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FOREWORD 
00 

by Roger Penrose 

I vividly recall reading Erwin Schrodinger's slim volume Science and 

Humanism some forty years ago, probably at a time while I was still a 

research student in Cambridge. It had a powerful influence on my 

subsequent thinking. Nature and the Greeks, although based on 

slightly earlier lectures, was not published until somewhat later, and 

I have to confess that I did not come across it then. Having only now 

read it for th� first time, I find a remarkable work, of a similar force 

and elegance. 

The two volumes go well together. Their themes relate closely to 

each other, being concerned with the nature of reality and with the 

ways in which reality has been humanly perceived since antiquity. 

Both books are beautifully written, and they have a particular value 

in enabling us to share in some of the insights of one of the most 

profound thinkers of this century. Not only was Schrodinger a great 

physicist, having given us the equation that bears his name - an 

equation which, according to the principles of quantum mechanics, 

governs the behaviour of the very basic constituents of all matter -

but he thought deeply on questions of philosophy, human history 

and on many other issues of social importance. 

In each of these works Schrodinger starts by discussing pertinent 

social issues concerning the role of science and of scientists in soci­

ety. He makes it clear that, whereas there is no doubt that science has 

had a profound influence on the modern world, this influence is by 

no means the real reason for doing science; nor is it clear that this 

influence is itself always positive. However, his main purpose is not 

just to discuss issues of this kind. He is primarily concerned with the 

very nature of physical reality, of humanity's place in relation to this 

'reality' and with the historical question of how great thinkers of the 

past have come to terms with these issues. Schrodinger clearly 

believes that there is more to the study of ancient history than mere 

factual curiosity and a concern with the origins of present-day thinking. 

His fascinatingly insightful study of the views of the philosopher/ 

vii 
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scientists of antiquity, in Nature and the Greel<s, makes clear that he 

also believes there is something directly to be gained from the 

Greeks' own insights, and what led them to their views, despite the 

undoubtedly enormous advances that modern science has made 

over what had been available to them at the time. Have we really made 

any progress at all concerning the really deep question: 'Whence 

come I and whither go I'? Schrodinger evidently believes not, though 

he appears to remain optimistic that genuine insights into such 

issues may become available to us in the future. 

Having himself been one of the prime movers in the revolutionary 

changes that have taken place in our understanding of Nature at the 

scale of its tiniest ingredients, he is well placed to understand the 

importance of these changes in relation to what had been the views 

of physicists and philosophers immediately before him. Moreover, 

in my personal view, the more 'objective' philosophical standpoints 

of Schrodinger and Einstein with respect to quantum mechanics, 

are immeasurably superior to 'subjective' ones of Heisenberg and 

Bohr. While it is often held that the remarkable successes of 

quantum physics have led us to doubt the very existence of an 

'objective reality' at the quantum level of molecules, atoms and their 

constituent particles, the extraordinary precision of the quantum 

formalism -which means, essentially, of the Schrodinger equation 

- signals to us that there must indeed be a 'reality' at the quantum 

level, albeit an unfamiliar one, in order that there can be a 'some­

thing' so accurately described by that very formalism. 

Yet the formalism itself reveals a quantum-level reality that is strik­

ingly different from the one that we experience at ordinary macroscop­

ic scales. In a masterly way, Schrodinger paints for us a picture of that 

reality. I vividly recall, from my reading of Science and Humanism of 

forty years ago, Schrodinger's description of an iron letter-weight in 

the shape of a Great Dane that he had known as a small child, and that 

he retrieved after many years, having had to leave it behind in Austria 

when the Nazis came. What does it mean to say that it is the same dog 

as he had had before? There is no meaning to be attached to the 

'sameness' of any of its individual particles. Schrodinger points out a 

remarkable irony. For over two thousand years, since the time of Leu­

cippus and Democritus, there had been the fundamental idea that 

matter is composed of basic individual units, with empty space in 
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between. Yet, this had been essentially a postulate, based on indirect 

inferences of widely differing acceptability. Then just as the first direct 

evidence of the atomistic nature of matter was beginning to come to 

light (such as in the Wilson cloud chamber and other experimental 

devices), quantum theory pulled the rug from beneath us. The parti­

cles that the theory revealed to us were not at all like the hard grains 

that we had come to expect, but were spread out in incomprehensible 

ways; worse still, they had no individuality whatever! 

What is the present status of the particles that were known in 

Schrodinger's day? Electrons are still thought of as indivisible, but 

they belong to a larger family of particles, collectively called leptons. 

