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these latter belongs our Planck. And that is why we love 
him. 

I am quite aware that this clearance would mean the 
driving away of many worthy people who have built a 
great portion, and even perhaps the greatest portion, 
of the temple of science. But at the same time it is ob
vious that if the men who have devoted themselves to 
science consisted only of the two categories I have men• 
tioned, the edifice could never have grown to its present 
proud dimensions, no more than a forest could grow if 
it consisted only of creepers. 

But let us forget them. Non ragionam di lor. And let 
us fix our gaze on those who have found favor with the 
angel. For the most part they are strange, taciturn and 
lonely fellows. Yet, in spite of this mutual resemblance, 
they are far less like one another than those whom our 
hypothetical angel has expelled. 

What has led them to devote their lives to the pursuit 
of science? That question is difficult to answer and could 
never be answered in a simple categorical way. Person
ally, I am inclined to agree with Schopenhauer in think
ing that one of the strongest motives that lead people to 
give their lives to art and science is the urge .to. .flee from 
~.life, with its drab and deadly dullness, and thus 
to unshackle the chains of one's own transient desires, 
which supplant one another in an interminable succession 
so long as the mind is fixed on the horizon of daily en
vironment. 

But to this negative motive a positive one must be 
added. Human nature always has tried to form for itself 
a simple and synoptic image of the surrounding world. 
In doing this it tries to construct a picture which will give 

Preface : ~ 

some sort of tangible expres ion to what the human mind 
sees in nature. That is what the poet does, and the painter, 
and the speculative philosopher and the natural philoso
pher, each in his own way. Within this picture he places 
the center of gravity of his own soul, so that he will find 
in it the rest and equilibrium which he cannot find within 
the narrow circle of his restless. Rersnnal reactions to 
eve day life. 

Among the various pictures of the world which are 
formed by the artist and the philosopher and the poet, 
what place does the world picture of the theoretical 
physicist occupy? Its chief quality must be a scrupulous 
correctness and internal logical coherence, which only 
the language of mathematics can express. On the other 
hand, the physicist has to be severe and self-denying in 
regard to the material he uses. He has to be content with 
reproducing the most simple proce ses that are open to 
our sensory experience, becau e the more complex proc
esses cannot be represented by the human mind with the 
subtle exactness and logical sequence which are indis
pensable for the theoretical physicist. 

Even at the expense of completeness, we have to 
secure purity, clarity, and accurate correspondence be
tween the representation and the thing represented. When 
one realizes how small a part of nature can thus be com
prehended and expressed in an exact formulation, while 
all that is subtle and complex has to be excluded, it is 
only natural to ask what sort of attraction this work can 
have? Does the result of such self-denying selection de
serve the high-sounding name of world picture? 

I think it does; because the most general laws on which 
the thought structure of theoretical physics is built have 



% : THE NEW SCIENCE 

to be taken into consideration in studying even the sim
plest events in nature. If they were fully known, one 
ought to be able to ,ded,qce from them, u means of ly 
abstract reasoning, the theory of every process of nature, 
including that of life itself. I mean theoretically, because 
in practice such a process of deduction is entirely beyond 
the capacity of human reasoning. Therefore, the fact 
that in science we have to be content with an incomplete 

l picture of the physical universe is not due to the nature 
of the universe itself but rather to us. 

Thus the supreme task. of the physicist is the dis
covery of the most general elementary laws from which 
the world picture can be deduced logically. But there is 
no logical way to the discovery of these elemental laws. 
There is only the way of intuition, which is helped by a 
feeling for the order lying behind the appearance, and 
this Ein.fiiJ,lung is developed by experience. Can one 
therefore say that any system of physics might be equally 
valid and possible? Theoretically there is nothing illogi
cal in that idea. But the history of scientific development 
has shown that of all thinkable theoretical structures a 
single one has at each stage of advance proved superior 
to all the others. 

It is obvious to every experienced researcher that the 
theoretical s ste f hysics is dependent upon and con
trolled by the world of sense erce tio , though there is 
no logical Y1ay whereby we can proceed from sensory 
perception to the principles that underlie the theoretical 
structure. Moreover, the conceptual synthesis which is a 
transcript of the empirical world may be reduced to a 
few fundamental laws on which the whole synthesis is 
logically built. In every important advance the physicist 
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finds that the fundamental laws are simplified more and 
more as experimental research advances. He is aston
ished to notice how sublime order emerges from what 
appeared to be chaos. And this cannot be traced back to 
the workings of his own mind but is due to a quality that 
is inherent in the world of perception. Leibniz well ex
pressed this quality by calling it a pre-established har
mony. 

Physicists sometimes reproach the philosophers who 
busy themselves with theories of knowledge, claiming 
that the latter do not appreciate this fact fully. And I 
think that this was at the basis of the controversy waged 
a few years ago between Ernst Mach and Max Planck. 
The latter probably felt that Mach did not fully appreci
ate the b sicist's lon_g__~ .for. .perception of this llIC-

tablis ed y. This longing has been the inex-
haustible source of that patience and persistence with 
which we have seen Planck devoting himself to the most 
ordinary que tions arising in connection with physical 
science, when he might have been tempted into other 
ways which led to more attractive results. 

I have often heard that his colleagues are in the 
habit of tracing this attitude to his extraordinary per
sonal gifts of energy and discipline. I believe they are 
wrong. The state of mind which furnishes the driving 
power here resembles that of the devotee or the lover. 
The long-sustained effort is not inspired by any set plan 
or purpose. Its inspiration arises from a hunger of the 
soul. 

I am sure Max Planck would laugh at my childish 
way of poking around with the lantern of Diogenes. Well, 
why should I tell of his greatness? It needs no paltry 
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more right than he himself could have anticipated. He 
could not foresee that our whole concept of the structure 
of matter would be based on the quantum theory; neither 
could he have had any presentiment of the future devel
opment of quantum mechanics, quantum electrody
namics, etc., which may still have the greatest surprises 
in store for the physicists. 

Planck, who revolutionized science because he had 
to do so, became a kind of godfather to the second great 
revolution which shook the fundament of our science 
during his lifetime-Einstein's theory of relativity. He 
was one of the very first advocates of Einstein' ideas, 
and it was he who was responsible for Einstein's com
ing to Berlin and accepting a position at the academy 
there and at the Kaiser Wilhelm Institute. Planck was 
fascinated by Einstein's theory in all its pha , and he 
understood its implications much earlier than most of 
his contemporaries. 

According to his own statement, Planck was especially 
attracted to the theory of relativity because of its con
tent of ahsolutivity, meaning the unique position ascribed 
to the velocity of light. But that remark of Planck's was 
certainly not meant to he a sufficient explanation of his 
special interest in the theory of relativity. Revolutionary 
as it is in its introduction of entirely new concepts of 
space and time and in the unrelenting strictness with 
which statements sanctified by tradition were recognized 
as meaningless and cast away, still the theory of rela
tivity is the keystone, missing for centuries, which per
fected the structure of classical physics. That, the writer 
believes, is the real reason for Planck's strong affection 
for Einstein's work. 
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forward in the name of science would be almost sure to 
find believers and disciples somewhere or other. 

In the midst of this confusion it is natural to ask 
whether there is any rock of truth left on which we can 
take our stand and feel sure that it is unassailable and 
that it will hold firm against the storm of skepticism 
raging around it. Science, in general, presents us with 
the spectacle of a marvelous theoretical structure which 
is one of the proudest achievements of constructive rea
soning. The logical coherence of the scientific structure 
was hitherto the object of unstinted admiration on the 
part of those who criticized the fundamentals of art and 
religion. But this logical quality will not avail us now 
against the skeptics' attack. Logic in its purest form, 
which is mathematics, only co-ordinates and articulates 
one truth with another. It gives harmony to the super
structure of science; but it cannot provide the foundation 
or the building stones. 

Where shall we look for a firm foundation upon which 
our outlook on nature and the world in general can be 
scientifically based? The moment this question is asked 
the mind turns immediately to the most exact of our nat
ural sciences, namely, physics. But even physical science 
has not escaped the contagion of this critical moment of 
history. It is not merely that the claim to reliability put 
forward by physical science is questioned from the out
side; but even within the province of this science itself 
the spirit of confusion and contradiction has begun to be 
active. And this spirit is remarkably noticeable in regard 
to questions that affect the very fundamental problem of 
~-aml in whatyay the human .mind is capable -of 
~ming to a knowledge of external r lity. To take one 
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And thus we strike out the positivist als-ob ( -If) and 
attribute a higher kind of reality than that of mere de
scription of immediate sensory impressions to the prac
tical discoveries that have been already mentioned
Faraday' s, etc. Once we take this step we lift the goal of 
physical science to a higher level. It is not restricted to 
the mere description of bare facts of experimental dis
covery; but it aims at furnishing an ever increasing 
knowledge of the real outer world around us. 

At this point a new epistemological difficulty enters. 
The basic principle of the positivist theory is that there 
is no other source of knowledge except within the re
stricted range of perception through the senses. Now 
there are two theorems that form together the cardilllll 
hi!!,&e on which the whole structure of physical science 
turns. These theorems are: (1) There is a real outer 
~ which exists iD<f,eperulentfy of.. our act .DJ.kaoJJJing; 
and (2) The real outer worlll ~ not r/iuctl,,y .kn.ow.abk. 
To a certain degree these two statements are mutually 
contradictory. And this fact discloses the presence of an 
irrational or mystic element which adheres to physical 
science as to every other branch of human knowledge. 
The knowable realities of nature cannot be exhaustively 
discovered by any branch of science. This means that 
science is never in a position completely and exhaustively 
to explain the problems it has to £ace. We see in all mod
ern scientific advances that the olution of one problem 
only unveils the mystery of another. Each hilltop that we \ 
reach discloses to us another hilltop beyond. We must 
accept this as a hard-and-fast irrefutable £act. And we 
cannot remove this £act by trying to fall back upon a 
basis which would restrict the scope of science from the 
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material that the physicist has to work upon. And the 
first process which this raw material must undergo is one 
of elimination and refinement. From the whole complex 
of sensory data everything must be cut away and dis
carded which may have arisen from the subjective con
structive tendencies of the sensory organs themselves. 
And, furthermore, everything must be eliminated which 
can be attributed to the accident of special circumstances. 
In this latter connection attention must be paid to the 
fact that measuring instruments may affect the results 
that are being arrived at during the process of observa-

\ lion. That is all the more likely to be the case in the ob
servation of minutiae. 

Supposing all the above conditions to have been veri
fied, then the physicist's picture of the external universe 
has only one further requirement to fulfill. Throughout 
its whole composition it must be free from everything in 
the nature of a logical incoherence. Otherwise the re
searcher has an entirely free hand. He may give rein to 
his own spirit of initiative and allow the constructive 
powers of the imagination to come into play without let 
or hindrance. This naturally means that he has a signifi
cant measure of freedom in making his mental construc
tions; but it must be remembered that this freedom is 
only for the ·sake of a specific purpose and is a construc
tive application of the imaginative powers. It is not a 
mere arbitrary flight into the realms of fancy. 

The physicist is bound, by the very nature of the task 
in hand, to use his imaginative faculties at the very first 
step he takes. For the first stage of his work must be to 
take the results furnished by a series of experimental 
measurements and try to organize these under one law. 
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casioned by the alloy could be detected by putting the 
crown, and equal weights of gold and silver, separately in 
a vessel of water and measuring the difference of the 
overflow. Newton noticed the movement of an apple fall
ing from a tree in his orchard and he connected that ob
servation with the motion of the moon in relation to the 
earth. Einstein observed the state of a gravitating body 
in a fixed box, and considered this in juxtaposition with 
the state of a body free from gravitation in a box sub
jected to a process of upward acceleration. Niels Bohr 
associated the orbital rotation of the electrons around 
the nucleus of an atom with the movement of planets 
around the sun. All these combinations were productive 
of famous results. Indeed it would be an interesting men
tal exercise if one were to take as many as possible of 
the hypotheses which have proved significant of results 
in the pu uit of physical science and then try to discover 
the respective combinations of ideas to which the hy
potheses owed their origin. But the task would be a diffi
cult one because, generally speaking, creative master 
minds have felt a personal aversion from the idea of 
unfolding before the public gaze those delicate threads 
of thought out of which their productive hypotheses were 
woven, and the myriad other threads which failed to be 
interwoven into any final pattern. 

The utility of an hypothesis, once it has been put for
ward, can be tested only by following out the logical 
results that flow from its application. This has to be done 
in a purely logical-and primarily mathematical-way, 
whereby the hypothesis is used as a starting point llnd as 
complete a theoretical system as possible is developed 
from it. Once the theoretical system has thus been fully 
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every event in every instance there must be a correspond
ing cause? Would the thought involve a logical contra
diction that in this or that case the event has absolutely 
happened of itself and has no causal relation whatsoever 
to any other event? Of course the answer is in the nega
tive; for it is very easy to think of an event as having no 
explanatory cause whatsoever. In such cases we speak 
of miracles and wonders and magic. And the simple fact 
that there exists a whole range of literature whose scenes 
are laid in wonderland is proof in itself that the concept 
of strict causality is not an inherent nece sity of human 
thought. Indeed the human mind finds little difficulty in 
thinking of everything in the world as turning topsy
turvy. We can say to ourselves that tomorrow the sun 
may rise in the west, for a change. We can say to our
selves that a miracle of nature may occur, contrary to 
all the known laws of nature. We can think of the Niagara 
Falls for instance as shooting upwards, though this would 
be impossible in the world of reality. I can think of the 
door of my room in which I am now writing as opening 
of its own accord. And I can think of historical person
ages as entering the room and standing beside my table. 
In the world of reality to talk of such events may be 
meaningless and we may call them impossible, at least 
in our everyday way of reasoning. But we must distin
guish this kind of impossibility from a logical impos
sibility, such as the idea of a square circle or that the 
part of something is greater than the whole, for no matter 
what efforts we make to think such things we cannot think 
them, inasmuch as they entail an inner contradiction. We 
can think of a part and we can think of the whole to which 
it belongs but we cannot think of the part as greater than 
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the whole. This kind of impossibility is inherent in the \ 
nature of human thought itself, whereas the idea of some
thing happening outside the range of causation is quite , 
logically coherenL 

Thus from the outset we can be quite clear about one 
very important fact, namely, that the validity of the law 
of causation for the world of reality is a question that 
ca~ot be decided on grounds of abstract reasoning. But 
reality, no matter what may he said to the contrary, is 
only a particular and small section of that immense 
sphere over which human thought can range. This is true 
even though our powers of imagination have always to 
take their cue from some real experience. Indeed experi
ence is for us the starting point of all thought; but we 
possess the gift of going beyond reality in thoughL And 
were it not for this faculty of the imaginative intellect 
we should have no poetry and no music and no art. In
deed it is one of the highest and most precious gifts that 
man posse ses, this power of lifting himself in thought 
i?to the realms of light whenever the weight of everyday 
hfe presses upon him and makes itself intolerable. 

The creations of art are similar to those of science at 
least to the extent that scientific research, in the strictest 
sense of the term, could never advance without the cre
ative force of the imaginative intellect. The man who 
cannot occasionally imagine events and conditions of 
existence that are contrary to the cau.sal principle as he 
knows it will never enrich his science by the addition of 
a new idea. And this power of thinking beyond the range 
of causation is a prerequisite not only for the construc
tion of hypotheses hut also for the satisfactory co-ordina
tion of results that have been arrived at through scientific 
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important role in theoretical science. They are employed 
as very useful instruments of thought in the carrying out 
of researches and the construction of theories. Therefore 
they certainly do not involve any contradiction of the 
laws of thought itself. 

Once we have decided that the law of causality is by 
no means a necessary element in the process of human 
thought, we have made a mental clearance for the ap• 
proach to the question of its validity in the world of re
ality. Now in the first place let us ask what is meant by 
the term "causation"? We might mean by it a regular 
interrelation between effects that follow one another in 
time. But we can at once ask whether this relation be 
founded in the nature of things themselves, or is it to
tally, or partly, a product of the imaginative faculty_? 
Might it not be that mankind originally developed this 
concept of causation to meet the necessities of a practical 
life, but afterward found that if men were to confine 
themselves to an outlook exclusively based on this prin
ciple life would then turn out to be unbearable? We need 
not delay here to discuss the various philosophical as• 
pects of these questions. For our present purpo e it is 
much more important to ask whether the causal connec
tion between events must be considered as absolutely 
complete and always unbroken or are there events in the 
world which do not enter the chain as connecting links? 

Let us first see whether this question can be settled by 
a systematic application of deductive reasoning. As a 
matter of fact, some of the most famous philosophers in 
the history of human thought have produced solutions of 
the causal problem which were based on purely abstract 
grounds. They took their first stand on the axiom ex nihilo 
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n.ihil fa, that nothing comes from nothing, in other words 
that no event in the world holds in itself an adequate ex
planation of its own existence. Reasoning back from this 
standpoint the philosophers of what is generally called 
the rationalist school established as a logical necessity 
the existence of a upreme Cause. This Supreme Cause 
is the God of Aristotle and the holastic philosophers. 
As a logical consequence of the line of reasoning thus 
adopted it was necessary to attribute to this Godhead the 
possession in their plenitude of all the perfections that 
are present in the world. If there be an actually existent 
Supreme ause outside of the world, who is the Creator 
of the world and the Creator of all things in the world, 
then man can deduce the nature of this Supreme Cause 
only through a study of His handiwork. From this one 
can easily see that the nature to be attributed to that Su
preme Cause must necessarily depend upon man's out
look on created things. In other words the concept of the 
Divinity in this case must take its color from the world 
outlook either of the individual philosopher in question 
or of the particular cultural background to which he be
longs. In the attempt which the Scholastics made to har
monize the Jehovah of the Jewish culture with the ra
tional God of Aristotle, emphasis was laid on the fact 
that there is no logical contradiction whatsoever in the 
idea of the Creator interposing his hand suddenly within 
the order of His own creation, and thus we have belief in 
miracles and wonders established on a philosophical 
basis. Therefore in the philosophy of the historic ra
tionalist school, though the order of nature is admitted as 
inevitably predetermined by the Supreme Cause, yet the 
causal chain in the world itself may at any time be in-
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penings to certain causes. But at the same time this force 
of habit cannot explain why we should make the attribu
tion at all. In Fritz Reuter's story Rei's Nak Belligen, the 
peasants undoubtedly made a ludicrous mistake in sup
posing that there were horses concealed in the steam 
engine, just as the ancient Greek peasant made a mistake 
in attributing the thunder to the personal anger of Zeus. 
But this is not the point here. The point rather is to an
swer the question why these events should be attributed 
to a cause at all and how it is that the concept of causa
tion itself arises when we see one event following an
other. The mere regular succession of impressions does 
not explain this. 

