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PREFACE

Taris little book is & humble experiment in thonght dedicated
to those who, eonscious of 8 widening cleavage between Nature
and Man, are willing to inquire into its causes, It neither will nor
can do any harm to others who feel safe only in the shelter of
inherited habits.

I present Aristotle with both thanks and excouses. The first for
the use of fundamental concepts, the second for the misugs of his
fame. Hugh Jedell helped me in adjusting the language of Greek
philosophy to the English idiom. Martha Anderson gpared no
pains in shaping, forming, polishing my manuseript.

K. R.
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PART A
THE IMPASSE



I

- THE PROBLEM OF MOTION

Ladies and Qentlemen:

Brroxre beginning, I invoke the gods according to my
country’s custom, for youn as well a8 I need their aid if we
are to understand each other. Then I give you thanks for
having invited me to speak here. You have called me the
founder of your science. Youn want to learn from me how
I feel about the development, the present condition, the
triumph of your science.

You are caught in a maze, snared by habits and
trapped by methods from which you cannot free your-
selves. From my great distance I may perchance see
things you cannot see. I do not know whether my voice,
an alien voics, can find access to yon—not merely whether
the sound of the words can carry to your ears but also
whether their sense can enter your minds as scientists,
your hearts as men.

First of all I beg you not to expect me to praige your
achievements. For this purpose yon do not need me. Cer-
tainly, from my stammering to your calculating the prog-
ress has been extraordinary. Yon have the most ingenious
instruments, you use the most efficient methods, yon know
the most astonunding laws. Your ships, automobiles, air-
planes, and radios unite the globe and connect events.
Your catapults pull down cities and upturn stones from
the bottoms of your fields. You endow your rulers with
superior technical means that choke all possibilities of
opposition. For this and still more you have my humble
admiration,

My wonder at your successes is not my greatest won-
der, however. The first sentence in a book I wrote in my
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youth rnns; All men by nature desire to know.* The most
intense of all your experiences i your desire for knowl-
edge. In vain do I look for the place of this experience in
your scheme of the Universe. There is no place. This, not
your successes, i8 what astonishes me most,

This experience has not and cannot have a place in
your scheme, You have shut yourselves off from Nature.
The further you penetrate into what you call nature the
more elusive you become to yourselves. What, by Zeus,
have yon been doing?

The nature you talk about as scientists is not the nature
you mean when you say ‘I am’. Nature is one, immutable,
eternally varying—the way of Being in all beings,* revealed
as eternal movement, formation, deformation, and trans-
formation, You yourselves, your desire for knowledge,
you are Nature. And yet you have opened hetween your
comprehensgion of yourselves and your knowledge of Na-
ture a chasm that engulfs in darkness your common be-
ing. You realize it. In all the splendor of your inventions
this is your secret grief and the scandal of your science.

Whyt Consider the strangeness of your ways. They
may be a matter of course to yon through foree of habit;
to me, however, they seem unaccountable, and ever new
reason for ever greater wonder, You are men. Whatever
you know of the outside world you know as men. Man is
your closest, your most authentic experience, which yet
you put aside.

Ah, T well know what tempted you! The excltmg ex-
perience of Nature submitting to Number firat created
an ideal of Truth in your souls: the certitude of mathe-
matical statements. This ideal determined your concep-
tion of science; and this conception of science prompted
your scheme of nature as object of this science. Nature
became the nature of exact science. Exact science deals
with laws that connect phenomens by relations of meas-
urable quantities. You have found those laws. Their
structure is of wonderful simplicity: definite differential
equations. They permit you to confirm observation by
ealeulation, ealenlation by observation. Overcome by this
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miracle you sketeh Nature in the space of your numbers.
But in' thig space you leave no mche for yourselves and
your desire for knowledge.

No doubt there were other things that seduced you:
The technieian in you wanted to build machines, did not
care about the essence of things in so far as they ‘are’.
To build machines it is sufficient fo measure quantities
and to know their relations. .

Theology, too, led you astray. When the inheritance of
my people faded, your theologians separated Man from
Nature, wishing to elevate Man and make him inde-
pendent as a creation of that history which to them was
the history of Salvation. By raising Man above Nature
they degraded Nature. This is your inheritance.

The faith of your priests, however, embraced Nature
and Man in one mystery. For your scientists this unity is
rent. That inheritance of which you are the slaves is
. frozen in long-dead words. You cannot get rid of it, sur-
mount it, cannot find the way back to the unity of Being,
to that one Nature in which you are kin to all beings, the
eternally equal, whieh, imperturbable, conceals and re-
veals itself in all that 4s. Shorn of the innocence of this
link you wobble between two kinds of bad conscience: as
human being you squint toward theology amidst your
numbers; as scientist you feel guilty in that very squint-
ing. :
All these reasons for your having lost the way hardly
diminish my astonishment. You have no image of Nature.
You carry no image of Man in your soul. You are home-
less in your own world. Perhaps my amazement amazes
you. It is plain that Nature doe® not mean the same to you
and to me. My way of questioning is obviously not yours,
my idéal of knowledge, my measure of truth, are not
yours,

I do not intend, however, {o set concept against con-
cept in the empty space of poambla thought and to fight
you with sheer words. There is something in us and be-
yond, eall it what you will: Naturs, Being, Reality—some-
thing we can hit or miss, veil or unveil with words. And
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we both defer to that something as jndge. So I shall get
to the core of our difference by posing a specific prob-
lem: what is Motion? This question lies in the thick of
my battle with the secret of Nature. It unleashes your
innermost difficulties, compelling you to reconsider your
own methods.

For still another reason I choose this particular gnes-
tion. When a mere four hundred years ago on the rostra
of your universities Galileo conjured dristotelem redi-
vivumn * to confound my adherents, the fight turned on the
spatial movement of bodies in the sky and on earth. From
this problem the mathematical science of Nature was
born and developed, overpowering my adherents and my-
gelf. I did not heed the call of Galileo at the fime. As were
Kepler and Galileo, I was overwhelmed by the wonder
of the harmony between Nature and Number. My theory
of the movement of heavenly bodies was reduced to a
pious phantasma; yet I knew I was right in the greater
problem of motion. Only now, after intrinsie difficulties
have sapped the vigor of the testimony and are beginning .
to indicate its origin and limit, can I try to plead for my
vision.

What is Motion? By Motion I mean not only motion
in space, but change of any sort—variation in quality,
waxing and waning, growth and deoay, birth and death.
I shall start with your coneept of motion—with the an-
swers given firat by the classical, then by the most recent
physics. Later I shall attempt to show how your own
difficulties oblige you to discover another meaning in the
question and the possibility of another reply.

