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Prolog

The ordinary man (or woman) thinks he knows what time is but
cannot say. The learned man, physicist or philosopher, is not sure he
knows but is ready to write volumeson the subject of his speculation
and ignorance. (David Landesin Revolution in Time 1983)

The sight of day and night, and the months and the revolutions of
the years, have created number and have given us conception of time,
and the power of inquiring about the nature of the Universe. (Plato
in Timaeus)

... in a purely mechanical world, the tree could becomea shoot and
a seedagain, the buttery turn back into a caterpillar, and the old
man into a child. No explanation is given by the mechanistic doctrine
for the fact that it doesnot happen. (Ostwald)

... a complete explanation of the arrow requires explaining why the
universestarted out asit did. It is a problem in cosmology (Hawking)

The conceptsof space and time are basicto human existenceand culture
but remain mysteriuos even after millenia of investigationsby the most able
think ers. To comeup with new aspects on the conceptof time would seem
almost impossible.But new possibilities are emergingas we are now enter-
ing into the information age Life and scciety is getting increasingly depen-
dent on information processesgaovernedby digital computers executingthe
instructions of computer programs. Google o ers a wealth of information by
searding lists of digital data using supercomputersprogrammed according
to a clever mathematical search algorithm. Digital computation has nite
precision becausecomputer microprocessorshave nite clock rate and can
only executea nite number of instructions per time unit.
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2 Contents

In this new world it is natural to view also physical, biological and psy-
chological processess (some form of) computation of nite precision fol-
lowing (some form of) a computer program written by (someform of) a
Creator. The genetic code can be seenas a set of instructions written in
the languageof a DNA and RNA and the rib osomsas processorshuilding
proteins by executing the instructions. The precision of this computation
is nite, and error correction is an important part of the rib osomcompu-
tation. The idea of viewing thought processess forms of computation was
proposed already by Thomas Hobbes (1588-1679),and today has a new
acuality. We know that alsothought processesave nite precision.

The basic idea of this book is to study the concept of time viewing the
World as the result of someform of computation of nite precision. This
is a modi cation the classicalmedianistic idea of the World as a clock of
in nite precision into:

the World as a clock of nite precision.

The approad is multi-disciplinary combining aspects of mathematics, sci-
ence,literature and arts into a synthesis of scienceand ction, or science-
ction , hopefully readablefor a wider audience.

The most mysterious aspect of time is the direction of time or the Arrow
of time: Why is time moving forward and not badkward? Why is it impos-
sible to reversetime, like pressinga rewind button on a video player? The
basic laws of physics are time reversible, and the mystery is from where
irreversibility comes,if not from physics?This book givesan answer based
of nite precisioncomputation, which is di erent from the standard answer
basedon statistical medanics.

Coordinated Universal Time (UTC) is the high precision atomic time
standard of the Global Positioning System (GPS). One may argue that
many of the classicalquestionsconcerningphysical time and time- o w can
be answered by UTC: Physical time and time- o w is simply what is mea-
suredby UTC. But the enigmaof the Arrow remains, sincean atomic clock
hasno Arrow, and subjective perception of time is much richer than UTC.

Two main aspects of time are change and no-change which meet in
repetition : Each day changesinto a new day in linear time, but it is also
very much the sameas last day in circular time. Both linear and circular
time have an Arrow: the new day is not yesterday and Spring always comes
before Summer. But a clock doesnot have a direction, it only ticks, sothe
Arrow of time must comefrom something elsethan a clock, and then from
what?

This book is part of the Body and Soul project [3], and in particular
relatesto the books Computational Turbulent IncompressibleFlow [12] and
Computational Thermodynamics [13], which in mathematical detail show
that the phenomenonof turbulence harboursthe Arrow. This book preserts
this messagewithout mathematical technicalities.
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The book is written as a dialog between Philippe, retired journalist and
amateur philosopher, and Mathew, retired owner of a hardware store and
amateur mathematician, meeting at Atomic Clock Cafe at Times Squae
in their old home town.

Birgit Nilsson
Turandot

FIGURE 1. Princess Turandot's three riddles: What can only move forward?
What do you have but cannot touch? What do you get every day, but can never
keep?
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1
Atomic Clock Cafe

Time is the substance of which | am made. Time is a river which
sweepsme along, but | am the river; it is a tiger that mangles me,
but | am the tiger; it is a re that consumesme, but | am the re.
The world,unfortunately , is real; I, unfortunately , am Borges. (Jorge
Luis Borgesin A New Refutation of Time).

It doubtless seemshighly paradoxical to assertthat Time is unreal,

and that all statements which involve its reality are erroneous. Such
an assertioninvolvesa far greater departure from the natural position

of mankind than is involved in the assertion of the unreality of Space
or of the unreality of Matter. So decisive a breach with that natural

position is not to be lightly accepted. And yet in all agesthe belief
in the unreality of time has proved singularly attractiv e. (John Ellis

McTaggart, The Unreality of Time, Quarterly Review of Psychology
and Philosophy 17 (1908), 456-473.)

Mat: Hello Phil! How are you? We haven't seenead other for a very long
time.

Phil: Hello Mat. Yes,it is agessincewe met. Well, | have recertly retired
from my job asareporter on alittle daily journal up North, mainly writing
obituaries. Or rather | waslaid o becausethere is no more any special
talent neededfor writing necrologs.So now | am bad to our home town
again. The circle closes.And how are you?

Mat: Well, | have just closedthe hardware store | have been runnning
the last 30 years down South, and now | am also back to where it all
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6 1. Atomic Clock Cafe

started. Remenber when we as young boys were exploring the World and
the mysteries of engines,girls and Big Bang!

FIGURE 1.1. Atomic Clock Cafe.

Phil: Yeah, those were happy days! But now the prospectsdon't look too
good. | got divorced, my econony is in ruins and my heart haslost its usual
steady beat.

Mat: Sorry to hear. | also got divorced, the hardware store wasn't worth
much and my memory is not what it usedto be.

Phil: 1t seemsthat things only go oneway, from bad to worse. It doesnot
look too good. Sometimesl am dreaming that | could rewind my life badk
to the beginning and restart and then this time act a little wiser. Why isn't
there a rewind button in our lives?Or is there?

Mat: Don't think so, but why does life only go one way, from birth to
death, one day after the other, inevitably?

Phil: Well, lets see.This is an Internet Cafe solet me Googleon \philosophy
of time" and seewhat we get. | have always kept an interestin philosophical
matters. The rst hit isacertain McTaggart who evidently claimsthat time
does not exist! It is unreal! Pure ction!

Mat: Soundsreally surprising to me.But if time doesnot exist, then maybe
we are not aging and there is somehope after all. What is the argumert
for this strange conclusion?And who is McTaggart?
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Phil:  John McTaggart Ellis McTaggart (1866-1925)wasa lecturer at Trin-
ity College,Cambridge, and a leading British idealist philosopherin a long
tradition going badk to the scool of Parmenidesin anciert Greeceand
including giants such as Spinoza, Kant, Hegel and Schopenhauer. In his
The Unreality of Time from 1908 he showed that if you attempt to de-
ne time asan order into past, present and future, which is referred to as
the A-theory, then you run into a vicious circle. McTaggart was a man of
contradictions; radical in his youth, increasingly consenative, in uen tial in
the expulsion of Bertrand Russellfrom Trinity for paci sm during World
War |, an advocate of women's su rage, atheist from his youth, rm be-
liever in human immortalit y and a defenderof the Church of England. An
interesting character with taste for contradiction. He not only formulated
contradictions, he was one himself!

Mat: Contradictions? A-theory? Is there also a B-theory? And what is a
vicious circle?

Phil: Yes,there is also a B-theory of earlier-later. You get into a vicious
circle is whenyou get badk to whereyou started, without any progress.Mc-
Taggart explains this disappointing experienceas: Our ground for rejecting
time, it may be said, is that time cannot be explained without assuming
time.

FIGURE 1.2. Times Square and the Arrow.

Mat: That soundsreally hopeless.But why do you have to assumethat
time existsto speak about past, present and future?
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Phil: This is becausethe concept of time is intimately connectedto the
conceptof change if nothing changesthere is no time. Now to speak about
change,it seemsat least, you have to speak about beforeand after change,
or about past and future with presert in between.Thusit seemsthat you
have to know what time is to speak about change.Thus you cannot de ne
time in terms of change, since changerequirestime to be de ned.

Mat: OK, so McTaggart claims that time does not exist. Disappointing,
but intriguing! But how canwe talk about somethingwhich doesnot exist?

Phil: No problem. You talk or write about many things which do not exist.
Fiction is only imagination, not reality, you know. Somebelieve that ction
is more real than non- ction or documertary, or at least more interesting.
If you would only talk about things which do really exist, then discussions
quickly would becomepretty boring. This is like only discussingthe various
parts of your motor-bike. Or only watching documertary soup operas. So
we cangoon talking about time aslong aswe get pleasureout of it following
the deviceof Bertrand Russellthat the time you enjoy wasting is not wastel
time.

Mat: DoesMcTaggart say anything about the the direction of time or the
Arrow of time? Why time is moving forward and not backward? Why there
is no rewind button in our lives? Sciertists must have an answer to suc
a basic question, unlesstax money is wasted? From my experiencein the
hardware store | have someinsight into science,mecdanics and physics of
nuts and bolts you know, and | have also kept an interest in mathematics.
In school | did pretty well, if | remenber correctly.

Phil: No, McTaggartdoesn't say much about any Arrow. Maybeit is rather
a problem in physics and mathematics than a problem in philosophy?

Mat: But | recall that the basiclaws of physics, Newton's laws in classical
medanics and Scredinger's equation in quantum medanics, allow time
to be reversed. By reversing all velocities at the nal time of a system
ewlving forward in time, the systemwill return to its state at the initial
time. Each processin forward time hasatwin processn backward time. To
your life processfrom birth to death, there is a twin backward life process
from death to birth.

Phil: No, the backward processis not possible. Life only goes one way!
And so doestime!

Mat: From where doesirr evesibility comethen, if not from physics?

Phil: Let's nd out! The web is at our disposal.

It is a hopelessenterprise to seard for the nature of time without
studying physics. If there is a solution to the philosophical problem
of time, it is written down in the equations of mathematical physics.
(Reichenbach [21])



2

ShortcutThroughTime

Phil:

It is generally belived that there is color, something which is sweet
and something bitter; in fact there are only atoms and emptiness.
(Democrite (460-370BC)

It is also clear that if there were no such thing astime, there would
be no sudh thing asthe now, and that if there was no such thing as
the now, there would be no sudh thing astime. (Aristotle, Physics,
Book 1V)

Life preserts itself to us as evolution in time and complexity in
space. Regarded in time, it is the continuous evolution of a being
ever growing older; it never goes backwards and never repeats any-
thing. Considered in space, it exhibits certain coexisting elemerts
so closely interdependert, so exclusively made for one another, that
not one of them could, at the same time, belong to two dierent
organisms: ead living being is a closed system of phenomena, inca-
pable of interfering with other systems.A contin ual change of aspect,
the irreversibility of the order of phenomena, the perfect individu-
ality of a perfectly self-cortained series:sud, then, are the outward
characteristics{whether real or apparent is of littte moment{whic h
distinguish the living from the merely mechanical. (Henri Bergsonin
Laughter: An Essay on the Meaning of Comic, 1901)

Let's seeif we can identify somecommon ground for a discussions.
Canit be someform of rational materialistic mechanistic world view, which
can be traced badk two millenia to the scool of the atomists in ancient
Greeceformed by Demccrite around 400BC and widely spreadby Epikuros
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Printer: Opaquethis



10 2. Shortcut Through Time

during the later half of the 3rd certury BC? According to the atomists, mat-
ter isformed by (very small) indivisible atoms (from Greekatomos meaning
uncuttable) and all physical phenomenaultimately result from interactions
of atomsin an empty space over time. The atomists wereremarkably vision-
ary, but sincethe atomistic nature of matter was experimentally detected
rst in the beginning of the 20th certury, they lost the initiativ e to the
idealistic philosophy of Sacrate, Plato and Aristotle, geometry of Euclide
and religious scholastics, together dominating scienceuntil the the scien-
tic and industrial revolution got initiated by Leibniz and Newton, who
developed the mathematical basisof sciencein the form of (di eren tial and
integral) Calculus But why did it take more than two millenia from the
atoms of Demacrite to the atom bomb and nano-tedhnology of our society?

FIGURE 2.1. Local interaction.

Mat: Good question. Note that there was one important novelty in New-
ton's theory of gravitation: The atomists viewed the World basically as a
large collection of atoms subject to local interaction by collisions, while
Newton intro duced the new idea of instantaneous action at distance. New-
ton's law of gravitation statesthat the Sun attracts the Earth with a force
inversely proportional to the square of the distance betweenthe Sun and
the Earth in the direction of the instantaneous position of the Sun. Local
interaction is like spreading a messagemouth-to-mouth, while action at
distance correspondsto transmitting it (almost instantaneously) electron-
ically by electromagneticwaves.

Phil: Do you suggestthat the atomists were too simplistic allowing only
local interaction?

Mat: It may seemsosincemodern quantum mechanics of the atomic world
alsobuilds on action at distance, but the di cult y is to explain how action
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at distance can be established. Physicists are today searding for a hy-
pothetical particle, named graviton, transmitting gravitational forces,but
have not found anything like that, yet. Soaction at distanceis still a mys-
tery, and sois modern physics.

Phil: Is modern physicsa mystery?

Mat: Surprisingly, our enlightened time is not as enlightened as you may
think. Modern physics, the basis of science,is lled with mysteries: black
holes dark matter, dark eneigy, string theory, wave-g@rticle duality, curved
space-time... An eldoradofor all writers of popular science For the moment
let us just note that both the atomists and Newton neededthe concept of
absolutespace (lik e a big empty container), whereatoms or celestial objects
could move around. Instantaneousaction at distance alsorequired absolute
time owing at the samerate everywhere (like water owing out of an
standardized faucet), sothat a notion of simultaneity could be established.
Newton viewed time as part of the fundamertal structure of the universe,
a dimensionin which events occur in sequenceand time itself is something
that can be measured.However there is no Arrow in a Newtonian world,
since all collisions and motions can as well be reversel in time. Or so it
seemsat least...

FIGURE 2.2. Instantaneous action at distance.

Phil: But isn't Newton's gravitational theory today replacedby Einstein's
theory of relativity ?
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Mat: Yes,sowe are told, and the upshot was an apparert di cult y with
the concept of simultaneity identied by the mathematician Poincare and
then utilized by Einstein in his crusadeagainst Newtonian mecdanics and
absolute spaceand time. Einstein's new mantra was:there is no suchthing
as simultaneity, which openedthe way for the theory of relativity and its
curved space-time. Physicists of today tell usthat our intuitiv e conceptions
of time and spaceare wrong, that we should not distinguish time from
spaceand instead mix time with spaceinto a common curved space-time.
However, in Einstein's curved space-timethere is no Arrow of time, and
thus if we are searding for the Arrow, we have to look elsewhere.

Phil:  OK, sowe can identify a line Democrite-Newton-Einstein from an-
cient Greeceinto our time, however without any Arrow. The measuremen
of time hasdeveloped from the Sun dials of early civilizations over the me-
chanical clocks of the industrial society to the atomic clocks of our presert
information society. The accuracy has improved from hours over minutes
to nano-secondf today.

FIGURE 2.3. St Augustine (354-430) in Confessions:What then is time? If no
one asksme, | know what it is. If | wish to explain it to him who asks, | do not
not know.
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Mat: Recall that Leibniz de nes space as the order of coexistene, and
time as the order of suwession thus avoiding the concepts of absolute
spaceand time. Leibniz emphasizeghat spaceand time are di erent: time
is sequetial while spaceis not. But there is no Arrow in Leibniz order of
successiongsincethe successiorseemsto be reversible.

Phil:  Of course, our direct experiencetells us that for sure there is an
Arrow pointing forward in time, inevitably making us a bit older every
secondthat passes,and that our life time is limited. We also know very
well that time can be reversedin a movie by playing it backwards pushing
the rewind button, but this is not possiblein reality. But why? Why is
there no rewind button in reality? Or is there?

Mat: This question was understood already by St Augustine in the 4th

certury, but surprisingly has remained without a convincing answer into

our time. Not even Richard Feynman, Nobel Prize in Physics 1965, seems
to have any answer: Where does irr eversibility (the Arrow) come from? It

does not come from Newtoris laws.

Phil: No answer? My tax money! But haven't we forgotten, apparertly
then like Feynman, that the 2nd Law of Thermodynamics presenied in any
book on statistical mechanics de nes forward time by increasing entropy
or disorder?

Mat: Yes,you are right: The standard answer is statistical mecanics but
the trouble is that this is sodamneddi cult to understand, that even the
minds of people like Feynman and Einstein boggles.But there might be a
better answer, an alternativ e to statistical medanics as an explanation of
why there is an Arrow of time.

Phil: What are you suggesting?

Mat: Let me google a bit and | will be badk with someinfo, in a little
while.
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FIGURE 2.4. Richard Feynman (1918-1988): Where does irr eversibility come
from? It does not come form Newtoris laws. Obviously there must be some law,
some obscuee but fundamental equation. perhapsin electricty, maybe in neutrino
physics, in which it does matter which way time gces. (The Feynman Lectures
on Physics 1963).
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Ghostsof Sciencend Religion

Hominids turned to the sacredrealm becausethey evolved to relate
in deeply emotional ways with their social partners....and because
the human brain evolved to allow an extension of this belongingness
beyond the here and now. (Barbara J. King in Evolving God)

Then | went back into the house. It is midnight. The rain is beating
on the window. It was not midnight. It was not raining. (Beckett in
Mol loy)

Phil: Someexperts of human geneticsclaim that homo sapiensprobably
has a \religious gene" giving us a particular capability of \b elieving in
ghosts", which hasturned out to give an advantage in Darwin's struggle for
existence.The \ghost" may have religious, political or sciertic character
or a combination thereof, and di erent \ghosts" have dominated during
di erent periods of the ewolution of human scciety.

Mat: Today, the \ghost of science"has taken the initiativ e from religion
and politics: The generalbeliefseemdo bethat the threat of glokal warming
can only be met by clever sciertists in cooperation with educatedrespon-
sible citizens and politicians, and not by prayers, healing or simply relying
on \fate".

Phil: You areright: The sciertic and technologogicalrevolution initiated
in the 17th certury which has causedthe warming, will now have to be
carried further to avoid a catastrophy. This is maybe the toughest chal-
lenge facing humanity ever. A challenge indeed to all rational sciertists
and engineers.

This is page 15
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16 3. Ghosts of Scienceand Religion

Mat: It all started with the Calculus of Leibniz and Newton in the 17th
certury laying the theoretical foundation of the medanistic world view.
The mathematician Laplace (1749-1827)perfected Newton's medhanicsin
his monumental MecaniqueCelestein v e volumesappearing during 1798-
1825, describing the Universeas a clock following immutable laws of me-
chanics. A beautiful reversible Universewhich could as well go badckwards
in time, without an Arrow.

TRAITE

DE

MECANIQUE CELESTE,

PAR P. s LAPLACE,

Membre de PInstitut national de France, et du Bureau
des Longitudes.

TOME PREMIER.

FIGURE 3.1. Laplace mathematical analysis of the Universeas a clock.

Phil:  Our ancestorswere sitting in the cavesor roaming the savannasfor
hundred thousand years,beforesomelody got the bright ideato go forward
and change something to de ne an Arrow. Their idea of time probably
was circular in an endlessrepetion of birth followed by death or creation
followed by destruction. Most of the cells of a human body get replaced
over a month, and the members of a society get born, live their livesand
die away, while the society continuesto exist. Eternal love with changing
subjects.

Mat: Yes,that is the idea of the sustainablescciety, an eternal society that
will never die. The ideais that if we recycleenough,then human civilization
can nicely continue for ever: It will be sustainable. All politicians speak
about sustainability, and they have to do that to remain credible. But is
it credible? Can a sustainable society be realized, or is it just a dream?ls
there an Arrow necessarilyleading to destruction, of a cell, a human being
and a scciety?



This is page 17
Printer: Opaquethis

4
Changeand Time

Change is the law of life. And those who look only to the past or
presert are certain to miss the future. (John F. Kennedy)

There is something essetial about the now, but whatever it is, it
lays outside the realm of science.(Einstein)

Evernts in the past and future have to be every bit asreal as events
in the presert. (Paul Davies)

Times are a'changing. (Bob Dylan)

Phil: Aristotle states in Book IV of his Physics lecture notes on What
Time Is:

What is worth considering is the prevalentidea that time is variation
and change.

For without change (or any noticable change) in our minds, time
does not seem to pass, as in the story about those who sleep in the
sanctuary of the heroes in Sardinia, who wake up and do not think
that time has passel. Clearly time does not exist without change.

Time is thus change,or rather an aspect of change.
Time is that feature of changethat makesnumber applicable to it.

In a sense,the now is somethingsingle and identical, but in a sense
it is not. In sofar asit is to be found at suaessivelydi er ent points,
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its is di er ent{this is what it is to be \now"{but the actual thing that
is now is the same.

By the sametoken, a moving object, by which we know change,and
what is before and after in change,follows a point. The actual thing,
that is the moving object is the same, but in de nittion it is di er ent,
just as the sophists take Coriscus in the Lyceum to be something
di er ent from Coriscus in the city squae. A moving object, then, is
di er ent by being suaessivelyin di er ent locations, and now follows
a moving object just astime follows change,for it is the moving object
that enablesus to know before and after in change,but the now exists
in so far the before and after are numerable.

Soin a sensethe now is alwaysthe same, and in a senseit is not,
becausethe samegcoesfor a moving object.

Aristotle states that time is a feature of change which can be measured
by a pointer moving along a line of numbers, such as an analog clock with
moving arms, or the (apparent) motion of the Sun in the sky. He also,
admirably so, explains the both changing and unchanging aspects of the
\now". Time and changethus are intimately related.

Mat: | agree,Aristotle evidertly understood something essetial.

Phil:  But concerningthe Arrow, Aristotle hesitatesand getsinto lengthy
discussionsabout concepts like \rst change" and cause-e ect, without
clear conclusions.

Mat: Yes,connectingthe Arrow to cause-e ectwith the causepreceeding
the e ect, is of coursenatural. But the question is what makesthe cause
the causeand not the e ect in reverseorder?

Phil: Yes,that is the enigmaof the Arrow. Is there no light in the tunnel?

FIGURE 4.1. Instrument for measuring change.
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Prof. Dr. Zeitmund Leibstnitzel

It is now or never. (Prof. Dr. Leibschnitzel)

Time and spaceare modesin which we think and not conditions in
which we live. (Einstein)

Mat: When | seard on \direction of time" on Google, | get 3 billion hits,
and the top oneis a certain Prof. Dr. Zeitmund Leibschnitzel Are you
familiar with this name?

Phil:  No, who is that? Never really heard of him.

Mat: Evidently, he hasformulated a new principle, referredto asPrincipe
Perfeito, supposedly explaining the Arrow of time, that is why time is mov-
ing forward and not backward, in the non-perfect World of nite precision
he claims that we are living in.

Phil:  Princip e Perfeito? A perfect principle governing a non-perfect World,
which explains the Arrow? Too true to be good? Is this a more precise
version of the classicalmedanistic idea of the World as a clock into: the
World as a clock of nite precision?

Mat: Exactly! Evidently, Prof. Dr Leibschnitzel spent all his life in the
little town of Zeitbaden in his study, working incessatly on all sorts of
topics, only occasionally getting a few hours of sleepin his chair at his
desk, without following any clock, su ering as he was of tickopanic, fear of
clocks. Someview him asthe last universalgenious,the pinnacle of German
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20 5. Prof. Dr. Zeitmund Leibschnitzel

idealism/realism. He also developed a theory of time, more precisely about
the dierent months, which he referred to as Monatologie, the theory of
months. Di cult to read, but supposedlyvery deep,taking Kant one step
deeper and higher. Prof. Dr. Leibschnitzel says that the question of the

FIGURE 5.1. Prof. Dr. Zeitmund Leibschnitzel with some of his nite precision
models of the World.

Arrow has many facettes and connectsto the following questions:
How can there be irr eversibility in a formally reversiblesystent?
How can there be imperfection in a formally perfect world?
Why do not all peoplefollow all laws?

Why do you have to pay a ne for breaking the law?

How can there be friction in a systemformally without friction ?
Why is a perpetuum mobile impossible?

How can there be a free will in a formally deterministic world?
Why do we have to pay interest on a loan?

Why did the Soviet Union collapsein 19897

Why did the New York stock market collapsein 1929?

Why doesit take solong time to grow up?
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Why doeswriting take much longer time than reading?
What makesa funny story funny?
Is it necessaryto forget to rememnber?

What makesthe causethe causeand not the e ect?

Phil:  Somany questions!All connectingto the Arrow? And to the idea of
the World asa clock of nite precision?

Mat: That's right. Let's uncover the secret!

]
i

)

Z

FIGURE 5.2. Princip e Perfeito ready to go.

This thing all things devore;
Birds,beasts,trees, o wers;
Gnaws iron, bites steel;
Grinds hard stonesto meal;
Slays kings, ruins town,
And beats high mountain down.
(Gollum's fth riddle)
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6
Principe Perfeito

Quid est ergo tempus? Si nemo ex me quaerat, scio; si quaererti
explicare velim, nescio. (St. Augustine)

Love is yesterday, it will be born today, and it was tomorrow. (Jan
Skacel)

Phil: Can you explain Princip e Perfeito?

Mat: Yes,take at look at this gure:

0K—> <ANoK

e g 4 U

FIGURE 6.1. Motion to the right is easy but motion to the left is di cult.
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Phil: What do we see?A sh trap?

Mat: Yes, we seetwo deviceswhere motion to the right is \easy", while
motion to the left is \di cult". The top device mounted on an assenbly
line in a factory will allow objects to slide from left to right, but will block
motion from right to left. The bottom deviceis a sh trap basedon the
principle that it is easyfor a sh to getinto the trap, but dicult to get
out. We could say that it is a matter of precision. To getin doesnot require
much of precision, becauethe sh is guided into the net. But to get out
requires a very high precision, and sh aren't smart enoughto sneakout
by pure intelligence and cannot nd the way by trial and error before they
die. Sothe trap works.

Phil:  Aha, so both devicesare directed and Princip e Perfeito says that
time is similarly directed for a similar reason:It is \easy" for time to move
forward, but \di cult" to move backwards, becausethe requiremerts on
precision are vastly di erent.

Mat: Yes,that is a correct interpretation. Another formulation of Princip e
Perfeito is expressedn the seeminglyinnocert statemerts:

mixing is easy (fast) and can be done with low precision,
unmixing is di cult (slow) and requires high precision.

To mix milk into your co e is easy to unmix is virtually impossible.Simple
asit seemsthis idea contains a deeptruth. Yet another formulation is:

imprecise searation may be easy and fast,
precise sefration may be di cult and slow.

To rip a piece of paper apart is easyand goes quick, to separatea tumor
from healthy tissue may require extreme precision and may take long time.

Phil: | understand what you say, and evidertly there is here no talk of
statistics, only nite precision.

Mat: Yes,that is the beauty. The essencef Princip e Perfeito can also be
expressedas:

a mechanical clock showstime but has no direction,

life is a clock with direction.
Phil:  You meanthat there is connection between biolagical processesand
the Arrow?

Mat: Yes,I do. A life processfrom birth to death, of an amoebafor exam-
ple, clearly hasan Arrow, and corversely:Life processesle ne a direction
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of time. We can here usethe term life processin a very generalsense,and
include e.gthe life of a star from its birth through gravitational masscon-
certration followed by ignition into nuclear fusion to its death as a white
dwarf or black hole. Or the birth and growth of a cyclon succing energy
from the hot waters of the Mexican Gulf and dissipating it over the coast
and main land.

Phil: What is then a life process?

Mat: The life of a living cell can be described as an interplay of the two
processef

creation of di er ence or analolism,

destruction of di er encee or catalolism,

whereanabolism represerts growth and division of cellsand catabolism rep-
reserts production of energyand building material for the anabolism. An-
abolism is slow/precise, while catabolism is fast/imprecise and this makes
life processesrreversible. Life could in principle have beenreversible using
the same precision in both anabolism and catabolism, but sudc forms of
life would not be competitiv e in the battle of survival of the ttest.

Phil: Is there a coupling to complexity? That life processesre irreversible,
becausethey are complex? A medanical clock can be reversedbecauseit
is so simple, while a life clock cannot becauseit is complex?

Mat: | guessyou said something essetial there: Limitation to nite pre-
cision makescomplex processesrreversible.

Phil:  Maybe life is a marriage between a desire to live with a reality of
failure to live. Without a desireto live,there will be no life, but the desireto
live evertually hasto givein to the greatestfailure of all of death, which is
the ultimate imperfection of life. But every momert of life contains smaller
imperfections, since a perfect life is not competitiv e. Life could thus be
viewed as a contin ued unsuccessfule ort to live a perfect life, resulting in
an irreversible life.

Mat: It seemsthat Principe Perfeito represents a new key to unlock the
secret of the Arrow, a key caught in the new net of computation in our
new age of the computer. But the key also may reveal some secrets of
both the real World, since the real World is realized in someform of an
analogcomputation or processingof information, and the imaginary World
basedon the mental computation of our thought processesor the digital
computation of virtual reality and computer games.

Phil: In hinduism Brahma is the God of Creation and Shiva the God
of Destruction thus playing the roles of anabolism and catabolism in the
metabolism of the Universe.

Mat: Yes, creation and destruction cannot exist without the other, but
creation preceedsdestruction and thus de nes the Arrow.
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FIGURE 6.2. Anabolism powered by catabolism.

Fatty Acid Dxidation

Protain Glyeslysis
Catabolism

| AcaykCoA
Fa™
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Oxidative
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'

FIGURE 6.3. Principle of catabolism supplying energy to the cell in the form of
ATP (Adenosine triphosphate).
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ChemicaReactions

The meeting of two personalities is like the contact of two chemical
substances;if there is any reaction, both are transformed. (Jung)

Genius dependson dry air, on clear skies{ that is, on rapid metabolism,
on the possibility of drawing again and on great, even tremendous
quantities of strength (Nietzsche)

Tolstoy | know that most men, including those at easewith problems
of the highest complexity, can seldom accept even the simplest and
most obvious truth if it be such as would oblige them to admit the
falsity of conclusionswhich they have delighted in explaining to col-
leagues,which they have proudly taught to others, and which they
have woven, thread by thread, into the fabric of their lives. (T olstoy)

Mat: Both the catabolism and anabolism of the metabolism of life are
based on chemical reactions. Catabolism typically involves a processof
mixing, which meansdestruction of macroscopicdi erence/order and corre-
spondingly anabolism involvesa processof unmixing, or creation of macro-
scopic di erence/order. Mixing does not require high precision, just stir,
while unmixing requires care and precision. In the chemical reaction of a
catabolic process.the reactants are mixed sothat they can meetand react.
Mixing increasesmicroscopic di erence, but decreasesnacroscopicdi er-

ence.In the chemical reaction of an anabolic processresulting in macro-
scopicorder, the reactants are not mixed and the reaction typically takes
place at a reaction front.
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FIGURE 7.1. Mixing of ingredients to make a cake.

slow
sedimentation

FIGURE 7.3. Unmixed - small area of reaction zone - slow. Mixed - large area of
reaction zone - fast.
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Phil: The area of the active reaction front can be much larger if the reac-
tants are mixed, and thus catabolic reactions can be quicker than anabolic,
which explains why creation is slow, while destruction may be fast. Be-
causeof the di erent requiremerts of precision, numixing cannot quickly
be achieved simply by reversing the quick processof mixing. Therefore a
catabolic processof mixing de nes an Arrow, and unmixing cannot only
be realizedin a slow anabolic process.

Mat: We summarize by noting that a processof mixing
(m1) decreasesmacrosmpic di er enc,

(m2) increasesmicros®pic di er ence,

while a processof unmixing

(ul) increasesmacrosmpic di er ence,

(u2) decreasesmicros®pic di er ence.

We understand that both (m1) and (m2) and also (ul) may be performed
with low precision, while (u2) requireshigh precision on microscopicscales
for identi ¢ ation and sepration, which is a slow process.

Phil: In industrial processesseparation can be performed by centrifuga-
tion, which in principle is a sedimenation processasin Fig. (7.2), with an
e ectiv e gravitational force causedby the rotation of the certrifuge. With a
fast certrifuge the separation can be made quickly, but biological processes
do not usethis principle, except possiblewhen a dog getsrid of the water
after a swim by shaking.

Mat: Why is separation sometimesa slow process?Well, it needsto be
discriminating and somehav selectwhat is to be separated, and then do
it. There are many selectionprocessesn scciety, like choosinga new presi-
dent, and we know that theseprocessesre very slow and complicated and
they needto be precise.So selectionmay take time and care becausehigh
precision seart is needed,but also the very separation processmay take
long time, aswhen a child separatesitself from the parernts, or a sedimert
settles. There are other forms of separation, which can gofast likeripping a
paper into pieces.Such processesre di cult to reverse,becausea a careful
serad and selectionwill have to be doneto nd the pieceswhich match.

Phil: Darwin's principle of natural seletion has beena very slow process
requiring billions of yearsfor life to develop, becauseno certrifuge hasbeen
available for quick selectionof the ttest.
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Life

Dream as if you'll live forever, live as if you'll die today. (James
Dean)

Life is pleasart. Death is peaceful. It's the transition that's trouble-
some. (Asimov)

Life is far too important a thing ever to talk seriously about. (Oscar
Wilde)

Phil: Life processesinvolve growth, division and di erentation of cells
formed by photosynthesisand/or chemical reactionsfrom organic and non-

organic substances.Life consists of both the processof creation-growth

increasingdi erence and destruction-decay decreasingdi erence. Creation

consumesenergy and destruction produceswaste. Without a drive to live

there will be no life and the drive to live is a drive to di erentiation, to

sharpen di erence, and this drive hasto be controled by paying someform

of interest operating on relative di erence. Life thus needsa processof cell

destruction, becausenot all cells brought to life are healthy cells, and all

cellscannot be kept inde nitely . So, cell destruction is asimportant ascell

creation. Cell destruction represers a loss or payment which is necessary
for continued survival. If you do not pay this form interest, then your body

will get unstable and disintegrate.

Mat: All organismsconsistof small cells, typically too small to be seenby a
naked eye, but big enoughfor an optical microscope . Each cell is a complex
system consisting of many di erent building blocks enclosedin membrane
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bag. There are unicellular (consisting only of one cell) and multicellular

organisms.Bacteria and baker's yeastare examplesof unicellular organisms
- any onecell is able to survive and multiply independertly in appropriate

ervironment.

microtubules chromatin

¥ 5 nuclear envelope
mitochondrion . nuclearporcp :|»nucleus

nucleclus
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FIGURE 8.1. Eukaryotic cell.

Phil: There are about 10 cellsin a human body, of about 320 di erent
types. For instance there are seweral typesof skin cells, muscle cells, brain
cells (neurons), among many others. The number of cell typesis not well-
de ned, it depends on the similarity threshold (what level of detail we
would like to useto distinguish betweenthe cell types, e.g., it is unlikely
that we would be ableto nd two identical cellsin an organismif we count
the number of their molecules).The cell sizesmay vary depending on the
cell type and circumstances.For instance, a human red blood cell is about
5 microns (0.005mm) in diameter, while someneuronsare about 1 m long
(from spinal cord to leg). Typically the diameter of animal and plant cells
are between 10 and 100 microns.

Mat: There are two typesof organisms- eukaryotesand prokaryotes and
two types of cells respectively. Bacteria belong to the prokaryotes. How-
ever, most organismswhich we can see,such astrees, grass, o wers, weeds,
worms, ies, mice, cats, dogs, humans, mushrooms and yeast are eukary-
otes. The distinction betweeneukaryotes and prokaryotesis rather impor-
tant, becausemany of the cellular building blocks and life processesare
quite dierent in thesetwo organismtypes. This is believed to be the re-
sult of dierent ewlutionary paths. Most sciertists believe that life rst
emergedon Earth around 3.8 billion yearsago. The oldest fossilisedbones
that have beenfound resenbling bonesfrom anatomically modern humans
are about 100.000-200.00@earsold. Nobody really knows how life emerged
on Earth.
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FIGURE 8.2. Cell metabolism.

Phil: The metalolism of a living cell is the set of chemical reactions of the
life process,and can divided into to categoriesof processesanalplism and
catalolism. Anabolic reactions construct cell componerts suc as proteins
and nucleic acids allowing the cell to grow and divide. Catabolic reactions
break down large polymeric moleculessuch as proteins and polysacdha-
rides into their constituent monomeric units such as monosactarides, nu-
cleotides and amino acids, o ering energy and building material for the
anabolism.

Mat: The metabolism of a cell thus consists of a combined process of
creation-destruction. If the destruction doesnot work properly on the cell
level, cancer develops. We understand that it is the destruction in the
catabolism which makeslife into an irreversible processwith an Arrow. To
live and create you have to destruct, and that makeslife irreversible.

Phil:  You nd the samephenomenomon a bigger scalein the metabolism
of the World.

Mat: To create a gardenyou have to put seedsto grow, but you also have
to destroy weeds,and destroying weedsrequireswork, which you can view
as a necessarylossto make to give room for the new plants. Nobody has
seena garden which doesnot require elimination of weedsone way or the
other.
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SexualRepraluction

Two points of principle are worth emphasis. The rst is that the
usually supposed logical inevitabilit y of the theory of evolution by
natural selectionis quite incorrect. There is no inevitabilit y, just the
reverse. It is only when the presert asexual model is changed to the
sophisticated model of sexual reproduction accompaniedby crosswer
that the theory can be made to work, even in the limited degreeto
be discussed.... This preserts an insuperable problem for the notion
that life arose out of an abiological organic soup through the de-
velopmert of a primitiv e replicating system. A primitiv e replicating
system could not have copied itself with anything like the delit y of
presert- day systems.... With only poor copying delit y, a primitiv e
system could carry little genetic information without the mutation
rate becoming unbearably large, and how a primitiv e system could
then improve its delit y and also evolve into a sexual system with
crossoer beggarsthe imagination. (Fred Hoyle in Mathematics of
Evolution, 1987)

Phil: Sexualreproduction seemsto give an advantage in the big battle for
survival, sincethis is the primary method of almost all animals and plants
Is there a connectionto Princip e Perfeito and nite precision?

Mat: Let's see:The standard ideais that sexualreproduction increasesgye-
netic diversity of the o spring. It contains two processesmeiosis involving
the splitting of chromosome pairs into haploid gametes and fertilization
involving the fusion of two gametesrestoring the chromosomepairs in a
diploid cell. During meiosis, the chromosomesof ead pair usually cross
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over to achieve genetic recombination. But the ewvolution of sexis a major
puzzle. The rst fossilized evidence of sexually reproducing organismsis
from eukaryotes of the Stenian period, about 1 billion yearsago.

Phil: OK, maybe diversity is enhancedbut what about delit y and stabil-

ity?

Mat: Let's see:With just one copy of a gene,there must be a relatively

high probability of a seriouserror in reproduction by cell division, because
copying genesis a processwith nite precision. If a genomconsistsof 1000
genesand the probablity of a seriouserror in a single geneis 0.001, thus
quite small, then the probability of an error in the genomis (0:999)'09°

e 1 03, that is, a high risk!

Phil:  That may very well be way too much. In sexual reproduction with
two copies of ead gene, one from the father and one from the mother,
the probability that both copiesof a geneare defectis 0.000001,and the
probabilty that the genomis defect is then (0:999999Y°°  0:001, that
is, much smaller than with asexualreproduction. So sexualreproduction is
not only more interesting but also more secure.Safesex!

Mat: Yes,the big trouble in many casesof nding someoneto mate with,
could well be compensatedby lessvulnerability to nite precision. Maybe
large-scalecloning doesnot work out. Maybe there is role for the male even
when hunting and gh ting is no longer necessaryWith three copiesof eat
genethe security would improve even further, but three-party mating may
be too cumbersometo be competitiv e.

FIGURE 9.1. Hyperreal safe sex.
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Turbulence

After the turbulence of death, moral principles and even religious
proofs are called into question. (Salvatore Quasimodo)

Turbulence is the most imp ortant unsolved problem of classicalphysics.
(Richard Feynman)

I am an old man now, and when | die and go to heaven there are
two matters on which | hope for enlightenment. One is quantum
electrodynamics, and the other is the turbulent motion of uids.
And about the former | am rather optimistic. (Horace Lamb)

Phil:  So physicists claim that Newtonian medanics in principle is re-
versible: If you change all velocities of a system governed by Newton's
(or Schreodinger's) laws of motion at nal time, then the systemwill return
to its state at initial time?

Mat: That is correct, and this is the enigma:How canthere be an Arrow in
a reversible system?Let me give another example of how Princip e Perfeito
resolvesthis mystery and at the sametime uncoversthe secretof turbulence.

Phil:  Turbulence? Are you kidding? This is supposedto be the major
unsolved problem of classicalmedanics.What is the connectionto Princip e
Perfeito?

Mat: You know that a moving car is subject to a drag force opposing
the motion from the o w of air around the car, which hasto be balanced
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by a driving force from an engine. The drag force is obserwed to increase
quadratically with the speed, and requires hundreds of horsepowers for
larger speeds.However, the mathematician d'Alembert (with the Encyclo-
pedia) proved in 1752that according to Newtonian mechanics the drag is
zem!

Phil: Amazing! | guessthis is the famous d'Alemkert's paradox; a glaring
di erence betweentheory and obsenation. Doesit mean that Newtonian
medhanics is wrong? What is the connectionto Princip e Perfeito?

Mat: Finite precision, my dear Watson! In an ideal Newtonian world of
in nite precisionthe drag would be zero, but in the real Newtonian world
of nite precisionthe drag is substartial.

Phil:  What is then the dierence between in nite precision of an ideal
world and nite precision of a real world?

= g M
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FIGURE 10.1. Real ow of air around a car with turbulent wake behind.

Mat: Turbulence, my dear Watson! In an ideal Newtonian world the ow
would look the sameif you reversed the motion of the car, but in the
real world it changes.We have all seenthat in the real world there is
behind/after a moving car (following the o w), a turbulent wake of swirling
ow but not before/in front. If we reversethe motion, then the turbulent
wake will again occur after/behind the car and thus shift position. The ow
is not reversible.

Phil:  Yes,| am very familiar with the phenomenonof a turbulent wake
behind a body moving through a uid, and | understand that reversing
the velocity will reversethe position of the wake. What about the ideal
Newtonian world?

Mat: In this world there is an ideal in nite precision mathematical so-
lution to Newton's equations, referred to as a potential solution. This is
d'Alembert's solution which does not have a turbulent wake and it has
zero drag. In particular, if the object is symmetric, then the ow is also
symmetric and thus looks the sameif the velocity is reversed. However,
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this ideal solution is unstable and with nite precsionit is replacedby a
non-symmetric turbulent solution, with a wake behind just asfor the car.

Phil: OK, soin the real world of nite precisionthe ideal potential solution

with zerodrag, is replacedby a turbulent solution with drag. The presence
of turbulence makesthe ow irreversible and de nes the Arrow. Neat |

must say!

Mat: Yes,this resolvesd'Alembert's paradox using Princip e Perfeito, all
according to the Wikip edia article on the paradox! Take a look at http :
==en:wik ipedia:or g=wik i=D %Al embert%_paradox.

Phil: Amazing, you are right!
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FIGURE 10.2. Unreal symmetric ow with zero drag.
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11
Badkward in Time to Big Bang

The appeal of the Big Bang has beenmore ideological than scierti c.
When men think about the universe, there is always a conict be-
tween the mythical approach and the empirical sciertic approach.
In myth, one tries to deduce how the gods must have created the
world - what perfect principles must have beenused. { | have never
thought that you could obtain the extremely clumpy, heterogeneous
universewe have today, strongly a ected by plasma processesfrom
the smooth, homogeneousone of the Big Bang, dominated by grav-
itation. (Hannes Alfv en)

In 1981 my interest in questions about the origin and fate of the
universewas reawakenedwhen | attended a conferenceon cosmology
organized by the Jesuits in the Vatican. The Popetold usthat it was
all right to study the evolution of the universeafter the big bang, but
we should not inquire into the big bang itself becausethat was the
moment of Creation and therefore the work of God. | put forward
the suggestionthat maybe time and spacetogether formed a surface
that was nite in size but did not have any boundary or edge.{
It would have neither beginning nor end: it would simply be. What
place, then, for a creator? (Hawking in A Brief History of Time)

Phil: StepenHawking's bestsellerA Brief History of Time is a tremendous
succeswith more than 9 millions copiessold worldwide, although few seem
to actually have read the book, and even fewer understood it. What is then
Hawking's recipe for salessuccessexceptthat it is not understandable?
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Mat: Hawking has Newton's chair in Cambridge and, has developed a
theory of blackholes basedon Einstein's relativit y, and is one of the prime
advocatesof the Big Bang theory stating that our Universealongwith time
and spacewas created some 13 to 20 billion yearsago from an incredibly
concerirated hot initial state, referred to as a singularity, during the rst
10 “3 secondsconsisting of a soup of leptons and quarks out of which came
all other elemerns of matter asthe Universeexpandedand cooledo. The
idea of a Big Bangwas rst put forward in the famousAlpher-Bethe-Gamov
paper by our old friend Gamov and his students. Gamow suggestedthat
remnants should be visible as (tiny) variations in the cosmic background
radiation, which was experimentally detected by the COBE-satellite and
gave the Nobel Prize in 2006 to John Mather and George Smooth, and
thereby alsothe Big Bang theory a (big bang) boost.

