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PREFACE

BY

ALBERT EINSTEIN

ANY kinds of men devote themselves to

Science, and not all for the sake of Science
herself. There are some who come into her temple
because it offers them the opportunity to display their
particular talents. To this class of men science is a kind
of sport in the practice of which they exult, just as an
athlete exults in the exercise of his muscular prowess.
There is another class of men who come into the
temple to make an offering of their brain pulp in the
hope of securing a profitable return. These men are
scientists only by the chance of some circumstance
which offered itself when making a choice of career.
If the attending circumstance had been different they
might have become politicians or captains of business.
Should an angel of God descend and drive from the
Temple of Science all those who belong to the cate-
gories I have mentioned, I fear the temple would be
nearly emptied. But a few worshippers would still
remain—some from former times and some from ours.
To 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
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obvious that if the men who have devoted themselves
to science consisted only of the two categories I have
mentioned, 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 favour with
the angel. For the most part they are strange, taciturn
and lonely fellows. Yet, in spite of this mutual resem-
blance, 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. Personally I am inclined to agree with
Schopenhauer in thinking that one of the strongest
motives that lead people to give their lives to art and
science is the urge to flee from everyday 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 environment.

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 some sort of tangible expression to
what the human mind sees in nature. That is what
the poet does, and the painter, and the speculative
philosopher and the natural philosopher, each in his
own way. Within this picture he places the centre of
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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 personal reactions to
everyday 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 theo-
retical 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
processes that are open to our sensory experience,
because the more complex processes cannot be repre-
sented by the human mind with the subtle exactness
and logical sequence which are indispensable for the
theoretical physicist.

Even at the expense of completeness, we have to
secure purity, clarity and accurate correspondence
between the representation and the thing represented.
When one realizes how small a part of nature can thus
be comprehended and expressed in an exact formula-
tion, while all that is subtle and complex has to be
excluded, it is only natural to ask what sort of attrac-
tion this work can have? Does the result of such
self-denying selection deserve 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 to be taken into consideration in studying



12 WHERE 1S SCIENCE GOING?

even the simplest events in nature. If they were fully
known one ought to be able to deduce from them by
means of purely 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 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
discovery 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 Einfueklung is developed by
experience. Can one therefore say that any system of
physics might be equally valid and possible? Theo-
retically there is nothing illogical 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 system of physics is dependent upon and
controlled by the world of sense-perception, though
there is no logical way whereby we can proceed from
sensory perception to the principles that underlie the
theoretical structure. Moreover, the conceptual syn-
thesis which is a transcript of the empirical world may
be reduced to a few fundamental laws on which the
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whole synthesis is logically built. In every important
advance the physicist finds that the fundamental
laws are simplified more and more as experimental
research advances. He 1is astonished 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 expressed this
quality by calling it a pre-established harmony.

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 appreciate the physicist’s longing
for perception of this pre-established harmony. This
longing has been the inexhaustible source of that
patience and persistence with which we have seen
Planck devoting himself to the most ordinary questions
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
personal 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.
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I am sure Max Planck would laugh at my childish
way of poking around with the lantern of Diogenes.
Welll why should I tell of his greatness? It needs no
paltry confirmation of mine. His work has given one
of the most powerful of all impulses to the progress
of science. His ideas will be effective as long as
physical science lasts. And I hope that the example
which his personal life affords will not be less effective
with later generations of scientists.



INTRODUCTION

MAX PLANCK
A BIOGRAPHICAL SKETCH

BY
JAMES MURPHY

NE day in June 1932 I paid a visit to Albert
Einstein at his summer home in Caputh, some
fifteen miles west of Berlin. We had a long-drawn-out
tea together on a multitude of topics, from the chances
of the various political parties at the coming election
to the chances of somebody finally discovering a
simple formula for the unification of all physical laws.
The house is pitched high on a terraced slope and
overlooks a beautiful lake. Level with the upper story
there is a veranda which is like the spacious platform
of an observatory station. And there is a telescope with
which Einstein amuses himself by gazing on the stars.
When dusk came on, and the blazing sunlight that
had been beating on the lake all day was turning to
a mellow glow, we went for a stroll on the veranda
to watch the sunset and while away the time until the
evening meal would be ready. Within doors the
political crisis had been the central topic of conversa-
tion; but here, amid the natural harmony of lake and
forest and sinking sun, a higher theme made its
appeal.
The name of Max Planck came into our talk, and
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the various philosophical problems which quantum
physics have given rise to. To my more sweeping
generalities Einstein would most invariably reply
“Nein, das kann man nicht sagen.” But when I put
forward something more qualified he would reflect
for a while and say “Ja, das kinnen Sie sagen.” We
were agreed, I think, that though the relativity theory
has captured the imagination of the world, the quantum
theory has been a more fundamental force in bringing
about the modern revolution in scientific thought.

While we were on this point I asked Einstein to
write me an introduction for a book of essays by
Planck, to be published in English. Einstein shied at
the suggestion. He said that it would be presumptuous
on his part to introduce Max Planck to the public;
for the discoverer of the quantum theory did not need
the reflected light of any lesser luminary to show him
off. That was Einstein’s attitude towards Planck,
expressed with genuine and naive emphasis.

I explained that the book in question would be for
the general public and that, though the name of
Planck is a household word in Germany and with
scientists all the world over, he is not so popular in
English-speaking countries as the founder of the
relativity theory. Einstein did not consider this a very
regrettable circumstance. He would have been pleased
if the truth were the other way round. But my point
was that it is a good rule of logic to define the less
known through the better known, no matter what the
objective merits of the one or the other may be. He
submitted to the force of this argument and agreed to
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a short introduction but insisted that it must be short,
for anything long would be pretentious.

The present chapter is not an enlargement on
Einstein’s introduction. It is meant rather to be a
biographical sketch of a purely objective kind. My
first task here is to indicate the place which the author
of the following chapters holds in the modern develop-
ment of physical science. Then I shall endeavour to
describe for the reader, as simply and as vividly as
I can, the personality of Max Planck—his scientific
career, his attitude towards the function of theoretical
physics as an intellectual force in the modern everyday
world, his philosophy of life, his contemporary activities
as a citizen and man of learning, and finally, his place
and prestige among his own people.

The first part of this task will be best discharged if
I leave it to a few leaders amongst Planck’s colleagues
to define the place he holds in the general picture of
modern scientific progress.

What significance has the name of Max Planck in
the history of Physics? The answer to that question
can be indicated by pointing to the position which
a portrait of Max Planck would occupy in a pictorial
representation illustrating the development of science.
At the end of a long gallery there is a turning and a
wide space or angle of the wall. On that space the
portrait of Max Planck hangs, with one hand taking
grateful leave of the classical past and the other
pointing to a new corridor where the paint is hardly
yet dry on the portraits that hang there—Einstein,
Niels Bohr, Rutherford, Dirac, Eddington, Jeans,
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Millikan, Wilson, Compton, Heisenberg, Schroed-
inger, etc., etc. Sir James Jeans, in his popular little
book The Mpysterions Universe, describes the position
thus:T

“At the end of the nineteenth century it first became
possible to study the behaviour of single molecules,
atoms and electrons. The century had lasted just long
enough for science to discover that certain phenomena,
radiation and gravitation in particular, defied all
attempts at a purely mechanical explanation. While
philosophers were still debating whether a machine
could be constructed to reproduce the thoughts of
Newton, the emotions of Bach or the inspiration of
Michelangelo, the average man of science was rapidly
becoming convinced that no machine could be con-
structed to reproduce the light of a candle or the fall
of an apple. Then, in the closing months of the
century, Professor Max Planck of Berlin brought
forward a tentative explanation of certain phenomena
of radiation which had so far completely defied
interpretation. Not only was his explanation non-
mechanical in its nature; it seemed impossible to
connect it up with any mechanical line of thought.
Largely for this reason, it was criticized, attacked and
even ridiculed. But it proved brilliantly successful,
and ultimately developed into the modern ‘quantum
theory,” which forms one of the dominating principles
of modern physics. Also, although this was not ap-
parent at the time, it marked the end of the mechanical
age in science, and the opening of a new era.”

1 The Mysterious Universe, 1932 edition, pp. 16 and 17.
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Another British scientist, Lord Rutherford, gives
the following estimate of his German colleague:

“The name of Planck is a household word among
the scientific men of all countries and all unite in their
admiration for his great and enduring contributions
to Physical Science.

It is difficult to realize to-day, when the quantum
theory is successfully applied in so many fields of
science, how strange and almost fantastic this new
conception of radiation appeared to many scientific
men thirty years ago. It was difficult at first to obtain
any convincing proof of the correctness of the theory
and the deductions that followed from it. In this
connection I may refer to experiments made by
Professor Geiger and myself in 1908. On my side,
the agreement with Planck’s deduction of e (e is the
elementary electric charge and the wvalue is expressed in
electrostatic units) made me an early adherent to the
general idea of a quantum of action. I was in conse-
quence able to view with equanimity and even to
encourage Professor Bohr’s bold application of the
quantum theory propounded by Planck.”r

The significance of Planck’s achievement is thus
described by Niels Bohr, the famous Danish physicist:

“Scarcely any other discovery in the history of
science has produced such extraordinary results within
the short span of our generation as those which have
directly arisen from Max Planck’s discovery of the
elementary quantum of action. This discovery has
been prolific, to a constantly increasing degree of

t Die Naturwissenschaften, Vol. 26, p. 483.
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naturally blended together into a common harmony
without thereby losing their individual fertility. For
having placed in our hands the means of bringing
about these results the discoverer of the quantum
theory deserves the unqualified gratitude of his
colleagues!” 1

One name more will be sufficient to add to this
distinguished list. It is that of Professor Heisenberg,
the Leipzig physicist, who is the founder of the now
popular Theory of Indeterminacy. Heisenberg writes
as follows:

“In 1900 Max Planck published the following
statement: Radiant heat is not a continuous flow and
indefinitely divisible. It must be defined as a discontinuous
mass made up of units all of which are similar to one
another.