What does such & question mean? Jt masks a diffienlty
of a peculiar kind: the sense of ‘is’. Obviously this little
word is not merely the copula joining motion as subject
to any predicate about which we are free to agree. In our
answer to sach a question we do not want simply to con-
firm onr agreement about a name. Manifestly this ques-
tion disguises an assertion. We must divide the gquestion
into a statement and a question: ‘Motion is.” “What is
motion?’ In the first, the "mé is predicate, not copula, In



-the second, in which it seems copula, the predlcatwe forceis
‘retained. The answer to the question ‘What is Motion?’
‘must be a statement about Being. Being is intrinsically
‘mobile, changing., What does that meant
' The voluntary element in our agreement about the use
‘of the term ‘motion’ is limited. This word must be ap-
-plied 8o as to say something, not nothing. There is com-
-pulsion in all saying. Saying means to say something,
.though most of our saying is saying nothing: something
that seems fo be but is not.
© 8o we shall have to agree, before we attempt an an-
‘swer, upon the meaning of this ‘is’. Perhaps here at
‘the very begmnmg has the soures of our disseusion. Your
‘meaning of this ‘is’ may not be mine, mine not yours, If
‘I am not mistaken you recognize only one possible mean-
ing of that ‘is’. There is & somehow ordered multiplicity
—you call it cosmos, world. It is beyond you, You are in it.
In that cosmos many things exist, others do not exist. Of
one you state ‘it is’, of another it ‘is’ not. Being and not
being for you means belongm,g and not belonging to that
COBMOB,

If you start mth this sense of ‘is’, ‘Motion is’ means
first of all: In this cosmos there i8 mOVement movement
belongs to it. What does this statement really intendt I
should say: this multiplicity expands and is held together
by certain principles and categories of order and deter-
mination, the whole of which makes its structure. To state
what Motion is, then, means to determine on the basis of
these principles the place of Motion in this order. In
that way indeed you go to work. You presume that this
cosmos, for instance, extends in three dimensions of space
and one of time, and assign to the points of this four
dimensional diversity ecertain figures describing  its
‘physical conditions. By this sketch you determire Mo-
tion: Motion is a continnous sequence in time in which
conditions change their places or places change their
conditions. Thus you determine Motion by Time. I will
not yet inquire whether this determination is adequate
or even whether it really determines anything at all. This
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obvionsly depends upon Time’s being something or noth-
ing. My aim is merely to show you that the ground on
which any such determination stands is the total design
of the order that connecta this diversity: in short, that
you do your determining on the basis of what you eall
-the world.

All your determining is of that kind. You determine
colors by electromagnetic waves, plants by placing them
in the hierarchy of genera and species, by descent, by
position in space and time, by conditions of life, or any-
thing else of that order-—the ultimate support of your de-
termining is always a total scheme of the diversity called
‘world’, This meaning of the question establishes the con-
ditions with which an answer has to comply. Your deci-
sion as to the meaning of the question predecides the
pattern of the answer.

For the time being I accede to this pattern, but with
the reservation that the meaning of the question is itself
open to question. Maybe it is the character of the question
that leaves all answers suspended in the air. We may
later be compelled to remember that the meaning of the
question is doubtful sind to revise the guestion iiself as
well as the answers. Now I consider the question aa you
pose it.

I see, however, discontent and resistance in your facea.
I can guess what annoys you—thet dangerous word ‘is’.
You fear to get entangled with its secret. You have
worked out a theeis intended to elude it. You do not want
to ask what Motion ‘is’, or even hear that this ‘is’ is
doubtful. You pretend that no answer whatever to this
question could touch you and your secience in any way.
Reality is perception. You say: ‘“We seek the order in
which everything perceivable ia econnected—the relations
and laws linking our observations, With this we are con-
tent, From present and past observations we calenlate
fature ones and rejoice when the later observations con-

- firm onr reckoning. The order of all possible observations

~that is our reality and the only sense of Being, reality,

actual existence that we acknowledge. Everything else we
8



deem vain—shams. Things for philosophers to quarrel
about to the end of the worl

You agree! Nearly all of you approve of this thesis.
Here your kind of arrogance wears the guise of modesty.
" Relating, a8 you say, your observations to your mathe-
matical model you determine a single thing, i.e., the per-
celved by its plaes in an order. Thus you follow up that
sense of ‘is’. You see a color now and here, This now
and here you determine as a spot of a four dimensional
diversity you call space-time. The color, an oscillation
of the ‘ether’, now and here, yon relate to numbers meas-
uring physical qualifies of this spot. This is determina-
tion on the basis of the order of the manifold. This color
is an oscillation of the frequensy A, at & spot defined by
the coefficients of x, y, z relative to the framework applied.
Wishing to codrdinate, not fo determine, you dmpenae
with ‘is’.

I doubt that it is caution and modesty that reécom-
mend to you this manner of speaking. Certainly, when
challenged, you hide behind your modesty, saying: “We
pretend nothing about the nature of things—Ilet alone
ahout ‘Being’. We do not care about interpretations of
our statements. We codrdinate. The agreement of caleu-
lation and perception is justification emough.” Am I
wrong in presuming that this modesty is only a way of
defense? That you are all convinced or were eonvinced
until a short time ago that your scheme of order is the
basis of all knowledge about Nature since it is the scheme
of Nature herself and the model of ‘Being’?

No matter how pride and modesty may mingle in this
manner of speaking of yours, it shrouds that very sense
of ‘is’ I have just defined and, temporarily, accepted. By
that manner of speaking you cover up some other pre-
conceptions. The perceptible? What do you mean by it!
Obviously not the really perceived. You do not want to be
sensationalists, For you and for me it is plain that a star
not yet perceived by anyone can be real. Perceptible by
whom? By anyone, man or animal? Nor do you wish to
be subjectivists. Perception necessarily refers something
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perceived to someone perceiving. Your order is order
relative to a subject. What is the subjeet of your per-
ceptibility 1

Not the individual subject. You admit perceptlons only
if they can be confirmed by any possible perceiver. You
gliminate the particular individuality of the perceiving
gubject. You have taken great peins to cast out the in-
dividual. You assume one ever present anonymous ob-
gerver, the possible observer. Statements relative to him
are for yon ‘objective’ statements about reality, By such
statements you establish your order of nature. You have
then no right to pretend that you coordinate a totality of
all possible or real perceptions with your model of nature,
that your design of this model is confirmed by the totality
of your perceptions. You have made a selection, and a
very narrow one at that. You have limited the perceptible
to the measurable. The order on the strength of which
you do your determining is not built upon the totality of
your perceptions. It is no atronger than the sslection on
which yon built it,

Your perceptions confirm your model—so you say.
Certainly, but the method orders you to drop the not
measurable part of your perceptions; thus the method,
and by the method the fundamental structare of your pre-
conceived scheme, selects your perceptions. Your scheme
is in your instruments. This objection does not trouble
you. You are quite sure that by this selection you elimi-
nate merely the subjective quality of your percaeptions,
retaining the objective.

Eskimos and Negroes disagree about heat and cold,
but both read the same number on your thermometer. In
your.mind the intersubjective is the objective. By limit-
ing yourself {o the measurable you think you feature ob-
jectivity. That is why you believe that you really stand
upon the totality of experiencs.

You are mistaken. You bave not eliminated the sub-
ject; you have eliminated merely the individual differ-
ences in favor of an anonymous subjeect, the potential
obsgrver. Then you have emasculated this anonymous sub-
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ject; now be is an odd creature, a robot without blood
and heart, whose only being consists in reading numbers.
from the pointers of your instruments.

Your ‘objective’ reality is merely an intersnbjective
order relative to this robot observer. All that is not meas-
urement is closed to him. Your most intimate and im-
pressive experiences mean nothing to him. He has no
part in the colorful fullness of Being., Since he is not a
number he cannot perceive himself, He doeg not belong
to his own world. His objectivity is 1ntersnb;eﬂt1wty of
numbers, '

There may be another reality not less mtaraub;lactwe
that is not measurement. The anonymous observer can-
not perceive it. The subject also ‘is’, Intersubjectivity is
in his being too. In subjeet there ia something not only
related to this or that subject but existing in itself and
therefore binding for all.

