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The Problem of Reality in Physics.®

By Professor R. Ortvay, Budapest.

1. THE PRESENT CRISIS IN SCIENCE.
NOWADAYS we often hear the asser-

tion that science is passing through
a crisis. Popular works and newspapers
speak of a “ Bankruptey 7’ of science, and
even some excellent representatives of
science express the opinion that science
is developing in a wrong direction. Others
declare that the very aim of science, namely,
the search for truth, is wroung, or, at least,
fruitless ; they only attribute a wvalue to
purposes of immediate utility. (Others,
again, fix their attention upon the radical
change of the circamstances of lite under
the iInfluence of technical sciences, and,
regarding the numerous effects of industnal-
isation which bave destroyed the equi-
librinm of social forces, often arrive at
sceptical conclusions.  And one of the
strictest” critics of our civilisation, the
recently  deceased  Oswald  Spengler, s,
according to his great work
Western  Civilization, inclined to  deteet
certain signs of decadence in some of the
most gloricus achievements of modern
science,

* From a lecture delivered at the Indian Institate of
Science, Bangalore, on @th January 1937,
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While we cannot deny that therc exists
a crigis In our civilisation, manifesting
itself 1n  political and social restlessness,
we also cannot doubt that in science, too,
there 18 a certain crisis. This may give a
justification for devoting a few words to
the nature and importance of this crisis.

Many of you may be Inclined to reject
at once any doubt about the value of
seience., And I think, to the same group
would belong everybody who has merely
objectively witnessed the scientific develop-
ment during the last decades, as well as
the majority of those who take part in
scientific movements., Seience has passed
from one triumph to another, succveeded
in ohsgerving an immense multitude of
facts and in explaining th:m {rom a unitary
point of view ; thus we are fully justified
in calling the present time o golden age
of reience. And, if we consider the innumer-
able efcetr of seience on practieal e,
the part steam and eleetricity play in it,
or even the most recent inveations sach
a5 broadeasting, the applieations of various
radintions, aerial traflic, and 8o on, we
likewise arrive at the conclugion that some-
thing causing such efJeets must certainly
possess @ deep-rooted intrinsie importanee,
for, even if we do not agree that the value
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of science is given by its practical avail-
ability, we must acknowledge that practi-
cal coffects are, though rather external,
vet the more easily discernible signs of
its iImportance.

(n the other hand, secience has undoubt-
edlv undergone a very profound frans-
formation in recent years. Many principles
which were until recently regarded as
incontestable axioms have logt this 1mpor-
tance, and this can of course produce 1in
a superficial eyewitness a feeling of un-
certainty. Many excellent investigators
who contributed fundamental discoveries
to this trapsiormation a few decades
ago were unable to {follow the ifurther
development and are now inclined to
condemn 1t.

If, however, we examine the develop-
ment of physiecs more attentively, we gain
the conviction that the recent turn was
entirely healthy and logical, without any
sign of deviation or partiality, although
the transformation of our ideas was very
deep and we had to renounce many of
them which formerly seemed evident.
First of all we must emphasise that the
whole development was continuous and
smooth, Although it took a formidable
pace during the last decades, we can say
that the great discoveries followed one
upon another continuously since the
renaigsance and particularly duaring the
past century. We can even assert that
the latest transformations, the atomic and
electronic theory, the theory of relativity
and the quantum theory, developed very
smoothly, without deeper controversies, as
if with a general congent. ©Struggles such
as e.g. accompanying the Darwin theory
of descent did not arise and it did not come,
to the formation of great antagonistic
schools. There was, of course, some contra-
diction, but partly of sheer outsiders and
partly of physicists, who, although some
of them had great merits as experimenters,
were not sufficiently familiar with the
language of wmathematics which 18 so
indispensable for expressing and under-
standing the physical contents of the new

theories. All these controversies, although
assuming sometimes, particularly in the
case of the theory of relativity, rather

grotesque forms, had only an insignificant
influence on the development of science ;
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among those¢ possessing the necessary com-
mand of mathematics there was hardly
any opposition and the foundations of
the new theories now appear obvious
facts in general opinion.