At that time he could scarcely have foreseen that
within a span of less than thirty years this theory,
which flatly contradicted the principles of physics
hitherto known, would have developed into a doctrine
of atomic structure which, for its scientific comprehen-
siveness and mathematical simplicity, is not a whit
inferior to the classical scheme of theoretical physics.’

Let us come now to the personal story of Max Planck
himself. He was born at Kiel, Germany, on April 23,
1858. His father was Professor of Constitutional Law
at the University and was afterwards transferred to
Goettingen in the same capacity. The chief work
whereby his name is known is the Prussian Civil Code,

' Die Naturavissenschaften, Vol. 26, p. 483. 2 Jbid., p. 490.
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of which he is co-author. It is often said that the great
physicist has inherited certain qualities from his
father, especially the juridical faculty of sifting
experimental evidence, disentangling the significant
from the meaningless and probing to the absolute
values hidden beneath the relative. He has also a
faculty for constructive clarity in building up a mathe-
matical synthesis. But perhaps the most striking
quality which he has derived from his early family
associations is shown in his attitude towards physical
science as a branch of human culture, forming an
integral part with the other branches of human learning
and exercising its influence on the destiny of humanity
not merely in a material way but even more deeply in
a spiritual way.

When Max Planck was seventeen years old he
entered the University of Munich, taking physics as
his chief subject. Three years later he went to Berlin
to complete his course at the University there. At
that time Helmholtz and Kirchhoff were the leading
scientific lights of the Prussian Capital. Kirchhoff was
Professor of Physics at the University and young
Planck read under him there, also attending the
lectures of Helmholtz and Weierstrass. He always
asserts that Kirchhoff was responsible for his keen
interest in thermodynamics, especially the famous
Second Law. It was on this subject that Max Planck
wrote his treatise for the doctorate, which he presented
at the University of Munich a year later, in 1879,
when he received the doctorate Summa cum Laude.
The treatisc was entitled De secunda lege fundamentale
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doctrinae mechanicae caloris. Perhaps I ought to explain
here that in qualifying for the taking of degrees all
universities in Germany are treated as one. A student
may take part of his course in one university and part
in another; so that, in case he should wish to follow
some special line of work in which there is an eminent
professor in some university away from his home town,
he can attend there and indeed make the rounds of all
the eminent professors if he likes, from one university
to another. The sum-total will be credited to him as if
he had studied at the one university all along.

Having received his doctorate, Max Planck became
a Privat Dozent at Munich University. The Privat
Dozent is a university lecturer who receives fees but
no salary. In 1885 Planck was appointed Professor
of Physics at the University of Kiel and in 1889 he
came to Berlin as Professor Extraordinarius there.
In 1892 he was appointed full professor in succession
to Kirchhoff at the University of Berlin. In 1912 he
became Permanent Secretary to the Prussian Academy
of Science. In 1919 he received the Nobel Prize for
Physics. And in 1926 he became Professor Emeritus,
Schroedinger succeeding him in the Berlin Chair of
Theoretical Physics. In 1930 Adolf Harnack died and
Max Planck was elected President of the Emperor
William Society for the Advancement of Science,
which is the highest academic post in Germany.

What was it that first put Planck on the trail of the
quantum? That would be a rather long story to tell;
for the telling of it would involve an account of the
various attempts that were being energetically made
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towards the end of the last century to solve the spec-
troscopic riddle of heat radiation. As this expression
may not convey a very clear idea to the mind of the
average reader, it will be well to explain it a little.

Everybody is acquainted with the solar spectrum,
which results in the breaking up of white light by
passing it through a prism, thus producing a spectrum
of coloured rays which group themselves on the screen
and run continuously from red to violet. Newton was
the first to handle the phenomenon in a scientific
manner, and this led to the great problem of the nature
of light itself. In the case of heat radiation we have
a corresponding phenomenon. Sir William Herschel
was the first to show that the solar spectrum is not
confined to that part which is visible to the eye, from
the red to the violet. In 1800 he discovered that there
are infra-red solar rays. By applying a thermometer to
the successive colours he discovered an uneven distri-
bution of heat in the solar spectrum, the heat being
greatest below the red. This inequality had never
previously been suspected.

Now it is a matter of everyday experience that a
body when moderately heated gives out an invisible
radiation. The frequency of the undulations is too low
to influence the eye. As the temperature is gradually
increased, in a piece of iron for instance, one might
expect that violet rays would first be perceptible, as
these have the minimum wave-length which is necessary
to stimulate the sense of sight. But that is not what
happens. The light is at first dull red, then bright red,
and finally becomes glowing white. Now the question
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here is, how does the intensity of the rays of different
frequency change with the rising temperature? This
is what is called the problem of the spectral distribu-
tion of radiation for different temperatures. It is the
problem to which Max Planck devoted the first twenty
years of his academic career. In his address before the
Royal Swedish Academy of Science in Stockholm, on
the occasion of receiving the Nobel Prize, he said:

“Looking back over the past twenty years to the
time when the idea of the physical quantum of action,
and the measurement of it, first emerged into definite
shape from a mass of experimental facts, and looking
back beyond that over the long and labyrinthine path
which finally led to the discovery, I am vividly
reminded of Goethe’s saying that men will always be
making mistakes as long as they are striving after
something. During such a long and difficult struggle
the researcher might be tempted again and again to
abandon his efforts as vain and fruitless, except that
every now and then a light strikes across his path
which furnishes him with irrefutable proof that, after
all his mistakes in taking one by-path after another,
he has at least made one step forward towards the
discovery of the truth that he is seeking. The steadfast
pursuance of one aim and purpose is indispensable to
the researcher and that aim will always light his way,
even though sometimes it may be dimmed by initial
failures.

The aim which I had for so long before my mind
was the solution of the distribution of energy in the
normal spectrum of radiant heat. Gustav Kirchhoff
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had shown that the nature of heat radiation is com-
pletely independent of the character of the radiating
bodies. This pointed to the existence of a universal
function which must be dependent exclusively on
temperature and wave-length but in no way dependent
on the properties of the substance in question. If this
remarkable function could be discovered it might give
a deeper understanding of the relationship between
energy and temperature, which forms the main
problem of thermodynamics and consequently of
molecular physics as a whole. At that time no way
suggested itself of discovering this function except to
select from the various bodies in nature certain kinds
of bodies whose capacities for emitting and absorbing
heat are known and then to calculate the heat radia-
tion when the exchange of temperature is stationary.
According to Kirchhoff’s theory, this must be inde-
pendent of the nature of the body itself.”

He then traced in a modest and objective way the
rocky road that he had followed, the slips and falls by
the wayside, the discouragement, but always the
persistent effort and the determination to win through.
Finally the goal was reached, after a long journey of
twenty years.

Planck first presented the results of his discovery
in a communication to the German Physical Society,
on December 14, 1900. His paper was entitled *“On
the Distribution of Energy in a Normal Spectrum.”
The discovery of the function mentioned above had
been arrived at in the shape of a formula for measuring
radiant energy. He had experimented with what is
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known as cavity radiation. This means that he heated
a hollow body to incandescence and allowed a beam
of radiation to issue through a small opening and
analysed the beam in the spectroscope. In this way
it was found that radiant energy is not a continuous
fow. It is emitted in integral quantities, or quanta,
which can be expressed in integral numbers. In other
words, the measurement always results in integral
multiples of Av, where v is the frequency and
k is a universal constant, now known as Planck’s
constant. His greatest triumph of technical skill
was in deducing the value of this constant to
be 6-55 X 10-% erg-seconds. No radiation can be
emitted unless it is of at least that amount or an
integral multiple thereof. That is to say, our stove
cannot give us any heat until it has accumulated at
least that amount. Then it will not increase the
radiation of its heat until it accumulates another
integral packet which is exactly double that amount,
and so on. We can have 2 Av and 3 Av and 4 % v; but
we cannot have any fractional parts of % v. This involved
a revolutionary concept for radiation of heat, and the
concept was eventually shown to extend to all radiation
and finally to the interior structure of the atom itself.

It soon became evident that Planck had brought to
light something that not merely explained the puzzle
of the spectrum of radiant heat but something that
is universally fundamental in nature. This was shown
by the gradual application of his theory in all direc-
tions. Within a few years after its promulgation
Einstein applied the quantum theory to explain the
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It is not the place here to attempt an explanation
of the scientific aspects of the quantum theory. The
reader will find several popular accounts—some of
them perhaps all too popular—of Planck’s revolu-
tionary theory in various books on modern science.
My task here is rather to indicate the source from
which the material of this book has originated and try
to explain why it is that Planck has felt the need to
assert himself so strongly in dealing with certain
philosophical aspects of contemporary science. Most
of the essays here—the discussion on positivism and
the discussion on determinism and free will—are
outside the sphere of pure physics. Why is it that the
doyen of German physicists has felt himself called upon
to take so strong a stand?