So your objective world has become & strange world
relative to & strange observer. All your answers to the
question: ‘what is this or that?’ are based on the design
of nature of this your anonymous observer. On this basis
you determine what motion, color, force, watter is. On
this basis you are at a lose for an answer. This desigh you
try fo model as far as you can to find harmony. But your
modeling does not affect your way of defermining, your
meaning of ‘is’.

This your objective world, & pointer-reading world of
numbers, i& no more the world of your eyes, hands, and
hearts. With the growing distance between these two
worlds uneasiness grows in you. In this feeling you real-
ize half consciously that perhaps you have excluded from
your world several thmgs of which you remain firnmly con-

- vinced that they ‘are’.

Thus most of your notions change color in & twilight.
You nse the word force and, when gueried, you define it
by law, field, and vector; but what yon really have in mind
is the force you feel in commanding your muscles. Do not
imagine, however, that you are uniting these two: you
mix up unconnected noﬁon;, sarreptitionaly exchanging
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one for the other. All your thinking goes on in such am-
biguity. You are aware of it; hence your discomfort.

Let this be enough for the day. My aim was to ascer-
tain the sense yon give to the little word ‘is’, whether you .
use it or go around it. To affirm that motion is means to
you that Motion belongs to a multiplicity, the totality of
which you call world. The determining is done on the
strength of that totality, You determine the What of the
thing inquired for by its place in the world.
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I

CLASSICAL PHYSICS

Topay I intend to walk along paths familiar to you but
untrodden and arduous to me. I shall examine the answer
of your classical physies to the question of Motion. I shall
unfold the inherent difficulties with which your own prin-
eiples have encumbered you. Maybe these difficulties will
force you to ponder on these principles. ‘What to you
seems most natural is most dubious.

Your idea of motion springs from phoronamy. From
the variety of changes you select one: the apparently
simplest,’ movement in space. Its mathematical pattern
is vour medel of all change. A three dimensional con-
tinnum, Space, i3 extended in a one dimensjonal con-
tinuum, Time. First you relate a continuous sequence of
points of space to a continuous sequence of points of
time, This four dimensional curve is your model of move-
ment. Then you asoribe to the points of your four dimen-
-gional space-fime confinuum various other quantities,
representing the physieal conditions, energy, potential,
field values. Each of these values is a further way of
determination, ie, a dimengion. Finally you represent
their continuous changes by curves in the space of
figures.

Thus you aseribe to a point of space-time a set of x
quantities——-x being a finite number. This set of gnantities
is a complete desenptlon of this point. The totality of
all these sets of quantities wonld be an exhanstive descrip-
tion of the world. These quantmes you assums to be con-
neoted by laws which comprise the laws of world geom-
etry as well as of pature. The first refers to the properties
of sets of four numbers, each signifying to you the
points of space-time; the second refers fo the proper-
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ties of the other numbers, i.e., the physical values. Both
kinds of properties, howewr, form an indissoluble
unity.

It makes no difference whether you call world geometry
a law of nature or the laws of nature world geometry.
What you want to do is to caleulate unknown from known
numbers, rather than to deseribe the world by sets of
quantities, Nature lends herself to your doing so. To you
this is a reason for pride and awe.

The knowledge of a three dimensional eross section,
describing a closed system at & certain time, gives you
values, called parameters, that obey certain rules. These
rales, the laws of nature, can be differentiated in simple
equations in the dimension of fime. Thus you are able to
- calenlate from the conditions of the system at any one
time its conditions at any other time. This kind of order
you call the causal structure of world oceurrences. Thus
your design of nature is of grand integrity, a marvel to
behold. 8o you think. I must confess a tinge of admiration
in my horror.

This- world, however, is merely the world of your
anonymous observer: a world of pointer readings. Its
laws link possible pointer readings. It ia bleak and barren
and lacks sun despite its lucidity. For centuries I have
been wondering how youn are able to live in this world
without freezing. Hven you might perhaps feel slightly
chilly if you drew your own conclusions, This, however,
you do not do. You relate the poiunter readings of your
anonymous observer to the perceptions of your own
senses. Your naive view of the world steals into the world
of the anonymous observer and his figures. Now the
numbers seem to take on life.

A fog of thonghts, turbid but not without at least some
color, floats through your glacial numnber world. What T
said yesterday about force applies equally to time. Time,
to the anonymous observer & dimension and continnum,
'is to you a devourer of the Nows it begets. Similarly with
cause and effect and so forth. But when asked what you
really mean when you spegk of force, time, and so forth,
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you quickly conjure up out of the naiveté of your num-
bers an unobjectionable definition—only to sneak back
afterward into your habitual twilight.

Your naive world is no world. It is a muddle of rudi-
ments of past ontologies, including my own, There is no
ontology, no ‘logos’ of Being as Being, no unity of design
of an ordered totality. Therefore I must hold on to the
world of the anonymous observer and hold you within it.

In this world Law reigns supreme. Law has ever been,
is, and will ever be. It is immutably the same. There is no
creation, neither bacoming nor decaying.

I doubt that you are satisfied. This Law is arbitrary—
reason for everything and itself without reason. More-
over, you cannot meke this one contingency do. There is
& second : the initial constellation, You cannot deduce the
second from the firat, In your experiments you adjust
the constellation to fit your needs—in your world you
find it and must accept it.

These two contingencies are unconnected in your pic-
ture of the world: one is beside the other. This does not
trouble you in your daily world. You push them off to the
border conditions of the physical system ‘world’, to the
infipite edge of beginning in time with which yout re-
search is not concerned.

Transmitting this awkward lack of connection into the
language of mythical cosmogony I wounld say: In a divine
whim your God selected, by a first creative act just this
world geometry and these and no other laws of nature.
Then, by a second independent act of creation, uncon-
nected with the first, He chose in a still more capricious
mood an initial constellation ; He then turned His back on
His creation—had to turn it, having deprived Himaalf of
all further interference—retiring to His eternal quiet.
Unless you prefer to assume that despite his Omnisciencs
He ought to be sufficiently curious o ohserve the immeas-
urable misery growing out of the second contingency
under the rule of the first. It seems to me that you gave
your God too muech work in the begmnmg of the world
and too little during its course.

15



The muddle gets still worse, if yon take your second
law of thermodynamies seriously. If this law governed
world development, God would have oreated & most im-
probable initial constellation which, left to itself, could
only deteriorate into & growing disorder of inoreasing
probability. Truly, more miserable even than Man would
such & god be. You tell me to leave God out of the play.
The myth, however, only lays bare your embarrassment,
which in the cold language of your science is less obvious
but by no means less acute.

Your world has been before becoming. Absolute Law

governs mlmutably from an infinite beginning to an in-
finite end. What, in this world, is Motion{ You distinguish
one of the four dlmansmns of your continuum by calling
it ‘{ime’. You relate a continuous sequence of numbers
aénd number sets, representing either points in space or
physical values, to the continuum of time and call it ‘mo-
tion’. Thus you define Motion by Time. But what is
Timel?
* Time, to yon, is one of the four dimensions in which
you conesive the cosmos to he extended. In time the world
is unfolded. This time, just like space, is mere extension,
Being, either resting or moving, is spread out in time.
You call it rest when the points of space related to the
points of time are the same; movement when they are
continuously different. But this rest does not rest, this
movement does not move, Equalities and differences are
distributed. The world, extended in Time, stands still.
The semblance of rest and movement is caused by your
relating your inner knowledge of your own resting and
moving to the distribution of these qualities and differ-
ences, In that world Eternal Law reigns, having immu-
tably established the distribution of equalities and
differences in the dimension of Time.