Protons, on the other hand, are not indivisible, being regarded as 

composed of stil l smaller units: the quarks. Modern particle physics 

is described in terms of these new kinds of element (quarks, 

leptons, gluons), which are the basic elements of what is referred to 

as the 'standard model'. In this model, the quarks and leptons 

are taken as structureless point-like objects. Are these the true 

atomic elements that physicists from the time of Leucippus and 

Democritus had sought? 

I doubt that many present-day physicists would hold firmly to such 

a view. One prevalent line of thinking pins faith on the ideas 

of string theory according to which the basic units would not be point­

like at all, but little loops referred to as 'strings'. These, however, 

would be far far tinier than the scales that are currently accessible to 

modern experimental techniques. There are some recent experimen­

tal indications that quarks may exhibit structure at much larger scales 

than those that would be required for string theory- in contradiction 

with the point-like expectations of the standard model. One must be 

cautious about drawing such conclusions, however, pending further 

results which may confirm or contradict them. This notwithstanding, 

it is fully to be expected that we are yet far from a final understanding of 

these matters. 

In both of these books, Schrodinger shows himself to be deeply 

troubled, moreover, by the actual continuous nature of our pictures of 

space and time. According to quantum theory, the state of a material 

particle can undergo discontinuous jumps. In his attempts to reconcile 

this odd behaviour with the desirable feature that an individual particle 

ought really to retain some rudimentary sort of identity, Schrodinger is 
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guided to the idea that it should be space itself, rather than the parti­

cles, which is discontinuous. I cannot help remarking, here, that this 

'oddness' in the behaviour of quantum particles is now known to be 

even weirder than was imagined in Schrodinger's day. Schrodinger 

himself had pointed out, in 1935 (as a follow-up from some work by Ein­

stein, Podolsky and Rosen), the puzzling phenomenon of quantum 

entanglement, according to which, in a system composed of more than 

one particle, the individual particles are not actually individual, but 

must be thought of as constituting an indivisible whole. In the mid-

1960s John Bell showed that this entanglement could actually be 

directly measured, with consequences for our picture of reality that 

have still, in my opinion, not been adequately resolved. 

Sch rod i nger, with considerable insight, goes back to ancient Greek 

times to try to examine the underlying reasons for our present firm 

beliefs in space-time continuity. He considers the picture of continuity 

that mathematicians, over the intervening centuries, have finally come 

to, and he points out the puzzling, almost paradoxical nature of this 

very picture. I had referred earlier to the powerful influence that 

Schrodinger had had on my own thinking. The idea that space and 

time are, at root, not what they 'seem' to be - perhaps themselves 

being discrete rather than continuous- is indeed something that took 

hold of me at that time, and the influence from Schrodinger's writings 

was great. I spent much time in trying to construct a theory in which 

spatial notions arose from an entirely discrete combinatorial struc­

ture. Although these attempts had some success, the thrust of under­

lying mathematical con�eptions has been, instead, to drive us in the 

direction of that curiously elegant form of continuity that is provided 

by complex numbers (numbers in which '1/-1 features). Complex num­

bers are fundamental to quantum theory (and '1/-1 occurs explicitly in 

Schrodinger's equation). They are fundamental to the 'twistor theory' 

that my own deliberations led me to, and they are fundamental also to 

string theory. Moreover, they are fundamental to the deepest results 

of number theory (such as in Wiles's recent proof of Fermat's last 

theorem), which is the epitome of discrete mathematics. Perhaps, in 

complex numbers will ultimately be found the resolution between 

the discrete and continuous, in physics that Schrodinger found so 

profoundly puzzling. Only time wil I tell. 

Roger Penrose, March 1996 
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C H A P T E R  I 

