

Perhaps the most dramatic injury caused
by freezing is macroscopic fractures[32].
Tissue becomes extremely brittle at or be-
low the “glass transition temperature” at
about 140K. Continued cooling to 77K
(the temperature of liquid nitrogen) cre-
ates tensile stress in the glassy material.
This is exacerbated by the skull, which in-
hibits shrinkage of the cranial contents.
This stress causes readily evident macro-
scopic fractures in the tissue.

Fractures that occur below the glass tran-
sition temperature result in very little in-
formation loss. While dramatic, this dam-
age is unlikely to cause or contribute to
information theoretic death.

Ice

The damage most commonly associated
with freezing is that caused by ice. Con-
trary to common belief, freezing does not
cause cells toburst openlikewater pipes on
a cold winter’s day. Quite the contrary, ice
formation takes place outside the cells in
the extracellular region. Thisislargely due

“to the presence of extracellular nucleating

agents on which ice can form, and the com-
parative absence of intracellular nucleat-
ing agents. Consequently the intracellular
liquid supercools.

Extracellular ice formation causes an
increase in the concentration of the extra-
cellular solute, e.g:, the chemicals in the
extracellular liquid are increased in con-
centration by the decrease in available wa-
ter. The immediate effect of thisincreased
extracellular concentration is to draw wa-
ter out of the cells by osmosis. Thus, freez-
ing dehydrates cells.

Damage can be caused by the extracellu-
lar ice, by the increased concentration of
solute, or by the reduced temperature it-

self. All three mechanisms can play a role
under appropriate conditions.

The damage caused by extracellular ice
formation depends largely on the fraction
oftheinitialliquid volume thatis converted
to ice[6, 33]. (The initial liquid volume
might include a significant amount of
cryoprotectant as wellaswater.) Whenthe
fraction of the liquid volume converted to
iceissmall, damageis oftenreversibleeven
by current techniques. In many cases, con-
version of significantly more than 40% of
the liquid volume to ice is damaging[43,
page 134; 44]. The brain is more resistant -
to such injury: conversion of up to 60% of
the liquid volume in the brain to ice is
associated with recovery of neuronal func-
tion|34,37,40, 53]. Storeyand Storeysaid
“If the cell volume falls below a critical
minimum, then the bilayer of phospholip-
ids in the membrane becomes so greatly
compressed thatits structure breaks down.
Membrane transport functions cannot be
maintained, and breaks in the membrane
spill cell contents and provide agate for ice
to propagate into the cell. Most freeze-
tolerant animals reach the critical mini-
mum cell volume when about 65 percent of
totalbody wateris sequestered asice.”[33].

Appropriate treatment with cryo-
protectants (in particular glycerol) prior
to freezing will keep 40% or more of the
liquid volume from being converted to ice
even at liquid nitrogen temperatures.

Fahy hassaid “All of the postulated prob-
lems in cryobiology—cell packing [omit-
ted reference], channel size constraints
[omitted reference], optimal cooling rate
differences for mixed cell populations
[omitted reference], osmotically mediated
injury|omitted references], and the rest—
can be solved in principle by the selection
of a sufficiently high concentration of
cryoprotectant prior to freezing. In the
extreme case, all ice formation could be
suppressed completely by using a concen-
tration of agent sufficient to ensure vitrifi-
cation of the biological system in question
[omitted reference]”[46]. Unfortunately,
a concentration of cryoprotectant suffi-
ciently high to protect the system from all
freezinginjurywould itselfbeinjurious[46].
Itshould be possible to trade the mechani-
cal injury caused by ice formation for the
biochemical injury caused by the
cryoprotectant, whichis probably advanta-
geous. Current suspension protocols at
Alcor call for the introduction of greater

12Criticisms of cryonics are not supporied by the extant literature. Interestingly (and somewhat to the author's surprise) there are no published technical
articles on cryonics that claim it won't work. As one might suspect, there are also no articles in the neuroscience literature that address the issue of erasure
of memory in the information theoretic sense, and there are no articles in the cryobiological literature that address the impact of freezing on the retention
of long term memory in the information theoretic sense. There is an almost absolute conceptual failure to either understand or consider the implications
of the information theoretic criterion of death. This conceptual failure is a severe impediment to research in this area.

Even worse, the Society for Cryobiology has gone so far as to adopt by-laws calling for the expulsion of members who support cryonics. Members
in good standing who support cryonics have been threatened with firing if they discuss their views publicly. Open discussion and review has proven to
be a remarkably effective engine for driving scientific advance. The suppression of open discussion by a scientific society runs counter to one of the
most central principles of scientific research and seriously impedes progress.

13 Many non-mammalian animals can be frozen to temperatures as low as -50 degrees C and survive[33].
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than 6 molar glycerol. Both venous and
arterial glycerol concentrations have ex-
ceeded 6 molar in several recent suspen-
sions.  If this concentration of
eryoprotectant is also reaching the tissues,
itshould keep over 60% ofthe initial liquid
volume from being converted toice at lig-
uid nitrogen temperatures!4,

Concentration Effects

“Dehydration and concen-
tration of solutes past some
critical level may disrupt me-
tabolism and denature cell
proteinsand macromolecu-
lar complexes”[43, page
125]. The functional losses
caused by this mechanism
seem unlikely to result in
significant information
loss. Ome qualification to
this conclusion is that cell
membranes appear to be
weakened by increased solute
concentration|5, page 92]. To
theextentthatstructural elementsare weak-
ened by increased solute concentrations
the vulnerability of the cell to structural
damage is increased.

Denaturing

Finally, denaturing of proteins might
" occur at low temperature. In this process
the tertiary and perhaps even secondary
structure of the protein might be disrupted
leading to significant loss of protein func-
tion. However, the primary structure of
the protein (the linear sequence of amino
acids) is still intact and so inference of the
correct functional state of the protein is in
principle trivial. Further, the extent of
protein denaturation caused by freezing
must necessarily be limited given the rela-
tively wide range of tissues that have been
successfully frozen and thawed.

Intracellular Freezing

Intracellular freezing is another damag-
ing event which might occur[6]. If cooling
isslow enough to allow the removal of most
of the water from the cell’s interior by os-
mosis, then the high concentration of sol-
ute will prevent the small amount of re-

maining water from freezing. If cooling is
toorapid, therewill beinsufficient time for
the water within the cell to escape before it
freezes. Inthelatter case, the intracellular
contents are supercooled and freezing is
abrupt (the cell “flashes™). While this cor-
relates with a failure to recover function5,
6,42, 43] it is difficult to believe that rapid
freezing results in significant loss of infor-
mation.

“The damage most commonly associated with
freezing is that caused by ice. Contrary to com-
mon belief, freezing does not cause cells to burst
open like water pipes on a cold winter’s day.

Quite the contrary, ice formation takes place

outside the cells in the extracellular region.”

Intracellular freezingislargelyirrelevant
to cryonic suspensions because of the slow
freezing rates dictated by the large mass of
tissue being frozen. Suchfreezingratesare
too slow for intracellular freezing to occur
except when membrane rupture allows ex-
tracellular ice to penetrate the intracellu-
lar region. If the membrane does fail, one
would expect the interior of the cell to
“flash.”

Loss gf Izy”ozmation versus Loss g’ Function

Spontaneous recovery of function fol-
lowing freezingtoliquid nitrogen tempera-
turesusingthebest currentlyavailable tech-
niques appears unlikely for mammalian or-
gans, including the brain. Despite this, the
level of structural preservation can be quite
good. The complexity of the systems that
have been successfully frozen and re-
warmed is remarkable, and supports the
claim that good structural preservation is
often achieved. The mechanisms of dam-
age that have been postulated in the litera-
ture are sufficiently subtle that informa-
tion loss is likely to be small; thatis, death
by the information theoretic criterion is
unlikelytohave occurred. Furtherresearch

aimed specifically ataddressingthisissueis
needed.