The theory of relativity presented itself
immediately in a perfect shape, as the climax
of a long evolution. The development of
the quantum theoryv, however, was (uite
different. This fundamental theory of
modern physics emerged as a very special
hypothesis which could not be fitted into
the frame of classical physics, and it grew
after a long struggle to the present general
theory. If leads to a modification of classical
physics which is even greater than that
eifected by the theory of relativity, it
demands a radical change in ancientiy-rooted
ideas and presents a great number of
unsolved problems. But, it has finally opened
new domains and interpreted such 1important
phenomena (I refer only to the theory of
spectra and to the waves of matter), that
ity elimination from physics is impossible,

The continuity in. the development of
physics shows that the new greal theories
actually include the old ones; they acknow-
ledge the validity of classical physics within
the realms of observation it was meant to
explain.

1t follows that there is nothing in the
development of physics to weaken our
confidence in the healthy state of science.
On the other hand, we notice that actually
there is succh a distrust as a social pheno-
menon of to-day. Perhaps it 1s so because
of the long continuance of the rapid develop-
ment of science in a particular direction
which, possibly, is not quite free from
a certain onesidedness. Perhaps people are
feeling that it is high time for other compo-
nents of our civilisation to keep pace with
the development of the exact sclences.
Perhaps the effect produced by science upon
the forms of life, the transformations in the
production of goods, the modifications in
the strueture of buman society are taking
place too rapidly to ensue in harmony ;
this results in phenomena which certainly
can be called critical. The problem of how
to eliminate social and economic disharmony,
however, cannot be solved by stopping the
development of science ; it must be solved,
on the contrary, by the methods of science
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themselves. Slogans such as “ stop science”
and similar demagogic anti-scientific cateh
words which we can hear nowadays in
certain countries with a glorious scientifie
past, certainly can cause heavy damage to
the development of science; such slogans
are, however, not produced by the evolu-
tion itself of science but are mere symptoms
of the general crisis of our civilisation.

Whilst we have thus to rejeet most de-
cidedly any superficial and harmful as-
sertion concerning the bankruptcy of science,
we cannot deny that we have to face gserious
problems with regard to the eifects of
scientific development upon life as well as
to its philosophical interpretation.

This lecture is intended to give the presen-
tation of a problem of the scientific interpreta-
tion of the world. I hope t0 make a contri-
bution to the solution of this problem which
is the problem of realify In Pphysics, the
question what is to be regarded as real
in natural sciences. Just in these days
there is an ardent polemic on this matter
between ‘° positivists 7’ and ° realists "—
a polemic which, of course, does not touch
the existence and the foundations of
science. |

2 THE NOTION OF REALITY IN COMMON LIFE
AND IN PHILOSOPHY.

As long as we ftake a naive, uncritical
standpoint with respect to the contents
of our consciousness, the problem of reality
does not present itself. In thig stage every-
thing occurring in conscilousness appears as
real; objects and sounds, dreams and fancies.
The problem of reality first emerges when,
in order to acquire a unitary scientific view
of the world, we begin to distinguish between
essential and unessential, between perma-
nent and transient, between “‘real” and
‘““ apparent ”’. These categories are correla-
tive and appear always simultaneously.
We shall consider a few examples. faken
from common life in order to fix the meaning
we want to attribute to these words.

If my house burns down or a friend dies,
these events will have portentous <conse-
quences upon my whoie life ; they will great-
ly influence the future contents of my
consciousness, If, on the other hand, these
events occur in my dreams only, they will
have no such consequences ; 1 shall dwell
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in my house as before and I shall continue
to meet my friend. The two cases are
quite differently related to other events ot
my life : the first 1s of serious consequence,
the second remains an isolated event scarcely
related to others. When we gay that
a political movement has a reality, whilst
another lacks reality, then we understand
that the former cannot be ignored without
risking serious consequences, whilst the
latter can be left out of consideration
withou{ incurring a risk.

When a solid body runs against me,
it will hit me and possibly hurt me. On
the contrary, a shadow running against
me and falling on my body will have
no serious consequences. When I plunge
a rod into water, it will appear angular;
after removing it out of the water, 1t 1s
straight again. In other cases, when a rod
appears angular, it cannot be used again
and will soon fall into pleces. We cannot
seize a fata morgana oOr a rainbow; these
do not behave as real bodies.