FIGURE 11.1. Hannes Alfv en receiving the Nobel Prize in Physics from King
Gustaf VI Adolf in 1970.

Phil: Evidently, the Catholic church has embraced the Big Bang theory
of creation, which may partly explain its popularity. However, Hawking
has not received the Nobel Prize for his black hole theory. The Swedish
scepticismtowards relativit y is still strong; not even Einstein got the Prize
for work on relativit y theory, and nobody elseeither. But Hawking's book
is selling. Black holesevidertly have a lot of attraction, he he!
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Phil: Attraction? You bet. That initial state must have beena black hole,
in the presenceof such an enormousconceriration of mass.An exploding
black hole?

Mat: Hard to geta grip on this, | must admit. Today, just about everbody
seemsto pay worship to Big Bang. But the physicist Fred Hoyle, who
coined the term in a BBC radio program in 1950, did not. He proposed
an alternativ e steady state model without Big Bang, which was supported
by our Swedish national hero HannesAlfven, who got the Nobel Prize in
Physicsin 1970for his work on plasma physics, a plasmabeing a very hot
soup of charged particles like the initial soup of Big Bang. Alfven did not
believe in Big Bang, sowhy should we?

Phil: Steady state without out any beginning of time, is ne for me. Big
Bang with a beginning of time may suit creationists. But what is then the
evidenceof Big Bang?

Mat: The obsenation that (most) far away galaxiesare red-shifted indi-
cating (by an analog for light of the Doppler e ect for sound) that (most)
galaxies are speeding away from us with a speed increasingwith the dis-
tance. If you extrapolate backward in time, or equivalently imagine that
all velocities are reversed,then galaxieswould seemto get closer. Why not
then assumethat all of them have comeout of a commonsingularity of the
sizeof a needleshead?This is Big Bang theory by extrapolation backward
in time, or reversingtime if you prefer.

Phil: OK, so Big Bang comesout from a thought experiment reversing
time, or equivalently reversing all velocitities and seeingwhat state that
leadsto. Like retracing your stepswhen you have got lost in the woods.
But isn't that a pretty unstable process?And what about all that dark
matter and dark energy neededto keepthe model from collapsing? How
can you believe in Big Bang if you have no idea of what dark matter and
energyis?

Mat: Good question. Let's test another approach: We have noted that

turbulence dewvelops in potential ow, seemingly out of nothing, from a
combination of instability and nite precision. Isn't it conceiable that

similarly matter (and antimatter) could be created out of nothing from

an instability of a gravitational potential? In fact, this was suggestedby

Alfv en. A gravitational potential (or gravitational eld) is unstable,because
the more mass concerirates, the more more local attraction there is and
thus the more concerration. Mass conceriration thus has a tendency to

increase,and thus we expect the Universeto be very lumpy, and this is
what we see.

Phil: Soyou suggestthat our complexWorld hasresulted from an unstable
simple gravitational potential, in the sameway asa complexturbulent ow
comesfrom simple potential ow. A neat idea!
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Mat: That's right!

Phil: However, evidertly Hoyle lost in the big battle of sciertic survival
of the ttest. Sincehe wasa man of principles, he left his position at Cam-
bridge for a free life as a dissidert. | think we both can understand this
reaction from our own experience.Hoyle should have received the Nobel
Prize in 1983 together with Fowler for their joint discovery of the mucle-
osynthesis of Carbon-12 from two Helium-4 nuclei colliding to form one
Beryllium-8 which together with another Helium-4 makes one Carbon-12
nucleus.As a compensation he receiewed the prestigous (Swedish) Crafoord
Prize in 1997.
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Savtooth Dynamics

Death is always and under all circumtances a tragedy, for if it is not,
then it meansthat life itself has becomeone. (Theodore Rooseelt
(1858 - 1919)).

Life preserts itself to us as evolution in time and complexity in
space. Regarded in time, it is the continuous evolution of a being
ever growing older; it never goes backwards and never repeats any-
thing. Considered in space, it exhibits certain coexisting elemerts
so closely interdependert, so exclusively made for one another, that
not one of them could, at the same time, belong to two dierent
organisms: ead living being is a closed system of phenomena, inca-
pable of interfering with other systems.A contin ual change of aspect,
the irreversibility of the order of phenomena, the perfect individu-
ality of a perfectly self-cortained series:sud, then, are the outward
characteristics{whether real or apparent is of littte moment{whic h
distinguish the living from the merely mechanical. (Henri Bergsonin

(1)

Phil: The sawtooth picture in Fig. 6.1 we have discussedseemsto capture
an important aspect of Princip e Perfeito. Motion one way is possible,the
other way impossike.

Mat: Yes,the Arrow expressesawtmth dynamics of slow precisegrowth
followed by quick imprecise decay, or slow precisebuild-up of tension fol-
lowed by quick (brutal) releaseof tension. You nd this dynamicsin
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tragedy,

telling a funny story,

the sexualact,

music,

tennis serve,

military action,

winning the Nobel Prize,

or more generally all forms of life-death processesNote that the reversed
dynamics corresponding to quick build-up is dicult to realize, and slow
precisereleasedoes not make much sense.To prepare for the laugh of a
funny story, or nal the resolution of a crime in a detective story, or the
nal death of everybody in a tragedy, a slow precisebuild-up of tension is
necessaryAnd then a quick (brutal) releasecan follow. This is one aspect
of the Arrow accordingto Princip e Perfeito.

Phil: 1 know: To tell a funny story badkwards, is not funny! To start your
life in a con under ground is not funny either!

Mat: The word tragely is a contraction of the Greek words tragos (goat)
and adlein (to sing) and refersto the tragic song proverbially sung by a
goat before being led to the altar for sacri ce in anciert Greek religious
ceremoty. In tragedy the hero is similarly led to catastrophy by inevitable
logic, just aswe all are led to inevitable death by the logic of life. Tragedy
thus can be seenas an aspect of Principe Perfeito. The dynamics of a
tragedy is the inevitable march towards death of the individual, without
possibility of repetion: When the herois dead, he is dead. The individualit y
of the the hero is essetial, which re ects the individualit y of each human
life: Everybody is ultimately alone on the road to precipice.

Phil:  According to the French philosopher Henri Bergson, comedy arises
from breaking the spell of tragedy leading the individual towards inevitable
death, by allowing (i) change of identity and (ii) repetition. In a comedy
personschangeidentit y (by changing clothes)and things get repeted (words
or scences)and both (i) and (i) seemfunny and bring laughter. An appaer-
ently dead person suddenly waking up in the con, is irresistably funny.
Time reversalis funny, becauset violates cruel laws of Nature. Peopledon't
return from Hades.One way of coping with the tragedy of life, thus seem
to be to pretend for a while that the laws of tragedy can be broken, and
and handle the corntradiction of knowing that this impossible,by laughing.

Mat: The fundamental processof creating-releasingtension hasbeenstud-
ied by Rudolph Arnheim (1904-) in art, Im and perceptual psydology.
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FIGURE 12.1. Masks of comedy and tragedy.

Arnheim considersreleaseof tension asa processtowards order and equlib-
rium, which is in direct opposition to Boltzmann's conception of entropy
as disorder with increasing entropy characterizing a processtowards equi-
librium. | guesswe will have to return to Boltzmann, to settle this issue:
Equilibrium as order or disorder?

Phil:  Thus Arnheim considersbuild-up of tension as a processaway from
equilibrium, while such a processis impossible(very improbable) for Boltz-
mann. | think Arnheim is closerto sometruth: A life steadily moving to-
wards equilibrium, would be no life.

CTRUETURELLE

TENDENZ
[STRUETUR

THEMA]

]

FIGURE 12.2. Order astension releaseaccording to Arnheim.
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FreeWill of a Clockwork Orange

God is not willing to do everything, and thus take away our free will
and that share of glory which belongsto us. (Machiavelli)

There is no such thing as free will. The mind is induced to wish
this or that by some causeand that causeis determined by another
cause,and soon back to in nit y. (Spinoza)

Nothing is more dicult, and therefore more precious, than to be
able to decide. (Napoleon Bonaparte)

Freedom is nothing elsebut a chanceto be better. (Camus)

Phil: DoesPrincip e Perfeito relate to the old questionif there can be free
will in a medanistic deterministic world?

Mat: Yes, Princip e Perfeito allows expressionsof free will to arise from
a combination of complexity and nite precision. Complex systems,like a
human being or any living being for that matter, are partly unpredictable
becausevery small causescan have large e ects. It may be that you were
predestinedto becomea journalist, but your obituaries could not be pre-
dicted. And if we hadn't happen to meet at this cafe, our enlightening
discussionwould not have taken place. We have both lived livesof nite

precision and very small changescould have made our livesvery di erent.
A single step or a single idea could have changed everything, to the worse
or the better. In a senseit is a true miracle that we are still alive and are
able to re ect about the nature of time.
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Phil: Yes,it is a miracle. So Princip e Perfeito is consistert with the idea
of a free will in a medhanistic world? That is interesting. But maybe our
undeniable feeling of having a free will, partly is an illusion? Evidently we
(sometimes) make a decisionunconsciouslybefore we becomeaware of the
fact that we have made a decision. But we cover up by pretending that we
act rationally and take decisionsbasedon logical arguments. It seemsthat
we are skilfull illusionists able to fool both ourselvesand others. We want
to be seenas being rational, with a free will, even if we are not. What is
upbringing, but a control of free will?

Mat: That reminds me about Stanley Kubric's Im A Clockwork Orange
based on the novel by Anthony Burgess? The title refersto the alleged
old Cockney expression\as queeras a clockwork orange" describing a me-
chanically responsive (clockwork) human, with \orang" being Malay for
\p erson”. Man as a clock?

Phil: Yes, that is the story about the advertures of the young man Alex
who canonly perform good or evil as\a clockwork orange", meaningthat he
hasthe appearanceof an organismlovely with color and juice, but is in fact
only a clockwork toy to be wound up by God or the Devil or the almighty
state, thus without a free will of his own. Alex couldn't resist pretty girls
and a bit of the old ultra-violence, was put into jail, was re-conditioned in
an experimertal aversiontherapy developed by the governmert in an e ort

to solve society's crime problem...and cameout asa di erent young man,
or was he?

Mat: Yes,you can program a human being to a certain extent, but fortu-
nately, not completely. It seemsto me that a human being is more than a
clockwork organge,the theme of many Ims e.g. American Beauty.

FIGURE 13.1. Alex in A Clocwork Orange expressing his free will?
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Emergence

Emergence means complex organizational structure growing out of
simple rules. Emergencemeansstable inevitabilit y in the way certain
things are. Emergence means unpredictabilit y, in the senseof small
everts (possibly) causinggreat and qualitativ e changesin larger ones.
(Robert Laughlin in A Dier ent Universe, 2005)

Phil: What about the new code word of emeigen® or emergent phenom-
ena, or more generally holism? Is reductionism out of fashion?

Mat: Yesand no. In the basicslaws of both classicaland quantum medan-
ics, time is reversible without Arrow, and the enigmais how irreversiblity
canarisein a macroscopicsystemgovernedby reversiblemicroscopicallaws.
A reductionist cannot explain this, becausethe systemaspect is not taken
into accourt. Physicists in general are extreme reductionists and concen-
trate on elemenary particles and their properties. Turbulence is the key
example of an emergen phenomenonalways appearing in a uid of su -
ciently large volume depending on the viscosity of the uid. A reductionist
cannot explain turbulence becauseonly elemerary small volumesare con-
sidered. Of courseyou cannot understand a soccer game by looking only
at an individual player. But turbulent phenomenaexist as well as soccer
games,and peopleare asking for understanding.

Phil: What are physicists doing then? They are supposedto explain the
World. Or are they still stubborn reductionists?
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Mat: Most are, but there are a few Nobel Laureates who, after receiving
the Prize, have started looking at complexity and emergern phenomena:
GellMann at his Sarta Fe Institute in California and Laughlin.

Phil: Emergenceconnectsto Leibniz idea that we live in a Best Possible
World, which is a World with maximal complexity governed by simplest
possiblelaws. Is there also a connectionto Princip e Perfeito?

Mat: Yes,of course.Let me explain: Princip e Perfeito explains irreversibil-
ity asan e ect of nite precision computation in a system with complex
dynamics with strong pointwise sensitivity to perturbations. The e ect of
the nite precisionis that you have to throw away information asyou go
along, information which is irrecoverable. We all now that it is necessary
to throw old newspayers and erasedata from your computers hard disk, to
avoid getting boggeddown by too many petty details. Living requireseras-
ing and that makes our livesirreversible, according to Princip e Perfeito.

Phil: So irreversibility is an emergern phenomenon,which comesout of
complexity. Seemsreasonable.But don't you nd this in physics books?

Mat: Not really, only in the form of the microscopic gamesof roulette
of statistical medanics, which very few understand, if any. But it is easy
to understand that you have to destroy information to go on living. In
particular, you haveto forget your failures and the injusticies you inevitably
meet, to go on living.

FIGURE 14.1. Emergencein o cks of birds.
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Finite Precisiorvs Statistics

The death of one man is a tragedy. The death of millions is a statis-
tics. (Stalin to Churchill at Potsdam, 1945)

Lik e dreams, statistics are a form of wish ful llmen t. (Baudrillard)

Statistics: the mathematical theory of ignorance. (Morris Kline)

Phil: What is the di erence between nite precisionand statistics? Doesn't
statistics involve someform of nite precision? That you cannot be sure if
head or tail will comeup when tossing a coin?

Mat: Yes, there is a connection: The reasonyou cannot determine head
or tail beforehandis that a very small variation in the way you throw the
coin, will changethe outcome. With in nite precisionyou could decideto
get only heads,but that is impossibleto realize in practice.

Phil: But tossing the coin very many times, you would expect to get
roughly as many headsas tails. You would then say that the protability
of headis 0:5 and the samefor tail.

Mat: You now bring up the basic concept of statistics of an ensemble By
throwing the coin many times you create an ensembleof outcomes (head or
tail), and the fraction of headswill approach 0.5 as the number of throws
becomedarge. The ensemblemean value of head would be closeto 0.5.

Phil: OK, sostatistics is basedon ensenble mean valuesrequiring a large
number of repetitions of the same event. But suppose you toss the coin
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FIGURE 15.1. The famous statistician Persi Diaconis tossing a coin.

only once.What canthen be said?Evidently statistics basedon emsenbles
cannot be used.

Mat: Good point. This connectsdirectly to the nite precision of Princip e
Perfeito. Throwing the coin only onceyou can argue like this: Imagine the
coinduring its igh t from your hand until landing: You seeit rotating many
times. During ead full revolution the angle of rotation changesfrom 0 to
360 degreesand half of the time is between0 and 180 (identi ed by heads
up) and half of the time between 180 and 360 (tails up). The mean value
of the angle over many rotations is 180, which is on the border betweenthe
interval [0; 180] for headsup and the interval [180; 360] for tails up, which
you can interprete asthe coin being in a vertical position, that is as much
head as tail.

Phil:  Oh, soyou take a meanvalue in time instead of over an ensenble?

Mat: Exactly! That is the beauty. The advantage is that it is enoughto
throw the coin once and follow its motion, instead of throwing it many
times without following the motion.

Phil: Is there a connection between ensenble mean value and time mean
value?

Mat: Yes,in the statistics literature you nd di erent versionsof an ergalic
theorem stating that ensenble and time meanvaluesare equal. But this is
very tricky to showv and requires assumptionswhich are di cult to verify.

Phil: Do you mean that Princip e Perfeito nite precision corresponds to
throwing the coin onceand following its motion, and statistical mecanics
to throwing it many times and not following the motion?
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Mat: You are right! This is the di erence in a nutshell while the ergadic
theorem indicates a similarity. The concept of ensenble is natural to use
in a statistical analysis of a population of individuals, but not so for a
single individual. In particular, irreversibility of a certain speci c process,
like smashingan expensive Chinesevase,cannot be explained by statistics
of ensenbles of processesSmashinglarge ensenbles of expensive Chinese
vaseswould not be an option!!

Phil: Sothe advantage of nite precision over statistics is that you don't
needto dealwith ensenblesand ergadicity. | appreciatethis simpli cation!

Mat: The great advantage is that you don't have to go into statistical
medanics, which is understood by very few. The basic idea of statistical
medhanicsis that sincethere are somany atoms and moleculesit is a good
idea to assumethat they play gamesof roulette when they interact. This
would similar to build sociology on an idea that human beings, sincethey
are so many, play roulette when they interact.

Phil: That idea was tested by Luke Reinhardt in the his cult novel The
Dice Man, with catstrophical consequencesMaking decisionsin life by
throwing a dice, is not recommendable.So how can we expect atoms and
moleculesto do that, just becausethey are so many?

# In macroscopic systems of ~10~2 molecules,
t's impossible to follow a detailed history of
what's happening to each molecule. We

. expect that the average macroscopic
behavior of a glass of water doesn't de

= on all of the microscopic detail.

FIGURE 15.2. Statistical mechanics
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Sciencers Humanities

Scienceand art have that in common that everyday things seemto
them new and attractiv e. (Nietsche)

The function of Art is to disturb. Sciencereassures.(Braque)

Freenations are peacefulnations. Freenations don't develop weapons
of massdestruction. (George W. Bush)

Religions that teach brotherly love have been used as an excusefor
persecution, and our profoundest sciertic insight is made into a
means of massdestruction. (Bertrand Russell)

Nobel was a geruine friend of peace.He even went so far as to be-
lieve that he had invented a tool of destruction, dynamite, which
would make war so senselesshat it would becomeimpossible. He
was wrong. (Alv a Myrdal)

Mat: There is a deep gap separating sciene and humanities, harmful to
progressin both disciplines accordingto the in uential pragmatic philoso-
pher Richard Rorty (1931{), and the dividing principle is mathematics
Scienceusesthe language of mathematics, and humanities usescommon
languages.In both casesthe languageis usedto create models of real or
imagined phenomena.

Phil: Yes,the gapis deep,and it is widening.

Mat: The mathematics of scienceis (primarily) Calculus which is the
mathematics of derivatives and integrals foundedby Leibniz and Newton in
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the secondhalf of the 17th certury and perfectedduring the 18th and 19th
certury by many great mathematicians. The use of mathematics excludes
people from understanding science,but it also excludes most sciertists;
only an expert sciertist can master the mathematical languageof a speci c
discipline and claim understanding. The blame for the separationthus can
be put ondicult mathematics.

Phil: Is all mathematics di cult?

Mat: Of coursenot. Everybody understandsthat 1+ 1 = 2 and so there
is mathematics which can be understood by many. The great mathemati-
cian David Hilbert (1862-1943)stated: A mathematical theory is not to be
considered complete until you havemadeit so clear that you can explain it
to the rst man whom you meet on the street.

Phil: Most scienists read novels, go the theatre and listen to music, while
most people (including alsothe majority of sciertists) are denied accesgo
the mathematics of statistical medanics, relativit y theory and quantum
medanics, the pillars of modern physics. Can the gap be bridged?

Mat: Let us take the Arrow as a test case.Let us seeif we can use the
language of mathematics and common language in parallel. Mathemati-
cal language is formalized, usesvery special symbols, is sometimesvery
powerful, but like a Formula One racing car is dicult to handle. And
without the computational power of a computer it may be as useful as a
car without engine.A poem in onelanguagecan (more or lesssuccessfully)
be translated to another language. Likewise,a mathematical model of a
physical phenomencan (more or less)be translated into commonlanguage
and thereby be better understood.

Phil: | fear we will meet the mathematics of thermodynamics which | am
told is the basicareaof physicsconcernedwith the transformation between
kinetic enemgy and heat enemy.

Mat: You are not alone: Thermodynamics is viewed with fear by the ma-
jority of sciertists. The group of experts claiming they understand is very
small and approading extinction. The main reasonis the 2nd Law of Ther-
modynamics. You can make your own experiment on this issueby asking
your favorite physics teacher (who may be a Nobel Laureate) to explain
the 2nd Law and carefully noticing the reaction! In any case,to under-
stand thermodynamics, it is necessaryto develop an understanding of the
2nd Law, but this is a pretty hopelesstask, unlessyou already belong to
the group of believers. This is the same Moment 22 you meet in religion
with only believers being able to believe. Hilb ert expressedthe syndrome
as: Physicsis becoming too di cult for the physicists.

Mat: But Principe Perfeito o ers an explanation of a (certain form of)
the 2nd Law. What you could say to any man in street is the following:
Thermodynamicsis the study of transformations betweenheat energy and
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kinetic energy The 1st Law states that the total energy the sum of heat
energy and kinetic energy remains constart (in a closed system). Thus
you can change from one kind of energyto another, but the sum remains
constart, OK?

Phil: Yes,the 1st Law is easyto grasp.But the 2nd?

Mat: The 2nd law statesthat in any real processa signi cant amournt of
large scalekinetic energyis irreversibly transformed into small scalekinetic

energyin the form of heat energy by turbulence. Further, heat energy can
be transformed into kinetic energy by expansion, e.g by letting steam in

a steam engine expand and move a piston, while work by compression
adds heat energy To form a cycle, an enginehasto be cooled and thereby
looseheat to the exterior. We all know this too well: A car enginewithout

cooling over-heats, and cooling meansthat you loose heat energy to the
surrounding, which you cannot get badk and which is not useful for the
operation of the engine. OK?

Phil: Is this the whole story, without any mathematics, and any mertioning
of entropy and statistics: Whatever you do, someof your e ort goesinto
heat which hasto be lost in cooling. But where does nite precision come
in?

Mat: Good question. This is becauseheat energy is small sale kinetic
enemy and to the reverseit badk to large scalekinetic energy you would
needan in nite precisionto put all the little piecestogether, to coordinate
the small scalekinetic energy to large scale kinetic energy Heat energy
createdfrom large scalekinetic energycannot all be recovered,becausethe
required high-precision coordination cannot be realized within reasonable
time.

Phil: | get the point: Smashinga vaseinto little piecesdoes not require
precision and can be done very quickly, but putting the piecesbadk to-
gether requires extremely high precision and long time. | know this from
bitter experience!Marriages require someform of smashingof China to go
continue. So doeslife and this makeslife irreversible.

Mat: You've got it. Here are couple of one-liners expressing(di erent as-
pects of) Prinicip e Perfeito:

Time is the price you pay to live.

Walking is the processof avoiding falling on your nose.
Only the dead have no ambitions.

Fall comeshefore Spring. Spring comes before Fall.

Perfection Kkills.



60 16. Sciencevs Humanities

Di er ence is life, indi er ene is death.

Phil: Yes,| know that writing the perfect obituari is impossible,probably
becausdife is so complex. Maybe it is possibleto write a perfect poem. Is
pure mathematics is like poetry and computational mathematics like real
life?

Mat: Maybe. Yes,there is a strong similarity between poetry and math-
ematics: It seemsthat the symbols, the words and the formulas, once put
down on a piece of paper, start to live a life of their own, which givesthe
surprising result that more seemsto comeout than is put in. Mystical, but
wonderful.

FIGURE 16.1. Equipment for exploration of reality and ction.

Phil: That reminds me about the old Shakershymn describingtimelessness
of ecstatic dance:

Come life, Shaker life, Come life eternal;
Shake, shake out of me, All that is carnal.

FIGURE 16.2. Ecstatic dancing giving shakers a feeling of timelessness.
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PostmalernHyperrealiy

The very de nition of the real becomes:that of which it is possible
to give an equivalent reproduction. The real is not only what can be
reproduced, but that which is always already reproduced. The hyper
real. (Baudrillard)

God created man in His own image, in the image of God He created
him; male and female He created them. (The Bible)

Mat: Let's take a step back and try to identify where we stand: We know
that the industrial saciety emanating from the scierti ¢ revolution and the
Enlightment of the 17th and 18th certury, deweloped in the late 19th cen-
tury into the modern scciety, which hasnow transformed into the postmad-
ern information scciety. The ewolution from industrial to modern scciety
is paralleled in mathematics and physicsby a the dewelopmert from New-
tonian medanicsto quantum medanics, and the step into postmodernity
by the developmen of digital computation by computers. This couplesso-
cial scienceto technology, and humanities to science,and thus bridges are
needed,right?

Phil: Sure,and this is what postmodern French philosophersseekto build.
Baudrillard (1929-2007)and Deleuze (1925-1995)describe hyperreality as
simulations of a non-existing reality in a forms of third order simulation,
with rst and secondorder simulation represerting various approximations
of an existing reality. Disneyland is an example of hyperreality presering
an image of an American society which no longer exists (never existed).
The objectively existing real world of the modern scciety, is in the post-
modern world replaced by a simulacra of hyperreality, which according
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to Baudrillard masksthe non-existenceof a real reality and according to
Deleuzeis the only reality there is.

Mat: The Bible says that God created Man as his own image.

Phil: If God doesnot exist, would then our existencerepresern a form of
hyperreality?

Mat: Guessso.It could bethat hyperreality is more real than reality. What
is intriguing is that Princip e Perfeito expressesa phenomenonof hyperre-
ality of physics If exact solutions to the equations of physics had existed,
they would have beenreversible. But exact solutions do not exist, and the
existing solutions are only approximate becauseof nite precision compu-
tation and therefore irreversible, becausethey involve an irrecoverable cost
for being non-exact. In other words:

Hyperreality is irr eversiblesimulation of a non-existing reality.
The famous computer sciertist Dijkstra expressesa similiar idea:

Originallly | viewel it as the function of the abstract machine to
provide a truthful picture of the physial reality. Later, however, |
learned to consider the abstract machine as the true one, becausethat
is the only one we can think; it is the physial machine's purposeto
supply a working model, a (hopefully) su ciently accurate physial
simulation of the true, abstract machine.

FIGURE 17.1. Hyperreality (masking non-existing reality?) according to
Magritte.

Phil: Are you suggestingthat mathematicians and physicists, usually scep-
tical to both French postmodern philosophy and digital simulation, will
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have to accept the idea that their wonderful equations of classical and
gquantum medanics, do not have exact solutions. That the World is imper-
fect? The result of someform of nite precision computation?

Mat: Exactly! But this is what they have already done by introducing
statistical mecdanics with atoms playing gamesof roulette: All physicists
are corvinced that the positions and velocities of elemerary particles are
uncertain, according to Heisenkerg's Uncertainty Principle, and if so how
canthe World be perfect with exact solutions?If atoms are jumping around
asif playing roulette?

Phil:  But how can you know that exact solutions cannot exist?

Mat: Good question: To prove that the basicequationsof uid medanics,
the Euler and Navier-Stokes equations, have exact solutions is a million
dollar Millenium Prize Problem of the Clay Mathematics Institute, but
nobody is claiming to have a solution. Exact solutions to the Euler equa-
tions cannot exist, becauseif they had existed the World would have been
reversible, but it is irreversible.

Phil: But isn't this very strange:Basicequationsof uid medanicswithout
solutions? Hyperreal mecanics?

Mat: Yes,it is remarkable, but the situation is the samein the quantum
medanicsof modern physics: Schredinger's waveequation cannot be solved
exactly, becauseif it could, then the World would be reversible and the
famous Scredinger's cat would stay both alive and dead, in either direction
of time, but nobody has seena cat like that.

Phil: Yes,| have heard about that cat, but never seenanything like that.
Can we seethe phenomenonof non-existenceof an exact solution in a
context whereit is easierto understand?

Mat: Yes,the parking of carsin Stockholm over night is a problem without

exact solution, sincethere are many more carsthan parking places.People
have to give up searding for a free place (usually around midnight) and
break the law by parking illegally, in order to get somesleep.Just because
you can write down a law, an equation, a solution doesnot comefor free.
Maybe there is no solution, becausethe law is askingfor too much! To write

down a recipeefor a new cake is one thing, to actually bake that new cake
following the recipeeand seethat it works, is another thing, right? Maybe
the cake will not rise becauseyou have put too much into the cake? This

is exactly the situation in mecanics: We can write down the equations
using Calculus, but there is no guarantee a priori that they can be solved
exactly, and there are many indications that the Euler equations cannot.

But computational approximate solutions do exist, becausethey can be
computed, which can can be viewed as simulations of a non-existing exact
solutions, in other words as hyperreality.
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Phil: SoBaudrillard and Deleuzeare right then claiming that the existing
reality is a simulation of a non-existing reality?

Mat: Seemsso. Maybe it is like saying that Man created God as his own
(perfect) image, instead of the other way around? Maybe this boils down to
a constructive hyperreal synthesis of idealism and materialism? And maybe
time is an aspect of hyperreality?

Phil: | have to think about that.

FIGURE 17.2.The rst Barbie doll. Patent de nition: A small-scaleanatomically
improbable molded plastic gure of a human being used especially as a child's
plaything. Collectable doll. Inventor: Ruth Handler (1916-2002). American, of
Polish immigrant parents.

FIGURE 17.3.Hyperreal party in SecondLife
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18
Hyperrealiyy of Time

Scientic American onceran a competition o ering seweral thousand
dollars for the best explanation of Einstein's general theory of rela-
tivit y in three thousand words. Einstein ruefully remarked: | am the
only one in my entire circle of friends who is not entering. | dont
believe | could do it.

| still can't seehow Einstein thought about general relativit y.
(Feynman)

Many people probably felt relieved when told that the true nature
of the world could not be understood except by Einstein and a few
other geniuseswho were able to think in four dimensions. They had
tried to understand science,but now it was evident that sciencewas
something to believe in, not something which should be understood
(Hannes Alfv en).

What we obsere as material bodies and forces are nothing but
shapes and variations in the structure of space. Particles are just
schaumkommen (appearances).... Let me say at the outset, that in
this discourse,| am opposing not a few special statements of quan-
tum physicsheld today (1950s),| am opposing asit werethe whole of
it, | am opposing its basic views that have beenshaped 25 yearsago,
when Max Born put forward his probabilit y interpretation, which
was accepted by almost everybody. | | don't likeit, and I'm sorry
| ever had anything to do with it. (Schreodinger about Quantum Me-
chanicss)
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Phil: Doesour conception of time represent hyperreality?

Mat: This depends on what conception you mean. The concept of time

line is an important part of our culture, which we learn in school. This is

the spacial represenation of time you nd in a calenderwith the dierent

days of a year nicely ordered in successiongr the line of successiorof the

Kingdom of Swedenwith the periods of the di erent regerts in succession,
which you nd at the end of your history book. When you arrange your

photos, you may seekto order them in successionin the album. So the

conceptof a time line as an ordered sequenceof imagesor time periods is

certral to human culture.

Phil: But isn't this a a construction? Can you nd time lines in Nature?

Mat: Well, you don't nd calendersand photo albums in the woods, but
of coursein cross-cutsof an old oak or sedimerns, you can nd a nicely
ordered spacial represenation of a time line of yearsor time periods. But
it would not be reasonableto indentify the whole Carbon period with a
layer in a sedimen. You may alsoaskwhat useNature hasof thesetraces?
What time lines do animals and o wersuse?

Phil:  Good question. | have the feelingthat a lot confusioncan comefrom
mixing time with space.Or to confusea trace with causedthe trace. Or to
mix up a photo of your weddding with the wedding itself.

Mat: In relativit y theory spaceand time are fusedinto space-time where
time is viewed as a fourth spacedimension. According to relativit y theory
we live in curved four-dimensional space-time! This is what physicists of
today tell us, and what we are supposedto swallow! But the problem is
that nobody can understand what the meaningis, not even Nobel Laure-
atesin Phyics. This is easyto ched by asking any physicist if he/she can
think in four dimensionsand solve Einstein's equations the basisof general
relativit y. | have tried it many times always with negative results.

Phil: Of course,the idea of time travel comesfrom viewing time like a
spacedimension. Becauseyou cantravel with your eyesalongthe linesyour
calender,you could get the impressionthat actually you could displaceyour
self out of the present now to someother time in the past or the future.
This is a popular idea in science- ction supposedsupported by relativit y
theory. The travelling twins aging a di erent rates, and all that stu .

Mat: Yes,this kind of confusionis propagated by physicists. | have just
read The Fabric of Reality by the physicist David Deutsch winner of the
Paul Dirac Medal and Prize. It is gold mine of strange statemerts:

There is no such thing as ow of time. Yet the idea of it is pure
common-sense.We take it so much for granted that it is assumel in
the very structure of our language.
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Spacetime does not change, therefore one cannot, within spacetime
physics, conceive of causes,e ects, the opennessof the future or free
will. In reality we make no choices.

Relative to spacetime, nothing ever moves.

The reason why the common-sensetheory of time is inherently mys-
terious, is that it is inherently nonsensial.

The messageis that we should give common-senseand believe in four-
dimesionalspace-time,alsoreferredto asblock-time with all instants stacked
together into a solid block of space-time.Your life would be represened by
a world-line in block time:

TINE

i
o
- SPAce”

FIGURE 18.1. Phil's world-line.

Phil: OK, | seea spaceaxis and a time axis spanninga plane of block-time
and it is clear that time is given a spatial represenation: The time axis
looks just like the spaceaxis. My worldline seemsto be \frozen" into a
plane of block-time, and | seeno Arrow on my world-line. But language
makes a clear distinction between spaceand time. If you confuse\here"
with \now" your life will be a mess.Likewiseif you confusely esterda"
with \tomorro w" on a world-line without Arrow.

Mat: Yes,if someoneasksyou to give up common-sensand rationalit y, you
may expect that there is a hidden agenda.Of coursecommon-sensecould
be wrong and then should be replaced by somebetter common-senseput
to give up common-senseompletely for someform of abstract mysticism,
isn't it againstthe principles of the Enlightment? Can really the structure
of languagebe so\wrong"?

Phil: Let's make a test. What concept of time did Robinson Crusoe use
on his lonely island? Was it block-time?
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RobinsorCrusa

Your memory is a monster; you forget - it doesn't. It simply les
things away. It keepsthings for you, or hides things from you - and
summons them to your recall with a will of its own. You think you
have a memory; but it hasyou! (John Irving)

Mat: According to Aristotle, time is an aspect of change which you can
measureby numbers. This meansthat time is one-dimensionaland can be
represerted as a line of numbers. We can order the numbersin magnitude
like the natural numbers 0;1;2;:::; starting with O without end, or like
the integers::;; 2; 1;0;1;2;::: without beginning and end. We can Il in
with the rational numkbers as quotients of integers, or the real numbers as
all (possibly in nite) decimal expansions.We can then measuretime by
anything which changesin position or con guration, like the height of the
Sunfor the time of the day, or the maximal height of the Sun over a day for
the time of the year, length of your nger nails or hair if you let them grow
without cutting, or the color of your hair as the yearsgo by. Or you can
simply watch the arms of your analogwatch changeposition, or the change
of the digits on your digital clock. You then understand that a digital clock
shows granular time, wherethe smallesttime unit may be a second,1/10 or
1/100 of a second.For an analog clock there is theoretically no absolutely
smallest time unit, but in practice there is, becauseyou will not be able
to distinguish two times if they are su cien tly close.This is a well-known
di cult y of deciding who is the winner in a 100 meter sprint race, if the
raceis close.
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Phil:  OK, sowith a clock at hand you would then say that an instant in
time, or a point in time, is identied with a certain position of the arms
of an analog clock and a certain number on a digital clock. You can then
represern the totalit y of all instants as a line of numbers of time-line, and
the instants would be ordered along the time-line just asthe numbers are
ordered. You would then be able to identify a now or instant as a point
on you line of numbers, and the instants corresponding to the numbers to
the left (smaller numbers) would be referredto asthe past and to the right
(larger numbers) asthe future. Thusif T is the number of the instant, then
the instants with numberst < T would be the past, and thosewith t > T
as the future. You could then represert time on a time-line of numbers,
like the scaleon a thermometer.

Mat: OK. let's now join Robinson Crusce on his island: Robinson writes:

Il':CAM

FIGURE 19.1. Robinson Crusoe making a Calendar.

Do you wonder how | have kept an account of the time? | will tell you. A
few days after the ship wreck it came into my mind that | shouldlosetrack
of the days and the seasons. For | had neither almanac nor notetook. It
would be hard alwaysto rememier the days of the week and | might evenf
orgetwhenit was Sunday....Sol setup a large post by my door. At the top
of this post | cut in large letters thesewords:

| CAME ON SHORE HERE SEPTEMBER 30, 1659.
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Every morning | cut a little notch on the side of the post under thesewords.
Every seventhnotch wastwice as long as the rest, and this showe& me that
the day was Sunday.Every thirtieth notch waslonger still and broader. This
showel me that a full month had goneby. It wasthus | made my calendar.
One morning | found, on counting up, that there were three hundred and
sixty- ve notcheson the post. | knew, therefore, that it was just one year
since my landing. | kept this day as a solemn fast. Having now been on
the island a whole year, | had learned that the seasonsthere were not the
same as in England. They were not to be spoken of as spring, summer,
autumn, and winter. They were rather to be called the wet season and the
dry season. Indeed, there were two wet seasonsand two dry seasons,in the
year.

Phil: | think this givesa pretty clearimage of how you can court the ow
of time governedby the motion of the Sun asthe day changesto night and
from the night a new day is born. You also understand that the question
if there is a rst time hasto be related to a specic evernt: For example
your life hasa certain rst time, at the conception or at the birth, and it
alsohasa certain nal time. Likewise,it is believed that the Universehasa
certain rst time at the Big Bang, and the question what happenedbefore
Big Bang, or beforethe conception, in a sensehas no meaning.
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FIGURE 19.2. Spatial represertation of time in a Roman calendar.

Mat: | recall that we agreedto give (the o w of) time an operational de -

nition aswhat you measurewith a clock, which could be the Sun, a Sundial

or the beating of your heart. With this de nition time is one-dimensional
and ordered, becausethe readings of a clock are. What remains is then
the question time has a direction or if there is an Arrow of Time. This is
the most interesting and intriguing question about time, and accordingly |

suggestwe devote our main time to this question. Let us meet again next
week at the sametime, if you understand what | mean?
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Phil 1 am sorry but | am not corvinced: If Time is what we measurewith
clocks, why should its o w be one-directional ? Time hasa property which
sorts it out from the other three dimensionsmet with in everyday experi-
ence;it is one-directional. This elemenary fact together with the questions
of measuremeh and simultaneous events, which have given raise to statis-
tical thermodynamics and the special theory of relativit y,respectively, lead
us to another, quite as interesting set of enigmasand seemingparadoxes.
A few might be listed here, we shall return to them: Why should statistics
in uence physics?

Mat: You refer to special relativit y with its mix of spaceand time, and
denial of simultaneity. | suggestthat we keep relativit y theory out of the
discussion,since nobody really understandsit, and it causesso much con-
fusion. In fact, | have written a whole book on this topic, shawing that
relativit y theory is not a physical theory describing any physics of space
and time. The special theory of relativity is based on an axiom stating
that di erent obsenersmoving with constart velosity with respect to each
other, will measurethe samespeedof light. Today this is simply a de nition
of how to measurespeedas distance per time unit, sinceby the commonly
accepted1983SI standard the length unit is lightsecond,whohc is the dis-
tance traveledby light in onesecond.With this standard the speedof light
is by de nition onelightsecondper second.Thus Einstein's basic axiom for
special relativit y is simply a de nition, and from a de nition you cannot
draw any conclusionabout reality. It would be like believing that from the
de nition that there are 100 certimeters on a meter, you could draw any
conclusionabout e.g.your length or the distanceto the Moon.

Phil: | agreeto stay away from relativity. In any caseit is supposedto
concernobsenations by peopletraveling at a speedcloseto speedof light,
which will never be possible.Simultaneity, is then not a problem: We have
identical clocks synchronized with the atomic clock at Atomic Clock Cafe,
and we can be sure that if we agreeto meet next Thursday at 3 pm, we
will both be here at that time. No problem. Let's now start our real work.
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Tensedss Tenseles§ime

Existence really is an imperfect tense that never becomesa presen.
(Friedrich Nietzsche)

The line it is drawn
The curseit is cast
The slow one now
Will later be fast

As the presert now
Will later be past
The order is

Rapidly fadin'

And the rst one now
Will later be last

For the times they are a-changin'. (Bob Dylan)

Phil: Recallthat the basic conceptsof the McTaggart's A-theory are past-
preseri-future, and those of the B-theory are earlier-later.

Mat: Yes,| recall that. What is really the di erence?

Phil:  The A-theorists acceptthe idea of becomingor eeting presert, while
the B-theorists deny the existenceof any sud objective passageof time and
only consider an increasing seriesof clock times as real. You refer to the
A-theory asa tensal view of time, as opposedto the tenselessview of the
B-theorists. Becoming is tensedwhile being is tenseless.

Mat: Sothe useof the word \now" is tensed,while \at 3 pm" is tenseless?
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Phil: Exactly. The B-theorists considerpast-presert-past to be a subjective
illusion, which we resort to in languageand thought, but is just a shadav
of token-re exive temporal indicators, such as\now", \y esterday" and \to-
morrow", or more generally\me", \y ou" and \here". A token of a word is
a speci ¢ instance of its use,and an expressionis said to be token-re exive
if the context of its useplays a key role in its interpretation. Thus a given
token of \here" refersto the place whereit is expressed.

Mat: Can you translate tensed expressionsinto tenselessexpressions?

Phil: Probably not. As little as you can speak without using words like
| and you. The B-theorist like Spinozawould like to view the world sub
specie aeterenitatis, from the perspective of eternity. This would be like
saying that | should not care specially about my children, rather than
someoneelse's,unless| believed there was something objectively special
about me (or my children).

Mat: What about if | say \one plus oneis two". Do | then uselis" in a
tenselesssense?

Phil: In atimelessor eternal sense:one plus oneis always two.

Mat: To me \tensed" meansto \have tension", like the string of a bow.
To have tension, to be tensed, meansthat you are ready for action, ready
for change. The preser is tensed, becausethe presen presen is ready
to changeto the next presen, becauseit has tension which seeksto be
released.A tenselessstring has no tension and no potential to change.But
what do we mean by eternity ? Any clue?

Phil: Sure. Eternity often simply meansexisting for limitless amount of
time, while philosophershave usedit to refer to a timeless existence al-
together outside time. Aristotle, attempted to prove that matter, motion,
and time must have existed eternally. Augustine of Hippo wrote that time
exists only within the created universe,sothat God exists outside of time;
for God there is no past or future, but only an eternal present. An atheist
mathematician can maintain that numbers and the relationships among
them exist outside of time, and soare in that senseeternal. Another facet
of eternity is that it is permanert; nothing can happen.

Mat: | recall that eternity is often symbolized by the image of a snake
swallowing its own tail, known as Ouroboros The circle is also commonly
usedasa symbol for eternity. There is a folk story called The Shephed Boy
by the Brothers Grimm where a wise shepherdboy is brought to a king
to answer three questions. The third question the king asksis "how many
secondsof time are there in eternity?' To which the shepherdboy replies:

In Lower Pomerania is the Diamond Mountain, which is two miles
and a half high, two miles and a half wide, and two miles and a half
in depth; every hundred years a little bird comesand sharpensits beak
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on it, and when the whole mountain is worn away by this, then the
rst second of eternity will be over.

Phil:  According to Buddhism and Zen, the law of Karma, or law of cause
and e ect, is so powerful that it governs everything in the universe,that

is, except the one who is Enlightened. Upon Enlightenmert, the round of
causeand e ect losesits signi cance, just as Samsara,or the round of birth

and death. This probably meansthat time stops.

Mat: Einstein claimed that in curved space-timethe past and future exist
alongside the presen, as events in curved space-time, without anything
particular with the present events. A partly comforting but partly very
distressingidea. But of courseEinstein was very abseri-minded, so maybe
he did not really live in the presen? Like many theoretical sciertists.

FIGURE 20.1. A tensed presert.
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FactalJa FactaFicta!