A great deal has been written about the philosophical
implications of the quantum theory. Some of the
physicists declare categorically that the development
of the quantum theory has led to the overthrow of the
principle of causation as an axiom in scientific
research. Sir James Jeans puts this side of the question
as follows:

“Einstein showed in 1917 that the theory founded
by Planck appeared, at first sight at least, to entail
consequences far more revolutionary than mere
discontinuity. It appeared to dethrone the law of
causation from the position it had heretofore held as
guiding the course of the natural world. The old
science had confidently proclaimed that nature could
follow only one road, the road which was mapped out
from the beginning of time to its end by the continuous
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chain of cause and effect; state A was inevitably
succeeded by state B. So far the new science has only
been able to say that state A may be followed by
state B or C or D or by innumerable other states. It
can, it is true, say that B is more likely than C, Cthan
D, and so on; it can even specify the relative proba-
bilities of states B, Cand D. But, just because it has to
speak in terms of probabilities, it cannot predict with
certainty which state will follow which; this is a
matter which lies on the knees of the gods—whatever
gods there be.”s

Further on Sir James Jeans states:

“Or again, to take another analogy, it is almost as
though the joints of the universe had somehow worked
loose, as though its mechanism had developed a
certain amount of ‘play,” such as we find in a well-
worn engine. Yet the analogy is misleading if it
suggests that the universe is in any way worn out or
imperfect. In an old or worn engine, the degree of
‘play’ or ‘loose jointedness’ varies from point to
point; in the natural world it is measured by the
mysterious quantity known as ‘Planck’s constant 2,’
which proves to be absolutely uniform throughout the
universe. Its value, both in the laboratory and in the
stars, can be measured in innumerable ways, and
always proves to be precisely the same. Yet the fact
that ‘loose jointedness,’ of any type whatever, pervades
the whole universe destroys the case for absolutely strict
causation, this latter being the characteristic of perfectly
fitting machinery.” 2
t The Mysterious Universe, 1932, pp. 17 and 18. 2 lbid., p. 24.
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The italics are mine. Sir James Jeans’s assertion is
illustrative of an attitude that is fairly common among
modern physicists. But it is an attitude to which
Planck is stoutly opposed. Scientifically considered, it
is premature; and, logically considered, it is too much
of a jump towards a sweeping conclusion. Planck
would claim, and so would Einstein, that it is not the
principle of causation itself which has broken down in
modern physics, but rather the traditional formulation
of it. The principle of causation is one thing; but the
way in which it was formulated by Aristotle and the
Scholastics and Newton and Kant is quite another
thing. As applied to happenings in nature, whether
in the sphere of mind or of matter, the traditional
formulation must be considered rather too rough-and-
ready. In the discussion appended to this book the
latter point will be examined somewhat more sharply.
What is of chief interest here is to ask why Planck
considers the causal controversy of so much impor-
tance that he spends a considerable portion of his time
to-day—and he is a very busy man—in the delivery
of lectures and the writing of essays on it. Why does
he assert himself so emphatically on this point? The
answer cannot be that he is a stickler for the authority
of tradition; because, as a matter of fact, he has headed
the greatest revolt in modern science. The answer
therefore must be looked for in a different direction.

At the present time there is a wave of public
interest in physical science. It arose immediately
after the war and shows no signs of receding. This is
undoubtedly due to the fact that physical science is
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the most vital expression of the higher activities of
human thought to-day. Moreover the metaphysical
content of the higher speculations in theoretical physics
seems to be the favourite modern pabulum for the
soul-hunger which was formerly appeased by the
ideals of art and religion. From many points of view,
this may be a fortunate thing; but from other points
of view it may be a misfortune, especially from the
scientific point of view. Edwin Schroedinger has
recently published a brilliant essay (Is¢ die Natur-
wissenschaft Milieubedingt? Barth, Leipzig, 1932) in
which he suggests that physical science has fallen a
victim to the Zeitgeist. To-day the Umsturzbediirfnis
(The need for something radically different from the
established order) is a universal feature of our civiliza-
tion. The authority of tradition is a drawback rather
than a recommendation in the case of principles or
methods hitherto dominant in art or music or even
politics and business. And we find this same devaluation
influencing scientific ideas. When Einstein promul-
gated his relativity theory much of the enthusiasm with
which it was proclaimed was associated with the
impression that it constituted a complete overthrow of
Newtonian doctrines; whereas, as a matter of fact,
relativity is an expansion and refinement of Newtonian
physics. And so when Heisenberg proclaimed his
Principle of Indeterminacy it was almost immediately
interpreted, even among physicists themselves, as
definitely effecting an overthrow of the causation
principle. As a matter of fact, we have no means
whatsoever of proving or disproving the existence of
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causation in the external world of nature., And the
aim which Heisenberg had before his mind in formu-
lating the Principle of Indeterminacy was to find a rule
whereby we can deal with minute processes in natural
phenomena, such as those in which the elementary
quantum of action is involved. Here the causal
principle is not applicable. That is to say, we cannot
estimate simultaneously both the velocity and position
in time-space of a particle and say where it will be a
moment hence. But this does not mean that the causal
sequence is not actually verified objectively. It means
that we cannot detect its operation; because, as things
stand to-day, our research instruments and our mental
equipment are not adequate to the task. The Principle
of Indeterminacy is in reality an alternative working
hypothesis which takes the place of the strictly causal
method in quantum physics. But Heinsenberg himself
would be one of the first to protest against the idea
of interpreting his Principle of Indeterminacy as
tantamount to a denial of the principle of causation.
Why is it then that this hasty conclusion is so much
in vogue? It is probably due to two things: First the
Zeitgeist. The spirit of the age does not want to be
considered the heir of the old order and wishes to
consider itself free from all laws handed down through
the authority of tradition. Secondly, the standardization
of modern life, with its mass production and high-
powered salesmanship and advertisement and transport
and mass housing and insurance undertakings, etc.,
has evolved a system of statistical rules which are true
when masses of events are concerned, though they
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are not at all applicable to the individual. People call
this the principle of statistical causality. Physicists
have brought it over into their science and often speak
of it as the opposite of strict causation in the classical
sense. They speak of statistical causation as opposed
to dynamical causation. But, as a matter of fact,
statistical causality and even what are called the laws
of probability are all based on the presupposition of
strict causation in the individual cases dealt with.
According to the statistical causality principle of
insurance companies, so many thousand people die
of certain diseases in the year, at certain ages and in
certain professions. It is on the basis of these statistics
that insurance policies are drawn up. But these
statistics have nothing to do with the actual cause of
death in the case of the individual insured.

Now, anybody who has the interests of his own art
or science at heart will strive to protect it against
adulteration through the intrusion of principles and
methods which are foreign to it. That is exactly
Planck’s position in regard to physical science. If we
are living at a time that is breaking away from the old
political and social traditions, this is fundamentally
because the old traditions are not suitable to the
changed economic, and therefore social, order in
which we live. But scientific research is something
that has to be carried on apart from the changing
circumstances of human existence. It is natural, of
course, that the public mind should turn to that
branch of our spiritual culture which is the most vital
to-day, namely physical science, and seek in it a
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point d’appui for the general world-outlook. But this
very fact alone, flattering as it may be for the individual
scientist, endangers the integrity of the science in
question.

It is from this source that Planck’s interest in the
causality controversy arises. And it is in this light too
that we are to view his attitude towards the positivist
thesis. The undue popularization of physical science
has probably tempted some physicists hastily to build
up a theoretical structure wherein the public mind may
find a congenial object of awe and wonderment and,
in a sense, worship, such as in former days was sup-
plied by the mysteries of religion. This may explain
that phase of modern theoretical science which
somewhat resembles the sophist phase into which
Greek philosophy degenerated and which also charac-
terized the decadence of the scholastic movement.
It was this latter decadence that instigated the found-
ing of the empiricist school in England at the time of
Locke, for the purpose of reconstructing a reliable
basis of philosophic thought. We have a similar
movement in physical science to-day, with a similar
purpose in view. There are some physicists who would
reduce the scope of physical science to a bald descrip-
tion of the events scientifically discovered as occurring
in nature, and would entirely exclude all theory and
hypothesis-building. Planck feels that this restriction
of scope is anti-scientific and very much to the detri-
ment of physics. That is why he is so stoutly opposed
to it. As the doyen of international physicists he feels
within his rights in taking up the cudgels against
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Sommerfeld tells a story about Planck that is illus-
trative of the unselfish and modest manner in which
he is always ready to collaborate with his colleagues.
Sommerfeld was once engaged on some research
concerning what is known as Phase-space in atomic
physics. He wrote to Planck for assistance, and Planck
immediately placed at his disposal the results of
his own experiments in the same field. Sommerfeld
fell into a poetical strain and sent a couplet to Planck
in which he explained that he himself was only putting
forth a humble endeavour to gather a few flowers in
the great new land of quantum physics which Planck
had turned from an unknown wilderness into arable
ground.

Der sorgsam urbar macht das nese Land
Dieweil ick kier und da ein Blumenstracuschen fand.

To this delightful compliment Planck replied with a
quatrain in a still more gentle spirit.

Was Du gepfineckt, was ich gepflueckt
Das wollen wir verbinden,

Und weil sich eins zum andern schick:
Den schoensten Kranz draus winden.

(What you have picked and I have picked,
These we shall bind together.

Entwining thus a fair bouquet

From gifts we send each other.)

In the modest little account which Planck gave of
himself before the Royal Swedish Academy on the
occasion of receiving the Nobel Prize, he mentioned
a tragedy which has afflicted his family life. This was
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the loss of his two daughters, both of whom died soon
after marriage, one might almost say in their bridal
robes, and the loss of a very gifted son in the war.
Another son was wounded but has survived and is
now a Minister in the von Papen Cabinet.