These examples show how we discern
in common life between real and apparent,
or even between different degrees of reality.
We see that it is the importance or the
effectiveness which serves a8 a measure
of reality, which is thus fixed by a judgs
ment of valuation. It is often the mere
persistence in time which forces us always
to reckon withh a certain thing and which
consequently serves as a criterion of reality.

In philosophy the notion of reality has
2 similar meaning.

We remember the famous simile in
Plato’s dialogue on the * State ' ; here
the perceptions are compared to shadows
of bodies projected on a wall by a fire
behind the spectator, bodies being in move-
ment in front of the fire. The shadows
represent the realm of the °‘apparent ”,
the bodies moving in front of the fire those
of the “ real” beings; the simile has to
explain that the objects as they appear
to our scenses belong to the realin of the
apparent, whilst the eternal and unchanging
‘“ideas ' are representations of tne sphere
of the real. In Indian philosophy alse,
real and apparent are contrasted in a strik-
ing manner. Thus in Vedanta philosaphy the
world of Maya as the realm of the apparent,
of illusion, contrasts with Rraiman, the
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unchanging, eternal, perfect, solely real
being, the only existence which really
deservex this expression.

In Buddhist scripture the things of the
world are compared to ' foam floating
upon the Ganges =~ to “ the pisang which
lacks a solid framework ', to a fata
morgana, to a " bubble of water’;
they are transient and uanimportant. Con-
trasting with them there exists something
detined by negative attributes only : the
Nirrana, which, with all its negativity,
plays exactly the same part as, in other
systems, the highest degree of reality, the
absolute reality or the Deity.

3. REALISM AND NOMINALISU.

In philosophy, a fundamental problem
of any system 1s fo determine what i8 to
be regarded as real. Likewise, in the exact
sciences the same problem is always present
and passes through their history, as we
shall see later. Here we shall mention
two antagonistic points of view, the struggle
of which runs through the entire history
of philosophy and, in a modified formn,
can be found in physical discussions upon
the guestion of reality. ‘These antagonists
are realism and nominalism.  The 1idea
of realism, that is, of philosophical realism,
first emerged ‘when people Dbecame eon-
scions of the existence of abstract ideas,
and recognized their importance. To-day
we can hardly imagine how astonishing
and admirable this perception must have
been ; the long-searched for Absolute Reality
was thought to be found in abstract ideas.
Thus, when Pythagoras
a present time of the actual importance of
numbers, he thought themm to be the true
fundamental reality and made of them
an object of almost religious worship. And
Plato perceived ldeas as the really existent
things, in contrast with the transient,
alterable bodies given by sensuous percep-
tion ; he founded a system of philosophy
which, in a way is still existing.

The question concerning the nature and
importance of ideas has since then always
been on the programme of philosophy.

Opposing this realistic standpoint of
Plato, there is another point ot view, accord-
ing 10 which there is no reality beyond

Ortvay : The Problem of Reality in Physics

began to have

C wrreit
Science

the transient, alterable sensuous things
notions are mere names. Hence this stand-
point 18 called °‘ oominalism . These
points of view are fighting one against
another in the ideas upon the foundations
of modern physics.

4. POSITIVISM.

In the philosophy of to-day, nominalism
apbears in a characteristic form in the
direction of epistemology which was started
by the works of Ernst Mach, the Vienna
physicist and philosopher, in the closest
connection with the problem of the natural
sciences and particularly of physies, and
has become almost an official philosophy
of the quantum theory of to-day. Phillip
Frank is one of those who have worked
out this program 1in detaill. But algo
the great representatives of the quantum
theory, Bohr, Heigsenberg, Dirac and Schrdd-
inger, share this way of -thinking; Jordan
has recently given a very clear and un-
exaggerated presentation of it in his newly
published book. On the other hand, Planck,
Laue and Sommerfeld are the chief represen-
tatives of the realistic pomt of view n
physics.