Time is an eternal loss of instant moments. (Beckett)

A careful analysis of the processof obsenation in atomic physics
has shown that the subatomic particles have no meaning as isolated
entities, but can only be understood as interconnections between
the preparation of an experiment and the subsequen measuremer.
Quantum physics thus reveals a basic onenessof the universe. The
mathematical framework of quantum theory has passed countless
successfultests and is now universally accepted as a consistert and
accurate description of all atomic phenomena. The verbal interpre-
tation, on the other hand, i.e. the metaphysics of quantum physics,
is on far lesssolid ground. In fact, in more than forty yearsphysicists
have not been able to provide a clear metaphysical model. (Fritjof
Kapra, 1975)

Phil: Nietzsdhe statesin his Morgenrethe:

Facta! Ja Facta cta. - Ein Geschichtsscheiber hat es nicht mit
dem, waswirklich gescheherist, sondernnur mit denvermeintlichen
Ereignissenzu thun: denn nur diese haten gewirkt. Ebenso nur mit
denvermeintlichen Helden. Sein Thema, die sagenannteWeltgeschichte,
sind Meinungen ber vermeintliche Handlungenund deren vermeintliche
Motive, welchewieder Anlass zu Meinungen und Handlungen gelen,
deren Realitt aker sofort wieder verdampft und nur als Dampf wirkt,

- ein fortwhrendesZeugenund Schwangerweden von Phantomen ber
den tiefen Neleln der unergrandlichen Wirklichkeit. Alle Historiker
erzhlenvon Dingen, die nie existirt haken, ausserin der Vorstellung.
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Mat: This is hyperreality, isn't it? Did actually Julius Ceasarsay \lacta
alea est", or is it only a ctional event tting into the glorious story of
his take-over? Isn't history the history of the survivor, becausethe dead
cannot write.

Phil: Is this cynicism, or only realism?

Mat: | think this is realism. Only the presert exists, while the past and
future represen (di erent forms of) imagination and (re)construction. Ev-
idently, we all have a tendencyto reconstruct and rewrite our past sothat
our actions appear to be rational, becausewe are allowed to behave irra-
tionally only when we are drunk.

FIGURE 21.1.The U.S. Marine Corps War Memorial, Arlington National Ceme-
try just outside Washington DC, depicting v e United States Marines and a U.S.
Navy corpsman raising the ag of the United States atop Mount Suribachi on
the Japaneseisland lwo Jima, on February 23 1945.

FIGURE 21.2. Victory of Karl Xl of Sweden at the Battle of Narva in 1700,
painting by Gustaf Cederstrom in 1910.
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Time in Natureand Scciety

Henceforth space by itself and time by itself, are doomed to fade
away into mere experience shadows, and the only kind of union of
the two will preserve an independent reality. (Hermann Mink owski,
1908)

Phil:  Our modern (and postmodern) society is basedon automated mass
production of material goods by machines and automated processing of

information by computers In an automated processmaterial in the form of
physial matter or information is being modi ed following a given step-by-

step sequetiial scheme, ow chart, algorithm or computer program, which

is repeated over and over with new material eat time the program is
executed. The concept segquential re ects the Arrow of Time, in the sense
that the steps of a sequetial scheme are performed one after the other

following the Arrow of Time, like the sequenceof steps we go through

when we bake a cake. The order in time of the stepsexpressedhe aspect
of being sequetial (in time), and of coursecan be essetial: If we forget
mixing the ingredients before putting them into the oven, then there will

be no cake to eat.

Mat: We can number the stepsin a sejuential process by the natural
numbers 1;2; 3;::;, and then follow the ordering of the natural numbers
during execution of the process.We can then view the processas a form
of clock measuringthe ow of time: If ead step takesabout one second,
then we can say that the total time for executing a processconsisting of
10 stepsis about 10 seconds.This represerts taylorism as dewveloped by
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Fredrick Taylor in the late 19th certury for the automation of e.g. car
manufacturing, with the time duration of ead step carefully measuredby
a time study specialist equipped with a clock, following the mantra of the
industrial society of savingtime (but not energy). The time study is also
necessaryfor coordination (in time) of processesothat queing is avoided
(and time is saved). Not everything has to be performed sequetially in

time. There are tasks that can be donein parallel processingby executing
many copiesof the same program with dierent data. For example, you
can hire 10 bakersto bake 10 cakesin 10 ovenssimultaneously, all working

independertly, and deliver 100cakesby the end of the day. Instead of hiring

onebaker to bake 100cakesin 1 ovenrequiring 10 days. Parallel processing
is essetial for massproduction.

Phil: | think it is important to make a distinction between the role of
time in Nature and in Scciety. The water molculesin a water wave are not
equipped with clocks (as far as we know), yet they do just the right thing
at the right momen (as far as we know). The o wers and the birds do
not have any watches either, but follow the variations of the seasongust
as homo sapienswere doing during all the hundreds of thousands of years
beforethe industrial society developed starting in the 17th certury and the
information society of our time. In our developed human societiesclocks are
necessanyto coordinate the actions of many people,and for navigation. The
GPS systemis basedon measuringthe time it takesfor a light signalto pass
from a satellite to a receiver on the Earth, and requires synchronization of
all satellite clocks and and receieer clocks on the ground. The GPS system
works remarkably well, which shows that it is possibleto set up a system
of synchronized clocks around the Earth, and probably in our Solar system
when the needfrom spacetravel arises.

Mat: Algorithms for automation are deterministic in the sensethat the
steps follow according to specied rules with e ects of randomness or
chane made as small as possible. A deterministic algorithm encades a
sequenceof cause-e ect everts, expressingthe essenceof a rational ma-
terialistic mechanistic world view, as opposedto an irr ational idealistic
magical view allowing things to happen\out of the blue", by chanceor by
the in uence of ghostsof someform. The order in a sequetial cause-e ect
processde nes an Arrow of Time, with the causeoccuring before the ef-
fect. The challengeis to explain what makescertain processesrreversible
in the sensethat they cannot be run backwardsin an e ect-cause manner.
The challengeis thus to explain what makesthe causeto be the causein a
cause-e ect process,and not the causethe e ect and the e ect the cause.
This is the objective of this book.
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OperationalDe nition of Time

Let us draw an arrow arbitrarily . If as we follow the arrow we nd

more and more of the random elemert in the state of the world,
then the arrow is pointing towards the future; if the random elemert
decreasesthe arrow points towards the past. That is the only dis-
tinction known to physics. This follows at once if our fundamental
contention is admitted that the introduction of randomnessis the
only thing which cannot be undone. | shall usethe phrase\times ar-
row" to expressthis one-way property of time which hasno analogue
in space. (Arth ur Eddington in The Nature of the Physical World,
1928)

Mat: | suggestwe agreeon the following operational de nitions of space
and time is made in terms of the units for measuring length and time.
Length is then what you measureas length and time what you measureas
time. Simple and clear! According to the preserly generally adopted 1983
Sl standard of Conference Generale des Poids et Measure the time unit is
seonds s with one secondequal to 9192631770cycles of a cesium clock
(more precisely the duration of that number of periods of the radiation
corresponding to the transition between the two hyper ne levels of the
ground state of the cesium-133atom at rest at temperature 0 Kelvin).
The length unit is meters m with one meter being the distance traveledby
light in 0:00000000333540952 secondor 9192631776299792458 cyclesof a
cesiumclock. Equivalertly, the length standard can be chosenaslightsecond
or 299792458meters.
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Phil: Great! Do we have to say more? Time is what you measurewith a
cesiumclock, and length what you measurein lightseconds.

Mat: Yes,wehaveto say more,becausdat doesnot show uswhat the Arrow
of Time is. We do not have any operational de nition of entropy, because
we do not know what entropy is, and thus we do not how to measureit,
and even lesswhy it can only increase.
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FIGURE 23.2. The cesium fountain atomic clock at the NIST laboratories in
Boulder, Colorado, USA, de ning Cordinated Universal Time UCT, the o cial
world time. The precision is lessthan a secondover 60 million years.
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A World of Computation

All physical systemscan be thought of asregistering and processing
information, and how one wishesto de ne computation will deter-
mine your view of what computation consists of. (Seth Lloyd)

Every physical system registers information, and just by evolving in
time, by doing its thing, it changesthat information, transforms that
information, or, if you like, processeghat information. (Seth Lloyd)

Phil: Sincewe live in the beginning of the information age we are led to
view any processin the the real or the virtual World asa sequenceof trans-
formations of data or processingof information by someform of analog or
digital computation. In ead step input is transformed into output, which
senesasinput in the next step. The complete processmay be described in
a ow chart specifying input and output in eacd step. A ow chart de nes
a (local) Arrow of Time for ead step in the sensethat the input informa-
tion hasto be available before output data can be produced. In natural
processeshe scheduling of events in time is automatic: The lion awaits the
appearanceof the prey at the water-hole, and the tennis player waits for
the right momert to hit the ball. In industrial processingof material goods
or digital computation timing and scheduling servesan important function
to reducewaiting time.

Mat: The idea of the World asa computer performing a massive compu-
tation hasbeenput forward by the physicist Seth Lioyd (1960f):
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24. A World of Computation

I have not provel that the universe is, in fact, a digital computer
and that it's capable of performing universal computation, but it's
plausiblethat it is.

In orderto gur e out howto make atoms compute, you haveto learn
how to speak their languageand to understand how they processin-
formation under normal circumstanes.

It's been known for more than a hundred years, ever since Maxwell,
that all physial systemsregister and processinformation.

Merely by existing and evolving in time - by existing - any physial
system registers information, and by evolving in time it transforms
or processesthat information.

Nothing in life is certain exept death, taxes and the second law of
thermodynamics.

Of course, one way of thinking alout all of life and civilization is as
being alout how the world registers and processesinformation. Cer-
tainly that's what sexis alout; that's what history is about.

One of the things that I've been doing recently in my scienti ¢ reserch
is to askthis question: Is the universe actually capable of performing
things like digital computations?

Sciene consists exactly of those forms of knowledge that can be ver-
i e d and duplicated by anybody.

Similarly, another famous little quantum uctuation that programs
you is the exact con gur ation of your DNA.

So sciene is basially, at it most fundamental level, a public form
of knowledge, a form of knowledge that is in principle accessibleto
everylody.

That is not to saythat thesethree processesdonit havefringe bene ts:
taxes pay for roads and schwls; the second law of thermodynamics
drives cars, computers and metalolism; and death, at the very least,
opens up tenured faculty positions.

Thinking of the universe as a computer is controversial.

Phil: The clock rate is the fundamertal rate in cycles per second(Hertz
or Hz) at which a computer CPU performs its most basic operations suc
as adding two numbers or transferring a value from one processorregister
to another. The original IBM PC from 1981 had a clock rate of about 5
MHz (5 10° cycles/second),Intel's Pentium from 1995ran at 100 MHz,
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and the Pentium 4 from 2002at 3 GHz (3 10° cyclesper second),thus
with almost a factor 1000over 20 years,roughly corresponding to Moore's
Law of doubling eadh 18 months. The rate of a cesium clock is about
10'° Hz which may be the clock rate of the CPU of the World, and thus
microprocessoiclock rates cannot contin ueto increaseaccordingto Moore's
Law. Nevertheless,the computing power seemsto cortinue to double eat
18 months, but now by increasingthe number of processorscombined with
more e cien t computational algorithms.

Mat: Knowledge appears as a particular form of information in Lloyd's
paradigm, and has an important role in Paul Romer's extensionto the In-
formation Scociety of Adam Smith's classicalanalysis of the econony of the
Industrial Scciety in The Wealth of Nations, as outlined by David Warsh
in Knowledgeand the Wealth of Nations [24]. The computer gameindustry
is today boomimg o ering new possibilities to human experienceand inter-
action. SecondLife is one of the many new virtual worlds with a rapidily
increasing population of virtual citizens. Virtual reality instead of real re-
ality, e.gin the form of video-conferencer virtual tourism, savesenergy
and may be the feasibleway of handling the threat of global warming.

Phil:  You know Kurzweil hasidentied 2045asthe time of the Singular-
ity, when according to Moore's law the information society will develop
in nitely fast towards an unlimited complexity and intelligence. We are
quickly approaching this year and only Global Warming can prevert the
Singularity to develop.
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Fiction and Non-Fiction

Horologium, solo naturae motu, atque ingenio, dimetiens, et numer-
ans momenta temporis, constantissime aequalia. (A clock that, by
natural motions alone, indicates regularly equal divisions of time,
Mateo de Alimenis Campani (1678)).

There is a concept which corrupts and upsets all the others. | refer
not to the Evil, whose limited realm is that of ethics; | refer to the
in nite. (Borges)

Mat: You know | am an engineer,and | know how important precision
and quality is. Japanesecars have better precisionthan American and are
therefore steadily taking new market shares.But even a Toyota has nite

precision. In nite precisionbelongsto ction and sodoesin nite setssuc
asthe set of all natural numbers f1;2; 3; :::g. | think, along with Aristotle

and the great mathematician Gauss,that it is better to view the natural
numbersrather assomekind of potential, whereyou can always get a bigger
number by adding 1 to whatever you have, but you haveto do it; it is not
already done. soto speak. Like hereat Atomic Clock Cafe: You can always
get another cake, but you have to order it, and pay for it! And this does
not mean that the owner of the cafe, Mr. Brouwer, has stored in nitely

many cakessomewhere.They are baked on demand.

Phil: Yes, of course. Storing in nitely many cakeswould be very costly,
in nitely costly in fact. Borges Library of Babel containing all possible
books, as all possiblestrings of letters, is alsoin nite. You are describing
a di erence between ction and non- ction. In ction you are freeto play
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with conceptslike the set of all natural numbers, asif it exists, while in
plumbing you have to constructively join one pipe to another. Now, are
there constructive aspects of time? If so, then time would maybe exist in
this constructive sense?

Mat: Yes, | believe so. Of course,you rst have to make a distinction
between physial time and psychol@ical time, which you may view as a
distinction between objective time and subjective time, or between con-
structive time and ctional time.

Phil: OK, what is then objective or constructive time? For sure, we will
get bad to subjective time, the soconer the better.

Mat: Well, | think | haveto changethe questionto instead a questionabout
changeof time or time ow or rate of time, or stream-of-consciousnessas
in the famous Ulyssesby Joyce. You can then say that change of time or
time ow or rate of time is what you measurewith a clock. This is an
operational de nition if | tell what a clock is in a constructive sense.You
could then claim that rate of time exists in a material sense,even if time
itself doesnot exist.

Phil: What is then a clock? Is it material?

Mat: Well, a clock is a medanical or digital repetitive or periodic material
device with the period controled by the material oscillation of something
like a pendulum or a quartz crystal. The most preciseclock is an atomic
clock with the rate controled by the vibrations of cesiumatoms. This is the
clock here at the Atomic Clock Cafe, which de nes Coordinated Universal
Time UTC and is the time of the GPS system. The precision of this clock
is astounding; almost 10 digits!

Phil: It seemgo methat there aretwo typesof clocks: the metronometype
of clock, or time rate clock, only showing the rate of time or the tempo or
pulse or beat: tick{tic k{tic k..., and the usual clock, or time clock, showing
accunulated or integrated time: 12.00.00{12.00.01{2.00.02....

Mat: That is right. You can view the metronometime rate clock to be the
basictype of clock, like your heart beat. If you have a time rate clock, then
you get a time clock simply by counting the beats. But there is no device
in your body courting the number of beats of your heart. Or maybe there
is: It seemsthat the number of heart beats during a life time of dierent
animals, from small birds to large elephars, is roughly the same. Small
bird: quick beat{short life. Elephant: slow beat{long life. If we know in
principle how the heart keepsa beat as a time rate clcok, the biological
clock of aging remains mysterious. Evidently, there is somemedanism for
counting the heart beats, or the number of cell divisions, or somethingthat
makesus grow older and older until it is all over.

Phil: Yes,that is intriguing, but let's for the momert at least, forget about
the limited number of heart beats.Now, is really the clock rate of an atomic
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clock always the same?Everybody knows that accordingto Einstein's the-
ory of relativit y, clocks are supposedto be slowed down if they are moving,
so how can an atomic clock here at Atomic Clock Cafe de ne an objective
clock rate? Is it the sameat the Atomic Clock Cafe in the Andromeda
Galaxy 2.5 million light yearsaway, which is approaching us at a speed of
300 kilometers per second?

Mat: Good question. But you have to understand that nobody really un-
derstandsrelativit y theory, not even Einstein claimed to do that, and thus
we haveto stay away from that if we are goingto have a meaningful corver-
sation. It alsois very natural to do so, sinceclock rates are only (supposed
to be) aected at speedscloseto the speed of light, which can never be
attained by humans or human-madeequipmert. Eventhe speedof the An-
dromeda Galaxy is only 1=1000 of the speed of light, so clocks there run
at basically the samespeedas here, if this is something you worry about.
Isn't it relatively meaninglessto speculate about the rate of a clock in a
very far away galaxy speedingaway from us at nearly the speedof light?

Phil: | guessso. What a relief to stay away from relativity. | never un-
derstood it either. In fact this was the reason| choosenot to becomea
physicist. | thought you would have to understand the theory of relativit y
to qualify, but maybe this is asking too much, if you are right that nobody
really understandsit.

FIGURE 25.1. The In nite Library Of Trin nit y College in Dublin
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Is Presetism Solipsism?

"How sad it is!, murmured Dorian Gray, with his eyes xed upon
his own portrait. "How sad it is! | shall grow old, and horrible, and
dreadful. But this picture will remain always young. It will never be
older than this particular day of June...If it were only the other way!
(Oscar Wildein The Pictur e of Dorian Gray).

Since absolute simultaenity cannot be ascertained, sciencemust re-
move this concept from its system. (Max Born)

Phil: OK, sowe measuretime o w or rate of time with an atomic clock. We
can then assumethat everybody is equipped with an atomic clock running
at the samerate and de ning an objective (rate of) time ow. But what
then about time itself, and the notions of past, presert and future, and the
guestion of what the meaning of now is?

Mat: Well, | believe that only the presen exists in a material way, while
the past and future only existsin a non-material way, in the form of images,
memoriesor expectations. Therefore | believe in Carpe Diem or Seizethe
Day. Thus, the idea of ordering events along a time line, which you can
imagine, belongsto ction. Neither, the past nor the future exists in a
material way. Only the presen exists. But the preser changesin a material
way, just as the pendulum of a clock changesposition, and the rate of
change of the presen, is measuredin comparisonwith the rate of change
of an atomic clock or with respectto normalizedtime o w. The now is then
the sameasthe presen.

This is page91
Printer: Opaquethis



92 26. Is Presertism Solipsism?

Phil: Carpe Diem? You know, this is nothing but presentism or the R-
theory, the beliefthat only the presert existsand the future and the pastare
unreal or belongto ction. The opposite of presertism is eternalism, which
is the belief that the time-line of all events ordered into earlier and later,
exits in somesense,which is also referred to as the B-theory. Presertism
can also be usedmore looselyto refer to a narrow focus on the conditions
of the momen. St. Augustine proposedthat God is outside of time and
presert for all times, in eternity, while we as human beings so to speak
would have access(in a material way) only to the presen. Stcherbatsky,
leading scholar of modern Buddhist philosophy, writes: Everything past is
unreal, everything future is unreal, everything imagined, absent, mental...
is unreal... Ultimately real is only the presentmoment of physial e ciency

or causation. Are you a Buddhist?

Mat: Never thought of myselfthat way, but maybe in somesense.n fact,
I now recall that in Indian Buddhism time consistsof replaed presentmo-
ments, somethinglik e the stream of imageson a movie screen,onereplacing
the other. | getthe distinct feelingthat this may be pretty deepand | would
like to explore this idea.

Phil: Yes,that may be constructive, but don't you hererun the risk of get-
ting into a vicious circle when you speak about replacedpresen momerts?
Isn't replacemen a form of changeand can you speak about change with-
out speaking of time? You speak about change of position of a pendulum,
right?

Mat: Yes, | do. | seethe pendulum change position. For the momernt |

do not seekto explain how change of position can come about. | have
some new ideas on this old subject, which | will return to, if you allow

me. No, it doesnot lead to a vicious circle to de ne time rate through a
material device, like a vibrating atom, as long as you you don't have to

explain what an atom is. For now, | suggestthat we simply assumethat

atoms exist and vibrate and that the vibrations canbe obsened. Just likea

swinging pendulum, or the shifting seasonscan be obsened, asa sequence
of replaced preserts.

Phil: OK, | acceptthat. Buddhism may be more sciertic than Chris-
tianity, which always has beenin conict with science.In fact, it seems
that quantum medanics connectsto Buddhist views on the nature of the
material world, or vice versa.

Mat: Yes, it does, but so does also Leibniz Monadolagy with the mon-
ads represerting someform of elemenary waves/particles. Speaking of the
presert and science,we know too well the sciertist is an absent-mindel
ill-dressed professorwith upright hair and thick glasses,like Einstein, a
person who does not know what time it is, where he is and where he is
going, a personwithout any feeling for the presen or change.
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Phil: Somepeoplebelieve this is a typical male syndrome, with womenin
generalbeing more aware of the presert. Maybe something genetic. Maybe
the vision of scienceis to nd eternal unchangabletruths rather than the
truth of the day?

Mat: Could very well be.

Phil: But there is something | have to tell you about presertism, a not
so nice aspect: It leadsto solipsism: If you deny the past and the future
momerts real existence,what reasondo you have to believe that any other
human being than yourself exists, has existed or will exist? Radical presen-
tism by necessiy hasthe consequencehat the world asyou know it is a
presert represertation in your mind { and that represeration can hardly
take placeanywhere but in your mind, whatever that canbe. Schopenhauer
saw this consequencend that is why his certral work is called The World
as Wil | and Representation Are you like Schopenhauer?

FIGURE 26.1. Solipsism.

Mat: Hope not. | have heard that he was not overly pleasart. Anyway,
you don't have to be a self-occupied solipsist, with the World only inside
your mind, just becauseyou are a preserist. You have your presert and
| have mine, and sometimeswe share the presert, for example when we
sit here at the Cafe having this nice cornversation. We share the presert
when we are interacting, but only then. When we don't seeead other, or
interact over the net, that is when we don't interact, then your presert is
yours and mine is mine. Sothere are as many preserts asthere are minds.
This is a form of many-minds view, which | have found rather appealing.
It connectsto the post-madernity of our multi-cultur al scciety with many
di erent perspectives and interpretations.
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Phil: Many-minds? Post-modernity? Yes,why not? | guessour discussions
is a a form two-minds hopefylly postmodern adventure, and yes, we only
sharethe presert when we interact, fortunately | must say!

Mat: | agree.Of course,when we sharethe presen, it is simultaneous

Phil: But everybody knows that according to Einstein, the concept of
simultaneity hasto be abandoned.lt doesnot work! That is oneof the many
corvictions we have to give up according of Einstein's theory of relativit y.
It is tough, yestough, but we have to free ourselvesfrom such superstition
as simultaneity. The great Max Born, life-long friend of Einstein, says so!

Mat: Oh, soyou are back to relativit y? Didn't we agreeto leave that out?
Do you believethat the twin paradox is not a paradox? That ead oneof two
clocks moving with respect to eat other, will be slow as comparedto the
other? Like eadt of two personslooking at ead other at distance claiming
that the other is half astall (while they in fact are equally tall.) Do you
believe that this is profound science,and not just trivial confusion, which
you free yourself from at the age of two? Of course, we can speak about
simultaneity when we interact. We share simultaneity when we interact,
but not neceessarilywhen we do not interact. Then the issue does not
arise. It is a no-issue.There is not necessarilyany common simultaneity for
everything everywhere,just asthere not two personswith the sameopinion
about ewverything.

Phil: But | have to insist: Assumethat a runner setsa new world record
on 100 meter. That meansthat his passingthe end line is simultaneous
with a particular oscillation in a harmonic oscillator. If that momert is the
momert of our obsenation, with your interpretation of now or the presen
momert the runner is passingthe end line now. What is happening on an
earthlike planet in the Andromeda Galaxy now? Could an event on that
planet take place now? Or is now a word dewid of meaning, usedin that
context?

Mat: Andromeda Galaxy? How canwe interact with any supposedcousins
there, if they do exist? Did you meanthat the new record was a Universal
Record? That runners also in Andromeda took part in the race? Simulta-
neously?

Phil: No kidding. Of coursenot. | seewhat you mean.

Mat: | am happy to hear that. Shall we agreeto meet here at the Cafe
next weekat the sametime? Or shall we leave it open and simply say that

we will meet again when we meet again, here at the Cafe or somewhere
else?What is sureis that when we meet, it will a simultaneous evert We
will meet at the sametime, right? Or will you rst meet me, and then |

you? It would seemto me that we would then run the risk of missing each

other?
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Phil: | preferthat that we decideon atime to meet.| liketo view myselfas
rational being, and not just a personfollowing the laissezfaire of \whatev er
happenshappens,whenewer it happens”, which seemsto be your melody.

Mat: Sort of. It hasits advantages.

Phil: JamesBoswel (1740-1795)relatesin his biography The Life of John-
son of Sarmuel Johnson(1709-1784),often referredto simply asDr Johnson
the English essgist famous for his great wit and prose style. Boswell de-
scribes a discussionwith Dr Johnson about Bishop Berkely's solipsistic
theory of the non-existenceof the material world, a theory considereddif-
cult to refute. Dr Johnsonthen kicked a large rock and said as his foot
rebounded: | refute it thus. Convincing?

Mat: Believe so. If you hit your head (hard) against a wall, you will get
evidenceof an external material world.

[

FIGURE 26.2. One mind or many minds?.

biography of
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27
ImaginaryBooksand Reality

It is a laborious madnessand an imp overishing one, the madnessof
composing vast books setting out in v e hundred pagesan idea that
can be perfectly related orally in v e minutes. The better way to
go about it is to pretend that those books already exist, and o er
a summary, a commentary on them... A lazy man, | have chosento
write notes on imaginary books. (Borges in Collected Fictions)

But here, asin so many other cases,Germany, learned, indefatiga-
ble, deep-thinking Germany comesto our aid. It is, after all, a bless-
ing that, in these revolutionary times, there should be one country
where abstract Thought can still take shelter; that while the din
and frenzy of Catholic Emancipations, and Rotten Boroughs, and
Revolts of Paris, deafen every French and every English ear, the
German can stand peacefulon his sciertic watch-tower; and, to the
raging, struggling multitude here and elsewhere,solemnly, from hour
to hour, with preparatory blast of cow-horn, emit his "Heret ihr Her-
ren und lasset's Euch sagen';in other words, tell the Univ erse,which
so often forgets that fact, what o'clock it really is. (Thomas Carlyle
in Sartor Resartus)

Mat: It seemsthat we can agree,for the momern at least, that only the
now exists in a material way, like the pendulum at a certain position. The
restis ction. In this sense,only the rate of changeof time exists, but not
time itself asthe integrated rate of change.You canthus say that time ow
exists re ecting the changing material existenceof the preser, but time
itself doesnot exist in a material sensenly in a ctional senseDoesthat
make sense?
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Phil: In a way, yes. But what about thinking of a time line as a row of
books ordered on shelf, which each book represerting an evert and the
order of the books represeriing the order of events? A particular book
would then represen the now, with the booksto the left (say) represening
the past, and the books to the right the future. Or the numbered pages
of a book, one page after the other, like in a biography accourting for the
time line of a person. This is the B-theory. Can we dismissit?

Mat: | think a time line like a shelf of books or the pagesof a book,
is not a good model of time, becauseit gives you the false impression
that all the time instants represeried by books or pages,exist, in some
sense,and that one of them is chosento represen the presen. It is then
better to think of a Im screen,where picture after picture is displayed,
but only one at a time, and where the pictures already showvn have been
erasedand thoseyet to comeare neither displayed. A sequenceof replaced
preseris. In this casethe shelf of books would correspond to the whole
Im itself rolled up in the projector, but the reality would be the picture
on the screen.When you watch a movie, you do not think of the entire
Im rolled up in the projector, but you get the impressionthat one image
leadsto the next following the logic of the story. Like in areal life dialogue
with one statemert following the other, without all the statemerts having
beenwritten down beforehandlike in a theatre play. With this perspective,
the Im in the projector would be non-existing; the only existing thing
would be the picture on the screen,which would generatea new picture
while disappearing. Like an old generation of professorseducating a new
generation and disappearing. Or like the modern e-took, which you read
on your computer screenreplacing one page by a new page by repeatedly
pressinga button.

Phil: OK, | agree.The book shelf or book analogiescan be misleading if
you interprete them to represen reality. Our future is not already written
down on the pagesof the book of our lives; oneday will follow the previous
day, and that is all. Yesterday is goneand tomorrow not yet here. The idea
of one picture generating a new and disappearing, is not bad. Like a step
in a computer code such asx = x + 1, wherethe old value of x is updated
by adding 1 to give a new value of x while the old value is erased.If the
World is a computer, this would be the way it functions, in principle. But
asa preserist you will have to answer the question of the \duration of the
presert"?. Is it 1=16 seconddike in a Im showing 16 imagesper second?

Mat: Good question. Of course,any attempt to give a direct answer canbe
questioned on good grounds. If | answer 0:01 seconds,or 0:0001 seconds,
you will ask why, and | will be unable to give a convincing motivation.
Even if | say that the vibrations of atoms have a period of femtoseconds
(10 '® seconds),which ought to be the duration of the presert or \length
of amomert", you will bring up Planck time of quantum medanics(10 44
seconds)and soon...This makesme feel that | have to instead circumvert
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the question by shawing that it cannot be posed. This is because,the
changing presert in a way is eternal or permanert. Just like love which is
eternal although its subjects change.

Phil:  OK, sothe changing presert would soto speak represen the reality,
and thus exist? The rate of time would exist in a material way, but not
time itself?

Mat: Yes,somethinglike that. | have the feeling that this way we can get
around one of the main mysteriesof the conceptof time, namely the nature
of change If the changeof the preser or time ow is what we perceive as
reality, and not the presert or time itself, then we can use an operational
de nition of time ow as what you measurewith a clock, and then view
time as something non-material resulting from integrating the material
changeof time. It must connectto the Fundamental Theorem of Calculus
that is that the integrated velocity is the distance. It is like traveling in a
cabriolet: You directly feelthe wind through your hair, that is the velocity,
but the distance traveled only indirectly by looking at the trip meter or
road signs. Or you feel physically the pressureon your lips when kissing
from a repeated ring of neurons, a sequenceof replacespresers, while
the conception of the kiss itself as the integral of the kissing, is a mental
illusion. What do you think?

: LA A e

FIGURE 27.1. Perception of reality in 1939.
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Finnegans Wake, long consideredliterature's grandest experiment in
deliberate linguistic morphology, simmered in the global stew of lan-
guagesand media advancesfor some ninety years before its e ects
were fully felt. The culmination of seweral generations of thought
about the experiment did not blossomuntil early this certury. Icaro
Canto of Bellona here surveys the full e orescence of the Wake ex-
periment in a multitude of writers in the early part of this certury.
It should be noted that the book intentionally comesin two edi-
tions, one with the apostrophe in the title, one without; there is no
other di erence betweenthe versions.By the rst decadeof the 21st
Century, authors the world over had come to understand Joyce in
their own ways, and in their own languages.It has been said that
their brains caught up with his, now that they were immersed in the
globalizing media of the times. What had been a foresighted work
on his part, a torch thrust ahead into the darkness, was now an
accepted form of the emergert art of deliberate linguistic morphol-
ogy. Authors raised new questions, beginning with the translations
of Joyce's Wake, full-length works in Gaelic, Urdu, Swabhili, Chinese,
Thai. Fully half the world's language groups are represerted here,
with page samples from ead. Unfortunately , the trend pushed it-
self over its edge by witnessing new translations into invented and
imaginary languages: Esperanto, Ebonics, Klingon. (Review of The
Wake's Wake by Icaro Canto, 2067, Imaginary Book Review)

FIGURE 27.2. Waiting line represertation of time.
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Becoming/s Being

The American liveseven more for his goals, for the future, than the
European. Life is for him always becoming, never being. (Einstein)

As far as we can discern, the sole purp oseof human existenceis to
kindle a light in the darknessof mere being. (Jung)

Mat: In presertism the concept of becoming is certral. Becoming is dy-
namic indicating change, while the concept of being is static indicating
permanence.

Phil: Evidently, our sensorysystem reacts to becoming more than being.
When you take a bite of that wonderful chocolate cake, then you get a
strong feeling of pleasure,but you cannot be in that state of happinessfor
very long. It is a dynamic state of becoming, which you cannot turn into
static permanence.

Mat: This suggeststhat changeof time or time o w is more fundamenal
than time itself, that becomingis more essetial than being. That we are
more apt for falling in love than being married?

Phil:  Yes, | quickly get bored and want change. Or my wifes do. | have
beenmarried six times but | am maybe now becomingtoo old to continue
like that. Maybe it is time for change...

Mat: Greek philosophy tended to depreciatebecomingand exalt mere be-
ing, and aswas consistent, to depreciaterelativit y and exalt independence
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or absoluteness Aristotle summedit up when he held that what was alto-
getherimmutable and henceimmune to in uence from others was superior
to that which in any way changedor dependedupon other things. Medieval
natural theology never explicitly deviated from this attitude.

Phil:  Yes, Aristotle denied that God could have knowledge of changing
things, arguing that knowing cannot be independert of what is known.
But of course Christian and also most Jewish and Mohammedan theists
felt obligedto arm God's knowledge of the changing world. This glaring
inconsistency forced Spinozato deny change not only in God but in the
world which God knows, becausethe known is in the knowing, and if there
changein the former, then there is alsoin the latter.

Mat: It seemghat in this view, geruine becomingis impossible.The truth,
the reality, is eternally there, spread out to the divine gaze,though our
presert experience,being localizedin the eternal panorama, cannot behold
most of it. This is the book shelf again, which amounts to spatializing time
accordingto Bergson.

Mat: On the other hand, in Buddhism becoming is the universal form
of reality, of course connecting to Herakleitos, while substane including
the soul as substanceis rejected. The momertary experiencesare the pri-
mary realities, and these do not change,they simply become,and what is
called changeis the successie becomingof events having certain relation-
shipsto their predecessorsThe soul or the self-identical ego is merely the
relatednessof experiencesto their predecessorghrough memory and the
persistenceof various qualities or personality traits. The rst great meta-
physician in the West to hold this view clearly was Whitehead in the form
of processphilosophy

Phil: Onecanalsoreada sort of processphilosophy into Hegeland Sdelling,
who doubtlesshelped to do away with the classicalmetaphysics of being

Mat: | guessthat when we say that \the weather changes"”, we do not
meanthat that there is someform of substancecalled \the weather", which
changes.Right?

Phil: Probably! But, when you say \I am getting older" do you mean
that there someform of substancecalled\I" which is changing and getting
older?

Mat: Do you want me to describe what | mean by \I'? | am not sure |
can.

Mat: Well, take your time. It is not that easy But recall that in European
languagethe most concreterealities to which abstractions are to be applied,
the real subjects which have predicates are things, individuals which change
from one actual state to another, a person, a tree, a mountain, a star, not
happenings.But there is something more concretethan an individual \I",
and that is the actual history of the individual, the successiorof states for
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FIGURE 28.1. Becoming.

instance, experienceswhich constitute the reality of the individual through
time. Is it not clear that the ertire actuality of the individual is in one's
states,bodily and mental? Don't we haveto admit, with the Buddhists and
Whitehead, that individualit y is somewhatabstract, comparedto an actual
event-sequencelsn't the personnow, the presen actual state, that hasthe
personasthe sameindividual from birth to death, not the sameindividual
that has the presert actual state. We speak of someoneasbeingin a state,
not of the state as being in the individual. To seea person as always the
sameertit y, we must abstract from what is new in the individual at eadch
momert.

Mat: OK, so personalidentity through experiencesis a property of the
experiences,not properties of the identit y, or of the ego.It took European
philosophy over two thousand yearsto think through this issue,an issue
which Buddhism thought through long ago.

Phil: How do we even know that things have passedaway, if not by pre-
servingin memory at least something of what they have been?In memory;,
past happenings are still somehav with us. Moreover, in perception also,
past happeningsin a fashionlinger on in presen experience.We now hear
the explosion which in fact took place somesecondsago; we seea stellar
explosionwhich took placeyearsin the past. Memory and perception both
somehav embracethe past and presere somethingat least of its character.
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In human memory and perception this \immortalit y of the past” is faint
and fragmentary; but then all human capacitiesare imperfect, limited.

Mat: We have here taken human experience as the model of reality? Is
this not suspiciouslyanthrop omorphic? Shouldn't we ask ourselveswhat it
would like to be an amoeba or a molecule?

Phil: To Leibniz, everything including an amoeba and a molecule has a
certain form of more or less primitiv e soul. | think, the wavefunction of
guantum mecdhanics can be viewed this way as an everchanging becoming
\I'.  Metaphysics has always tended to reach this result. Northern Bud-
dhism illustrates this, but so does Hinduism and it is only a little below
the surfacein Plato and Aristotle.

Mat: Neoclassicalmetaphysics as processphilosophy is a fusion of ideal-
ism or psydicalism with a full realization of the primacy of becoming as
self-creativity or creative synthesis. (SeeThe Developmentof ProcessPhi-
losophy Philosophers of Process,ed. Douglas Browning (Random House,
1965)).

Phil: Can we couple being to an aristocratic attitude, and becomingto a
demacratic?

Mat: Guessso. Martin HeideggersBeing and Time has been connected
to the repressiwe authoritarian society of National Socialism. | think Putin
views himself as being the leader of Russia, while Hillary Clinton views
herselfas becoming the leader of the US.

FIGURE 28.2. Being-in-Becoming.
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Triumph of Mathematics

Perhaps it would be necessarynow to try to invent placesfor teach-
ing and researd outside the university institutions. { Still today, |
cannot crossthe threshold of a teaching institution without physical
symptoms, in my chest and my stomach, of discomfort or anxiety.
And yet | have never left school. { Why is it the philosopher who
is expected to be easier and not some sciertist who is even more
inaccessible?{ As soon as there is language, generality has entered
the scen.{ Whoever said that one was born just once?{ (Derrida)

A photograph is always invisible, it is not it that we see.(Barthes)

Mat: Viewing rate of time to be more fundamertal than time, connectsto
the post-modern deconstruction of the constructive idealism of modernity.
In mathematical terms, time results from integration of rate of time, which
is a constructive cumulative processadding little increments of time to get
glokal time. Similarly, integrating velocity over time you get the distance,
recalling that velocity is the derivative of distance with respect to time.
You may view rate of time as a deconstructed version of time; when you
deconstruct you break down into pieces,and when you construct you put
piecestogether.

Phil: This is like viewing the whole as being the sum of the pieces,or
(equivalertly), the sum of the piecesbeing the whole. Summing is like
integrating.

Mat: Yes,this is the meaning of the Fundamertal Theorem of Calculus:
Integrating the derivative of a function, you get badk the function. Or
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equivalently, di erentiating the integral you get the integrand (what you
integrate). Thus you can view integration and di erentiation as inverse
operations: If you rst integrate and then dierentiate, (or vice versa),
then you get back what you started with; the integrand (the integral). You
learn this in high school: The derivative of the integral of an integrand, is
the integrand. The integral of a derivative of a function, is the function.

Phil:  Then deconstructionis like taking the derivativ e, breaking down into

pieces,and construction would be like putting piecestogether. It is natural

to view the piecesas being more fundamertal, more basic to our under-
standing, while the the result of a constructive processof putting pieces
together is lessfundamertal in the sensethat it requires a construction,

a summation, an integration, to be performed. When baking a cake the

ingredients are basic and the cake is the integrated result of putting the

piecestogether. Collecting ingredients may be trivial, while baking a cake
can be an art.

Mat: The whole of medanics can be viewed this way. The basic equations
of motion arerate of time laws sudh asNewton's secondlaw ma = F, where
m is mass a is acceleration, which is the derivative with respect to time
of the velocity, which is the derivative of the distance, and F is force. By
integrating theserate of time equations of motion, you can determine the
velocity and distancetraveledof an object of massm acted upon by a given
force F. For instance you can compute the future position and velocity of
the planets in our solar system, knowing their positions and velocities at
an initial time, by integrating the equations of motion.

Phil: We know that Calculus was developed by Leibniz and Newton as a
languageto expressequations of motion, in the form of di er ential equa-
tions involving derivatives,suc as Newton's secondlaw. The all-time high
of mathematics was reached when Newton solved the two-body problem
with a small body orbiting a big body under gravitational attraction, like
the Earth orbiting the Sun, and showing that the trajectory is an ellipse,
thus in one shot proving Kepler's laws:

The orbit of the small body is an ellipse with one foci at the big body.
The radius joining the bodies sweepsequal areas in equal times.

The squake of the period is proportional to the cule of the mean dis-
tance.

Peoplewere amazedto seeNewton play the role of God telling the planets
how to move.

Mat: Newton's formidable unpresedened successforstered a Dream of
Calculus, which has carried mathematical analysisinto our time, to solve
di erential equationsby analytical techniquesof integration writing formu-
las on piecesof paper. But that dream of Calculus has remained a dream,
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FIGURE 29.1. Our Solar system

becauseanalytical integration is possiblein simple model problems. What
is remarkable is that today the Dream is being ful lled: The computer can
solve any di eren tial equation by carrying the necessarysummation simply
by computing, adding one incremert to the next to get the desired inte-
grated quartities. This way you can today simulate complex phenomena.
The outstanding open problem of turbulence is just now being solved that
way. | caninform you about this later. | am sure you are all ears.

Phil: Solving the mystery of turbulence by computation? Yes,that should
be possible. After all what can the World be but some form of compu-
tational process,where the new presert is computed from the previous
presert in an eternal time-stepping.

Mat: On May 10, 1933- an event unseensincethe Middle Agesoccursas
German studerts from universities formerly regarded as amongthe nest
in the world, gather in Berlin and other German cities to burn books with
"unGerman" ideas, a form of deconstruction or rather destruction. Books
by Freud, Einstein, Thomas Mann, Jack London, H.G. Wells and many oth-
ersgoup in ames asthey givethe Nazi salute. In Berlin, Nazi Propaganda
Minister JosephGoebbels gave a speed to the studerts, stating...

The era of extremeJewishintel lectualism is now at an end. The break-
through of the German revolution has again cleared the way on the
German path...The future German man will not just be a man of
books, but a man of character. It is to this end that we want to ed-
ucate you. A s a young person, to already have the courageto face
the pitiless glare, to overcome the fear of death, and to regain respect
for death - this is the task of this young geneation. And thus you
do well in this midnight hour to commit to the ames the evil spirit
of the past. This is a strong, great and symtvlic dead - a deed which



108 29. Triumph of Mathematics

FIGURE 29.2. Deconstruction/destruction in 1933

shoulddocument the following for the world to know - Here the intel-
lectual foundation of the Novemler (Democratic) Republicis sinking

to the ground, but from this wreckagethe phcenix of a new spirit will
triumphantly rise...

Over a hundred yearsearlier, the German-Jewishpoet, Heinrich Heine, had
stated: Where booksare burned, human beingsare destined to be burned too.



30

Initial ValueProblems

Only by taking in nitesimally small units for obsenation (the dif-
ferential of history, that is, the individual tendencies of men) and
attaining to the art of integrating them (that is, nding the sum of
these in nitesimals) can we hope to arrive at the laws of history.
(Leo Tolstoy)

We may regard the presert state of the universe as the e ect of
its past and the causeof its future. An intellect which at a certain
moment would know all forces that set nature in motion, and all
positions of all items of which nature is composed, if this intellect
were also vast enough to submit these data to analysis, it would
embrace in a single formula the movemerts of the greatest bodies
of the universe and those of the tiniest atom; for such an intellect
nothing would be uncertain and the future just like the past would
be presert before its eyes. (Laplace)

Phil: Let us sum up: We have the A-theory of past{presen{future, the
B-theory of earlier-later, and the R-theory of the presert.

Mat: Yes, and in particular the R-theory connectsto the great mathe-
matician Laplace'sideathat if you know the positions (and velocities) at a
certain momert of all the atoms in the World, then you can (in principle)
predict their positions (and velocities) in the next momen, and soon into
the future.

Phil: | see:Newton's law ma = F determinesthe acceleration,the rate of
changeof the velocity, which allows you to time-step the velocity and then
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the position. The basiclaw ma = F thusis a rate law for the velocity in
terms of the force, in which there is no needof accurnrulated time, or history:
All you needto know to take a step into the future is the preser, and the
past plays no role (if the force only dependson the presen position).

Mat: Yes, mathematically this comesout as describing the World as an
initial value problem wherethe future is determined from the presen, and
not from the past. This is how a weather prediction is made by computing
temperature, velocity and pressureof the air onetime step after the other
using Newtonian mecahnicsstarting from measuredpresen values.