When conversing with Planck even on scientific
subjects one often feels that this tragedy of his children
has made a deep impress on his soul. The memory of
it seems to evoke a certain wistful quality which is
profound in his nature and gives it the warmer glow
that one is inclined to call mystic. And indeed, though
a scientist and a perfectly practical man of the world
and an up-to-date gentleman in manner and dress and
also a sportsman, who climbed the Jungfrau to cele-
brate his seventy-second birthday a few years ago—
still one often thinks of him in conjunction with
Beethoven, I don’t know why, and one remembers
that at the beginning of Planck’s career there was a
question whether he would develop the musical side
of his genius or the scientific side. He developed the
latter. But he could not develop the one without
enriching the other also, because the pursuit of
theoretical science demands as its first prerequisite
the constructive imagination of the artist. And the
constant seeking after nature’s harmonies responds to
the longing for musical expression. Anyhow it is a
significant fact that the two greatest scientists in
Germany, Einstein and Planck, are musicians also.

On visiting his home in the Wangenheimer Strasse,
Berlin, and chatting with him in that big room which
is at once his reception parlour and study, I often
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think that his own private trials have been sublimated
by the tragedy of his country, and this in its turn
sublimated by the universal tragedy of the modern
world. For on this he broods more than most busy
men do. But the moment the first cloud of depression
shows itself he counters it with his favourite motto
Man muss optimist sein. We must be optimists. He has
said that the inscription on the gate of the temple of
science indicating the condition on which alone her
devotees may enter, is: Ye must have Faith. Running
through all his work and all that he has said or says
there is always this golden thread of a living faith in
the ultimate purposes of creation.






WHERE IS SCIENCE GOING?

CHAPTER 1

FIFTY YEARS OF SCIENCE

ERE 1 shall give a short sketch of physical

science in Germany during the period of my
own active work in that field. For the sake of clarity
it will be better if we ignore the chronological sequence
of events and try to trace the main lines along which
the various specific groups of ideas have developed.
While doing this I shall take into account also the
co-operative work done by scientists in other countries.
And if 1 mention certain names, while leaving out
many others quite as eminent if not more so, these
names will be cited merely as landmarks to indicate
a particular stage or turning-point, without any sug-
gestion whatsoever of making a personal valuation of
the work done by the scientist mentioned.

Let us take the year 1880 as our starting-point.
At that time four great names shone out above all
others to illuminate the direction along which physical
inquiry was advancing. These were: Hermann von
Helmholtz, Gustav Kirchoff, Rudolf Clausius and
Ludwig Boltzmann. The two former were the chief
luminaries in the contiguous provinces of mechanics
and electrodynamics, while the two latter were pro-
minent in the associated spheres of thermodynamics
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and atomic physics. But there was really no dividing
space between the activities of those four pioneers.
They represented a concept of the physical universe
which was common to them all and towards which
their attitudes were in the closest harmony. That
common concept rested on a twofold foundation. One
part of the foundation consisted of Hamilton’s Prin-
ciple of Least Action, which includes the Principle
of Conservation of Energy. The second part of the
foundation represented the Second Law of Thermo-
dynamics.

At that time it was considered by all physicists as
practically certain that any subsequent development
in theoretical physics must necessarily be in the direc-
tion of working out those two universal principles to
their final conclusion and application. Nobody then
dreamt that within a short period of time the two
principles which stood so proudly alone in supporting
the structure of physical science would have to take
other principles into partnership on an independent
and equal footing.

The advent of these new principles was already
foreshadowed in some of the ideas put forward by
the older pioneers whom I have mentioned and also
in the tendencies of those who then represented the
rising generation. Heinrich Hertz was the most out-
standing among the latter. He stands at the opening
of the new era and it would be impossible to over-
estimate his services to the cause of modern physics.
Unfortunately his work was cut short by an early
death, at the age of thirty-four, while he was still
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active as Professor of Theoretical Physics at the
University of Bonn. Despite his epoch-making dis-
covery of the propagation of electromagnetic waves
through a vacuum, Hertz was not the founder of a
new scientific doctrine. What he achieved was to
bring an already existing theory to its completion,
for he finally established the Maxwell theory of light
and thus displaced all the various other theories which
for a long time had been struggling against one
another for precedence in the field of electrodynamics.
By reason of these achievements Hertz must be
credited with the accomplishment of a very important
advance towards the unification of theoretical physics,
for he thus brought optics and electrodynamics under
the one doctrinal discipline.

His last work was the simplification of Newtonian
mechanics to an ideal degree. In Newtonian mechanics
the distinction had always been drawn between kinetic
and potential energy as essentially different entities.
Hertz succeeded in unifying this bipartite concept,
which he did by fundamentally eliminating the idea of
a force. The Newtonian force was identified by Hertz
with internal motion in matter, so that what had
hitherto been called potential energy was now replaced
by the kinetic concept. Hertz however never attempted
to explain the nature of these inner motions in any
particular direction, such as gravitation for instance.
He contented himself with establishing in principle
the hypothesis of unification.

If we make allowance for certain theories that were
still only in what may be called a rudimentary stage
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can be effected unless strong pressure is brought to
bear upon it from outside. This strong pressure must
come from a well-constructed body of theory which
has been firmly consolidated by the test of experi-
mental research. It is only thus that we can bring
about the surrender of theoretical dogmas hitherto
universally accepted as correct. And thus only can
we succeed in forcing a fundamental revision of the
whole doctrinal structure. Following a reconstruction
of this type there invariably arises a fresh series of
problems for experimental research to tackle. It is in
the tackling of these problems that new ideas are
suggested which subsequently lead to the formulations
of further theories and hypotheses.

This alternative play of theory and experiment, of
theoretical constructions on the side of abstract reason
and the testing of these by their application to objective
reality, is a special characteristic of modern physics.
Indeed it is of enormous significance in all scientific
progress, for it is the one safe and sound source from
which reliable and enduring results can be produced.

There were two problems of theoretical physics
which may be said to have absorbed almost the whole
of Hertz’s attention towards the end of his life. But
they defied all his attempts at solution. And these
two problems eventually became the nucleus out of
which the physics of our day have developed. These
problems were: (1) the nature of the cathode rays,
and (2) electrodynamic motion. Each of these two
problems has its own history; for each furnished the
starting-point of an independent development. The
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former led to the theory of electrons, the latter to the
relativity theory.

THE ELECTRONIC THEORY

The cathode rays were first discovered by von Pleucker
in the year 1859. This discovery naturally opened the
question as to the nature of the rays themselves. Were
they the carriers of electric charges or were they
undulatory, like the rays of light? The fact that the
X-rays could not be deflected by bringing a magnet
to bear on them seemed to point to their electrical
character. But Hertz decided in favour of the opposite
view. He came to this conclusion after numerous
experiments in which he had tested the cathode rays
by bringing them to bear on a magnetic needle and
found in each case that the needle remained in its
position of equilibrium. Hertz accordingly was in-
clined to identify the cathode rays with the waves of
light-ether, which scientists had for a long time been
vainly trying to discover. If Hertz were right here
his theory would mean that one of the awkward voids
in the structure of theoretical physics would thus be
filled in.

But, contrary to Hertz’s suggestion, there were
indications which pointed to the assumption that the
cathode rays are corpuscular and the carriers of electric
charges. With the advance of experimental methods
scientists began to believe more and more that the
cathode rays would eventually be found to be the
carriers of negative electricity. Indications pointed
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definitively in this direction once W. Wien had dis-
covered the electric charge in the rays and D. Wiechert
their velocity. Therewith the foundation of the elec-
tronic theory was led.

It is interesting to note how in this case theory
and experiment worked hand in hand, one taking the
leadership to-day and the other to-morrow. Experi-
ment first appears in the lead, represented especially by
Phillipe Lenard. In 1892 he showed that the cathode
rays could pass through very thin metal foils and he
succeeded in obtaining them outside the tube in which
they were generated. Later on the experimental im-
pulse produced a marvellous and unexpected result,
in 1895, when W. Roentgen, while working on the
cathode rays, discovered the X-rays and thus with
one blow opened up a new kingdom for physical
science. At the same time his discovery placed a
completely new task before the theoretical physics
of the time. This led indirectly to the discovery of
uranium rays on the part of the French physicist,
Henri Becquerel. A further development in the same
experimental field eventuated in the discovery of the
radioactive substances and the establishment of the
theory of radioactivity, on the part of Rutherford
and Soddy.

Experimental investigation into the nature of the
various phenomena connected with cathode rays and
X-rays and radioactivity progressed on all sides. The
special problem to be solved was that of their origin
and the nature of their activity. But the Roentgen
rays for a long time absolutely defied all attempts at
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quantitative analysis. In the early experimental stages
it was readily established that the X-rays were of an
electromagnetic nature, through the fact that when
we put a piece of metal opposite the cathode inside
the tube—the so-called anti-cathode—streams of elec-
trons are shot off from the anti-cathode. Yet it was
for a long time impossible to arrive at any satisfactory
results in measuring the wave-length of the X-rays.
Here it was that the work of a theorist, Professor
von Laue, opened the way for the next decisive
step.

In the year 1912 von Laue, in collaboration with the
experimental physicists, W. Friedrich and P. Kipping,
succeeded in ascertaining the wave-length of the
X-rays by passing them through crystalline media
and thus bringing about the phenomena of inter-
ference. In this way it was found possible to measure
the wave-length, but the experiment holds good of
course only for homogeneous Roentgen rays, because
otherwise confusion would arise from the various
interference positions overlapping one another.

Von Laue’s discovery turned out quite as valuable
in the sphere of atomic physics as in the sphere of
optics. It enabled physicists definitely to classify the
Roentgen rays and the Gamma rays with the radio-
active substances in electrodynamics. On the other
hand, the carriers of the cathode rays—that is to say,
the free electrons—with their relatively small mass,
proved to be something entirely new to physical
science. It was the introduction of these electrons that
made it possible to understand various physical pheno-
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mena which hitherto had remained in the region of
mystery.