According to Mach, our only direct data
available are the scnsations. Any other
thing is composed of them; it 1s but a
complex of sensations, either simultaneous
or not. So are our notions, our logical
functions such as Jundgment and 80 on.
There is no physical reality independent
of sensations; the postulate of such an
independent reality is a mere logical con-
struction which serves to express connec-
tions between our sensations, to foretell
coming sensations. That my writing-desk
is real, means only that some optical, haptical
or thermal sensations by which its notion
is defined always arise when circumstances
are suitable, for example, when my eyes
are opened, when a lamp is burning or when
my hands are in a certain position. Beyond
this nothing can be said and thus 1t 1s
no problem at all but 2 meaningless question
to ask whether the writing-desk exists
when I am not ohserving it.

More generally, it has no sense at all
to speak of the existence of a thing which
cannot be observed ; thus, e.g., 1t 18 a sense-
less question whether other worlds exist
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willch are in no connection with our world.
Nothing cxists  that cannot be observed :
this 18 the view of positivism.

The recent positivism that has arisen
from quantum mechanics is much less
engaged in the analygis of sensations ;
it considers sensations rather as symbols
which can completely be replaced by pointer-
readings on instruments. They should
even be replaced by pointer-readings for
the sake of exactitude and wunambigunity.
This is obvious to the physicist; thus
a certain colour can unequivocally be de-
scribed from a physical point of view by
a3 wave-length as the result of a difraction
experiment, unless we have to do with its
bearing on physiology. According to this
view the fundamental facts are pointer-
readings or coincidences of a pointer and
a point of the graduation; the problem
is to find functional relations between
different pointer-readings, to infer from
certain pointer-readings other ones, occurr-
ing possibly in the future,

5., ANALYSIS OF IMMEDIATE EXPERIENCE,

The common point of view, however,
is quite different from this. Our attention
is cornmonly directed to the things.them-
selves instead of our sensations of them ;
in common life we neglect the accidentals
adhering to our sensuous impressions. When
we form an idea of a thing or a person,
we do not imagine a certain perspective
view of the object under a certain illmmina-
tion, although our impressions always refer
to such a particular picture; we think,
on the contrary, of characteristic features
that are common to all views of the object.
The art of primitive nations deals, in the
first place, with characteristic features of
the object : the face i8 represented in protile,
the eyes seen in front; 1t i8 a much later
stage when a singular impression is brought
into consciousness by a conscious spiritizal
effort. We try to pick out of the variable
sensuous impressions a constant kernel on
which, by preference, our attention is fixed ;
in common life we hardly care for the
immediate pure sensuous impressions which
only concern the psychologist in the moment
he i8 at work. To fix the attention on the
moon, or to be conscious of a yellowish
circular optical impression, are quite dii-
erent things ; in the first case the yellowish

Ortvay : The Problem of Reality i Physics

545

circle 18 only a sign, a symbol of an object.
This difference has, of course, nothing
to do with the question whether I am,
in an actual case, succumbing to an 111113101:1
or not. The elucidation of these things
represents an important merit of the new
psychology and phenomenology. In g
similar manner, the properly so-called
mental &ctlwtles, judgments, and so on,
cannot be derived from sensuous impres-
sions and their succession ; they are actually
separated from them by a wide gap. If
a physicist looks upon the sensuous impres-
sions a8 the only ultimate elements, he
accepts an entirely obsolete and incorrect
psychology. Mach already has extended
the circle of the immediately given elements
by ineluding the space-time structure of
the world in it, and Jordan, in his above-
mentmned excellent book, pomt out that
certain “‘ totality conditions ”’, Ganzheits-
bedingungen, must also be taken into con-
sideration. Nevertheless, I think that
positivistically-minded physicists do not
recognise clearly enough how narrow and
partial their picture of the immediately
given elements of the world is. It would
be very advantageous for them to learn
to know some important psychological and
phenomenological researches concerning the
question of what 18 1mmediately given
to us. The works of Husserl, Stumpf,
Messer, Scheler are also accessible to physi-
cists, though they may find some difficul-
ties in the terms used by the philosophers.
So far as I know H. Weyl 18 the only mathe-
matician and physicist who is aware of
these problems.