Phil: OK, maybe the material World results from a nite precision solu-
tion of an initial value problem. But in a world of ction or thoughts, the
past can seemto in uence the future. Howewer, the past may have to pass
through the window of the presert to have an impact on the future. The
pictures in your photo alboum may changeyour decisionstoday, if you look
into the album today, or rememnber the pictures today, but if you don't,
then the mere existenceof the photos or the memoriescannot change any-
thing tomorrow; they are inactive soto speak until they are brought into
the light of a (trans xed) presen.

FIGURE 30.1. Irreversible processof stirring a soup.

Mat: Yes,the light upoon the actor on the sceneis only temporary. Sud-
denly, the curtain falls... The presert is like a window to the future through
which everything somehav hasto passby time-stepping, in order to have
an impact. This aspect is very obvious as concernsthe data on your hard
disk; to keepit to coming generationsyou have to cortinually redo the
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storage.Only the presen hard disk existsin a material sense.The data on
a crashedhard disk doesnot exist, neither the storage device of tomorrow.

Phil:  Sowhat aspectson an initial value problem determine an Arrow of
time?

Mat: Good question. Princip e Perfeito givesan answer basedon a certain
form of stability referred to edge stability, something between stable and
unstable. In an edgestable problem little causesmay have large pointwise
e ects in both forward and backward time, but certain mean-\values are
stable only in forward time which determinesand Arrow.

Phil: Edge-stable?Can you give an example?

Mat: Sure: When you stir milk into your co e the exact distribution of
speci c little volumes of milk is impossibleto cortrol or predict, but the
result of the stirring of a brownish mix is very stable. No matter how you
stir, the result is a cafelatte. And the reverseprocessof unstirring is very
unstable. Sothere is one aspect, the stability of mean-walues,which de nes
the Arrow. The ewlution of the weather is also seemsto be edge-stable,
partly predictable partly not.

Phil: Waiter, co ee and milk please!We are going to make an experimert!

FIGURE 30.2. Edge stability by Zorn.
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Clocks

Neverthelessbe it remarked, that even a Russian steppe has tumult
and gold ornaments; also many a scenethat looks desert and rock-
bound from the distance, will unfold itself, when visited, into rare
valleys. Nay, in any case,would Criticism erect not only nger-p osts
and turnpik es,but spiked gatesand impassablebarriers, for the mind
of man? It is written, "Many shall run to and fro, and knowledge shall
be increased.' Surely the plain rule is, Let each considerate person
have his way, and seewhat it will lead to. For not this man and that
man, but all men make up mankind, and their united tasks the task
of mankind. How often have we seensome such adventurous, and
perhaps much-censuredwanderer light on someout-lying, neglected,
yet vitally momentous province; the hidden treasuresof which he rst

discovered, and kept proclaiming till the general eye and e ort were
directed thither, and the conquestwas completed;{thereby, in these
his seemingly so aimless rambles, planting new standards, founding
new habitable colonies, in the immeasurable circumambient realm
of Nothingness and Night! Wise man was he who counselled that
Speculation should have free course, and look fearlessly towards all
the thirt y-two points of the compass,whithersoever and howsoever
it listed. (Thomas Carlyle in Sartor Resartus)

Phil: Thinking of clocks and time-keeping,what is our modern scciety, but
a sequenceof coming, meeting and parting, intermixed with sometime for
sleep,all regulated by clocks? If you are not at the right spot at the right
time, you'll missthe train. If we agreeto measuretime o w by clocks, then
the construction of a clock might tell us something about time. What is
then a clock?
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Mat: Well, that can be debated of course,unlesswe simply say that it is
the standard cesiumclock here at Atomic Clock Cafe. But more generally,
we can say that any repetitiv e procedure can be viewed as a clock: your
heart beat, your foot steps, your breathing, the rotation of the Earth, the
Seasonsyou nameit.

Phil: Fine, but what is then a repetitive process?

Mat: Well, it seemsto me that such a processcomesout of som form
of dissatisfaction with status qua. We know that life here at the cafeis a
repetitiv e process:eat a cake{digest a cake{desire a new cake{eat a cake{
digest a cake.... Soit goes, cake upon cake, day after day. You newer get
really satis ed for good. You can also say that this form of cake addiction
represerts a vicious circle: you always get badk to where you started.

Phil: Yeah, another exampleis walking, putting onefoot foot aheadof the
other, in a continued e ort not to fall on the nose, becauseequilibrium
is never satis ed sinceyou are leaning slightly forward. Of course,in this
processyou are advancing forward, but the position of your feetis repeated.

Mat: Similarly, you can view the motion of a pendulum swinging badk and
forth as an endlessprocessresulting from the dissatisfaction of staying in
either top position or the bottom position.

Phil:  OK, solet us now look into the construction of a medanical clock.
We all know that mechanical clocks go by periodic ticks, regulated by some
sort of oscillator like a pendulum, onetick at a time, onetick per second
for example. Thus a mechanical clock is really digital showing a sequence
of discrete instants of time which can be digitally numbered one after the
other in hours, minutes and seconds:12:00:00,12:00:01,12:00:02¢et cet.
Digital clocks are controlled by an oscillating quartz crystal, and also show
digital time. From this perspectivetime o w seemgo be discrete,seemingly
jumping from one secondto the next.

Mat: Of coursethere are clocks also shawing fractions of a second,but still
they are discrete or digital. The most precisedigital clocks have a period of
nano-secondg0.000000001seconds),like the cesium clock here at Atomic
Clock Cafe. The GPS systemrequiresclocks of this precision, and we know
that it works amazingly well.

Phil:  The incentiveto develop medanical clocks in the 18th certury, came
from the necessiy of keepingtrack of time to determine your longitude at
sea.The British Parliament o ered a hugesum (6 million Poundsin todays
value) for its solution, and half of it was evertually awarded to John Har-
rison, the inventor of the famous maritime chronometers named H1-H4.
You can follow the dewvelopmert of an ever ner time chopping in track
sports: When Oxford and Cambridge met in March 1864 for the world's
rst dual track meet, the racesweretimed in quarter seconds.In the 1912
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Olympics in Stockholm, experiments were made with photographic-electric
timers clocking tenths of a second,and in the 1924 gamesin Paris, instru-
mernts were intro duced capable of resolving hundreths. But not until the
1960 Rome Olympics were handheld times abandonedand electric results
acceptedasocial. Today, it is not uncommonthat two runnersin a 100
m dash, get the sametime in hundreths of a second,so the next step will
be thousands, allowing you to crown the winner by the thicknessof the
dental enamel.

Mat: It is clear that the modern industrial demaocratic society requires
the actions of millions of peopleto be coordinated, in time and space,and
this can only be accomplishedby supplying ead individual with a clock.
To learn to read the clock, and follow it, is a most essetial elemeri of
education, which you are confronted with during your rst scool years,and
then struggle with, more or less,the rest of your life. Today, everybody has
a digital clock, but to get the industrial revolution going, handheld clocks
had to beinvented, an invention of maybe the samedignity asthe wheel.

Phil: In anciert time you had sun-dials, water clocks (clepshydra), sand
clocks (hourglasses),which are all dierent forms of analay clocks where
a continuous o w or motion of somematerial is usedto measurethe ow
of time. Sudc clocks are imprecise and impossibleto o er to the masses
in the form of handheld clocks. Su Song, renowned Chinese statesman,
astronomer, cartographer, horologist, pharmacologist, mineralogist, zoolo-
gist, botanist, medanical and architectural engineer,and ambassadorof
the SongDynasty (960-1279AD) designedand let build a huge clock, 40
feet high, powered by a special water wheel. Buckets around its rim were
lled, oneat atime, by a steady o w of water. When eat bucket washeavy
enoughto trip a medanism, it fell forward { carrying the bucket behind it
into place under the water spout. And the processrepeated. The weight of
the buckets exerted enoughforceto activate all sorts of displays. Su-Sung's
wonderful clock, with its tick-tock motion, was quite accurate. It looked a
little like the medanical clock which wasn't invented for another 200years
in Europe. Su-Sung'sclock was stolen when invading Tatars put an end to
the Sungdynasty in 1126.The Tatars weren't able to getit running again,
and the high art of Chineseclock-making completely disappeared.But even
before the Tatar invasion, Taoistic reformers had comeinto power. They
saw fancy clock-building aspart of the older regimeand did little to sustain
it. Su-Sung'sbook on the operation of his clock didn't surfacein the West
until the 17th certury. By then, of course,the Western mecdanical clock
was light-y earsaheadof it.

Mat: Yes,the mechanical clock helpedthe WesternWorld to take the lead
in the industrial revolution. The basic principle is a gear train of wheels
and pinions combined with an oscillating devie cortrolling the motion of
the gear train in a stop-and-go fashion, referred to as the es@apment or
Zeitnormal. This is a form of digital clock with a tick-tack motion of the
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geartrain controlled by an oscillator. The essencds of course,the design
of the escaemert keepinga steady beat. The rst anchor es@pement used
in a medanical clock was designedby Robert Hooke (1635-1703)around
1657, in London, which catalyzed a rapid successionin clock and watch
escamert designsover the next 50 yearsthat revolutionized timekeep-
ing. The developmert of the escapmen by generationsof horologists was
largely an empirical trial-and-error process.Eventoday, the understanding
of the dynamics of linkagesunder impact, friction, and other realistic ef-
fects, is incomplete. An escaemert mechanism is a speedregulator, and it

usesfeedbadk to obtain precision operation despite imperfect componerts.
The presenceof feedbad is realized by the interaction betweenthe escape
wheel and the escape arm, which interact according to their relative po-
sition and velocity. This interaction can be seenin Fig. 31.1 displaying a
verge-and-foliot escagmen. The control medcanism consists of an oscil-
lating device (foliot) that prevents the gear train (verge) from rotating,

except at speci ¢ intervals, when it releasesone tooth of the last gearin

the train. By cortrolling the rate of rotation of the gears,it is possibleto
usethis deviceto measuretime by incorporating an indicator and a scale
at the end of the shaft of one of the gears.

FIGURE 31.1. Verge (to othed wheel) escagemert with foliot (horisontal arm).

Phil:  The basic mechanism to set the paceis a pendulum Galileo found
that the period of oscillation is approximately independert of both the
amplitude of vibration and the weight of the pendulum, and only depends
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on the length L and the accelerationof gravity g: The period is

T=2" =g

sothat a pendulum 23cm long hasa period of 1 second.Christiaan Huygens
wasthe rst to make a practical pendulum clock, by allowing the vergeto
drive a pendulum instead of a foliot. The pendulum clock is a stationary
clock, and someother oscillator had to make the clock truely portable by
a person. Robert Hooke invented the balance wheel and hairspring, which
oscillated reliably even while being moved about (Huygens' invertion of
1675 was probably independert). This was really a developmert of the
foliot, renderedoscillatory by the spring.

Phil: Of coursethe subject of medanical clocks is endless,and very in-
teresting, but for the moment | hope that we can stick to principles: The
period of a pendulum is determined by its length and the force of gravity,
and thus can be usedto set an objective rate of time. That is enoughfor
me. But of coursel would like to understand how you can derive the for-
mula for the period? It includesboth pi and a squarerat and looks pretty
complicated. Is it?

Mat: No it is not. It will be a true pleasureto presert the proof, very
neat, short and simple. But | will haveto keepyou in suspensionfor some
time...we have to go step by step very carefully...
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Walking

Me thinks that the moment my legs begin to move, my thoughts
beginto ow. (Henry David Thoreau)

Mat: | have the feeling that the dynamics of walking tells us something
about time.

Phil: Could be. Do you meanthat the fact that you are advancing forward
when you walk, may represen that time is moving forward?

Mat: Yes,that may the connection. The essenceof walking is of courseto
advance,and | guessyou do that by slightly leaning forward, sothat you
tend to fall on your nose,which you compensate by repeatedly taking a
step forward.

Phil:  You might say that there is a tendency, by the inequilibrium resulting
from leaning forward, to move forward, to take another step forward to seek
to balancethe inequilibrium. Can you similary seea step forward in time
asresulting from a needto balancesomeform of inequilibrium? That soto
speak the presen is leaning forward and to compensatetime takesa step
forward in seard of equilibrium?

Mat: Yes,that is not a bad idea. You can connectit to Princip e Perfeito
by coupling the idea of easyforward step and a dicult badkward step,
with the idea that the presen is leaning forward. And the inequilibrium
with dissatisfaction. The presen is not satis ed, is not in equilibrium, and
thustakesa step forward in time in seard of equilibrium, and soon.... Yes,
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what is life but a fruitless seard for equilibrium, for satisfaction... until the
urge is gone...

Phil: I think we are touching something essetial here... By the way, it
seemsan urge is growing in me, an urge to take another cake. What about
you?

FIGURE 32.1. Principle of walking by (slightly) leaning forward



33
Change

All changes, even the most longed for, have their melancholy; for
what we leave behind us is a part of ourselves; we must die to one
life before we can enter another. (Anatole France)

Mat: | readin the newspaperthat welivein atime of change.Everything is
changing, the global climate, telecom, fashion, life styles, moral, you name
it. Swedish people are supposedto be particularly opento change.

Phil: Yes, apparertly we are living in a changing world, and then it may
seemparadoxical to ask, how on Earth is change possible.But we should
then remenber that we were hiding in the cavesfor about hundred thou-
sand years, before anyone got the idea that anything could be changed.
Maybe changeafter all is something quite delicate?

Mat: You may be right. Maybe perpetual changeis in a way contradic-
tory. But we have agreedthat time and changeare closelyrelated; without
changethere is no time. Sohow is it then possiblefor the arms of a clock
to change position indicating that time is passingwith one present being
replacedby a next present without end?

Phil:  This must be the most essetial question of all to answer. If we are
not capable of changing the way we live, how are we going to cope with
the threat of global warming? Or of global terrorism?

Mat: We have said that a systemwhich is not in equilibrium, will have a
tendencyto changesoasto nd equilibrium. Everything is seekingequlib-
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rium. Why? Is this a generalprinciple? Probably so, a sort of trivial prin-

ciple basedon semariics. If you are in equilibrium, then you are satis ed

and do not seekto change anything, while if you are not in equilibrium

then there is something with which you are not satis ed with and since
you are a rational being, you will seekto do somethingabout it. If you are
not satis ed with the way you look, you will get a facelift done,right? You
will seekto changeyour weary looks. When the apple is no longer satis ed

hangingin the air, it will fall to the ground. How canyou reducethe energy
consumption when at each momert nothing happens?

Phil: But | am quite satis ed. | am in equilibrium. | don't want to change
anything. | am perfectly happy.

Mat: Congratulations! But not everyoneis as satis ed asyou are. There
will always be peoplewho are not satis ed and who will seekchange.

Phil: | guessyou are right. And we have to do something about global
warming. So we have to solve Zeno's paradox asking how an arrow can
move when it at ead instant standsstill? How is changepossible,when at
ead instant nothing changes?

Mat: Yes,we will have to comeback to that. Right now | feel we have to
get somefresh air and open our minds to somefresh input.

FIGURE 33.1. Possibilities of change.
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Information

The evidence about Saddam having actual biological and chemical
weapons, as opposedto the capability to develop them, has turned
out to be wrong. | aknowledge that and accept it. | simply point
out, such evidencewas agreedby the whole international community,
not least becauseSaddam had used such weapons against his own
people and neighbouring countries. (T ony Blair, 2004)

Mat: It is natural to view any processas someform of information pro-
cessing In particular, it is natural to expect a connection betweenthermo-
dynamics and information theory. This idea was pursued by Claude Shan-
non (1916-2001)when forming a theortical basisfor information theory in
his Mathematical Theory of Communication from 1948.Shannongave the
concept of entropy in thermodynamics an interpretation as a measureof
disorder of a string of information to be communicated. Information with
a lot of entropy would then require more e ort to communicate in terms
of signal band-width and/or time.

Phil:  Of course, Shannonsinformation theory used the notion of nite
precision of digital information directly measuredby the number of digits
in digital represenation (like the number of pixels in an image), with a
direct connectionto the cost of communication.

Mat: The physicist Rolf Landauer (1927-1999)stressedthe necessiy of
erasing nite precisiondigital information, in order not to get drowned by
digits, and made an interpretation of the erasureof information as an ir-
reversible increaseof entropy. We all know that without erasure,our hard
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disk will get full, sowe understand that Landauer said something impor-
tant. If you eraseinformation it is will not be possibleto recover, so be
careful with this operation. But is it really necessaryto eraseinformation.
Can't you just get a bigger hard disk?

FIGURE 34.1. The irreversible processof a wave breaking on the shore.

Mat: In an edgestable process,on the border betweenstability and insta-
blity,

(i) small-scale information is necessarilyproduced,

(i) small-scaleinformation hasto get erased.

The novelty is the inevitable production of small-scaleinformation, which
re ects the weak stability of an interesting system. This re ects our mantra

of \ nite precisioncomputation and stability". And small scaleinformation

is costly to store becausét requiresmany digits becauseof the small scales.
Get the idea?

Phil: Sure. We know that there are many interesting processesn Nature,
and accordingto our mantra suc processewill have to involve erasureof
small-scaleinformation in order not to get boggeddown and simply stop
functioning: The show must go on and cannot be stopped by petty details.

Mat: The braking of a wave on a shoreillustrates both (i) and (ii): When a
big beautifully shaped wave approadchesa shore,it getssteeper and steeper
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until it nally tips over, and breaksinto turbulent messof small vorticies
which \disapp ear" asthe wave recedes.

Phil: Every living creature createswaste, a household produceswaste, a
saciety producesa lot of waste, and all this seemsmpossibleto avoid. Life
produceswaste, and waste consistsof small-scalepiecesof junk. You have
to throw old newspapers not to get drowned in paper, or usethem to heat
your house, and when you do that you destroy information, irreversibly.
Life is an irreversible processbecauseit createsinformation by destroying
information. That is the 2nd Law. In Plato's perfect society, no waste is
produced, but this society doesnot exist. Only the existing scciety exists,
and cannot exist without producing waste. This is an existertial question.

FIGURE 34.2. Recycling of waste
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CapitalisticEconony

The forcesin capitalist society, if left unchedked, tend to make the
rich richer and the poor poorer. (Jawaharlal Nehru (1889-1964), In-
dian Premier Minister)

The inherent vice of capitalism is the unequal sharing of blessings;
the inherent virtue of socialism is the equal sharing of miseries. (Win-
ston Churchill (1874-1965))

The importance of money o ws from it being a link from the presert
to the future. (John Maynard Keynes)

Entrepreneurs and their small enterprises are responsible for almost
all the economic growth in the United States. (Ronald Reagan)

Phil: We all know that you haveto pay interest on a loan, but why is this
necessary?

Mat: Well, to seekan answer let us make a reversibility test: Supposewe
change the direction of time in your morgageplan for your house. Then
you would receieve the interest instead of paying it! Wonderful, but you
probably say that would be a bit too good to be realistic. It would be like
having a negative interest rate. The Japaneseeconony has beenapproad-
ing zerointerest rate, but the rate hasremained positive. With a negative
interest rate, you would earn more the more debts you would have, which
would lead into an exploding spiral of debts and revenues. An econony
with negative (or zero) interest rate would be unstable, and thus can not
exist over long time.

Phil:  Sothe Arrow of an econony is de ned by positive interest rate!
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Mat: Yes,a capitalistic economy works that way, as comparedto a sccial-
istic plan economy, without interest. In a capitalistic econony indidividuals
or groupsof individuals can make moneyfrom a (more or less)unique prod-
uct or service,that is, by di er entiation. This is Adam Smith's free-market
system with its \in visible hand" through which the pursuit of private in-
terest promotesthe public good. In a socialistic econony nothing of this is
possible,becauseeverybody is equal and di eren tiation is not allowed.

FIGURE 35.1. World distribution of wealth.

Phil: A capitalistic econony can grow by di eren tiation through division
of labor and specialization, making somepeoplevery rich. But stability is
an issue.

Mat: The Federal Resene Bank of New York monitors the interest rate
with the aim of generating a steady stable growth. A lower rate will accel-
erate the economq and a higher rate will slow down the econony, and a
zero or negative rate is not allowed. A capitalistic econony is edge stable
in the sensethat it allows di erentiation and cortrols it by tax and inter-
est. Similarly, the Swedish state allows consumption of alchohol, to make
saciety go round, but seeksto control it by taxes. There is also an aspect
of nite precision related to the degreeof di erentiation which is allowed,
which could be measurede.g. by comparing the salary of a CEO with that
of an ordinary employee. A capitlistic econony thus is an example of a
processcombining nite precision and edgestability.
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FIGURE 35.2. Capitalistic vs socialistic econony.

FIGURE 35.3. Economy as a subsystem of a global ecosystem.
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Mat: Dieren tiation results from sharpening of di erences, and to get
started you needsomeinitial di erences which you can sharpento increase
di erentiation. This is becausethe di ereniation is doneby processe®f mi-
gration or mixing, which is di erent from simply di erent rates of growth.
Toillustrate we considera basicexample:Let usline up 8 runnerstransver-

FIGURE 35.4. Capitalism: Runner 1 to 8 lined up for a 100m dash ordered
according to speed, with the fastest runner on track 1 and the slowest on track
8, and with a dierence of 0.1 secondsin total time between two consecutive
runners and 0.7 secondsdi erence betweenrunner 1 and 8.

sally on atrack for a 100mdash, accordingto their repspective speeds,with

the fastestrunner ontrack 1 and the sloweston track 8, with a linear distri-

bution in betweenwith 0.1 secondsdi erence in nal time betweennearby
runners, seeFig. (35.4). Start the dash start and assumethe runners stay
on their tracks. They will then line up at the end with the samelinear
distribution of speedtransversally. If the runners are no longer required to

stay on their tracks, a slight displacemen during the race can changethe
transversal ordering at the end, sothat the fastestrunner endsup next to

the slowest. If this happens, then the di eren tiation has been sharpened
from 0.1to 0.7 secondsby migration only, and not by changing the speeds
of the runners. We thus understand that di erences may get sharpenedby
migration. Sharpening of di erence can arise by migration from one popu-
lation into another, of people,goods or ideas. But the sharpnesshasto be
limited by tax and interest.

Phil: Sodi erence feedsdi erence, or more precisely large scaledi erence
opensthe possibility of smaller scaledi erence which opensthe possibility
to smaller scaledi erence. A big compary is surrounded by a range of of
smaller companiesall the way down to one-person companies,with ead
compary feeding on the next bigger compary in the scale.But there is a
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W

FIGURE 35.5. Principle of migration: track on top slowly approaches track at
the bottom and the relativ e di erence is increased.

limit to the smallnessof a compary, becauseone person cannot run very
many companies,and with many little productive will comeout, just sweat
and frustration.

Mat: Yes,big vortices generatesmaller vortices on a range of scalesdown
to smallestvortices represerting heat.
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Time-Reriadic and Cyclic Processes

A time-periodic is a processwhich returns to a previous state after some
time and then repeatsitself. The seasonsvariations is a time-periodic pro-
cess.In a cyclic processa substanceis moving in a closedloop and returns
to a previous location after sometime. There are many cyclic processes
including

the ow of moneyin an econony, seeFig. (36.1),
the carbon-oxygen cycle, seeFig. (36.2),
the nitrogen cycle, seeFig. (??).

The lossesin a cyclic or time-periodic processde ne the Arrow of Time of
the process.A lossy periodic or cyclic processis thus irreversible, although
it repeatsitself. Of coursethis requiresinteraction with the environment to
compensatefor the loss. A closedsystem, without any interaction with any
ernvironment, cannot be both irreversible and period/cyclic, but an open
systemwith interaction can.

Mat: A time-periodic processmay be viewed to represen circular time,
like a classicalclock with a period of 12 or 24 hours, while a digital clock can
be viewed to represen linear time always increasingand never returning.

Phil:  You may (convertionally) connectlinear time with the psychology of
a result-oriented male always seekingto cometo a nal conclusionat the
end of a line, and periodic time with female psychology understanding the
dynamics of birth, life, death and new life in a circular process.
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FIGURE 36.1. Cyclic ow of money.

FIGURE 36.2. The carbon-oxygene cycle
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FIGURE 36.3. Female conception of time.

FIGURE 36.4. Male conception of time.
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Streamof Consciousness

In its entiret y, probably, it follows us at every instant; all that we have
felt, thought and willed from our earliest infancy is there, leaning over
the presert which is about to join it, pressing against the portals of
consciousnesghat would fain leave it outside. (Henri Bergson)

Phil: Presertism, or eternal presertism, connectsto the literary style of
stream of consciousnessalso referred to as interior monologue pioneered
by JamesJoyce. It is characterizedby a o w of thoughts and images,which
may not always appear to have a coheren structure or cohesion.The plot
line may weave in and out of time and place, carrying the reader through
the life span of a character or further along a timeline to incorporate the
lives(and thoughts) of charactersfrom other time periods. Writers who cre-
ate stream-of-consciousnesworks of literature focuson the emotional and
psydological processeghat are taking place in the minds of one or more
characters. Important character traits are revealedthrough an exploration
of what is going on in the mind.

Mat: Yes, the concept of stream of consciousnesswvas used by William
Jamesin 1890to describe the unbroken o w of thought and awarenessof
the waking mind, and then got usedto describe a special mode of narration
that undertakesto capture the full spectrum and the corntinuous ow of a
character's mental process,senseperceptions mingle with consciousand
half-consciousthoughts and memaories, experiences,feelings and random
assaiations, without resorting to objective description or cornvertional di-
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alogue.Eduard Dujardin's Les lauriers sont coupe is credited by Joyce as
the rst exampleof this technique.

Phil: Its forerunner was the psydcological novel as exemplied by Marcel
Proust's Remembance of Things Past, which had an enormousin uence
on many sud novelists. Another forerunner was Henry James, brother of
William Jamse,who created what he called a \central consciousness'dr a
governing intelligence, a character that he would stay with throughout a
story or novel and whosemind we would thusbe limited to in our perception
of the action of the novel. The subject of these novels often was precisely
the inner thoughts and emotions of the character rather than any external
ewvents. Long passageswould be dewoted to the rendition of these inner
states of mind, such asin the famous reside scenein James'sPortrait of
A Lady wherein Isabel must consider her choices.

Mat: The shift in emphasisto the inner lives of characters during the
late Victorian period and in the modern period has often beensaid to be
related to a growing shift away from a belief in an independen, absolutely
veri able external reality. The breakdown of religious faith after Darwin
and in certain forms of sciertic certainty after Heiserberg, Einstein, et
al. also paralleled these gradual shifts of emphasisin the arts. A loss of
con dence in absolutes,in political authority, scierti ¢ authority, religious
authority, or indeed even the authority of a unied subject or identity
(with the rise of psydology during the 1920s)all can be related to some
extent to the shifting practicesand innovations in artistic and literary form.
Quite a few novels used interior monologue or the free indirect style in
their rendition of a certral character's perceptions of the world and inner
thoughts in response.

Phil: The di erence in stream-of-consciousnesss that the attempt is to
renderthe thoughts "as they fall" upon the mind (seeWoolf's "Mo dern Fic-
tion"). Thesethoughts asthey fall, in random, free, unstructured, chaotic,
and eveninchoate or nonverbal form{these are the purest fragmerts or mo-
mernts of sensationand being. The novelist using stream-of-consciousness
seeksto create the illusion that we are overhearingthe o od of sensations
and uncensored pre-rational thoughts within a character's mind beforethe
character hasorderedthem into any coherent form or shape. Thus the nov-
elist will dispensewith grammar, with logic, with neat, orderly sertences
and predictable pauses.Joyce lets Molly Bloom run on for one extended
sertence of 64 pagesin Ulysses.Woolf refersto this aspect of stream of
consciousnessvhen shetalks to the readerin "Character and Fiction" and
says that "in the course of your daily life this past week you have had
far stranger and more interesting experiencesthan the onel have tried to
describe. You have overheard scraps of talk that lled you with amaze-
mernt. You have goneto bed at night bewildered by the complexity of your
feelings.In one day thousands of ideas have coursedthrough your brains;
thousands of emotions have met, collided, and disappearedin astonishing
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disorder.” | say "illusion" becausethe novelist of course does shape this
collection of thoughts into the appearanceof shapelessnessWoolf in her
novels tries to suggestthis o od of the daily internal experiencesof any
ordinary person, an experience wherein thousands of ideas have coursed
through your brains; thousandsof emotions have met, collided, and disap-
peared in astonishing disorder. Stream of consciousnesss the rendition of
the astonishing disorder of our minds. | would argue that perception itself
becomesthe focus of these novels.

FIGURE 37.1. Stream of consciousness.
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Memory

Memory is deceptive becauseit is colored by today's everts. (Ein-
stein)

Memory... is the diary that we all carry about with us. (Oscar Wilde)
Every man's memory is his private literature. (Aldous Huxley)

It's a poor sort of memory that only works backwards. (Lewis Car-
roll)

Time and memory are true artists; they remould reality nearer to
the heart's desire. (John Dewey)

Life is all memory, except for the one presert moment that goes by
you so quickly you hardly catch it going. (T ennesseéNilliams)

Yesterday's just a memory, tomorrow is never what it's supposedto
be. (Bob Dylan)

The heart's memory eliminates the bad and magni es the good.
(Gabriel Garcia Marquez)

Although computer memory is no longer expensive, there's always
a nite size buer somewhere. When a big piece of news arriv es,
everybody sendsa messageto everybody else, and the buer lls.
(Benoit Mandelbrot)

I do have a blurred memory of sitting on the stairs and trying over
and over again to tie one of my shoelaces,but that is all that comes
back to me of school itself. (Roald Dahl)
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Their memory's like a train: you can seeit getting smaller asit pulls
away And the things you can't remember Tell the things you can't
forget that History puts a saint in every dream. (Tom Waits)

The life of the deadis placed in the memory of the living. For what is
man's lifetime unlessthe memory of past events is woven with those
of earlier ... (Marcus Tullius Cicero)

Memory is the real name of the relation to oneself,or the aect of
self on self. (Deleuze, Foucault)

FIGURE 38.1. Memory allocation of character attributes

Mat: | think of a memory somehav stored in my brain as someform of
image or represertation or scer of a frozen moment kept to a later time,
likeaphoto kept in a photo album. Or someform of time-sequenceof images
likeaclip of video Im. It canalsobeafunny story about a family evert kept
in the collective memory of the family. To record and store memories, in
your brain and your computers hard disk, or more generally information,
requires both work and physical space. To maintain stored information
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requiresmore work, becausestored information hasa tendencyto degrade.
To securethat your hard disk will be kept into the future requiresattention.

Phil: Yes,you are right. More precisely individual memory can be viewed
to consistof:

personal memory of everts in the past, which gure signi cantly in
our self-descriptions,also called episadic memaory,

cognitive memory of things we learnedin the past, also called seman-
tic, or categorical memory,

habit-memory of capacitiesto reproduce performances,like riding a
bicycle, also called procedural memaory.

Collective memory is found in myths, books, images, Ims, songs.

Mat: Most people do not seemto embrace a o er to relive life very ent-
housiastically. Why?

Phil: Don't know really. Maybe, simply becauseit is impossible. If you
have any hopesin that direction, you should give it up. But H.G Wells'
(1846-1946)Time Traveler delivers the following breath-taking report in
The Time Machine:

| am afraid | cannot conveythe peculiar sensationsof time traveling.
They are exessivelyunpleasant. There is a feeling exactly like that
one has upon a switchlack{of a helplessheadlong motion! | felt the
same horrible anticipation, too, of an imminent smash.As | put on
pace, night followed day like the apping of a black wing. The dim
suggestionof the laboratory seemed presently to fall away from me,
and | saw the sun hopping swiftly across the sky, leaping it every
minute, and every minute marking a day. | supmsel the laboratory
had been destroyed and | had come into the open air. | hada dim im-
pressionof s@ olding, butl| wasalready goingtoo fast to be conscious
of any moving things. The slowestsnail that ever crawled dasha& by
too fast for me. The twinkling suaession of darknessand light was
exa@ssivelypainful to the eye. Then, in the intermittent darknesses)
sawthe moon spinning swiftly through her quarters from new to full,
and had a faint glimpse of the circling stars. Presently, as | went on,
still gaining velcity, the palpitation of night and day merged into one
continuous greyness;the sky took on a wonderful deepnessof blue, a
splendid luminous color like that of early twilight; the jerking sun be-
came a streak of r e, a brilliant arch, in space; the moon a fainter
uctuating band; and | could see nothing of the stars, save now and
then a brighter circle ickering in the blue.
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FIGURE 38.2. Entrance to The Time Travel Machine
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Duration of the Presetf?

The story of life is quicker then the blink of an eye, the story of love
is hello, goodbye. (Jimi Hendrix)

Phil: What is the duration of the presen? 1 second,0.1 secondsthe blink
of an eye, or something else?

Mat: Yes,you can posethis question, but it doesnot make senseat least
not in a metaphysical sensefor a preseriist. The presert in a metaphysical
senséds durationlessor eternal, and is not a snapshotwith a certain shutter
speed. The presert is like a comet dragging along a tail into the past and
the length of the comet with tail is endless.A common mistaken argument
against preserism is that since our phenomenalpresert seemsto a tem-
poral breadth, sotoo doesthe metaphysical present. But this argumert
con ates the distinction betweencontent and its bearer. A written token
of \loud" represers loudness,but the bearer of this content is not itself
loud. In the casethat interestsus, even if we think that the content of our
phenomenal presert represens past and presen things as co-existing, it
remains an open guestion whether our phenomenalpresen qua bearer of
this content has metaphysical extension. A presetist can claim that the
beareris metaphysically durationless.

Phil: But can't wethink of the presert asaworm of nite length constartly
gaining a segmemn at one end while losing one at the other. The length of
the worm would then be the duration of the presen?
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Mat: But this is not the way consciousnessvorks; you carry a tail of (more
or lessbleak) memoriesfrom your youth, sothe length of your worm is like
the tail very long, and thus in a sensedurationless.

Phil: Guessso. Let's talk about something else.

FIGURE 39.1. The blink of an eye and Hale-Bopp comet with tail.

FIGURE 39.2. Durationless worm.



40
Perception®f Perception

To begin with, our perception of the world is deformed, incomplete.
Then our memory is selective. Finally, writing transforms. (Claude
Simon)

Phil: We get our perceptions or senseimpressionsfrom neurons ring nerve
impulsesto the brain. When sailing we feel the wind pressurefrom the im-
pact of air moleculeshitting receptorsin our skin sendingnerve signalsinto
the brain. We seethe light of the setting Sun from the stream of photons
or light wavesentering through the cornea, pupil, lensand vitreous humor,
hitting our retina sending electric signals through the optic nerve along
the visual pathway to the occipital cortex at the badk of the brain, where
the electric signalsare interpreted as an image. We hear the opera aria as
the variations in air pressuregeneratedby the sopranotravel through the
auditorium into our earssetting through the membrane tiny hair bres in
the inner ear into vibration sendingelectrical signal to the brain.

Mat: Yes,our sensesare marvellousinvertions! In all casedt seemssif the
\pressure" or intensity of the impressionis what we sense An \impression"
is clearly a form of \pressure”. It supports the idea that what we directly
sense|is the rate of time, rather than time itself.

Phil: True, but of course,our body also cortains biological clocks count-
ing accumulated time and not just rate of time. When time passedetween
meals,we get hungry on somekind of absolute scale,and whenwe drink al-
cohol, it is not just the rate of consumption, but alsothe total consumption
and assaiated level of intoxication, which cournts. No doubt about that.
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Mat: Yes, this is certainly supported by direct experience.But in jazz
music for example,the intensefeeling of time o w or \swing" or \gro ove",
is at best somekind of timeless experience,at least for the listener, if not
for the soloist who hasto keeptrack of the number of beats (modulo 12 in
a blues) to keeppacewith the other musicians.

Phil:  The compound eyesof an insect like the fruit y are madeup of re-
peating units, the ommatidia, ead of which functions as a separatevisual
receptor. Each ommatidium consistsof a lens (the front surface of which
makesup a single facet), a transparent crystalline cone, light-sensitive vi-
sual cellsarrangedin aradial pattern likethe sectionsof an orange,pigmernt
cellswhich separatethe ommatidium from its neighbors. The pigment cells
ensurethat only light entering the ommatidium parallel (or almost so) to
its long axis reachesthe visual cellsand triggers nerve impulses. Thus eath
ommatidium is pointed at just a single area in spaceand contributes in-
formation about only one small area in the eld of view. There may be
thousands of ommatidia in a compound eye with their facets spread over
most of the surface of a hemisphere.One may wonder what perception of
reality a fruit y has, with its multifaceted 360 degreeview?

FIGURE 40.1. Compound eye of Drosophila melanogaster (fruit ).
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Flow

Got my mojo working, but it just won't work on you

| wanna love you so bad till | don't know what to do

I'm going down to Louisiana to get me a mojo hand

I'm gonna have all you women right here at my command

Got my mojo working, but it just won't work on you

Play on!

Got my mojo working, but it - uh uh - just won't work on you.
(Got My Mojo Working, Muddy Waters)

Mat: The conceptof time isintimately connectedto the conceptof ow. In
psydological terms this is described as a state of mind of being completely
involved in an activity for its own sake, with the ego fading away with
at feeling that \time ies". Every action, movemen, and thought follows
inevitably from the previous one, asin playing tennis or improvising jazz
music, or may playing a computer game.Your whole being is involved, and
you're using your skills to the utmost.

Phil:  Yes, this is a wonderful state of mind, when you are completely
absorbedinto somethingwith a strong feelingof ful imen t and satisfaction.
Not too easy not too hard, just at the right level, sothat you can useyour
potential fully without feeling pressed.Something with the endorphines
probably.

Mat: Of course,giving the students experiencesof o w must be the goal of
every teacher. An important aspectin o wis feed-back Youarein ow when
the feed-bak is just right. But you need feed-bad. Therefore computer
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gamescan put you into o w experience,while listening to tedious lectures
cannot.

FIGURE 41.1. Feed-bak.

FIGURE 41.2. Time awareness
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42
Parmenidesind Herakleitos

If everything when it occupiesan equal spaceis at rest, and if
that which is in locomotion is always occupying sud a spaceat
any moment, the ying arrow is therefore motionless.(Aristotle,
Physics VI:9, 239b5)

Phil: The debate on time goesbadk to early Greek philosophy, where you
nd two radically di erent views: Heracleitos argued for perpetual change
or panta rei, including time change while Parmenides maintained there
was no change and thus neither time nor motion. You can connect Hera-
cleitos perpetual change rst with Democritos atomistic theory underlying
modern physics, and more generally with a demacratic attitude, where a
poor man can get rich and vice versa, and Parmenidesno-change with a
aristocratic attitude with the noble family forever in control of their castle,
land and senants without change. Aristotle essetially took the position
of Herakleitos, and it is logical that Aristotle carefully studied aspects of
demacracy.

Mat: Zenoof Elea (490-430BC), member of the pre-Sccratic Eliatic Sdool
founded by Parmenides, questionedthe concept of change and motion in
his arrow paradox: \How canit bethat an arrow is moving whenit at eath
time instant is still?" Parmenidesand Zenonwere followed Plato seekinga
timelessreality without a ow of time towards death. Parmenidesargued
that if there wasBecoming,athing must grow from nothing into something,
which he regardedto be logically impossible.Parmenideswas opposedby
his contemporary Herakleitos, who claimed that
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All things are in  ux.
Becoming is the very essene of life.

You cannot step twice into the sameriver, for fresh waters are ever
owing in upon you

The sun is new every day.

For it is death to soulsto become water, and death to water to become
earth. But water comesfrom earth ; and, from water, soul.

The bow is called life, but its work is death.
Time is a child playing draughts, the kingly power is a child's.

Mortals are immortals and immortals are mortals, the one living the
other's death and dying the other's life.

Gad is day and night, winter and summer, war and peace, satiety and
hunger; but he takes various shages, just as r e, whenit is mingled
with di er ent incenses,is named according to the savour of each.

Fir e lives the death of earth, and air lives the death of r e; water lives
the death of air, earth that of water.

All things are exchange for Fire, and Fir e for all things as waresare
exchangd for gold, and gold for wares.

Dogs bark at every one they do not know.
The beginning and the end are common (to both paths).
Nature lovesto hide.

It is cold things that become warm, and what is warm that cools; what
is wet dries, and the parcheal is moistendd.

Phil: Herakleitos is surprisingly clairvoyant, while Parmenides idealistic
denial seemsa bit barren.

Mat: Yes,you are right. Parmenidesno-changeidea was abandonedwith
the scierti ¢ and industrial revolution starting with Leibniz' and Newton's
Calculus in the 17th certury, which is the mathematics of changeln the
industrial society new machines deliver increasing output every year of-
fering ever increasing material wealth to the people, thereby opening to
demacracy. Democracy without changeis impossible, and without (hope
of) changeto the better, democracy risks to collapse. If seemsthat the
capitalistic systemis basedon growth of the econony, just like a life with-
out growth is inconceivable.
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Phil:  On the other hand, and this is what we are facing today in the
threat of glotal warming, anything that has the capability to grow also
runs the risk of growing too much so that it su o cates. We know that
today everybody singsthe songof cortroled growth, not too much and not
too little, but very few sing about no-growth.

Mat: In Einstein's theory o relativit y theory, developing in the beginning
of 20th century as demccratic Europe collapsedin the 1st World War,
spaceand time are joined into space-time and in space-timethere is no real
changein time, only seeminglymotionlessspace-timecon gurations. Thus
Parmenideshas comebadk in our time in relativit y theory viewed as one
of the corner stonesof modern physics. The other corner stoneis quantum
mechanics which rather connectsto Herakleitos perpetual change: The
wave functions of quantum medanics satisfying Schredinger's equation
describe the perpetual motion of electron waves around atomic kernels.
Thus modern physics harbours a cortradiction between Parmenidesand
Herakleitos, by many witnessedas a crisis.

Phil: Modern physics cortradictory? Haven't we already discussedthis
hang-up of yours?But if you areright, then it is shocking! | thought physics
wasthe sciencepar excellence,certainly without contradictions.

Mat: Yes,this is shocking and in a senseunbelievable. But there is only
one possiblity: We have to go for democracy with perpetual change, and
we must believe that physics can be given a rational foundation. This is
our only chancein a hostile and cold Universe.

Phil: Speaking about cortradictions, we have to addressZeno's Paradox
| suggestwe start with Zeno's Arrow:

How can an arrow move, when at each instant it stands still?

It is obviously completely basic to our discussion:If the arrow moves or
ies, then we may say that time ows or time ies, aswe will understand
more precisely below, and if the arrow stands still, sodoesmust time.

Mat: You are right, the rst thing we have to do is to solve Zeno's Para-
dox. If we cannot do that, we could as well changethe topic of the book.
Fortunately, | have a feelingthat it can be solved. This is at least what my
friend Prof. Dr. Leibschnitzel tells med. Do want to hear?

Phil: Sure, but rst another co ee. Waiter, please!
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FIGURE 42.1.Nude Desending a Staircase by Marcel Duchamp causeda scandal
when rst shown in the Armory show in 1912: At each moment the nude is at a
xed position, yet sheis descendingthe stairs.
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Resolutiomf Zeno'sParadx

But maybethat is our mistake: maybe there are no particle positions
and velocities, but only waves.lt is just that wetry to t the wavesto
our preconceived ideas of positions and velocities. The resulting mis-
match is the causeof the apparent unpredictabilit y (Stephen Hawk-
ing 1988)

Mat: OK. This is what Prof. Dr. Leibschnitzel has told me: To cometo
grips with Zeno's paradox, we have to understand what motion is.

Phil: Sowhat is it?

Mat: Well, we can say that motion is changein position or changein
con gur ation: Phil, when you lift your co ee cup from the table to your
mouth, the cup changesposition. You can only take a sip of co ee with
the cup at your lips. But yet you say: At ead instant the cup stands still,
so how on Earth can it move from the table to my lips? That is a tricky
guestion, but it can be answered. To do so we have to go to quantum
mechanics of course, since ultimately the question is how on Earth the
atoms of the cup with co ee can move in spacefrom the table to your lips?
Sincequantum medanics concernswave functions, we have to understand
what the characteristics of a wave are. Right Phil?

Phil: It soseems,;sowhat is then a wave?| am really curious!

Mat: Well, you have certainly watched waves in the seaapproading a
shore or you have felt waves approaching you when you are swimming or
sailing. What is really intriguing about water waves, is that you seea wave
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FIGURE 43.1. A water wave is generated by circular motion of the water
molecules. The wave can propagate to right or left without loosing its form.

moving horisontally, while the particles of water making the wave do not
move with the wave. You may even know that ead water particle moves
in a small vertical circular motion, more or lesson the spot, and thus does
not move horisontally with the wave, seeFig. 43.1. The wave seemsto
be moving acrossthe surface of the water, but the uid particles are not
moving with the wave. You seemotion, essetially without any material
particles moving.