Ischemic Injury and
Pre-=Suspension Injury

Although modern cryonic suspensions can
involve minimal delay15 and future suspen-
sions might eliminate delay en-
tirely!5, delay is sometimes
unavoidable!?. Themostsig-
nificanttype of damage that
such delay causes is
ischemic injury.

Broadly speaking, the
structure of the human
brain remains intact for
several hours or more fol-
lowing the cessation of

blood flow, or ischemia.
The tissue changes that oc-
cur subsequent to ischemia
have been well studied. There
have also been studies of the
“postmortem” changesthatoccurin tissue.
Perhaps the most interesting of these stud-
ies was conducted by Kalimo et. al.[39].

“Postmortem” Cbcmges in the Human
Brain

In order to study immediate “postmor-
tem” changes, Kalimo et. al. perfused the
brains of 5 patients with aldehydes within
half an hour of “clinical death”. Subse-
quent examination of the preserved brain
tissue with both light and electron micros-
copy showed the level of structural preser-
vation. Intwo cases, the changes described
were consistent with approximately one to
two hours of ischemic injury. (Ischemic
injury often begins prior to declaration of
“clinical death,” hence the apparently
longer ischemic period compared with the
interval following declaration of deathand
prior to perfusion of fixative.) = Physical
preservation of cellular structure and ultra-
structure was excellent. It is difficult to
avoid the conclusion that information loss
was negligible in these cases. In two other
cases, elevated intraparenchymal pressure
prevented perfusion with the preservative,
thus preventing examination of the tissue.

14 Unpublished work by Darwin, Leaf and Hixon suggests that penetration of glycerol into the axonal regions of myelinated nerve cells is poor, and thatincreased damage
tothe axonresults. Thisis consistentwith the observation that penetration ofglycerol through the many layers of the myelin sheathwould presumably be slowed. However,
myelinated axons are relatively large and serve a relatively well defined function: the transport of information. Even significant damage to the axon would not obliterate
the fact of its existence or the path over which it carried its signal. As a consequence, this damage is unlikely to result in information theoretic death.

15 Suspension usually begins immediately upon pronouncement of legal “death.” If legal death is pronounced upon cessation of heartbeat in a terminally
ill patient who is being continuously monitored, then the ischemic interval can be kept under 5§ minutes.

18 Thomas Donaldson has sought the legal right to be cryonically suspended shortly before, rather than shortly after, a tumor destroys h.is brain[64]. Had
he been (or shouid he be) successful in his legal action, his suspension would involve no ischemic interval and hence no injury from this source.

17 There are various reasons for delay when a person is cryonically suspended, ranging from purely pragmatic issues such as delay following abrupt and
unexpected accidents to legal and social forces that mandate that suspension not be started until after a legal declaration of “death.” Whatever the cause,
the effect is to increase the level of damage that takes place prior to suspension.
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Without such an examination, it is difficult
to draw conclusions about the extent of
information loss. In the final case, “...the
most obvious abnormality was the replace-
ment of approximately four-fifths of the
parenchyma of the brain by a fluid-contain-
ing cavity that waslined by what seemed to
be very thin remnants of the cerebral cor-
tex.” Cryonic suspension in this last case
would not be productive.

As an aside, the vascular per-
fusion of chemical fixatives to
improve stability of tissue
structures priorto perfusion
with cryoprotectants and
subsequent storage in lig-
uid nitrogenwould seemto
offer significant advan-
tages. The main issue that
would require resolution
prior to such use is the risk that
fixation mightobstruct circulation, thusim-
peding subsequent perfusion with
cryoprotectants. Other than this risk, the
use of chemical fixatives (suchasaldehydes
and in particular glutaraldehyde) would
reliably improve structural preservation
and would be effective at halting almost all
deterioration within minutes of perfu-
sion[41]. The utility of chemical preserva-
tion has been discussed by Drexler[1] and
by Olson[58], among others.

Ischemia

The events following ischemia have been
reasonably well characterized. Following
experimental induction ofischemiain cats,
Kalimoet. al.[47] found “The resulting cel-
lular alterations were homogeneous and
uniform throughout the entire brain: they
included early chromatin clumping, gradu-
ally increasing electron lucency of the cell
sap, distention of endoplasmic reticulum
and Golgi cisternae, transient mitochon-
drial condensation followed by swelling
andappearanceof flocculentdensities, and
dispersion of ribosomal rosettes.” Energy
levelswithin the cell drop sharply within a
fewminutes of cessation of blood flow. The
chromatin clumping is a reversible early
change. The loss of energy results fairly
quickly in failure to maintain trans-mem-
brane concentration gradients(for example
the Na*K* pump stops working, resulting
inincreasedintracellularNa*andincreased
extracellular K*). The uneven equilibra-
tion of concentration gradients results in
changes in osmotic pressure with conse-
quent flows of water. Swelling of mito-
chondria and other structures occurs. The
appearance of “flocculent densities” in the
mitochondria is thought to indicate severe
internal membrane damage whichis “irre-

versible.”18

Ischemic changes do not appear to result
in any damage that would prevent repair
(e.g., changes that would result in signifi-
cant loss of information about structure)
for at least a few hours. Temporary func-
tional recovery has been demonstrated in
optimal situations after as long as 60 min-
utes of total ischemia[60, 61, 62].
Hossmann, for example, reported results

“Present evidence supports but does not
prove the hypothesis that information theo-
retic death does not occur for at least a few

hours following the onset of ischemia.”

on 143 cats subjected to one hour of nor-
mothermic global brain ischemia[64].
“Body temperature was maintained at 36°
to 37°C with a heating pad. ... Complete-
ness of ischemia was tested by injecting
133Xe into the innominate artery immedi-
ately before vascular occlusion and moni-
toring the absence of decay of radioactivity
from the head during ischemia, using ex-
ternal scintillation detectors. ... In 50% of
the animals, even major spontaneous EEG
activity returned after ischemia.... One cat
survived for 1yrafter onehourof normoth-
ermic cerebrocirculatory arrest with no
electrophysiologic deficit and with only
minor neurologic and morphologic distur-
bances.” Functional recovery is a more
stringent criterion than the more relaxed
information theoretic criterion, which
merely requires adequate structural pres-
ervation to allow inference about the pre-
existing structure. Reliable identification
ofthevarious cellular structuresis possible
hours (and sometimes even days) later.
Detailed descriptions of ischemia and its
time course[45, page 209 et sequitur] also
clearly showthat coolingsubstantially slows
the rate of deterioration. Thus, even mod-
erate cooling “postmortem” slows deterio-
ration significantly.

Lysosomes

The theory that lysosomes (“suicide
bags™) rupture and release digestive en-
zymes into the cell that resultin rapid dete-
rioration of chemical structure appears to
beincorrect. More broadly, thereisabody
of work suggesting that structural deterio-
ration does not take place rapidly.

Kalimo et. al.[47] said “It is noteworthy
thatafter 120 min of complete blood depri-
vation we saw no evidence of membrane

lysosomal breakdown, an observation
which has also been reported in studies of
in vitro lethal cell injury[omitted refer-
ences], and in regional cerebral
ischemia| omitted references].”
Hawkinset. al.[48] said “...lysosomes did
not rupture for approximately 4 hours and
in fact did not release the fluorescent dye
until after reaching the postmortem ne-
crotic phase of injury. ... The original sui-
cide bag mechanism of cell
damage thus is apparently
notoperativeinthesystems
studied. Lysosomes ap-
pearto berelatively stable
organelles....”