If we go a little deeper into the consideration of the 
empiricist theory and ask where it would finally lead us 
were we to pursue it to its logical consequences we shall 
thus be putting it to a practical test. In the .first place we 
must bear in mind the fact that when there is que tion of 
sensory perception as the sole and exclusive source of 
knowledge, then there can be question only of each one's 
personal sensory perception in each one's own conscious
ness. That other men have similar perceptions we can 
assume only by analogy; but, on the empiricist theory, 
we cannot know this nor can we logically prove it. There
fore if we are to abide by the logical consequences of the 
empirical doctrine and exclude all arbitrary assumption, 
we must confine ourselves, each one of us, to the grounds 
of his or her own personal sense perceptions. Then the 
principle of causation is only a framework for our ex
periences, connecting them with one another as they 
enter through the senses, and being entirely unable to 
tell us anything of what is to come next, it cannot tell us 

• 
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whether. the sequence of our experiences may not be 
broken m a moment. This condition of affairs would 
seem to obliterate every line of distinction between the 
sensory_ perceptions arising from the world of ordinary 
happenmgs and those that have no foundation whatsoever 
in that world. Take the case of sleep, for instance. I may 
dream all sorts of things during the night; but the mo
~ent I wake up the reality of my surroundings gives the 
lie to the dream. The empiricist, however, cannot logi
cally admit that For him there is no waking reality; be
cause the subjective sensation is the sole source of aware
ness in consciousne s and is the sole basis and criterion 
o_f knowledge. Now the dreamer during the dream be
lieve_s _a~tomati~lly in its reality and, according to the 
~mpmc1sts? the WI~e-awake person believes automatically 
m the reality of his sense perceptions; but has no more 
reason than the dreamer has for saying that one set of 
perceptions is false and the other true. 

On the grounds of pure logic, of course, this sy tern of 
thought, which is commonly called solipsism, is impreg
nable. The solipsist establishes his ego at the center of 
creation, and he does not consider any knowledge as real 
or sound ~xcept that which he for the moment is receiving 
through his sensory perception. Everything else is deriv
a?ve and secondary. When the solip ist goes to sleep at 
mght the world ceases to exist for him the moment his 
eyes and ears and sense of smell and touch become inac
tive. On ri ing in the morning everything is new to him 
again. Here of course I am only imagining what a human 
being would be if he were a logical consequence of the 
empirical teaching. 

All this of course amounts to a repudiation of common '/ 
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sense; so much so that even the most advanced skeptics 
of this school find themselves constantly compromising 
between the claims of common sense and the purely 
logical conclusions of their own philosophic system. In 
this connection it is interesting to call attention for a 
moment to the figure of one of the most outstanding per
sonalities in the subjectivist school, namely Bishop 
Berkeley. As a student Berkeley studied Locke. But he 
was of a very deep religious nature and launched a strong 
criticism against Locke's philosophy because of its skep
ticism. For Berkeley all things exist only in the mind and 
the external world can be accounted for only by saying 
that it exists in the mind of God. He arrives at the exist
ence of God in this way: There are in our own conscious
ness impressions which are independent of our own wills 
and sometimes exist even contrary to our wishes. For 
these impressions we must seek a cause elsewhere than 
in ourselves and so Berkeley is led to establish the exist
ence of God by practically the same line of reasoning as 
the rationalist school. For him, however, mind and mind 
alone exists--the Divine Mind and the human mind. The 
world of reality as we perceive it exists only in our own 
mind. Therefore with Berkeley we have no right to talk 
about a causal interrelation between things in the outer 
world of reality. 

To sum up, empiricism is unassailable on the funda
mental ground of a pure logic; and its conclusions are 
equally impregnable. But if we look at it purely from 
the viewpoint of knowledge it leads into a blind alley, 
which is called solipsism. In order to escape from this 
impasse there is no other way open but to jump the wall 
at some part of it, and preferably at the beginning. This 
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mation of our previous conviction, namely, that the na
ture and universal validity of the law of causation cannot 
he definitely decided upon any grounds of purely ab
stract reasoning. The transcendental and positivist view
points are irreconcilable and they will remain so as long 
as the race of philosophers lasts. 

If pure reasoning had the last word in dealing with 
such cases then the outlook would he hopeless for any 
satisfactory settlement of the causative problem. But 
philosophy, after all, is only one branch of human ac
tivity in the study of problems effecting nature and man
kind. Science is another branch. And where philosophy 
has failed in a given instance we are perfectly justified 
in turning to science and asking whether it may not have 
a satisfactory answer to suggest. 

Now, let us first ask whether the various branches of 
science are divided against one another on this question 
of causation, just as philosophy is divided? At the very 
threshold of this inquiry it may he objected that a prob
lem which falls within the scope of philosophy and which 
philosophy fails to solve cannot possibly he solved within 
the limits of a ingle science. This objection is urged on 
the grounds that philosophy furnishes the mental founda
tions on which scientific investigation rests. Philosophy 
must precede every special science and we should he 
going against the grain of our whole mental discipline if 
one of the special sciences were to take up the treatment 
of general philosophic questions. 

That argument is very often urged. But in my opinion 
the weakness of it is that it leaves out of consideration 
the collaboration which actually exists between philos
ophy and the various special sciences. We must remem-
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ical or epistemological foundations on which it works. 
Does science as a matter of fact occupy itself exclusively 
with data immediately given by sensory impressions and 
their systematic organization according to laws of rea
son? Or does it at the very outset of its activities reach 
out beyond the knowledge given us by this immediate 
source and make, as it were, a jump into the metaphys
icalsphere? 

I do not think that there can be any doubt whatsoever 
as to the answer. The first alternative is ruled out and the 
second affirmed in the case of each special science. In
deed it may be said that every individual science sets 
about its task by the explicit renunciation of the ego
centric and anthropocentric standpoint In the earlier 
stages of human thought mankind turned its attention ex
clusively to the impressions received through the senses, 
and primitive man made himself and his own interests 
the center of his system of reasoning. Confronted with 
the powers of nature around him, he thought that they 
were animated beings like himself and he divided them 
into two classes, the one friendly and the other inimical. 
He divided the plant world into the categories of poison
ous and nonpoisonous. He divided the animal world into 
the categories of dangerous and harmless. As long as he 
remained bound within the limits of this method of treat
ing his environment it was impossible for him to make 
any approach towards real scientific knowledge. His first 
advance in this knowledge was accomplished only after 
he had taken leave of his own immediate interests and 
banished them from his thought. At a later stage he suc
ceeded in abandoning the idea that the planet whereon 
he lives is the central point of the universe. Then he took 
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up the more modest position of keeping as far as possible 
in the background, so as not to intrude his own idiosyn
crasies and personal ideas between himself and his ob
servations of natural phenomena. It was only at this 

1 stage that the outer world of nature began to unveil its 
mystery to him, and at the same time to furnish him with 
means which he was able to press into his own service 
and which he could never have discovered if he had con
tinued looking for them with the candlelight of his own 
egocentric interests. The progress of science is an ex-

1 cellent illustration of the truth of the paradox that man 
must lose his soul before he can find it. The forces of 
nature, such as electricity, for instance, were not dis
covered by men who started out with the set purpose of 
adapting them for utilitarian purposes. Scientific dis
covery and scientific knowledge have been achieved only 
by those who have gone in pursuit of it without any prac
tical purpose whatsoever in view. The few examples that 
I have mentioned make this abundantly clear. Heinrich 
Hertz, for instance, never dreamt that his discoveries 
would have been developed by Marconi and finally 
evolved into a system of wireless telegraphy. And Roent
gen could never have called up a vision of the immense 
range of beneficial purposes to which the X-rays are 
applied today. 

I have said that the first step which every specialized 
branch of science takes consists of a jump into the region 
of metaphysics. In taking this jump the scientist has con
fidence in the supporting quality of the ground whereon 
he lands, though no system of abstract reasoning could 
have previously assured him of that. In other words, the 
fundamental principles and indispensable postulates of 
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every genuinely productive science are not based on pure 
logic but rather on the metaphy ical hypothe is--which 
no rules of logic can refute--that there exists an outer 
world which is entirely independent of ourselves. It is 
only through the immediate dictate of our consciousne s 
that we know that this world exists. And that conscious
ness may to a certain degree be called a special sense. 
And one may go even so far as to say that the existence of 
the exterior world trike the consciousness of each indi
vidual in some particular way. It is as if we looked at 
some distant object through a pair of glasse and as if 
each one were wearing gla se of a slightly different 
shade of color. And we must take this into account when 
we deal scientifically with natural phenomena. The first 
and most important quality of all scientific ways of 
thinking must be the clear distinction between the outer 
object of observation and the subjective nature of the 
Qi)server. 

Once the scientist has begun by taking his leap into 
' the transcendental he never di cus es the leap itself nor 

worries about il If he did cience could not advance so 
rapidly. And anyhow-which is fundamentally a consid
eration of no less importance--thi line of conduct can
not be refuted as inconsistent on any logical grounds. 

Of course there is the po itivist theory that man is the 
measure of all things. And that theory is irrefutable in 
so far as nobody can object on logical grounds to the 
action of a person who mea ures all things with a human 
rule, and resolves the whole of creation ultim tely into a 
complex of sensory perceptions. But there is .another 
measure also, which is more important for certam prob
lems and which is independent of the particular method 
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and nature of the mea uring intellect. This measure is 
identical with the thing itself. Of course it is not an im
mediate datum of perception. But science sets out con
fidently on the endeavor finally to know the thing in it
self, and even though we realize that this ideal goal can 
never be completely reached still we struggle on toward 
it untiringly. And we know that at every step of the way 
each effort will be richly rewarded. The history of sci
ence is at hand to confirm our faith in this truth. 

Having once assumed the existence of an independent 
external world, science concomitantly assumes the prin
ciple of causality as a concept entirely independent of 
sense perception. In applying this principle to the study 
of natural phenomena science first investigates if and 
how far the law of causal relation is applicable to the 
various happenings in the world of nature and in the 
realm of the human spirit Science finds itself here ex
actly on the same footing which Kant took as the starting 
point of his theory of knowledge. As in the case of Kant• 
ian philosophy, so also in the case of each special branch 
of science the cau al concept is accepted at the outset as 
belonging to those categories without which no progre s 
in knowledge can be made. But we must make a certain 
di:flerentiation here. Kant took not merely the concept of\ 
causality but also to a certain degree the meaning of the 
causal law itself as an immediate datum of knowledge 
and therefore universally valid. pecialized science can
not go thus far. It must rather confine itself t~ the ques
tion as to what signifi nee the law of causality can he 
proved to have in each individual case, and thus through 
research give practical meaning and value to the empty 
framework of the causal concept. 



Causation and Free Will 
The Answer of Science 

We now come to ask whether and how far science can 
help us out of th__e obscure wood wherein philosnpby has 
lost its Wll)". What is the practical attitude adopted by the 
special sciences in regard to the universal and invariable 
validity of the law of causation? Does science in its 
everyday investigations accept the principle of causation 
as an indispensable postulate? Does it act upon the as
sumption that there are no loopholes in the causally gov
erned order of nature? Or, while using the principle as a 
working hypothesis, does scientific practice intimate that 
there are certain happenings in nature where the law of 
causation does not function, and that there are regions in 
the mental sphere where the causal writ does not run? 
In our endeavor to find a definite answer to those ques
tions we shall have to put them singly to each of the sev
eral branches of specialized science. In doing this, of 
course, we shall have to be content with quite a summary 
cross-examination. What has physical science to say to 
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our problem? What has the science of biology to answer? 
And what have the humanist sciences, such as psychology 
and history, to say? 

Let us begin with the most exact of the natural sci
ences, namely, physics. In classical dynamics, among 
which we must include not only mechanics and the theory 
of gravitation hut also the Maxwell-Lorentz view of elec
trodynamics, the law of causality has been given a for
mulation which for exactitude and strictness may be 
considered almost as ideal, even though it may be some
what one-sided. It is expressed in a system of mathemat
ical equations through which all happenings in any given 
physical picture can be absolutely predicted if the time 
and space conditions are known-that is to say, if the 
initial state be known and the influences which are 
brought to bear upon the picture from outside. To put 
the matter in a more concrete way: according to the law 
of causation as expressed in the equations of classical dy
namics, we can tell where a moving particle or system 
of particles may be located at any given future moment 
if we know their location and velocity now and the con
ditions under which the motion takes place. In this way 
it was made possible for cla ical dynamics to reckon 
beforehand all natural proce ses in their individual be
havior and thus to predict the effect from the cause. 
The last significant advance which classical dynamics 
achieved in our day came about through the general rel
ativity theory of Einstein. This theory welded together 

ewtonian gravitation and Galileo's law of inertia. Sev
eral attempts have been made recently to show that the 
relativity theory corroborates the positivist attitude and 
in a certain sense is incompatible with transcendental 
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philosophy. These attempts are entirely mistaken. For 
the foundation of the relativity theory is not based on the 
rule that all time and space dimensions have only a rela
tive meaning, which is determined by the reference sys
tem of the observer. The foundation of the relativity 
theory lies in the fact that in the four-dimensional space
time manifold there is a measure, namely the distance 
between two points approximating with inJlhite closeness. 
This is the so-called tensor or MassbestimmunJL which 
for all measuring ob ervers and for all reference sys
tems has the sell-same value, and it therefore is of a 
transcendental character entirely independent of any ar
bitrary action of the human will. 

Into this harmonized system of classical-relativist 
physics, however, the quantum hypothesis has recently in
troduced a certain disturbance, and one cannot yet defi
nitely say what influence the subsequent de elopment of 
the hypothesis may have on the formulation of funda
mental physical laws. Some essential modification seems 
to be inevitable; hut I firmly believe, in company with 
most physicists, that the quantum hypothesis will even
tually find its exact expression in certain equations which 
will be a more exact formulation of the law of causality. 

Besides dynamical laws applied to individual cases, 
physical science recognizes other laws also, which are 
called statistical. These latter express to a fairly accu
rate degree the probability of certain happenings occur
ring and therefore they allow for exceptions in particular 
cases. A classical example of this is the conduction of 
heat. If two bodies of different temperatures he brought 
into contact with one another then, according to the two 
laws of thermodynamics, the heat energy will always 
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through innumerable series of particular processes which 
are independent of one another and which we call molec
ular movements. And investigation has further shown 
that if we presuppose the validity of dynamical laws for 
each of these particular happenings--that is to say, the 
law of strict causality-then we can arrive at the causal 

I 
results through this type of observation. In point of fact, 
statistical laws are dependent upon the as utnption of the 
strict law of causality functioning in each particular case. 
And the nonf ulfillment of the statistical rule in particular 
cases is not therefore due to the fact that the law of 
causality is not fuliilled, but rather to the fact that our 
observations are not sufficiently delicate and accurate to 
put the law of causality to a direct test in each case. If it 
were possible for us to follow the movement of each in
dividual molecule in this very intricate labyrinth of proc
esses, then we should find in each case an exact fuliill
ment of the dynamical laws. 

In speaking of physical science under this aspect we 
must always distinguish between two different methods of 
research. One is the macroscopic method, which deals 
with the object of research in a general and summary 
manner. The other is the microscopic method, which is 
more delicate and detailed in its procedure. It is only for 
the macroscopic observer-that is to say, the man who 
deals with big quantities in a wholesale way-that 
chance and probability exist in regard to single elements 
in the object that he handle . The extent and importance 
of the chance elements are of course dependent on the 
measure of knowledge and skill which is brought to bear 
on the object On the other hand, for the microscopic in
vestigator only accuracy and strict causality exist. His 
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to nature's hand. As the crop grew, the letters that cor
responded to the manured furrows showed rows of clover 
much taller and more luxuriant than that in the other 
parts of the field; so that the passers-by were able to read 
the sentence: "This part has been manured with gypsum." 
History does not relate whether the obstinate peasants 
were or were not convinced by the proof. But that is nei
ther here nor there; for nobody can be forced on purely 
logical grounds to acknowledge the causal connection, be
cause the causal connection is not logically demonstrable. 
The point of the illustration here is that, if in a particular 
case we introduce a cause which of its very nature "flows 
into" the result, as the Scholastics used to say, and if the 
result is in full accord with what was predicted, then we 
can be certain of the causal relation. In the instance of 
Franklin's clover there could possibly be no other ex
planation except that of the manuring, and this explana
tion, as a cause, has a natural and exclusive connection 
with the result. 

Of course it may be said that the law of causality is 
only after all an hypothesis. If it be an hypothesis, it is 
not an hypothesis like most of the others, but it is a funda
mental hypothesis because it is the postulate which is 
necessary to give sense and meaning to the application of 
all hypotheses in scientific research. This is because any 
hypothesis which indicates a definite rule presupposes 
the validity of the principle of causation. 

We now come to those sciences which deal with human 
events. Here the method which the scientist follows can 
have nothing like the same exactitude as that which he 
follows in physics. The object of his study is the human 
mind and its influence on the course of events. The great 
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asked above. One may have opinions and make supposi
tions and assumptions; but these do not furnish logical 
grounds for an answer. Still I think that it may be said 
definitely that the direction in which the humanist sci
ences, such as psychology and history, are developing 
nowadays furnishes certain grounds for presuming that 
the question should be answered in the affirmative. The 
part which force pla s in natur~ as..the. cause .Qf. m • 
1ias its counterpart in the mental ~here in motiYe as the 
cause of conduct lust as at each and every moment the 
motion of a material body results necessarily from the 
combined action of many forces, so human conduct re
sults with the same necessity from the interplay of mu
tually reinforced or contradicting motives, which partly 
in the conscious and partially also in the unconscious 
sphere work their way forward toward the result. 