Thinking of the equalities and differences as ordered
. in accordance with the hypothesis of causality you cannot
even distinguish between past, present, and future, let
alone a present Now from the Nows that have been and
will be. Thus the present w.%ll never progress, the Now



never devour the preceding Now and be devoured by the
suceseding.

Everything is unequivocslly determined—the Real is
the only Possible and the Necessary. There is only one
modality of Being. In the same mode are past, pregent,
and future. They cannot be differentiated. All diserimina-
tion depends upon the position of some obsetver. You can
change his position, choose King Rameses instead of
yourself: he ¢s just as much and in the same way in this
world of yours as you are. Only at another point, His
Now is just such & Now as yours. The undeniable fact,
however, that all observations are chained to & present
Now, that this present Now and with it the observability
is moving-—you can only gape at in silence. There is no
provision for it in your design of the objective world. Yet
you cannot explain it away by the subjectivity of the ob-
server, for if anything at all is objective, it is. There is
no escape from this embarrassing sitnation as long as you
conceive things extended in Time as a dimension and
determined unequivocally in the manner of your causality,
You fake a solution, smuggling your naive perceptions of
time and motion into a world in the scheme of which they
have no place. The task of determining Time by differ-
entiating past, present, and future remains the secret of
the observer.’

Time is a one-way street marked by an arrow, “But this
'quahty of time also you borrow from yourselves. Not in
your draft of .ature, in yourselves alone, in the subject
is Time directed, is one Now earlier, the other Now later,
are Harlier and Later never fo be exchanged. In your
world they are here and there. Later could be Earlier,
Earlier Later.

I have read that some of you think the second law of
thermodynamies could account for Time’s arrow. I con-
fess that I have tried in vain to understand how. I believe
it is not from thermodynamics that you conclude Time’s
arrow but from your own lifé put into your premises.
. That second law is a statistical law, a statement about
- aggregates. For these agg're"gates certain conditions are
1
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valid. The single happenings must be relatively inde-
pendent one from another. If these conditions prevail, the
probability of a certain distribution eannot but inerease
with the number of happenings. This bas nothing to do
with Time. If you let the number of happenings increase
in Time you can say this probability increases in Time,
but then you Presuppose Time and its arrow. This, how-
ever, is & minor point; and you yourselves are far from
feehng safe in your argument.

«+ No, a statistical law cannot account for Time’s arrow,
Time does not stand still in the thermodynamic equilib-
rium and would not flow backward if you could observe
entropy diminishing instead of increasing. The arrow of
Time cannot be deduced in this way, A statistical law
does npt state anything about the nature of elementary.
events. It is from their inherent nature, preliminary to
ell aggregates, that the arrow of Time springs. Here must
be its sonree. This source you cannot find. Your eoncept
of motion does not give you any toehold. Therefare you
borrow the arrow of Time from your knowledge about
yourselves and transfer it to your objective world, not
grounding it in the structure of this world itself.

I now turn to another impasse. I eall it the ‘aporia’ of
Substance. First you reduced substance to matter. Speak-
ing of bodies you thought you had something lasting, as a
substrate of change and subjeet of motion. But this sub-
ject atrophied in your hands to the grammatical subject
of your sentence. To the question: “What is it?’ your
only answer i8: ‘The subjeet of motion is field.” Fieldflux,
however, is a contingum in space and time. There i8 noth-
ing left at your disposal that, preserving its identity in
the very change, might be a This against a That, one One
separated from another One. You have only one One left:
the world itself as the one field expanded in space-time.
You can separate parts of this continnum for your pur-
poses. When doing this you can trust that this continuum
containg sections in which certain field values are extraor-
dinarily high, declining steeply at their borders. But this
procedure is merely an escape ; you cannot state which sta-
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bilities of which values should serve as exact criteria and
which declivities should justify your separating one sec-
tion from another as one One from another One. Thus,
the parts would owe their Oneness fo you and your pur-
poses, be dégsu not gloe—by thought not by nature.

Consider the purport of this: I and thou, each a One
and identical with itself. This is indeed the ﬁrst and maost
primary of all your perceptions. If you are consistent you
-must admit that you cannot codrdinate ‘this perception
clearly and distinetly with your demgn of the world. Your
only weapon agamst this dilemma is inconsistency.
. Itis as a continuum that you have designed space-time.
To this continunm you have aseribed continuous field
values. This continuum i8 your only One. It is undivided,
‘though divisible in thought. If you prefer to conceive this
continuum a8 not only divisible but also divided in in-
finite points, you get lost in the maze of the most ancient
‘aporiai’.”

You are quite content imagining yourselves repre-

sented in your field eonfinuum as continuous sequences

of points in space-time—world lines you call them-—ex-
tended as four dimensional worrs. You believe you are
identical with yourselves, each of you, by virtue of this
identity being a One, if this world line does not diverge-
and braneh off somewhere. Such & ramification would
indeed signify that at one point of:time you eould be in
geparate places. The absence of such a ramification is a
necessary but not a sufficient condition of your identity.

In this continnoam you can draw any world lines you
wish, In this hall I can draw such a-world line across your
space-time, gtarting from myself and going through some
of you. That, too, would be a continuum just like each of
your individual world lines. SBome of these physical val-
nes at the entry and exif of each of your bodies would
show a quite abnormal declivity, especially the potentials
of gravitation representing mass and energy. Buf the
world line, despite those declivities, is a continuum, Thus
you really think the world lines of this identical You are
distinguished only by a relative constancy of certain
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physical values; e.g., mass. But this mass also is field
property and fluent, Where is your eriterion of the grade
of constancy that permita one world line and forbids an-
other to be the world line of one and the same being, that,
like you and me, 18 one One and identical with itself? You
have no such eriteria.

You are surprised that I demonstrate the difficulties of
classical physics by concepts of field physics alone, Field
physics is only a program. Your practice is governed
by & dualism of field and matter. I can do nothing with
the name of & name, You do not determine matter. In de-
{ermining matter you determine it as field. If in a dualism
of matter and fleld you oppose matter to field, matter
becomes the uncomprehended residue, proving only that
your concept is inadequafe. Matter, then, is merely &
name for your dilemma. The uncomprehended residue
devours whaf you think you have comprehended—the
puzzle of matter swallows up your solutions. Something
is miesing in yonr conceptual frame of nature. This gap
you fill with a word. Matter furnishes yon with the gram-
matical subject of your statement, the carrier of Motion:
the stone in your hand, the water that flows, the helium
atom, Matter links your concepts to the work of your
hands. This mey be sufficient for your practice but it does
not save your theory. This embarrassment is the revenge
of Substance for the treatment yon have given it: You
have degraded it to matter; matter, a substrate of move-
ment-—the x of the grammatical subject. Thus yon have
concealed the mystery, which the concept of subsfance
wo0s, in the void of the name of a name. Out of this void
it raises itg head again. One day the riddle of your matter
or the origin of dynamics will compel you to rediscover
that concept. By then not much will be left of the world
design of classical physics. Then only will you take up my
fight against Galileo, -

8o it happens that field physics gives a strange answer
to the question what Motion really is: Motion does not
move. In your world there is no motion, therefore no rest,
~ for the moveable alone can rest.* Time, w}nch must de-
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termine motion, is not distinguished es {ime. The moving
of motion is & mirage—even the unity of the moved, the
subject of movement, in the observer’s assumption.