6. PHYSICAL REATLISM.

On the other hand, the state of mind
of a physicist 18 much nearer to that of
the common man than to the positivistic
theory, as soon as he deals with a councrete
physical problem, instead of the philosophy
of physics. His mterest is then direeted,
not to scnsations or pointer-readings which
play the réle of mere tools, but to the
objects themselves. In his paper entitled
“ Wege der Erkenntnis 7 Max Planek gives
g very plastic expression to this point of
view. Our theories refer o the moon,
to liquids and solids, {o atoms, molecules
and electrie fields, instead of direet sensual
inipressions, The fundamental task of
physical research 18 just the construetion
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of a deseription of the world which is indepen-
dent of our individuality and of limita-
tions 1mmposed by our organism. This,
of course, can only be accomplished by
a process of gradual development; we
acquire step by step pictures of more and
more profound reality. We can see this
very clearly in the development of astro-
nomy. The Ptolemaic cosmology attaches
itself immediately to the observations of
the curiously slung paths of planets as
they appear to a terrestrial observer. On
the other hand, the Copernican theory
renounces a direct reference of the observed
data to the terrestrial observer; it relates
the planetary movements to the Sun and
obtaing thus very simple paths instead
of the former complicated ones. By this
simplification a path was opened to the
establishment of fruitful hypotheses and
the discovery of the laws of gravifation
by Newton was made possible. Here the
progress congisted of the choice of an
invariant deseription instead of a descrip-
tion from the point of view of a particular
observer. By this c¢hoice a mathematical
description of the phenomena for any
observer was rendered possibie.

This process repeated itself much later
in the theory of relativity and, in a more
abstract form in the Dirac transformation
theory of quantum mechanies.

The positivistic standpoint which endea-
vours to reduce everything to pointer-read-
ings i8, of course, not incorrect, as the facts
can be described in this manner also ; it is,
nevertheless, extremely partial and even
meorrect as soon as it pretends to be
the only possible expression of the absolute
truth. A comprehensive theory cannot be
built up if nothing but the elements from
which we start are permitted to figure in it.
Otherwise our way of proceeding would
be analogous to an efort to remove abstract
ideas. Indeed, we teach children by telling
them that two apples plus three apples
equal five apples; two horses plus three
horses equal five horses ; but as soon as the
child has conceived the idea of the abstract
numbers, further learning on concrete ex-
amples 18 unnecessary.

7. NOMINALISM AND REALISV IN PHYSICS.

The antagonism between positivism and
physical realism is analogous to the relation
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between nominalism and philosophical re-
alism. According to nominalism and also
to positivism, the only directly given data
are the sensuous impressions; anything
heyond them is a result of intellectual
construetion and is reducible to sensuous
impressions. In opposition to this, realism
attributes self-existent reality to notions
and physical objects respectively. Here
trivial contradictions result, of course if
we 0 not discern sufficiently between
physical objects and abstract notions. The
notion of the number 3 does not Hfoat
In the air between other things, nor exists
in the time ; but it has its °‘ place ” in the
row of integers, wviz., between the numbers
2 and 4. We often hear that abstract notions
can be constructed arbitrarily, whilst physi-
cal objects are given things with fixed attri-
butes. We want to examine this guestion
more closely. We can term a thing a Three,
a Four or a Multiplication ; by this, however,
we only specify the notion we have in our
mind, just as if we would state what physical
object we intend to examine. After we
have done so, we are no more free, e.g., in
prescribing what factors the number 6 may
contain. The following arithmetical example
may be useful with regard to the case of
sensuous tnings and of physical objects
also. An irrational number can be defined
as the limit of certain sequences of rational
numbers. Any proposition concerning ix-
rational numbers can be 1uterpreted as a
proposition concerning such sequences; a
representative posifivistic philosopher, Ph.
Franck, even says that an irrational number
is nothing but a name and 1s 1dentical with
the sequence which serves to define 1t. This
staterment is frue in so far as any proposi-
tion can be described by referring to the
sequence only. It would, however, be partial
and even false, if we would regard 1t as the
only possible expression of the facts. We
can, indeed, define an irrational number by
means of an equation of which it 18 a solu-
tion ; we can methodically deal with it on
this basis as is done actually 1n the theory
of algebraic numbers.