Of course it is perfectly true that many acts which are 
done by human beings appear to be inexplicable. At 
times it is an extraordinarily difficult riddle to find any• 
thing like reasonable grounds for certain acts, and other 
acts seem so utterly foolish as to suggest no grounds at 
all. But consider for a moment the way these acts appear 
to a trained psychologist and the way they appear to the 
ordinary man in the street. What is entirely puzzling to 
the latter is often quite clear to the former. Therefore 
if we could study the acts of the human being at very 
close and intimate quarters, we should find that they can 
be accounted for through causes which lie in the charac
ter or in the momentary emotional tension or in the spe
cific external environment And in those cases where it 
is extremely difficult and well-nigh impossible to dis
cover these explanatory causes, then we have at least 
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grounds for assuming that if we cannot find any motive 
as an explanation, we must attribute this not actually 
to the absence of motive but rather to the unsatisfactory 
nature of our knowledge of the peculiarities of the situa
tion. Here we have the same case as in the throwing of 
the unsymmetrical dice. We know that the way in which 
the dice finally comes to rest is the net result of all the 
factors active in the throwing of the dice, but in the case 
of a single throw we cannot detect the function of strict 
causality. And so, even though the motive of a certain 
line of human conduct may often lie utterl hidden, con
duct entirely without motive is scientifically just as in
compatible with the principles on which mental science 
is carried on as the assumption of absolute chance in 
inorganic nature is incompatible with the working prin
ciple of physical science. 

It is not merely, however, that conduct is conditioned 
by the motives which lead to it. Each act has also a causal 
influence on subsequent behavior. And so in the inter
change of motive and conduct we have an endless chain 
of events following one another in the spiritual life, in 
which every link is bound by a strict causal relation not 
only with the preceding link but also with the following 
one. 

Attempts have been made to find a way to free these 
links from the causal chain. Hermann Lotze in open con
tradiction to Kant, put forward the uggestion that such 
a causal chain can have no end, although it has a begin
ning. In other word , that circumstances occur in which 
motives appear entirely independently, not caused by 
any preceding influence, so that the conduct to which 
these motives lead will be the first link in a new chain. 
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S_uch an interpretation, Lotze held, must be given espe
cially to the acts of those choice pirits that are called 
creative geniuses. 

Even though we may not question the pos ibility of 
such cases happening in the world of reality, yet we may 
reasonably answer that the thoroughgoing scientific re
search which has been carried on in the region of psy
chology would have pointed to such a possibility. But 
as far as p ychological re earch has gone, there are no 
indications which might furnish a starting ground for 
this theory of the so-called £.ICC. begfooing On the con
trary, the deeper scientific research goes into the pecu
liarities that have characterized even the great spiritual 
movements of world hi tory, more and more the causal 
relation emerges into the open. The dependence of each 
event upon preceding fact and preparatory factors 
gradually begins to appear under the trong light of 
scientific in estigation, so much so as to warrant the 
statement that present-day scientific procedure in psy
chology is founded practically e clu ively on the prin
ciple of causal interrelations and the assumption of an 
active law of causality which permits no exceptions. 
This means that the po tulate of complete determinism 
is accepted as a neces ary condition for the progress of 
p ychological research. 

Under these circumstances it is obvious that we can
not erect a definite boundary and say: Thus far but no 
farther. The principle of causality must be held to ex
tend even to the highest achievements of the human soul. 
We must admit that the mind of each one of our greatest 
geniuses-Aristotle, Kant or Leonardo, Goethe or Bee
thoven, Dante or hakespeare--even at the moment of 
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its highest flights of thought or in the most profound 
inner workings of the soul, was subject to the causal fiat 

1 and was an instrument in the hands of an almighty law 
which governs the world. 

The average reader may be easily taken aback by 
such a statement. It may sound derogatory to speak thus 
of the creative achievements of the highest and noblest 
of the human race. But on the other hand it must be re
membered that we ourselves are only common mortals, 
and that we could never hope to be in a position to follow 
out the delicate play of cause and circumstance in the 
soul of the genius. There is nothing derogatory in say
ing that they are subject to the law of cause and effect, 
though it would be derogatory of course if this were 
interpreted in the sense that the ordinary mortal is 
capable of following the workings of that law in the 
case of supremely gifted souls. obody would feel it 
disrespectful if one were to say that some superhuman 
intelligence could understand a Goethe or a Shake
speare. The whole point lies in the inadequacy of the 
observer. Just so the macroscopic physicist is entirely 
unable to pursue microscopic workings in natural phe
nomena, yet, as we have seen, this does not mean that the 
law of causality is not valid for these microscopic hap
penings. 

Where is the sense then, it may here be asked, in talk
ing of definite causal relations in regard to cases wherein 
nobody in the world is capable of tracing their function? 

The answer to that question is simple enough. As has 
been said again and again, the concept of causality is 
something transcendental, which is quite independent 
of the nature of the researcher, and it would he valid 
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even if there were no perceiving subject at all. We shall 
see more clearly the inner meaning of the causal con
cept if we consider the following: 
. At this present moment of time and space the human 
mtellect as we know it may po sihly not be the highest 
trJ?e ?f intellect in existence. Higher intelligences may 
ex1s~ mother places or may appear in other epochs. And 
the mtellectual level of these beings may he as much 
above ours as ours is above the protozoa. Then it may 
well happen that before the penetrating eye of such in
telligences even the most fleeting moment of mortal 
thought, as well as the most delicate vibration in the 
ganglia of the human brain, could he followed in each 
case, and that the creative work of our mortal geniuses 
could be proved by such an intelligence to be subject 
to unalterable laws, just as the telescope of the astrono
mer traces the links of the manifold movement of the 
spheres. 

Here, as everywhere else, we must differentiate be
tween the validity of the causal principle and the practi
cability of its application. Under all circumstances the 
law of causation is valid, because of its transcendental 
character. But as its application can he carried out in 
full detail only by the microscopic observer in natural 
science, so in the region of the human mind the law can 
be applied only by an intelligence that is far superior 
to the object of research. The smaller the distance be
tween the in estigator and the object in this case, the 
more uncertain and fallible will he the causal and sci
entific treatmenL The whole problem lies in the diffi
culty, indeed the impossibility, with which we are faced 
in trying to understand the behavior of a genius from the 
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unobservant man in the street, yet educated as well as 
uneducated people often tum to the dim region of mys
tery £or light on the ordinary problems of life. One 
would imagine that they would tum to science, and it 
is probably true that those who do so are more intensely 
interested in science and are perhaps greater in number 
than any corresponding group of people in former 
times; but still the £act remains that the drawing power 
of sy terns which are based on the irrational is at least 
as strong and as widespread as ever before, if not more 
so. The Monist League which was formed some years 
ago with so much edat and promise, £or the purpose of 
establishing a world outlook based on purely scientific 
grounds, has certainly not achieved any success corre
sponding to the rival systems. 

How is this peculiar £act to be explained? Is there, 
in the last analysis, some basically sound foothold £or 
this belie£ in miracle, no matter how bizarre and illogi
cal may be the outer forms it takes? Is there something 
in the nature of ma~ some inner realm, that science can
not touch? Is it so that when we approach the inner 
springs of human action science cannot have the last 
word? Or, to speak more concretely, is there a point at 
which the causal line of thought ceases and beyond which 
science cannot go? 

This brings us to the kernel of the problem in regard 
to free will. And I think that the answer will be found 
automatically suggested by the questions which I have 
just asked. 
~' The £act is that there is a point, one single point in 
the immeasurable world of mind and matter, where sci~ 
ence and therefore every causal method of research is 

t 
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ina?plicahle, not only on practical grounds but also on 
lo~1cal _gro_unds,. an~ _will always remain inapplicable. 
Th~s pomt 1s the md1vidual ego. It is a small point in the 
universal realm of being; but in itself it is a whole 
world, embracing our emotional life, our will and our 
thought. T\iis realm of the ego is at once the source of 
our deepest suffering and at the same time of our highest 
happiness. Over this realm no outer power of £ate can 
ever have sway, and we lay aside our own control and 
r ponsibility over ourselve only with the laying aside 
of life itself. 

And yet there is a way in which the causal method can 
~ applied ~thin the limits of this inner realm. In prin
ciple there 1s no reason whatsoever why the individual 
should not make himself the observer of what has hap
pened within himself. In other words, he can look back 
over the experiences through which he has passed and 
~ndeavor to link them up in their causal relations. There 
is no reason indeed, at least in principle, why he should 
not scrutinize each experience-by which I mean each 
decision and line of conduct which he has taken-and 
study it from the viewpoint of finding out the cause from 
which it r~s~lted. 0£ course that is an extremely difficult 
ta~k; but 1t 1s ~e only soundly scientific way of dealing 
WI~ our own lives. In order to carry out this plan of 
action the fac~ of our own lives which we now place 
under observation would have to be distanced in the 
?as7 so _that our present complex of living emotions and 
mclinallons would not enter as factors into the observa
tion. 1£ we could pos ibly carry out the plan in this de
tached way, then each experience through which we have 
passed would make us immeasurably more intelligent 

I 
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is a relative degree to which he might u.hject his own 
experiences to causal scrutiny; and I have mentioned 
this as illustrative of the general principle. 

It will occur to many readers to ask if thus in relation 
to the chain of causality the freedom of the individual 
will, here and now, is only apparent and results solely 
from the defects of our own understanding. That way of 
putting the case is, I am convinced, entirely mistaken. 
We might illustrate the mistake by saying that it is like 
the mistake of suggesting that the inability of a runner 
to outrun his own shadow is due to his lack of speed. 
The fact that the individual here and now, in regard to 
his own living present act, cannot be subject to the law 
of causation is a truth that is based on a perfectly sound 
logical foundation of an a priori kind, such as the axiom 
that the part is never greater than the whole. The impos
sibility of the individual contemplating his own activity 
here and now under the light of the causal principle 
would hold good even in the case of the uperintelligence 
postulated by Laplace. For, even though this superintel
ligence might be able to trace the causal structure in the 
achievements of the most gifted geniuses of the human 
race, yet that same superintelligence would have to re
nounce the idea of studying the activities of its own ego 
at the moment it contemplated the activities of our mor
tal ego. If there be a Supreme Wisdom whose celestial 
nature is infinitely elevated above ours, and who can 
see every convolution in our brains and hear every 
pulse beat of each human heart, as a matter of course 
such a upreme Wisdom sees the succession of cause and 
effect in everything we do. But this does not in the least 
invalidate our own sense of responsibility for our own 
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actions. From this standpoint we are on an equal :footing 
with the saints and confessors of the most sublime reli
gions. We cannot possibly study ourselves at the mo
ment or within the environment of any given activity. 

/ /Here is the place where the freedom of the will comes in 
and establishes itself, without usurping the right of any 

• rival. Being emancipated thus, we are at liberty to con
struct any miraculous background that we like in the 
mysterious realm of our own inner being, even though 
we may be at the same time the strictest scienti ts in the 
world, and the strictest upholders of the principle of 
causal determinism. It is from this autarchy of the ego 
that the belief in miracles arises, and it is to this source 
that we are to attribute the widespread belief in irra
tional explanations of life. The existence of that belief 
in the face of scientific advance is a proof of the in
violability of the ego by the law of causation in the 
sense which I have mentioned. I might put the matter 
in another way and say that the freedom of the ego here 
and now, and its independence of the causal chain, is 
a truth that comes from the immediate dictate of the 
human consciousness. 

And what holds good for the present moment of our 
being, holds good also for our own future conduct ir., 
which the influences of our present ego play a part. The 
road to the future always starts in the present. It is, here 
and now, part and parcel of the ego. And for that reason 
the individual can never consider his own future purely 
and exclusively from the causal standpoint. That is the 
reason why fancy plays such a part in the construction 
of the future. It is in actual recognition of this profound 
fact that people have recourse to the palmist and the 
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clairvoyant to satisfy their individual curiosity about 
their own future. It is also on this fact that dreams and 
ideals are based, and here the human being finds one 
of the richest sources of inspiration. 
. I m~ght .1?ention here in passing that this practical 
ma~ph~a.h1hty of the law of causation extends beyond 
the md1V1dual. It extends to our relations with our fel
low men. We are too much a part of the life of our fellow 
beings to be in a position to study them from the view
point of motives, which means the cau al viewpoint. No 
ordinary human being can put himself in the position 
of the superintelligence imagined by Laplace and con
sider himself capable of tracing all the inner springs of 
action from which the conduct of his fellow men origi
nates. On the other hand, however, I would mention here 
again a P?ase of the causal application corresponding 
to that which I have already spoken of in relation to the 
individual's capacity for scientifically observing his 
own past experience. To a relative degree it is possible 
to study the motives on which other people act, just as 
they are studied by the psychologist or the alienist. In 
a~l such cases there is to a certain degree the requisite 
dIStance between the researcher and the object of his 
research. And, therefore, to this extent there is no logi
cal incoherence in the idea of a person studying the 
activities of his fellow beings. Indeed all who wish to 
influence others do so in everyday life, which is largely 
the secret of political success. It is the secret of all the 
power for good which so many people exercise in rela
tion to their fellow beings. Most of us remember from 
childhood personalities whom we shirked because of 
some sort of innate feeling of insecurity in their pres-
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ence, and on the other hand most of us, I imagine, have 
memories of acquaintances to whose influence we were 
willingly amenable because we felt a certain reverence 
toward them. And everybody is more or less familiar 
with the feeling of withdrawal which comes over one in 
the presence of a person who is suspected of seeing too 
clearly into the inner lives of others. All these immediate 
reactions bear witness to a sort of instinctive recognition 
that our own lives are, in the last anal sis, subject to 

c (l8USation, though the ego as regards its immediate des
tiny cannot be subject to that law. 

Science thus brings us to the threshold of the ego and 
there leaves us to ourselves. Here it resigns us to the 
care of other hands. In the conduct of our own lives the 
causal principle is of little help; for by the iron law of 
logical consistency we are excluded from laying the 
causal foundations of our own future or foreseeing that 
:future as definitely resulting from the present. 

But mankind has need of fundamental postulates for 
the conduct of everyday existence, and this need is far 
more pressing than the hunger for scientific knowledge. 
A single deed often has far more significance for a 
human being than all the wisdom of the world put to
gether. And therefore there must be another source of 
guidance than mere intellectual equipment. The law of 
causation is the guiding rule of science; but the cate
gorical imperative-that is to say, the dictate of duty
is the guiding rule of life. Here intelligence has to give 
place to character, and scientific knowledge to religious 
belief. And when I say religious belief here I mean the 
word in its fundamental sense. And the mention of it 
brings us to that much discussed question of the relation 
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between science and religion. It is not my place here nor 
within my competency to deal with that question. Reli
gion belongs to that realm that is inviolable before the 
law of causation and therefore closed to science. The 
scientist as such must recognize the value of religion 
as such, no matter what may be its forms, so long as it 
does not make the mistake of opposing its own dogmas 
to the fundamental law upon which scientific research 
is based, namely the sequence of cause and effect in all 
external phenomena. In conjunction with the question 
of the relations between religion and cience, I might 
also say that those forms of r~igion which have a nihilist 
attitude to life are out of harmony with the scientific 
outlook and contradictory to its principles. All denial 
of life's value for itself and for its own sake is a denial 
of the world of human thought, and therefore, in the last 
analysis, a denial of the true foundation not only of 
science but also of religion. I think that most scientists 
would agree to this, and would raise their hands against 
religious nihilism as destructive of science itself. 

There can never be any real opposition between reli
gion and science; for the one is the complement of the 
other. Every serious and reflective person realizes, I 
think, that the religious element in his nature must be 
recognized and cultivated if all the powers of the human 
soul are to act together in perfect balance and harmony. 
And indeed it was not by any accident that the greatest 
thinkers of all ages were also deeply religious souls, 
even though they made no public show of their religious 
feeling. It is from the co-operation of the understanding 
with the will that the finest fruit of philosophy has 
arisen, namely the ethical fruit. Science enhances the 
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molecule of oxygen, whereas the molecule of hydro
chloric acid is made up of half a molecule of chlorine 
and half a molecule of hydrogen. Therefore from the 
molecular weight we come to the atomic weight of an 
element as the smallest fraction which is found in a com
bination of elements. This atomic weight expresses the 
relative weights of each species of matter. 

Although in Avogadro's law the concept of atomic 
weight has a certain absolute signiJieance, at the same 
time it has quite a relative connotation. The Avogadrian 
atomic weight is only a relative number. Therefore it 
cannot be determined except by an arbitrary reference 
to the atomic weight of some special element or other, 
such as Hydrogen = 1 or Oxygen = 16. Without refer
ence to some such given term, the number describing the 
atomic weight would have no meaning. Therefore it has 
for a long time been the aim of chemical researchers to 
free the concept of atomic weight from this restriction 
and try to give it a wider and more absolute meaning. 
This problem, however, is not very important for the 
practical chemist; because in the chemical analysis of 
substances there is always the question of relative pro
portions among the combining elements. 

In every science it occasionally happens that there 
arises a conflict between two classes of people whom 
I may de ignate respectively as purists and pragmatists. 
The former strive always after a perfect co-ordination 
of.the accepted axioms of their science, submitting them 
to an ever more and more rigid analysis, for the purpose 
of eliminating every contingent and foreign element On 
the other hand, the pragmatists try to amplify the ac
cepted first principles by the introduction of new ideas 



I 

134 : THE NEW SCIENCE 

radiation of the zero point. It cannot be detected in the 
observation of ordinary processes because its streams 
through all bodies equally, just as the pressure of the at
mosphere represents a very important force which plays 
no part in most of the movements that we observe, be
cause the pressure is equal in all directions. Such a ra
diation hypothesis is perfectly reasonable, and its valid
ity can be decided upon only by the que tion of what 
results follow from its application. For this application, 
however, it is absolutely necessary to furnish a special 
reference system that is immobile, namely that in which 
the zero radiation is equal in all directions. Through the 
absolute energy of the neutral field the absolute energy 
of every other electromagnetic field is thereby estab
lished. 

Coming now to the energy of matter, for this we can 
also obtain a definite absolute value. But the energy of a 
body at rest is not equal to zero as might probably be 
imagined, following the analogy of the electromagnetic 
neutral field. The energy of a body at rest is equal to its 
mass multiplied by the square of the velocity of light. 
This is the so-called rest energy of the body, and is 
caused by its mechanical constitution and its tempera
ture. If the body be set in motion by some force this 
energy value, which is of an enormous amount, does not 
make itself felt because the phenomenon of motion here 
arises from only a differentiation of energy. Such a con
ception could never have arisen from the energy prin
aCiple itself. As a matter of fact it arises from the special 
theory of relativity, and it is a remarkable coincidence 
that it is just the theory of relativity which has led to the 
determination of an absolute value for the energy of a 
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physical system. This apparent paradox is explained by 
the simple fact that in the relativity theory there is the 
question of dependence on the reference system selected, . 
whereas here there is the question of dependence on the 
physical state of the body under observation. 