I read indifference in your faces—all this cannot give

you concern. It does not affect your-discoveries. Your air-
planes fly. Your wireless waves race through space, bring-
ing the commonplaces of statesmen from the other side
of the globe to the remotest hovel. You calculate the pres-
sure of radiation on the surface of the sun, the temper-
ature in its center, you destroy atoms of nitrogen. You
follow the tracks of the ejaculated particles. You sort out
the elements—yon take hold of matter. And here some-
body rises and says: ‘‘ Your motion does not move.’! You
do not trust your ears. :
' Permit me to justify myself. My case is with the human
being in you, not with the physicist. I do not contest the
knowledge of the physicist. I deny neither your laws nor
your machines. The miracle of the agreement between
calcnlation and observation stands before me as grand
a8 before you-—perhaps even more grand, because I do
not claim to know what this stupendous testimony really
attests. ‘ .

My criticiam is of the use Man makes of physical knowl-
edge. It applies to the discrepancy between physicist and
human being, ita origin and its consequences. I do not
dispute the numbers of the anonymons observer but only
their claim to describg Nature, the really real world. I
want to confine the gredt testimony to what it really may
atiest. You overcharge it. SBaying that motion does not
move I plead modesty.

On what grounds? You know motion from its very
sonrce, yourselves, from your acting and being acted
upon. Knowing this motion you cannot help judging mo-
tion in classical physics and denying that it moves. In the
same way I am free to give the name ‘fime’ to a dimen-
sion of my n-dimensional manifold or to call a relatively
consfant field ‘subject of motion’. But there is a knowl-
edge about time in you. Jndged by that knowledge the
dimension called ‘time’ ig not Time. In you is a knowledge
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also about the One you call ‘I’ and the other One you eall
‘thou’. Judged by that knowledge your relatively con-
stant field—carved out of the world continoum—ig still
not such & One,

If your movement seems to move, your time to be Txme,
your substrate of movement to be Subject, it is only
because you furtively slip your inner perception .into
the sense of your words. Did you not want to get your
answer from the outside world? For this purpose indeed
you drew the order of phenomena in your space of num-
bers, divested the individual observations of their pe-
culiarities, and transferred them to the anonymous
obeerver. You wanted to develop from the simpler phe-
nomena the concepta that would explain the more intri-
cate, F'rom spatial movement in the heavens and on earth
you wanted to obtain the laws of motion, from inorganic
neture the laws of organic life, thus at last understanding
yourselves on the strength of just these concepts.

Considert! The answer the world gives to your way of
questioning is an order of pointer readings. Into that
order you introduce vague thoughts interpreting those
concepts by untested knowledge of the subject about it-
gelf. This answer is an answer neither of the world nor
of your own Being. You can make it pass neither ag one
nor the other,

You have not examined the ‘Being’ of the subject.
Maybe from its knowledge of its own Being the subject
would have given an entirely different answer. You have
lost the ability to inquire_in that way: you no longer even
know that such a way of inquiry is possible and still leas
that you could obtain an objective answer to such qnea-
tions,

Your answer to the question of motion is ambiguous,
detached from the subject and still attached to it. Thus
you have stumbled into an unhappy predicament. You
know and accomplish a great deal, yet you have no picture
.of Nature, no total design of Being. You have the testi-
mony of the anonymous observer, but you do not know
to what it testifies. The agreement of his figures gives no
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resnlts that enable you to comprehend yourselves as a
part of this world.

It seems to me that eventually the statements of biol-
ogists, historians, and physicists about Being must tally.
The world of one is also the world of the others. You have
cut Science into parts. I am aghast, seeing that in your
hands the specialization of sciences has resulted in dis-
secting the world into many worlds.

I cannot make myself believe that this satisfies you.
The world is one. Nature is one. One tie links all Being.
That uniting logos of Beirig, mfist be unearthed. My name
for this task, ontology, has acquired ill fame. But what's
in a name$ The task remains—soluble or not—yours as
it was mine,

Only when searching for this logos, embracing the testi-
mony of your numbers and your own living Being in one
question and in one answer—then only do you, striving
with greater effort for a higher goal, face the seoret of
. Nature. Never will that forlorn ereature, Man, behold an
image of Nature if he does not know what he is himself.
Never will Man find himself if not in the image of
Nature.

I come back to the anonymous observer and his scheme
of nature. His motion does not move, His time does not
proceed, his moved and moving x is not a this or that One.
It is your scheme of law, it is the continuum of space,
time, and field ruled throughout by stuch laws as let Time
merely extend, make movement rigid, and destroy the
oneness of every One.

These difficulties are the difficulties of classical physics.
Meanwhile, -without allowing yourselves to be deterred
by them, you have proceeded with your researches, con-
tinuing to select the measurable perceptioms, to relate
the observed guantities to the anonymous observer and
his mathematical model, to correct thia model according
to the needs of this relating. And then, once again, the
Eternal Teacher has led you up to the great myatery. You
have discovered—and that is perhaps the greatest tri-
umph of your methods am;:;I the prize of your very re-
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straint—what did you discover? You are surprised, still
doubting that youn lmow what it is.

Two things you have discovered: That the laws of
nature you know are derived laws, secondary not pri-
mary, that their kind of simplicity is consequence of a
macroscopic view; That on the small scale it is not pos-
sible fo establish a one to one correspondence between
your measurable perceptions and the classical scheme of
order and to describe Nature by differentiation of contin-
uous quantities in the continuum of space and time,

The gigantic testimony does not testify to what it
seemed to prove, Thus you have fallen from your old
disguised troubles into new, obvicus worries, With these
we shall deal tomorrow.



oI
QUANTUM PHYSICS

Siwor the motion of classical physies does not move let
nus put the guestion to quantum physics. Here I do not
hit upon a finished, self-reliant, ready answer, but find
myself up against a muddle of embarragsments. These
embarrassments, however, arise not only, ag most of you
agsnme, from the incompatibility of quantum theory with
classical physics. The main ill would not be remedied by
tackling the gquanfum phenomena with the concepts of
clagsical physics. It is8 more deep-seated. The design of
reality in classical physics contains greater enigmas than
your so-called quantum mystery. When quantum physics
shows up these riddles inherent in the fundamental con-
cepts of classical physics, you should be glad to be de-
livered from their bondage, instead of longing to be again
under their {yranny.

1t is better to bhe confronted with a mystery than with
a phantasmagoria. You have a strange predilection for
probabilities of the numerieal value 1. You claim without
reason that 1 must be the numerical coefficient of all prob-
abilities arising in Nature, relative to an omniscient ob-
gerver, You would love to make insufficient knowledge of
that observer responsible for all probabilities < 1. If you
wers successful you wounld imagine that you have relieved
yourselves of all quandaries. It is as if yom wished to
build machines, not to comprehend Nature.

Microphysics has no answer to the problem of motion,
The classical concept of motion cannot be applied to the
smallest of the small, though i seems to remain valid for
the large. Moreover, sbliged to base movement in macro-
physics upon movement in microphysics, you have to
admit that the former, whish you know, originates from



the latter, which you do not know. Your up-to-date knowl- '
edge of movement refers to secondary movemaents.

About primary movement your knowledge gives you
fragments of eipher writing, You have laws—your quan-
tum laws—which have stood up in the practice of your
research permitting you to observe the calculated, to
calcnlate the observed. You kmow that out of these laws
the laws of classical physics emerge. They concern hap-
penings the probabilities of which approach with increas-
ing quantum numbeéra the limes 1. Of what kind are these
laws? They govern a something youn call wave of proba-
bility, This means a mathematical form—a psi function.
This psi function describes a state by indicafing the nu-
merical probabilities of the possible reactions an observa-
tion of this state will disclose.