Quite similarly, we can express any rela-
tion between complex numbers as a relation
between real numbers; we can regard a
complex number simply as a system of
real numbers. But we ean also cousider
complex numbers as self-existent quanti-
ties defined by the rules they are obeying.
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(‘orre-spondmgly, we can regard a matrix
equatmu in quantum mechanics as a symbolic
expression of a finite or infinite number of
ordinary equations. But this is one possibi-
1ty only. We can also consider the matrices
as defined by their operational rules and
admitting an Infinity of representations
by means of ordinary numbers, none of
which possesses a higher deﬁrea, of reality
than the others. In his pwfound book,
fascinating in its ingenious exposition 3,150

Dirge speaks of the notions of quantum
mechanics as follows

“ The new theories, if one looks apart
from their mathematical setting, are built
up from physical concepts which cannot be
explained in .terms of things previously
known to the student, which cannot even
be explained adequately in words at all. Like
the fundamental concepts (e.g., proximity,
1dentity) which every one must learn on his
arrival into the world, the newer concepts
of physics can be mastered only by long
familiarity with their properties and uses.”

The fundamental quantities of quantum
mechanics, the operators, are so far from our
familiar notions that we cannot wonder at
the acuteness with which the question of

physical reality was reopened by the quantum
mechanics.

& THE RELATIVITY OF THE 1,0GICAL BASIS,

The above-mentioned examples from
arithmetic (irrational and complex numbers,
matrices) show that we can regard the game
fact from many points of view, which are
not at all in contradiction one to another.
¥ thaink ths fact leads to an adeguate
judgment of the relation betwecen realism
and nominalism, as well as between physical
realism and positivism. In a logical system
it 18 to a certain degree arbitrary what is
to be considered as belong‘mg to the basis
of the system and what as a deduction. Thus
we can build up geometry with many systems
of axioms which we can choose differently
among the propositions, just as we can
represent a vector by means of different
syhtems of fundamental vectors,

In my opinion, the same applies to the
guestion concerning the muinal relation of
nominalism and realism and the relation
between  direet sensuons  experience  and
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intellectually constructed physical reality.
The characteristic feature of positivism is
that according to it anything which is nob
directly observed possesses but a lower
degree of importance. In connection with
this, we must remark however, that the
question of what is to be considered as
mmmediate sensuous experience is not at all
s0 simple and unambiguous as 2 naive
psychology might suppose. We must bear
in mind that things arc arranged in a space-
time order and that the nature of this order
18 an ancient problem of philosophy. In
my view, the space-time order of the things
iz already the result of an elementary in-
tellectual treatment of the raw material
given by pure experience ; we can call it a
“natural ”’ theory of the world. Positivism
or nominalism and realism are two possible
standpoints differing in the choice of the
elements used for constructing a description
of the world. They are both as well justified
as the cosmologies of Ptolemy and Coper-
nicus which difer only in the choice of the
system of co-ordinates. We must be careful,
however, not to believe that all similar
philosophical and epistemological systems
are {rue in c¢very respect. We must, on the
contrary, judge each case on its own merits,
supposing that a conclusive judgment s

possible at all at the present state of our
knowledge.

9. (CHANGES OF THE NOTION OF PHEYSICAL
R'EALITY.

The history of physics offers numerous
examples for the diversity of the ideas which
at different times, served as fundaments
for the description of the physical world.

Thus, in the infancy of physies, when
it was not vet separated from philosophy,
the central role was played by the doctrine
of the four clements: fire, air, water and
earth. To-day, in the possession of the
idea of the chemical element, one is, in tho
(irst moment, inclined to smile at this naive
conception.  But looking more deeply into
the matter, we see {hat the doetrine was
gquite adeguate to the general level of those
times, It containg, essentially, the most
common representatives of the three states
of matter aud, besides, lre as the represen-
tative of temiperature, the idea of which
was nol yet worked out elearly enough at
that time. The view that all bodies result
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from a suitable composition of those four
clements 18 likewise not to be interpreted
in the strict quantitative manner of modern
chemistry ; it means only that the state of
all bodies ean be expressed by means of those
four *‘elements 7.  The doctrine of the
four elements appears thus as a primitive
but by no means foolish attempt at syste-
matising the reality. It only becomes
absurd and senseless if looked upon from the
present quantitative standpoint of seience.

Another example is given by the cosmo-
logies of Ptolemy and Copernicus which
we have just discussed.