"Doesn't it in reality sound quite nonsensical to say 
that the energy of an atom of oxygen is sixteen times 
greater than that of an atom of hydrogen?" the purist 
might ask. We might answer that there would be no 
sense in such a statement if we could not speak of the 
hypothetical transformation of oxygen into hydrogen 
without involving a logical contradiction in the thought 
itself. But the idea of oxygen being one day changed into 
hydrogen does not involve any logical contradiction. 
Now, it is a mistake in these matters to speak of some
thing as nonsensical unless it can be shown to be logi
cally incoherent; and it would therefore seem more ad
visable to wait and see whether a day may not come 
when the problem of this transformation of oxygen 
into hydrogen may assume a reasonable significance. 
There are already signs that this time is at hand. 

As in the case of electromagnetic and kinetic energy 
so too in all departments of physics, mechanics as well 
as electrodynamics, the movement has been away from 
dealing with differentials of energy toward dealing with 
absolute values of iL And this direction has invariably 
led to important results. When considering the phenom
enon of heat radiation, for instance, it was always the 
strict rule to deal only with the difference between the 
radiation absorbed and that emitted; because all the 
heat rays that a body absorbs it can also give out. But 
in the theory of Prevost these two processes were sep-
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nition of entropy put forward by Rudolf Clausius, if we 
are to measure the entropy of a body there must be a 
reversible process of some kind to enable us to deter• 
mine the difference of entropy between the initial state 
and the final state of the process. In the light of this 
theory the concept of entropy originally referred not to 
a state but rather to a change of state, exactly as was the 
case in regard to atomic weight and energy. Indeed the 
earlier scientific notion was that the concept of entropy 
had a physical ignificance only where there could be a 
reversible process. It did not take long, however, before 
a broader concept was put forward and entropy began 
to be looked upon as a characteristic or inherent quality 
in the state of a body here and now. In this new way of 
looking at the case, however, there still remained an un
defined additive constant, because one could still meas• 
ure only the difference of entropy. Were we to follow 
the lead sugge ted by the Einstein experiments, and base 
the concept of entropy on the statistical laws governing 
the oscillations of a physical picture in relation to its 
thermodynamic state of equilibrium, even then we 
should only arrive at a measurement of differences, 
involved in a change of entropy, hut never at the abs~ 
lute value of entropy itself. 

Is there then any way whereby we can hope to find 
an absolute value for entropy as has been found for 
energy? I do not think that the question can he answered 
on the basis of an analogy between these two cases. 
When such suggestions come to the fore I am alw ys 
inclined to take my stand with the purists, who hold that 
it is senseless to try to arrive at the values of both 
termini from the value of the difference. If we are to 
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keep our outlook clear we must always be very careful 
as to what can or cannot be deduced from a definition. In 
this regard the criterion of the purists is indispensable. 
We must do them the honor of saying that they are the 
conscientious wardens of order and purity in scientific 
methods. There is nothing more seductively dangerous in 
scientific work than the introduction of extraneous anal
ogies into the problem at issue. That is a warning which 
needs to be sounded today even more insistently than 
before. But at the same time we must bear in mind the 
fact that physics is not a deductive science, and that its 
body of first principles is by no means fixed and un
alterable. If a new axiom be suggested which we might 
introduce, then instead of rejecting it at once it ought to 
be put into quarantine, as one might say, and examined 
on its own merits for a clean bill of health. That clean 
bill of health which will give it a right to citizenship in 
physical science must be drawn up entirely free from 
prejudice as to the alien status of the axiom. The claim 
of the axiom must be adjudicated on the grounds of its 
ability to serve the cause of science in some direction 
where service is needed, and where the native axioms 
are unable to discharge such service. Once the new 
axiom has shown that it can solve hitherto insoluble 
problems, or at least produce a working hypothesis for 
their explanations, then it has a perfect right to be ad
mitted. 

Before indicating a definite line along which the ques
tion I have given above may eventually be answered, I 
will call attention to the difference between reversible 
and irreversible processes, and from this we shall under
stand the Boltzmann hypothesis which would suggest the 
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measure by which the energy of a body at rest may be 
formulated. Therefore it is clear that the term "rela
tivity" does not refer to physics as a whole and must 
not be taken out of its special scientific context. It would 
be quite superficial to take the relativity of time and 
space, and halt firmly within the confines of that con
cept without asking whither it leads. As a matter of fact, 

e concept of relativity is based on a more fundamental 
absolute than the erroneously assumed absolute which it 
has supplanted. Over and over again in the history of 
science it has happened that concepts which at one time 
were looked upon as absolute were subsequently shown 
to be only of relative value; and this is exactly what has 
happened in regard to the former concept of space and 
time. But when an absolute concept is thus relativized, 
this does not mean that the quest of the absolute becomes 
eliminated from scientific progress. It rather means that 
a more fundamental concept takes its place and a more 
fundamental advance is thus achieved. If we admit the 
concept of relativity at all we must admit the acceptance 
of an absolute, because it is out of this that the relative 
concept as such arises. Supposing, for instance, a scien
tific researcher worked for years and years on the prob
lem of discovering the cause of some special event in 
nature and found all his efforts baffled, would he thereby 
be justified in declaring that the event has no cause at 
all? The fact is that we cannot relativize everything any 
more than we can define and explain everything. There 
are fundamentals that cannot be defined or explained, 
because they form the bedrock of all our knowledge. 
Every definition must necessarily rest on some concept 
which does not call for definition at all. And it is the 
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same with every form of proof. We cannot define a thing 
except in terms that are already known and accepted, 
and we cannot prove anything except from something 
that is already admitted. If we wish to establish a truth 
by the inductive method it must be on the basis of ac
cepted facts. And if we wish to establish a truth by the 
process of deductive reasoning the principle from which 
the deduction proceeds must be accepted as absolute. 
Therefore the relativist concept must neces arily have 
the concept of the absolute as its foundation. If we once 
remove the absolute, then the whole relativist theory 
will fall to the ground, just as an overcoat would fall 
if the peg on which it hangs should disappear. These 
considerations are quite sufficient, I think, to suggest I' 
the reply which might be given to the counter argument 
of my imaginary disputant. 

If eventually it should turn out possible to refer the 
atomic weights of all elements to the atomic weight of 
hydrogen, then we should have achieved one of the most 
fundamental results in the history of the scientific inves
tigation of matter. The significance of it would be that 
in the light of this explanation matter could be proved 
to have one simple origin. Then the two factors of the 
hydrogen atom, namely, the positively charged hydrogen 
nucleus ( the so-called proton) and the negatively charged 
electron, together with the elemental quantum of actio~ 
would represent the foundation stones on which the 
s~cture of the physical world is built. Now these quan
tities should be considered as absolute as long as they 
do not depend upon one another or something outside of 
them. There we should have the absolute once again, 
only at a higher level and in a simpler form. If we like 
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world. If we should say, as several epistemologists do, 
that the absolute is to be found only in the individual's 
sensory data of perception, then there ought to be as 
many kinds of physical science as there are physicists, 
and we should be utterly unable to explain how it is 
that up to now each discoverer in physical science has 
been standing on the shoulders of his predecessors, as 
it were, and has taken their findings as the basis of his 
work. Indeed it is exclusively on the basis of co-opera
tive labor and the acceptance by others of the findings 
of the various individual researchers, that we can ex
plain the structure of physical science as we have • 
today. That we do not construct the external world 
suit our own ends in the pursuit of science, but that vice 
versa the external world forces itself upon our recogni
tion with its own elemental power, is a point which ought 
to be categorically asserted again and again in these / 
positivistic times. From the fact that in studying the 
happenings of nature we strive to eliminate the con
tingent and accidental and to come finally to what is 
essential and necessary, it is clear that we always look 
for the basic thing behind the dependent th~ for what 
is absolute behind what is relativ~ for the reality be-
hind the appearance and for what abides behind what is 
transitory. In my opinion, this is characteristic not only 
of physical science but of all science. Further, it is not 
merely a characteristic of all kinds of human endeavor 
to attain to the knowledge of any subject, but it is also 
characteristic of those branches of human effort that 
strive to formulate ideas of the good and the beautiful. 

Here I am going wide of my purpose; for the plan 
I had in mind at the beginning of this euay was not to 
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The most striking instance of this is found in the prac• 
tical application of physics. Not even the most con
firmed skeptic can deny that we see and hear at a greater 
distance and command greater forces and speeds than 
an earlier generation; while it is equally certain that 
this progress is an enduring increase of knowledge, 
which is in no danger of being described as an error and 
rejected at any future date. 

Secondly, it is a very striking fact that the impulse 
toward simplification and improvement of the world 
picture of physics was due in each instance to some kind 
of novel ohservation----that is,. to some event in the world 
of sense. But at the same moment the structure of this 
physical world consistently moved farther and farther 
away from the world oI sense and lost its former anthro
pomorphic character. Still further, physical sensations 
have been progreasively eliminated, as for example in 
physical optics, in which the human eye no longtt plays 
any part at all. Thus the physical world has become pro
gressively more and more aet; purel formal math• 
ematical operations play a growing part. while qualita
tive differences tend to be explained more and more by 
means of quantitatiTe diHerences. 

' Now we have already pointed out that the physical 
view of the world hu been continually perfected and 
also related to the world of sense. If this fact is added to 
those mentioned in the last puagraph,. the result is ex
traordinarily striking; at fint, indeed, it appears com
pletely paradoxical. 0£ this apparent paradox there ~ 
in my opinion, only one rational explanation. This con
sists in saying that as the view of the physical world is 
perfected, it simultaneously recedes from the wor Id of 
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sense; and this process is tantamount to an approach to r 1 
the world of reality. I have no logical proof on which to \ 
base this opinion; it is impossible to demonstrate the 

1 
existence of the real world by purely rational methods: 
but at the same time it is equally impossible ever to re-
fute it by logical methods. The final decision must rest 
upon a common-sense view of the world, and the old 
maxim still remains true that that world view is the 
best which is the most fruitful. Physics would occupy 
an exceptional position among all the other sciences if it 
did not recognize the rule that the most far-reaching and 
valuable results of investigation can only be obtained by 
following a road leading to a goal which is theoretically 
unobtainable. This goal is the apprehension of true re
ality. 



What changes have taken place in the physical view 
of the world during the last twenty years? We all 
know that the changes which have occurred during this 
period are among the most profound that have ever risen 
in the evolution of any science; we also know that the 
process of change has not yet come to an end. N everthe
less, it would appear that in this flux of change certain 
characteristic forms of the structure of this new world 
are beginning to crystallize; and it is certainly worth 
while to attempt a description of these forms, if only in 
order to suggest certain improvements. 

If we compare the old theory with the new, we find 
that the process of tracing back all qualitative distinc
tions to quantitative distinctions has been advanced very 
considerably. All the various chemical phenomena, for 
example, have now been explained by numerical and 
spatial relations. According to the modem view there 
are no more than two ultimate substances, namely, 
positive and negative electricity. Each of these con-
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a certain amount of confusion into the traditional ideas 
of time and space; in the long run, however, it has 
proved to be the completion and culmination of the 

I 
structure of classical physics. To express the positive 
results of the special theory of relativity in a single 
word, it might be described as the fusion of time and 
space in one unitary concepL It is not, of course, asserted 
that time and space are absolutely similar in nature; 
their relation resembles that between a real number and 
an imaginary number, when these are combined together 

I 
to form the unified concept of a complex number. 
Looked at in this way, Einstein's work for physics 
closely resembles that of Gauss for mathematics. We 
might further continue the comparison by saying that 
the transition from the special to the general theory of 
relativity is the counterpart in physics to the transition 
from linear functions to the general theory of functions 
in mathematics. 

Few comparisons are entirely exact, and the present 
is no exception to the rule. At the same time it gives a 
good idea of the fact that the introduction of the theory 
of relativity into the physical view of the world is one of 
the most import&nt steps toward conferring unity and 
completeness. This appears clearly in the results of the 
theory of relativity, especially in the fusing of momen
tum and energy, in the identification of the concept of 
mass with the concept of energy, of inertial with ponder
able mass, and in the reduction of the laws of gravitation 
to Riemann's geometry. 

Brief though these main outlines are, they contain a 
vast mass of new knowledge. The new ideas mentioned 
apply to all natural events great and small, beginning 



The idea of the universe as thus far described appeared 
almost perfectly adapted to its purpose; but this state of 
affairs has suddenly been upset by the quantum theory. 
Here again I shall attempt to describe the characteristic 

,tdea of this hypothesis in one word. We may say, then, 
that its essence consists in the fact that it introduces a 
new and ,11niveE&al constaJY, namely the elementa!"!_ 
qttantum of action. It was this constant wliich, li1re a new 
and mysterious messenger from the real orld, insisted 
on turning up in every kind of measurement, and con
tinued to claim a place for itself. On the other hand, it 
seemed so incompatible with the traditional view of the 
universe provided by physics that it eventually destroyed 
the framework of this older view. 

For a time it seemed that a complete collapse of 
classical physics was not beyond the bounds of possi
bility; gradually, however, it appeared, as had been 
confidently expected by all who believed in the steady 
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The question may now be asked whether modem phys
ics differs at all from the older physics, if all these 
foundations of classical physics have remained un
'\ouched. It is easy to find an answer to this question by 
e~amining the elementary quantum of action somewhat 
more closely. It implies that in principle an equation 
can he established between energy and frequency; E= 
h.o: It is this equation which classical physics utterly 
fails to explain. The fact itself is so baffling because 
energy and frequency possess different dimensions; en
ergy is a dynamic magnitude, whereas frequency is a 
kinematic magnitude. This fact in itself, however-, does 
not contain a contradiction. The quantum theory pos
tulates a direct connection between dynamics and kine
matics; this connection is due to the fact that the unit of 
energy, and consequently the unit of mass, are based 
upon the units of length and of time; thus the connection, 
so far from being a contradiction, enriches and rounds 
off the classical theory. There is, nevertheless, a direct 
contradiction, which renders the new theory incom
patible with the classical theory. The following con• 
siderations make clear this contradiction. Frequency is 
a local magnitude,. and has a definite meaning only for 
a certain point in space; this is true alike of mechan
ical, electric, and magnetic vibrations, so that all that is 
requisite is to observe the point in question for a suffi-• 
cient time. Energy, on the other hand, is an additive 

• In thia equation E etanda for energy, and II for frequency, that is, the 
number of rihrations per second. For ~pie. light -ribrations range 
from about 400 million million per eecond to about 800 million million. 
la represents Planck's constant, discovered by the author of this work. 
It ia an unchanging or iDTariable quantity, and extremely minute, its 
value being 655 preceded hy 26 decimal places. [TRANS.] 
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quantity; so that according to the classical theory it is 
meaningless to speak of energy at a certain point, since 
it is essential to state the physical system the energy of 
which is under discussion; just as it is similarly im
possible to speak of a definite velocity unless the system 
be indicated to which velocity is ref erred. Now we are 
at liberty to choose whatever physi 1 system we please, 
either little or great; and consequently the -value of the 
energy is always to a certain extent arbitrary. The diffi
culty, then, consists in the fact that this arbitnu:y energy 
is supposed to he equated with a localized frequency. 
The gulf between these two concepts should now he 
clearly apparent: and in order to bridge this gulf a step 
of fundamental importance must he taken. This step 
does imply a break with those assumptions which classi
cal physics has always regarded and employed as axio
matic. 

Hitherto it had been believed that the only kind of' 
causality with which any system of physics could op
erate was one in which all the events of the physical 
world-by whi~ as usual, I mean not the real world 
but the world -riew of physics-might he explained as 
being composed of local events taking place in a number 
of individual and infinitely small parts of space. It was 
further believed that each of these elementary events was 
oompletely determined by a set of laW11 without respect 
to the other events; and was determined exclusively by 
the local events in its immediate mnporal and spatial 
vicinity. Let us take a concrete instance of sufficiently 
general application. We will assume that the physical 
system under consideration consists of a sysrem of par
ticles, moving in a conservative field of force of constant 
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the same part as do the equations established by Newton, 
Lagrange, and Hamilton in classical mechanics. Never
theless, there is an important distinction between these 
equations, consisting in the fact that in the latter equa
tions the co-ordinates of the configuration point are not 
functions of time, but independent variables. Accord
ingly, while for any given system the classical equations 
of motion were more or less numerous and corresponded 
to the number of degrees of freedom of the syste~ there 
can be only one single quantum equation for each sys
tem. In course of time the configuration point of classical 
theory describes a definite curve; on the other hand, the 
configuration point of the material wave fills at any 
given time the whole of infinite space, including those 
parts of space where potential energy is greater than 
the total energy, so that according to the classical theory, 
kinetic energy would become negative in these parts of 
space, and the momentum imaginary. This case re
sembles the so-called total reflection of light, where 
according to geometrical optics light is completely re
flected, because the angle of refraction becomes imagi
nary; whereas according to the wave theory of light, it 
is perfectly possible for light to penetrate into the second 
medium, even if it cannot do so as a plane wave. 

At the same time, the fact that there are points in con
figuration space where the potential energy exceeds the 
total energy is of extreme importance for quantum me
chanics. Calculation shows that in every such instance 
a finite wave corresponds not to any given value of the 
energy constant, but corresponds only to certain definite 
values: the so-called characteristic energy values, which 
can be calculated from the wave equation and have dif -
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at least approximately, if we make use of the wave 
within a certain narrow range of frequency. 

According to wave mechanics, both the position and 
the momentum of a system of particles can never be 
defined without some uncertainty. Now the fact is that 
between these two kinds of uncertainty there is a definite 
relation. This follows from the simple reflection that if 
the waves of which we make use are to cancel each 
other through interference outside the above-mentioned 
small configuration region, then in spite of their small 
differences in frequency, noticeable differences in prop
agation must appear at the oppo ite boundaries of the 
region. If in accordance with the quantum postulate, we 
substitute differences of momentum for differences of 
propagation, we obtain Heisenberg's principle, which 
states that the product of the uncertainty of position and 
uncertainty of momentum is at least of the same order 
of magnitude as the quantum of action.] 