‘When the first report of these probability waves found
its way to the lower world, T believed myself o be the
winner in a long fight. But nobody coming from above
seemed to know about this victory. All reported only that
and how and with what success and pride you make your
calculations with these psi functions, without earing in
the least what you indeed state about the nature of Being
in using such a concept as base. Down here it is different.
For us, the shadows that are no more, knowledge is but
knowledge about Being. Then I met in yonder dark vault
my old opponent Galiles. We propounded some guestions,
which you are unwilling to pose, relating not only to:the
fundamental concepts of classical physics, the continuum
of space-fime and your form of cansality, but also to the
applicability of Number to Nature, its reason and bound-
aries.

I shall now try to determine the peculiar qualities of
your new knowledge. There are three difficulties well
‘known to physicista, The first is concerned with the re-
lation between the observed process and the process of
observing ; the second, with the fact that all statements of
gnantum physics are bound to the concepts of classical
“physics ; the third, with the problematical nature of prob-

ability.
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The observer of classical physics observes the Moon.
His obsarvation means nothing fo her. She is affected by
neither the human eye nor the most marvelous telescope.
In microphysics, on the contrary, the process of observ- .
ing changes the observed process. In other words, mea-
sured object and measuring instrunment are joined in an
inseparable process.

Now some of you say: if we are not able {o determine
a single happening, on a small scale, by laws admitting
only one solution, it is because we have no possibility of
observing a happening without affecting it. We could not
discover such laws even on a large scale were our ob-
gervation disturbing. If we had instruments fhat could
register in the realm of the small without disturbing we
would find that these happenings too are complately de-
termined.

Others, again, say: it is for the same reason that the
macrocosmio occurrences are absolutely determined and
that they cannot be affected by observation. This reason
is the play of large numbers regulating total behavior,
The affect of obgervation on that behavior is smaller than
the range of our interest.

- Hope alone supports the first assertion. The second
has a reason behind it. Most of you surrender to this
reason, reluctantly renouncing that hope. Thus you can-
not leave any microscopic metion to itself, observing that
its passage through all phases is one and the same move-
ment. What you can observe is a diserete sequence of
disturbances. You cannot call this sequence a wunity
of motion or aseribe to the grammatical subject of
your statement—atom, electron, neutron, proton—an
identity with itself between two observations. The
only subjects of possible statements are aggregates and
classes. .

Now I come to the second difficulty, of which you are
also well aware. The psi function of quarnfum theory
speaks the language of your instruments, i.e., of classical
physics. The numbers you read on the pointers of your
instruments mean quantities of space and time, frequen-



cies, wave lengths, wvelocities, intervals, potentials,
charges, energies, impulses, ete. The concepts you use to
describe the microworld are those you have developed
from your experience of the macroworld. You are forced
to do so. Your instrnments keep you in line. ;

~ The laws of the macroworld alone support these con-
cepts. But you must base the large world on the small.
The laws of the large scale grow out of the small. Yet
your interpretation of the numbers in your quantum laws
is always in terms of your classical concepts. Obviously
the occurrences on the small seale—the primary events—
would have to furnish you with the concepts for the hap-
penings on the large scale. Instead you have to take the
coucepts for the primary event from the secondary. That
is most awkward, an ‘atopon’.

Thus your science is & mirror inadequate to the object
to be reflected. There is something to which it is and must
be blind. You are not able even to name this somethmg,
Iet alone detach it from the qualities of the mzrrqr and
separate the object from its reflection.

Up to now, in the course of the development of your
classical physics from Ralileo to Einstein, you have been
modifying the frame of your concepts, i.e., the structure
of the mirror, in the progress of your discoveries. When
your experiences did not conform to one another you
corrected your frame of order. Thus you have frans-
formed the rigid space of Newton into the elastic spaee of
Winstein, Why not do the same again? You eannot. Your
instruments chain you to your concepts. Maybe you could
modify yonr scheme yet a little more and so snrmount
this or that diffieulty, but that would not alter the situ-
ation. There is a limit: your own shadow. You cannot
jump over it.

Now we come to the third difficnlty. Your statements
refer to aggregates. All you know is about the behavior
of aggregates, What does the psi function say? You re-
peat one and the same experiment as often as possible,
repeating as accurately as possible the initial conditions;
i.e., you make your experiment on a multitude of equnal
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cases—or at least conegidered equal by you; e.g., atoms
of hydrogen. The outcome is a catalogue of various re-
actions. In this catalogue the numbers of the respective
reactions, i.e., their numerical probabilities, are regis-
tered, This is the psi function. It is a statement about a
quantity of single cases; that is, about the particular class
determined by the respective conditions. When formu-
lating your knowledge as a statement about an individ-
ual case you merely say that this individual case belongs
to a class that is defined by just this distribution of proba-
bilities, '

You can differentiate such a psi function in Time by
simple differential equations, That is, you can ealenlate -
from the psi function of a class in t: its psi funetion in
ts. But this statement too concerns aggregates. It refers
to a change in the distributfion of probhabilities for classes.
You will all have to admit that this kind of change can-
not be considered as a primary and original motion, fit to
serve as basis for the question of motion.

But how sbouf changs in the single case—with a se-
quence of consecutive ohservations of one and the same
single system (e.g., of an individual atom of hydrogen,
whatever it may be), without reinstating the initial con-
ditions? You say, there the psi furction makes a jump.
Prior to the first observation you ascribe the still unob-
gerved something to a class defined by a psi funetion you
know. Afier the first disturbing observation the measur-
ing valne a,, resulting from if, is valid. After a further
obgervation, being a second disturbance, a second meas-
uring value, 8., ig valid. These measuring values belong
to a new psi function. Thus after each ohservation & new
psi function is valid, That means, this something, by the
interfering observation, has jumped from one class to
another class.

But no, it is not so. You are not entitled ta talk about
such & something. This something is only the grammat-
ical subject of your sentence. There is nothing to guar-
antee the identity of this something with itself. One atate
of affairs has dis:;ppeared,_;nother has arisen, that is all,
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The order known by that kind of knowledge is order of
the behavior of pluralities. These pluralities may be ag-
gregates or classes. If they are aggregates, i.e., systems
of very high quantum numbers, with whose total behavior
you are concerned, the order you discover has the strue-
ture of the order of classical physics. The psi function of
the aggregate has only one member of the numorical
probability limes 1. Therefore you drop the psi funetion.
Since you are concerned solely with the large scale you
can treat the radiation of radium as & spherical wave. But
the ez:ilzo]:u‘n*ical wave does not describe what really hap-
pened.

If you are interested in the behavior of an element in-
stead of an aggregate, your knowledge turns out to be
restricted to probabilities. It is knowledge about the class
to which this element belongs. The class is defined by the
distribution of probabilities. Your knowledge today is a
knowledge of aggregates and classes; so it will be to-
MOIrow. .

Because the object is affected by the observation your
knowledge is bound fo the collective and you are pre-
vented from grasping the elements, of which such an ag-
gregate consists even for youn. Your statement about the
collective certainly tells much about the elements it con-
sists of; much that is marvelons beyond belief, but ob-
viously not everything. To draw conclusions from class
{0 element is difficult. If you want to draw conclusions,
e.g., from the distribution of probability for the class to
the possibilities for the element, you must presumse that
the elements are equal—in themselves and not solely
relative to your knowledge. But that would be a mere as-
sumption. Furthermore, you can formulate such a con-
clusion only in the language of classical preconceptions.
Thess preconceptions, however, are developed on the
strength of the total behavior of aggregates and are veri-
fied by them alone. .