Phil:  Yes,| am familiar with this phenomen:If you fasten one end of a
rope to a wall, stretch the rop and shake it quickly, you will seea wave
progressingalong the rope from your hand towards the wall, and of course
no part of the rope itself moves along with that wave: The material of
the rope movesup and down a little, more or lesslike the water particles
in a water wave, but the wave moves horisontally. Physics is really quite
fascinating, whenyou get that good feelingthat you understand something!

Mat: If we now go badk to the quantum medanics of the atoms of a
co ee cup, we can understand that if atoms with their electron clouds
are described by a form of wave medanics, and thus behave like waves,
it is conceiable that the motion of an atom would be like the motion
of a seawave and thus not really require any motion of any material,
whatever material is. With this perspective atoms would thus move like
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waveswithout any corresponding material motion. We thus get by without
explaining what material motion is, and that is the beauty of a wave theory
like quantum medanics. Could we thus agreewith Parmenidesand say that
material motion is maybe not possible, or rather that we do not need it
and thus do not have to explain it, becausea wave can move anyway and
thus wave motion is possible?

Phil: OK, | understand what you say, more or less, and of course this
suggestsa resolution of Zeno's Paradox: The arrow viewed as a wave is
moving while the material of the arrow is not moving. It suggeststhat the
arrow rather \app ears" at di erent positions, just as the wave \app ears"
at di erent spots, without corresponding motion of material, whatever the
meaning of that can be. In a sensethe arrow thus\is born" anew at eath
spot, then dies away, and gets reborn at another spot. The impression
we get is that the arrow moves. As a metaphor one could think of an
expanding ring of mushrooms above ground carried by an invisible mycel
below ground. It could then appear asif the mushrooms were moving, but
in reality they would not, becausethe apparert motion would come from
new mushrooms appearing at somespots and dissapperaing at other spots.
| think this is a beautiful resolution of Zeno's paradox. Really neat!

Mat: Very good Phil, you seemto have a good intuition for quantum
mechanics. If we now sum up, we agreethat change of position is possible
in the sensethat the arrow can appear at di erent positions. To connect
to the concept of time, we now recall that Aristotle claimed that time is
changeof position or con guration or rather

Time is an aspect of changewhich can be measured by numkbers.

Thusyou can measuretime by the changeof position of the arms of a clock.
A growing child can measuretime by his/her length in certimeters, an old
male philospher by the length of his beard, a farmer by the height of the
corn in the elds. The time of the day by the height of the Sun et cet. We
are thus led to the following operational de nition:

Time (ow) is what you measure with a clock.

Phil: OK, let's agreeon that for the momert. Another aspect of change of
location without material motion, is teleportation, in which a material body
is somehav \decomposed" into electromagneticwaveswhich are transmit-
ted over long distance and then \assembled" to the same material body.
This is a common way of transportation in science ction, which has not
yet made its way into the tourist industry. Somepractical details are still
to be resolwed.

Mat: Yes, that is a fascinating idea, and maybe it will help on cutting
down on energyfor transportation in our ageof global warming. Of course,
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there are variants of teleportation which already work very nicely: We can
transfer a printed documert from one location to a another quickly and
cheaply, by making an electronic copy of the book, sendingthat copy elec-
tronically, and printing it at the destination. Similarly, in principle you can
by cloning teleport (a copy of) aliving organismby transmitting its genetic
code and letting it expressitself at the new location.

Phil:  So maybe the idea of change of position without material motion is
not so crazy after all? This reminds me of the sculpture Unique Forms of
Continuity from 1913,seeFig. 43.2 by the futurist sculptor Umberto Boc-
cioni illustrating the interaction of a moving object with the surrounding
space,which Boccioni termed Plastic dynamism as \the simultaneous ac-
tion of the motion characteristic of an object (its absolute motion), mixed
with the transformation which the object undergoesin relation to its mobile
and immobile ervironment (its relative motion)." | think it is now time for
arefreshingwalk: Let's take it asopportunity to study motion and plastic
dynamism!

FIGURE 43.2. Plastic dynamism according to Boccioni.



44
Aristotle

All men by nature desire knowledge.{ Changein all things is sweet.
{ In all things of nature there is something of the marvelous.{ Plato
is dear to me, but dearer still is truth. { The gods too are fond of a
joke. { The secretto humor is surprise. (Aristotle)

Phil: Aristotle ties time to movemert or changeand tries to nd out what
in amovemert is the time. He arguesthat time manifestitself in the change
of things but the changeitself is not time: Sotime is either changeor some
aspect of change; and since it is not change, it must be some aspect of
change....notonly we measure the movementby the time, but also the time
by the movement, becausethey de ne each other.

Mat: At rst sight this argumerts seemsof little use: that we measure
movemert with the aid of time is well known e.g. when measuring speed.
Also we record time in terms of movemern. The change of the hands of a
clock tells us the elapsedtime. Aristotle is of courseaware of his circular

argumert. What is then the changethat determinestime? He arguesthat

there is slow and fast movemen but time is the same.The main idea of
Aristotle consistin singling out a concrete\b ounded" motion: Now there
is locomotion, and as a kind of locomotion, circular motion, and since each
thing is counted by one thing of the samekind, and therefore time too by
somede nite time, and since, as we said, time is measured by changeand
changeby time ...then uniform motion is most of all measure...

Phil: But which circular motion?
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Mat: Aristotle answers: This is why time is thought to be motion of the
celestial sphee, because the other changesare measured by this one, and
time by this change. Aristotle introduces53 heavenly spheresto explain
the motion of the celestial bodies. For him time is de ned by the motion
of these spheres.Especially by the x-stars. Without this time can not be
measuredand therefore there is no time. In a generalizedsenseone could
say that it is the motion of the bodiesin the universedetermine time. Not
bad as a de nition | think.

Phil: Aristotle believed that there wasa fth elemen beyond earth, air,
re, and water known as aether, which rotates around the certer of the
universe(the Earth). If the motion of aether is the measureof time, then
the stars rotate uniformly aswell.
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45
St Augustine

Modo, et modo, non habebent modum. (By-and-by has no end).
(St. Augustine)

You mean now? (Y ogi Berra, being asked what time it was)

How can you think and hit at the sametime? (Y ogi Berra)

Phil: The clever St. Augustine criticises Aristotle in his autobiographical
Confessionsrefersto the battle of Joshua against the Amorite in the Old
Testamert:

| have heard a learned person say that the movement of the sun,
moon, and stars in themselvesconstitute time. Why shouldtime con-
sist rather of movementof all physial objects? If the heavenly bodies
were to cease and a potters wheel were revolving, would there be no
time?....Let no one tell me then that time is the movementof heav-
enly bodies. At a mans prayer the sun stood still, so that the battle
could be carried through to victory. The sun stopped but time went
on.

Mat: Yesthat is a clever question. But any motion would do to de ne ow
of time, right? Evenif the Sun stood still?

Phil: Let me cite from Chapter XIV of Book XI of Confessions

There was no time, therefore, when thou hadst not made anything,
because thou hadst madetime itself. And there are no times that are
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Mat:

45. St Augustine

coeternal with thee, becausethou dostabideforever; but if times should
abide, they would not be times.

For what is time? Who can easily and briey explain it? Who can
even comprehendit in thought or put the answerinto words? Yet is
it not true that in conversation we refer to nothing more familiarly
or knowingly than time? And surely we understandit whenwe speak
of it; we understandit alsowhenwe hear another speak of it.

What, then, is time? If no one asksme, | know what it is. If 1 wish
to explain it to him who asks me, | do not know. Yet | say with
con dence that | know that if nothing passel away, there would be no
past time; and if nothing were still coming, there would be no future
time; and if there were nothing at all, there would be no presenttime.

But, then, howis it that there are the two times, past and future, when
eventhe past is now no longer and the future is now not yet? But if
the present were always present, and did not passinto past time, it
obviouslywould not be time but eternity. If, then, time present{ if it
be time{comes into existen@ only becauseit passesinto time past,
how can we say that eventhis is, since the cause of its being is that
it will ceaseto be? Thus, can we not truly say that time is only asiit
tends toward nonkeing?

This is all quite confusing, but probably represerativ e of classical

ideasabout time. Many books could be written on this theme, but we have
to that leave aside,becausetime is short, and we want to get to the Arrow.
We just commert on someessetials:
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Newton'sAbsoluteTime

| can calculate the motion of heavenly bodies, but not the madness
of people.{ | have studied these things, you have not. { Every body
continues in its state of rest, or of uniform motion in a right line,
unlessit is compelled to changethat state by forcesimpressedupon
it. { There is one thing stronger than all the armies in the world;
and that is an idea whosetime has come.

Mat: Newton writes in his Philosophiae Naturalis Principia Mathematica:

Absolute,true, and mathematical time, in and of itself and of its own
nature, without reference to anything external, ows uniformly and
by another name is called duration. Relative, apparent, and common
time is any sensibleand external measure (precise or imprecise) of
duration by means of motion; sucha measure - for example,an hour,
a day, a month, a year - is commonly usal instead of true time

It may bet hat there is no thing as an equablemotion, wherby time
may be accurately measured. All motion may be accelerated and re-
tarded, but the ow of absolutetime is not liable to change.

Phil: Yes,besidesabsolutetime Newton intro ducesthe conceptof absolute
spacewith respectto which motion and rest may be de ned unambiguously.
For more than 200yearsNewtons conceptof absolutetime served asa fun-
damernt for describing physical aspects of nature. Especially in classical

This is page 165
Printer: Opaquethis



166 46. Newton's Absolute Time

celestialmedanics, like the description of the planetary orbits, the predic-
tion of solar and moon eclipsesand for describing gravitationally bounded
systemin general, obsenations were in excellet agreemen with Newton
theory of gravity.

Mat: But questionswere emerging: In Mechanik, in ihrer Entwicklung ,
historisch kritisch dargestelt from 1883, Ernst Mach arguesthat Newton
doesnot comply with his own idea to only study the factual:

This absolutetime can not be read o from any motion, therefore
has no practical and scienti c ally value...weare completelyincapable
to measure the change of objects with respect to time. Time is an
abstraction to which we arrive at by the changeof objects becausewe
do not rely on a concrete measure since all are interconnected.

Thus Mach views absolutetime to a uselessconstruct, but still admits that
the interplay of all the components in the universecould respreseh some
form of universaltime.

Mat: Mach is interesting sincehe is both a physicist and philosopher. The
Mach number measuresvelocity vs the speed of sound: The supersonic
airplane Concordereadched Mach 2, that is twice the speedof sound, about
2000km/hour.

Phil:  Mach was only the beginning. A radical revision of the classical
concept of time was initiated by Lorentz, Poincare followed by Einstein.
Werein the past time and spaceindependert ertities, the conceptof space-
time emerged.Hermann Mink owski at the meeting of the Versammlung
Deutscher Naturforscherund Arzte in 1908,beganhis contribution on Space
and Time:

The view of space and time which | wish to lay before you have
sprung from the soil of experimental physics, and therein lies their
strength. They are radical. Henceforth space itself, and time by itself,
are doome to fade away into mere shadows,and only a kind of union
of the two will preservean independent reality.

Mink owski was inspired by Einstein's 1905article on special theory of rel-
ativity putting forward the following two cortradictory facts:

We haveto consider that all our judgmentsin which time playsa role
refer to simultaneous events.

We cannot attach any absolutesigni c ance to the concept of simul-
taneity.

Einstein thus claims that absolute simultaneity is meaninglessand thus
also absolute time is meaningless.Newton was crushed.
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Phil: Einstein apologizedin his famous Newton forgive me, but a collapse
of absolute time was seenas just one aspect of the general collapse of
traditional valuesduring the 1st World War, and the emergenceof a new
era of modernity out of the ashes.A modern man should not believe in
absolute time, only in space-time,whatever that meart.

Mat: But the break-through only cameafter the end of the 1st Worlds War.
Initially Einstein was ignored by the sciertic community, and Einstein
having diculties in nding an academicjob, raised the bet to geneal
relativity, which took re on Dec 6 1919, when Eddington at the Royal
Acadeny of Sciencegreserted experimental evidencefrom a Solar eclipse.
Peoplewert crazy over night for the curved space-timeof generalrelativit y.

Phil: But the scepticismto relativit y theory was strong into the 1950s,
while today it is believed to form the corner stone of modern physicsalong
with quantum medanics. But generalrelativit y and quantum medanics
seemimpossibleto combine, and very few claim they understand general
reltivit y.

Mat: General relativity is condensedinto Einstein's equations equating
space-time curvature with mass-densiy. The idea is that space-timecur-
vature tells masshow to move, and masstells space-time how to curve.
But the equations seemmore or lessimpossibleto solve, becauseof their
implicit form, with everything tangled up with everything. To make a pre-
diction using generalrelativit y you have to solve Einstein's equations, but
the equations are virtually impossibleto solve and accordingly there are
very few predictions which can be cheded by experiments. One predic-
tion is the existenceof gravitational waves but no such waveshave been
detected.

Phil: If you nd Newton's conceptof absolutetime dicult to defend,do
you then haveto acceptcurved space-timeof generalrelativit y, even if you
cannot understand it?

Mat: But absolutetime is badk again! You can get on the webin the form
of Absolute Time Corrector (ATC), which is an award-winning program,
which allows you to synchronize your local PC time using NIST (National
Institute of Standardsand Tednology) Internet Time Serviceor LAN time
seners. Absolute Time Corrector queriesNIST timeservers using Internet
and then comparesNIST time to the time set on host computer. If there
is a disparity, ATC automatically adjusts the computer's time to re ect
NIST time. Once set up, the host computer can serwe as a timeserver for
network of any size. The host can be setto chedk NIST time as often or
seldom as desired, and each computer in the network can likewisebe set
to ched time on the host computer as often as deemednecessaryby the
network administrator.
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Phil: OK, sol don't have to beleive in curved space-time,on the ground
that there is no absolute time. Evidently, absolute time is today available
on the web, while it was not in 1905. That changesthe game | guess,
and so Newton seemsto be badk in business.Further, Einstein connects
with Aristotle since relativit y theory ties the space-time geometry of the
Universesto matter and energy and for Aristotle time is the movemen of
the celestial spheres.Long live Newton!

Mat: There is an strong elemern of heroismin the requiremert of giving up
absolute time. The greatnessof the sacri ce is what guarantees scierti ¢
value and truth. Becauseit is such a monumental sacri ce, like abstaining
from any kind of pleasure,it must be admired, and must be true in some
sense.Otherwise it would not be worth the sacri ce. Logical?

FIGURE 46.1. Stephen Hawking: Newton's law of motion put an end to the idea
of absolute position in space. The theory of relativity getsrid of absolutetime.
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Nietzste

All things are subject to interpretation whichever interpretation pre-
vails at a given time is a function of power and not truth. { Every
man is a creative causeof what happens, a primum mobile with an
original movemert. { Existence really is an imp erfect tensethat never
becomesa presert. { It is my ambition to say in ten sertenceswhat
others say in a whole book. { Mystical explanations are thought to
be deep;the truth is that they are not even shallow. { No one lies so
boldly asthe man who is indignant. { Of all that is written, | love
only what a person has written with his own blood. { People who
have given us their complete con dence believe that they have aright
to ours. The inference s false, a gift confers no rights. { Plato was a
bore. { The bestauthor will be the one who is ashamedto becomea
writer. { The doer alone learneth. { The man of knowledge must be
able not only to love his enemiesbut also to hate his friends. { The
surest way to corrupt a youth is to instruct him to hold in higher es-
teem those who think alike than those who think di eren tly.{ There
are no facts, only interpretations. { There are various eyes. Even the
Sphinx has eyes: and as a result there are various truths, and as a
result there is no truth. { There is more wisdom in your body than in
your deepest philosophy. { Thoughts are the shadows of our feelings
- always darker, emptier and simpler. { We have art in order not to
die of the truth. { Without music, life would be a mistake. { Words
are but symbols for the relations of things to one another and to us;
nowhere do they touch upon absolute truth. (Nietzsche)
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Phil: Nietzsche has in uenced post-modern French philosopherssud as
Derrida, Foucault, Deleuzeand Lyotard as concernsemphasison interpre-
tation and perspective, on becomingand processover being and ontology,
on links betweenpower and knowledgeand critique of binary thinking.

Mat: For Nietzschethe questionis no longer wether a perspective is \true"
or \false", but if the perspective enhancedife, which couplesto many-minds
of course.

Phil: His Will to Power hasin uenced in particular Foucault to a highly

sophisticatedanalysisof power focussingon power relations, the relations of

forcethat operateswithin social practicesand systems.Herewill and desire
play an integral role in directing the relations of power. Deleuzefocusses
on the willing of power { desire, and introduces a concept of \desiring

machine" as a functionalist translation of Nietzsche's will to power.

Mat: What is a \desiring machine"?

Phil: Something like a functional assenblage of a desiring will and the

object desired. Deleuzeusesthe word \machine"to avoid the personi ca-

tion/sujecti cation in a substartive will, egoor self. Sodoing he recognizes
that desireand the object desiredarisetogether. Thus desiredoesnot arise
in responseto a percieved lack, asin Plato's Symmsium or in Freud's psy-

choanalysis,but is part of the infrastructure. Desireis productive preceding
and producing objects as desirable.

Mat: Can we couplethis to a desireof the presen to change,to move on,
to the next presen?

Phil: Guessso. That is a dynamic view on time as a form of becoming,
from a desireto become.When you werelittle you always met the question:
What will you becomewhenyou have grown up? And maybe you answered:
| want (desire) to becomea sciertist, or writer.

FIGURE 47.1. Nietzsche: All truly great thoughts are conceived by walking.
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Kant

Exp erience without theory is blind, but theory without experience
is mere intellectual play. { Intuition and concepts constitute... the
elemerts of all our knowledge, so that neither concepts without an
intuition in someway corresponding to them, nor intuition without
concepts, can yield knowledge.{ What can| know? What ought | to
do? What can | hope? (Kant)

The idea of time doesnot originate in the sensesbut is presupposed
by them...Time is not something objective. It is neither substance
nor accidert nor relation, but a subjectiv e condition, necessaryowing
to the human mind, of the coordination of all sensibles(experience
stimuli) according to a xed law...(Kant)

Mat: Kant claimed that time is part of our perception of the world pro-
grammedinto our genesin the struggle for survival. Time is both subjective
and objective as a social construction.

Phil: Yes,Kant proposedthat the construction of our brain somehav re-
ects the physical world, and therefore we may by pure re ection (without
a posteriori obsenation) just using our brains, discover a truth about the
physical world. This is referred a synthetic a priori truth, while an analytic
truth results from logic only and doesnot concernthe physical world.

Mat: Of course,our perception of time and the way we may think of time,
must be inuenced by the design of our brain used for perception and
thinking. Kant says that there may be synthetic a priori judgemerts about
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time which turn out to be true. Kant is led to considerthe o w of time as
a subjective perception, which may be di cult to rationalize by objective
science.

FIGURE 48.1. Kant: All our knowledge begins with the senses,proceeds then to
the understanding, and ends with reason. There is nothing higher than reason.

Phil: Yes, the designof our brain with only one consciousnesper brain,
represerting someform of tip of an ice-berg of all sorts of unconsciousbrain
activities, of courserestricts our conceptionof time to be (essetially) one-
dimensionl. It is true that we can listen to the radio, watch the television
and talk in our mobile telephoneall at the sametime, possibly following
di erent time zones,but our conceptionof this productive activity is (prob-
ably) that we\swap" from onemedium to the other, and do not really have
three independert minds working in parallel. Or? If we believe that we are
just one person, and thus do not have a split personality, then we would
naturally perceive time as being sequettial. This insight could represert a
true a priori synthetic judgemernt.

Mat: Kant's goal in his metaphysical exposition is to show that the pre-
sertation of time is not an empirical concept or a discursive concept, but
rather is a \pure form of sensibleintuition". If time were a universal con-
cept, then the fact that di erent times cannot be simultaneous could not
be proved by analysis of the concept, sinceit is a synthetic principle. Kant
notesthat we can present a sequenceof time using the spatial analogy of a
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line. He draws the conclusionthat the preseriation of time is an intuition
from the fact that it can be preserted in space,which has already been
establishedas an intuition.

Phil: Recall that the purposeof a transcendenal exposition of a concept
is to show how synthetic principles may be basedon it a priori. For space,
theseprinciples are those of geometry. Time hasits own special 'axioms of
time in general" (A31/B47). Among theseare that time is one-dimensional
and that unlike the parts of space,which exist simultaneously, the parts
of time exist only sequetially. Kant adds some further principles which
depend on time asthe form of intuition. Theseare the conceptsof change
and motion. Without the presenation of time, we would never be able to
form these conceptsat all. A change is the combination of two opposed
predicatesin the sameobject, something that is forbidden by the princi-
ple of contradiction if we cannot assignthe having of these predicates to
di erent times. Motion is change of place, soits concept depends on the
intuition of time aswell.

Mat: Kant says: Arithmetic attains its conceptsof numbersby the succes-
sive addition of units in time. Kant appealsto the useof v e ngers to add

v e to sewenin order to arrive at twelve: Thus, in that image of mine, |

gradually add to the number 7 the units that | previously gather together
in order to make up the number 5. In this way | seethe number 5 arise.

Phil: Dicult to not agree.Kant: As with space,time is said not to be
a self-subsisten thing or \a determination or order attaching to things
themseles". As with space we aretold that the only viable accourt of time
is that it is only a \sub jective condition" which makesintuition possible.
The a priori preseration of spaceis only a condition for outer intuition,
the presenation of spatial objects through the sensesIn cortrast, the a
priori preseriation of time is a requiremert for all intuition, inner and
outer. (Inner intuition is the preseration of our "empirical self," that is,
our mind asit is given to itself, as an object.) Our inner selfis presened
only in time, while outer objects are preseried in spaceand time.

Mat: Kant claimed that time is ideal in the same sensein which space
is ideal. Time does not \attac h to things absolutely, as a condition or
property". It is \nothing, if we abstract from the conditions of sensible
intuition". Thustime is a feature of appearancesbut not things \as suc."
It \has objective validity only with regard to appearances,becausethese
are already things consideredas objects of our senses".

Phil: Fair enough.Let's go on.
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Sdopenhauer

After your death you will bewhat you were beforeyour birth. Arth ur
Schopenhauer { All truth passesthrough three stages. First, it is
ridiculed. Second, it is violently opposed. Third, it is accepted as
being self-evidert. { Buying books would be a good thing if one
could also buy the time to read them in: but as a rule the purchase
of books is mistaken for the appropriation of their contents. { Music
is the melody whosetext is the world. { The fundament upon which
all our knowledge and learning rests is the inexplicable. { The word
of man is the most durable of all material. { The most insigni can t
presencehas over the most signi cant past the advantage of reality.
(Shopenhauer)

Phil: Schopenhauer(1788-1860)wasthe rst Western philosopherto have
accesdo translations of philosophical material from India, both Vedic and
Buddhist, by which he was profoundly a ected: It has been the solae of
my life, it will be the solae of my death! With Jung's words:

Schomnhauer was the rst to speak of the suering of the world,
which visibly and glaringly surrounds us, and of confusion, passion,
evil { all those things which the other philosophershardly seemeal to
notice and always tried to resolveinto all- embrmacing harmony and
comprehensiblility. Here at last wasa philosopherwhohad the courage
to see that all wasnot for the bestin the fundamentsof the universe.

Mat: The basicdistinction in Schopenhauer'smetaphysicsis betweenrep-
resertation and the thing-in-itself which is nothing but the will, as ex-
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pressedin his masterpiece The World as Will and Representation pub-
lished 1819.Schopenhauerdid not understand the new physics of light and
electricity that had been deweloped by Thomas Young (1773-1829)and
Michael Faraday (1791-1867)which he deccribed as crude materialism,
mechanical, Demccritean, ponderous, and truly clumsy. But Schopenhauer
would have beenhappy to learn how his beloved qualitates occultae would
return in force with quantum medanics: Things like strangeness,charm,
baryon number, lepton number, etc., are exactly the kinds of irreducible
typeshe demanded.

Phil: The Upanishadsposit an identit y of the Subject, the Atman or Self,
with Brahman, the transcendert Supreme Reality, Being itself. In other
words, body with soul. Shopenhauermakesa distinction betweenthe body
and the other objects of represenation in spaceand time. For Schopen-
hauer, the body is known immediately and the perception of other objects
is spontaneously projected, in a remaining fragment of Kant's theory of
synthesis and perception, from the sensationspresert in the senseorgans
of the body onto the external objects understood as the causesof those
sensations.The body itself becomesthe most immediate manifestation of
the will, a direct embodiment of the will-to-liv e.

Mat: Schopenhauerdid not like Hegel, and as lecturer at the University
of Berlin in 1820 he scheduled his own lectures to coincide with Hegel's,
in an attempt to demolish student support of Hegel'sphilosophy. However,
only v e students turned up to Schopenhauer'slectures, and he dropped
out of academia, like Leibniz. In his late essg On University Philosophy
expressedhis reseriments.

Phil: Sdchopenhauerhasin uenced many writers including Beckett, Borges,
Mann, Musil, Proust, Strindberg, Tolstoy, Zola, who were inspired by his
senseof the world's absurdity, from a nihilistic or comic point of view.
Bergsonand Nietzsche adheredto his views on the meaning of life, and his
theory of the non-rational will.

Mat: Sdopenhauer'stheory of music, along with his emphasisupon artis-
tic geniusand the world-as-su ering, wasalsoin uen tial among composers
such asBrahms, Dvorak, Mahler, Proko ev, Rimsky-Korsako and Schenberg,
and Wagner.
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FIGURE 49.1. Schopenhauer to Hegel: Change alone is eternal, perpetual, im-
mortal.
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HenriBergson

| seeplainly how external imagesin uence the image that | call my
body: they transmit movement to it. { In just the same way the
thousands of successie positions of a runner are contracted into one
solesymbolic attitude, which our eye perceives,which art reproduces,
and which becomesfor everyone the image of a man who runs. { In
reality, the past is presened by itself automatically . { In laughter we
always nd an unavowed intention to humiliate and consequenly to
correct our neighbour. { Intelligence is the faculty of making arti cial

objects, especially tools to maketools. { Sexappeal is the keynote of
our civilization. { The presert contains nothing more than the past,
and what is found in the e ect was already in the cause.{ There is
nothing in philosophy which could not be said in everyday language.
{ To exist is to change, to changeis to mature, to mature isto goon
creating oneselfendlessly { Wherever anything lives, there is, open
somewhere,a register in which time is being inscribed. (Bergson)

Phil: For Henri Bergson (1859-1941),Nobel Prize in Literature 1927,the
essencenf of life of becomingwasthe essenceof time.

Mat: Don't you recall that we have already discussedthis idea? But Berg-
sonis interesting. In Laughter: An Essayon the Meaning of the Comic from
1901, he explains that comedy arisesfrom the courterparts of the essetial
elemers of life of irreversibility and individualit y, that is, comedy results
from repetition and inversion, which represen mechanizel life. A dancing
doll is comical becauseit mecanically mimics a real dancer. By mecdani-
cally putting on a new hat, a personchangescharacter, and this is funny.
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If you meet a friend in the street accidertally whom you have not seenfor
an age; there is nothing comic in the situation. However, if you meet the
personequally accidertally again the sameday, you will nd it funny and
a third time will be absolutely hilarious. You laugh, becauserepeated life
is surprising and the way to cope with surprise is to laugh. Repeated life
is funny becauseit is a form of medanized life. A situation is invariably
comic when it belongs simultaneously to two altogether independert se-
ries of events and is capable of being interpreted in two ertirely dierent
meaningsat the sametime. An everyday situation interpreted equivocally
becomesirresistibly funny. All forms of disguiseis comical, becauseindi-
viduality is lost, and disguiseis possiblein medanized life.

Phil: Bergson argued that the intuition is deeper than the intellect. His
Creative Evolution (1907) and Matter and Memory (1896) attempted to
integrate the ndings of biological sciencewith a theory of consciousness.
Bergson'swork was consideredthe main challengeto the medanistic view
of nature. He anticipated modern scierti ¢ theories of the mind in Creative
Evolution:

In reality, the pastis preservel by itself automatically. In its entirety,

prokably, it follows us at every instant; all that we have felt, thought
and willed from our earliest infancy is there, leaning over the present
which is about to join it, pressingagainstthe portals of consciousness
that would fain leave it outside.

Mat: Bergson'sphilosophy attracted strong criticism. accusedof intuition-
ism, indeterminism, psydologism and confusedinterpretation of the scien-
tic impulse. Among thosewho explicitly criticized Bergsonwere Bertrand
Russell,G. E. Moore, Ludwig Wittgenstein, T. S.Eliot, Andre Gide, Theodor
W. Adorno, Lucio Colletti and Jean-Paul Sartre, Irving Babbitt, Arth ur
Lovejoy, JosiahRoyce, Daniel-Henry Kahnweiler, RogerFry, Virginia Woolf
and C. S. Peirce who wrote:

A man who seeksto further sciene can hardly commit a greater sin
than to usethe terms of his sciene without anxious care to usethem
with strict accuracy; it is not very gratifying to my feelings to be
classel along with a Bergson who seems to be doing his prettiest to
muddle all distinctions.

Nevertheless,| believe Bergsonwas largely misunderstood and in fact was
very much on the right track...
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FIGURE 50.1. Bergson: | cannot es@pe the objection that there is no state of
mind, howeversimple, that does not change every moment.
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Whitehead

Almost all new ideas have a certain aspect of foolishnesswhen they
are rst produced. { Fools act on imagination without knowledge,
pedants act on knowledge without imagination. { Not ignorance,
but ignorance of ignorance, is the death of knowledge. { Philosophy
begins in wonder. And, at the end, when philosophic thought has
doneits best, the wonder remains. { The art of progressis to preserve
order amid change and to preserve change amid order. { Culture is
activit y of thought, and receptivenessto beauty and humane feeling.
Scraps of information have nothing to do with it. { There are no
whole truths; all truths are half-truths. It is trying to treat them as
whole truths that plays the devil. (Whitehead)

Phil: Alfred North Whitehead (1861-1947)was a mathematician educated
in Cambridge, who became a philosopher at Princeton. Together with
Bertrand Russell, he coauthored Principia Mathematica in three volumes,
in a (fruitless) monumental attempt to basemathematics on settheory. To
provethat 1+ 1= 2 takesabout 360 pagesof Vol 1.

Mat: Very few have read Principia, even fewer have understood it, and
| do not belongto the priviliged. Nobody was willing to print a rst edi-
tion, but today every major academiclibrary hasa copy of this landmark
publication.

Phil: Whitehead made a pioneering attempt to synthetize the philosophi-
cal underpinnings of physics, in a reaction to the shocking collapseof the
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Newtonian physics that he had witnessed. He also developed a rival doc-
trine to Einstein's generalrelativit y, but lost that battle. In The Concept of
Nature and Sciene and the Modern World he studiesthe history of ideas,
and the role of scienceand mathematics in the rise of Western civilization.

In Processand Reality fom 1929 he founded process philosophy which we
havetalked about, right? In The Adventuresof Ideas from 1933he provides
de nitions of beauty, truth, art, adventure, and peace,not bad.

FIGURE 51.1. Fraction of the proof that 1+ 1= 2 in Principia.

Phil: For Whitehead Nature is a process,which is directly exhibited in

sense-wareness,but there is no explanation of this characteristic of na-

ture. All that can be done is to use language which may speculatively

demonstrate it, and alsoto expressthe relation of this factor in nature to

other factors. It is an exhibition of the processof nature that ead duration

happensand passesThe processof nature can also be termed the passage
of nature, which Bergsoncallstime. It isin virtue of its passagehat nature

is always moving on. There is time becausehere are happenings,and apart

from happeningsthere is nothing.

Phil: Happenings, yeswhy not? For Whitehead memory is presen as an
immediate fact for the mind. Accordingly memory is a disengagemenh of
the mind from the mere passageof nature; for what has passedfor nature
has not passedfor mind.
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Mat: Whitehead remarks that the materialistic theory has all the com-
pletenessof the thought of the middle ages,which had a complete answer
to everything, be it in heaven or in hell or in nature. There is a trimness
about it, with its instantaneouspresern, its vanishedpast, its non-existert
future, and its inert matter. He states that this trimness is very medieal
and ill accordswith brute fact.

Phil: Yes,Whitehead realizesthat the past and the future meetand mingle
in the ill-de ned presern, and that it is impossibleto meditate on time and
the mystery of the creative passageof nature without an overwhelming
emotion at the limitations of human intelligence. This is what we have to
struggle against.

FIGURE 51.2. Whitehead: Fundamental progress has to do with the reinterpre-
tation of basic ideas.
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Russell

Against my will, in the course of my travels, the belief that every-
thing worth knowing was known at Cambridge gradually woreo . In
this respect my travels were very useful to me. { | like mathematics
becauseit is not human and has nothing particular to do with this
planet or with the whole accidertal universe- because like Spinoza's
God, it won't love usin return. { If any philosopher had beenasked
for a de nition of in nit y, he might have produced some unintelligi-
ble rigmarole, but he would certainly not have been able to give a
de nition that had any meaning at all. { It has beensaid that man
is a rational animal. All my life | have been searding for evidence
which could support this. { Mathematics may be de ned asthe sub-
ject in which we never know what we are talking about, nor whether
what we are saying is true. { Scienceis what you know, philosophy
is what you don't know. { The point of philosophy is to start with
something so simple as not to seemworth stating, and to end with
something so paradoxical that no one will believe it.

Mat: Bertrand Russell (1872-1970),was a British philosopher, historian,
logician, mathematician, advocate for social reform, paci st, rationalist,
anti-w ar activist, championing freetrade betweennations and anti-imp erialism,
vigorous proponert of nuclear disarmamert, antagonist to communist and
nazi totalitarianism and an outspoken critic of the Vietham War. In 1950,
Russell was awarded the Nobel Prize in Literature, in recognition of his
varied and signi c ant writings in which he championshumanitarian ideals
and freedom of thought
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Phil: He won a sdholarship in 1890to read for the famous Mathematics
Tripos at Trinity College, Cambridge, and came under the in uence of
Whitehead.

Phil: In his Our Knowledgeof the External World from 1914Russellwrites:
What is an instant? What are the properties we expect of instants? He
continues:First, they must form a series;of any two, onemust be beforethe
other, and the other must be not beforethe one;if oneis beforeanother, and
the other beforea third, the rst must be beforethe third. Secondly every
event must be at a certain number of instants ; two events are simultaneous
if they are at the sameinstant, and one is before the other if there is an
instant, at which the one is, which is earlier than someinstant at which
the other is. Thirdly, if we assumethat there is always somechange going
on somewhereduring the time when any given event persists, the seriesof
instants ought to be compact, i.e. given any two instants, there ought to be
other instants betweenthem. We shall say that an evert is at an instant
when it is a member of the group by which the instant is constituted; and
we shall say that one instant is before another if the group which is the
oneinstant cortains an evert which is earlier than, but not simultaneous
with, someevert in the group which is the other instant. When one evert
is earlier than, but not simultaneous with another, we shall say that it

wholly precedes the other. Now we know that of two events which belong
to oneexperiencebut are not simultaneous,there must be onewhich wholly
precedesthe other, and in that casethe other cannot also wholly precede
the on; we also know that, if one event wholly precedesanother, and the
other wholly precedesa third, then the rst wholly pre- cedesthe third.

From thesefacts it is easyto deducethat the instants as we have de ned

them form a series.We have next to show that ...

Mat: Pleasestop, | cannot take more of this...

Mat: OK, let me try somethingdi erent: The correlation of di erent pri-
vate times is regulated by the desireto securethe simplest possible state-
ment of the laws of physics, and thus raisesrather complicated technical
problems; these problems are dealt with by the theory of relativit y, and
show that it is impossiblevalidly to construct one all-embracing time hav-
ing any physical signi cance.

Phil: Aha, soalso Russeljumped on to the relativit y train with its denial
of simultaneity and curved space-time?

Mat: Yes, everybody had to, in order not to appear to be stupid. But
not without protest. Russell states: The merging of physical space and
time into space-time doesnot correspond to anything in psychology. Two
events which are simultaneousin my experiencemay be spatially separate
in psydical space,e.g.when| seetwo stars at once.But in physical space
thesetwo everts are not separated,and indeedthey occur in the sameplace
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in space-time. Thus in this respect relativit y theory has complicated the
relation betweenperception and physics.

Mat: Russellgivesthe following characterization: Physicists, ignorant and
temptuous of philosophy, have been content to assumetheir particles,
points, and instants in practice, while conceding,with ironical politeness,
that their conceptslaid no claim to metaphysical validity. Metaphysicians,
obsessedby the idealistic opinion that only mind is real, and the Par-
menidean belief that the real is unchanging, repeated one after another
the supposedcontradictions in the notions of matter, space,and time, and
therefore naturally made no endeavour to invent a tenable theory of par-
ticles, points, and instants. Psychologists, who have done invaluable work
in bringing to light the chaotic nature of the crude materials supplied by
unmanipulated sensation,have beenignorant of mathematics and modern
logic, and have therefoie beencontent to say that matter, space,and time
are\in tellectual construc- tions," without making any attempt to show in
detail either how the intellect can construct them, or what secureghe prac-
tical validity which physicsshows them to possessPhilosophers,it is to be
hoped, will cometo recognizethat they cannot achieve any solid successn
such problems without someslight knowledge of logic, mathematics, and
physics; meanwhile, for want of students with the necessaryequipmert,
this vital problem remains unattempted and unknown.

FIGURE 52.1.Russel:A truer image of the world, | think, is obtained by picturing
things as entering into the stream of time from an eternal world outside, than from
a view which regards time as the devouring tyrant of all that is.
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53
Wittgenstein

Knowledge is in the end based on acknowledgemert. { Like every-
thing metaphysical the harmony between thought and reality is to
be found in the grammar of the language. { Logic is not a body of
doctrine, but a mirror-image of the world. Logic is transcendenal.
{ Never stay up on the barren heights of cleverness,but come down
into the green valleys of silliness. { One often makes a remark and
only later seeshow true it is. { Propositions show what they say: tau-
tologies and contradictions show that they say nothing. { The limits
of my language are the limits of my mind. All | know is what | have
words for. { The world is the totalit y of facts, not of things. { Utter-
ing a word is lik e striking a note on the keyboard of the imagination.
(Wittgenstein)

Phil: What doesWittgenstein's famousWhereof one cannot speak, thereof
one must be silent, say about time? What aspects can we not speak of?

Mat: Let's usseeif wecan nd somehints in his Tractatus-Logico-Philosophicus
Space, time and colour (colouredness) are forms of olejcts.

The object is the xed, the existent; the con gur ation is the changing,
the variable.

The picture is a model of reality.

The totality of true thoughtsis a picture of the world.
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Philosophyis not one of the natural sciences.
The eventsof the future cannot be inferred from those of the present.

The freedom of the will consistsin the fact that future actions cannot
be known now. We could only know them if causality were an inner
necessity, like that of logical deduction. { The connexion of knowledge
and what is known is that of logical necessity.

Surperstition is the kelief in the causal nexus.
The world and life are one.

The | occurs in philosophy through the fact that the "world is my
world".

If a questioncan be put at all, then it can also be answeed.

Mechanics is an attempt to construct according to a single plan all
true propositions which we need for the description of the world.

We cannot compare any processwith the "passageof time" { there is
no suchthing { but only with another process(say, with the movement
of the chonometer).

That the sun will rise to-morrow, is an hypothesis; and that means
that we do not know whetherit will rise.

The temporal immortality of the human soul, that is to say, its eter-
nal survival after death, is not only in no way guaranteed, but this
assumptionin the rst place will not do for us what we alwaystried
to makeit do. Is a riddle solval by the fact that | survive for ever?
Is this eternal life not as enigmatic as our presentone? The solution
of the riddle of life in space and time lies outside space and time.

Not how the world is, is the mystical, but that it is.
Phil: It seemsthat Wittgenstein has very little to say about time. Why?
Becausewe cannot speak thereof?

Mat: Nothing really about the Arrow? | am bit disappointed. Is there some
other philospher who says something?
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FIGURE 53.1. Wittgenstein: If by eternity is understood not endless temporal
duration but timelessness,then he lives eternally who lives in the present
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54
Baudrillard

Information can tell us everything. It has all the answers. But they
are answers to questions we have not asked, and which doubtless
don't even arise. { There is nothing more mysterious than a TV set
left on in an empty room. It is even stranger than a man talking
to himself or a woman standing dreaming at her stove. It is as if
another planet is communicating with you. { You are born modern,
you do not becomeso. (Baudrillard)

Mat: JeanBaudrillard (1929-2007)wasa French cultural theorist, philoso-
pher, political commentator, and photographer. His work is frequertly asso-
ciated with postmodernism and post-structuralism. In Symiplic Exchange
and Death he arguedthat in the modern information saociety, simulated vir-

tual reality is replacing reality in a new form of hyperreality. This connects
to the fable On Exactitude in Sciene by Borges where the map by the

perfectionist Cartographers of the Empire eventually becomesso detailed
that it coversthe whole Empire, which is the beginning of the end:

In that Empire, the Art of Cartography attained such Perfection that
the map of a single Province occupied the entirety of a City, and the
map of the Empire, the entirety of a Province. In time, those Un-
conscionableMaps no longer satis ed, and the Cartographers Guilds
struck a Map of the Empire whosesize was that of the Empire, and
which coincided point for point with it. The following Generations,
who were not so fond of the Study of Cartography as their Forelears
had been, sawthat that vast Map was Useless,and not without some
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Pitilessnesswas it, that they delivered it up to the Inclemencies of
Sun and Winters. In the Deserts of the West, still today, there are
Tattered Ruins of that Map, inhabited by Animals and Beggars;in all
the Land there is no other Relic of the Disciplines of Geography.

Phil: Baudrillard followed up on Bergson'sidea of the meaning and role of
images.Rather than arguing, asdid SusanSortag in her book On Photog-
raphy, that the notion of reality has beencomplicated by the profusion of
imagesof it, Baudrillard asserted:\the real no longer exists". In so saying,
he characterised his philosophical challenge as no longer being the Leib-
nizian question of:

Why is there something, rather than nothing?
but, instead:
Why is there nothing, rather than something?

Of courseour questionin this context is if the Arrow of Time is the samein
hyperreality asin reality? Of course,you may answer yes, if hyperreality is
more real than reality. On the other hand, hyperreality allowstime travelin
the sensehat you canrestart a simulation and relive a hyperreal experience
asmany times you wish. But doing soit will be di cult to deny that each
repetion will make the cells of your body a bit older, and eventully they
will ceaseto function. The question is if this meansthe end also of your
hyperreal self, or if it can cortinue to exist, like a hyperreal web page of a
deceasedperson?

FIGURE 54.1. Baudrillard: The great person is ahead of their time, the smart
make something out of it, and the blockhead, setsthemselvesagainst it.
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Deleuze

The philosopher creates, he doesn't re ect. (Deleuze)

Phil:  The French philosopher Gilles Deleuze (1925-1995) states in his lecture La
Taverne on Leibniz, connecting to Herakleitos:

What you call to die is completing the act of living, and what you call to
be born is to start dying, just as what you call to live is to die while living.
You dorit wait for death to come; rather you are its perpetual companion.

Deleuze'sPh D thesis Di er ence and Repetition from 1968,led Michel Foucault to
declare that \one day, perhaps, this certury will be called Deleuzian®. Deleuze,
for his part, said Foucault's comment was \a joke meant to make people who
like us laugh, and make everyone else livid." Deleuze considers the concept of
repetition in three models of time represerting the present, the past and the
future: The rst is time as a circle. The subject then experiencesthe passing of
moments cyclically (the sun will come up every morning), and contracts habits
which make senseof time asa contin ually living presert. Habit is thus the passive
synthesis of moments that createsa subject. The secondis time as a straight line
of successie events. In this model habit has no role, since nothing ever returns,
and instead Deleuze intro ducesmemoery as an active processof synthesis giving
past instances a meaning. Unlik e habit, memory doesnot relate to a presert, but
to a past which has never beenpresert, sinceit synthesisesfrom passingmoments
a form in-itself of things which never existed before the operation. The novels of
Marcel Proust are for Deleuzethe most profound development of memory as the
pure past, or in Proust's terminology, astime regained. In this second model of
time, repetition thushasan active sensein line with the synthesis, sinceit repeats
something, in the memory, that did not exist before. The active constitution of a
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pure past of the secondmodel, and the disparate experience of a presert yet to
be synthesised of the rst model, producesfor Deleuze a radical splitting of the
subject into two elemerts, the | of memory, which is only a processof synthesis,
and a self of experience, an ego which undergoes experience. In the third and
nal model, Deleuze proposesto make repetition itself the form of time. In order
to do this, Deleuzerelates the conceptsof di erence and repetition to eac other.
If di erence is the essenceof that which exists, constituting beings as disparates,
then neither of the rst two models of time doesjustice to them, insisting asthey
do on the possibility and even necessiy of synthesising di erences into identities.