As far back as 1881 Helmholtz pointed out, in
his famous Faraday lecture, that from the standpoint
of chemical atomics the empirically deduced laws of
chemical decomposition by galvanic action could be
explained only in case we attribute an atomic struc-
ture to electricity as well as to matter. The atom of
electricity postulated by Helmholtz first appeared in
the cathode rays, free and detached from all matter,
and was again located in the Beta rays of radioactive
substances. In contradistinction to chemical atoms, all
electric atoms are found to be uniform and to differ
from one another only in their velocity. The discovery
of electrons and the introduction of them into the
scientific picture of the universe threw a new light
on the nature of metallic conduction. It is well known
that an electric current when passing through a metal
conductor, such as an ordinary piece of copper wire,
produces no chemical change. Once the existence of
electrons became known it seemed natural to consider
these free electrons as carriers of the electric current
through the metal. This opinion, which had previously
been put forward by Wm. Weber, was now revived
and further developed by E. Riecke and P. Drude.

Once the free electrons had been accepted by
physical science as veritable factors in nature, an
attempt was made to prove that these electrons also
existed in a “bound’ condition. This attempt put the
investigators on the track of a whole new series of
physical and chemical properties of matter. P. Drude
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explained the optical dispersion and chemical valency
of a substance by referring these to the electrons
in the atoms and for this purpose he differentiated
between firmly bound and loosely bound electrons.
The former cause dispersion of light and the latter
account for the property of chemical valency. Subse-
quently H. A. Lorentz formulated the whole elec-
tronic theory as a complete and independent synthesis.
His special endeavour was to ascertain if and how far
all material constants of a substance can be accounted
for by the arrangement and interaction of the atoms
and electrons contained in them.

Taking the results thus obtained, together with the
work done in the sphere of radioactivity, the final
consequence of the researches which were directed
towards discovering the inner constitution of matter
within the past fifty years is the knowledge that all
matter is made up of two primordial elements: negative
electricity and positive electricity. Both consist of
uniform minute particles containing uniform but
opposite charges. The positive particle, which is the
heavier, is called the proton and the negative, the
lighter, i1s called the electron. The union of both is
called the neutron. Every electrically neutral chemical
atom is made up by a certain number of protons held
fast together and by an equal number of electrons of
which some are bound to the proton and form together
with it the nucleus of the atom, while the others—that
is to say, the free electrons—move in orbits around
the nucleus. The number of these latter, which are
called free or orbital electrons, gives in each case what is
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called the atomic number. It is on this number that all
the chemical properties of the various elements depends.

THE RELATIVITY THEORY

I have spoken at length of Heinrich Hertz and his
work in the movement which eventually led to the
establishment of the electronic theory. Now we come
to the second great theory which I have mentioned
as forming, with the electronic theory, one of the
twin principles which were entirely undreamt of fifty
years ago and are now among the main piles supporting
the scientific structure. This second principle is the
relativity theory. And here again we find that Hertz
was among the pioneers. The last and most fruitful
period of his life’s work was devoted largely to the
study of electrodynamic phenomena in moving bodies.
In this work Hertz chose as his starting-point the
principle that all movement is relative. Adopting
Maxwell’s theory as his groundwork, he formulated
for the phenomena of electrodynamic movement a
system of equations in which the velocity of the bodies
concerned is taken only in a relative sense. This is
expressed by the fact that the equations, just as the
Newtonian laws of motion, remain unchanged if the
velocity of the body in question be taken in relation
to a moving reference system or, in other words, a
moving observer. There is no necessity in the Hertzian
theory to introduce the idea of a special substantial
medium of transmission for the electrodynamic waves.
If we should think of introducing ether as a substantial
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The relativity principle in this way received a set-
back. But reprisals were soon forthcoming, inasmuch
as new defects arose which the Hertzian theory could
not cope with. All attempts to measure the absolute
velocity of the earth had failed. In other words it
turned out impossible to measuue the velocity of the
earth in relation to the hypothetically static ether.
Even the most delicate of all experiments, namely that
carried out by Michelson and Morley, could detect
no trace whatsoever of the influence of the earth’s
motion on the velocity of light although, according
to the Lorentzian doctrine, this should have made
itself felt.

Under these circumstances theoretical physics, at
the end of last century, was faced with the alter-
native of renouncing either the remarkably useful
Lorentzian theory or the theory of relativity. The
crisis came into public notice very strikingly at a
meeting of the Society of German Physicists and
Physicians,* which was held at Dusseldorf in the
August of 1898. On that occasion the whole question
was discussed in a debate which centred around two
papers that were read there, one by W. Wien and
the other by H. A. Lorentz. The controversy remained
open for seven years. Then, in the year 190§, a solution
was put forward by Albert Einstein in his Theory of
Relativity. The Einsteinian hypothesis allowed the
Lorentzian theory to stand, but only at the cost of
introducing what at first sight appeared to be an
entirely alien hypothesis, namely, that the dimensions

t Gesellschaft deutscher Naturforscher und Aerzte.
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of time and space cannot be taken independently of
one another but must be welded together when there
is question of the velocity of light in wacuo. This
hypothesis was logically unassailable, because it was
expressed in a mathematical formulation that was
flawless in itself. Yet the relativity thesis completely
contradicted all hitherto accepted opinions.

Only a few years after Einstein had published his first
presentation of the relativity hypothesis Minkowski
succeeded in bringing a corroborative light to bear on
the suggestion. He showed that if we look upon time
as something imaginary and assume the unit of time
to be the amount of time which a beam of light takes
to travel over the unit of length, then all our electro-
dynamic equations in relation to space and time will
be symmetrical; because the one dimension for time
and the three dimensions for space enter as factors
on an equal footing in the formulation of every law
of electrodynamics. Thus the three-dimensional “space”
is expanded into the four-dimensional “world” and
the mathematical laws that govern the whole field of
electrodynamics remain invariable when the reference
system—that is to say, the observer—changes its
velocity, just as they remain invariable when the
reference system changes its motion from one direc-
tion to another.

Now the next question to arise was this: If the
relativity hypothesis in its new formulation is to have
meaning and validity for physical science as a whole,
it must apply not merely to electrodynamics but also
to mechanics. If however the relativity theory be
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applicable and valid in the field of mechanics then
we must change the laws of motion formulated by
Newton; because the Newtonian laws do not remain
constant when the four-dimensional reference system
is changed. Out of these problems arose what is called
relativist mechanics, which are an expansion and
refinement of Newtonian mechanics. The theory of
relativist mechanics was verified by experiment in the
case of rapidly moving electrons, for this experiment
showed that mass is not independent of velocity. In
other words it was shown that the mass of a rapidly
moving body increases with the increase of velocity.
And thus a further corroboration of the Einstein
hypothesis was provided.

Beyond the achievement of welding space and time
together with the mechanical laws of motion, the
relativity theory accomplished another and no less
important amalgamation. This was the identification
of mass with energy. The unification of these two
concepts establishes for all equations in physical
science the same kind of symmetry as the four co-
ordinates of the space-time continuum, the momentum
vector corresponding to the place vector and the
energy scalar corresponding to the time scalar. Another
important consequence of the relativity theory is that
the energy of a body at rest is given a quite positive
value, which is expressed through the multiplication
of its mass by the square of the velocity of light; so
that in general mass is to be considered under the

concept of energy.
But Einstein did not rest content with this success
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of his theory. Once it had been shown that all refer-
ence systems, or standpoints of observation, are equally
valid as long as they are interchanged with one another
through linear rectangular transformation, Einstein
was led to ask whether and how far such an equiva-
lence would hold good for a quite arbitrary reference
system. The transformation of simple mechanical
equations to any other reference system generally
involves certain additional factors such as that of a
centrifugal force where there is question of a rotating
reference system, such as the earth, and these additional
factors appear as the effect of gravity in so far as
ponderable mass is identified with inertial mass. Now
the hypothesis that, from the viewpoint of physical
science, no geometrical reference system has from the
outset any advantage over any other system, and that
the property of invariance can be explained only on
the basis of the Riemann fundamental tensor—which
on its part depends on the distribution of matter in
space—led to the formulation of the general relativity
theory. This general theory of relativity includes the
former theory as a special case and holds the same
relation to the special theory of relativity as Riemann’s
geometry holds to Euclid’s geometry.

The practical significance of the general theory of
relativity is naturally confined to very powerful gravi-
tational fields such as that of the sun, whereby the
colour and the light are affected, or to movements
which have secular periods, such as the perihelion
displacement of the orbit of Mercury. The general
theory of relativity represents the first great step
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towards the ideal goal of geometrizing the whole of
physics. Einstein has recently devoted himself to the
task of opening the way for the second step, which
would unite mechanics and electrodynamics under the
one system of equations. To this end he has under-
taken the task of formulating a single field theory,
based on a different geometry from that of Riemann.
We have yet to await the final success of this attempt.

THE QUANTUM THEORY

Apart from and quite independent of the relativity
theory, the quantum theory has given a new impress
to theoretical physics during the past thirty years.
Just as in the case of the relativity theory, its origin
and foundation arose from recognition of the fact that
the old classical theory had to be abandoned because
it failed to explain results which had been established
through experimental means. These results, however,
were not obtained in the region of optics but rather
in that of thermodynamics and arose from the measure-
ment of radiant energy in the emission spectrum of
black bodies.