Messenger RNA and

Protein

Morrison and Griffin[79] said “We find
thatbothratandhuman cerebellar mRNAs
are surprisingly stable under a variety of
postmortem conditions and that biologi-
cally active, high-molecular-weight mRNAs
can be isolated from postmortem tissue. ...
Acomparison of RNArecoveries fromfresh
rat cerebella and cerebella exposed to dif-
ferentpostmortem treatments showed that
83% of the total cytoplasmic RNAs present
immediately postmortem was recovered
when rat cerebella were left at room tem-
perature for 16 h [hours] postmortem and
that90%wasrecovered when the cerebella
wereleftat4° Cforthislengthoftime.....In
neither case was RNA recovery decreased
by storing the cerebella in liquid nitrogen
prior to analysis. ... Control studies on pro-
tein stability in postmortem rat cerebella
show that the spectrum of abundant pro-
teins is also unchanged after up to 16 h
[hours] at room temperature....”

20 Million Year Survival qf DNA

The ability of DNA to survive for long
periods was dramatically illustrated by its
recovery and sequencing from a 17 to 20
million year old magnolia leaf] 52]. “Sedi-
ments and fossils seem to have accumu-
lated in an anoxic lake bottom environ-
ment; they have remained unoxidized and
water-saturated to the present day.” “Most
leaves are preserved as compression fos-
sils, commonly retaining intact cellular tis-
sue with considerable ultrastructural pres-
ervation, including cell walls, leaf
phytoliths, and intracellular organelles, as
well as many organic constituents such as
flavonoids and steroids[omitted refer-
ences].” There is little evidence of post-
depositional (diagenetic) change in many
of the leaf fossils.”

18 [t should be clear that the claim of “irreversibility” is unsupported. Mitochondrial function is well understood: mitochondria provide energy for the cell. Even
their complete absence would not cause death by the information theoretic criteria.
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Cell Cultures taken aﬁer “Death”

Gilden et. al.[49] report that “...nearly
two-thirds of all tissue acquired in less than
sixhoursafter deathwassuccessfullygrown,
whereasonly one-third ofall tissue acquired
more than six hours after death was suc-
cessfully grown in tissue culture.” While it
would be incorrect to conclude that wide-
spread cellular survival occurred based on
these findings, they do show that structural
deteriorationisinsufficienttodisrupt func-
tioninatleastsome cells. Thissupportsthe
idea that structural deterioration in many
other cells should not be extensive.

Information Loss and Ischemia

Itis currently possible to initiate suspen-
sion immediately after legal death. In fa-
vorable circumstances legal death can be
declared upon cessation of heartbeatin an
otherwise revivable terminally ill patient
who wishes to die a natural death and has
refused artificial means of prolonging the
dying process. In such cases, the ischemic
interval can be short (two or three min-

utes). [tisimplausible thatischemicinjury-

would cause information theoretic death
in such a case.

As the ischemic interval lengthens, the
level of damage increases. It is not clear
exactly when information loss begins or
when information theoretic death occurs.
Present evidence supports but does not
provethehypothesisthatinformationtheo-
retic death does not occur for at least a few
hoursfollowingthe onsetofischemia. Quite
possibly many hours of ischemia can be
tolerated. Freezing of tissue within that
time frame followed by long term storage
inliquid nitrogen should provide adequate
preservation of structure to allow repair19.

Memory

Itis essential to ask whether the important
structural elementsunderlying “behavioral
plasticity” (human memoryandhuman per-
sonality) are likely to be preserved by
cryonic suspension. Clearly, if human
memory is stored in a physical form which
isobliterated by freezing, then cryonicsus-
pension won’t work. In this section we
briefly considera fewmajor aspects of what

is known about long term memory and
whether known or probable mechanisms
are likely to be preserved by freezing.

Itappearslikely that short term memory,
which can be disrupted by trauma or a
number of other processes, will notbe pre-
served by cryonic suspension. Consolida-
tion of short term memory into long term
memoryisa processthattakesseveral hours.
We will focus attention exclusively on long
term memory, for this is far more stable.
While the retention of short term memory
cannot be excluded (particularly if chemi-
cal preservation is used to provide rapid
initial fixation), itsgreater fragility renders
this significantly less likely.

To see the Mona Lisa or Niagara Falls
changes us, as does seeing a favorite televi-
sion show or reading a good book. These
changes are both figurative and literal, and
itis the literal (or neuroscientific) changes
that we are interested in: what are the
physicalalterations thatunderlie memory?

Briefly, the available evidence supports
the idea that memory and personality are
stored in identifiable physical changes in
the nerve cells, and that alterations in the
synapses between nerve cells play a critical
role.

Shepherd in “Neurobiology™[23, page
547] said: “The concept that brain func-
tions are mediated by cell assemblies and
neuronal circuits has become widely ac-
cepted, as will be obvious to the reader of
this book, and most neurobiologists be-
lieve that plastic changes at synapses are
theunderlying mechanisms oflearning and
memory.”

Kupfermann in “Principles of Neural
Science™[12, page 1005] said: “Because of
the enduring nature of memory, it seems
reasonable to postulate that in some way
the changes must be reflected in long-term
alterations ofthe connectionsbetween neu-
rons.”

Eric R. Kandel in “Principles of Neural
Science” [12, page 1016] said: “Morpho-
logical changes seem to be a signature of
the long-term process. These changes do
not occur with short-term memory (Figure
65-6 [not reproduced here]). Moreover,
the structural changes that occur with the
long-term process are not restricted to the
[sic] growth. Long-term habituation leads
to the opposite change—a regression and
pruningof synapticconnections. Withlong-
termhabituation, where the functional con-

nections between the sensory neurons and
motor neurons are inactivated (Figure 65-
2[not reproduced]), the number of termi-
nalsperneuroniscorrespondingly reduced
byone-third (Figure 65-6[not reproduced])
and the proportion of terminalswith active
zones is reduced from 40% to 10%.”

Squire in “Memory and Brain™[70, page
10] said: “The most prevalent view has
been that the specificity of stored informa-
tionis determined by thelocation of synap-
tic changes in the nervous system and by
thepatternofaltered neuronalinteractions
that these changes produce. This idea is
largely accepted at the present time, and
will be explored further in this and suc-
ceeding chapters in the light of current
evidence.”

Lynch, in “Synapses, Circuits, and the
Beginnings of Memory™”[20, page 3] said:
“The question of which components of the
neuron are responsible for storage is vital
to attemptsto develop generalized hypoth-
esesabouthowthebrain encodesand makes
use of memory. Since individual neurons
receive and generate thousands of connec-
tionsand hence participate inwhat mustbe
avast array of potential circuits, most theo-
rists have postulated a central role for syn-
aptic modifications in memory storage.”

Turner and Greenough said “Two non-
mutually exclusive possible mechanisms of
brain information storage have remained
the leading theories since their introduc-
tion by Ramon y Cajal [omitted reference]
and Tanzi [omitted reference]. The first
hypothesis is that new synapse formation,
orselected synapseretention, yieldsaltered
brain circuitry which encodes new infor-
mation. The second isthat altered synaptic
efficacy brings aboutsimilar change.”[16].