It is only when beings are repeated as something other, that their disparateness
is revealed. Consequerily, repetition cannot be understood as a repetition of the
same,and becomeslib erated from subjugation under the demands of traditional

philosophy.

Mat: To give body to the conception of repetition as the pure form of time,
Deleuzeturns to the Nietzschean concept of the eternal return, which is not is
not the circle of habit allowing only the return of something already existing.
While thus habit returned the samein ead instance, and memory dealt with the
creation of identity in order to allow experienceto be remembered, the eternal
return is the repetition of becoming being and thus represerts the time of the
future.

FIGURE 55.1. Re ections of Deleuze
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Reidherbad

He was convinced that he had achieved a solution of the problem
of the direction of time. (Maria Reichenbach in the Prefaceto The
Dir ection of Time by her husband.)

Phil: Hans Reichenbach (1891-1953)was a leading philosopher of science,
educator, proponert of logical empiricism and founder of the Berlin Cir-
cle: Saciety of Empirical Philosophy. He gained notice for his methods of
teaching. Speci cally, he was easily approached and his courseswere open
to discussionand debate, highly unusual in his time. In 1930he and Rudolf
Carnap beganediting the journal Erkenntnis ("Kno wledge"). In 1933,when
Adolf Hitler became Chancellor of Germany, Reicherbach emigrated to
Turkey, where he headedthe Department of Philosophy at the University
of Istanbul. He intro ducedinterdisciplinary seminarsand courseson scien-
tic subjects, and in 1935he published The Theory of Prokability. In 1938,
with the help of Charles Morris, he movedto the United Statesto take up
a professorshipat the University of California, Los Angeles. His work on
the philosophical foundations of quantum medanicswaspublishedin 1944,
followed by Elements of Symhplic Logic and The Rise of Scienti ¢ Philos-
ophy. He died on April 9, 1953in Los Angeleswhile working on problems
in the philosophy of time and on the nature of sciertic laws published
posthumously as The Direction of Time. Let me cite from this book:

The problem of time has alwayshba e d the human mind.

The study of time is a problem of physics.
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Einstein's and Minkowski's timeless universe is a four-dimensional
Parmenidian Being, in which nothing happens, \c omplete, immov-
able, without end...; is is all at once, a continuous one". Time ow
is an illusion, Becoming is an illusion; it is the way we human beings
exgerience time, but there is nothing in nature which correspnds to
this experience.

It is a hopelessenterprise to serch for the nature of time without
studying physics. If there is a solution to the philosophi@l problem of
time, it is written in the equations of mathematical physics.

The direction of time is thus explainal as a statistical trend; the act
of Becoming is the transition from the improbable to prokable con g-
urations of molecules

Transitions to lower entropy are as frequent as those to higher en-
tropy; and this is the statement of the reversibility objection.

What do you say about this?

Mat: Reichenbach correctly identi es the weaknessof the position of the
Eliatic school of Parmenidesand Zeno that changeis impossible, as well
as Kant's subjective time, and he also raisesthe reversibility objection to
Boltzmann's statistics.

Phil: The gist of The Direction of Time is to cometo grips with the
reversibility objection, and thus rationalize once and for all Boltzmann's
statistical medanics. However, the manuscript was left un nished on his
desk at the time of his sudden death in 1953, indicating that a life time
was not enoughto nd a solution... by statistics.
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Language

Nostalgia is like a grammar lesson: You nd the presert tense and
the past perfect.

We should have a great fewer disputes in the world if words were
taken for what they are, the signs of our ideas only, and not for
things themselves. (Locke)

It is a saferule to apply that, when a mathematical or philosoph-
ical author writes with a misty profundity, he is talking nonsense.
(Whitehead)

Mat: What doeslanguagetell us about time or rather about our conceptof
time? In school we learn that verbs can have three basicstenses:preterite,
presens and futurum describing the past, presert and future of the A-
theory. Presumablere ecting the way our brains function in the spirit of
Kant?

Phil: Could be. But in Chineseverbsdo not have tenses;instead temporal
adverbs are used when needed.English (lik e Swedish) has really only two
tenses,the nonpast tense (presen tense) and the past tense (indicated by
ablaut or endingin -ed). Many languagesincluding English have grammat-
ical forms expressingthe aspect of prior : past perfect/plup erfect (I had
gone), present perfect (I have gone), future perfect (I will have gone); the
aspect of complete: simple past/preterite (I went), simple presert (I go),
(simple) future (I will go); and the aspect of incomplete: past continuous
(I was going), presert cortinuous (I am going), future continuous (I will
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be going). You also have conditional (I would go) and imperfect (I usedto
go).

Mat: In French you have pas® simple, pas® compose, plus-que-parfait (in-

dicatif / subjonctif ), paseanterieur, futur anterieur, temps periphrastiques,
temps surcomposes.It is quite complicatedindeed.ls it becausehe concept
of time is so multi-faceted and complex?

Phil: Probably. Tensescan be broadly classi ed asabsoluteindicating time

in relationship to the time of the utterance and relative indicating another
time than the time of utterance. Many languagesde ne tensenot just in

terms of past/future/present, but alsoin terms of how far into the past or

future they are. Thus they intro duce conceptsof closenesor remoteness,
or tensesthat arerelevant to the measuremen of time into days (hodiernal

or hesternaltenses).Somelanguagesalsodistinguish not just betweenpast,

presen, and future, but alsononpast, nonpreser, nonfuture. Each of these
latter tensesincorporatestwo of the former, without specifying which.

Mat: How doeslanguagehandle the Arrow?

Phil: Well, it allowsyou to expressthat certain processeso be reversed,in
English by adding the pre x \un". You can sharpen and unsharpen a pen.
You can do and undo something. But you cannot unsay, what you have
oncesaid. If you said something unpolite (or impolite) hurting somelody,
you cantry to repair it by excusingyourselfand asking for pardon, but it is
not surethat it will work. Solanguageadknowledgesthat certain processes
can be reversedand others not.

FIGURE 57.1. The undo command.
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Time Trans xed

Time is but the stream | go a- shing in. (Henry David Thoreau)

Each morning when | awake, | experienceagain a supreme pleasure -
that of being Salvador Dali. | The di erence betweenfalse memories
and true onesis the same as for jewels: it is always the false ones
that look the most real, the most brillian t. (Dali)

If the dream is a translation of waking life, waking life is also a
translation of the dream.| Everything we seehides another thing,
we always want to seewhat is hidden by what we see.(Magritte)

FIGURE 58.1. Persistenceof Memory and Disintegration of Persistenceof Mem-
ory according to Dali

Phil:  You caninterprete Dali's melting clocks as expressingthe vanishing
presert momert aswell asthe vanishing past momert or memory.
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FIGURE 58.2. Time Trans xed by Magritte

Mat: Magritte combined the motion of a train with the xed reading of
clock thus juxtap osing the ow of time and xed time in his remarkable
Time Trans xed, seeFig. 85.1, with original title La Duree poignardee
which literally means\ongoing time stabbed by a dagger.”

Phil: Time stabbed by a dagger?It reminds me about nature morte, or
stilleken, or still life. The nature morte asthe (dead) present would thus
result from \stabbing ongoingtime" or taking the derivativ e of time. Rather
interesting!

Mat: Yes,it suggeststhat \ongoing time" like rate of time is alive, while
the presert is dead. | think this says something of interest.

Phil:  You know, modern art and modern physics both emergedfrom the
collaps of traditional valuesin the beginning of the 20th certury leading
into the First World War. In Einsten's theory of relativit y, classicalNew-
tonian medanics of spaceand time is decomposedinto isolated space-time
\events", which in cubist paintings is represeried by decomposition or frag-
mertization of impressions.

Mat: Isn't this likethe modern way of looking at television whereyou swap
between100 channelssending100 Ims, thus destroying the steady o w of
time in a classicalNewtonian world from beginning to end. Thus you can
swap between channels and movies, but you cannot swap badk and forth
in real life. But the distinction betweenreal and imaginary life is melting
away...
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Photograply and Portraits

Clocks slay time... time is dead as long as it is being clicked o
by little wheels; only when the clock stops doestime come to life.
(William Faulkner)

Mat: What about the snap shot or frozenmoment supposedly captured in
aphoto? Is it anin nitely thin cut throughtime ? Doesit tell us something
about time? Did the the concept of cut exist before the photo? The idea
that time consistsof a collection of in nitely short instants?

FIGURE 59.1. Daguerrotype of Niagra Falls
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Phil: Good questions.Evidently photos exist, and probably sothe idea of
frozen momert or cut. We are now o oded with digital photos from digital
camerasnow on every mobile telephone, capuring the instant momert.
It is surprising that photography was not inverted earlier than the 1830s,
becausghe Camera Obscuia had beenin existencefor at leastfour hundred
years, used by Leonardo da Vinci as an aid to drawing, and already in
the sixteen hundreds Robert Boyle, a founder of the Royal Scciety, had
reported that silver chloride turned dark under exposure.But maybe there
was no demand of photos of instant momernts. The rst successfulphoto
was producedin June/July 1827 by Niepce, using material that hardened
on exposureto light. The time of exposurewaseight hours, and thus hardly
a shap shot or frozen momert.

Mat: You know, Louis Daguerre discovered a way of developing photo-

graphic plates, reducing the exposuretime from eight hours down to half
an hour, and that an image could be made permanert by immersing it

in salt. The invention called Daguerreotype requires no knowledge of draw-
ing....anyone may suaeed and perform as well as the author of the inven-
tion, and wasgreetedwith enormousinterest, and Daguerreomania became
a crazeovernight.

FIGURE 59.2. Snap shot

Phil: Yes,but there wasalsoa considerablescepticismlike in Leipzig City

Advertizer: The wish to capture evanesent re ections is not only impossi-
ble... but the mere desire alone, the will to do so, is blasphemy.God created

man in His own image, and no man- made machine may x the image of
Gad. Is it possiblethat God should have atandoned His eternal principles,

and allowed a Frenchman...to give to the world an invention of the Devil ?
Many artists saw in photography a threat to their livelihood (see Artists

and Photography ), and someeven prophesiedthat painting would cease
to exist.
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Mat: The dewvelopmert of mass-printed photos, from negatives, was then
quick. On Regen Street in London there were in the 1850smore than 40
photographic establishmens, and in New York 77 photographic galleries.
The demand for photographs was such that Charles Baudelaire (1826-
1867), a well known poet of the period and a critic of the medium, com-
mented our squalid scciety has rushed, Narcissusto a man, to glaat at its
trivial image on a scrap of metal.

Phil: The photo hastransformed the way we perceiwe reality. It has given
us the impression that time as a sequenceof instants, but the question
is if this is a good picture of reality and time. We know that today the
digital cameracan also record video sequencesand maybe the still image
is only a parenthesisin the developmert of human civilization and concepts
of reality. Maybe peoplewill watch video sequence®n Youtube, while still

imageswill collect dust in forgotten photo albums and museums.Maybe
we may return to a more realistic dynamic perception of time o w rather
than illusionary frozen instants of absolute time? | will put my money on
Youtube and throw away my old Instamatic!

FIGURE 59.3. Portrait by Velazquezand of Churchill

Mat: | guessyou are right. Time is dead, long live time o w!

Phil: The art of portrait painting probably tells us something about time.
A portrait is supposedto capture the timelesscharacter of the person.The
smile of Mona-Lisa is timeless, but not without motion. Timeless motion.
da Vinci usesa painting technique called sfumato (smoky) in Italian around
the mouth and eyes, which overlays translucent layers of colour to create
perceptions of depth, volume and form. Does the smile result from the
shadows or the shadows from the smile?
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FIGURE 59.4. Portraits of Lincoln after and before retouche

Mat: Don't know. It may be interesting to analyze the role of time in
portrait painting during di erent periods. During the baroque and rococo
periods portraits wereimportant assymbols of (timeless) power and wealth,
but artists increasingly studied the facial expressionghat accompanieddif-
ferent (timeless) emotionsand human feelingsRomarntic artists during the
rst half of the 19th certury brought in time ow in exciting portraits of
inspired leadersand agitated subjects, using lively brush strokesand dra-
matic lighting. Cubist portraits often have a timeless character, while one
form of expressionismis time o w. Francis Bacon's gures are tortured in
timelessmotion, while Lucian Freud's gures like Henry Moore's sculptures
are resting.

Phil: Another exampleof timelessmotion is the ballet jump or Grand Jete,
with the ballet dancer seeminglyhanging in the air for an eternity.

Mat: It seemsthat a portrait is timeless,tenselessjn cortrast to a tensed
snapshot. A portrait is supposedto depict the timeless character of a per-
son.
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FIGURE 59.5. Self-referencing photo.

FIGURE 59.6. Wall paintings in the cavesof Chauvet in France

FIGURE 59.7. Timeless Grand Jete
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60
Joyce

Then's now with now's then in tense continuant...at this auctual
futule preteriting unstant...there is a future in every past that is
presert... Between me rassciations in the postleadery past and mi
disconnections with aplompervious futules...a time has a tense...will
had beenhaving... can could...willb eisnor was...achild that wouldbe-
waskidnapp ed at an ageof recert probably, possibly remoter...there's
a split in the in nitiv e from to have to have beento will be.. (James
Joyce in Finnegans Wake).

Phil: Finnegans Wake by JamesJoyce begins:

riverrun, past Eve and Adam's, from swerveof shore to bend of bay,
brings us by a commadius vicus of recirculation back to Howth Cas-
tle and Environs. Sir Tristram, violer d'amores, fr'over the short se,
had passenore rearrived from North Armorica on this sidethe scraggy
isthmus of Europe Minor to wielder ght his penisolate war: nor had
topsawyer'srocks by the stream Oconee exaggeated themselseto Lau-
rens County's gorgios while the went doublin their mumper all the
time:

and endsby returning to the start:

...Coming, far! End here. Us then. Finn, again! Take. Bussofthle,
mememorme! Til | thousandsthe. Lps. The keysto. Given! A way a
lone a last a loved a long the ...
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Mat: Oh, that is intriguing. What doesit mean?

Phil: FinnegansWake, crowning the work of sewerteen years,is a wonder-
ful mix of mythology, theology, mystery, philosophy, mathematics, physics,
history, sociology, astrology, ction, alchemy, music, colour, nature, sexual-
ity, humanity, you nameit, written in a new intricately woven and obscure
language.lmpossibleto read, but very funny! And very deep!

Mat: Soyou have read it?

Phil:  Only parts, nobody hasread all of it. It takesmore than a lifetime.
Joyce wanted to enomunter the reality of experience and to forge in the
smithy of my soul the uncreated conscien@ of my race. Quite ambitious!
Here Commalius vicus refersto Giambattista Vico (1668-1744),who be-
lieved in a theory of cyclical history. In his work La ScienzaNuova Vico
arguedthat the world wascomingto the end of the last of three ages,these
being the age of gods, the age of heroes, and the age of humans. Joyce ar-
gued:| dont believein any science, but my imagination growswhen| read
Vico asit doesrit when| read Freud or Jung.

Mat: What is the story?

Phil: There is one abiding story, that of the Fall, which is repeated over
and over. The Fall, or crime, is sexual in nature and has to do with the
exposureof the genitalia, male an female,to a voyeuristic gaze:The father
gazesat the daughter and the daugher gazesat the father, ead on him or
her self, and both are gazedon by three soldiers, in the Phoenix Park in
Dublin with its dominating monumert, an obelisk to the thriumph of the
battle of Waterloo of the Irish Duke of Wellington.

Mat: What inspired Joyce?

Mat: Everything, including science.Joyce was born in Dublin in 1882
and after graduation in 1902 he wert to Paris, then a meccafor artists,

philosophers,and restlessspirits. Relativity wasthe ideal sciertic subject

to the avantgarde meeting at Cafe de Flore on Bouleward Saint-Germain.

The radical character and abstract nature of the new theory, the sense
of crisis accomparying its creation, and the emphasison the subjective
elemert in the newde nition of time led se\eral artists to embracerelativit y

asa dramatic sciertic counterpart to their own artistic and philosophical
endeavors. | wish | had beenthere!

Mat: | am glad | am hereinstead.

Phil: Evidently, Einstein legitimized Joyce and other writers of the new
time schal including Proust, Wolf, Mann and Faulkner, to presert human
temporal experiencethrough the prism of the character's mind rather than
by employing the spatial view of traditional novel. The time scool novel-
ists attempted to recreatethe complexity of time consciousnesby meansof
a stream-of-consciousnesstechnique mixing the past and projected future
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into the presert momertary preception, rather than any objective reality,
which was the goal of the classicalnovel. Using this technique Joyce man-
gagedin Ulyssesto create something more real than reality.

Mat: Oh, sowhat Joyce describesis hyper-reality?

Phil: Seemsso. Although the action of Ulyssesdescribes the course of
a single day, the coexistenceof the consciousnes®f the characters' past,
presert and projected future enablesthe reader to understand fully the
characters in the context of the formative events of their lives. As Molly
Bloom lies in bed, her past, present and future ceaselesslyo w together.
Her thoughts form a continuum in which there are no temporal divisions:
it is an eternal present where di eren tiated time zonesdo not exist.

Mat: What is the connectionto Homer's Odyssey?

Phil: There is a lot of parallelism following Joyce's idea of onenessof all
ages.But in Finnegan's Wake Joyce createsa reality of his own, completely
freed from the rational logic which dominates our waking state. Instead it
resenblesthe logic of the dreaming mind, or the working of consciousness,
where images are subject to constart movemert and transformation. In
place of realistic characters Joyce createstypes: Mister Typus, Mistress
Tope and all the little typtopies represeried by Humphrey Chimpden Ear-
wicker or HCE (Here Comes Everylody), his wife Anna Livia Plurakelle
and their children: Shem Shaun and Issy interacting in a relativistic fu-
sion of time and spacewith the help of the simulchronic ush in his pann,
without boundariesbetweenthe past, presert and future.

Mat: For Joyce, the existenceof Julius Caesarwould be no problem?

Phil: Of course not. Everything is possible playing with the language:
Then's now with now's then in tense continuant { There is a future in
every past that is present { Between me rasseiations in the postleadeny
past and mi disoonnections with aplompervious futules { will had been
having { can could { willbe isnor was{ a child that wouldlewaskidnapped
at an age of recent prokably, possiblyremoter { and soon...

Mat: ... will had beenhaving, isnor was, wouldbewas?| makesme dizzy.

Phil: The Fall is also the fall of Newtonian physics with relativit y assai-
ated with the fall of the apple, both the fall of fruit asa symbol of nature's
cycle of renewal, and the fall of the apple which e ected Newton's insight
into the similarity betweenearthly and heavenly bodies. Through the apple
image, the fall of classicalphysicsis linked with the biblical Fall and some-
times the two motifs are interrelated: Thus, for example,we hear: For then
it wasthe age. . . of a pomme full grave and a fammy of levity, followed
by newt, atypical Joyceanclue. The applein questionis, of course,the for-
bidden fruit, with its grave consequencesand the woman of levity is Eve,
but the applefall (any fall) is also the result of gravity, whosedescription
brought Newton fame and made him an eponymous gure.
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Mat: Sothere are many allusionsto physics?

Phil: Certainly. In another referenceto Newton, HCE is described as one
who thought he weighel a new ton when there felled his rst lapapple {
Let's hear what sciene has to say, pundit-the-next-best-king. Splanck! -
Upfellbowm. \Splanck!" is the sound of the falling fruit, as well as the
physicist Max Planck, the father of the quantum theory; \Upfellb owm" is
German Apfelbaum: appletree, distorted to bring out the idea of gravity
and fall. A similar distortion appearsearlier in abfalltree.

Mat: What about spaceand time?

Phil: Einstein's curved spacetimeconnectedto the Viconian vision of time,
curving badc upon itself: we come to newskyprospect from west the wave
on schalule time (if | came any quicker I'l | be right back before | left). The
idea of a re-ertrant universe,in which the future somewherehasto meet
the past, is alsoimplied in the only wisein a muck's world to look on itself
from beforehand{ Bloody certainly we'vegotto seeto it . . . that downthe
gullies of the eras we may catch ourselveslooking forward to what will in no
time be staring you larrikins on the postfae in that multimirr or megaron
of returningties, whirled without end to end.

Mat: The brothers Shemand Shaun, do they represen time and space?

Phil:  Yes, they represen the opposition between time and space, often
represerted as an opposition betweenan elm and a stone. Einstein's name
suggesteda way to enhancethis motif sincethe physicist wasborn in Ulm.
Joyce often blends these two motifs, as in on the hike from Elmstree to
Steng precededby it was mutualiter foretold of him by a timekiller to his
spacemaker. HCE is described as the onestone parable { the cluekey to
a worldroom beyond roomwhorld A children's geometry lessonends with
a referenceto Eyeinsteye{will gift uns his Noblett's surprize, referring to
Einstein's Nobel Prize in physics.

Mat: What about uni cation of polarities?

Phil:  Joyce also searded a unity of opposites. By placing temporal and
spatial terms together he brings out the opposition betweenthem, but at
the sametime he shows their unity by suggestingthat a referenceto either
spatial or temporal coordinates requiresthe useof both in conjunction, time
and spacehaving beenunited by Einstein. A spatial context, for example,is
augmerted with a temporal referencein the following passageHCE came
at this timecoloured place where we live in our parogial fermament one tide
or another. Conversely a temporal context may be augmerted by space.
This happens,for example,when at the time is renderedasfor the space of
the time being { just in time asif he fell out of space { having reprimed his
repeater and resiteroomed his timespiece His Revenanes, with still a life or
two to spare for the space of his occupancy of a world at a time, roseto his
feet. Another way of suggestingthe conjunction of time and spaceconsists
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in replacing the spatial coordinates with the temporal ones,and vice versa
in constructions as thenatouts { anywhen{ whenalouts.

Mat: How was the reaction to Joyce?

Phil: Mixed. Many got angry. In Time and Western Man (1928), Wynd-
ham Lewis launched a personalattack on Joyce. In the chapter ertitled An
Analysis of the Mind of JamesJoyce, Lewis blasted Ulysses,describing it
asa disorganizedquantit y of material, that was scraped togetherinto a big,
variegated heap. He condemnedBergsonian philosophy and the relativistic
conceptof timespacefor their relianceon the ux of reality instead of solid
objects, and he assaultedJoyce, calling him the poet of the shabby-gentel,
impoverishal intellectualism of Dublin. Joyce, he said, is steeped in the
sadnessand the shabbinesof the pathetic gentility of the upper shopkep-
ing class, slumtering at the bottom of a neglected province. The conclusion
Lewis reached in his analysis was that there is not very much re ection
going on at any time inside the head of Mr. James Joyce.

Mat: How did Joyce react to this assault?

Phil: JoyceanswersLewis in the Wake in two passagesthe lecture of Pro-
fessorJonesfollowed by the fable of the Mookse and the Gripes; and in
the fable of the Ondt and the Gracehoper. ProfessorJones,who represerts
Wyndham Lewis (or space-orieted Shaun as opposedto temporal Shem),
deliversa lecture on the dime-cash problem speaking from the blinkpoint of
so eminent a spatialist he beginshis lecture by dismissingboth Bergsonian
ux and Einsteinian physics, claiming that the sopholay of Bitchson . . . is
in reality only a doneby chance ridiculisation of the wha-wha and where's
hairs theorics of Winestein. ProfessorJonesexplainsthat the fallacy is the
belief that the inception, and the desent and the endswel of Man is tem-
porarily wrapped in obsenity whereashe, in his own spacious immensity
prefersto be reassuied by ratio that the cuke of [his] volumesis to the sur-
faces of their subjects as the sphericity of theseglokes. . . is to the feracity
of Fairynelly's vacuum Pleasedwith his augmentatively uncomparisoned
discourse,but doubting the capabilities of his audience, Professor Jones
now reverts to a more expletive methad and o ers his version of Aesop's
fable of the fox and the grapes.

Mat: Mookseand the Gripes?

Phil: Yes,carefully avoiding temporal terms, Professorbeginshis tale: Eins
within a space and a wearywide space it wast ere whonel a Mookse. The
onesomenessvast alltolonely, archunsitslike, broady oval, and a Mooksehe
would a walking go However, his attempts to eradicatetime are only partly
successfukince onesomeand Eins ewoke Einstein's name, and with it not
only the notion of time but alsothat of spatiotemporal conjunction. Such
problems of temporal interferencein his purely spatial existencecortinue
to plaguethe Mooksein his roaming run through Room and when he nds
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a placeto sit down heis again joined with time, for the seathe haschosen
is a stone, and a stone represers Einstein's name. Inevitably, asthe story
unfolds, the problem of time fallacy is brought up by the Mooksewhen he
reacts violently to Gripes'sinnocert question: By the watch, what is the
time, pace? To the Mookse,the question is insolert. Enraged, he informs
the Gripesthat clarifying the question of temporal fallacy is precisely the
goal of his mission and then attempts to impose his spatial geometrical
approach on the Grip es: Quote awhore? This is quite about what | came on
my missions with my intentions laudibiliter to settle with you , barbarousse.
Let thor be orlog. Let Pauline be Irene. Let you be Beeton. And let me be Los
Angeles.Now measure your length. Now estimate my capacity. Well, sour?
Is this space of our couple of hours too dimensional for you, temporizer?
Will you give you up? But the other cannot give up his senseof time.
The Mooksethen is forced to revert to the formerly unsuccessfuimethod
of discourse.With the help of Greek, Latin and Rosicrucian literature he
proves his point over and over, a hundred and thirt y-three times in all,
and then the samenumber again: He gathered togetherthe odds docence of
his vellumes, gresk, letton and russicruxian, onto the lapse of his prolegs,
. and set alout his widerproof. He proved it well whaonearth dry and
drysick times, . . . [provel it] by Neuclidius and Inexagoras and Munifsen
and Thumpsem, by Orasmusand Amenius, . . . he reprovel it ehrltogether
whennot in that order sunderingin somedi er ent order, alter three thirty
and a hundred times. But the promulgating of ipsofacts and sadontras has
only as much e ect on the Gripesas ProfessorJones'slecture had on his
muddiecrass pupils. The temporal Gripes remains as ethereal as he has
always been: Mee are relying entirely on the weightinessof mear's breath.

Mat: What about the Ondt and the Gracehoper?

Phil: Be patient. ProfessorJonestakesthe example of music to further
clarify his views: Of course the unskilled singer continues to pervert our
wiser ears by sutordinating the space-element, that is to sing, the aria , to
the time-factor, which oughtto be killed, ill tempor. He advisesany singer
to forget her temporal diaphragm at home. . . and attack the roulade with
a swift colpo di glottide to the lug and thus to eliminate the time-factor in
music ertirely. ProfessorJones'sattitude towards music expressed ewis's
own: To the trance of music with its obsessionof Time, with its inalien-
ableemotional urgencyand visceral agitation, we prefer what Bergsoncalls
obsessionof space. In the fable of the ant and the grasshopger, Shaun is
askedto sing a song,but he refusesto engagein this purely temporal form
of art. He apologizesand o ers instead to spin a yarn from the grimm gests
of Jacko and Essaup. . . and consider the casus. . . of the Ondt and the
Gracehoper. As in the story of the Mookseand the Grip es, the characters
of this fable represent the Shem-Shaunpolarity, but in another of their
aspects they are Joyce's responseto Wyndham Lewis. In the fable Lewis
is the stern and prudent Ondt, thothfolly making chilly spaces at hisphex
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ar ont of the icinglass of his windhame A clearly spatial character, he is
a raumybult fellow, chairmanlooking whennot making spacesin his psyche
and smokesa spatial brunt of Hosanacigals The musicmaking Gracehoper
is Joyce himself, always jigging ajog, hoppy on akkant of his joyicity, . . .

with a pair of nd lestilts to supplant him. When they meet, the Ondt is
making the greatest spassa body could, while the famished Gracehoper, like
the ethereal Grip esat the closeof the earlier fable, is a featherweighe ani-

mule, actually and presumptuablysinctyfying chronic's desgir. But, unlike
the Mookseand the Gripestale, this time Joyce doesnot leave the space-
time question unresolved. The Ondt may have the upper hand in the story

but in the Gracehoper's songwhich closesthe fable the opposition of space
and time is dissolved into a unity:

A locusto loue, a term it t'embarass

Thesetwain are the twins that tick Homo Vulgaris

We are Wastenot with Want, precondamned, two and true
Til I Nolans go volants and Bruneyes come blue

Spaceand time are thus pronouncedto be one: eac can only develop its
essencdyy opposition to the other. It is this interdependencethat ultimately

uni es them. And asfor the last word in the argumert, it belongsof course
to Joyce. It is a personal question addresseddirectly to Wyndham Lewis
- both as a writer of prose and as a champion of space:Your genusis
worldwide, your spacest sublime. But, Holy Saltmartin, why can't you beat
time?

Mat: Can | borrow your copy of the Wake?
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FIGURE 60.1. Stream of self-consciounessof Joyce: Thanks eversore much.
Pointcarried! | cant say if it's the weight you strike me to the quick or that
red mass | was looking at but at the present momentum, potential as | am, I'm

seeing rayingbogeysrings aroiund me.
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All I know is what the words know, and dead things, and that makes
a handsomelittle sum, with a beginning and a middle and an end, as
in the well-built phrase and the long sonata of the dead. { Birth was
the death of him. { Evertried. Ever failed. No matter. Try Again. Fail
again. Fail better. { | write about myself with the samepencil and in
the same exercisebook as about him. It is no longer I, but another
whose life is just beginning. { It is right that he too should have his
little chronicle, his memories, his reason,and be able to recognizethe
good in the bad, the bad in the worst, and so grow gently old down
all the unchanging days, and die one day like any other day, only
shorter. { The tears of the world are a constant quality. For eac one
who beginsto weep, somewhereelseanother stops. The sameis true
of the laugh. { They give birth astride of a grave, the light gleamsan
instant, then it's night once more. { Where | am, | don't know, I'll

never know, in the silenceyou don't know, you must go on, | can't
goon, I'll goon. { Words are all we have. (Beckett)

Phil: Bedkett studied for his Bachelor's degreein French and Italian at
Trinity College, Dublin, 1923-27and becamean intimate of Joyce's cre-
ative circle. In 1930 he published an arcane poem on Descartes, Whoro-
smpe. Bedkett settled in Paris in 1937, and French became his written
language. His trilogy of novels, Molloy (1951), Malone Dies (1951), and
The Unnamable (1953), later translated into English by Bedett himself,
is consideredamongthe greatest prosewritings of the certury. They mark
out a very grim but ridiculously circuitous and laboured path of human
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life. Bedkett got the Nobel Prize in 1969 for his writing, which | in new
forms for the novel and drama { in the destitution of modern man acquires
its elevation. Having remarked that Joyce ought to have won it, Bedkett
gave much of the Nobel money away to charities and needywriters. Bed-
ett wrote lessand lessin the 1970sand 1980s,whittling down even more
rigorously his work to the barest essetials of expression.and died in 1989
in Paris. Malone Dies opensas follows:

Presentstate. This room seemsto be mine. | can nd no other expla-
nation to my being left in it. All this time....But whatis the last thing
| rememler, | could start from there, before | cameto my senseagain
here? That too is lost. | waswalking certainly, all my life | havebeen
walking, exapt the rst few months and since | have been here. But
at the end of the day | did not know where | had been or what my
thoughts had been. What then could | be expected to rememter, and
with what? | rememigr a mood...But perhaps| was stunned with a
blow, on the head, yes, now that | speak of a forest| vaguelyremem-
ber a forest. All that belongsto the past. Now it is the presentl must
establish, before | am avengel....Had it been foretold to me that one
day | should feel myself living as | do today, | should have smiled....
I rememier them well, these last few days, they have left me more
memories than the thirty thousand odd that went by. When | have
completad my inventory, if my death is not ready for me then, | shal
write my memoirs, That's funny, | have made a joke. No matter...

Mat: The past is evasive and there is no future. Is Bedett a presertist?

Phil: Let's see:His play Happy Days openswith a barren outdoor with a
woman around ft y, Winnie, embeddedto her waist in a mound of earth.
Bedkett depicts man in a state of being nothing and doing nothing; bare
existence,with the mound represering time, | believe.

Mat: It seemsthat absencerather than presencecharacterizes Bedett's
world. Is he then an absetist?

Phil:  Could be. Winnie's memory is all fragments which do not make
up a coherert story: The sunshadeyou gaveme...that day... (pause)...that
day...the lake...the reeds. (Pause.) What day? (Pause.) What reeds?

Mat: Evidently, Bedkett doesnot describe linear time, but rather decon-
structed time.

Phil:  Winnie restsin an in nite moment when things passso slow that no
changecan be seen,saying: It's not hotter today than yesteday, it will be
no hotter tomorrow than today, how could it, and so on back into the far
past, forward into the far future. ... Winnie tries to look at the presen from
the point of view of the past: When the presentbecomesthe past only nice
things can be rememlered, if one chaosesto do so, while now the su ering
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of being cannot be avoidel. Thus, shetreats the presen if it would be her
past, as it helps her bear her su ering : Oh, this is going to be another
happy day! Sincetime does not passin linear uency, it does not mean
any step closerto a goal. Winnie is deeper in the ground - time, and is
completely confusedas to how the time has slowved down. Sheis not able
to usethe past tense without anchoring it in her presence,asif her past
were fusedin it: | usel to think...(pause)...I say | usd to think there was
no di er ence between one fraction of a second and the next. (Pause.) | usal
to say...(pause)...I say | usal to say, Winnie you are changelessthere is
never any di er ence between one fraction and the next. Why bring that up
again?

Mat: This must be Zeno's paradox.

Phil: Believe so. The experience of time is expressedin its purest form
in Waiting for Godot: The two tramps Vladimir and Estragon seizedin
Zencean time, which has almost stopped but not quite, are waiting for
Godot in a waste land, having nothing to do but to be and to expect. The
main subject of the play is not Godot, whatever that may be, a person,
thing, event, death or God...etc., but the waiting itself, which is the most
evident experienceof time:

ESTRAGON: You're sureit wasthis evening?

VLADIMIR: What?

ESTRAGON: That we wereto wait.

VLADIMIR: He said Saturday. (Pause.)! think.

ESTRAGON: You think.

VLADIMIR: | must have made a note of it. (He fumblesin his pock-
ets, bursting with miscellaneousrubbish.)

ESTRAGON: (very insidious). But what Saturday? And is it Sat-
urday? Is it not rather Sunday? (Pause.) Or Monday? (Pause.) Or
Friday?

VLADIMIR: Time has stopped.
VLADIMIR: And it's not over.
ESTARGON: Apparently not.
VLADIMIR: It's only beginning.
ESTRAGON: It's awful.

Mat: When time has stopped, there is no longer any Arrow. It is like a
compassat the North Pole. Is this McTaggart's time which doesnot exist?

Phil:  Probably. In Endgamethe main characters Hamm, blind in a wheel-
chair, and his son Clov also play a game about waiting. Already in the
beginning of the play, time has stopped:
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HAMM: ...What time is it?

CLOV: The sameas usual.

HAMM: (Gesture towards window right.) Have you looked?
CLOV: Yes.

HAMM: Well?

CLOV: Zero.

Hamm, Clov, and Hamm's parents Nell and Negg represer three genera-
tions and alsothree time periods. There is a horizontal linear time uency
from youth to old age,and a vertical represerting Zeno'sunchanging now,
represerted by the certral position in the middle of the stage:

HAMM: Back to my place!(Clov pusheschair badk to certre.) Is that
my place?

CLOV: Yes,that's your place.

HAMM: Am | right in the certre?

CLOV: I'll measureit.

HAMM: More or less!More or less!

CLOV: (Moving chair slightly.) There!

HAMM: I'm more or lessin the certre?

CLOV: I'd sa&y so.

HAMM: You'd say so! Put meright in the certre.

Hamm hates his parents for giving him birth, Nagg and Nell wish to die,
but the will to life keepsthem breathing and going on:

HAMM: TI'll give you nothing more to eat.

CLOV: Then we'll die.

HAMM: I'll give you just enoughto keepyou from dying. You'll be
hungry all the time.

Mat: The clock getsjust the right momertum to take another tick.
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FIGURE 61.1. Beckett: James Joyce was a synthesizer, trying to bring in as
much as he could. | am an analyzer, trying to leave out as much as | can.
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Borges

Any life is made up of a single moment, the moment in which a man
nds out, once and for all, who he is. { Every writer "creates" his
own precursors. His work modi es our conception of the past, as it
will modify the future. { Life and death have been lacking in my
life. { The certral problem of novel-writing is causality. { Writing is
nothing more than a guided dream. (Borges)

Phil: Borgeswrites in The Garden of Forking Paths:

In all ctions, eachtime a man meetsdiversealternatives, he chaoses
one and eliminates the others; in the work of the virtual ly impossible-
to-disentangle Ts'ui Pen, the character chases{simultaneusly{ all
of them. He creates, thereby, “seveal futures', seveal times, which
themselvesproliferate and fork.

This webof time { the strands of which approach one another, bifur-
cate, intersect or ignore each other through the centuries { embrace
every possibility.

Mat: This is like Everett's many-world version of quantum medanics. All

possible worlds sort of exist in parallel, as possibilities, or realities, it is
not clear, and we happen to live in one of them. Schredinger's cat is both

dead and alive in parallel in the box whereit is kept, until someoneopens
the box, causingone of the two possibilities to “condenseinto reality. Our
World is such a condensationout an ocean of possibleworlds. Some, like
Leibniz, considerit to be best possible somebelieve it is not.
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Phil:

62. Borges

In Tlon, Ugkar, Orbis Tertius Borgeswrites:

One of the schwls of philosophyon Tlon geces so far as to deny the
existen@ of time; it arguesthat the presentis unde ned and indef-
inite, that the future has no other reality than as presenthope, that
past is no more than presentmemory. Another schal posits that all
time hasalready passel, sothat our life is but a crepuscularmemory,
or crepuscularre ection, doubtlessslydistorted and mutilated, of an
irr ecoverable process. Another maintains that the universe is compa-
rableto thosecode systemsin which not all the syminls havemeaning,
and in which only that which happens every three hundredth night is
true. Yet another that while we sleep here, we are awake somewhee
else, so that every man is in fact two men.

The people of Tlon are taught that the act of counting modi es the
amount counted, turning inde nites into de nitites.... It hasbeen de-
cided that all books are the work of a single author who is timeless
and anonymous...Their books are also di er ent from our own. Their
ction hasbut a single plot, with everyimaginable permutation. Their
works of a philosophi@l nature invariably contain both the thesisand
the antithesis, the rigorous pro and contra of every argument. A book
that does not contain its counterbook is considered incomplete.

FIGURE 62.1. Collective writing in Ugbar.
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Writing and Pairting

The art of doing mathematics consistsin nding that special case
which contains all the germs of generality. (Hilb ert)

Every act of creation is rst of all an act of destruction. (Pablo
Picasso)

Phil: Writing something, ction or poetry or science,s a creative process,
whereyou di erentiate or selecta sequenceof words from a set of possible
sequencesuyntil you are satis ed or exhausted.Along the way you produce
waste in the form of discarded possibilities accurrulating in your waste
basket on its way to destruction. A writer must have a will or drive to
write, a drive to di erentiate, but also needsto destroy (some of) what
has been written. The ideal writer would newver throw anything he has
written, becauseeverything he/she writes is perfect. But that writer does
not exist: if the writer never throws anything away, then his/her books
cannot be perfect. Evidently, writing de nes an Arrow by the processof
creation-destruction. What has beenburned cannot be retrieved.

Mat: Dieren tiation enhancesdi erence and thus createsinformation. An
painter starts with a sketch and addsdetails upon details until satisfaction.
The smallestdetails have a nite sizeand the painting is of nite precision.
A painter seekingin nite precision cannot nish any painting and thus
succonbs. The painter hasto destroy information in the sensethat there
are details in the motif which he decidesto leave out. Information can be
destroyed by a processof dissipation where sharp constrastsare smoothed
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out decreasinghe amourt of detail. This processde nes an Arrow: A detail
which has beensmoothed out cannot fully be recovered.

Phil: We have already discussedhis aspect, at length. It isimportant, but
let us now proceedto something else.What about music?

FIGURE 63.1. Creation and destruction of information in Finnegans Wake.
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Musicvs Time

Music is the processof counting without knowing it. (Leibniz)

Music is your own experience, your own thoughts, your wisdom. If
you don't live it, it won't come out of your horn. They teach you
there's a boundary line to music. But, man, there's no boundary line
to art. (Charlie Parker)

Phil: Music is a represenation of time o w. The rythm setsthe pacewith
one bar or beat following after the other by successie replacemer.

Mat: There is an important di rence between notated music, where eat
note is played accordingto a preset score,and improvised music suc as
jazz, where the only the basic structure is preset, and the players are in-
venting or creating the music in the momert in a many-minds interactive
manner, ead player listening to the other players and then playing some-
thing.

Phil: This is like a good constructive cornversation around somecommon
theme, where ead person listens to the others and then says something,
which is not decided upon beforehand. Sometimesour cornversations are
constructive like that, sometimesthey collapseto monologueswithout lis-
tener. This is quite normal, | guess.

Mat: Improvised music, in cortrast to notated music, illustrates the open-
endednature of time o w, where the future is not determined beforehand,
and thus doesnot exist, but is createdin eadh momernt of change.

This is page231
Printer: Opaquethis



232 64. Music vs Time

Phil:  You may comparewith Commaelia dell'arte, the unscripted improvi-
sational theatre popular in Italy in the 15th-18th certury, also known as
Italian Comaly. Performanceswere held outside, free to watch and funded
by donations. A troup e consistedof 10 people: 7 men and 3 women includ-
ing characters such as Harlekin, Colombine and Pajazzo.

Mat: That is a good example. The performanceswere around a repertory
of stock, cornvertional situations: adultery, jealousy, old age, love, some of
which can be traced in the Roman comediesof Plautus and Terence,which
are themseles translations of lost Greek comediesof the fourth certury
BC. These characters included the ancestorsof the modern clown. The
dialogue and action could easily be made topical and adjusted to satirize
local scandals,current everts, or regional tastes, mixed with anciernt jokes
and punchlines. Characters were identi ed by costume, masks, and even
props, such asthe slapstick.

Phil:  Another example is the open-ended nature of the writing of this
book, where clearly the book is not written beforeit is written, illustrates
that the future is not pre-determined. Or is the book in somesensewritten,
before we have written it? Doesit have to comeout the way it does. Are
we free to changeit, or are we simply following a presetscore?

Mat: Hard to say. Certainly we have the impressionthat the writing of
the book hingeson getting someinspiration to what to write. But from
wherethe inspiration comesis a bit unclear. Chaotic quantum mecanics?
Intelligent design?For now | have no answer. Maybe someidea will come
up from somewheresometime somehav. Let's hope for the best.

FIGURE 64.1. Creating music in o w of inspiration.



65
Rythm and Beat

Music and rhythm nd their way into the secret places of the soul.
(Plato)

Rhythm is something you either have or don't have, but when you
have it, you have it all over. (Elvis Presley)

Music is a safe type of high. It's more the way it was supposed to
be. That's where highnesscame, | guess,from anyway. It's nothing
but rhythm and motion. (Jimi Hendrix)

Music creates order out of chaos: for rhythm imposes unanimity
upon the divergert, melody imposescontin uity upon the disjointed,
and harmony imposescompatibilit y upon the incongruous. (Y ehudi
Menuhin)

Phil: The sequettial character of music is shovn by a conductor marking
the beat or rythm, while following the bars of the swre, ead bar being
divided into a number of beats: 2 in two-step 3 in waltz, 4 in foxtrot, and 5
and 7 in e.g. Greek folk music. A steady 4/4 beat doesnot have an Arrow,
and soundsthe sameif played in reverse.More complex pattern have an
Arrow and sound strange in reverse.

Mat: A metronome is a pendulum for which the e ective length can be
regulated by shifting a weight to make the pendulum swing badk and forth
at dierent rates from largo at 40-60 periods to prestissimo at 200-208
periods per second.The length of a pendulum scaleslik e the inverseof the
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frequency squared so that a shorter pendulum swings quicker, as can be
seenin Fig. (65.1).

Phil: In jazz music the beat is supposedto be very steady, but on top of
the steady beat there is a lot of o0 -b eat synwpes The precisetiming of
these syncopes is what givesthe swing Jazz is a combination of African
and European music, with the rythmic complexity coming from Arica and
the harmonic complexity from Europeanclassicalmusic. The rythmic com-
plexity is expressedn polyrythm with both 2 beatsand 3 beatsin a bar at
the sametime. This is called \triol-feeling".