THE more accurately the position of the configuration 
point is ascertained, the less accurate is the amount of 
momentum; and conversely. These two kinds of uncer
tainty are thus in a certain sense complementary; this 
complementariness is limited by the fact that momentum 
can under certain conditions be defined with absolute 
accuracy in wave mechanics, whereas the po ition of a 
configuration point always remains uncertain within 
a finite region. 

Now this relation of uncertainty, established by 
Heisenberg, is something quite unheard of in classical 
mechanics. It had always been known, of course, that 
every measurement is s~ject to a certain amount of 
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inaccuracy; but it had always been assumed that an im
provement in method would lead to an improvement in 
accuracy, and that this process could be carried on in
definitely. According to Heisenberg, however, there is a 
definite limit to the accuracy obtainable. What is most 
curious is that this limit does not affect position and 

locity separately, but only the two when combined to
gether. In principle, either taken by itself can be meas
ured with absolute accuracy, but only at the cost of the 
accuracy of the other. 

Strange as this assertion may seem, it is de~tely 
established by a variety of facts. I will give one example 
to illustrate this. The most direct and accurate means 
of ascertaining the position of a particle consists in the 
optical method, when the particle is looked at with the 
naked eye or through a microscope, or else is photo
graphed. Now for this purpose the particle in question 
must be illuminated. If this is done the definition be
comes more accurate; consequently the measurement 
becomes more exact in proportion as the light waves 
employed become shorter and shorter. In this sense, 
then, any desired degree of accuracy can he attained. 
On the other hand there is also a disadvantage, which 
affects the measurement of velocity. Where the masses 
in question have a certain magnitude, the effect of light 
upon the illuminated object may he disregarded. But the 
case is altered if a very small mass, e.g., a single elec
tron, is selected; because each ray of light, which strikes 
the electron and is reflected by it, gives it a distinct im
pulse; and the shorter the light wave the more powerful 
is this impulse. Consequently, the shorter the light wave 
the more accurately is it possible to determine position; 
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the framework of atomic physics; consequently the 
methods employed will always be extremely delicate. 
At present we can only say that hitherto no fact has been 
discovered which throws doubt on the applicability in 
physics of all these conclu ions. 

The fact is that since the wave equation was first for
mulated, the theory has been developing at a most re
markable rate. It is impossible within the framework of 
a small volume to mention all the extensions and appli
cations of the theory which have been evolved within 
recent years. I shall confine myself to the so-called stress 
of protons and electron ; the formulation of quantum 
mechanics in terms of relativity; the application of the 
theory to molecular problems, and the treatment of the 
so-called "many-body problem," i.e., its application to 
a ystem containing a number of exactly similar par
ticles. Here statistical que lions, relating to the number 
of po ible states within a ystem, having a given energy, 
are particularly important; they also have a bearing on 
the calculation of the entropy of the system. 

Finally, I cannot here enter in detail upon the physics 
of light quanta. In a certain sense this study has devel
oped in the opposite direction from the physics of pa~
ticles. Originally Maxwell's theory of electromagnetic 
waves dominated this region, and it was not seen until 
later that we must assume the existence of discrete 
light particles; in other words that the electromagnetic 
waves, like the material waves, must be interpreted as 
waves of probability. 

Perhaps there is no more impres ive proof of the fact 
that a pure wave theory cannot satisfy the demands of 
modem physics any more than a pure corpuscular the-
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ory. Both theories, in fact, represent extreme limiting 
cases. The corpuscular theory, which is the basis of 
classical mechanics, does justice to the configuration of 
a system, but fails to determine the values of its energy 
and of momentum; conversely the wave theory, which is 
characteristic of clas ical electrodynami can give an 
account of energy and momentum, but excludes the idea 
of the localization of light particles. The standard case 
is represented by the intermediate region, where both 
theories play equally important parts; this region can 
be approached from either side, although at pre ent a 
close approach is impossible. Here many obscure points 
await solution, and it remains to be seen which of the 
various methods employed for their olution best leads 
to the goal. mong them we may mention the matrix 
calculus invented by Heisenberg, Born, and Jordan, the 
wave theory due to De Broglie and chrodinger, and the 
mathematics of the q numbers introduced by Dirac. 
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this peaceful international collaboration. It is i~ th~s 
reciprocal action of experiment and theory-which 1s 
at once a stimulus to and a check upon progress-that 
we see the surest and indeed the only guarantee of the 
future advance of physics. 

What will be the ultimate goal? I had occasion at the 
beginning to point out that research in general has a 
twofold aim-the effective domination of the world of 
sense, and the complete understanding of the real ~orld; 
and that both these aims are in principle unattamable. 
But it would be a mistake to be discouraged on this ac
count. Both our theoretical and practical tangible results 
are too great to warrant discouragement; and every day 
adds to them. Indeed, there is perhaps some justification 
for seeing in the very fact that this goal is unattainable, 
and the struggle unending, a blessing for the human 
mind in its search after knowledge. For it is in this way 
that its two noblest impulses-enthusia m and reverence 
-are preserved and inspired anew. 

What now do we mean by physical law? A physical law 
is any proposition enunciating a fixed and absolutely 
valid connection between measurable physical quanti
ties-a connection which permits us to calculate one of 
these quantities if the others have been discovered by 
measurement. The highest and most keenly desired aim 
of any physicist is to obtain the most perfect possible 
knowledge of the laws of physics, whether he looks at 
them from a utilitarian point of view and values them 
because they enable him to save himself the trouble of 
costly measurements, or takes a deeper view and looks 
to them for satisfaction of a profound yearning after 
knowledge and for a firm basis of natural science. 

How do we discover the individual laws of physi~ 
and what is their nature? It should be remarked, to begin 
with, that we have no right to assume that any physical 
laws exist, or if they have existed up to now, that they 
will continue to exist in a similar manner in future. 
It is perfectly conceivable that one fine day nature should 
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cause an unexpected event to occur which would baffie 
us all; and if this were to happen we would be powerless 
to make any objection, even if the result would be that, 
in spite of our endeavors, we should fail to introduce 
order into the resulting confusion. In such an event, the 
only course open to science would be to declare itself 
bankrupt. For this reason, science is compelled to begin 
by the general assumption that a general rule of law 
dominates throughout nature, or, in Kantian termi
nology, to treat the concept of causality as being one of 
the categories which are given a priori and without which 
no kind of knowledge can be attained. 

From this it follows that the nature of the laws of 
physics, and the content of these laws, cannot be obtained 
by pure thought; the only possible method is to tum to 
the investigation of nature, to collect the greatest possible 
mass of varied experiences, to compare these and to 
generalize them in the simplest and most comprehensive 
proposition. In other words, we must have recourse to 
the method of induction. 

The content of an experience is proportionally richer 
as the measurements upon which it is based are more 
exact Hence it is obvious that the advance of physical 
knowledge is closely bound up with the accuracy of 
physical instruments and with the technique of meas
urement The latest developments of physics provide 
us with striking examples of the truth of this. Measure• 
ment alone, however, does not suffice. For each measure
ment is an individual event standing by itself; as such, 
it is determined by special circumstances, especially by 
a definite place and a definite time, but also by a definite 
measuring instrument, and by a definite observer. It 
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far greater scope than that of force; it reaches beyond 
the sphere of mechanics into that of chemical affinities, 
where we are no longer concerned with Newtonian force. 
It must be admitted that the idea of potential has not the 
advantage of immediate obviousne s which belongs to 
force by virtue of its anthropomorphic quality; whence 
it follows that the elimination of the concept of force 
renders the laws of physics much less obvious and easy 
of understanding. Yet this development is quite natural; 
the laws of physics have no consideration for the human 
senses; they depend upon facts, and not upon the ob
viousness of facts. 

In my opinion, the teaching of mechanics will still 
have to begin with Newtonian force, just as optics begins 
with the sensation of color, and thermodynamics with 
the sensation of warmth, despite the fact that a more 
precise basis is substituted later on. Again, it must not 
be forgotten that the significance of all physical concepts 
and propositions ultimately does depend on their re
lation to the human senses. This is indeed characteristic 
of the peculiar methods employed in physical research. 
If we wish to form concepts and hypotheses applicable 
to physics, we must begin by having recourse to our 
powers of imagination; and these depend upon our 
specific sensations, which are the only source of all our 
ideas. But to obtain physical laws we must abstract ex
haustively from the images introduced, and remove from 
the definitions set up all irrelevant elements and all 
imagery which do not stand in a logical connection with 
the measurements obtained. Once we have formulated 
physical laws, and reached definite conclusions by math~ 
matical processes, the results which we have obtained 
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quantity containing a relatively small number of mole
cules, then the average of their velocities will vary; and 
the variation will be the greater, the smaller is the quan
tity of liquid. This principle can nowadays be regarded 
as a fact fully proved by experiment. One of the most 
striking illustrations is what is known as the Brownian 
movement, which can be observed through the micro
scope in small particles of powder suspended in liquid. 
These particles are driven backward and forward by the 
invisible molecules of the liquid; the movement is the 
more pronounced the higher is the temperature. If we 
make the further assumption, to which in principle there 
is no objection, that each individual impulse is a revers• 
ible event governed by the strict elementary laws of dy
namics, then we may say that the introduction of a 
microscopic method of examination shows that the laws 
governing the irreversible processes, or what is the same 
thing, the laws based upon statistics and me~e rough 
approximation, can be traced back to dynamic,. accu
rate, and absolute laws. 

The striking results reached by the introduction of 
statistical laws in many branches of physical research 
in recent times have produced a remarkabie change in 
the views of physici ts. They no longer, as in the earlier 
days of energetics, deny or attempt to cast doubt upon 
the existence of irreversible processes; instead, the at
tempt is frequently made to place statistical laws in the 
foreground, and to subordinate to them laws hitherto _re
garded as dynamic, including even the law of gravita
tion. In other word , an attempt is made to exclude ab
solute law from nature. And indeed, we cannot but be 
struck by the £act that the natural phenomena which we 
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can investigate and measure can never be expressed by 
absolutely accurate numbers; for they inevitably con
tain a certain inaccuracy introduced by the unavoidable 
defects of measurement itself. Hence it follows that we 
shall never succeed in determining by measurement 
whether a natural law is absolutely valid. 1£ we consider 
the question from the standpoint of the theory of knowl
edge we come to the same conclusion. For if we cannot 
even prove that nature is governed by law ( a difficulty 
which we meet with at the very outset) a fortiori we 
shall be unable to demonstrate that such law is absolute. 

Hence from a logical point of view, we must admit 
every justification for the hypothesis that the only kind 
of law in nature is statistical. It is a different question 
whether this assumption is expedient in physical re
search; and I £eel strongly inclined to answer this ques
tion in the negative. We must consider in the first in
stance that the only type of law fully satisfying our 
desire for knowledge is the strictly dynamic type, while 
every statistical law is fundamentally unsatisfactory, 
for the simple reason that it has no absolute validity 
but admits of exceptions in certain cases; so that we are 
continually faced by the question what these particular 
exceptional cases are. 

Questions of this nature constitute the strongest argu
ment in favor of the extension and further refinement 
of experimental methods. 1£ it is assumed that statistical 
laws are the ultimate and most profound type in exist• 
ence, then there is no reason in theory why, when deal
ing with any particular statistical law, we should ask: 
what are the causes of the variations in the phenomena? 
Actually, however, the most important advances in the 
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accidental variations of the climatological curves, of 
population statistics and mortality tables, are in each in
stance subject to strict causality; similarly, physicists 
will always admit that such questions are strictly rele
vant as that which asks why one of two neighboring 
atoms of uranium exploded many millions of years be
fore the other. 

All studies dealing with the behavior of the human 
mind are equally compelled to assume the existence of 
strict causality. The opponents of this view have fre
quently brought forward against it the existence of free 
will. In fact, however, there is no contradiction here; 
human free will is perfectly compatible with the uni
versal rule of strict causality-a view which I have had 
occasion to demonstrate in detail elsewhere. But as my 
arguments on this subject have been seriously misunder
stood in certain quarters, and since this subject is surely 
of considerable importance, I propose to discuss it 
briefly here. 

The existence of strict causality implies that the ac
tions, the mental processes, and especially the will of 
every individual are completely determined at any given 
moment by the state of his mind, taken as a whole, in 
the previous moment, and by any influences acting upon 
him coming from the external world. We have no reason 
whatever for doubting the truth of this assertion. But the 
question of free will is not concerned with the question 
whether there is such a definite connection, but whethet 
the person in question is aware of this connection. This, 
and this alone, determines whether a person can or 
cannot feel free. If a man were able to forecast his own 
future solely on the ground of causality, then and then 
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only we would have to deny this consciousness of free
dom of the will. Such a contingency is, however, im
possible, since it contains a logical contradiction. Com
plete knowledge implies that the object apprehended is 
not altered by any events taking place in the knowing 
subject; and if subject and object are identical, this as
sumption does not apply. To put it more concretely, the 
knowledge of any motive or of any activity of will is 
an inner experience, from which a fresh motive may 
spring; consequently such an awareness increases the 
number of possible motives. But as soon as this is rec
ognized, the recognition brings about a fresh act of 
awareness, which in its tum can generate yet another ac
tivity of the will. In this way the chain proceeds, without 
it ever being possible to reach a motive which is def -
initely decisive for any future action; in other words, to 
reach an awareness which is not in its tum the occasion 
of a fresh act of will. When we look back upon a finished 
action, which we can contemplate as a whole, the case 
is completely different. Here knowledge no longer in
fluences will, and hence a strictly causal consideration 
of motives and will is possible, at least in theory. 

If these considerations appear unintelligibl~if it is 
thought that a mind could completely grasp the causes 
of its present state, provided it were intelligent enough
then such an argument is akin to saying that a giant who 
is big enough to look down on everybody else should be 
able to look down on himself as well. But no person, how
ever clever, can derive the decisive motives of his own 
conscious actions from causal law alone; he needs another 
law-ethical law, for which the highest intelligence and 
the most subtle self-analysis are no adequate substitute. 
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better than co-operate in extending the theory of rela
tivity and in pushing its conclusions as far as possible, 
since this is the only means of refuting it through experi
ence. Such an undertaking is the less difficult because 
the assertions made by the theory of relativity are 
simple and comparatively easy to apprehend, so that 
they fit into the framework of clas ical physics without 
any difficulty. 

Indeed, if there were no historical objections I per
sonally would not hesitate for a moment to include the 
theory -0f relativity within the body of classical physics. 
In a manner the theory of relativity is the crowning 
point of physics, since by merging the ideas of time and 
space it has also succeeded in uniting under a higher 
point of view such concepts as those of mass, energy, 
gravitation, and inertia. As the result of this novel view 
we have the pedectly symmetrical form which the laws 
of the conservation of energy and of momentum now 
assume; for these laws follow with equal validity from 
the principle of least action--that most comprehensive 
of all physical laws which governs equally mechanics 
and electrodynamics. 

Now over against this strikingly imposing and har
monious structure there stands the quantum theory, an 
extraneous and threatening explosive body which has al
ready succeeded in producing a wide and deep fissure 
throughout the whole of the structure. Unlike the theory 
of relativity, the quantum theory is not complete in it
self. It is not a single, harmonious, and perfectly trans
parent idea, modifying the traditional facts and con• 
cepts of physics by means of a change which, though of 
the utmost significance in theory, is practically hardly 



222 : THE NEW SCIENCE 

noticeable. On the contrary, it first arose as a means of 
escape from an impasse reached by classical physics in 
one particular branch of its studies-the explanation of 
the laws of radiant heat. It was soon seen, however, that 
it also solved with ease, or at least considerably helped 
to elucidate, other problems which were causing unmis
takable difficulties to the classical theory, such as photo
electric phenomena, specific heat, ionization, and chem
ical reactions. Thus it was quickly realized that the 
quantum theory must be regarded, not merely as a 
working hypothesis, but as a new and fundamental prin
ciple of physics, whose significance becomes evident 
wherever we are dealing with rapid and subtle phenom
ena. 

Now here we are faced with a difficulty. This does not 
so much consist in the fact that the quantum theory con
tradicts the traditional views; if that were all, it follows 
from what has been said that the difficulty need not be 
taken very seriously. It arises from the fact that in the 
course of time it has become increasingly obvious that 
the quantum theory unequivocally denies certain funda
mental views which are essential to the whole structure 
of the classical theory. Hence the introduction of the 
quantum theory is not a modification of the classical 
theory, as is the case with the theocy of relativity: it is a 
complete break with the classical theory. 

Now if the quantum theory were superior or equal to 
the classical theory at all points, it would be not only 
feasible but necessary to abandon the latter in favor of 
the former. This, however, is definitely not the case. For 
there are parts of physics. amon,g them the wide region 
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of the phenomena of interference, where the classical 
theory has proved its validity in every detail, even when 
subjected to the most delicate measurements; while the 
quantum theory, at least in its present form, is in these 
respects completely useless. It is not the case that the 
quantum theory cannot be applied, but that, when ap
plied, the results reached do not agree with experience 

The result of this state of affairs is that at the present 
moment each theory has what may be called its own~ 
serve, l\'here-n-ts sale fiom attac while there is also an 
intermediate re • on-e.g., that of the :Jienomena of the 
aispersion and scatt • n of ..light-where tlie two theo
ries compete with varying fortunes. The two theories are 
approximately of equal usefulness, so that physicists are 
guided in the choice of theory by their piiva\e predilec
tions-an uncomfortable, and in the long run, an in
tolerable state of affairs for anyone de irous of reaching 
the true facts. 

To illustrate this curious condition of things I will 
select a particular example from a very large number 
collected by workers in the field of theory and of prac
tice. I begin by stating two facts. Let us imagine two fine 
pencils of rays of violet light, produced by placing an 
opaque screen with two small holes over against the 
light which is given out from a point source. The two 
pencils of rays emerging from the holes can be reflected 
so that they meet on the surface of a white wall at some 
distance away. In this case the spot of light which they 
jointly produce on the wall is not uniformly bright, but 
is traversed by dark lines. This is the first fact. The sec
ond is this-if any metal that is sensitive to light is 
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placed in the path of one of these rays, the metal will 
continually emit electrons with a velocity independent 
of the intensity of the lighL 

Now if the intensity of the source of light is allowed 
to decrease, then in the first case, according to all the 
results hitherto obtained, the dark lines remain quite un
changed; it is only the strength of the illumination that 
decreases. In the other case, however, the velocity of the 
electrons emitted also remains quite unchanged, and the 
only change that takes place is that the emission be
comes less copious. 