A particularly instructive example of
changes in the idea of physical reality is
offered by eleetromagnetism. In the
clagsical theory of electricity and magnetism
the fundamental laws refer to charges and
poles, the forces acting between them being
given by the well-known Coulomb laws.
In this system electric and magnetic fields
are of sccondary importance. KEnergy and
potential appear as important anxiliary
notions which serve for expressing properties
of systems of charges ; their physical realitv,
however, is of a lower degree than that of
the charges; they possess no substantiality.

The electromagnetic field and the energy
appear, then, as fundamental notions and
even a8 substances in Maxwell's electro-
dynamics. Here the field is not a mere
auxiliary construction, defermined by the
distribution and motion of the charges
in a certain moment ; with Maxwell, the field
is a self-existing entity and the charges are,
in a certain sense, degraded to mere singu-
larities of the field, to places where the
lineg of force join one another, the divergence
being there different from zero. Energy, on
the other hand, is localised and pogsesses
a mass. Thus the view expressed first, though
in a2 somewhat vague manner, bv W. Ostwald,
according to which energy is to be considered
as the fundamental substance, was realized
in a concrete form in electrodynamics and
in Einstein’s theory of relativity, represent-
ing a foundation-gstone of our present con-
ception of physics. (We can, of course, inter-
pret the equations of Maxwell by referring
them directly to electrical charges; this
would, however, be rather forced.)

A more recent example is given by the
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quantum theory of the electromagnetic field.
It was known for long that a given electro-
magnpetic field can be developed into a
Fourier series. But it wag the guantem
mechanics which attributed a self-existent
nportance to the individual terms of this
Fourier series, considering them as a sort of
co-ordinates and submitting them to the
procedure of quantization. This idea of
Dirac has then hbeen applied to the case of
waves of matter (Jordan and Wigner).

The criterian of reality suffered a thorough
alteration in quantum inechanics and this
process has, perhaps, not yete ometo an end.
With regard to this matter, I shall limit
myseli to a few hints. In the first place it
turned out that the fundamentsl notions
of classical mechanics such as the momentum,
energy, etc., are to be replaced by certain
operators which lead to the possible ®alueg
of the corresponding quantities as they can
be measured by observations. The mutual
relations of the dynamical variables are
also to be replaced by relations between the
corresponding operators. These new re-
lations, however, are generally not identical
with the corresponding classical relations.
The notion of the state of a system has
also undergone incisive alterations as com-
pared with the classical way of thinking.
It turned out that in contrast to classical

.mechanics, we cannot attribute numerically

determined values to all variables of a system
simultaneously.  Thus, e.9., we cannot
determine simultaneously both the posi-
tion and the velocity of an electron. Since
we can, according to the positivistic view,
only speak of quantities which can actually
be measured, we must say that in a given
state of a system certain mechanical varia-
bles (e.g., the poxition of an electron, the
velocity of which has previously been
determined exactly) actually have no sharply
defined values at all. 1f we make a measure-
ment which leads to a defined value of
suclh a quantity, then we must admit that
after the measurement the system is neo
more in the state which existed before
the measurement, Since in this state the
measured quantity had no value at all.

If, however, the measurement refers to
a quantity which has been measured imme-
diately hefore, then the repetifion must
lead t0 exactly the same value. By this
fact, I think, we are entitled to attribute
to a state the same objective existence
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as 1 the clagsical theory ; the change would
only refer to the manner in which the state
18 detined. We often hear the ¢pinion that
we cannot attribute objective character-
15tics to a system, since the data deseribing
it depend on the results of measurements.
This view, however, is not corrcct. We
need & certain measurement in order to
bring the system into a defined state;
after this 18 done, any further measure-
ment which refers to the same quantity
and thus does not alter the state of the
system, leads to the same reguit.