Greenough and Bailey in “The anatomy
of amemory: convergence of results across
adiversity of tests”[ 24 |say: “Morerecently
ithasbecomeclearthatthe arrangement of
synaptic connections in the mature ner-

vous system can undergo striking changes

even during normal functioning. As the
diversity of species and plastic processes
subjected to morphological scrutiny has
increased, convergence upon a set of struc-
turally detectable phenomenahasbegunto
emerge. Although several aspects of synap-
tic structure appear to change with experi-
ence, themost consistent potential substrate
for memory storage during behavioral
modificationisanalterationinthe number

19Much current work advances the (correct) claim that cellular, organ, and body function is lost under certain conditions. This loss of function is incorrectly
and misleadingly labeled “death,” “irreversible injury,” etc. This work forms the backdrop against which tissue damage to cryonically suspended patients
is measured by most biologists, cryobiologists, doctors and other health care workers. Clearly, this work predisposes such workers to dismiss cryonics
because, by these criteria, much “irreversible” damage has occurred in most cryonically suspended patients. The implications of adopting the information
theoretic criterion of death have simply not been considered, and we can reasonably expect a delay of several years to a few decades before they are. This
would be consistent with historical data concerning the slow acceptance of new ideas. Ignaz Semmelweis demonstrated in 1848 that washing your hands
in chlorinated lime after leaving the autopsy room and before entering the maternity ward reduced maternal deaths from childbed fever from as high as 25%
to about 1%. Despite this, his proposal was widely ridiculed and little practiced for several more decades[80].

Interestingly, few of even the most severe critics of cryonics claim that death by the information theoretic criterion is likely to have occurred when the

question is posed to them directly.
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and/or pattern of synaptic connections.”

It seems likely, therefore, that human
long term memory is encoded by detect-
able physical changes in cell structure and
in particular in synaptic structure.

Plastic Changes in Model Systems

What, exactly, might these changes be?
Very strong statements are possible in
simple “model systems.” Bailey and Chen,
for example, identified several specific
changes in synaptic structure that encoded
learned memories from sea slugs (dplysia
californica) by direct examination of the
changed synapse with an electron micro-
scope[21].

“Using horseradish peroxidase (HRP)
to label the presynaptic terminals (vari-
cosities) of sensory neurons and serial re-
construction to analyze synaptic contacts,
we compared the fine structure of identi-
fied sensory neuron synapses in control
and behaviorally modified animals. Our
resultsindicate thatlearning can modulate
long-term synaptic effectiveness by alter-
ing the number, size, and vesical comple-
ment of synaptic active zones.”

Examination by transmission electron
microscopy in vacuum of sections 100 na-
nometers (several hundred atomic diam-
eters) thick recovers little or no chemical
information. Lateral resolutionis atbesta
fewnanometers (tensof atomicdiameters),
and depth information (within the 100
nanometer section) is entirely lost. Speci-
men preparation included removal and
desheathing of the abdominal ganglion
which was then bathed in seawater for 30
minutes before impalement and
intrasomatic pressure injection of HRP.
Two hours later the ganglia were fixed,
histochemically processed,and embedded.
Following this treatment, Bailey and Chen
concluded that “...clear structural changes
accompany behavioral modification, and
those changes can be detected at the level
of identified synapses that are critically in-
volved in learning.”

The following observations about this
workseeminorder. First, several different

types of changes were present. This pro-
vides redundant evidence of synaptic alter-
ation. Inabilityto detectonetypeofchange,
or obliteration of one specific type of
change, would not be sufficient to prevent
recovery of the “state” of the synapse. Sec-
ond, examination by electron microscopy
ismuch cruder than the techniques consid-
ered here which literally propose to ana-
lyze every molecule in the structure. Fur-
ther alterations in synaptic chemistry will
be detectable when the synapse is exam-
ined in more detail at the molecular level.
Third, there is no reason to believe that
freezing would obliterate the structure be-
yond recognition.

Implications for Human Memory

Such satisfying evidence is at present
confined to “model systems;” what can we
concludeaboutmore complexsystems, e.g.,
humans? Certainly, it seems safe to say that
synaptic alterations are also used in the
human memory system, that synaptic
changes of various types take place when
the synapse “remembers” something, that
the changes involve alterations in at least
many thousands of molecules and prob-
ably involve mechanisms similar to those
used inlower organisms (evolutionis noto-
riously conservative).

It seems likely that knowledge of the
morphology and connectivity of nerve cells
along with some specific knowledge of the
biochemical state of the cells and synapses
would be sufficient to determine memory
and personality. Perhaps, however, some
fundamentally different mechanism is
present in humans? Even if this were to
prove true, any such system would be
sharply constrained by the available evi-
dence. It would have to persist over the
lifetime of a human being, and thus would
have to be quite stable. It would have to
tolerate the natural conditionsencountered
by humans and the experimental condi-
tionstowhich primateshavebeen subjected
without loss of memory and personality
(presuming that the primate brain is simi-
lar to the human brain). And finally, it

would almost certainly involve changes in
tensofthousands of molecules tostoreeach
bit of information. Functional studies of
human long term memory suggest it has a
capacity of only 109 bits (somewhat over
100 megabytes)[22] (though this did not
consider motor memory, e.g., the informa-
tionstorage requiredwhenlearningtoride
a bicycle). Such’a low memory capacity
suggests that, independent of the specific
mechanism, a great many molecules are
required to remember each bit. It even
suggests that many synapses are used to
store each bit (recall there are perhaps
1015 synapses — which implies some 106
synapses per bit of information stored in
long term memory).

Given that future technology will allow
the molecule-by-molecule analysis of the
structures that store memory, and given
that such structures are large on the mo-
lecular scale (involving atleast tens of thou-
sands of molecules each) then it appears
unlikely that such structures will survive
the lifetime of the individual only to be
obliterated beyond recognition by freez-
ing. Freezingisunlikely to cause informa-
tion theoretic death.

End Part I of I

7

an engineer’s nightmare: a propagating
designerror. Thehandedness ofthe Mark
I was carefully considered when it was
built, but there was little apparent differ-
ence, and it was pretty much a coin flip.
Whenwe got the ambulance, it made a lot
of difference, and we had guessed wrong;
but the alternative was to completely re-
buildthe MLSS, and thatwasmoretrouble
thanwehad time for, sowe carriedonand
lived (uncomfortably) with the conse-
Lquences.)

conclusion (from page 15) of “The Mobile Life Support System Mark III”:

B And finally, the professional paint job is
not only durable, it makes the Mark III
MLSS look very professional! (Credit to
Mike Darwin for suggesting powder coat-
ing.)

gThese advances did not come without
some sacrifices: Unassisted battery endur-
anceisless (aboutanhourand a halfunder
full load); however, we have never experi-
enced, nor do we expect, an MLSS trans-
port where the trip from the point of dis-
connection from AC power to the ambu-

lance—or vice versa—would take more
thana few minutes. Duetoadesignerror,
the wheels are smaller than preference
(by 2™), but they yield more manuever-
ability thanwehadwith theoriginal model
because they and the frame are not over-
stressed. Finally, the Mark IIT weighs
more than the original (625 1bs. vs. 510).
We’ll take it
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A Conversationwith...
Omni/Alcor Immortality Contest Winner

James Baglivo

by Derek Ryan

Jim Baglivo was born in Hammonton, New Jersey, and has lived there most of his life. He did well in school early on, but saw his grades drop in later
years in tandem with his waning interest in the monotony and busywork imposed on him by that dinosaur known as the American Public School System. Instead
of the homework which dominated the lives of so many of us, Jim found himself enraptured by his books, his drawings, and his friends. Eventually, he simply
dropped out of school, rebelling against the notion that he should spend some arbitrarily dictated amount of time appeasing a system whose most important
requirements were not that you learn and grow, but that you show up and follow the rules. That Jim Ieft school should not mislead the reader into viewing
him as simply another rebellious, uneducated product of urban America. Quite the contrary, Jim is a bright, articulate, affable individual. But this seeming
paradox between his lack of formal education and his obvious intelligence is not the most remarkable story to be found in Jim’s life. Not even close.