Now how do the theories account for these two facts? 
The first is adequately explained by the classical theory 
as follows: at every point of the white wall which is 
simultaneously illuminated by the two pencils of rays, 
the two rays which meet at this point either strengthen 
or else weaken each other, according to the relations be
tween their respective wave lengths. The second fact is 
equally satisfactorily explained by the quantum theory, 
which maintains that the energy of the rays falls on the 
sensitive metal, not in a continuous flow, hut in an inter
mittent succession of more or less numerous, equal and 
indivisible quanta, and that each quantum, as it im• 
ping on the metal, detaches one electron from the 
mass. On the other hand, all attempts have failed 
hitherto to explain the lines of interference by the quan
tum theory and the photoelectric effect by the classical 
theory. For if the energy radiated really travels only in 
indivisible quanta, then a quantum emitted from the 
source of light can pass only through one or else the 
other of the two holes in the opaque screen; while if the 
light is sufficiently feeble, it is also impossible for two 
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distinct rays to impinge simultaneously on a single point 
on the white wall; hence interference becomes impos
sible. In fact the lines invariably disappear completely, 
as soon as one of the rays is cut off. 

On the other hand, if the energy radiated from a 
point source of light spreads out uniformly through 
space, its intensity must necessarily he diminished. Now 
it is not easy to see how the velocity with which an elec
tron is emitted from the sensitive metal can he equally 
great whether it is subjected to very powerful or to very 
weak radiation. Naturally many attempts have been 
made to get over this difficulty. Perhaps the most ob
vious way was to assume that the energy of the electron 
emitted by the metal is not derived from the radiation 
falling on it, hut that it comes from the interior of the 
metal, so that the effect of the radiation is merely to set 
it free in the same way as a spark sets free the latent 
energy of gunpowder. It has, however, not proved pos
sible to demonstrate that there is such a source of en• 
ergy, or even to make it appear plausible that there 
should he such a source. Another supposition is that, 
while the energy of the electrons is derived from the ra
diation impinging upon them, the electrons themselves 
are not actually emitted from the metal until this has 
been subjected to the illumination for a time sufficiently 
long to allow the energy necessary for a definite velocity 
to have been accumulated. This process, however, might 
take minutes or even hours, whereas in fact the phenom
enon repeatedly takes place very much sooner. Light is 
thrown on the profound importance of these difficulties 
by the fact that in highly influential quarters the sug
gestion has arisen of sacrificing the validity of the prin-
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speculations remain in the air so long as they are un
substantiated by definite facts of experience; and we 
must hope and trust that the experimental skill of phys
icists, which in the past has so often definitely decided 
questions full of doubt and difficulty, will succeed in 
resolving the difficulties of the present obscure que tion. 
In any case there can be no doubt that the parts of the 
structure of classical physics, which have had to be dis
carded as valueless under the pre sure of the quantum 
theory, will be supplanted by a sounder and more ade
quate structure. 

To conclude: we have seen that the study of physics, 
which a generation ago was one of the oldest and most 
mature of natural sciences, has today entered upon a 
period of storm and stress which promises to be the most 
interesting of all. There can be little doubt that in pass
ing through this period we shall be led, not only to the 
discovery of new natural phenomena but also to new in
sight into the secrets of the theory of knowledge. It may 
be that in the latter field many surprises await us, and 
that certain views, eclipsed at the moment, may revive 
and acquire a new significance. For this reason a careful 
study of the views and ideas of our great philosophers 
might prove extremely valuable in this direction. 

There have been times when science and philosophy 
were alien, if not actually antagonistic to each other. 
These times have passed. Philo ophers have realized 
that they have no right to dictate to scientists their aims 
and the methods for attaining them; and scientists have 
learned that the starting point of their investigations does 
not lie solely in the perceptions of the senses, and that 
science cannot exist without some small portion of meta, 
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l physics. Modern physics impresses us particularly with 
the truth of the old doctrine which teaches that there are 
realities existing apart from our sense perceptions, and 
that there are problems and conflicts where these reali
ties are of greater value for us than the richest treasures 
of the wor Id of experience. 



The Philosopl,y of Physic3 : 237 

It is important at this point to state that there is no 
one definite principle available a priori and enabling a 
classification suitable for every purpose to be made. 
This applies equally to every science. Hence it is im• 
possible in this connection to assert that any science 
possesses a structure evolving from its own nature inev
itably and apart from any arbitrary presupposition. It 
is important that this fact should be clearly grasped: it 
is of a fundamental significance because it demonstrates 
that it is essential, if there is to be any scientific knowl
edge, to determine the principle in accordance with 
which its studies are to be pursued. This determination 
cannot be made merely in accordance with practical 
considerations; que lions of value also play their part. 

Let us take a simple example from the most mature 
and exact of all sciences, mathematics. Mathematics 
deals with the magnitude of numbers. In order to obtain 
a survey of all numbers the obvious method would be to 
classify them by magnitude; in which case any two num
bers are close to each other in proportion as the differ
ence between them is small. Let us take two numbers 
which are practically equal in magnitude, one of them 
being the square root of 2 and the other 1.41421356237. 
The former figure is a few billionths greater than the 
latter and in every numerical calculation in physics or 
in astronomy the two numbers can be treated as com
pletely identical. So soon, however, as numbers are 
classified in accordance with their origin and not in 
accordance with their magnitude a fundamental differ
ence between the two numbers arises. The decimal frac
tion is a rational number and can be expressed by the 
ratio between two integers, while the square root is irra-
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?fan individual electron at any given time; what it does 
18 to state the probability that an electron will be at a 
given place at a given time; or alternatively, given a 
multitude of electrons, it states the number which in any 
given time will be at a given place. 

This is a law of a purely statistical character. The 
fact that it has been confirmed by all measurements 
hitherto made, and the further fact that there is such a 
thing as the uncertainty relatio~ has induced certain 
physicists to conclude that statistical laws are the only 
valid foundations of every phy ical law, more particu
larly in the field of atomic physic ; and to declare that 
any question about the causality of individual events is, 
physically, meaningless. 

We here reach a point whose discussion is of particu
lar importance, since it leads us to a fundamental ques
tion: what is the task and what are the achievements of 
physics? If we hold that the object of physics is to dis
cover the laws governing the relation between the real 
events of nature, then causality becomes a part of 
physics, and its deliberate elimination must give rise 
to certain misgivings. 

It should first be observed that the validity of statisti
cal laws is entirely compatible with a strict cau ality. 
Classical physics contains numerous examples. Thu , we 
may explain the pressure of a gas on the wall of the con
taining ves el as due to the irregular impingement of 
numerous gas molecules flying about in all directions· 
hut this explanation is compatible with the admissio~ 
that the impingement of any one molecule upon another 
or upon the wall is governed by law and hence is com
pletely determined causally. It may be objected that a 
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~trict causality can he regarded as definitely proved only 
1f we are in a position to predict the entire course of the 
event; and it might be added that nobody can check the 
moveme?t of any single molecule. To this we might reply 
that a rigorously exact prediction is never po ible of 
any natural event, so that the validity of the law of 
causality can never be demon trated by an immediate 
and exact experiment, since every mea urement, however 
exact, inevitably involves certain errors of observation. 
Yet in spite of this the result of the measurement as well 
as individual errors of observation are attributed to 
definite causes. When we watch the waves breaking on 
the seashore, we have every right to feel convinced that 
the movement of every bubble is due to strict causal law, 

al~ough we could never hope to follow its rise and fall, 
still less to calculate it in advance. 

It is at this point that the uncertainty relation is 
brought forward. While cla sical phy ics was fashion
able, it might he hoped that the inevitable errors of ob
servation could he reduced beneath any given limit by 
an appropriate increase in the accuracy of measure• 
ments. This hope was de troyed by the discovery of 
Planck's con tant, since the latter implies a fixed ob
jective limitation of the exactitude which can be reached 
within which limit there is no cau ality but only doub; 
and contingency. 

We have already prepared a reply to this objection. 
':fhe reason why the measurements of atomic physics are 
mexact need not nece arily he looked for in any failure 
of causality; it may equally well consist in the formula
t~on of faulty concepts and hence of inappropriate ques• 
tions. 
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It is precisely the recipr 1 influence between the 
measurement and the real event which enabled us to 
understand the uncertainty relation at least to a certain 
degree. According to this view we can no more follow 
the movement of the individual electron than we can see 
a colored picture whose dimensions are smaller than the 
wave length of its color. 

It is true that we must re· ect as meaningless the hope 
that it might eventually prove possible indefinitely to 
reduce the inaccuracy of physical measurements by im
proving the instrument. Yet the existence of an objective 
limit like Planck's constant is a sure indication that a 
certain novel law is at work which has certainly nothing 
to do with statistics. Like Planck's constant, every other 
elementary constant, e.g., the charge or mass of an elec
tron, is a definite real magnitude; and it seems wholly 
absurd to attribute a certain fundamental inexactitude to 
these universal constan , as those who deny causality 
would have to do if they wish to remain consistent. 

The fact that there is a limit to the accuracy of the 
measurements in atomic physics becomes further intel
ligible if we consider that the instruments themselves 
consist of atoms and that the accuracy of any measuring 
instrument is limited by its own sensitiveness. A weigh
bridge cannot weigh to the nearest milligram. 

Now what can we do if the best that we have is a 
weighbridge and there is no hope of obtaining anything 
more accurate? Would it not he better to give up hope 
of obtaining exact weights and to declare the pursuit of 
the milligram to he meaningless, rather than to pursue 
a task which cannot he solved by direct measurement? 
This argument underestimates the importance of theory: 
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for theory takes us beyond direct measurement in a way 
which cannot be foretold a priori, and it does so by 
means of the so-called intellectual experiments which 
render us largely independent of the defects of the ac
tual instruments. 

It is wholly absurd to maintain that an intellectual ex
periment is important only in proportion as it can be 
checked by measurement· for if this were so, there 
could he no exact geometrical proof. A line drawn on 
paper is not really a line but a more or less narrow strip, 
and a point a larger or smaller spol Yet nobody doubts 
that geometrical constructions yield a rigorous proof. 

The intellectual experiment carries the mind of the 
investigator beyond the world and beyond actual meas
uring instruments and enables him to form hypotheses 
and to formulate questions which, when checked by 
actual e periment, enable him to perceive new laws even 
when these do not admit of direct measurement. An in
tellectual experiment is not tied down to any limits of 
accuracy, for thoughts are more subtle than atoms or 
electrons, nor is there any danger that the event which 
is measured can he influenced by the measuring instru
ment. An intellectual experiment requires one condi
tion only for its success, and this is the admission of the 
validity of any non-self-contradictory law governing the 
relations between the events under observation. We can
not hope to find what is assumed not to he existent. 

Admittedly an intellectual experiment is an abstrac
tion; an abstraction, howe er, as essential to the experi
menter and to the theorist as the abstract assumption 
that there is a real external world. Whenever we observe 
an event taking place in nature we must assume that 
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something is happening independently of the observer, 
and conversely we must endeavor to eliminate as far as 
possible the defects of our senses and of our methods of 
measurement in order to grasp the details of the event 
with greater perfection. There is a kind of opposition 
between these two abstractions: while the real external 
world is the object, the ideal spirit which contemplates 
it is the subject. Neither can be logically demonstrated 
and hence no reductio ad absurdum is po sible if their 
existence is denied. The history of physics bears witness, 
however, that they have played a decisive part through
out its development. The choice t and most original 
minds, men like Kepler, Newton, Leibniz, and Faraday, 
were inspired by the belief in the reality of the external 
world and in the rule of a higher reason in and beyond 
it. 

It should never be forgotten that the most vital ideas 
in physics have this twofold origin. In the first instance 
the form which these ideas take is due to the peculiar 
imagination of the individual scientist: in course of 
time, however, they assume a more definite and inde
pendent form. It is true that there have always been 
in physics a number of erroneous ideas on which a quan
tity of labor was wasted: yet on the other hand, many 
problems which were at first rejected as meaningless by 
keen critics were eventually seen to possess the highest 
significance. Fifty years ago positivist physicists con
sidered it meaningless to ask after the determination of 
the weight of a single atom-an illusory problem not 
admitting scientific treatment. Today the weight of an 
atom can be stated to within its ten-thousandth part, al
though our most delicate scales are no more fit to weigh 
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it than a weighbridge is to determine milligrams. One 
should therefore beware of declaring meaningless a 
probl~m whose solution is not immediately apparent; 
there IS no criterion for deciding a priori whether any 
given problem in physics has a meaning or not, a point 
frequently overlooked by the positivists. The only means 
of judging a problem correctly consists in examining 
the conclusions to which it leads. Now the a umption / 
that there are rigid laws applicable to physics is of such / 
fundamental importance that we should hesitate before ., 
we declare the question whether such laws are applicable 
to atomic physics to be a meaningless one. Our first en
deavor, on the contrary, should be to trace out the prob-
lem of the applicability of laws in this field. 

Our first step should he to ask why classical physics 
fails in the question of causality when the interference 
arising from the measuring instrument and the inade
quate accuracy of the latter are both insufficient to ex
plain this failure. Plainly we are forced to adopt the 
obvious hut radical assumption that the elementary con
cepts of classical physics cease to be applicable in atomic 
physics. 

Classical physics is based on the assumption that its 
!aws are most clearly revealed in the infinitely small; for 
It assumes that the course of a physical event anywhere 
in the universe is completely determined by the state 
prevailing at this place and its immediate vicinity. 
Hence such physical magnitudes relating to the state of 
the physical event as position, velocity, intensity of the 
electric and magnetic field, etc., are of a purely local 
character, and the laws governing their relation can he 
completely expre sed hy spatial-temporal di:ff erential 



252 : THE NEW SCIENCE 

equations between these magnitudes. Clearly, however, 
this will not suffice for atomic physics, so that the above 
concepts must he made more complete or more universal. 
In which direction, however, is this to be done? Some 
indication may perhaps be found in the recognition, 
which is daily spreading wider, that the spatial-temporal 
differential equations do not suffice to exhaust the con
tent of the events within a physical system and that the 
liminal conditions must also be taken into consideration. 
This applies even to wave mechanics. Now the field of 
the liminal conditions is always finite and its immediate 
interference in the causal nexus is a new manner of 
looking at causality and one hitherto foreign to classical 
physics. 

The future will show whether progress is possible in 
this direction and how far it will lead. But whatever 
results it may ultimately reveal, it is certain that it will 
never enable us to grasp the real world in its totality any 
more than human intelligence will ever rise into the 
sphere of ideal spirit: these will always remain abstrac
tions which by their very definition lie outside actuality. 
Nothing, however, forbids us to believe that we can 
progress steadily and without interruption to this un
attainable goal; and it is precisely the task of science 
with its continual self-correction and self-improvement 
to work in this direction without cease once it has been 
recognized that it is a hopeful direction. This progress 
will he a real one and not an aimless zigzag, as is proved 
by the fact that each new stage reached enables us to 
survey all the previous stages, while those which remain 
to he covered are still obscure; just as a climber trying 
to reach higher altitudes looks down upon the distance 
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he has covered in order to gain knowledge for the further 
ascent. A scientist is happy, not in resting on his attain
ments but in the steady acquisition of fresh knowledge. 

I have so far confined myself to physics; but it may be 
felt that what has been said has a wider application. 
Natural science and the intellectual sciences cannot be 
rigorously separated. They form a single interconnected 
system, and if they are touched at any part the effects 
are felt through all the ramifications of the whole, the 
totality of which is forthwith set in motion. It would be 
absurd to assume that a fixed and certain law is predomi
nant in physics unless the same were true also in biology 
and psychology. 

We may perhaps here deal with free will. Our con
sciousness, which after all is the most immediate source 
of cognition, assures us that free will is supreme. Yet we 
are forced to ask whether human will is causally deter
mined or not. Put in this way the question, as I have 
frequently tried to show, is a good example of the kind 
of problem which I have described as illusory, by which 
I mean that, taken literally, it has no exact meaning. In 
the present instance the apparent difficulty is due to an 
incomplete formulation of the question. The actual facts' 
may be briefly stated as follows. From the standpoint 
of an ideal and all-comprehensive spirit, human will, 
like every material and spiritual event, is completely 
determined causally. Looked at subjectively, however, 
the will, in so far as it looks to the future, is not causally 
determined, because any cognition of the subject's will 
itself acts causally upon the will, so that any definitive 
cognition of a fixed causal nexus is out of the question. 
In other words, we might say that looked at from outside 
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(objectively) the will is causally determined and that 
looked at from inside (subjectively) it is free. There 
is here no contradiction, any more than there was in 
the previous debate about the right- and left-hand side, 
and those who fail to agree to this overlook or forget 
the fact that the subject's will is never completely subor
dinate to its cognition and indeed always has the last 
~ord. 

In principle, therefore, we are compelled to give up 
the attempt to determine in advance the motives guiding 
our actions on purely causal lines, i.e., by means of 
purely scientific cognition; in other words, there is no 
science and no intellect capable of answering the most 
important of all the questions facing us in our personal 
life, the que tion, that is, how we are to act. 

It might thus be inferred that science ceases to play 
a part as soon as ethical problems arise. Yet such an 
inference would be wrong. We saw above that in dealing 
with the structure of any science, and in discussing its 
most suitable arrangement, a reciprocal interconnection 
between epistemological judgments and judgments of 
value was found to arise, and that no science can be 
wholly disentangled from the personality of the scien
tist. Modern phy ics has given us a clear indication 
pointing in the same direction. It has taught us that the 
nature of any system cannot be discovered by dividing 
it into its component parts and studying each part by 
itself, since such a method often implies the loss of im
portant properties of the system. We must keep our at
tention fixed on the whole and on the interconnection 
between the parts. 