According to the Kirchhoff law this radiant energy
is independent of the nature of the radiating substance
and therefore has a universal significance. In this
direction indeed the classical theory had already led
to important results. In the first place L. Boltzmann
deduced from Maxwell’s discoveries, in regard to
the pressure exerted by radiation, and from the laws
of thermodynamics, the dependence of all types of
radiation on temperature. W. Wien extended the
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same principle further and showed that the curve of
the distribution of energy in the spectrum, especially
in its location and maximum extent, is displaced by
a change of temperature. This was in full harmony
with the most delicate measurements. But in relation
to the shape of this curve there resulted a very strong
discrepancy between the conclusions arrived at theo-
retically and the measurements carried out by von
Lummer and Pringsheim, Rubens and Kurlbaum.
Then Max Planck, taking the laws of thermodynamics
as the basis upon which an explanation of the experi-
mental results could be obtained, arrived at the
revolutionary hypothesis that the manifold features
which an oscillating and radiating picture possesses
are complete entities in themselves and that the
difference between any two features of the picture is
characterized by a definite universal constant, namely
the elementary quantum of action.

The establishment of this hypothesis involved a
fundamental break with the opinions hitherto held in
physical science; because until then it had been an
accepted dogma that the state of a physical picture
could be indefinitely altered. The fruitfulness of the
new hypothesis showed itself immediately in the fact
that it led to a law which explained the distribution
of energy in the spectrum and was in perfect harmony
with the measurements. But it also supplied a means
for determining the absolute weights of molecules
and atoms. Up to then, in so far as atomic realities
had been measured at all, science had to be content
with more or less rough estimates. Einstein readily
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showed that the new theory had a further consequence
inasmuch as it applied to the energy and specific heat
of material bodies. Hitherto it had been only a mere
supposition that specific heat decreases illimitably with
decrease of temperature, but this now became estab-
lished by experimental proof. Max Born and Th. von
Karman, on the one hand, and P. Debye, on the
other, began to study carefully from the standpoint
of the quantum theory the problem of the dependence
of specific heat on temperature, and succeeded in
formulating a law according to which it is possible
to reckon the variation of specific heat with tem-
perature from the elastic constants of the substance
in question. The most striking proof, however, for
the universality of the quantum of action is to be
found in the circumstance that not only the whole
of the heat theory put forward by W. Nernst in the
year 1906, independently of the quantum theory, is in
harmony with the quantum theory, but also that the
chemical constant introduced by Nernst depends on
the quantum of action. This was clearly demonstrated
by O. Sackur and H. Tetrode.

Belief in the soundness of the quantum theory has
nowadays become so strong and widespread that if
the measurement of a chemical constant does not tally
with the theoretical reckoning the discrepancy is attri-
buted, not to the quantum theory as such, but to the
manner of its application, namely the assumption of
certain atomic conditions in regard to the substance
in question. But the laws of thermodynamics are only
of a summary and statistical nature and can give only
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came to be applied outside of the region of thermo-
dynamics.

‘The quantum way of solving physical problems was
further extended by A. Sommerfeld, who in this
manner succeeded in solving the riddle of delicate
spectral structures which had hitherto defied explana-
tion. Independently entirely of spectral phenomena, the
Bohr model of the atom proved effective in the eluci-
dation of chemical laws, including those underlying
the periodically occurring functions of elements in
chemical structures.

Professor Bohr himself has never claimed that his
model of the atom provides the final solution of the
quantum problem; but the correspondence principle
which he introduced has proved remarkably fruitful
because, in combination with the classical theory, it
points out the direction for the further development
of the quantum theory.

In point of fact a certain amount of uncertainty
lingered on because the discontinuous character of
the Bohr atom, the so-called stationary electron orbits,
did not accord in their peculiarities with the laws of
classical mechanics. Professor Heisenberg discovered
a way out of this difficulty by formulating a detailed
description of electronic motion in a sense entirely
foreign to classical theories. He showed that only
dimensions which in principle were directly measurable
should be treated theoretically, and thus he suc-
ceeded in formulating certain equations by which the
problem of applying the quantum theory has been
solved in regard to its universal validity. The close
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relation between this particular method of reckoning
and that of matrix computation was brought to light
by the collaboration of Max Born and P. Jordan, and
a further significant step in this direction was accom-
plished by W. Pauli and P. Dirac.

It is remarkable how such a roundabout way, which
even sometimes appeared to run in opposite directions,
led to the selfsame goal and opened up new territory
which has extended the basis of the quantum theory.
A further extension followed, with the founding of
the wave-theory. The Heisenberg theory originally
recognized only integral magnitudes in the quantities
measured. That is to say, his results verified the con-
dition of discontinuity postulated by the quantum
theory. But another and complementary interpretation
developed independently of Heisenberg, out of sug-
gestions first made by L. de Broglie. The Einstein
light quanta are of a twofold nature. Looked at from
the viewpoint of energy, they act as discrete and
divisible particles—that is to say, they are concen-
trated quanta, or photons; but if we consider them
from the electromagnetic standpoint all experiment
has shown that they are like a spherical wave or pulse
spreading in all directions, completely corresponding
to the Maxwellian wave-theory of light. This is one
of the great dilemmas of modern physics. And the
hypothesis of wave-mechanics is an attempt to solve
it, It was E. Schroedinger who first presented an exact
analytical formulation of wave-mechanics, in the partial
differential equations adduced by him. For the integral
values of energy, on the one hand, this led directly
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to the quantizing rules which Heisenberg had laid
down, while on the other hand it extended the grounds
of application of the quantum theory to disintegrating
processes and even more tangled problems. At the
present stage of its development we can safely say
that the theory of wave-mechanics has definitely estab-
lished itself as a generalization and expansion of the
classical corpuscular mechanics. The difference between
classical mechanics and wave-mechanics arises prin-
cipally from the circumstances that the laws of motion
in respect of a physical picture cannot be formulated
as they were formulated in classical mechanics—that
is to say, the picture cannot be broken up into in-
finitesimally small fractions and the movement of each
fraction dealt with independently of the others. On
the contrary, according to wave-mechanics, the picture
must be held before the eye as a whole and its move-
ment must be looked upon as arising from the individual
and mutually differentiated integral movements. From
this it follows closely that, not the local force—as in
Newtonian mechanics—but the integral force—that
is to say, the potential—enters the fundamental equa-
tions. Moreover it follows that there can be no sense
in talking about the state of a particle in the sense of
meaning its position and velocity. This state at best
is rather a certain underlying space for the play of
dimensional ordering of the quantum of action. There-
fore in principle every method of measurement involves
an uncertainty in regard to the corresponding sum-
total.

It goes without saying that the laws of nature are
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in themselves independent of the properties of the
instruments with which they are measured. Therefore
in every observation of natural phenomena we must
remember the principle that the reliability of the
measuring apparatus must always play an important
role. For this reason many researchers in quantum
physics are inclined to set aside the principle of
causation in the measurement of natural processes
and to adopt a statistical method in its place. But
instead of this I think it may be suggested with equal
justice that we might alter the formulation of the
causal principle as we have received it from classical
physics, so that it may again have its strict validity.
But this question as to the rival merits of the strictly
causal and statistical methods will depend upon how
far the one proves more fruitful of results than the
other.



CHAPTER 11

IS THE EXTERNAL WORLD REAL?

E are living in a very singular moment of

history. It is a moment of crisis, in the literal
sense of that word. In every branch of our spiritual
and material civilization we seem to have arrived at
a critical turning-point. This spirit shows itself not
only in the actual state of public affairs but also in the
general attitude towards fundamental values in per-
sonal and social life.

Many people say that these symptoms mark the
beginnings of a great renaissance, but there are others
who see in them the tidings of a downfall to which
our civilization is fatally destined. Formerly it was
only religion, especially in its doctrinal and moral
systems, that was the object of sceptical attack. Then
the iconoclast began to shatter the ideals and prin-
ciples that had hitherto been accepted in the province
of art. Now he has invaded the temple of science.
There is scarcely a scientific axiom that is not nowadays
denied by somebody. And at the same time almost
any nonsensical theory that may be put 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 scepticism
E
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raging around it. Science, in general, presents us
with the spectacle of a marvellous theoretical structure
which is one of the proudest achievements of con-
structive reasoning. 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 sceptics’
attack. Logic in its purest form, which is mathematics,
only co-ordinates and articulates one truth with
another. It gives harmony to the superstructure 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 natural 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 outside; 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 how far
and in what way the human mind is capable of coming
to a knowledge of external reality. To take one instance.
Hitherto the principle of causality was universally
accepted as an indispensable postulate of scientific
research, but now we are told by some physicists that
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it must be thrown overboard. The fact that such an
extraordinary opinion should be expressed in respon-
sible scientific quarters is widely taken to be significant
of the all-round unreliability of human knowledge.
This indeed is a very serious situation, and for that
reason I feel, as a physicist, that I ought to put forward
my own views on the situation in which physical
science now finds itself. Perhaps what I shall have to
say may throw some light on other fields of human
activity which the cloud of scepticism has also darkened.

Let us get down to bedrock facts. The beginning
of every act of knowing, and therefore the starting-
point of every science, must be in our own personal
experiences. I am using the word, experience, here in
its technical philosophical connotation, namely, our
direct sensory perception of outside things. These are
the immediate data of the act of knowing. They form
the first and most real hook on which we fasten the
thought-chain of science; because the material that
furnishes, as it were, the building-stones of science is
received either directly through our own perception
of outer things or indirectly through the information
of others, that is to say, from former researchers and
teachers and publications and so on. There are no
other sources of scientific knowledge. In physical
science we have to deal specially and exclusively with
that material which is the result of observing natural
phenomena through the medium of our senses, with
of course the help of measuring instruments such as
telescopes, oscillators and so on. The reactions thus
registered in observing external nature are collated
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Now let us ask, is the foundation which Positivism
offers broad enough to support the whole structure
of physical science? The best test that can be applied
in finding an answer to this question is to ask where
Positivism would lead if we once were to accept it as
offering the sole groundwork of physical science.