In February, 1991 Jim was injured in a nearly /fatal auto accident which left him comatose for a month, and completely paralyzed for four more. Against
steep odds he has learned to walk again, but his body will never be the same. Or, at least, that’s what a lot of peaple would think. Not Jim, though. He

s that mankind will one day achieve a level of medical technology sufficient to repair his body completely.

In fact (and here we find the most interesting story in Jim’s remarkable life), he finds the possibilities of future medicine so compelling that he knew the
moment he heard about the OMNI/Alcor Immortality Contest that he would enter. A chance at being freed from physical pain and discomfort by the doctors
gf tomorrow was an opportunity he couldn’t pass up, an opportunity certainly worth entering an essay contest ﬁr.

As is obvious by now, he won. The judges gf the Contest were moved both by the physical tragedy he had to endure and by his positive expectations for being
healed by advanced technology. Derek Ryan recently interviewed Jim over the telephone, and what follows are excerpts from that conversation.

Cryonics: When did you first kear about
cryonics?

JB: Oh, I don’t remember the original
time. I’d heard rumors of Walt Disney. I'd
seenitin science fiction, like in 4/iens. But
itwasalways fiction. I didn’tthink ofitasa
viable opportunityuntilIgotahold of OMNI
and read about the contest.

Cryonics: How long did it take you to
decide to enter?

JB: As soon as I saw the headline I knew
thatThad to enterit. I'want tolive forever.
Cryomnics: You know, even cryonicists very
often shy awayfrom saying “forever.” You
don’t seem to have any such reservations.
JB: No. Idon’t know how the world will
progress, exactly, and I won’t even specu-
late. But, I’d like to be a first hand witness
to all of it, or even play a key role, if pos-
sible.

Cryonics: So you don’t have clear expecta-
tions about how the world will evolve?

JB: No. It’s too hard to tell. T do believe
that, the further into the future we go, the
more enlightened people there will be.
Cryonics: And by “enlightened” you mean
what, exactly?

JB: Enlightened about the value of human
life. About human dignity. About how we
should treat one another. Also about our
animal nature, and where that leads us.
You know, “I’ve got bigger bombs than
you.” I don’t know who will win, the smart
or the barbarically powerful.

Cryonics: Interesting distinction there.
JB: Yeah. Actually there’s an interesting
entity in the world where the smart and the

barbarically powerful sort of blend to-
gether. It’s known as the military. That’s
where the ramifications of things like
cryonics and nanotechnology scare me.
When you think about things like general
assemblers and cellular regeneration, it
boggles the mind. The kinds of weapons
that will be possible are frightening even
before they exist.

Cryonics: So bearing in mind the dangers
of nanotechnologicalweaponry, howshould
humanity be proceeding at this point?

JB: Well, we shouldn’t be limiting it, I
know that. It’s clear that research would
just go underground if we did that. Prohi-
bition makes for the bloodiestwars. I think
that people should be educated aboutit. I
think that it should be put in their faces.
“This is your future. Here’s what is hap-
pening, and here are some of the millions
of ways that things could go. Things are
goingto happen whether you want them to
or not.” Right now, nanotechnology is a
joke, or a dream, or a good movie to most
people.

Cryonics: So you don’t think that most
people are looking that far akead?

JB: No. I've heard some pretty ludicrous,
off-the-wall things from the people who
I’'vetalked tosince Iwon the contest. Their
reactions lead me to believe that they
haven’t been seriously exposed to these
ideas. Cryonics is a joke to most of them.
It’s Walt Disney in an ice castle.
Cryonics: Do you see any reason for
cryonics to appeal more to individuals like

you who have been cheated by life, so to
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speak, than people who are physically
healthy?

JB: Sure. With people who have AIDS, for
instance, it’s like someone put death on a
plate in front of them and said, “Here’s
your dinner,” and they’re forced tolook at
it. Whereas people who are quote unquote
healthy tend to push death towards the
back of their minds, because it’s not such a
pleasant picture.

Cryonics: My impression is that you tend
to fall on the atheist side of the religious
equation. Is that right?

JB: Generally, yes. 'mnotgoingtobelieve
that somethingis so just because you say so.
That’s the essence of religion. “This is
God. He says don’t do this or you’ll go to
hell forever.” Noproof. Justassurances. I
think that the American public wants to be
fooled constantly. They want to believe
something, regardless of how pointless or
irrelevant to life it may be. They want to
feel sure, and that’s why they buy into that
kind of stuff.

Cryonics: Do you think this desire to be
sure has anything to do with why cryonics
hasn’t completely caught on yer?

JB: Certainly. It’s not guaranteed.
Cryonics is a bunch of new ideas that cause
you to question and confront your old, set
ideas. Ifyoubelievein God, cryonicsthrows
doubtonthewholething. Whathappensto
mysoul? Iflcomeback, didIgotoheaven?
Whereisheaven, then? Itthrows thewhole
thing into question. Most people can’tdeal
with that. It’s not safe, and secure, and
sure. In fact, that’s probably one of the




reasons I like it.

Cryonics: Let’s backirack here for a sec-
ond and talk about your accident. When
did it happen?

JB: February, 1991.

Cryonics: Describe what you know of the
actual accident.

JB: Actually, I know nothing of the acci-
dentfirsthand. Everything from twoweeks
before the accident until about a month
afterwards was basically wiped from my
memory by a traumatic head injury. From
what I’ve been told, I was with one of my
friends in his car. We left the road doing
about 80, hitsome trees, and flipped overa
bunch of times. They found my
body about 30 feetfromthe car. 1
had multiple fractures, including
fivevertebrae. Infact, Inowhave
one less vertebra than everyone
else. My brother jokes that Imust
be a reptile or something now
since I don’t have enough verte-
brae to be human anymore.
(Laughs.) I was just generally
racked up. Ilaid on my back for
six months, which turned out to
be a positive thing. I came out of
it mentally stronger and physi-
cally weaker.

Cryonics: Sodescribeyour physi-
cal status today.

JB: Well, I have metal rods af-
fixed to my spine so my lower back flexibil-
ity is pretty much lost. My right calf muscle
is basically non-functional due to the spine
injury. My left rotator cuff was torn and
leaves me with a limited range of move-
ment. I can still walk and I can still work,
though.

Cryonics: Okay, what about your mental
status? What was it like for you at first?
JB: For a while, I was probably clinically
insane. Idon’treally remember that time,
though. My first real memory after the
accident is of waking up in a white room to
see a lady all in white who was obviously a
nurse. She said, “You’ve been in an acci-
dent.” I said, “Oh, no!” and passed out.
After that I was really disoriented for a
while, to say the least. So I guess it was
despair and hopelessness at first.
Cryonics: How long were you in the hospi-

tal?

JB: Well, I was actually in the hospital for
four months. After thatIwasin a physical/
mentalrehabilitation center fora couple of
months.

Cryonics: Whatwasitlikein the hospital?
JB:Thadacouple ofroommates, but mostly
Tignored them. Iwas self-absorbed, won-
dering if I was ever going to walk again,
when I was ever going to get out of there, if
I'was ever even going to be able to sit up. I
was totally frightened.

Cryonics: When did that change?

JB: When they moved me across the street
from the hospital to Maple Leaf Physical

I'm not going to believe that
something ts so just because you
say so. That's the essence of relr-
gion. “Thisis God. He says don’s
do this or youll go to hell forever.”  bodvisnon-functional Whyam
No proof. Just assurances. [ think
that the American public wants

Zo be fooled constantly.

Therapy. 1 switched from this sadness and
despairtoanalmostall-consuminganger. I
would probably have drowned myself in
self-pity if I hadn’t had a buoyant float of
anger. I wassick of lying down. Iwassick
ofhearingthatIcouldn’tdo anything. One
of the first things my doctor said to me was
that he could list several reasons why I
should be dead, and not one reason why I
should be alive. Isaid, “It’s because I want
tobe!” I'told him that, “I’m gonnawalk out
of here and you’re gonna watch me!” And
that’s exactly what happened.