The same is true of our intellectual life. It is impos-
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establish its international validity, unlike history where 
it has actually been asked whether an objective history 

--can be an ideal to be aimed at. Ethics also is supra
national, otherwise ethical relations could not exist be
tween the members of different nations. Here again 
physics takes up a strong position. Scientifically it is 
based on the principle that it must contain no contradic
tion, which in terms of ethics implies honesty and truth
fulness; and these qualities are valid for all civilized 
nations and for all time; so that this scientific principle 
may claim to rank among the first and most important 
of virtues. I do not think that I exaggerate in saying that 
an infraction of this ethical demand is discovered and 
repudiated more quickly and certainly in physics than 
in any other science. 

It is rather shocking to notice the difference between 
such strictness and the thoughtless laxity with which 
similar faults are accepted in everyday life. I have not 
so much in mind the so-called conventional falsehoods 
which in practice are harmless and to a certain extent 
indispensable to daily intercourse: conventional false
hoods do not deceive precisely because they are con
ventional. The harm begins where there is an intention 
to deceive the other party and to convey to him a faulty 
impression. It is the duty of those who work in respon
sible positions to reform this matter ruthlessly as well as 
to set an example worth following. . 

Justice is inseparable from truthfulness: justice, after 
all, simply means the consistent application in practice 
of the ethical judgments which we pass on opinions and 
actions. The laws of nature remain fixed and unchanged 
whether applied to great or to small phenomena, and 

' ' ! 

.. 
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similarly the communal life of men requires equal rights 
for all, for great and small, for rich and poor. All is not 
well with the state if doubts arise about the certainty of 
the law, if rank and family are respected in the courts, 
if defenseless persons feel that they are no longer pro
tected from the rapacity of powerful neigh.hors, and if 
the law is openly wrenched on grounds of so-called ex
pediency. The populace has a keen sense of the security 
of the law, and nothing rendered Frederick the Great 
more popular than the legend of the miller of Sans 
Souci. Such principles made Germany and Prussia great; 
it is to be hoped that they will never be lost, and it is the 
duty of every patriot to work for their preservation and 
consolidation. 

At the same time it must be understood that the goal 
at which we aim-a permanently satisfactory condition 
-ean never be attained in its perfection. The best and 
maturist ethical principles must fail to take us to an ideal 
perfection: they can never do more than indicate the 
direction in which we can look for our ideal. 1£ these 
facts are disregarded there is a danger that the seeker 
may despair altogether or may doubt the value of ethics, 
a state in which, especially if he is honest in his dealings 
with himself, he may easily end by attacking ethics. 
There are numerous examples of this among the philoso
phies of ethics. The case here is the same as in science: 
what is important is not to have a permanent possession, 
hut to work unceasingly towards the ideal aim, to strug
gle daily and hourly toward a renewal of life, and de
spite every setback to strive toward improvement and 
perfection. 

Yet in the end we may be tempted to ask whether such 
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the real nature of causality. This method is to begin with 
the world of data which we possess, i.e., our experiences, 
to generalize, to eliminate as far as possible all anthro
pomorphic elements and thus cautiou ly to elaborate an 
objective concept of causality. 

The many attempts which have been made in this 
direction show us that the best approach to the concept 
of causality consists in attaching it to the capacity of 
foretelling future events which we have acquired and 
tested in daily experience. And indeed there is no better 
means of demonstrating the causal connection between 
two events than to show that the occurrence of the one 
event can regularly permit us to forecast the occurrence 
of the other. This much was known to the farmer in the 
story who made such a striking demonstration before the 
skeptics of the causal connection between artificial ma
nure and the fertility of the soil. The skeptics refused 
to believe that the heavy yield of clover on the farmer's 
field was caused by artificial manure and tried to dis
cover some other reason. Thereupon the farmer plowed 
in lines having the shape of letters and had them ma
nured while leaving the rest of his field without manure. 
When the clover came up in the following spring all 
could plainly read in letters of clover: ''This part has 
been manured with gypsum." 

I propose to commence the next stage with the simple 
and general proposition that an event is causally con-

• ditioned if it can be foretold with certainty. Of course I 
mean no more by this than that the possibility of cor
rectly foretelling the future is a safe criterion of the 
presence of a causal connection; I do not mean that the 
two are identical. To take a familiar instance. During 
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relatively extensive surfaces on which a very ~reat nu~
ber of molecules exert an impact; for here the 1rregulan• 
ties cancel each other. 

Variations of this kind caused by the irregular impact 
of molecules are observed everywhere where 1?olecul~ 
in rapid motion are in contact with bodies easily set m 
motion. They can for example also be observed in the 
movements first described by Brown and called after 
him. These are the trembling movements executed. by 
fine particles of dust suspended in a liquid and subJect 
to the impacts of the molecules of the ~quid. The fact 

I 
that a very ~ensiti~e balance never attams r~st but co~~ 
tinually oscillates irregularly around the pomt of eqw 
librium, is another instance of this movement. 

Various radioactive phenomena afford another ex
ample of statistical laws. A radi?active s~stance ~?n• 
tinuously emits a number of pamcl haVIDg a positive 
or a negative charge, a proce s due to ~e spo?taneous 
decomposition of its atoms. When deabng WI!11 com• 
paratively lengthy periods of time, we_ can _fairly_ say 
that the emission is steady. When deabng with bnefer 
periods, however, i.e., with those which do not ?1uch e_x• 
ceed the average interval between two consecutive emis-
1ions we find that the process is entirely irregular. 

N~w the indeterminists deal with every physical law 
in the same way as that in which they deal with the laws 
of the gases and of radioactivity: they ti:eat them as 
being in the last analysis a matter of co~~ngency. _F~r 
them nature is entirely a matter of statistics and it 1s 
their aim to build up physics on a calculus of prob-
ability. 

In fact, however, physics has hitherto developed on 
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the opposite as umption, and physicists have chosen the 
second of the two above-mentioned alternatives. In other 
word , in order to be preserved intact, the principle of 
causality, according to which an event is causally deter
mined only if it can be accurately foretold, has been 
slightly modified. What has been done is to change the 
sense in which the term "event" is employed. Theoret
ical physics does not consider an individual measure
ment as an event, because such a measurement always 
contains accidental and unessential elements. By an 
event, physics means a certain merely intellectual proc
ess. It substitutes a new world in place of that given to 
us by the senses or by the measuring instruments which 
are used in order to aid the senses. This other world is 
the so-called physical world image; it is merely an in
tellectual structure. To a certain extent it is arbitrary. It 
is a kind of model or idealization created in order to 
avoid the inaccuracy inherent in every measurement and 
to facilitate exact definition. 

It follows that every measurable magnitude, every 
length, every period of time, every mass, and every 
charge, has a twofold meaning. It may be considered as 
the immediate result of the measurement, or it may be 
treated as applied to the model to which we give the 
name of physical world image. In the former case it can 
never be defined exactly, and consequently can never 
be represented by an exact figure; in the second case it 
can be. denoted by definite mathematical symbols with 
which we can operate in accordance with exact rules. 
If we speak in physics of the height of a tower and use 
a trigonometrical equation for its calculation, we have 
in mind a perfectly defined magnitude; an actual meas-
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urement of the height, on the other hand, does not give 
us an exact magnitude. Thus the ideal height ( which can 
always be calculated with perfect accuracy) is always 
something di:ff erent from the actually measured height, 
and the same applies to the period of oscillation of a 
pendulum or to the brightness of an electric globe. Fur
ther, any universal constant, e.g., the elocity of light 
in space, or the charge of an electron, is not the same in 
the physical world image and in any actual measure
ment: in the former it is perfectly exact; in the latter it 
is not accurately defined. A clear and consistent distinc
tion between the magnitudes of the world of the senses 
and the imilarly designated magnitudes of the world 
image is indispensable if we wish to have a firm grasp 
of the matter. Without it any debate on this question will 
always lead to misunderstandings. 

It is not therefore the case, as is sometimes stated, 
that the physical world image can or should contain 
only directly observable magnitudes. The contrary is 
the fact. The world image contains no observable mag
nitudes at all; all that it contains is symbols. More than 
this: it invariably contains certain components having 
no immediate meaning as applied to the world of the 
senses nor indeed any meaning at all, e.g., ether waves, 
partial oscillations, reference co-ordinates, etc. Such 
component parts may seem to be an unnecessary bur
den; yet they are adopted because the introduction of 
the world image brings with it one decisive advantage. 
This advantage consists in the fact that it permits a strict 
determinism to be carried through. 

It is true that the world image fulfills no more than 
an auxiliary function. In the last analysis it is the events 
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in the translation of the event from the world of the 
senses to the world image and hack from the latter to the 
former for the inaccuracy inherent in forecasting an 
event of the sense world. It is in this that the importance 
of the phy ical world image consists. 

Classical theory has tended to disregard the inaccura
cies due to this transference. It has concentrated upon 
applying causality to the events in the world image, and 

/ by this method has obtained its striking successes. It has 
even succeeded in discovering a satisfactory explanation 
compatible with a strict causality for the above-men
tioned irregular variatio~ in the pressure of a gas, or 
• the movements of molecules (Brownian movement). 

for the iruJetermiois~, these phenomena do not con
'tute a problem for them: they look for irregularity 

behind every rule and statistical laws afford them imme• 
diate satisfaction. Accordingly, they confine themselves 
to assuming that the colli ion between two molecules or 
the impact of a single molecule on the container is gov
erned by statistical laws. Yet there is not really any 
valid reason for this assumption any more than the fact 
that the electrons gather on the surface of a conductor 
allows us to infer that the charge of any individual elec
tron is at its surface. The determinists, on the other 
hand, look for a rule l>e ind every irregularity, and it 
is their task to formulate a theory of the laws of the 
gases on the assumption that the collision between any 
two molecules is cau ally determined. The solution of 
this problem was the lifework of the great physicist Lud
wig Boltzmann, and it is one of the finest triumphs of 
theoretical investigation. It does not only lead to the 
proposition that the average energy of the oscillations 
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and the world of sense; it is at any rate premature. It is 
far more natural to avoid the difficulty by another 
method, a method which has often rendered good serv• 
ices in similar cases and which consists in assuming that 
it is meaningless, with respect to physics, to ask for the 
simultaneous values of the co-ordinates and of the veloc
ities of a material point or for the path of a photon of 
a given color. Evidently the law of causality cannot be 
blamed because it is impossible to answer a meaningless 
question; the blame rests with the assumptions which 
lead to the asking of the question, i.e., in the present 
case with the assumed structure of the physical world 
image. The classical world image has failed us and f J 
something else must be put in its place. 

This has actually been done. The new world image 
of quantum physics is due to the desire to carry through 
a rigid determinism in which there is room for Planck's 
constant. For this pu ose the material point which had 
hitherto een a undamental J?ll1 of ................ tld ~ 
'baa to Tose this su remac . It has been anal ed into a 
system of material waves and these material waves are 
the elements oTthe new worTd ima e. 

The world image of quantum p ysics stands in ap- , 
proximately the same relation to classical physics as 
Huygens's wave optics stand to Newton's corpuscular 
or ray optics. The latter meets a great many instances, 
but it fails in others; and similarly classical or corpus-) 
cular mechanics is now seen to be no more than a special 
instance of the more general wave mechanics. In place 
of the material point of the classical system an infinitely 
narrow parcel of waves is found, i.e., a system of nu-
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I 
merous waves interfering with each other in such a way 
as to cancel each other everywhere in space except at the 
place occupied by the material point. 

The laws of wave mechanics differ, of course, fun
damentally from those of classical mechanics with its 
material points. It is an essential fact, however, that the 
magnitude which is characteristic for !13e mat~r~a! waves 
is the wave function, by means of which the m1t1al con
ditions and the liminal conditions are completely deter
mined for all times and places. Definite rules of calcu
lation are available for this purpose; it is possible to 
employ chrodinger's operators, Heisenberg's matrices, 
or Dirac's q numbers. 

Thus the introduction of wave functions solves the 
difficulty mentioned above, which arose when we asked 
how a single electron behaved when impinging on a crys
tal. The question then was whether it was reflected o_r 
penetrated the sheeL The impinging electron ca~not di
vide into several parts; the waves, however, which are 
substituted for it can do so, so that interference becomes 
possible between the waves reflected at the front and 
those reflected at the back. Hitherto such a process was 
entirely incomprehensible: now it occurs in accordance 
with laws which can be exactly formulated. 

We see then that there is fully as rigid a determinism 
in the world image of quantum physics as in that of 
classical physics. The only difference is that different 
symbols are employed and that different rule~ of op• 
erating obtain. Accordingly the same ha~pe~s m q~an
tum physics as we saw previously happenmg m cl~ss1cal 
physics. The uncertainty in forecasting events m the 
world of the senses disappears and in its place we have 
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an uncertainty with regard to the connection between 
the world image and the world of the senses. In other 
words, we have the inaccuracy arising from a transfer 
of the symbols of the world image to the sense world 
and vice versa. The fact that physicists have been willing 
to put up with this double inaccuracy is an impressive 
demonstration of the importance of maintaining the rule 
of determinism within the world image. At the same time 
a critical observer may well consider the price paid for 
the preservation of strict causality to be rather high. 
A superficial consideration shows how wide is the dis
tance between the world image and the sense world of 
quantum physics, and how much more difficult it is in 
quantum physics to translate an event from the world 
image into the sense world and vice versa. Things are no 
longer as simple as they were in classical physics. There 
~e meaning of each symbol was entirely clear; the posi
tion, the velocity, and the energy of a material point 
could be established more or less directly by measure
ment, and there was no apparent reason why it should 
not he assumed that any remaining inaccuracy would 
eventually be reduced below any given limit in the 
course of the progressively growing accuracy of the 
methods of measurement. The wave function of quantum' 
mechanics, on the other hand, affords us in the first 
instance no help at all for an interpretation of the 
~orld of th~ sense~; and while the term wave is expres
sive and smtable, 1t must not be allowed to disguise the 
fact that its meaning in quantum physics is totally dif
ferent from that which it formerly had in clas ical phys
ics. In classical physics a wave is a definite physical 
process, a movement perceptible by the senses or an 
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alternating electrical field admitting of direct measure• 
ments whereas in quantum phy ics it really denotes no 
more 'than the probability that a certain state exists. 
When a photon or electron impinges on the sheet of 
crystal it is not these entities which are divided, and 
thus lead to the phenomena of interference; all that we 
have is the probability that the indivisible photon or 
electron is present. It is only when a vast number of 
photons or electrons are impinging that this magnitude 
denotes a perfectly definite number of photons or elec• 

,trons. . .. 
Such considerations have caused the mdetermm1sts 

to renew their attacks on the law of causality. In the 
present in tance they have some reason for expecting a 
certain po itive succe s, since all measurements must 
have a merely statistical significance so far as they re
late to wave functions. Yet here aga • n the champions of 
strict causality have the same means of esc~pe as hefo~e. 
Once again they can assume that there IS no defi_mte 
meaning in inquiring after the ignificance of_ any given 
symbol of the world image of quantum physics_ ( e.g., a 
material wave) unless it is stated at the same time how 
this significance is to he determined and what is ~e con
dition of the special measuring instrument used m order 
to apply the symbol to the world of the senses. It is cus
tomary for this reason to speak of the ca~sal ~o~k of the 
mea uring instrument employed, by which 1t 1s meant 
that the inaccuracy is due at any rate in part to the fact 
that the magnitude to he measured is connected by some 
kind of law with the means by which it is measured. 

As a matter of fact, every measurement, whatever the 
method of its employment, invariably interferes more 
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or less with the event to he measured, as was seen above 
when we dealt with the electron in motion whose path is 
interfered with when it is illuminated, the interference 
varying with the intensity of the illumination, and the 
illumination being essential for the measurement. Ac
cordingly, when a gi en material wave at various times 
corresponds to various events in the world of the senses, 
the reason is that the sensuous meaning of the material 
wave does not depend solely upon the wave itself hut 
also depends on the reciprocal interference between the 
wave and the measuring instrument. 

The above assumption gives a new development to the 
entire question, the further course of which is as yet un
certain. For now the indeterminists can fairly ask 
whether the concept of the causal influence exerted by 
the measuring instrument upon the measured event has 
any rational meaning at all, in view of the fact that we 
are acquainted with the event only by measuring it, so 
that every measurement brings about a fresh causal in
terference-in other words, a fresh disturbance of the 
event. Thus it looks as though it must he impossible to 
distinguish between the "event in itself'' and the appa
ratus by which it is measured. 

This objection does not, however, meet the case. 
Every experimental physicist is aware that there are 
indirect as well as direct methods and that in many 
instances· where the latter failed, the former have ren. 
dered useful services. And it is even more important that 
a word should he said to refute a widespread and pla~ 
ible opinion which holds that a problem in physics de- \ 
serves to be examined only when it is certain in advance 
that it admits of a definite answer. If this rule had al• 
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/t{ays been followed, the famous experiment made by 
Michelson and Morley in order to measure the so-called 
absolute velocity of the earth would never have been 
undertaken, and we might well be without the theory of 
relativity today. The problem of the earth's absolute 
velocity has for some time been seen to be somewhat in
significant; yet the trouble spent upon it has proved ex
tremely useful for physics. It is all the more likely that 
it may prove worth while to pursue the problem of a 
strict causality, since this question is far from being 
settled and might prove more fruitful than any other 
question in physics. 

The question then remains how we are to reach a de-
• cision. Clearly all that we can do is to adopt one of the 

two opposite views and to see whether it leads to useless 
or to fruitful results. To this extent it is satisfactory to 
see that the physicists who interest themselves in this 
problem tend to fall into two schools, one of which tends 
toward determinism while the other tends toward inde
terminism. It would seem that at present the latter con
stitute the majority, although it is not easy to be certain 
and changes may well occur in course of time. There 
might also be room for a third party which might take 
up a kind of mediating position, treating certain con:
cepts like those of electrical attraction, or gravitation, as 
possessing an immediate significance and as being sub
ject to strict laws while assuming others, like those ?f 
the light wave or material wave, to have a merely statls• 
tical meaning for the world of the senses. Yet such a 
view might be considered unsatisfactory because of its 
lack of unity, so that for the moment I propose to leave 
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it ~side a~d to deal with the two completely consistent 
pomts of VIew. 