Mat: | classicalmusic, the beat is either steady or more o wing, with less
of syncopation. A composerwanting to add a a vor of jazz adds syncopes,
like Ravel.

FIGURE 65.1. A metronome. Notice the scaling: the e ectiv e length of the pen-
dulum scaleslik e the inversesquare of the frequency making the scalelook sparser
for higher frequencies.
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Cadenzdynamics

In almost all Mozart'ss major cadenzasone can make out a clear
division into three; an opening (I), which begins either with one of
the themesof the concerto or with virtuoso passage-verk......a middle
section (11), which is almost always a sequerial developmert of some
important theme or motiv e from the concerto movemert....... This is
the starting point for a number of virtuoso runs, arpeggios, etc.,
which lead to a closing section (I11) of the cadenza, usually ending
on a trill. (Paul Badura-Skoda)

Phil: A steady 4/4 beat will sound the samein reverse,but if you add
melody and harmony, it will in generalsoound strangein reverse.A melody
may up and then down, and such a movemert will be the samein reverse,
but of course many musical phraseswill sound very dierent in reverse.
Hpw about harmony? Is there an Arrow in a the most common harmonic
progression?

Mat: You meanif there is savtooth dynamics?Let's see:The mostcommon
sequenceformed by three chords in the key of C that ewvery guitar player
knows is: C, F, G7 and then badk to C. This is a cadenzaor sequenceof
chords which starts \at home" with a C major chord consisting of CEG,
then builds a tension by going away from home from the C major chord
to a F major chord consisting of FAC with the the new note F a half tone
above E asthe most important alteration, and then increasesthe tension
further to a G7 chord consisting of GHDF with the new important note
H a half step below C. The G7 chord has the two notes F and H, which
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are a half step away from the C and E in the C major chord. Therefore
G7 has maximal tension and seeksto be resolved into a C major chord by
F moving down to E and H moving up to C in halfsteps. The diminished
fth HF is resolvedinto the third CE. HF is felt more dissonart and wants
to be resolved into the harmonious third CE. In fregencies,the two notes
of the third CE has (closeto) the ratio 5=4, while tkkg_diminished fth is
(in the temperate scale) nothing lessthan the weird = 2  1:41. Thus the
third is much more\at home" than FH which is \out".

Phil: Soin the chord changeC to F to G7 to C, there is like an gradually
increasedtension (C to F to G7) followed by a more abrupt resolution of
tension G7 to C. This is the sawtooth pattern.

Mat: Evidently, music is aboute creating tension and releasingtension, in
that order, in melody, harmony and also rythm. To createtension is to in-
creasedi erence, to releasetensionis to decreasdension. You may say that
to relasetensionis to create order and reach equilibrium, and to createten-
sionis to createdisorder and leave equilibrium. This is completely opposite
to the classical2nd Law of thermodynamics of increasingentropy/disorder
and decreasingdi erence.

FIGURE 66.1. Irreversible Cadenza by Haydn in C major with C, F and G7
chords.
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Time Dilation

What reasoncould not avoid, has often beencured by delay. (Seneca)

Every delay that postponesour joys, is long. (Ovidius)

Mat: When you makelong distancecalls on the mobile telephon, you notice
a time delay in the communication.

Phil: Yes, this doesn't matter in monologsbut is very irritating for quick
conversation and exchange of ideas. You say something and then you have
to wait sometime for a response.Both you and the one you are talking
with have the impressionthat the other is subject to a time delay or time
dilation.

Mat: What is funny is that | have recertly noticed the samephenomenon
in the direct oral communication with my wife, who has the same funny
feeeling.Sheclaimsthat when shesays somethingto me, it takessometime
before | get the messageand respond. And | have the sameimpression. It
started with just a few secondsdelay sometime ago, but now the delay is
about 10 minutes. | wonder if this can be a saturation e ect from a long
marriage, or if is someform of relativistic time dilation?

Phil: Sorry to hear that. It must be very disturbing. How do you handle
this di cult y?

Mat: Well, you get usedit. But you cannot simply wait 10 minutes for a
responseto say somethingagain. The trick is to remenber what you said an
hour ago and understand that what you hear from your wife is a response
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to that, sothat at the sametime you keeptwo conversationsgoing with a
delay of 10 minutes. Me and my wife have got usedto that and it works
quite ne. But it can be confusing if you use the same technique when
talking to other people.

Phil: | hope you don't have other syndroms of time dilation.

Mat: | have to admit that | have also noticed when playing the piano
that the rate of time of the left and the right hand no longer is the same,
with the e ect that the right hand getsto the last bar well beforethe left
hand. Again | have learnedto compensatefor that by separatingthe input
from the two hands when listening and correcting for the delay. But to an
audienceit is very disturbing.

Phil:  What will happen if this form of time dilation will spread?What if
all people and even di erent parts of the body of individuals will follow
di erent clocks? This seemslike a seriousthreat to humanity, of the same
dimension as global warming. Is the syndrome you seemto suer from
contagious? What is the causeand a possiblecure?

Mat: Discipline, | think. Time discipline. With relevant and e ectiv e train-
ing in school, ideally in conjunction with mathematics education, it should
be possibleto keepthis problem under cortrol. The motto should be: Zero
tolerance for time dilation.
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The Marriageof Spaceand Time

In the Spaceand Time marriage we have the greatest Boy meets Girl
story of the age. To our great-grandchildern this will be as poetical
a union as the ancient marriage of Cupid and Psyche seemsto us.
(Lawrence Durrell in Balthazar 1958)

The views of space and time which | wish to lay before you have
sprung from the soil of experimental physics, and therein lies their
strength. They are radical. Henceforth spaceby itself, and time by
itself, are doomed to fade away into mere shadows, and only a kind
of union of the two will preserve an independert reality. (Hermann
Mink owski in Space and Time, addressat the 80th Assenbly of Ger-
man Natural Sciertists and Physicians, 1908)

My intellectual development was retarded, as a result of which 1
began to wonder about space and time only when | had already
grown up. (Einstein)

The modern artist is working with spaceand time, and expressing
his feelings rather than illustrating. (Jackson Pollock)

And how the One of Time, of Spacethe Three,
Might, in the Chain of Symbols, girdled be. (T ait)

Mat: Did you read in the newspaper today that the marriage between
Space and Time has ended?

Phil:  Oh no, that is shacking! | thought this was a happy marriage. | still
rememnber the wedding ceremory with Einstein and Mink owski aso cian ts:
\W e herely declareyou united into Space-Time, more preciselyinto Curved
Smace-Time". Sobeautiful, and sensual!And revolutionary! A marriage like



242 68. The Marriage of Spaceand Time

this was unthinkable in Newtonian times, when Space was absolute space
and Time was absolutetime, and any form of intimate relation between
the two seemedabsolutely impossible,or at least stritctly forbidden.

Mat: Yes,it wasa beautiful young couple, but already on the honey-moon
the troubles started, although very few got to know about it. Evidently
Time wanted to go on a time-travel trip to someexotic times, while Space
was happy just to sit on the bead in the Sun, and not travel at all, at
least not in time. As we all know time-travel is expensive due to the very
high speedsrequired and the assaiated space-cotraction can alsobe very
streneous.When you travel is spaceyou su er from time-lag, but when you
travel in time you su er from space-lag and that is much worse. You may
have to get usedto get contracted by a factor of 100. Very tiring. So Space
didn't liketime-travel at all, while Time insisted. That washow the trouble
started. Then it was all that dirty talking with people claiming that that
kind of relation was against Nature and soon...

Phil:  Yes, | had my doubts from the beginning, but | kept it for myself.
After all it was not very natural.

Mat: Sowhat will happen now? Are we bad to Newtonian absolute space
and absolute time?

Phil: Don't think so. That time is gone. We somehav have to nd forms
of co-existenceand cooperation other than Curved Space-Time.We must
let Time be time and Space be spaceand not force any uni cation. You
can view it asa part of our multi-cultural society, with dierent religions
and political opinions peacefully co-exising. | think this is what the book
we are writing is about, or what do you think?

FIGURE 68.1. Hermann Mink owski (1864-1909)
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The TimelessSaiety of Pol Pot

| want you to know that everything | did, | did for my country. (Pol
Pot, leader of the Red Khmers)

Phil: Did you read in the newspayer that the trial of the former leadersof
the Red Khmers as started?

Mat: Yes,it wasreally time to get processthat started, before all leaders
has passedaway. | recall that on April 17th 1975the Red Khmers led by
Pol Pot, educatedin Paris in the 1950s,madetheir way into Phnom Penh,
the Cambodian capital, and declaredthe start of Year Zero. A new scciety
basedon utopian communism or maoism had beenborn.

Phil: Evidently, it wasa classlessscciety without ownership of money and
property, with everyone dressedthe samewith the samehaircut, without
machinery and electronics, and any sort of music or scripts that was not
political propaganda.Wearing glassesor speaking a foreign languagewas
subject to death penalty. Cities were abandonedand the whole population
was relocated to farming communesin a \cultural revolution" of massive
re-education. The old Cambodian society was completely destroyed and
a new society was shaped, a new scciety approved by UN and praised in
Sweden.

Mat: What was so remarkable was that the new society was not only
classlessijt wasalsotimeless;all clocks wereforbidden, aswell ascalendars
and any form of note books recording past everts. Posessiorof any of these
items was punishedwith death. Even counting wasforbidden. Only Pol Pot
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wasto have a number, Number One. There wereno hours of the day, days of
the week,weeksof the month, months of the year, and no years.It would be
Year Zero for ever. Why? Because,like money and property, time was not
equally distributed in society. Somepeoplelived longer than others, some
peoplehad to work longerhoursthan others, somepeopleagedquicker than
others, and even more fundametally unequal: somepeoplewere older than
other, somewere youngerthan other. All this inequality was eliminated in
the timeless saciety, the society without clocks.

Phil: How it worked out? Fine, you may say, just ne. Sincethere were
no cities and complicated machinery, there was no needfor time-keeping.
Peoplewert into the elds whenthe Sunrosein the morning and wert to
bed with the Sunin the ewvening, day after day. No one counted anything
and there was no inequality anymore....

FIGURE 69.1. The timeless society of Pol Pot
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ProblemdProblems

Mat:

Phil:

Here are a couple of easymath quiz problemsrelating to time:

A father was twice as old as he was when his son was born, when he
died? How old wasthen the son?

Two trains part from Stockholm in the North and South direction.
Determine which train will rst meetthe other if the Earth is a sphere
of radius 1000km?

To build a 100 meter high pyramid takes 10 years for 10000slaves.
How long time doesit take to build 10000 pyramids for one math-
entician?

Two twins parted from Stockholm the 1st of January 1900, and re-
joined there for the 50th birthday of the rst twin. How old wasthen
the other twin assumingthat the velocity of light is 300.000km per
second?

How quickly is an electron aging, if the age of the Universeis 13.4
billion years?

The Word record on 100 m sprint run was 11.0 secondsin 1900and
10.0 secondsin 2000.What will the record be in year 2100?

Trivial problems. Too easy Here are somedi cult ones:

How much longerwould a secondbeif Planck's constart wasdoubled?
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70. Problems Problems

Are dreamsreversiblein time?

Supposeit took 4 billion yearsfor life to develop into homo sapiens.
How long time will it take to destroy human civilization?

What will be the life time of a human being be in year 3000?

What is the total length of pausesin a Beethoven sonata?
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71
The Deathof Boltzmann

To go straight to the deepest depth, | went for Hegel; what unclear
thoughtless ow of words | wasto nd there! My unlucky star led
me from Hegelto Schopenhauer. . . Evenin Kant there were many
things that | could grasp so little that given his general acuity of
mind | almost suspected that he was pulling the reader's leg or was
even an imposter. { The most ordinary things are to philosophy a
source of insoluble puzzles. With in nite ingenuity it constructs a
concept of spaceor time and then nds it absolutely imp ossiblethat
there be objects in this space or that processesoccur during this
time . . . the source of this kind of logic lies in excessie con dence
in the so-called laws of thought. (Boltzmann)

Ad hoc assumptionsabound in modern mathematical physics....They
create the false impression of excellence...In most casesmodern sci-
enceis more opaque, and more deceptive, than its 16th- and 17th-
certury ancestorshave ever been. (Feyerabend in Against Method)

Boltzmann has proved that the entropy of a given state is connected
by a simple relationship to the probabilit y of the state....only those
spontaneous transformations occur which take the system to states
of higher probabilit y. (Enrico Fermi, Nobel Prize in Physics, in Ther-
modynamics 1936)

Phil: Sofar we have expressedPrincip e Perfeito and discussedaspects of
the Arrow using ordinary language,but | would now liketo seea translation
into the languageof mathematics.
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Mat: Yes,it is a matter of translation: The essencaemainsthe samebut
the mathematical dressis reducedto a minimum, like a bikini covering only
the essetials. This is the beauty of mathematics!

Phil: First | would like to know what the trouble is with the standard an-
swer to the riddle of the Arrow in the form of the mathematics of statistical
medanics?

Mat: The trouble is to give a mathematical de nition of entropy. Boltz-
mann, the inventor of statistical medianics, struggled with this de nition
throughout his scientic careeruntil he nally gave up and ended his life.
On his grave stone is imprinted the formula

S = klog(W); (71.2)

which de nes the entropy S of a certain macrostate to be proportional
to the logarithm of the number W of microstates corresponding to the
macrostate, and k is Boltzmanris constant. Boltzmann's 2nd Law states
that S (with high probability) can only increase.

Phil: How do you motivate that S canonly (with high probability) increase,
or what is the same,why W can only increase?How to you court the
number W of microstates underlying a macrostate?

Mat: Boltzmann tried to answer these questionsin a mathematical model
of a dilute gas consisting of very many moleculescolliding elastically ac-
cording to Newton's laws. His basic idea was to prove that such a gas
will have a tendency (high probability) to move from an ordered state
to an more disordered state under increasing S and W, with the num-
ber of microstates W represerting the probability of the corresponding
macrostate. The macrostate with the largest number of corresponding mi-
crostates would be the equilibrium state with maximal entropy/disorder.
Boltzmann thus claimed that there would be a generaltendency (in a di-
lute gas)towards equilibrium stateswith maximal entropy/disorder, which
would be characteristic of natural processesand which would explain the
Arrow. Forward time was in the direction of increasing entropy/disorder
bringing a systemcloserto equilibrium.

Phil Is that the catastroph scenarioof the heat death asthe nal state of
the Universe?

Mat: This was rst suggestedn 1862by William Thomson (Lord Kelvin)
in the article On the age of the Suris heat:

The result would inevitably be a state of universal rest and death,
if the universe were nite and left to okey existing laws. But it is
impossibleto conceive a limit to the extent of matter in the universe;
and therefore sciene points rather to an endless progress, through
an endless space, of action involving the transformation of potential
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enemyinto palpablemotion and henee into heat, than to a single nite
mechanism, running down like a clock, and stopping for ever.

Phil: Yes, the inevitabilit y of a heat death according to existing laws is
clear, but Kelvin hesitatesand opensto a possibilty of endlessprogress.ls
the heat death the sameas the catastroph scenarioof global warming we
are now facing?

Mat: Not really, becausethe temperature of the dead rest state of the
Universewould be closeto absolute zero, while with global warming there
would be tropical climate also in the North of Sweden, far from a dead
state.

Phil: Back now to Boltzmann: So a disordered state would be more prob-
able than an ordered state. Increasing entropy would thus re ect a ten-
dency towards increasing disorder with time, becausedisorder would be
more probable than order. But isn't this a circular de nition? That a more
probable state is more probable? How can a gas know what is ordered
and disordered?When me and my wife have very di erent opininions on
such matters. And again: Since Newtonian medanics is time reversible,
any motion from orderedto disorderedcan be reversedinto a motion from
disorderedto ordered with decreasingertropy corntradicting the 2nd Law
of non-decreasingertropy, right?

Mat: Yes, Boltzmann's critizised by many, and he had to go into longer
and longer explanationswith more and more statistics. He started out with
deterministic reversible Newtonian mecanics, and derived an irreversible
di erential equation referredto as Boltzmanns equation, which hasan Ar-
row.

Phil: Irreversiblity in reversible mechanics? What was the trick?

Mat: His antagonist Loschmidt directlly pointed out that Boltzmann had
sneeled in an extra assumption of statistical nature into the reversible
Newtonian medanics, later referredto as molecular chaos or Stossansatz
stating independenceof molecular velocities jus before collision, but not
aftre, thus de ning an Arrow by assumption.

Phil: How did Boltzmann react to this blow?

Mat: By changing the argument to concern instead initial states with
certain intial states would be more probable than others. If the Universe
started in a highly improbable state (lik e Big Bang) it would then have to
ewlve into something lessimprobable, and Voila! there wasthe Arrow! In
our time Hawking has taken up this Big Bang idea: It is highly probable
that the Universestarted out in a highly improbable initial state.

Phil:  You are kidding! Try to be seriousinstead! We are talking about
seriousmatters. But | cannot understand how life and the organizedstruc-
tures we seeall around can dewelop if everything is only falling apart into
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disorder? This was what Prigogine usedto ask and which gave him the
Nobel Prize in Chemistry in 1977.

Mat: It is likely that it was questionslike that which drove Boltzmann to
take his own life in 190?,maybe in an ultimate last attempt to prove that
he wasright, that death is the ultimate answer?

Phil: A tragedy. Maybe life after all is a tragedy? But isn't there any hope
of a better more ordered World?

Mat: Yes,there is somehope: Princip e Perfeito: Edge stability and nite
precision.

Phil:  Sowhat is then the mathematical basis of Princip e Perfeito?

Mat: Do you really want to know? If so, we will rst have to talk a bit
about the mathematics of Newtonian mechanics, in particular the concept
of time derivative and di er ential equation. We can then write down the
di erential equation for a pendulum, which can be viewed as a clock. A
clock without an Arrow, sincethe pendulum swingsback and forth marking
rate of time but not any direction of time. We shall then write down the
equationsof thermodynamics, and seethat they have a form similar to the
pendulum equations,with oneimportant di erence: There is an additional
term represening turbulence re ecting edgestablity and nite precision,
which de nes an Arrow. Thermodynamics thus contains a clock with a
direction. Are you ready?

Phil: More than that; | demand understanding!

FIGURE 71.1. Ludwig Boltzmann updating his web page on statistical mechan-
ics.
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The Birth of the Dot Age

This is something we're very committed to, it's something that |
think people are underestimating right now as they'v e seensome of
the dot-com promisesnot comethrough. | think they're missing the
fact that the basic technology is moving forward, the new platforms
are here and this vision of the digital decadewill be a reality. (Bill
Gates)

Es braucht kaum hervorgeben zu werden, dass diese neue A as-

sung des Zeitbegris an die Abstraktionsfeahigkeit und an die Ein-
bildungskraft des Physikers die allerhechsten Anforderungen stellt.

Siewbertrit an Kuhnheit wohl alles, was bisher in der spekulativen
Naturforschung, ja in der philosophischen Erkenntnistheorie geleis-
tet wurde; die nicheuklidische Geometrie ist Kinderspiel dagegen.
(Planck [10])

Those who have talk ed of chance are the inheritors of antique super-
stition and ignorance...whoseminds have never beenilluminated by
aray of sciertic thought. (T. H. Huxley)

Mat: OK, let us recall that time is change (and change s life) and the
mathematics of changeis Calculus. Changeis measuredmathematically by
derivatives The time derivative of somequantit y measureshow much the
quarntity changesper unit time step. The derivative of the distance you
travel on a highway is your velccity, and the derivative of your velocity
is your acceleration. Newton denoted time derivative by a dot. If u(t) is
your distance traveledat time t, then u(t) is your velocity and w(t) is your
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acceleration, at time t. Newton's time is often referred to as the dot-age
Newton's dots should not be confusedwith dots usedin e.g. German and
Swedish spelling making & and © sound di erent from plain a and o, but
in English spelling you don't have this problem.

Phil: Fine, a dot indicates di eren tiation with respect to time. | hope we
do not end up with anything circular here, requiring time to be de ned
in order to de ne time? And are we not know entering the \dot-com-age"
instead of the \dot-age"?

Mat: Don't worry. We will not fall into any circular reasoning.Let's recall
that Leibniz did not use dots to denote derivative, and wrote ‘é—‘; instead
of u, which is much better sinceit precisely expresseshangeper unit time
step with du the change in u over the time step dt. It is believed that
this wasthe reasonthat mathematics in Germany ourished after Leibniz
but mushroomedin England after Newton. We usehere anyway the dot to

denote time derivative, which is ok if we remenber that it means%—‘;.

Phil: | agreethat Leibniz notation is much more suggestive. A dot can
mean anything. But for the momert we know what it means.

FIGURE 72.1. Time sequenceof motion.

Mat: Now, we are ready to go: Newtoris law for the motion of a body B
of massm subject to a forcef, reads

ma-= f;
where a is the accelerationof B, which can be formulated

me(t) = f (1) (72.1)
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where u(t) is the position of B, u the velocity, ®(t) the acceleration, and
f (t) is the force acting on B, at time t. If you know the initial position
u(0) and initial velocity u(0) at the initial time t = O together with force
f (t), then the position u(t) for t > 0 is determined as a solution to the
di er ential equation (72.1).

Phil: Is the equation reversible?

Mat: Yes:If you changet to t putting in a minus sign, thus changing
the direction of time, ead derivatice changessign, and thus two dots cor-
respondsto changing sign twice, which is no change,and thus the equation
takesthe sameform in reversetime. Newtonian medanicsis reversible.You
cannot determine any direction of time from the form of the di eren tial
equation. If there is an Arrow, it seemsto be invisible.

Phil: Can you solve the di erential equation (72.1) analytically, that is,
canyou nd aformula for the solution?

Mat: In simple casesyes,in generalnot. For example,if if f (t) = 0, then
the solution is u(t) = u(0) + tu(0) stating that B moves with constant
velocity along a straight line, in forward or badkward time.

Phil: This is Newton's 1st Law, right?

Mat: Yes.If B is the Earth and f (t) is the gravitational force of the Sun,
then u(t) traces an elliptical orbit around the Sun. Kepler's three laws all
follow from (72.1).

Phil: Impressive!

Mat: Yes, this was completely overwhelming to the sciertic community
of the late 17th certury: Newtonsdi erential equation (72.1) asa model of
the World: Knowing the initial state at t = 0 and the forcef (t), by solving
the di erential equation for t > 0, you can predict the future state of the
World. This is Laplace's deterministic model of the World as a clock with
in nite precision. A reversible world without Arrow. And there is another
big question mark: You cannot solve the di erential equation analytically
in generalnot even for systemof three bodies, which you obtain if you add
the Moon to the Sun-Erath system. What is the value of the di eren tial
equation if you cannot solve it? Isn't it like a riddle without answer?
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FIGURE 72.2. The Crab Nebulosaresulting from a super-nova explosion: Is it a
result of solving & = f (u)?. Yes,what else?The picture was taken by the Hubble
telescope in 2000. The nebulosawas rst observed by naked in 1054 by Chinese

astronomers.
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Time Stepping

Einstein: Neither Herr Boltzmann nor Herr Planck hasgiven a de ni-
tion of W. { Usually W is put equalto the number of complexions. In
order to calculate W, one needsa complete (molecular-mechanical)
theory of the system under consideration. Therefore it is dubious
whether the Boltzmann principle has any meaning without a com-
plete molecular-mechanical theory or some other theory which de-
scribesthe elemertary processegand such atheory is missing). (Ein-
stein)

Mechanically, the task seemsimp ossible,and we will just have to get
usedto it (quanta) (Planck 1909).

Mat: It is not hopeless¥or giveninitial data you can compute the solution
by time-stepping: First you rewrite the equationsasa rst order system:

mv="f; u=yv; (73.2)

or formally,
mdv = fdt; du= vdt (73.2)

Now, given u(t) and v(t) at a time t, you can compute the changesdu and
dv over a short time interval dt, and compute u(t + dt)  u(t) + du and
v(t + dt) v(t) + dv. This way you can time-step the solution fromt = 0
to dt to 2dt and so on to any time you like, just as the real system will
\tic k" forward in time. Simple, if you have a compter, becauseyou needto
take small time-steps and thus to take many time-steps to get anywhere.
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With a standard laptop you can this way compute the dynamics of system
of thousands or millions of interacting particles.

FIGURE 73.1. A reversible Solar system, computed from me = f.

Phil: This is also impressing. But a mole gas consistsof more than 10
molecules,which seemsway beyond the capability of any thinkable com-
puter.

Mat: You are right, you cannot use sud particle methals following the
individual trajectories in spaceand time of 10°° particles. But there are
more economicalso called contimuum models typically partial di eren tial
equations involving derivativesalso in space.The basic corntinuum model
for uid/gas dynamics was formulated by Euler in 1755in the form of the
Euler equations Until recertly theseequationswere of little use,sincethey
have no physically meaningful analytical solutions. Solutions are turbulent
and there are no formulas for turbulent solutions. However, today you can
solve these equations on a laptop and predict the motion of an airplane
through air, a boat through water, or the blood through your heart. 250
yearsafter invertion, Euler's equations have becomeuseful!

Phil: What a revolution! But what about reversibility. Are the Euler equa-
tions reversible?

Mat: You now touch the heart of matter. The Euler equationsare formally
reversible, but compute turbulent solutions are not! Irreversibility is an
emergert phenomenonresulting from the complexity of turbulent solutions.

Phil: Is that the Arrow? Formally reversible equations having complex
turbulent solutions which are irreversible?

Mat: You areright. That is the answer to PrincessTurandot's rst ques-
tion: Why is there an Arrow of time?
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The Unsatis edPendulum

| can't get no satisfaction

| can't get no satisfaction
'‘Cause |l try and | try and | try and | try
| can't get no, | can't get no
When I'm drivin' in my car
And a man comeson the radio
He's telling me more and more
About some uselessinformation
Supposedto re my imagination
| can't get no, oh no no no

Hey hey hey, that's what | say
(The Rolling Stones)

Mat: The basicdynamical systemof Newtonian mechanicsis the harmonic
oscillator

M= U (74.2)

corresponding to choosingf (u) = uandm = 1in Newton's law me = f,
which in rst order systemform reads

\A

. (74.2)

< 1€
I

The equation ® = u modelsthe motion of a unit massconnectedto two
linear springs with unit spring constart, with u(t) the position of the mass
at time t and u(t) the spring force, seeFig. (74.1). We can get an intuitiv e
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feeling for the dynamics, by noting that the springs pull the massto the
left if the massis to the right of O (with u > 0), and pull the massto the
right whenthe massis to the left of O. This makesthe massoscillate badk
and forth with a certain period.

Phil: OK, | canimagine the massoscillating badk and forth becauseof the
action springs. What is the period?

Mat: The total energy of the system is the sum of the kinetic energy
K = % of the massand the elastic energy E = % stored in the springs.
The total energyK + E stays constart while the contribution from K and
E varies: At the extreme points the velocity and thus kinetic energyK is
zeroand E maximal, and at the midpoint with u = 0 the elastic energy E
is zeroand K maximal.

Phil: OK, sothe oscillation comesfrom a repeated shift of energybetween
kinetic and elastic energy But what is the period?

S T

ult)
—

FIGURE 74.1. Harmonic Ocillator

Mat: The equation ® = u also models the motion of a pendulum of
unit length and masswith u the angle of the pendulum from the vertical
position, if we assumethat u stays small, seeFig. (74.2). We know that a
pendulum swings badk and forth, like a harmonic oscillator. Now, to nd
the period, let us formulate the corresponnding initial value problem: Find
the function u(t) satisfying

FIGURE 74.2. Pendulum.
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e(t) = u(t); fort> 0;
(74.3)
u(0) = 1,u(0) = O;
where we made a speci ¢ choice of initial data. The solution is given by
the formula
u(t) = cogt); (74.4)

which shawvsthat the period is2 sincethe cosinefunction cogt) is periodic
with period 2 . If you do not know what the cosine-functioncoqt), you you
can simply de ne to be the (unique) solution to the initial value problem
(74.3.

Phil: What harmonic oscillator correspondsto a cesiumclock?

Mat: It is described by the function cog2 ! t), corresponding to the equa-
tion m(t) = (2 !)?u(t), which is analogousto the equation® = u with a
di erent scaling,where! = 9192631770s the number of cyclesper second.
Recall that we have agreedto de ne (the rate of) time by a cesiumclock,
and thus we can say that we de ne time by the solution u(t) of a di eren tial
equation of the form w(t) = u(t), and we then agreeto identify time with
the variable t.

Phil: But isn't this circular: Don't you needto de ne time t to formulate
the di erential equation ®(t) = u(t)?

Mat: No, and that is the beauty of mathematics: The t in the di erential
equation m(t) = u(t), with u = ‘(’,—‘t‘ represerts a real variable, and the
solution u(t) = cogt) is a function of that variable. What you do is to
assignthe meaning of time to that variable, and doing so you can measure
time by counting the number of cyclesof a harmonic oscillator suc as a
cesiumclock. That is an operational de nition of time referring to a physical
harmonic ocsillator, like a pendulum, and a mathematical de nition of time

referring to the mathematical solution a certain di erential equation.

Phil: |1 seethat this is an operational de nition of time. But what about
the Arrow?

Mat: A harmonic oscillatir doesnot have a direction. You can seethis from
the di erential equation® = u: Changingthe direction of time replacingt
by t,youwill changeuto uthusmultiplying by ( 1), but & will remain
unchangedsince ( 1)( 1) = 1, and so the dierential equation® u is
invariant under change of direction of time t. Thus, a harmonic oscialltor
doesnot have an Arrow. Time can go either way.

Phil: It seemsto me that the oscillation between potential and kinetic
energyof a pendulum expressesn inabilit y of the pendulum to be satis ed:
When the pendulum has a lot of potential energy (in the top position), it
seeksto getrid of it (by moving down), and in doing soit picks up kinetic
energy which it then seeksto get rid of by moving up on the other side
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picking up potential energy which it seeksto getrid of.... and soon, in an
endlesscycle driven by a constart dissatifaction.

Mat: You are perfectly right. This is like seekingto give up smoking by
starting to eat chocolate, and then trying to stop eating chocholate by
starting to smoke, in a endlesscycle, with all the tine the sum of the
addictions being constart and the addict never reaching satisfaction.

Phil: This must be the essenc®f Newtonian mecanics: Satisfaction means
equilibrium in a stationary immobile state. Dissatisfaction meansendless
motion in an unsuccessfulseard for equilibrium. The Sun always seeksto

swallow the planets by attracting them by the gravitational force directed

towards the Sun, but the planets always (miracolously) manageto escage
by always moving at an angleto the line of attraction (perpendicular if the

orbit is a circle). In endlessdissatisfaction without ever reaching equilib-

rium...

Mat: Yes,that must the essenceRecall that Foucault's pendulum, named
after the French physicist Leon Foucault, was conceived as an experiment
to demonstrate the rotation of the Earth. It is a tall pendulum free to
oscillate in any vertical plane. The direction along which the pendulum
swings rotates with time becauseof Earth's daily rotation. The direction
of a pendulum at the North Polewill rotate oncein 24 hours, at the equator
it will not change.Foucault motivated more preciselythat at a latitude of
the period will be 24=sin( ) hours, which at the latitude of Paris of 50
degresggive a period of about 32 hours. Thus you may needto wait for an
hour to seea distinct changein direction. The rst public exhibition of a
Foucault pendulum took placein February 1851in the Meridian Room of
the Paris Obsenatory. A few weekslater, Foucault made his most famous
pendulum experiment, whenhe suspendeda 28-kgbob with a 67-metrewire
from the dome of the Pantheonin Paris: And yes, the Earth did indeed
rotate!

Phil: But wasn't it known long before 1851, by all the followersto Galileo
including Newton, that the Earth wasrotating around its axis?

Mat: Yes,of course,but the motion of a pendulum on a rotating Earth had
not received a correct mathematical analysis. On the cortrary, the famous
mathematician Laplace had erronously predicted a neglible in uence on
the direction of a pendulum from the rotation of the Earth. Foucault was
not a mathematician and thus his discovery was rst met with scepticism,
and then with ervy when it showed that his formula indeed was correct.
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FIGURE 74.3. Focault's pendulum experiment in Pantheon in Paris, 1851
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The Laws of Thermadynamics

There are great physicists who have not understood it. (Einstein
about statistical mechanics)

Every mathematician knows it is impossible to understand an ele-
mentary coursein thermodynamics. (V. Arnold)

No one knows what entropy is, soif you in a debate usethis concept,
you will always have an advantage. (von Neumann to Shannon)

As anyone who hastaken a coursein thermodynamics is well aware,
the mathematics used in proving the 2nd Law is of a very special
kind, having only the most tenous relation to that known to mathe-
maticians. (S. Brush, The Kind of Motion we call Heat)

Thermodynamics is a funny subject. The rst time you go through
it, y ou don't understand it at all. The secondtime you go through
it, you think you understand it, except for one or two small points.
The third time you go through it, you know you don't understand
it, but by that time you are sousedto it, it doesn't bother you any
more. (Sommerfeld)

Mat: We have said that thermodynamics is the study of transformations
betweenkinetic and heat energyin a gas/ uid. If we view heat energy as
kind of potential energy then we can say that thermodynamics concerns
transformations betweenkinetic and potential energy As a simple model of
thermodynamics, we can thus choosea pendulum or a harmonic oscillator.
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Phil: Get to the point, please.

Mat: OK, let usrewrite the equation for a pendulum or harmonic oscillator
sothat it connectsto both the 1st and 2nd Laws of thermodynamics, as
we will meetthem below. Multiplying the rst equationin (74.2) by u and
the secondby v, and noting that E.= uu and K- = vv, we get the system

E= W,

<= w (75.1)

whereK = % is the kinetic energy E = % is the potential energy and
W = uv represers the transfer of energyfrom potential to kinetic energy
in the form of work performed by the system.If W < 0 with the velocity
v and the position u having di erent signs,then the pendulum is moving
down from its top position and performs work by increasingits speedand
thus its kinetic energy If W < 0, then the pendulum is moving up from

the bottom position and storesenergyin the form of potential energy

Phil: Fine, | buy that. The equations(75.1) describe the interplay between
potential energy E and the kinetic energy K mediated by the work W:
Whatever goesout from E goesinto K and vice versa. This is clear!

Mat: Adding the two equations givesfor the total enegy K + E,
%(K +E)=K+E=0; (75.2)

that is, the total energystays constart. We saw this above. Now, the system
(??) expressedhe 1st Law. This equation is time reversible: Changing the
direction of time and the direction of the velocity v, leaves the system
invariant. In other words, the transfer of energyfrom kinetic energyto heat
enargy is reversible. Whatever you investin potential energyby supplying
kinetic energy you canget badk, and vice versa.And there is no transaction
cost.

Phil: Yes,the 1st Law is a kids game.What about the 2nd Law?
Mat: The 2nd Law is the following variant of (74.2)

E= W+D;

(75.3)
K-=W D;

where D > 0. The novelty of the 2nd Law is evidertly the positive D-
term. The sign of the D term meansthat kinetic energy is transformed
into heat/p otential energy but not the other way around. This givestime
a direction in (75.3): The 2nd Law de nes the forward direction of time to
be the direction in which kinetic energyis transformed into heat/p otential
energy as de ned by the D-term. As before, the work W can freely be
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transformed back and forth from kinetic to potential energy but the D-
term only allows transfer from kinetic to heat energy

Phil: What about the sign of the work term W ?

Mat: In the thermodynamicsof a gas,W > 0 meansthat the gasperforms
work under expansionincreasingits speed and thus its kinetic energy If
W < 0, then the gasstores energy under compressionin the form of heat
energy

Phil: How do you seethat (75.3) is not reversible?

Mat: Changing the direction of time and the sign of the velocity v, gives
the system

E= W D;

(75.4)
K= W + D;

with dierent signs of the D terms, corresponding to transfer from heat
energyto kinetic energy which is unphysical.

Phil: How do you motivate the 2nd Law (75.3)7?

Mat: It is a consequencef the 1st Law combined with Prinicple Perfeito
of edgestabliity and nite precision. The formally reversedlaw (75.4) is
thus incorrect and doesnot correspond to a physical law. Again: Principe
Perfeito combined with the 1st Law imply the 2nd Law. This is thermo-
dynamics in a nut shell: Princip e Perfeito + 1st Law is enough. The 2nd
Law is just a corollary and not an in dependert basiclaw. The net result is
that we do not have to worry about satifying the 2nd Law: It is automatic,
which makeslife (in particular for a thermodnamicist) much easier. This
is like automatic payment of your bills from your Internet bank. You don't
have to worry any more about paying your bills in time (and about the
currencies), as long as you have money on your bank accourt.

Phil: What do we haveto do to get a 2nd Law with a positive D -term for
a pendulum?

Mat: The standard answer is just to add a little bit of friction or viscosity,
and the pendulum will evertually cometo rest with all of its kinetic energy
transformed into heat energy That is correct! In a sensebut the scierti ¢
question is from where does that little friction or viscosity come? This
question is answered by Prinicip e Perfeito and the answer is: Turbulence.
If the pendulum is swinging in air, then it will generateturbulence in the
air which will transform kinetic energyinto heat energythrough a process
of turbulent dissipation, and eventually bring the pendulum to rest in the
bottom position (with a bit higher temperature).

Phil: But why isturbulent dissipation consumingkinetic energyinevitable?
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Mat: This is the price Nature hasto pay becausegradients, di erences,
tension, have sharpenedto sud a degreethat they further sharpenedis
impossibleand a releaseof tension, a breaking of the wave, is necessary
Let's look at analogy: Parking in Stockholm. Since there are many more
carsthan parking places,every evening there is a erce ght for nding a
legal over-night parking place, which is free but dicult to nd. There is
a steady sharpening of the tension until 12 pm, when desperated drivers
simply give up and park illegally anywhere to get a few hours sleep,and
prepare for paying a ne.

Phil: OK, sothe non-existenceof an exactlegal solution is thus handeledby
approximate solution combined with a penalty, and the penalty corresponds
to turbulent dissipation?

Mat: Exactly! A life processsharesthe sameimpossibility of nding an
exact solution and therefore pays a penalty which makesthe processirre-
versible. You can thus say that

irr eversibility is the price we haveto pay to live.
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Joule'sExperimert

I know that most men, including those at easewith problems of the
highest complexity, can seldom accept even the simplest and most
obvious truth if it be such aswould oblige them to admit the falsity
of conclusionswhich they have delighted in explaining to colleagues,
which they have proudly taught to others, and which they have wo-
ven, thread by thread, into the fabric of their lives. (T olstoy)

The simulacrum is never that which concealsthe truth{it is the truth
which concealsthat there is none. (Baudrillard)

Mat: In 1845the British physicist Joule made an experiment, which illus-
trates a most basic aspect of thermodynamics. Joule lled a cortainer or
chamber with a gasto high pressure,let the gascometo rest at temper-
ature T = 1. Then he immersedthe chamber into a bucket of water also
of temperature T = 1, together with an empty container, openeda valve
betweento two containers and allowed the gasto expand (all by itself)
into the double volume and then cometo rest, seeFig. (76.7) displaying
the set-up of the original experiment. Joule measuredthe temperature in
the water during and after the expansion.

Phil: What was Joule expecting to see?A temperature drop during the
expansion?

Mat: Yes,that is right! Becausea gascools 0 when it expands.This is
why a spray can cools o when you let the spray out. This is the same
phenomenon,in reverse,what makes the bicycle pump warm up as you
compressair into the inner tube of the tire.

This is page 269
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FIGURE 76.1. The Joule-Thomson experiment

Phil: | guessthis is the principle of a refrigerator: A refrigerant (freon) in
liquid form passesan expansionvalve and evaporatesto a gaswhile cooling
0, absorbsheat from the interior of the fridg, is compressedto a liquid
delivering heat to the exterior and then repeatsthe cycle. The net e ect is
that heat is moved from the interior of the fridg at low temperature to the
exterior at higher temparature, thus making heat ow from cold to warm,
by spending the energy to run the compressor.A heat pump works the
sameway. But now badk to the experiment. What did Joule nd?

Mat: To his surprise, Joule could not detect any temperature drop! The
ertire sciertic community was stunned. What was going on?

Phil: That seemsreally strange.But | know that my fridg works, sothere
must be a temperature drop! But how canwe nd out what is going here?

Mat: Well, we have device at hand which Joule did not have, namely a
computer. We can make a computational simulation of the experiment on
a computer. We can then follow what happens and come to understand
the process.Computational simulation givesus a very preciseand exible
laboratory for sciertic experiments. This is hyperreality in the senseof
Baudrillard. Let's useit.

Phil: Great! What do we see?How is the simulation done?

Mat: What the computer doesis to solve the mathematical equations ex-
pressingconservation of mass momentum and enemy, which is the 1st Law,
by the sametime-stepping procedure we used above to nd the distance
from knowing the velocity.

Phil: What about the 2nd Law? Don't we have to satisfy that as well?
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Mat: Don't worry, it will comefor free. To avoid the vacuum, which is a
bit extreme, we changedthe data sothat initially the pressureand density
in the right chamber is half of that in the left, not zero asin the original
experiment, while the temperature T = 1 alsoin the right comtainer. The
essencef the experiments remainsthe same.Take a look a the snap-shots
of computed density and temperature and how density, kinetic energyand
temparature variesin time. What do you seelooking at the gures?

Phil:  Well, | seeas expectedthat the gasexpandsinto the right chamber
with the lower pressureand density, and | seethat there a complex turbu-
lent ow dewelops,but evertually the gascomesto rest in the full volume
of the two containers with the temperature again T = 1 everywhere. But
there is an initial temperature drop.

Mat: You are right. The total energy the sum of the kinetic enemgy and
the heat enelgy, is constart, and so the energy required to put the gas
into motion (expansion) must be taken from the heat energy resulting a
temperature drop. However by turbulence the kinetic energyis evertually
transformed back to heat energywhenthe gascomesto rest after expansion.

FIGURE 76.2. Density at two time instants

FIGURE 76.3. Temperature at two time instants

Phil: OK, soinitially the temperature drops in the left chamber, when
heat energyis corverted to kinetic energy which evertually by turbulence is
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FIGURE 76.4. Averagetemperature in left and right chamber
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FIGURE 76.5. Averagekinetic energy and temperature: short time

FIGURE 76.6. Averagekinetic energy: long time
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converted back to heat energy But is this processirreversible?ls it possible
that the gasby itself contracts bad to the righ chamber? Intuitiv ely, this
seemsimpossible. The gascan expand by itself but it seemsto me that it
cannot contract by itself. Can the 2nd Law help out?

Mat: Yes,it can. Recall that it takesthe form

K.=W D;
E=D W,

and that the work W is positive under expansionand negative under com-
presssion.Thusthe gascan by itself getinto motion from rest by expansion,
but not by contraction/compression. Thus oncethe gashascometo restin
the two chambers, it cannot by itself contract to the left chamber. You can
only compressit back by applying a compressie force. SinceD is positive,
there is always a transfer of large scale kinetic energy into small kinetic
energyin the form of heat energy This acts is like a tax on (high quality)
kinetic energy, which is transferred to (low quality) heat energy like a
Robin Hood transfer from rich to poor. This transfer only goesone way.

Phil: | have seenthe phenomenonof expansionin herds of sheepwhich
are capable of escapingthrough a hole in a fence,but will not go badk by
itself unlessforced by a sheepdog, seeFig. (?7?). | think | have for the rst
time in my life understood something about the thermodynamics of heat
enginesconverting heat energyto kinetic energy

Mat: Great! Life is a form of heat engine: You eat and burn caloriesto
get your body and mental processesnoving. That is an irreversible ther-
modynamic process.Having understood the Joule's experiment, we have
understood a good deal of thermodynamics, without thinking of entropy,
and a good deal about all the processesround us and inside us which are
basedon thermodynamics, and thus also someof the mystery of the Arrow.

Phil: What does classicalthermodynamics say about a gas expanding to
its double volume?What about entropy?

Mat: Well, it says that a gasin a bigger volume has more entropy and is
lessordered, becauseit is more spreadout. Maybe this catches something
essetial, but it alsoraisesa lot of questionsconcerningthe physical mean-
ing of entropy and order/disorder which have no good anwers. You can stay
away from this without missinganything if you instead usethe 2nd Law of
Princip e Perfeito, which doesnot involve the conceptof entropy.

Phil: This connectsto Ockham's principle that a simple sciertic expla-
nation is better than a complicated explanation! Why? Because,what is
simple can be understood better than what is complicated, and thus can
be more useful to more people.
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FIGURE 76.7. A sheepdog compressinga sheepherd.