Cryonics: Now that you are walking and
living again, how does the accident figure
in?

JB: Well, I think it’s very unfortunate that
ithappened, atleast physically. Asfarasmy
mind goes, mentally, psychologically, I'm
glad it happened. There’s nothing I could
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have planned thatwould havewoken meup
so fast. A lot of unimportant things that I
thoughtwere important nowtakethe place
in my life that they should. Ivalue reflec-
tion, meditation, discussion and thoughta
lot more because of all that time while my
bodywas completely stopped and my mind
was the only way to free myself. Itgave me
plenty of time to think about all there is to
think about; and believe me, there’salotto
think about.

Cryonics: This brings up one of the hard-
est concepts for non-cryonicists to swallow:
the notion that our minds and our bodies
are not irrevocably connected; that your
consciousness is themost funda-
mental aspect of your identity,
not your body.

JB: Yeah. One of the harder
things about lying on my back
all of that time was trying to rid
myself of this image of being
trapped in my own body. “My
mind is still capable, but my

I trapped? Because this casing
I’minisinsufficierit for the task
I need to accomplish.” If you
could’ve somehow transferred
all of my thoughts and memo-
ries onto a chip, and installed
them in something else, that
would’ve been fine by me.
Cryonics: And we humans may be doing
exactly that at some point in the future.
JB: Bring it on! I'm ready for it, anyway.
Cryonics: [fnone of this had happened to
Yyou, do you think you'd still be signing up
Jor cryonics right now?

JB: No. More than anything else, the
accidentmade merealize thatthe onetenu-
ous thing you can really call your own is
your life. Your house, your car, all your
stuff, that’s all meaningless at some point.
Butnomatterwhatstuffyouhave, aslongas
you’re alive, you have the ability to change
things. It doesn’t matter whether you're a
princeorapauperright now. All thatreally
matters is whether you’re alive. You can
become a prince if you want to, but you’ll
have to stay alive to do it.
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I ike many cryonicists, I do not consider
myself religious; but probably
again like many cryonicists, Christmas

brings up many memories of my childhood, not

to mention dinners with relatives, exchange of

Christmas gifts, and all the other activities for

which Christmas is known. In that sense it be-

comes difficult, if not impossible, to escape—
and someone raised in a family that celebrates

Christmas might seriously wonder, every year,

whether they reallywish to escape it completely

atall.

In my own case, this year, Christmas con-
sisted almost entirely of memories. Everyone
who remains in my birth family lives far away:
Massachusetts or Kentucky. My wife is now in
Australia. And so, laying in some supplies, 1
cooked myself a somewhat more elaborate
Christmas meal than usual, and spent Christ-
mas by myself. My major Christmas activity
consisted of a short trip to a cliff on Highway
One overlooking the Pacific, where I went to
think about Christmases and immortality,
cryonics and Christ.

Christmas came from a pagan holiday, and
most customs of Christmas don’t really need
Christianity: the Christmas tree, the gifts, the
meetingswithrelatives. Even “The Twelve Days
of Christmas™ need not be read as a Christian
song. And even the basic notion of Christianity
comes directly from mythology: the dying and
reviving gods, Adonis, Attis, Osiris, Tammuz.
(Poinsettias, the Christmas plant, symbolize
both the green of spring and the new god and
red the death of the old god.) Both Christmas
and Easter, complete with virgin birth, came
directly from such older festivals.

And so we now have cryonicists, who break
with these old myths. Not only do we say thatwe
seek immortality by our own efforts (not by the
grant of some god) but we say, also, that it is for
everyone. To anyone raised to believe that only
very special people might achieve immortality,
these ideas might well seem not only improper
butunclean. Howoftenhave people complained
of us that we set ourselves up as special? And
when someone questions cryonics by asking:
why should anyone bother to revive you? Be-
hind their question lies the story of Christ and

The Donaldson Perspective

Thoughts on Christmas Day

by Thomas Donaldson, Ph.D.

all the other dying and reviving gods.

That myth may touch many people much more
deeply than they know. After all, most people
still come to humanism not because they were
raised in it, but because they came to question
the beliefs in which they were raised and found
them deficient. But those beliefs still keep their
hold. Noris thisstory of virgin birth, death, and
revival unique to Christianity.

These myths don’t merely concern Christ-
mas and Easter. The myth of the dying and
reviving god is a myth about the seasons, about
the regularity of Nature, and a statement of how
human beings fitinto that Nature. Evenifnotin
detail, many people plan out their whole lives
onthesepatterns: educationasachildandyouth,
marriage in young adulthood, production and
raising of children. In short, they hope some-

day to preside asgrandparents over their family

on Christmas day.

To suggest immortality is to suggest that all of
that planning and all those happy visions not
only will not but ought not to occur. To anyone
who has been molding their life to fit these
seasons, immortality may feel deeply disturb-
ing. It calls their whole life into question, mak-
ing them ask: Have I spent all these years, then,
chasing after a fading dream?

The reach of these myths goes very far. Even
cryonicistscanrememberbeing asked by adults:
whatareyougoingto bewhenyougrowup? The
myths of death and revival, the seasons, the
whole notion of “growing up” into some fixed
condition are central to most of literature, ei-
ther as something to reach toward or to flee
from. A story should have a plot: it begins, it
describes some changes, which then lead to an
end. Someone dies, someone may be born,
someone “grows up.” Behind that notion of
death lies a notion of completion, that after
some events no more can happen: they “live
happily ever after” ... or die in some general
holocaust.

‘When we became immortalists we decided to
strive for something quite new: a story, our own
story, that will never reach completion, and
never have an end. And the only myths about
such alife, in the world at large, are unpleasant
ones: the Wandering Dutchman, aim/esslytrav-
elling about the Earth. (That myth says, implic-
itly: how canyou have anaim ifitisnot Death?).
Even Christians who believe in Heaven, and so
tell us so blithely that they “do not need
cryonics™, have no answer for what they will
actually do in Heaven. Nor for that matter do
those cryonicists, who cast their visions of the
future into shapes much like those of the Chris-
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tian apocalypse, really tell us what will happen
after the “Discontinuity”. Yet the myth of an
imminent “Discontinuity” suffers fromthesame
problem as the myth of Heaven: what, then, do
we dowith ourselves afterwards? Itisa myth of
completion and ending.

Istrongly suspect, in fact, that our inability to
tie our goals to any popular myth may help
explain the relative unpopularity of cryonics
(and even immortalism). And myths come out
of the life of people, they aren’t invented as if
they were stories. If we succeed, asThope, then
we will create such myths out of our own lives.
And myths have power even over people who
denythem: we notonlywill but mustcreate such
myths.

Forwhatitisworth, Iwill saywhatIaimtodo,
which is to grow and explore the directions of
growth. Of course there are many such direc-
tions, most of which can’t be described by a
simple physical dimension. Nor would I find
growth in weight, height, girth, etc of much
interest. Even growth of my brain would be a
meanstoan endrather thanan endinitself. But
I'wouldlike to increase my abilities and under-
standing in many ways.

And here I may speak for many cryonicists.
Yet in making any such choice we should be
aware of the metaphysical problems it implies
(certainly we must solve many other problems,
too). Togrowisalso to lose something you once
had; with enough growth, you will no more
remember your present life than you now re-
member your very early childhood. Are you
then still “the same person™? A deep concern
with continuity of our “Self” quite often be-
comes a topic among cryonicists. Such a con-
cerndoesn’t come merely from questions about
how well we can survive suspension. It will
come even if our suspension succeeds com-
pletely. Itis the orker side of immortality:

‘We live now in a world made by myths of
death and limitation. As immortalism grows,
we will ring the changes on new myths too, of
change and persistence amid change, growth
and the losses that growth will cause.