When~ inde~nrioi111 fi.nds that the wave functions\ 
o~ quani:um ~hys1cs are simply statistical magnitudes 
his zeal Is satisfied and he feels no impulse to ask fur
ther questions. Again, when dealing with radioactive 
processes, he is satisfied to find, e.g., that a given num
ber of atoms of any radium combination decompose on 
an average per second, and he does not ask why one 
atom happens to be decomposing now while its neigh
bor ~ay survive a thousand years. On the other hand, a 
defimte natural law like Coulomb's law of electrical at
traction is an unsolved problem for him since he cannot 
rest satisfied with Coulomb's method of expres ing the 
potentia~ and is compelled to look for exceptions. He 
rests satisfied only when he has succeeded in e tablishing 
the degree of probability that the electrical force differs 
from Coulomb's value by a certain given amount. 
. The determinist's standpoint is diametrically opposite 
m each detail; he is satisfied with Coulomb's law of elec
trical ~ttraction becau e it is entirely definite, but he 
recogmzes the wave functions as magnitudes having a 
probable value only so long as the apparatus is disre
garded by which the wave is produced or analyzed. Fur
ther, he looks for a strict law governing the relations 
between the properties of the wave functions and the 
events. in th~ bodies standing in a relation of reciprocal 
causality with the wave. For this purpose he must, of 
course, study all these bodies as well as the wave func
tion, and he must transfer not only the entire experi
mental apparatus used for the production of the material 
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wa es-high-ten ion battery, incandescent wire, and ra• 
dioactive material-but also the measuring apparatus,. 
the photographic plate, the ionization chamber, and 
Geiger's counter together with all the events occurring 
therein into his physical world image: and he must 
treat all these objects as constituting one single field of 
tudy, as a complete totality. 

Of course this does not constitute a settlement of the 
problem; the problem, on the contrary, has for the 
moment become all the more complicated. It is not 
permi ihle to cut the structure in piec nor is any 
external interference permitted under penalty of de. 
stroying its uniquen , so that a direct study of it is 
altogether impossible. On the other hand, we are now 
in a position to make certain novel hypotheses with re• 
gard to the internal events and ubsequently to check 
the consequences. The future will show whether any ad
vance is po ihle on these lines, and at the moment we 
cannot clearly see in what direction the advance is likely 
to lead. It may, however, be regarded as certain that 
Planck's constant constitutes an objecti e limit beyond 
which the physical mea uring instruments we pos ess 
cannot reach, and which will prevent us for all time 
from understanding the full causality of the most deli
cate physical proce "in themselves," i.e., apart from 
their origin and their effects. 

In a way it would seem that we have now reached the 
end of our consideration, in the course of which we 
found that a strictly causal way of looking at things
"cau l" being taken in the modified sense explained 
ahov&-is wholly compatible with modem physics al-
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though its necessity cannot be demonstrated either a 
priori or a po teriori. Yet even here an objection occurs 
cal?ulated ~o pre e~t a co?vinced determinist from being 
~ntirely satisfied with the mterp talion of causality here 
mtroduced. Indeed, the objection is more likely to ap
peal to a determinist than to other per ons. Even though 
we shoul~ succeed in developing the concept of causality 
on the Imes here described, it will permanently be 
vitiated by a grave and fundamental defect. We were 
enabled to carry through the determinis view of the 
universe only by substituting the ph ical world image 
for the immediate world of the senses. Now the world 
image is due to our imagination and is of a provi ional 
and changeable character; it is an emergency concept, 
hardly worthy of a fundamental ph ical notion, and 
the question arises whether it might be po ihle to en
d_ow _ the concept of causality with a more deep and direct 
significance by making it independent of the introduc
tion of an artificial human product. This could be done 
by applying it, not to the physical world image but im
mediately to the e perien of the world of the senses. 
W~ _shall, of course, have to maintain our original prop
?s1tion, to the effect that an event is causally determined 
1f we can accurately predict it. Otherwi e we would be 
surrendering our principle, which was to begin olely 
from actual experience. At the same time we are also 
compelled to accept our econd propo ition, which was 
that it was never po sihle to predict any event. It fol
lows, in the same way as we saw abo e, that the first 
proposition must be some hat modified if we wish to 
retain causality in nature. So far everything remains un-
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changed. The possibility now, however, arises of substi
tuting a different and in a sense a contrary modification 
for the one hitherto adopted. 

What we modified above was the object of the pre
diction, i.e., the event. What we did there was to refer 
the events not to the immediately given world of the 
senses, but to a fictitious world image, by which process 
we were enabled to achieve an exact determination of 
the events. Now it is equally possible to modify the sub
iect of the prediction, i.e., the predicting intellect. Every 
prediction implies a predicting person. In the subsequent 
argument I propose to concentrate upon the predicting 
subject and to treat the immediately given events of the 
world of the senses as object. An artificial world image 
will not be introduced at all. 

It is easy to appreciate that the accuracy of a pre
diction largely depends on the individuality of the pre
dictor. To revert to a weather forecast: it makes all the 
difference whether tomorrow's weather is foretold by 
somebody who knows nothing about the atmospheric 
pressure, the direction of the wind, and the moisture 
and temperature of the air, or by a practical farmer who 
notes all these things and has a long experience beside, 
or finally by a trained meteorologist who has weather 
charts from every part of the world, with exact data 
apart from this local information. The forecasts made 
by this series of prophets will show a diminishing degree 
of inaccuracy. That being so, we are induced to assume 
that an ideal intellect having complete knowledge of 
today's physical events in all places should be in a posi
tion to foretell tomorrow's weather with complete accu-
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racy. The same applies to every forecast of physical 
events. 

Such an assumption implies an extrapolation, a gen
eralization which can neither be proved nor disproved 
~y logical J?rocesses, and which consequently can be 
Judged, not in accordance with its truth, but only in ac
cordance with its value. From this point of view the im
possibil~ty of !oretelling an event with complete accuracy 
m any smgle instance, whether we assume the standpoint 
of classical or quantum physics, appears to be the nat
ural consequence of the fact that man with his senses 
and his apparatus is himself a part of nature to whose 
laws he is subjected. An ideal intellect is not so bound. 

It might be objected that this ideal intellect itself is 
onl! ~ product of our thoughts and that the thinking 
bram 1s composed of atoms obeying physical laws. This 
objection will not bear close investigation. It is certain' 
that our thoughts can carry us beyond any natural law 
known to us and that we can imagine connections be
tween events which go far beyond those obtaining in 
physics. If it is claimed that the ideal intellect can exist., 
only in the human brain, and would vanish with the dis
appearance of the latter, then in order to be consistent 
it would also have to be claimed that the sun and the 
whole external world in general can only exist in our 
s~~ses, since these are the only source of scientific cog
mtlon. Yet every rea onable person must be convinced 
that the sun's light would not be diminished in the least 
even if the whole of mankind were to perish. 

For ~e mu~t take care not to regard the ideal spirit 
as ranking with ourselves; we have no right to ask it 
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how it acquires the knowledge enabling it to foretell 
exactly future events, since such inquisitiveness might 
well meet with the reply: "You resemble the spirit which 
you can grasp, you do not resemble me." If the inquirer 
should remain obstinate despite this answer and should 
insist that the notion of an ideal spirit if not illogical, is 
at any rate void of content and superfluous, then we may 
fairly reply that a propo ition is not scientifically value
less merely because it lacks logical foundation, and that 
auch narrow formalism obstructs the source from which 
men like Galileo, Kepler, Newton, and many other great 
physicists drew their scientific inspiration. Consciously 
or unconsciously a devotion to science was a matter of 
faith for these men; they had an unshakeable faith in a 
rational order of the world. 

At the same time such a belief is not compulsory: we 
, cannot order men to see the truth or prohibit them from 

indulging in error. Yet the simple fact that we are en• 
abled, if only to a limited extent, to subject future nat• 
ural events to our intellectual operations, and to guide 
them in accordance with our will, would nee sarily re
main a wholly unintelligible mystery if it did not allow 
us to have, at any rate, a premonition of a certain har
mony between the outer world and the human spirit. 
Logically the extent which we attribute to the realm of 
this harmony is a question of secondary importance. The 
most perfect harmony, and consequently the strictest 
causality in any case, culminates in the assumption that 
there is an ideal spirit having a full knowledge of the 
action of the natural forces as well as of the events in 
the intellectual life of men; a knowledge extending to 
every detail and embracing present, past, and future. 
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cause every application of the law of causality to the 
will of the individual and every information gained in 
this way is itself a motive acting upon the will, so that 
the result which is being looked for is continually being 
changed. Hence it would be a complete mistake to attrib
ute the impos ihility of forecasting the subject's actions 
on purely causal lines to a lack of knowledge which 
might be overcome if the individual intelligence were 
suitably increased. Such an inference is analogous to the 
process of ascribing the impossibility of simultaneously 
determining exactly the position and the velocity of an 
electron to the inadequacy of our methods of measuring. 
The impossibility of foretelling the subject's actions on 
purely causal lines is not based on any lack of knowl
edge, but on the simple fact that no method by whose 
application the object is essentially altered can be suit
able for the study of this object. 

In consequence intellectual man can never have re
course to the principle of causality to determine his acts 
of will; for this purpose he must refer to a totally dif
ferent law, namely, the law of ethics, which is based on 
a different foundation and cannot be comprehended 
solely by scientific methods. 

Scientific thought always requires a certain distance 
and a clear separation as between the thinking subject 
and the object of his thought, and this distance is best 
guaranteed by the assumption of an ideal spirit. Now 
such a spirit can only be subject and can never be object. 

It may be said that it constitutes an unsatisfactory 
negation if we are prohibited from making the ideal 
spirit the object of our thoughts; and it may be added 
that this may be too high a price to pay for a rigorous 
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possible to continue to eliminate the question of caus
aJity in the sphere of the natural sciences. 

It is true that the law of causality cannot be demon
strated any more than it can be logically refuted: it is 
neither correct nor incorrect; it is a heuristic principle; 
it points the way, and in my opinion it is the most val
uable pointer that we possess in order to find a path 
through the confusion of events, and in order to know 
in what direction scientific investigation must proceed 

'""'\.ao that it shall reach useful results. The law of causality 
lays hold of the awakening soul of the child and compels 
it continually to ask why; it accompanies the scientist 
through the whole course of his life and continually 
places new problems before him. Science does not mean 
an idle resting upon a body of certain knowledge; it 
means unresting endeavor and continually progressing 
development toward an aim which the poetic intuition 
may apprehend, but which the intellect can never fully 
grasp. 
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to differ, it is only because they have to be. a~apted to 
the different subjects which they treat. This mner re
semblance has become more and more evident in recent 
times, to the great advantage of the wh~le ~f scien~e. 
Hence I consider myself entitled to begm with consid
erations applying to the whole of .science; al~o~gh of 
course when I pass to more particular applications I 
shall tend to confine myself to my own subjects. 

Let me begin by asking how a scientific idea arises 
and what are its characteristics. In asking these ques
tions I cannot attempt, of course, to analyze the delic~te 
mental processes taking place in the investig~tor's ~md 
and what is more, largely in his subconscious mmd. 
These processes are mysteries whi~ can he revealed 
only to a limited extent if at a~ and 1t would be equally 
foolish and rash to attempt any study of their inmost 
nature. The most that we can do is to begin with the 
obvious facts, which means that we investigate those 
ideas which have actually proved their leavening force 
for any branch of science; and this in tum means that 
we ask in what form they first occurred and what was 

their content at that time. 
The first result of such an investigation is the dis• 

covery of the following rule: any scientific idea arisin? 
in the mind of a scholar is based on a concrete exp_en• 
ence, a discovery, an observation, or a fact of any kmd, 
whether it is a physical or an astrono~ical u:ieasure• 
ment, a chemical or a biological observation, a discovery 
among the archives or the excavation of some valu~ble 
relic of an earlier civilization. The content of the •~ea 
consists in this experience being compared and .hemg 
brought into contact with certain different experience& 
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in the mind of the scholar, in other words, in the fact 
that it establishes a link between the old and the new, 
so that a number of facts which had hitherto co-existed 
loosely are now definitely interrelated. The idea becomes 
fruitful and hence attains value for science if the inter
connection thus established can he applied more gen
erally to a series of cognate facts: for the establishment 
of an interconnection creates order, and order simplifies 
and perfects the scientific view of the universe. What is 
most im~orta~t, _howe~er, is that the task of applying 
the new idea m its entirety shall lead to new questions 
and hence to new studies and to new successes. And this 
is true of the physicist's hypotheses no less than of the 
interpretations established by the philologist. 

I propose now to exemplify the above in some detail, 
and. in doing so I desire to confine myself to my own 
suh1ect of physics. The angle of vision may appear some
what restricted; on the other hand, I shall be able to 
throw a clearer light upon the subject. 

A classical example of the sudden emergence of a 
great scientific idea is found in the story of Sir Isaac 
Newton who, sitting under an apple tree, was reminded 
by a falling apple of the mo ement of the moon around 
the earth and thus connected the acceleration of the 
apple with that of the moon. The fact that these two ac
celerations are to each other as the square of the radius 
of the moon's orbit is to the square of the earth's radius, 
suggested to him the idea that the two accelerations 
might have a common cause and thus provided him with 
a foundation for his theory of gravitation. 

Similarly, James Clerk Maxwell, on comparing the 
strength of a current measured electromagnetically with 
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passing, was considered irrelevant by the energetist 
school and was passed over in silence. 

I myself experienced during the eighties and nineties 
of the last century what are the feelings of a student who 
is convinced that he is in possession of an idea which is 
in fact superior, and who discovers that all the excellent 
arguments advanced by him are disregarded simply be
cause his voice is not powerful enough to draw the at
tention of the scientific world. Men having the authority 
of Wilhelm Ostwald, Georg Helm, and Ernst Mach were 
simply above argument. 

The change originated from a different side alto• 
gether: atomism began to make itself felt. The atomic 
idea is extremely old; but its first adequate formulation 
took shape in the kinetic gas theory which originated 
more or less contemporaneously with the discovery of 
the mechanical heat equivalent. The energists at first 
opposed it vigorously, and it led a modest existence; 
toward the end of last century, however, experimental 
investigation led to its rapid success. According to the 
atomist idea the transference of heat from the hotter 
to the colder body does not resemble the falling of a 
weight; what it resembles is a mixing process, as when 
two different kinds of powder in a vessel, having first 
constituted different layers, eventually mingle with each 
other if the vessel is continually shaken. If this happens 
the powder does not oscillate between a state of complete 
mixture and complete isolation of the constituent pow
ders; what happens is that the change takes place once 
in a certain sense, viz., in the direction toward complete 
mixture, and is then at an end: the process is an irre
versible one. Seen in this light the second principle of 
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thermodynamics is found to be of a statistical nature: 
it states a probability: the arguments supporting this 
view and indeed raising it beyond any doubt have been 
well stated by my colleague Max von Laue. 

The historical development here described may well 
serve to exemplify a fact which at first sight might appear 
somewhat strange. An important scientific innovation' 
rarely makes its way by gradually winning over and 
converting its opponents: it rarely happens that Saul 
becomes Paul. What does happen is that its opponents 
gradually die out and that the growing generation is 
familiarized with the idea from the beginning: another 
instance of the fact that the future lies with youth. For / 
this reason a suitable planning of school teaching is one 
of the most important conditions of progress in science., 
Accordingly, I should like here briefly to deal with this 
point. 

What is learned at school is not as important as how 
it is learned. A single mathematical proposition which 
is really understood by a scholar is of greater value 
than ten formulas which he has learned by heart and 
even knows how to apply, without, however, having 
grasped their real meaning. The fuoction of a chool 
is not so much to teach a bu inesslike routine as to incul
cate logical and methodical thought. It may he objected 
that ultimately it is the ability to do things rather than 
knowledge that matters; and it is true that the latter is 
valueless without the former, just as any theory is ulti
mately important only by reason of its particular appli
cations. Yet routine can never be a substitute for theory, 
for in any cases that fall outside the rule, routine breaks 
down. Hence the first requisite, if good work is to be 
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done, is a thorough elementary training; and here it is 
not so much the quantity of facts learned as the manner 
of treatment that matters. Unless this preliminary train
ing is acquired at school, it is hard to obtain it at a later 
stage: training colleges and universities have other tasks. 
For the rest, the last and highest aim of education is 
neither knowledge nor the ability to do things, but prac
tical action. Now practical action must be preceded by 
the ability to act, and the latter in tum demands knowl
edge and understanding. The present age, which lives at 
such a rapid rate, and shows so much interest for every 
innovation having an immediate sensational effect, pro
vides us with instances where scientific training tends 
to anticipate certain exciting results before they have 
properly ripened; for the public is favorably impressed 
if the curriculum of an intermediate school already con
tains modern problems of scientific investigation. Yet 
such a practice is exceedingly dangerous. The problems 
cannot possibly be dealt with thoroughly, and the conse
quence may easily be to induce a certain intellectual 
superficiality and empty pride in knowledge. I should 
consider it extremely dangerous if the intermediate 
schools were to deal with the theory of relativity oi'lhe 
quantum theory. Specially gifted scholars always re
quire exceptional treatment; but the curriculum is not 
designed for such, and I would definitely condemn any 
attempt to take such a question as that of the universal 
validity of the principle of the preservation of energy
which, of course, today is seriously regarded as an open 
one in nuclear physics-and to treat it as debatable be
fore pupils who cannot have properly grasped the mean-
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ing of the principle involved, much less its potential 
scope. 

The results of such an up-to-the-minute method of 
teaching become all too plain when we consider the 
way in which the breakdown of the exact sciences is 
occasionally spoken of today. It is characteristic of the 
prevalent confusion that there are numbers of inventive 
minds busying themselves today upon devices which aim 
at the unlimited production of energy of the utilization 
of the fashionable mysterious earth rays. And it is even 
more surprising that credulous persons provide ample 
funds for such inventors, while really valuable and 
hopeful scientific investigations are hampered or actu
ally stopped by lack of means. A thorough school train
ing might here prove a u eful remedy, and this would 
apply to the patrons no less than to the inventors. 

After this educational digression I should like briefly 
to deal with another physical idea whose varying fate 
may prove even more instructive than the changes under
gone by the theory of heat. What I have now in mind is 
the idea of the nature of light. 

The study of the nature of light began with the meas
urements of the speed of light The idea which led New
ton to his emanation theory established a comparison 
between a ray of light and a jet of water; the velocity 
of light was compared with the velocity of particles of 
water flying in a straight line. This hypothesis, howe er, 
failed to give an account of the phenomenon of light 
interference, i.e., of the fact that two rays of light meet
ing at a point can in certain circumstances produce dark
ness at this point Accordingly the emanation theory was 
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