We can aleo deseribe a state in the follow-
ing manner. A certain measurement may
have previously been performed which
leaves the system in a state in which a
certain quantity other than the measured
one (the so-called ° conjugate ’ quantity)
has no defined value at all. Then the state
is completely deseribed if we know the
probability of any paossible result of a
measurement of this second quantity. These
probabilities arc given by the solutions
of the Schrédinger equation. The  of
Schridinger, the wave function, describes
the state of a system by relating it to a
given ground state. For cxample, if the
state of a hydrogen atom is given by fixed
values of the energy, of the absolute value
of the angular momentum and of a compo-
nent of the latter, then |4 |* dV gives
the probability of finding the electron in
a space element dV. This we must under-
stand in the following manner. The measure-
ment, of the position of the electron is,
in the gense explained above, incompatible
with an exact measurement of the energy
or momentum. In consequence of this,
we destroy the state with a fixed cnergy
and angular momentum by measuring the
position, we then obtain a new state with
a determined position but undetermined
energy and momentum. The probability
of obtaining a given position by measuring
it in a system with given energy and momen-
tum is then determined by Schrodinger’s
equation.

10. SUMMARY.—THE VALUE OF POSITIVISM,

The cssential contents of our exposition
may he summarigsed by saying that posi-
tivism . and realism, and nominalism and
realism  respeectively are both  admissible
points of view it they are carried through
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correctly ; they only differ in their starting-
points.  Positivism, in the form which
was developed under the influence of
quantum mechanics, leads to a profound
change of our idea of the physical state of a
system. In my opinion, however, it does
not destroy the notion of the objectivity
of a state ; it merely claims that, for defining
a state, certain necessary measurements
mugy have been performed. By this demand
the objective existence of a state is not
aitected, just as the objectivity of space
18 not aifected by the fact that when I say
that a star is at the zenith, T must add
the geographical position and the time
the zenith is referred to.

On the other hand, I must object to
the psychological doctrines concerning imme-
ciate experience as they are used in the
physical literature of to-day. Similarly,
1 cannot agree with certain exaggerated
positivistic statements, as for example with
the identification of observability and
existence.

In connection with this, T may return
briefly to a frequently heard example of
a statement which 18 meaningless in the
positivistic sense, namely, to the possible
hypothesis that a world may exist which
has no connection with our world. Such
a hypothesis could, of course, not be tested
by observation. But we can imagine the
case that the masses in the world gradually
accumulate at two different places and
thus the world divides into two  separate
parts.  After this proeess is completed,
two worlds exist which are possibly without
any connection. |

There 18 an analogy between this example
and the problem of the psychological accessi-
bility of sfrange persons. The feelings
or impresstons of other people are entirely
inaccessible to a direet observation; for
example, I do not know whether the impres-
sion my Iriend has at seeing a certain colour
Iy the same as my own impression or not.
[Here we can help ourselves with analogies
only. And now I think we are on the wrong
path if we infer that the existenee of my
friend consists merely of my having eertain
gsensuous impressions of him,

Finally, there are parts of the world
which 1 never can observe and yet T must
suppose them as oxisting, 1 speak of the
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state of the world after my death. I can
feel deeply concerned at the development
of politics or of science after my death,
although these things cannot be observed
by me.

In the bhook which we have mentioned
already, Jordan claims that it is the life
of the human race instead of the 1individual
life to which all similar problems must
be related. 1n this case, however, we must
decide to acknowledge an existence which
transcends the circle of our own experience,
namely, the existence of other persons
which is more than a mere part of our own
individual experience. I think that In
doing so the dogmatic positivism falls
to pieces. There survives, however, in
any case the important work performed
by positivism in elimmating many meaning-
less questions, and there survives the pro-
found modification by the quantum mecha-
nics of our idea of the physical state.

I think that the idea of physical reality
needs a long development to appear at
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last in complete clarity and that this develop-
ment has been strongly advanced by positi-
vism. On the other hand, quantum mecha-
nics most probably cannot be considered
a8 the final stage of this development.
Quantum electrodynamics and the prob-
lem of the elementary corpuscles even

point at profound gaps which are yet to
be filled.

Man is inclined to consider the stage
he has just arrived at as the revelation
of the absolute final truth ; this illusion
18 almost a matter of course. It is good
therefore to remember Newton’s words:

“T do not know what I may appear
to the world, to myself I seem to have
been only like a boy playing on the sea-
shore, and diverting myself in now and
then finding a smoother pebble or a prettier
shell than ordipary, whilst the great ocean
of truth lay all undiscovered before me.”’*

¥ D, Brewster, Life of Newicn, p. 338.