Andso it came to the day after Christmas, and
my door bell rang. In front of me stood an older
woman, a younger woman (her daughter), and
a little girl, her daughter: three generations.
They had brought along tracts about Christian-
ity. and wanted to tell me about them. The older
woman seemed a sweet old soul; the younger
woman friendly, wanting to solve my problems.
The little girl looked curious. I turned them
away, of course, as gently as I could. I could say
only: “Your message has nothing to say to me.”




Reviewed by Thomas Donaldson, Ph.D.

John Searle is known among students of the
philosophy of mind forhis Chinese Roomstory.
He presented the Chinese Room story as an
argument against the Turing Test for whether
or not a computer could think. The story goes:
let us suppose a room, with a man who does no¢
know Chinese inside it. Even though this man
doesnotknow Chinese, by consulting asuitable
table he knows that if presented with one se-
quenceofChineseideogramsheshouldrespond
with another, and does.

The implication is that if we were conducting
our Turing Test of a thinking computer in Chi-
nese, then this man would seem to fulfill all the
necessary criteria to passit. Yetatthe sametime
he has only consulted a table, with no idea at all
that these ideograms had or even might have
had a meaning, It’s possible to carp at thisstory:
perhaps the table would be far too large for
practical use, and the story therefore impos-
sible. Yet as a philosophical exercise (where
practicalities aren’t needed) the Chinese Room
does make an important point: no amount of
skill in playing with tokens really captures the
notions of intelligence or awareness. Both must
exist on anonsymboliclevel or they do not exist
atall.

And of course the problem becomes even
worse. e, when working any computer pro-
gram, attach a meaning to the output of that
program (whether it is a Turing robot or not).
The program itself is once more only a set of
directions for changes to be made inside a ma-
chine. Itishuman beings, whether they designed
the program or not, who decide thatits outputis
really the choice of an optimal design for a
bridge or a simulation of galaxies colliding.

The Chinese Room story, then, isn’t just a
story about the Turing Test, but a statement
about one particular strategy, still often at-
tempted, for constructing an “intelligent ma-
chine” ... or again, for explaining the workings
of our own brains. In the normal sense of a
computer program, by our essential nature we
cannot be simulated by computer programs.
(And note that this is definitelyrosan argument
claiming the impossibility of making an artifi-
cially intelligent machine. It is an argument
about one strategy for doing so. Searle himself
points out, for instance, that neural nets may
provide a means to create a conscious, intelli-
gent device, though he believes that will take
many years of research).

Nearly one quarter of Searle’s book consists
of a detailed discussion of the many varieties of
philosophy of mind that differ from his on this
key point. His title itself comes from that criti-
cism. The problem comes from the problem of
the existence andlocation ofconsciousness(and
in fact his book might have better been titled

The Rediscovery of Consciousness).

In terms of the beliefs of many about the
material world, anything which cannot be per-
ceived by outside, third party observers cannot
bereal. Consciousness and all of our inner feel-
ings (including emotions and desires) suffer
from the problem that no outside observer can
examine my consciousness (or emotions, de-
sires, etc). In the time of Descartes, this fact led
to the conclusion that some entirely separate
field of existence, the mental, must exist distinct
from the material world. Now, however, no
thoughtful person believes in such a separate
world; this hasled to many attempts to look for
external signs of the phenomena which we call
consciousness. Some people, realizing that by
the nature of consciousness it can have no infal-
lible external signs, have even raised questions
about its existence, and argued that any state-
ments we make about ourselves as “conscious”
are merely turns of phrase, or even mistaken.
Searle’s solution to this problem is painfully
simple: well, some physical phenomena, by their
nature, simply cannot be perceived directly by
third parties. This does not make them
unphysical, mystical, mentalistic, or other such.
It just makes them hard to study.

One implication of the Chinese Room is ex-
actly this. It provides an example of external
(observable by a third party) behavior, appar-
ently understanding Chinese, but actually not.
(Notice that Turing put forward his Testas a test
of whether or not a computer could become
aware just as we are. No one doubts that com-
puters can do things we cannot. The issue is
whether they can become self-aware).

How do people who are not philosophizing
onthesubject, orevenscientists, study and speak
of consciousness? Normally, we attribute con-
sciousnessto oneanother by assumingthatsimi-
lar causes give similar effects. You are close
enough to me in appearance, physiology, neu-
rology, and biochemistry for me to believe that
you also are conscious. We decide that the
“higher” animals are conscious for much the
same reasons. In this way neurobiologists study-
ing vision can go on to say that some animals
perceive colorwhile others don’t, and even that
human perceptions of color differ slightly in
detail. Butinterms of actuallyhaving thefee/ing
of consciousness that you do, I cannot.

Again, a field called “cognitive psychology™
provides one major strain of thinking in the
study of brains. Many of those who practice it
distinguish themselvesbyabeliefthatnounder-
standing of how brains actually work is needed.
Theybelieve thisbecausetheythink of our minds
as working like a computer program. Searle
arguesvery pointedly against such a thesis. Sum-
marized, his argument works like this: we have

seen that computer programs (in the sense used
by these practitioners) consist basically of play-
ing with symbols. As such they cannot explain
how our brains work: just why and how one
collection of neurons, for instance, sends sig-
nals to another. No amount of symbolic compu-
tation canexplain thatin itself; the most it could
do isto suggest hypotheses for later verification
on real brains. (I think Searle may be a little
unfair here, though at the same time his point is
well taken. Some cognitive scientists use com-
puter programs as a means to help them under-
stand brainphysiology and activity, not dispense
with it).

A similar problem arises when we try to ex-
plain language as based on some kind of inner
language used by our brains (recall the works of
Noam Chomsky!). The very most such a theory
can dois take us back one more step, when what
we really seek is the connection between lan-
guage, our brains, and the world around us.
Postulating yet anotker langnage gives no an-
swer at all. (And note that neural nets, once
more, provide a model for systems which do 7o¢
create this eternal regress).

Finally, Searle discusses one feature of our
experience as human beings perhaps essential
to our abilities, including our consciousness.
He calls it the Background. Though its name
mayseemunfamiliar, othershavealso discussed
it. The later works of Wittgenstein concern this
Background, for instance. Whenever we act,
think, or talk, any understanding of our actions
dependsonaliterally endless set of perceptions
about the world. If we speak of shoes, the pur-
pose, nature, and materials of shoeslies behind
what we say even though we make no conscious
reference to it. And because we are actingin the
world rather than in some nicely limited (even
if very large) set of symbols, our actions and
thoughtscanbeconditioned by this Background.

An old philosophical puzzle about language
summarizes this point. When the English first
noticed the black swans in Australia, they had
no hesitation in calling them black swans—
though every dictionary at that time claimed
thatswans mustbewhite. Onetest for the ability
of a device (I do not say computer) to emulate
human intelligence and consciousness might
be, then, whether or not it can see black swans
when it finds them.