Mat: You can replace Joule's experiment with an experiment you can do
yourself if you just have a U-glassor something similar, or you can simply
make a thought-experiment: Start with a volume of uid at rest in the left
half of the glass,and opena valve at the nbottom to let the uid free. It will

then swing to the right just like a pendulum and then back again. But not
quite, becauseinevitable turbulence will develop and in eacd swing some
kinetic energy will irreversibly be transformed into heat energy so that

evertually the uid comesto restin a symmetric equilibrium con guration

with all kinetic energytransformed to heat energy We understand that the
dynamics is similar to that in Joule's gas experiment, with the di erence
that the initial energy appearsin the form of compressionin the gasand
as potential energyin the uid.

FIGURE 76.8. Water in a U-glass oscillating back and forth until it eventually
comesto rest in equilibrium.
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a4
Physicsof Principe Perfeito

Equilibrium is the very opposite of disorder. (Rudolph Arnheim)

A life is like a wave forming and breaking on the shore. (Unknown
Neanderthaler)

Born believesin the God who plays dice, and | in complete law and

order in a world which objectiv ely exists, and which I, in a wild spec-
ulativ e way, am tryin to capture. | hope that someonewill discover a
more realistic way, or rather a more tangible basisthan it has been
my lot to nd. Even the great initial successof Quantum Theory

doesnot make me believe in the fundamental dice-game, although |

am well aware that younger colleguesinterpret this asa consequence
of senility. No doubt the day will come when we will seethose in-

stictiv e attitude was the correct one. | Einstein: Some physicists.

among them myself, cannot believe that we must abandon, actually

and forever, the idea of direct represertation of physical reality in

spaceand time; or that we must accept then the view that events

in nature are analogousto a game of chance. |In any casel am

convinced that He does not throw dice. (Einstein)

Mat: Recall that Principe Perfeito combines
nite precision and edge stability,

A basicaspect of edgestability is re ected in the sh trap model by the fact
that it is easyto getin but dicult to getout of the trap. And of course
a real sh has nite precision (while an ideal sh with in nite precision



276 77. Physics of Princip e Perfeito

would be able to escape). We met the aspect of precisionalsoin connection
with the processof separation, which may require both care and time.

Phil: What about edgestability then?

Mat: Takealook at the gure below of awave breaking on a shore.The dy-
namicsfollows Newtonian mechanicsand thusis formally reversible.We see
a slow build-up with the wave successiely becomingsharper and sharper
until the evertual quick break-down. The build-up and successie sharpen-
ing of the wave re ects edgestability. Reversing the processwould require
quick precisebuild-up, which is impossiblewith nite precision, while quick
imprecise break-down is possible.

Phil: | seethat the wave breaks down quickly and brutally, but do you
really seea slow build-up of the wave?

Mat: Yes,if the slope of the shoreis small, then the wave can slowly build
up over a long time (and distance). Further, wavesin very viscous uids,

like heavy syrup, will quickly be damped and thus cannot build up, but in
a slightly vicous uid like water it can. The most interesting casea wave
forming and almost breaking for long time until it evertually breaks. That
is the essencef edgestability, which you can seein life processlike a wave
slowly forming and eventually breaking on the shore.

FIGURE 77.1.Life asa breaking wave.
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Phil: But why hasthe wave to break? Why do we all have to die?

Mat: The tendency to break comesfrom the fact that the bottom of the
wave is slowed down by the shorewhile the upper part is not, which means
that the steepnes®f the waveincreasesuntil the wavetips over and breaks.
We are familiar with this scenario:someparts move faster than the others
and the tension builds up, until something breaks.

Phil: | seethat the wave before breaking down completely, breaks just a
little bit on the top, seeminglyin an attempt to slow down the top and
keepgoing for a while. But it doesnot seemto help in the long run since
evertually it breaks down completely. So maybe we can slow down the
processof aging by paying insuranceor tax, by eventually we have to give
in.
Mat: We can summarizethe dynamics of Princip e Perfeito as

create di erence-destroy di erence,

create tension-releasetension,

build up-break down,

form-deform,

paint-erase,

The irreversible nature of such processesomesfrom the di erent require-
ments of precision and tine: Creation requires precision and takes time,
destruction doesnot. Creation always takestime, destruction not always.
Princip e Perfeito also explainswhy destruction is necessarywhy death can-
not be avoided, why cortin ued creation inevitable leadsto nal destruction
in an edgestable system.

Phil: This reminds me about ChansonSansParoles by JacquesBrel about
the (too long) time required to write a love letter:

J'aurais aime ma belle
T' ecrire une chanson
Sur cette melodie
Rencontr ee une nuit
J'aurais aime ma belle
Rien qu'au point d'Alencon
T' ecrire un long poeme
T' ecrire un long \je t'aime"

Je t'aurais dit \amour"
Je t'aurais dit \toujours"
Mais de mille facons
Mais par mille detours
Je t'aurais dit \partons”
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Je t'aurais dit \brulons"
Brulons de jour en jour
De saisonsen saisons

Mais le temps que s'allume
L'id ee sur le papier
Le temps de prendre une plume
Le temps de la tailler
Mais le temps de me dire
Comment vais-je I'ecrire
Et le temps est venu
Ou tu ne m'aimais plus

Mat: Yes,it takestime to build a house,becauseyou have to put brick to

brick in the correct order, and there are many bricks. Yet you can blow up
a housein a secondand rip the bricks apart. Glueing together takestime,

ripping apart doesnot. When you rub your handsto warm them by friction,

you rip moleculesapart, which creates heat, but you cannot reversethe
processand rub your hands by heating them, becauseyou cannot reverse
the ripping. You canrip a pieceof paper apart in a second,but you cannot
unrip it exactly even if you have a life time, letting ead pair of atoms
ripped apart meet again. Ripping families apart to dierent camps, can
never be fully reversed.

FIGURE 77.2. Irreversible life-death dynamics: slow build up followed by quick
decay.

Phil: What about nite precision?Can you make it more precise?

Mat: Precisionis connectedto the spacescaleof a certain process.The
macrosmpic scaleof a volume of many atoms, which could be a meter, is
dierent from the microsmpic scaleof individual atoms, which could be a
nano-meter = 10 ° meters. This meansthat a precisionof 10 ° metersmay
seemlik e low precision for an atom, that is microscopically a low precsion,
but of courseon a macroscopicscaleof meters,it may seemlike a very high
precision. The e ect of this that natural laws may be of very high precisison
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macroscopically but of low precision microscopically. This of coursemakes
a connectionto the microscopicgamesof roulette of statistical medanics,
but it does not throw determinism over-board, only takes the precision
relative to the scaleinto accourt. This way it is possibleto achieve, what
statistical mecanicsseekso achieve, and more so,without paying the very
high price of intro ducing microscopic gamesof roulette.

FIGURE 77.3. Lenin creating increasedtension in 1920. (Trotsky to the right of
the podium was later removed from the photo by reversing his presence.)

Phil: OK: formally reversiblesystemlik e Newtonian medanicsor quantum

mechanics, can be practically irr eversible becauseon microscopicscalesthe
natural laws can only be satis ed to a very low precision, and the ne for
violation acts like a dissipative e ect. Moreover, the dissipative e ect is not
small and cannot be diminish by introducing ner scales.The impossibility
of time reversalwill remain even if you improve the precision of the Clock.

When you make the Clock more delicate and precisein order to reverse
it, you will nd the increasedprecisionis cancelledby the delicacy of the
machinery with more little things can get tangled under reversal. But how
canindividual molecules\know" that they cannot satisfy e.g. Newton's law
exactly?

Mat: They will try their bestbut will not succeedput why can't they suc-
ceed?Becauseof tension, becauseof di erence: Fluid particles in a whirling
turbulent ow livewith very strong velocity gradients with nearby particles
moving with vastly di erent velocities. That is the nature of turbulence.
Fluid particle have to interact with nearby particles to satisfy Newton's
law, but will nd it increasingly di cult to do sowith increasingtension.
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Evertually they will haveto releasethe tension by violating Newton's laws.
They do that not becausethey are criminal, but becausethey cannot any
longer obey the lawful.

Phil:  What you are describing is optimistic version criminology: Make it
possibleto be lawful and there will be no criminals. But that requiresmore
parking placesor fewer carsin Stockholm.

Mat: An individual in a society undergoing a revolution: may not under-
stand anything of what's going on, but surely will note an increasedtension
everywhere and a resulting di cult y of getting things right. And a child
in a marrige breaking down will note the increasedtension without under-
standing the issues,and will not perform well at school...There are many
examplesof this phenomenon.The net result that irreversibilty may arise
in a formally reversible system, becauseby the complexity of the ow, the
natural laws cannot be satis ed exactly (i.e. there is no exact solution), and
the ne is irreversible dissipation. The price for not being able to satisfy
the laws is that you have to go forward in time and leave your shortcom-
ings behind. In other words, you have to \lo osetime", becauseyou are not
perfect.

A capitalistic econony can be viewed to be edgestable. In generalterms,
a processis said to stableif it doesnot change much under perturbations,
while it is unstableif it changesa lot under very small perturbations. Sta-
bilit y thus concernsthe growth of perturbations: if perturbations don't grow
or even shrink, then the processis stable, and if small perturbations can
grow large, then the processis unstable. An edgestable processis on the
border betweenstable and unstable, neither very stable nor very unstable,
somewherebetweenorder and chaos Sinceedgestable processesre almost
unstable, they needto be controled, and the control amourts to a price to
pay or a cost to take like paying interest or tax.
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Mathematicof Thermalynamics

However sublime are the researtieson uids which we owe to Messrs
Bernoulli, Clairaut and d'Alembert, they o w so naturally from my
two general formulae that one cannot su cien tly admire this accord
of their profound meditations with the simplicity of the principles
from which | have drawn my equations ...(Euler 1752)

The 2nd Law cannot be derived from purely mechanical laws. It car-
ries the stamp of the essemially statitical nature of heat. (Bergman
in Basic Theories of Physics 1951)

The total energy of the universeis constant; the total entropy is
cortin ually increasing. (Rudolf Clausius)

Shut up and calculate. (Dirac)

Phil:  Thermodynamics hasan Arrow of Time, the 2nd Law, and if we can
understand the mathematics of thermodynamics, then we can understand
the mathematics of the Arrow. Is it di cult?

Mat: Let's see:The mathematical equations describing thermodynamics
consistsof Newton's equation ma = f expressingconservation of momen-
tum, plus equations expressingconservation of mass and conservation of
enemy, plus a state equation describing how the pressuredependson den-
sity and temperature. Theseequations are the Euler equations formulated
by Euler in 1755and can be summarized as the 1st Law: Consenation of
mass, momertum and energy

Phil: What do the Euler equationslook like?
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Mat: Consideran ideal gasor uid enclosedin a xed volume in three-
dimensional spaceR? over a time interval [0; T] with intial time zero and
nal time T. An ideal gasis a model of a gas (or uid) with very small
viscosity and heat conductivity, like air (or water). The Euler equations
expressingconsenation of mass.momemnmtum and energytake the following
form in terms of the density , momentum m = u with u the velccity, and
total enemgy :

_+r (u) = 0 in I
mi+r (mu)+p; = 0 in I, 1=123; (78.1)

+r (u+puy = 0 in l;
together with an initial condition and suitable boundary conditions, where
p = p(x; t) is the pressue of the gas,v;; = % is the partial derivative with

respect to X, v = % is the partial derivative with respect to time t, and
the total energy = k + e, where

is the kinetic enemy, and
e=

is the internal enemy with I:,the temperature, assumingthe heat capacity is
equalto one.Herer v = ,v;; denotesthe divergenceof v = (vi;V2;V3)
andr w = (w.1; w:2; w-3) the gradient. There are v e equationsin the Euler
system (78.1), while the number of unknowns including the pressureis six,
and so we need one more equation, which is the state equation and which
for a perfect gastakesthe form of Boyle's law:

p=( 1T (78.2)
with > 1 the gasconstant.

Phil: Soif you know the initial and boundary values,and the gasconstart,
then you can compute the state of the gasa later time by solving the Euler
equations. How do you then solve them?

Mat: By transforming the equations using the nite element methad, di-
viding the volume into a large collection of little uid packets, so that
the equations can be fed into a computer. Then the computer solvesthe
equationsto nite precision by time stepping. This way you can simulate
a world of thermodynamics. The Joule experimert is just one example.

Phil: What doessolutions of the Euler equationstell us about the Arrow?

Mat: Well, you prove that Euler solutions satisfy a 2nd Law of the form
we already met:

K-=W D;

(78.3)
E= W+D;
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where K is the total kinetic energy E is the total heat energy W is the
rate of total work by expansion/compressionand D > 0 is the rate of total
turbulent dissipation.

Phil: OK, | seethat Euler solutions are irreversible in casethey are tur-
bulent with D > 0. Are Euler solutions turbulent?

Mat: Yes,they all are turbulent, and thus irreversible. This makes ther-
modynamics irreversible, and thus thermodynamics has an Arrow. This is
the Arrow of our lives.

Phil: ' Why are they all turbulent?

Mat: Becausethe Euler equations are edge stable with a tendency to
sharpen gradients or increasedi erence, which ultimaltely hasto be pe-
nalized by turbulent dissipation. Like the wave breaking on the shore. In
turbulent dissipation large scalekinetic energy is transformed into small
scale kinetic energy in the form of heat, and this transfer is irreversible
becauseof nite precision.

Phil: OK. The Euler equationsdon't look that frightening, and apparertly
they can uncover the secretof the Arrow. That is neat!
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Photoshogdrreversiblity

Mat:
Phil:

Look, I'm not an intellectual - | just take pictures. (Helmut Newton)

To me, photography is the simultaneous recognition, in a fraction of
a second, of the signi cance of an event. (Henri Cartier-Bresson)

What wanted to say was just this: In the presert circumstances the
only profession| would choosewould be one where earning a living
had nothing to do with the seard for knowledge. (Einstein's last
letter to Born Jan 17 1955 shortly before his death on the 18th
of April, referring to Born's statistical interpretation of quantum
medhanics).

It seemsto me that the concept of probability is terribly mishan-
dled these days. A probabilistic assertion presupposesthe full real-
ity of its subject. No reasonable person would expressa conjecture
as to whether Caesar rolled a v e with his dice at the Rubicon.
But the quantum mechanics people sometimesact asif probabilistic

statements were to be applied just to events whosereality is vague.

(Schredinger in a letter to Einstein 1950)

Therefore | feel that the Heiserberg-Bohr (Copenhagen) interpreta-
tion of quantum medanics is dead". (H.D. Zeh [25])

| seeyou have a digital camera.How many pixels?

It is a cheap one, only 7 million pixels, but the pictures are pretty
sharp and detailed. But of coursethe precisionis nite, and | am dreaming
about a new onewith 60 million pixels, which should give incredibly sharp

pictures alsoin large format.
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Mat: To you play with Photoshop to improve your pictures? Phil: Yes|
do. Why do you ask?Is there an Arrow or irreversibility in Photoshop?

Mat: Yes,there is. You can subject a givenimageto smaothing making it
softer more blurred, and in the other direction you can sharpen a blurred
picture. But thereis a limit to how much you can sharpena blurred picture.

Phil: OK, let metest that on my computer. | start with animageof Leibniz
teaching philosophy of time to Queen Sophie Charlotte von Brandenburg,
smooth it and the sharpen the smooth image. This is what | get:

FIGURE 79.1. Original, blurred and sharpened blurred image.

Mat: Soyou don't get bad the original image. The smoothing operation
is irreversible.

Phil: This is natural: Smoothing involvesmixing pixels, and unsmoothing
is like unmixing. Photoshop can't do that, apparertly. Can you explain it
in mathematical terms?

Mat: Yes,smoothing is like solving the heat equationu ~ u = 0 forward
in time starting with an initial condition at t = 0 and nding the solution
u(x;t) for t > 0, where u(x; t) represers the gray-shading of the image at
the pixel at position x, with say u = 1 for black and u = 0 for white. Here

is the Laplace operator. You can solve the heat equation by time stepping
involving taking repeated averagesof gray-shadesaround ead pixel, which
acts like smoothing.

Phil:  So what Photoshop does to do the smoothing is to solve a heat
equation over the domain of the picture. Amazing!

Mat: If we changethe direction of time we get the backwaid heat equation
u u = 0 or equivalently u+ u = 0 with a change of sign of the
Laplace operator.

Phil: OK, so we have the forward heat equation u u = 0 and the
badkward heat equationu + u = 0. Do they have di erent properties?

Mat: You bet! In the forward heat equation little perturbations quickly
get damped by the smoothing processof taking mean values, while in the
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badkward heat equation perturbations get ampli ed. Damping of perturba-
tions in forward time and ampli cation of perturbations in badkward time.
This measnthat Photoshop ccan solve the forward heat equation with -
nite precision, but not the badkward heat equation, where the e ects of
nite precision becomevisible.

Phil: Yes,if you blur a sharp picture into an almost uniformly grey image,
it will impossibleto recover the orgiginal sharp picture. There is a limit
to the precision of the recovery. Of course,this is the old story of mixing
and unmixing milk into your co ee. And turbulence is a form mixing or
smoothing which thus is irreversible. It all ts together!
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Equilibrium

Phil: We said that changeis time, but why do things change?What makes

Now equilibrium is the very opposite of disorder. | A systemis in
equilibrium when the forces constituting it are arranged in such a
way asto compensate eac other, like the two weights pulling at the
arms of a pair of scales.(Arnheim)

But maybe that is our mistake: maybe there are no particle posi-
tions and velocities, but only waves. It is just that wetry to t the
wavesto our preconceived ideas of positions and velocities. The re-
sulting mismatch is the causeof the apparent unpredictabilit y. (Ste-
pen Hawking)

It seemsto me that the concept of probability is terribly mishan-
dled these days. A probabilistic assertion presupposesthe full real-
ity of its subject. No reasonable person would expressa conjecture
as to whether Caesar rolled a v e with his dice at the Rubicon.
But the quantum mechanics people sometimesact as if probabilistic

statements were to be applied just to events whosereality is vague.

(Schredinger in a letter to Einstein 1950)

the World go round?

Mat:

You may say that it comesfrom a seard or drive to equilibrium:
Everything, everybody, ultimately is searding for equilibrium. Is it a deep
thought? Not really, it just saysthat if abody B is not in equilibrium, then
there must be someforcesacting on B which do not balance,and then B
is moving soasto decreasethe imbalance,and that is towards equilibrium
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with full balance.The ideais to decreaseension to reach equilibrium with
no tension. Simple.

Phil:  But why is then not everything stand-still in equlibrium sincelong?
A static World without changeand thus without time.

Mat: Well, that happens sometimes,that a system comesto stop, and

nd an equilibrium, but not always evidertly, sincein fact the World goes
around. We have already met the basic example of an unsuccessfulseast

for equilibrium: A pendulum or a clock. Why doesnot the clock stop? Why

doesnot the pendulum cometo a halt? Well, it tries, but doesnot succeed.
Just as in our lifes we all strive for happiness(to be in equlibrium), but

rarely really succeed.

Phil: Adam Smith's The Wealth of Nations marks the birth of the eco-
nomical theory of the industrial revolution. The certral idea is that an
Invisible Hand will lead a free economy of economical men to equilibrium
with supply and demand in balance. We know that economiesfollow cy-
cleslike a (slowly swinging) pendulum, which shows that equilibrium is
never attained, but the drive to equilibrium is there. Economiesin fruitless
seard for equilibrium and in needof stabilization to minimize oscillations,
by Keynesiancontrol of governmen spending or Friedman's monetary con-
trol.

Mat: A waving ag is an example of a system seeking equilibrium but
never succeeding:The static equilibrium is a at ag in the direction of
the wind, but that is unstable and instead the ag wavesfrom one side to
the other, always searding equilibrium but never succeeding.In a Perfect
Swelen, ags would not wave but stay at and still, but that country does
not exist (fortunately). The ag is also a model for turbulent ow: a ow
searding equilibrium but newver succeeding,and therefore oscillating. In
fact the wavy motion of a ag is causedby turbulent motion of the air
around the ag. Without turbulence the ag would be at.

FIGURE 80.1. Dynamics of the Swedish scciety. In a perfect society the ag
would be at.
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OrderandDisorder

We abandon the past, but the past does not abandon us. (Erwin
Strittmatter in Dore's Bible by Torgy Lindgren)

The distinction between past, future and presert is only an illusion;
even if a stubborn one. (Einstein)

Mat: The classical2nd Law as interpreted by Boltzmann states that Na-
ture hasatendencyto move from order towards disorder. This is supported

by the obsenaton that if you leave your car in the street for a longer time,

it will fall apart, by itself. True, but what about the other things that do
not fall apart just becauseyou do not attend to them. What about your
children who can take care of themseles, without much of your good ad-
vice, or the owersin the elds and the birds in the sky? They do not

disintegrate just becauseyou are not looking after them. And the crystals
forming on your window in the winter, and the wavesforming on the sea?
Is that disorder? Doeseverything fall apart?

Phil:  Of coursenot: There are two forcesin Nature, Brahma for creat-

ing order and Shiva for destroying order. There is not only Shiva as in

Boltzmann's utterly pessimistic world steadily approaching \heat death",

but also the possibility of order from chaos. Princip e Perfeito expresses
the balance (or battle) betweenBrahma and Shiva, between creation and

dstruction, what givesthe World such an interesting dynamics.

Mat: The terminlogy chosenby Boltzmann is very unfortunate, because
order and disorder are soill-de ned concepts,with the negative connotation
of disorder making you believe that everything that can go wrong will go
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wrong. The advantage of ill-de ned conceptsis that they can be usedto
fool people, but doing so you may also fool yourself. You could say that
creating di erence is like creating order, and destroying di erence is like
destroying order. Thus creating di erence would correspondto t decreasing
entropy and destroying di erence would correspond to increasing entropy.
The classical2nd Law states that only the former can occur (in a closed
system), and thus would prevent creation of di erence or creation of order.

Phil: But you seecreation of di erence or order in many processesand
thus Boltzmann has a problem with his entropy as disorder: How about
oder? How can order be created?

Mat: If you look into the literature on this subject, you nd no answer,
or an answer suggestingthe state of the Universecreated at Big Bang was
very ordered and after that there has only beenerosionto more disorder.
This is no more than \b elieving in ghosts". Or what do you say? Why was
there so much order initially? By chance?What wasthe probability for so
much order initially?

Phil: | have no clue. But Principe Perfeito does not speak about or-
der/disorder and entropy, only about turbulent dissipation.
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Cause-E ect

He who never made a mistake never made a discovery. (Samuel
Smiles)

Phil: What makesthe the causethe causeand not the e ect in a cause-
e ect relation?

Mat: Well, of courseyou say that the causecomesbefore the e ect, so
if we know the Arrow, then we know if the causecan be a cause.What
comeslater cannot be the causeof something occuring earlier. So we have
to consider an irreversible processof cause-e ect, becausein a reversible
process,we can changethe order and let the e ect preceedthe cause.An
example, where we cannot say what is causeand what is e ect, without
changing view all the time, is the reversible motion of a pendulum, where
potential energyis transformedto kinetic energyand badk again. We cannot
say that the potential energy always is the causeof the kinetic energy as
little as saying that the kinetic energy always is the causeof the ponetial
energy In areversible processthe directionality in cause-e ectceasego be
meaningful, sinceit canbereversed.We recall someexamplesof irreversible
cause-e ectprocesses:

bake a cake - eat and digest that cake,
write a poem - erasethat poem,

rub your hands - feel the heat,
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put milk in your co e and stir - get cafe creme,

say something nice to somelndy - seethe the warmth in the eyes,
decideto lift your arm - do it,

stretch a pieceof paper - rip it into pieces.

In all these casesthe irreversibilty comesfrom the fact that the reverse
processwould require a precision that you cannot reach. For example to
undigest and uneat a cake requiresa new unseenreversemetabolism of in-
credible precision, aswell as unbaking and unmixing the ingredients would
require a reversebakery of extremely high precision.

Phil: How about deciding and then lifting your arm? The reverseprocess
would be to seeyour arm lowering itself (seeminglywithout cause),where-
upon you would say that you have no intention to lift it. Weird? Is precsion
involved here?

Mat: Probably so,becauseo decideto lift your arm takesprecision;there
are so many things you could do, soto comeup with the ideato lift your
arm requires high precision. To actually do it is not sodicult unlessyou
are a dancer and want to do it in a specic way (which takes even more
precisionto initiate...).

o

>

FIGURE 82.1. The motion of a normal pendulum is reversible, but that of a
balanced inverted pendulum is not.
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The Principleof LeastAction

Let us seard for him [God] in the fundamental laws of the cosmos...
rather. than in the complicated results of those laws. { The laws of
movemert thus deduced [from the Principle of Least Action], being
found to be precisely the same as those observed in nature, we can
admire the application of it to all phenomena, in the movemen of
animals, in the vegetation of plants, in the revolution of the heav-
enly bodies: and the spectacle of the universe becomesso much the
grander, so much the more beautiful, so much more worthy of its
Author ..(Maup ertuis)

It is my hope to remodel the whole of dynmaics, in the most ex-
tensive senseof the word, by the idea of my characteristic function.
(Hamilton)

We live in a Best of Worlds, which is a world with maximal com-
plexity governed by simplest possible laws. (Leibniz)

Phil: | have heard that the refraction of light can be understood the solu-
tion of a minimization problem: A light ray through a medium with variable
light speed,such aspartly water and partly air for example, follows a bro-
ken line such that the total travel time is as small as possible.This means
that sincethe light speedin air is larger than that in water, light cana ord
a longer distance in air. A pole sticking into water appearsto be broken
at the water surface.But what drivesa light ray to minimize travel time?
Is there a nal cause minimum travel time, which the ray seeksto reach?
How could that be?ls a light a sort of a (intelligent) minimalist?
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FIGURE 83.1. Wave refraction.

Mat: This connectsto the Dream of Calculus of formulating and solving
equations of motion by analytical mathematics. It started as a cortro-
verys between Descartesconcerning the refraction of light. In his Optics
Descartesderivesa sine law of refraction stating the sine the angle of the
incoming ray with the vertical, divided by the angle of the outgoing ray
with the vertical, is equal to the quotient of the light speedin water with
that in air. This is an incorrect form of the sine law sincethe quotients of
the sinesshould be equalto the refractive index which is the quotient of the
speedin air and that in water (and not the other way around). The correct
law was discovered by Fermat basedon a minimal travel time, which he
enthouastically decribes:

The price for my work turned out to be most exatrordinary, the least
expected, and the happiestthere everwas. Indeed after running through
all the equations, multiplications, antithesie, and the other operations
which my metha requires, and having nal ly solvel the problem, as
you will seein the enclose sheet, | havefound that the my principle
yielded the very same proportion that Mr. Desartes had discovered
for refractions. | was so taken away by such an unexpected result
that | almost could not overcome my surprise. | have done my cal-
culations over and over again, and the outcome has always been the
same, eventhough my proof assumesthat light travelsfaster through
rarer medium (air) that denserdo (water), which | believeto be very
true and necessary, although Mr. Desartes assumesthe opposite.

Phil: SoFermat was correct and Descarteswrong. Did that meanthat the
principle of minimal travel time was accepted?

Mat: Not really. Nobody could not explain how Nature could think ahead
and take decisions.But Fermat's idea was taken up by Maupertuis, rock-



83. The Principle of Least Action 297

eting to fame overnight in 1736by experimentally con ming Newton's pre-
diction that the Earth is slightly attened at the poles,in an expedtion to
Lapland in 1736.Maupertuis generalizedFermat's minimal time principle
to a new principle of least action expressedn his The Laws of Motion and
Rest Deduce from a Mathephysi@l Principle from 1745as:

The quantity of action necessary to cause any changein Nature,
is alwaysthe smallest possible....Howsatisfying for the human spirit
to contemplate theselaws, so beautiful and simple, which may be the
only ones that the Creator and Ordainer of things has establishe
in matter to sustain all phenomenain the visible world.... Once it
becomesknown that bthe laws of motion are founded on the prinicple
of the better, no one will doubt thatb they are due to an all-powerful
and all-wise Being, who may have given bodies the power to act upon
each other, or who may have used someother way which is evenless
known to us.

This was nothing but grand uni cation!

Phil: A bit too grand: Maupertuis was ridiculed by Voltaire and died as
broken main in 1759.In Candide Voltaire cortinued the deconstruction in
the form Doctor Pangloss,the incurable optimist always able to seethe
optimal aspects of any catastrophy.

Mat: But the Dream of Calculus was not over: Euler and Lagrange could
not resist the temptation of a principle of least action and reformulated
the equationsof motion in the form of an otimization problem stating that
the actual tra jectory of a medchanical systemmimizesthe action de ned to
be the integral of the di erence of the kinetic and potential energy Later
is was understood that the action is not really minmized, but rather made
stationary, that is staying unchangedunder small perturbations. Hamilton
extended the scope in the late 19th certury and termed the action the
Hamiltonian. Physicists still like the idea that Nature seeksto make a
Hamiltonian stationary.

Phil: But the question remained right: Why should Nature care about
making a Hamiltonian or action stationary? According to Leibniz there
must be a sucient reason for suc a state of aairs, and what is the
reason?

Mat: Well of courseboth Euler and Lagrange viewed the principle of sta-
tionary action asbeingjust another way of writing the equationsof motion
in rate form, asthe Euler-Lagrange eguations of the optimization problem.
Super cially , it seemsthat an integrated quartitit y, the action, is mini-
mized (made stationary), but the very processof optimization kicks out
sameold equations of motion rate form. The Euler-Lagrange optimization
approad is a neat way of obtaining the equations of motion, without hav-
ing to explicitely de ne the forces: You just optimtize the action as the
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integral of the di erence of kinetic and potential equations, and you the
equations of motion!

Phil: You nd grand ideas of optimization also in politics and econony:
Adam Smith in his Wealth of Nations claims that, in a free market, an
individual pursuing his own self-interest tends to also promote the good of
his community as a whole through a principle that he called \the invisi-
ble hand". He arguedthat ead individual maximizing revenue for himself
maximizesthe total revenue of saciety as a whole, as this is identical with
the sum total of individual revenues.Or the Britsh economistHutcherson
who coined the formula \the geatestwelfare for the greatest number" un-
derlying the modern welfare state. Of course,this optimization problem is
impossibleto solve, which couplesto the problems now facing the modern
welfare state.

Mat: If you think of it, you seethat the \in visible hand" is nothing but
time-stepping following the laws of motion (or trade). The Dream of Calcu-
lus can cometrue today with the help of computers solving the equations
of motion and thereby creating all sorts of virtual reality. | hope you get as
excited as Fermat at thesenew possibilities. Grand uni cation is soon com-
ing to a store near you...by computation. And you do not have to believe
that Nature in somemysterious way is making a Hamiltonian stationary.

FIGURE 83.2.The brachistochrone curve givesthe quickestdescen under gravity
and is not a straight line.



84
Dark Age of ModernPhysics

The e ort to understand the universeis one of the very few things
that lifts human life a little above the level of farce, and givesit some
of the grace of tragedy. (Stephen Weinberg)

What exactly is the meaning of time and its directionality { the
\arrow of time"? Has it something to do with quantum theory, or
does it arise at some other level? (David Peat in Superstrings and
the Search for the Theory of Everything, 1988)

Fable should be taught asfable, myth asmyth, and miracles aspoetic
fancies. To teach superstitions as truth is horrifying. The mind of a
child accepts them and only through great pain, perhaps tragedy,
can the child be relieved of them. Men will ght for superstition as
quickly as for the living truth { even more so, since a superstition
is intangible, you can't get at it to refute it, but truth is a point of
view, and sois changeable. (Hypathia)

Mat: Modern physicsis basedon quantum medanics of the world of el-
emertary particles like electrons, neutrons and protons, and the general
theory of relativit y of gravitation on cosmological scales. The unsolved
enigma since 100 yearsis a uni cation of the two theoriesinto one Grand
Uni e d Theory or GUT.

Phil: Yes,| know this from reading someof the very many popular science
books explaining modern physics. | must say that what is preseried is
beyond any ction that | could dreamup myself:1 havereadwith increasing
astonishmert (and excitemert) about Big Bang, black holes dark enemy,

This is page299
Printer: Opaquethis



300 84. Dark Age of Modern Physics

dark matter, collapszeof the wavefunction Higgs ocean, prokability waves
quantum entanglement relativistic quantum eld theory, string theory, et
cet. | read that we all haveto give up our intuitiv e conceptionsof space,
time and matter and accept that modern physics is full of strange and
inexplicable phenomena.The more inexplicable the better, it seems.Yes,
modern physics is a wonderful source for authors of science- ction and
popular science,much better than any other science.

Mat: Yes,you are right. It is very di culy to understand what physicists
aretalking about today. Either the mathematicsis extremely inaccessibleor
the physical notions are contradictory like wave-prticle duality. The great
Hilb ert said :(modern) physicsis becoming too di cult for the physicists |
seethree conceptsof modern physicswhich can be referred to astragedies
if you like: (i) space-timeuni cation, (ii) superposition, and (ii) entropy.

Phil: Tragedies?How can you say that? Are you really in a position to
judge? You must be joking. What you mertion is the very basisof modern
physics.

Mat: No | am not joking. But of course,| may be wrong. Maybe it is
instead a farce. Anyway, we have already talked the lack of reasonfor (i)
space-timeuni cation.

Phil:  OK, | think you have made a good point here. Mixing spacewith
time is not a good idea. But what about (ii) superposition?

Mat: It comesfrom the formal linearity of Sdredinger's equation allow-
ing you to add two wave functions to get a third. This is represeried by
Sdredingerscat being alive and dead at the sametime: One wave function
is live cat, another is dead cat, and their sum is live/dead cat as if this
could represert a reality. But this is an illusion basedon the magical belief
that since you can write down Scredinger's equation, and seethat they
formally are linear, then there must be solutions to the equations (wave
functions) which you can add. But this is like believing that by saying ap-
petizer, entree and dessertand adding them up you would have a dinner.
Superposition is superstition!

Phil: Is it? What a relief! | have always found it dicult to imagine a
live/dead cat, in particular sinceit is supposedto have 9 lifes. But (iii)
erntropy is a wonderful scierti ¢ concept,isn't it? Which explainswhy time
is moving forward, right?

Mat: Yes,this is what you read in many books, but it seemsthat nobody
understands what erntropy really is. The great mathematician von Neu-
mann suggestedto Shannon,the inventor of information theory, to usethe
concept of entropy becausethen he would be able to win any discussion,
sincenobody knows what it is. And so Shannondid, and becamefamous.
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Phil:  So you suggestnot to use the concept of entropy at all, because
nobody understandswhat it is. Radical, but doesit work? Can you refuse
to useentropy and still be a scientist?

Mat: Yes, you can. If you explain the Arrow by Princip e Perfeito, then
there is no need for entropy, since the role of entropy is to explain the
Arrow.

Phil: Oh, really? Can it be that simple?1 kind of believe | understand the
essencef Princip e Perfeito, but | never could understand what entropy is.
What a relief!

FIGURE 84.1. Destruction of the Library of Alexandria by Christians during the
reign of Christian Emperor Theodosiusin 391 C.E.

Mat: Speaking about dark ages,let us recall massiwe destruction of the
contents of the Library of Alexandria by Christians during the reign of
Christian Emperor Theodosiusin 391 C.E. The knowledgelost, the history
destroyed and eliminated, was a devastating setbadk, and was a precursor
to the dark ages,a time when only the church fathers retained knowledge.

Phil: In particular, Hypatia of Alexandria, the rst notable woman in
mathmatics, waskilled by a Christian mob asa valiant defenderof sciene
against religion, marking the end of the Hellenistic Age. Hypatia was leg-
endary for her talent, intellect versedin science,math, philosophy, poetry,
the arts, and religion. and beauty. Her lectures was sparkling with mathe-
matical ingenuity. Sheinverted the astrolabe and the planesphere,devices
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usedfor studying the stars and planets. Shealso invernted a deviceto dis-
till water, another to measurethe level of water, and a third to determine
speci ¢ gravity of liquids, called a hydroscope. Hypatia wasthe single most
brilliant mind of her time and none other would ascendto her level until
the works of Descartes,Newton, and Leibniz many certuries later. Sheaf-
rmed that she had never married becauseshe was weddedto the truth,
but love a airs was apparently OK.

Mat: Yes,that makessense.

Phil: At the height of her beauty, and the apex of her intellectual wisdom,
having refusedmarriage in favor of educating her disciples, Hypatia wasin
415 AD torn from her chariot by a hungry mob of screaming Christians.
Stripping her naked, dragging her to their church, she was inhumanely
butchered. Led by Peter the reader, the savage fanatics ripped her living
esh from her boneswith pottery shards; the still quivering limbs then
delivered to the ames. One can almost hear the bitter hateful words of
the mob and their subsequen laughter, \P aul tells us women should be
silent, now this one obeys."

FIGURE 84.2. Hypathia.
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The Gameof Atoms

My work is a game, a very serious game. (M. Escher)

Mat: What is the time conceptionof a cow, a bird, a o wer or a stone?Or
of an atom? We don't know. But to seeksomeclue, let us play the most
basic gameof all, let us play the Game of Atoms.

Phil: Soundsinteresting. Is it a new computer game?

Mat: Yes, brand new, but also very old, about 15 billion yearsold. The
play eld is abox lled with 2 107 atoms of a helium gas. The atoms are
distributed to the playersand ead player is supposedto monitor the motion
of his/her atoms including collisions and free igh t between collisions, all
accordingto Newton's laws of motion. Each player can cortrol the sizeand
direction of a gravitational force acting on all the atoms and the objective
of the gameis to position asmany of your atoms closeto the certer of the
box. The rst dicult y of this game you have to overcome,is the larger
number of atoms to monitor.

Phil: How on Earth canyou monitor 10°® atoms, supposing there are two
players?| already nd it dicult to juggle with 2 balls, not to speak of 3.
But 10°® seemscompletely overwhelming.

Mat: Yes,that is what makesthis game very interesting. It is becoming
increasingly popular, now more than golf! The only way to play this game
is to somehav allow the atoms to control themselwes. The atoms thus are
capableof a certain self-cortrol, if you only tell them rules how to behave,
which they can understand and follow. This is like cortroling a classof kids
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by giving them understandableinstructions to follow. If you succeedthen
you can lean back and let the kids control themselwes. The alternativ e of
surveying ead child individually is not viable. It is the samein scciety at
large.

Phil: | getthe idea. Soyou rst haveto setup instructions for the motion
of your atoms. May | ask if the atoms are equipped with clocks?

Mat: Unfortunately not. They are not capableof reading clocks. An atom
can ched if it is colliding or not, and feel a gravitational force,and update
its position and velocity accordingly. That is all.

Phil: Update position and velocity? That soundslike time stepping. Are
all atoms using the sametime step?

Mat: Not necessarily Sincethey are all alike, you may suspect that, but
you cannot know, becauseyou cannot ched all of them. So you don't
know that they usethe sametime step. In fact, they probably don't have,
sincethe size of the time step is up to eat atom. In fact, the atoms don
understand clocks sothey don't really know how big a time step they are
using. The only thing you can expect is that all of them use small time
steps,but possiblydi erent. This is like computing compound interest rate
on a yearly, monthly or daily basis, which givesslightly dierent e ective
interest rates. Di erent banks may usedierent time steps, but they all
compute interest rates.

Phil: OK, I understand. Then | instruct eac atom to update its position
with some (small) time step according to Newton's laws. This meansup-
dating the velocity from the acceleration according to Newton's 2nd Law
ma = F, and updating the position from the updated velocity. Over and
over again. That is my strategy.

Mat: Funny, this is preciselymy strategy also. Let us then play the game.

Phil: Yes,this will be fun. But rst let us contemplate what now have: A
setof 2 10 atoms in a box, ead one timestepping its position and ve-
locity accordingto Newton's law. This is a systemwhich functions without
universal time and without a universal clock. It is like a stack of ants, with
ead ant time-stepping its position and velocity accordingto some xed
laws of motion, without any master clock setting the rate of time. When
two ants meet, or two atoms collide, they interact and then part, and for
this interaction there is no needof clock synchronization. They meetwhen
they meet. It is not sothat oneant rst meetsanother ant, and then later
that other ant meetsthe rst ant. They meet simultaneously without clock
syndironization, becausethere are no clocks. You can say that time does
not exist. And there is no universaltime rate either. Only a subjective time
rate setting the time step for ead atom or ant.
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Mat: You can as well say that the positions of the atoms or the ants,
e ectiv ely acts like acts like clocks This is like the arm of a clock, the
position of which indicates the time. You can thus say that the atoms
or ants have built-in-clo cks courting time by position, at least between
collisons when they travel with constart velocity. Each atom will update
its position x and velocity v from the update formula

v=v+ ta X=x+ 1ty

where t is the time stepand a = % the acceleration (according to New-
ton's law ma = F). We can assumethat when particles interact by collision
they usethe sametime step (and update frequency), becauseduring in-
teraction synchronization is naturally maintained, while betweencollisions
they travel with constart velocity (like the arms of a clock) and thus ac-
comodate time by position. collison Mat: Wonderful. A box a atoms or a
stack of ants, what is the World but something like this? With a built-in

clock somehav represerted by the con guration. In this World there is no
master clock setting the time step and update frequency only a changing
World acting like a form of clock. Can we then say that objective time does
not exist, nor doesobjective time rate?

Phil: Yes, soit seems.You may expect that the clock rate for identical
atoms is equal, but it may be dierent for dierent typesof atoms. Ob-
jective time and time rate seemsto be something man-made required to
coordinate the many actions in our saciety, and sinceit is man-madeit is
not objective. Homo sapienslived hundred thousand years without other
clocks than the Sun and the seasonsand the incertive to construct accu-
rate clocks came from navigation over the oceans,where it is neededto
determine longitude.

Mat: It is now time to stop all these tedious speculations and get going
with the game instead! Since we are both here at the sametime we can
play together and interact, with the sametime step and update frequency
When we part, we are free to use our own time, and we will meet again
when we meet.

FIGURE 85.1. A dangerousgame of atoms
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A DynamicalSystemwith Memory

Music is the art which is most nigh to tears and memory. (Oscar
Wilde)

I have always been amazed at the way an ordinary obserer lends
so much more credenceand attaches so much more imp ortance to
waking events than to those occurring in dreams... Man... is above
all the plaything of his memory. (Andre Breton)

The light that radiates from the great novels time can never dim,
for human existenceis perpetually being forgotten by man and thus
the novelists discoveries, however old they may be, will never cease
to astonish. (Milan Kundera)

Happinessis the longing for repetition. (Milan Kundera)

The struggle of man against power is the struggle of memory against
forgetting. (Milan Kundera)

Without the meditativ e background that is criticism, works become
isolated gestures, historical acciderts, soon forgotten. (Milan Kun-
dera)

Phil: What about the mathematics of memory?

Mat: OK, consideran dynamical system of the general form: Find u(t)
sud that

u(t) = f(u(t)) fort>0; u(0)= u? (86.1)

where u(t) describes the state of the system at time t, f (u) is a given
function of u and u® is a giveninitial value. Such a systemformally hasno

This is page 307
Printer: Opaquethis



308 86. A Dynamical System with Memory

memory: The values of the state function u(s) for s < 0 do not enter into
the formulation (86.2), only the initial value u(0) = u®.

Phil: Sothe presert state u(t) at sometime t determinesthe state u(s) for
any later time s > t. The in uence of the previous statesu(s) with s< t is
channeledto later statesu(s) with s> t through the \windo w of the now":
u(t).
Mat: Exactly. Now, a dynamical systemwith memory can take the form
z t
u(t) = f(u(t) + g(t; s;u(s))ds fort> 0; u(0) = u°; (86.2)
0

where g(t; s;u) is a given function, and the integral
z t
o(t; s;u(s)) ds (86.3)
0

represerts the accunuluated in uence on the current rate u(t) of all the
previous states u(s) with s < t. In this caseu(t) doesnot serve asthe only
channel to later states, but also previous states u(s) with s < t in uence
the future as memoriesremenbered at the current time t. Depending on
the function g(t; s;u) the memory can be short, long, fading or have some
other quality. What is important is that in order to take a time step from
t to t + dt, it is necessaryto have accessto all the values of the state
u(s) for s < t which enter into the integral (86.3), which thus needto be
stored or memorized. Each value u(s) then represerts a \frozen moment"
from time s which is stored in memory until \evaluation" at time t > s.

stored memory u(s) is then \reused" for all t > s for which the integral
(; g(t; s;u(s)) ds cortains the value u(s).

Phil: Yes, this is the way a photo album functions. Or the memoriesyou
have stored somewherein your brain (or body). The impressionof an old
picture/memory on the presert can changewith time; it can fade or grow
with time.
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