T H E  M O T I V E S  F O R  R E TU R N I N G  

T O  A N C I E N T  T H OU G H T  

When, early i n  1948, I set out t o  deliver a course of 
public lectures on the subject dealt with here, I still felt 
the urgent need of prefacing them with ample explana­
tions and excuses. What I was expounding then and 
there (to wit, at University College, Dublin) has come 
to form a part of the little book before you. Some 
comment from the standpoint of modern science was 
added, and a brief exposition of what I deem to be the 
peculiar fundamental features of the present-day 
scientific world-picture. To prove that these features 
are historically produced (as against logically neces­
sitated), by tracing them back to the earliest stage of 
Western philosophic thought, was my real objective in 
enlarging on the latter. Yet, as I said, I did feel a little 
uneasy, particularly since those lectures arose from my 
official duty as a professor of theoretical physics . There 
was need to explain (though I was myself not so 
thoroughly convinced of it) that in passing the time 
with narratives about ancient Greek thinkers and with 
comments on their views I was not just following a 
recently acquired hobby of mine ; that it did not mean, 
from the professional point of view, a waste of time, which 
ought to be relegated to the hours of leisure ; that it 
was justified by the hope of some gain in understanding 
modern science and thus inter alia also modern physics . 
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A few months later, in May, when speaking on  the 
same topic at University College, London (Shearman 
Lectures, 1948}, I already felt much more self-assured. 
While I had initially found myself supported mainly 
by such eminent scholars of antiquity as Theodor 
Gomperz, John Burnet, Cyril Bailey, Benjamin 
Farrington-some of whose pregnant remarks will later 
be quoted-I very soon became aware that it was pro­
bably neither haphazard nor personal predilection 
which made me plunge into the history of thought some 
twenty centuries deeper than other scientists had been 
induced to sound, who responded to the example and 
the exhortation of Ernst Mach. Far from following an 
odd impulse of my own, I had been swept along un­
wittingly, as happens so often, by a trend of thought 
rooted somehow in the intellectual situation of our 
time. Indeed, within the short period of one or two 
years several books had been published, whose authors 
were not classical scholars but were primarily in­
terested in the scientific and philosophic thought of 
today ; yet they had devoted a very substantial part of 
the scholarly labour embodied in their books to ex­
pounding and scrutinizing the earliest roots of modern 
thought in ancient writings. There is the posthumous 
Growth of Physical Science by the late Sir James Jeans, 
eminent astronomer and physicist, widely known to 
the public by his brilliant and successful populariza­
tions. There is the marvellous History of Western 
Philosophy by Bertrand Russell, on whose manifold 
merits I need not and cannot enlarge here ; I only wish 
to recall that Bertrand Russell entered his brilliant 
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career as the philosopher of modern mathematics and 
mathematical logic. About one third of each of these 
volumes is concerned with antiquity. A handsome 
volume of a similar scope, entitled The Birth of Science 
(Die Geburt der Wissenschaft) was sent to me at nearly 
the same time from Innsbruck by the author, Anton 
von Morl, who is neither a scholar of antiquity, nor of 
science, nor of philosophy ; he had the misfortune at 
the time when Hitler marched into Austria to be the 
Chief of Police (Sicherheitsdirector) of Tirol, a crime for 
which he had to suffer many years in a concentration 
camp; he luckily survived the ordeal. 

Now if I am right in calling this a general trend of 
our time, the questions naturally arise : how did it 
originate, what were its causes, and what does it really 
mean? Such questions can hardly ever be answered 
exhaustively even when the trend of thought that we 
consider lies far enough back in history for us to have 
gained a fair survey of the total human situation of the 
time. In dealing with a quite recent development one 
can at best hope to point out one or the other of the 
contributory facts or features . In the present case 
there are, I believe, two circumstances that may serve 
as a partial explanation of the strongly retrospective 
tendency among those concerned with the history of 
ideas : one refers to the intellectual and emotional 
phase mankind in general has entered in our days, the 
other is the inordinately critical situation in which 
nearly all the fundamental sciences find themselves 
ever more disconcertingly enveloped (as against their 
highly flourishing offspring like engineering, practical 
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-including nuclear--chemistry, medical and surgical 
art and technique).  Let me briefly explain these two 
points, beginning with the first. 

As Bertrand Russell has recently1 pointed out with 
particular clarity, the growing antagonism between 
religion and science did not arise from accidental cir­
cumstances, nor is it, generally speaking, caused by ill 
will on either side. A considerable amount of mutual 
distrust is, alas, natural and understandable. One of 
the aims, if not perhaps the main task, of religious 
movements has always been to round off the ever un­
accomplished understanding of the unsatisfactory and 
bewildering situation in which man finds himself in the 
world ; to close the disconcerting ' openness ' of the out­
look gained from experience alone, in order to raise his 
confidence in life and strengthen his natural benevo­
lence and sympathy towards his fellow creatures­
innate properties, so I believe, but easily overpowered 
by personal mishaps and the pangs of misery. Now, in 
order to satisfy the ordinary, unlearned man, this 
rounding-off of the fragmentary and incoherent world 
picture. has to furnish inter alia an explanation of all 
those traits of the material world that are either really 
not yet understood at the time or not in a way the 
ordinary unlearned man can grasp. This need is seldom 
overlooked for the simple reason that, as a rule, it is 
shared by the person or persons who, by their eminent 
characters, their sociable inclination, and their deeper 
insight into human affairs, have the power to prevail 
on the masses and to fill them with enthusiasm for their 

1 Hist. West. Phil. p. 559. 
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enlightened moral teaching. It so happens that such 
persons, as regards their upbringing and learning and 
apart from these extraordinary qualities, have usually 
themselves been quite ordinary men. Their views about 
the material universe would thus be as precarious, 
actually much the same, as those of their listeners. 
Anyhow, they would consider the spreading of the 
latest news about it irrelevant for their purpose, even 
if they knew them. 