Searle does not agree with either Patricia
Churchland orDaniel Dennett on many details.
He has and expounds his own viewpoint on
similar questions. Any cryonicist interested in
consciousness (and we all hope, by whatever
means, that our consciousness will revive after
cryonic suspension) might do well to read and
think about what each of these authors has to
say.
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- About the Alcor Foundation N

The Alcor Foundation is a non-profit tax-exempt scientific and educational organization dedicated to advancing the science of cryonics
and promoting it as a rational option. Alcor currently cares for 27 patientsin cryonic suspension, and has hundreds of signed up Members.
Being an Alcor Member means knowing that—should the worst happen—Alcor's Emergency Response Team is ready to respond for you,
24 hours a day and 365 days a year. -

Alcor's Emergency Response capability includes equipn chnicians in New York, Canada, Indiana, Northern California,
and England, and a cool-down and perfusion facility in Flo ‘

The Alcor facility includes a full-time staff with employees:present 24 hours a day. The facility also has a fully equipped research

laboratory, an ambulance for local response, an operating room, and a patient care facility using state-of-the-art storage vessels.
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New Handbook Now Available!
The new edition of Cryonics: Reaching For Tomorrow is back Cr Onl C q
from the presses! Reaching For Tomorrow is the “textbook” y : @
introduction to cryonics. Over 100 pages long, Reaching For :

Tomorrow is a fantastic and unique examination of the social,
practical, and scientific arguments that support the continuing
refinement of today’s imperfect cryonic suspension techniques,
in pursuit of perfected suspended animation.

This edition features anew Appendix based on the “Suspension
Pricing and the Cost of Patient Care” article by Ralph Whelanin
the October, 1993 issue of Cryonics, as well as a considerably
lengthened and updated chapter on “Revival.”

Order your copy for $7.95, or receive it FREE when you

subscribe to CRYONICS magazine for the firsttime. (See the
offer on the inside front cover.)

Still the only comprebensive
tntroduction to cryontes procedures |
and philosophy on the planet! Bxtension Foundatl

For those considering Alcor Membership. . .

If you're intrigued enough with cryonics and Alcor that you're considering
Membership, you might want to check out The Alcor Phoenix, Alcor's .
Membership newsletter. The Phoenixis a Membership benefit, soit'sfreeto | .,_ Amazwcinga/Vewg',,{] IX
Members and Applicants, but anyone canreceiveit for $20/year. It'sreleased ‘-'fi?:-i;r.?«: Eitone ss:ém*
8 times each year, on the "off months" of the quarterly CRYONICS (February, | =i —
March, May, June, August, September, November, and December). The
Phoenix is shorter than CRYONICS, but appears twice as often and is mailed
First Class. Being a Membership newsletter, The Phoenix focuses on
Membership issues such as financing cryonics, staff and management
matters, developments in Patient Care and Emergency Response, etc.
These issues will impact you directly if you decide to become a Member,

and may help you make a more informed decision in the meantime.
.
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Alcor Foundation

12327 Doherty Street
Riverside, CA 92503

(800) 367-2228

Board of Directors Meetings

Alcor business meetings are held on the
first Sunday of eveg other month: January,
March, May, July, September, and Novem-
ber. (The July and September meetings are
on the second Sunday.) Guests are wel-
come. Meetings start at 1 PM. For more
information, call Alcor at (909) 736-1703.

Sunday, March 6, 1994:

__ALCOR
12327 Doherty St.
Riverside, CA 92503

Directions: Take the Riverside Freeway
SState Hwy 91) east toward Riverside. Go
hrough Corona (past the Hwy 15 inter-
change), and get off at the Pierce exit. Go
night (south) on Pierce. Tum right (west) at
the first intersection, Magnolia. Tum nght
(north) at the next intersection, Buchanan.
Go about 200 yards on Buchanan and tum
left onto the second side street, Doherty.
Tum right firs buildings
your right (no street name). Alcor is the fifth
unit on the right.

Bay Area

Alcor Northem Califomia meetings: Pot-
luck suppers to meet and socialize are held
the second Sunday of the month beginning
at 6:00 PM. All members and guests are
welcome to attend. There is a business
meeting before the potluck at 4:00. The
February meeting information is as follows:

Sunday, February 13, 1994:

Naomi Reynolds (408-264-1607)
1444 Jeffery Ave.
San Jose, CA

Speaker: Charles Musgrave (winner of the
1993 Feynman Award in Nanotechnology)
speaking on Nanotechnology.

Directions: Take Hw{y 280 toward San
Jose. Take the 87 Exit (quadalupe Pwky
South. Get off at the Almaden Expwy exit.
Go to Foxworthy (there is a Iight‘}D an tum
n'?ht. Go to Plummer (stop sign). Go one
block to Jeffrey and tum lert. Jeffrey is a cul
de sac with limited parking, so you may have
\_{fo find a place on Plummer.

Meetings

Alcor Midwest is in full swing. It produces
amonthly newsletterand holds monthly meet-
ings. lthas a state-of-the-art stabilization kit
and responds to six states: Ml, IL, OH, MO,
IN, and WI. For meeting information or to
receive the Alcor Midwest Newsletter, con-
tact Brian Shock at %’.1 769-4252, or 670
Egg_t,t; State Road 421 North; Zionsville, IN

Boston

There is a cryonics discussion group in the
Boston area meeting on the second Sunday
each month. Further information may be
obtained by contacting Walter Vannini at
5603 889-7380 (home) or (617) 647-2291
work). E-mail at 71043.3514@Compu-
serve.com.

District of Columbia

Alcor DC is a new cryonics group with
members from Washington, D.C., Virginia,
and Maryland. The Alcor DC Board of Direc-
tors meets once a month. Alcor DC also
sponsors discussion groups, speaker's bu-
reaus, and seminars. Call Mark Mugler at
(703) 534-7277 (home), or write him at 990
N. Powhatan St.; Arlington, VA 22205 for
directions or for upcoming activities.

Las Vegas

Alcor Laughlin meets the third Sunday of
the month at 1:00 PM atthe Riverside Casino
in Laughlin, Nevada. FREE rooms at the
Riverside Casino on Sunday night are avail-
able to people who call at least one week in
advance. The time and place of these meet-
ings sometimes changes, so before you
2?916& please call Eric Klien at (702) 897-

Directions: Take 95 south from Las Vegas,
through Henderson, where it forks between
95 and 93. Bear right at the fork and stay on
95 éJast Searchlight until you intersect with
163, a little before the border with Califomnia.
Go left on 163 and stay on it until you see
signs for Laughlin. You can't miss the River-
side Casino in Laughlin, Nevada.

Southern California
The Southern California chapter of Alcor
meets every month in an informal setting in
one of our member’'s homes. This group is
now moving into high gear, in preparation for
“Alcor Central's” departure scheduled to oc-
cur sometime in the next few weeks. The
February, and March meetings (each on the
fourth Sunday of the month) are now sched-
uled. The February meeting will be at the
home of Alcor Director Michael Riskin. For
more information, call Linda Chamberlain at
(619) 757-3774. .
England
There is an Alcor chapter in England, with a
full suspension and laboratory facility south of
London. Its members are working aggres-
sively to build a solid emergency response,
transport, and suspension ca'pabimg. Meet-
ings are held on the first Sunday of the month
atthe Alcor UK facility, and may include classes
and tours. The meeting commences at 11:00
A.M., and ends late afternoon. The address of
the facility is:

Alcor UK
18 Potts Marsh Estate
Westham
East Sussex
Tel: 0323 460257

Directions: From Victoria Station, catch a
train for Pevensey West Ham railway station.
When you amive at Pevensey West Ham tum
left as you leave the station and the road
crosses the railway track. Carry on down the
road for a couple of hundred yards and Alcor
UK is on the trading estate on your right.
Victoria Station has a regular train shuttle
connection with Gatwick airport and can be
reached from Heathrow airport via the London
Underground tube or subway system.

People coming for AUK meetings must
phone ahead—or else you're on your own, the
meeting may have been cancelled, moved,
etc etc. For this information, call Alan Sinclair
at 0323 488150. Near metropolitan London,
contact Garret Smyth at 081-789-1045 or
Garret@destiny.demon.co.uk, or Mike Price
at081-845-0203 or price@price.demon.co.uk.
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