These three difficulties combine to increase - your
troubles. I hope I have desoribed them and their source
correctly.
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The declination of your psi functions in-quantum theory
refers to secondary not to primary, to compound not to
simple movements, The psi functions report the chances
of an observation to find a place A for a charge B, or for
a charge X a place Y. They distribute the chances of a
charge to places, the chances of a place to charges. The
change of chance cannot be primary motion. Chance is
chance for an event. Instead of the ‘ether’ the probability
wave does the vibrating. But what vibrates? The chance
for an event. '

Again, what is an event! Here you have no answer,
except the answer of classical physics. But you cannot
apply this unless you decide to lift yourselves up by your
own bootstraps. The situation is curions. You proceed from
discovery to discovery; that T do not deny. These dis-
coveries are firmly rooted in shifting ground. They are
rules for the coincidences of numbers signifying chances
for events.

In this situation you turn to philosophy to provide you
with a theory of knowledge enabling you to get around
any froublesome question. It is the old dodge: the real
ig the observable—at least for the physicist. You first
define the physicist, setting his task. Then you limit the
observable : the pointer readings of possible instruments.
This ig the ‘reality’ relative to your anonymous observer.
I do not know whether this can be called theory of knowl-
edge. Anyway it is not philosophy. It seems to me merely
a definition of physics.

But that we have already discussed. Applying this so-
called theory to your new sitnation you argue: The only
knowledge I shall and can have is knowledge of psi func-
tions. I know all that ‘is’ when I know all I can. It may be
and usunally is the case that I do not know the psi function
or know it insufficiently, Then the probability this psi
funetion reports is but relative to my insufficient knowl-
edge. However, if I have a ‘maximum knowledge’ of the
psi funotion, this psi function is the condition of physies,
the maximum knowledge is the thing itself.

I understand why you assert this, You want to prevent
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naive perceptions from interfering with the numbers of
the anonymous ohserver. If an accurate location of an
electron is mnot observable, then an aceurate location
shonld not be postulated. An ‘accurate location’ of an
eleotron is for the physicist a senseless term, to which
nothing real corresponds. I approve your intention, The
anonymous observer should not mix into his numbers
concepts he cannot legitimate. Nevertheless, you cannot
stop here, Probabilities are probabilities of something, A
probahility of nothing is still more senseless than an
‘accearate location of an electron. '

The physicists of past times have developed your pre-
conceptions of the measured and measurable quantities
on the strength of occurrences on a large scale—without
any insight into the microworld. Now you find that these
quantities are measurable with but limited accuracy. Per-
haps they are not really the right concepts. If they are
not, then the task would be to discover the right concepts,
the true building stones of Being. But this youn do not at-
tempt. Numbers, psi functions, are observable and there-
fore real, even though they are probabilities of nothing.
No! my friends.

Natura has erected a certain Number as a clear warn-
mg sign in front of you. This Number and its origin are
the greatest of your mysteries. Your instruments speak
the language of your model; they can speak no other.
This model gives you the variables you must know for a
complete description of the state of a system. Now it
turns out that you cannot know all these variables ae-
curately. You can measure accurately a single one, even
half a set together, but not more. If you measure -one
accurately your knowledge of a certain other becomes
inaccurate. The more accurately you measure the posi-
tion in space the less accurate will your knowledge of
velocity be. To this you have to submit,

You can measure both with the same degree of in-
accuracy. Thers are couples the members of which limit
each other in the degree of acenracy to which they can
be known.* Yon can indicate & number below which the
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product of tolerance they must allow each other cannot
gink. A very queer number: you call it ‘h’, a produot of
energy and time,* I{ means an absolute limit of observa-
bility and is a universal constant of Nature. It is an en-
chanted number. Neither you nor I can disenchant it.
Now it seems to betray something about the observer,
now sbout the observed, now about both without your
being able to disentangle one from the other. It springs
from the disturbance of the observed by the observation,
from the inadequateness of the classical concepts of wave
and particle. Even as evidence about the observer it tells
something concerning a quality of nature, but what it -
tells remains a riddle. You may speculate in various ways
about the mysterious fact that just here a product of time
and energy should appear as an indivisible number in
integers and multiples of integers. But all such specula-
tions have a short span of life in the world of your con-
cepts. For me who do not accept your concepts, still
searching for the logos of Being you think yon possess,
neither your energy, nor your time is & basic concept of
this logos. I but not you might muse over the mystery,
whether perhaps the union of time and energy in an
‘indivisible quantum of action points to something in this
logos that is more fundamental than your concepis of
energy and fime and their separation. Maybe this some-
thing is a product of energy and time only relative {o your
observer. I, however, prefer not to indulge in such specu-
lations. I see in that enchanted number nothing but the
limit of observability, germinating in the distarbance of
the observed by the observation and the inadequateness
of your clasgical concepts.

You cannot elude the difficulties of your situation by
taking refuge in theory of knowledge. Statements liko
‘the perceivable is the real’ or the ‘psi funotion is the
physieal condition’ or ‘maximum knowledge is the thing
itself’ ars nof philosophical statements, nor are they
theory of knowledges. They are simply definitions of
physies, nothing more. By them you limit your task. Such
a limitation may be useful to ward off strains of thought
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that are useless for your purposes. But Nature does not
bother abont definitions of physics. After such a definition
Nature is the same as she was before,

‘What would you think of an insurance actuary who in-
sisted upon perceiving only the figures of his ledgers and
their relations, pretending that they are the order of
reality? The right and left sides of his ledger agreé in a
remarkable way, He may revere this conformity as a law
of Nature, without dreaming that the board of directors
brings it about by calculating premiums according to risk
and overhead expense, and reaches the adjustment of the
two sides by adding an amount they decide to call profit
or loss. The actnary does not and need not know what
death, fire, and burglary are. He has to do with three
sorts of events, and within each sort he deals with differ-
ent classes distinguished by coefficients of probabilities.

By means of these coefficients the premiums are cal-
culated according to certain rules. The larger the number
of individnal cases in one class, the longer the period, and
the smaller the range of the amounts insured, the greater
the assurance that the balance between the loeses paid
and premiums will be maintained.

The actuary declares: my knowledge is the chjective
reality, The psi function—in his case the distribution of
probability of fire, theft, death—is the state of facts.
States of facts with the same psi function are equal by
prineiple, You reply: you are mistaken; these probabili-
ties are relative to your knowledge. But he demonstrates
on the strength of his ledger that his knowledge is a
maximum knowledge. His possible observer can perceive
only numbers, To end the argument he finally declares:
‘“Whatever the case may be, my knowledge is sufficient for
me; at any rate it is the knowledge I need. Observation
and caleulation do conform. Your concepts—fire, bur-
glary, death—are confused. They may be interesting to
philogophers. I am an- acinary.’”” And you are physi-
cists,* 1

You cannot escape this way. Your theory of knowledge
is only an aitempt fo eover up a very. serious dilemma.
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which yon will have to face. You have a mirror: your
basic concepts determining the measurables, the n dimen-
sional number-space of the anonymous observer. In this
mirror neither everything that is can appear nor can
everything appear as it is. The mirror both fails to re-.
fleet and distorts. This is its nature. In the image you
cannot separate the qualities of the thing reflected from
those of the mirror. You cannot know what is omitted
and what distorted. Your mirror has begotten the image
with the thing. You cannot distinguish the qualities of
the parent in the child. This inadequacy of ithe mirror to
reflect the thing has led you up to now to conclude that
the mirror must be transformed. From Newton to Ein-
stein you have done this successfully. Now there seems
to be a limit beyond which you cannot go, It is not only,
that in building your instruments you fettered yourselves
to the basic concepts of classical physies, The continuum
of numbers, the very basis of all your descriptions, is this
Iimit. -

The difficulty goes much deeper than you dared to fear.
The problem lies not in the incompatibility of naive con-
cept and mathematical model, of classical physics and
" quantwm theory, but in the inadequacy of present mathe-
matics to Being. This limit is the limit of Number, of the
applicability of Number to Nature. In order to pass that
barrier you would have to think up new mathematics
with possibilitiee not even dreamt of.