Suppose for the moment that we are positivists.
And let us take the trouble to control ourselves so
that we shall hold strictly to its logical implications
and not allow commonplaces and considerations of
sentiment to lure us from the logical train of positivist
thought. Let us here and now decide that no matter
what singular consequences we may encounter in
dealing with the positivist line of thought we shall
stick steadfastly to it. And we shall be sure that in
doing so we cannot be faced with logical contradictions
directly emerging from the field of observation;
because obviously two actually observed facts in nature
cannot be in logical contradiction to one another. On
the other hand as long as we remain positivists we must
deal with every kind of experience and ignore no
source of human knowledge whatsoever. Therein lies
the strength of the positivist theory. As long as phy-
sical science sticks to the positivist rule it occupies
itself with all the problems that can be answered
through direct observation. Every problem that has
a meaning of definite importance comes within the
ambit of physical science under the positivist rule.
If we are to content ourselves with a direct observation
of natural phenomena and the recording of them, we
shall obviously have no fundamental riddles to solve
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nor any obscure questions. Everything will lie in the
open daylight. Thus far the state of affairs looks quite
simple. But it is no simple matter at all to carry out
the principle when we begin to deal with individual
cases. Our daily habits of speech make it rather difhi-
cult for us to observe the strict positivist rule. In
ordinary life when we speak of an outer object—a
table, for instance—we mean something that is differ-
ent from the table as actually observed by physical
science. We can see the table and we can touch it
and we can try its firmness by leaning on it and its
hardness and if we give it a thump with our knuckles
we shall feel hurt. In the light of positivist science
the table is nothing more than a complex of these
sensory perceptions and we have merely got into the
habit of associating them with the word 24é/e. Remove
these sensory perceptions and absolutely nothing
remains. In the positivist theory we must entirely
ignore everything beyond what is registered by the
senses and therefore we are impregnable in this clearly
defined realm. For the positivist, to ask what a table
in reality is has no meaning whatsoever; and this is
so with our other physical concepts. The whole world
around us is nothing but an analogue of experiences
we have received. To speak of this world as existing
independently of these experiences is to make a state-
ment that has no meaning. If a problem dealing with
the external world does not admit of being referred
immediately to some kind of sensory experience and
does not allow of being placed under observation, then
it has no meaning and must be ruled out. Therefore
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within the scope of the positivist system there is no
place for any kind of metaphysics. If we glance up-
wards at the star-strewn firmament we see innumerable
points or patines of light which move in a more or
less regular way through the heavens. We can measure
the intensity and the colour of their rays. According
to the positivist theory, these measurements are not
merely the raw material of astronomy and astrophysics,
but they are the sole and exclusive subject-matter of
these sciences. Beyond merely recording these measure-
ments, astronomy and astrophysics have nothing more
to say. If they draw any inferences from the measure-
ments, these inferences cannot be considered as legiti-
mate science. That is the positivist standpoint. The
mental constructions that we make in collating and
selecting and systematizing the measurement data, and
the theories which we advance to explain why they
should be so and not otherwise, are an unwarranted
human intrusion on the scene. They are mere arbitrary
inventions of human reason. They may be convenient,
just as the habit of thinking in similes is a convenient
help to the mind, but we have no right to put them
forward as representing anything that really happens
in nature.

All we know is the bare result of the sensory measure-
ments and we have no right to attach an ulterior
significance to these.

Supposing we say, with Ptolemy, that the earth is
the fixed centre of the universe and that the sun and
all the stars move around it; or supposing we say,
with Copernicus, that the earth is a small particle of
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matter which is relatively insignificant in relation to
the whole universe, turning on its axis once every
twenty-four hours and revolving around the sun once
in every twelve months—on the positivist principle
the one theory is as good as the other, when con-
sidered from the scientific viewpoint. They are merely
two different ways of making a mental construction
out of sensory reactions to some outer phenomena;
but they have no more right to be looked upon as
scientifically significant than the mental construction
which the mystic or poet may make out of his sensory
impressions when face to face with nature. It is true
that the Copernican theory of astronomy is more
widely accepted; but that is because it is a simpler
way of formulating a synthesis of sensory observations
and it does not give rise to so many difficulties about
astronomical laws as would arise from the acceptance
of the Ptolemaic theory. Therefore Copernicus is not
to be judged as a pioneer discoverer in the realms of
science, no more than a poet is to be judged as a
pioneer discoverer when he gives fanciful and attractive
expression to sentiments that are known to every
human breast. Copernicus discovered nothing. He only
formulated, in the shape of a fanciful mental construc-
tion, a mass of facts that were already known. He did
not add anything to the store of scientific knowledge
already in existence. A tremendous mental revolution
was caused by his theory and bitter battles were waged
around it. For the logical consequence of it was to
give an entirely different account of man’s place in
the universe from that generally held at the time by
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the religion and philosophy of Europe. But for the
positivist scientist all the fuss and trouble made over
the Copernican theory were quite as senseless, from
the scientific point of view, as if one were to quarrel
with the rapture of a contemplative who gazes on the
Milky Way and ponders over the fact that each star
in that Milky Way is a sun somewhat like ours and
that each spiral nebula is again a Milky Way from
which the light has taken many millions of years to
reach our earth, while the earth itself, with its human
race on it, sinks away into an insignificant speck which
is hardly discernible in the boundless space.
Incidentally we must remind ourselves that to look
at nature in this way is to look at it from the aesthetic
and ethical standpoints. These, of course, have no
direct relation to physical science. Therefore they are
excluded. But in excluding them there is a fundamental
difference between the attitude of the non-positivist
and that of the positivist physicist. The ordinary
scientist, who does not believe in the positivist attitude,
admits the validity of the aesthetic standpoint and the
ethical standpoint; but he recognizes these as belong-
ing to another way of looking at nature. Such a way
does not come within the province of physical science.
On the other hand, the positivist does not admit any
such values as real at all, even in other provinces than
physical science. For him a beautiful sunset is merely
a sequence of sensory impressions. Therefore, as I
said at the beginning, as long as we logically pursue
the positivist teaching we must exclude every influence
of a sentimental, aesthetic or ethical character from
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our minds. We have to keep to the logical track. That
is the indispensable guarantee of certainty which the
positivist teaching has to offer. And here I may remind
the reader once again that we are examining a system
which has been put forward with the very laudable
motive of furnishing a sure basis for the reliability
of science. Therefore the whole position must be dis-
cussed entirely objectively and free from any polemical
feeling.

In the positivist way of looking at nature sensory
impressions are the primary data and therefore signify
immediate reality. From this it follows that in principle
it would be a mistake to speak of the senses themselves
being deceived. What under certain circumstances can
be deceptive are not the sensory impressions themselves
but the conclusions we so often draw from them. If
we plunge a straight stick into water and hold it
slantwise, and notice the apparent bend at the point
of immersion, we are not deceived by the sense of
sight into thinking that the stick is thereby bent.
There is an actual bending present as an optical per-
ception; but that i1s quite a different thing from con-
cluding that the stick itself is bent. The positivist will
not allow us to conclude anything. We have a sensory
impression of the part of the stick that is in water and
a contiguous sensory impression of the part that is
in air; but we have no right to say anything about the
stick itself. The most that the positivist principle will
allow us to say is that the stick looks “‘as if”’ it were
bent. If we explain the whole phenomenon by saying
that the light rays which are reflected in the air from
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the stick to the eye pass through a less dense medium
than that through which the rays pass when reflected
from the part of the stick immersed in water, and
that therefore the latter are more strongly deflected,
that way of stating the case is useful from many points
of view but it is no closer to reality than to say that
the senses perceive the stick “as if’ it were bent.

The essential point here is that, from the standpoint
of Positivism, both ways of stating the case are funda-
mentally of equal validity. And there would be no
sense in attempting to judge their rival validities by
asking how far one is more appropriate than the other,
by appealing to the sense of touch to rectify the
apparent anomaly of a stick which was straight in air
being bent in water. In the positivist system there
would be no meaning in a decision one way or another;
because a strictly logical positivist science would have
to be content with merely noting the sensory impres-
sions and leaving the matter at that. We could say
that the stick looks “‘as if” it were bent. In practice,
of course, anything like a serious attempt at an all-
round application of this “as if”’ theory would lead
to ridiculous consequences. But here we are not testing
the positivist theory by any such grounds. We are
considering it on its own chosen ground of logical
consistency, which is its bedrock foundation. It must
stand or fall by the consequences that would result
for physical science by the logical application of the
positivist premises.

What I have said here in regard to the stick applies
equally to all the surrounding objects of inanimate





https://www.forgottenbooks.com/join

1S THE EXTERNAL WORLD REAL? 2y

are only indirectly knowable to us. As objects of
knowledge they signify something fundamentally
different from our own impressions. Therefore in
speaking of them we are merely following the same
sort of useful analogy as when we speak of the suffering
of animals. But, in the strict positivist view, we have
no reliable knowledge whatsoever of other people’s
impressions. Because they are not a direct sensory
perception, they do not furnish a basis for the certainty
of our knowledge.