You relate your colored observations to measurable
quaniities; you transform the numbers of your individual
obaervations as numbers relative to yourselves to num-
bers relative to the anonymous observer. Thus you jump
the shadow of the individual subject. This is a stupendous
performance. However, your world is merely the inter-
subjective, not the objective world. 1t is relative to your
anonymous observer. This anonymous observer cannot
and does not know what the event is whose probabilities’
his numbers report. To find out what an event is you must
take a longer running start. You will have to clear the
shadow of the anonymous obgerver as well.
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This anonymons observer knows a lot. Do not think for
a moment that I underrate his knowledge or doubt his
figures. I bow before the miracle of the agreement be-
tween caleulation and observation. This agreement i a
statement of Nature about herself, about an order reign-
ing throughout her. You did not invent these numbers.
But to what do {hey testify 1 Of what kind is the minimum
of order that must in any case reign in Nature, if the
anonymous observer is to discover laws like the guantum
lawnt

An answer to such a question may not contam any un-
necessary assumptions, That is important. The assump-
tion that this order is the order of classical physics wounld
excoed this minimum. The a priori suppositions of your
probability-caleulus are the minimum required. They
refer to qualities of aggregates. They are the minimum
conditions for letting great numbers play their play. That
minimum may be little, but not nothing. Manifestly these
conditions are fulfilled in inorganic nature, just as in the
multiplicities with which the insurance actuary has to
deal, So far as these conditions are fulfilled Number must
be applicable to Nature, Here the miracle originates; here
also it is limited,

But you have no right {o assume these conditions are
fulfilled throughout Nature. That would be an entirely
arbitrary anticipation. You imply this anticipation by
defining Nature relative to the measurements of your
anonymous observer. Imagine for a moment that these
conditions cease for some reason to be fulfilled. Of this
possibility the physicist need not think. The insuranece
company must, Its laws rest on a relative independence
of individual cases of death, burglary, and fire. Wars,
riots, conflagrations, epldemms upset their rules. If the
world of the insurance actuary, like that of the physicist,
resta on such rules, it eollapses.

Let me take advantage of my thousands of yea.ra Jor
you, in the toils of the quantum theory and shackled by
your definition of physics, it is difficult to view the situ-
ation as a whole, for it is concerned not with physies

36



alone but with science in general. Nature includes Man.
Man ‘is’ not only relative to the anonymous observer.
Man-—by nature desiring knowledge-~wrestles with Na-
ture the elusive one. In this tussle Man tries to gef to
himeelf.

If Herr Heisenberg talks with Herr Schroedinger or
M. Dirac they disagree about naught except the structure
of happenings relative to the anonymous observer. But
the inherent force of the problem brings to the fore the
question of the anonymous observer, of his rights and the
limits of his knowledge. This is &8 more ancient and
greater struggle—the struggle of Kepler and Galileo with
my adherents. Even that struggle has not yet been de-
cided. Both 'sides referred to experience, each against the
concepts of the other, Each did so with right and wrong
on his side. Leaning upon a different experience each
judged the concepts of the other.

My theory of motion has developed from the living
Man who knows about himself, acting and being acted on,
striving and failing. By means of my concepts I was
nnable to lay hold on the laws of true and apparent move-
rents of bodies in the heavens and on earth, For Galileo

‘and Kepler my adherents’ statements concerning this

kind of motion were no match. Fighting me they devel-
oped your mechanics. Admiring its laws they took it as
the model of moving nature. For my adherents the meas-
urable guantities of this model were empty concepts.
Their own experience was in the growth and decay of
organic forms, Kventually they were silenced by the
wonder of your laws., You thought you had won. The
heavenly bodies had revealed their secrei—life had left
your image of Man.

But the fight is not finished. Your nature turned out
to be the nature of the anonymous obgerver. The anony-
mous observer observes probability waves. Of what?
Of events? But what is Event? You are mute.

Nature loves to surprise. She reveals when concenling,
conceals when revealing. Suddenly the old fight is on

" again. Neither you nor I could anticipate the form it now
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tekes. You thought it a matter of course that the ques-
tion of motion be put to inorganic nature; its motion was
obvmualy the simpler, since the motion of organic nature
is a compound of movements, to be dissolved into ele-
mentary movements of the type of inorganic nature; i.e.,
in continuous changes of quantities in Time.

Shonld you not reéxamine just this ‘matter of course’?
The ostensibly simple movement whoge laws you know is
a movemeunt of compounds of elementary movements you
assume but do not know. Your pattern of motion falls
down when confronted with the smallest of the small. But
there is a large scale too it is not able to deal with: the
moving of organio life. There is a reason for this break-
down. The same reason holds in both cases: the secret
of primary movement in.inorganic nature disappears into
ever smaller entities; in organic nature it appears in sizes
visible to us.

Laws of probability can be expressed in numbers only
if many single events are relatlvely independent of one
another. Your inorganiec nature ig defined by this eon-
dition. When this condition is not entirely fulfilled in
Nature you speak of organic life. Thus rather than put-
{ing the question of motion to inorganic nature you should
put it to organice, to the best known part of it, to your-
selves. Your definition of physics prevents you. If you
did you would fight for me—inviti afque inscii—against
(Galileo.

But I have gone too far. Clinging to your habits you
will misunderstand me. I will not tempt yon to question
the plant instead of the atom, your biology instead of
your phyalcs That would be entirely senseless. Your
biology is nothing but the application of the basic con-
cepts of your physics to plants and animals.® I see mech-
anists and vitalists quarrel about the question: ‘ig the
living being a physical-chemical system or noti’ A queer
quarrel that is, neither party knowing what such & sys-
tem really is. The vitalist as well as the mechanist thinks
according to the concepts of classical phyams

No, gantlemen The laws you have in biology are just
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like those of your physices relative to the anonymous ob-
gerver. It would not help you to exchange plants for
atoms in the shadow of the anonymous observer. You
will have to jump this shadow. This is what T exact from
you. What that means and how it might be possible we
shall discuss further.
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Your guantum laws account for the distribution of nu-
merical probabilities of something rather mysterious
_called ‘event’. What is an event? As before, you have
no answer. Some of you are sure to think that you
need ne answer, Your observations refer to probabil-
ity waves. You are interested in calonlating observa-
tions. An immense work ean be and already has been
done without an answer. Certainly, I neither dis-
trust your calculations nor slight your tremendous
work.

Your physics deals with probebility waves of events.
But I do not think youn can relate the differences of all
phenomena to differsnces of probability waves of events,
which 