It is quite clear that the positivist outlook cannot
be accused of logical inconsistency. So long as we
stick closely to its principles we do not find ourselves
up against any contradiction. That is the strong point
of the whole system. But when we come to apply it as
the exclusive foundation on which scientific research
can be carried on we shall find that the result would
be of very significant import for physical science. If
the scope of physical science extends no further than
the mere description of sensory experiences, then
strictly only one’s own experiences can be taken as
the object of such description; because only one’s
own experiences are primary data, Now it is clear
that on the basis of a mere individual complex of
experience not even the most gifted of men could
construct anything like a comprehensive scientific
system. So we are faced with the alternative of either
renouncing the idea of a comprehensive science, which
will hardly be agreed to even by the most extreme
positivist, or to admit a compromise and allow the
experiences of others to enter into the groundwork
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of scientific knowledge. But we should thereby, strictly
speaking, give up our original standpoint, namely,
that only primary data constituted a reliable basis of
scientific truth. The sensory impressions of others are
secondary and they are data for us only through the
reports we have of them. This brings a new factor
into play here, namely, the trustworthiness of oral
and written information in scientific reports. There-
with we break at least one link of the logical chain
which holds the positivist system together; for the
foundational principle of the system is that only imme-
diate perception can be considered as offering material
for scientific certainty.

Let us, however, pass over this difficulty and let us
assume that all reports furnished by scientific researchers
are reliable or at least that we have an infallible means
of excluding those which are unreliable. In this case
it is obvious that the reports furnished by the numerous
scientists who were and are acknowledged as honour-
able and reliable both in the past and to-day must be
taken into scientific consideration; and there are no
grounds whereon some should be excluded in favour
of others. It would be quite wrong to devaluate the
claims of any investigator on the grounds that his
findings have not been corroborated by others.

If we should stick to this idea then it would be
difficult to explain or to justify the conduct of physical
science in regard to certain individual researchers. Let
us take one instance as illustrative.

The so-called N-rays which were discovered by the
French physicist, Blondlot, in the year 1903, and at
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that time studied on all sides, are to-day entirely
ignored. Réné Blondlot, who was professor at the
University of Nancy, was admittedly an excellent and
reliable investigator. His discovery was for him an
experience as great as that of any other physicist. We
cannot say that he was fooled by his sense-percep-
tions; for in positivist physics, as we have seen, there
is no such thing as delusion in sensuous perception.
It would be only proper and right to look upon the
N-rays as primary reality-data, something that directly
struck the perception of one man. And if since the
time of Blondlot and his school no man throughout
all the years between has succeeded in reproducing
them, that is no reason for saying—at least from the
positivist standpoint—that they will not one day,
under some special circumstances, yet again become
discernible.

Under the positivist test we should have to agree
that the number of those researchers whose findings
are of value for physical science is indeed very small..
We should have to admit only those who devote them-
selves specially to this science, because the discoveries
which outsiders have made in this field are more or
less insignificant. Moreover, we must from the outset
exclude all theoretical physicists; for their experiences
are restricted essentially to the use of pen, ink, and
paper and abstract reasoning. And thus we have only
the experimental physicists remaining, and in the first
line only those who confine themselves to the operation
of extremely sensitive instruments for special investi-
gation. Therefore in the positivist hypothesis only a
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small roll of specially qualified physicists come into
the picture when we speak of the contributions of
those who have devoted themselves to the progress
of physical science.

From this standpoint how are we to explain the
extraordinary impression made and the revolution
which was created in the world of international science
by the findings, for instance, of Oersted, who detected
the influence of a galvanic current on the compass
needle, or of Faraday, who first discovered the effect
of electromagnetic induction, or of Hertz, who dis-
covered small electric sparks in the focus of his
parabolic reflector by the use of the magnifying glass?
How and why did these individual sensory impressions
create such a furore and lead to such a world revolution
in the theory and application of scientific methods?
To this question the upholders of positivism can give
only a roundabout and entirely unsatisfactory answer.
They have to fall back upon the theory that these
.individual experiences, which were insignificant in
themselves, merely opened up a viewpoint as a result
of which other researchers were led to the discovery
of a series of much greater and more portentous
results. That is a rather lame answer but it illustrates
very well the positivist position, because the upholder
of positivism will admit nothing except a bald descrip-
tion of results experienced in research; and if we ask
why it is that certain findings of a few obscure indi-
viduals, carried out under quite primitive conditions,
had such an immediate and world-wide significance
for all other physicists—that question has no meaning
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for physical science as viewed from the positivist
standpoint.

The reason for taking up this striking attitude is
quite easy to understand. Those who lean towards the
discipline that I have been describing deny the idea
and the necessity of an objective physical science which
is independent of the actually experiencing and sense-
perceiving investigator. They cling to this attitude
because they are bound logically to acknowledge no
other reality save that of the factual experience of the
individual physicist. Now I think it is obvious here
that if physical science as such were to accept this
position, as the exclusive basis of its research, then it
would find itself trying to support a huge structure
on a very inadequate foundation. A science that starts
off by predicting the denial of objectivity has already
passed sentence on itself. Of what value to the world
are the sensory impressions of a mere individual?
Yet that is the foundation to which in the last analysis
physical science is reduced in looking for a basis for
its structure. This plot is entirely too small for such a
building. It has to be extended by the addition of
other ground. No science can rest its foundation on
the dependability of single human individuals. And
the moment we have made that statement we have
taken a step which puts us off the logical pathway of
the positivist system. We have followed the call of
common sense. We have taken a jump into the meta-
physical realm; because we have accepted the hypo-
thesis that sensory perceptions do not of themselves
create the physical world around us, but rather that
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they bring news of another world which lies outside
of ours and is entirely independent of us.

And thus we strike out the positivist a/s-0b (As-If)
and attribute a higher kind of reality than that of mere
description of immediate sensory impressions to the
practical discoveries that have been already mentioned
—TFaraday’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 discovery; 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 restricted range of perception through the senses.
Now there are two theorems that form together the
cardinal hinge on which the whole structure of
physical science turns. These theorems are: (1) There
is a real outer world which exists independently of our
act of knowing, and, (2) The real outer world is not
directly knowable. To a certain degree these two state-
ments are mutually contradictory. And this fact dis-
closes 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 face. We see in all modern

1 Epistemology is the Science of the Nature of Knowledge.
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scientific advances that the solution 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 fact.
And we cannot remove this fact by trying to fall back
upon a basis which would restrict the scope of science
from the very start merely to the description of sensory
experiences. The aim of science is something more.
It is an incessant struggle towards a goal which can
never be reached. Because the goal is of its very nature
unattainable. It is something that is essentially meta-
physical and as such is always again and again beyond
each achievement.

But if physical science is never to come to an
exhaustive knowledge of its object, then does not this
seem like reducing all science to a meaningless activity ?
Not at all. For it is just this striving forward that
brings us to the fruits which are always falling into
our hands and which are the unfailing sign that we
are on the right road and that we are ever and ever
drawing nearer to our journey’s end. But that journey’s
end will never be reached, because it is always the
still far thing that glimmers in the distance and is
unattainable. It is not the possession of truth, but the
success which attends the seeking after it, that enriches
the seeker and brings happiness to him. This is an
acknowledgment made long ago by thinkers of deepest
insight, even before Lessing gave it the classic stamp
of his famous phrase.
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is governed by a system of laws, the physicist now
constructs a synthesis of concepts and theorems; and
this synthesis is called the scientific picture of the
physical universe. It is a representation of the real
world itself in so far as it corresponds as closely as
possible to the information which the research measure-
ments have supplied. Once he has accomplished this
the researcher can assert, without having to fear the
contradiction of facts, that he has discovered one side
of the outer world of reality, though of course he
can never logically demonstrate the truth of the
assertion.

If we consider the efforts that have been made by
physicists, ever since the days of Aristotle, to describe
the external universe, I think we need have no hesita-
tion in expressing unqualified admiration for the
extraordinary degree of perfection achieved in this
respect by the inventive mind of the scientific re-
searcher. From the positivist standpoint, of course,
this idea of constructing a scientific picture of the
physical universe—this continual striving after a
knowledge of external reality—is something foreign
and meaningless. For where there is no outer object
there is nothing that can be portrayed or described.

The chief quality to be looked for in the physicist’s
world-picture must be the closest possible accord
between the real world and the world of sensory
experience. What is taken in through the senses is
the first 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
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the whole complex of sensory data everything must
be cut away and discarded which may have arisen
from the subjective constructive tendencies of the
sensory organs themselves. And, furthermore, every-
thing 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 observation.
That is all the more likely to be the case in the
observation of minutiae.

Supposing all the above conditions to have been
verified, then the physicist’s picture of the external
universe has only one further requirement to fulfil.
Throughout its whole composition it must be free
from everything in the nature of a logical incoherence.
Otherwise the researcher 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 significant measure of freedom
in making his mental constructions; but it must be
remembered that this freedom is only for the sake of
a specific purpose and is a constructive 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
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under one law. That is to say, he must select according
to a plan which will in the first instance be hypothet-
ical and therefore a construction of the imagination.
And when he finds that the given results will not fit
into one plan he discards it and tries another. This
means that his imaginative powers must always be
speculating on the significance of the data which
have been furnished through experimental measure-
ments. He is in the same position as a mathematician
who is presented with a number of single points that
have to be joined together with a curve. The closer
together and the more numerous these points are, the
more innumerable will be the possible kinds of
alternative curves that present themselves to the
mind. We meet with practically the same task when
we follow the movements of a sensitive registering
instrument which is designed to mark only one
independent and definite curve, such as the tempera-
ture curve; for we find that this curve is never sharply
defined but is always a more or less broad stroke in
which an endless number of sharp curves find their
place.

As to how one may reach a decision in the midst
of this uncertainty, no general rule of procedure can
be laid down. One must simply choose a definite line
of thought. And that line of thought ought to be
directed towards founding, on the basis of a selected
combination of ideas, a hypothesis in the light of
which we can outline the curve we are seeking for,
and outline it in such a way that it will have a clarity
and definiteness of its own that distinguishes it from