At first this mattered little or nothing. But in the 
course of the centuries, particularly after the rebirth of 
science in the seventeenth century, it came to matter 
a lot. According as, on the one hand, the teachings of 
religion were codified and petrified and, on the other 
hand, science came to transform-not to say disfigure 
-the life of the day beyond recognition and thereby 
to intrude into the mind of everyman, the mutual dis­
trust between religion and science was bound to grow 
up. It did not spring from those well-known irrelevant 
details from which it ostensibly issued, such as whether 
the earth is in motion or at rest, or whether or not man 
is a late descendant of the animal kingdom ; such bones 
of contention can be overcome, and to a large extent 
have been overcome. The misgiving is much more 
deeply rooted. By explaining more and more about 
the material structure of the world, and about how our 
environment and our bodily selves had, by natural 
causes, reached the state in which we find them, more­
over by giving this knowledge away to everybody who 
was interested, the scientific outlook, so it was feared, 
stealthily wrested more and more from the hands of 
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the Godhead, heading thus for a self-contained world to 
which God was in danger of becoming a gratuitous 
embellishment. It would hardly do justice to those who 
genuinely harboured this fear, if we declared it utterly 
unfounded. Socially and morally dangerous misgivings 
may spring, and occasionally have sprung-not, of 
course, from people knowing too much-but from people 
believing that they know a good deal more than they do. 

Equally justified is, however, an apprehension which 
is, so to say, complementary and which has haunted 
science from the very time it came into existence. 
Science has to be careful of incompetent interference 
from the other side, particularly in scientific disguise, 
recalling Mephisto, who, in the borrowed robe of the 
Doctor, foists his irreverent jokes upon the ingenuous 
Scholar. What I mean is this . In an honest search for 
knowledge you quite often have to abide by ignorance 
for an indefinite period. Instead of filling a gap by 
guesswork, genuine science prefers to put up with it; 
and this, not so much from conscientious scruples about 
telling lies, as from the consideration that, however 
irksome the gap may be, its obliteration by a fake 
removes the urge to seek after a tenable answer. So 
efficiently may attention be diverted that the answer 
is missed even when, by good luck, it comes close at 
hand. The steadfastness in standing up to a non liquet, 
nay in appreciating it as a stimulus and a signpost to 
further quest, is a natural and indispensable disposi­
tion in the mind of a scientist. This in itself is apt to set 
him at variance with the religious aim of closing the 
picture, unless each of the two antagonistic attitudes, 
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both legitimate for their respective purposes, is applied 
with prudence. 

Such gaps easily evoke the impression of being un­
defended weak spots . They are at times seized upon by 
persons whom they please, not as an incentive for 
further quest, but as an antidote against their fear that 
science might, by ' explaining everything ' ,  deprive the 
world of its metaphysical interest. A new hypothesis 
is put up, as everybody is, of course, entitled to do in 
such a case.  At first sight it seems firmly anchored in 
obvious facts; one only wonders why these facts or the 
ease with which the proposed explanation follows from 
them have escaped everybody else. But this in itself 
is no objection, for it is precisely the situation we very 
often have to face in the case of genuine discoveries. 
However, on closer inspection the enterprise betrays its 
character (in the cases I have in mind) by the fact 
that, while apparently tendering an acceptable ex­
planation within a fairly wide range of inquiry, it is at 
variance with generally established principles of sound 
science, which it either pretends to overlook or airily 
reduces with regard to their generality; to believe in 
the latter, so we are told, was just the prejudice that 
was in the way of a correct interpretation of the 
phenomena in question. But the creative vigour of a 
general principle depends precisely on its generality. 
By losing ground it loses all its strength and can no 
longer serve as a reliable guide, because in every single 
instance of application its competence may be chal­
lenged. To clinch the suspicion that this dethrone­
ment was not an accidental by-product of the whole 
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enterprise, but its sinister goal, the territory from which 
previous scientific attainment is invited to retire is 
with admirable dexterity claimed as a playground of 
some religious ideology that cannot really use it 
profitably, because its true domain is far beyond any­
thing in reach of scientific explanation. 

A well-known instance of such intrusion is the 
recurring attempt to reintroduce finality into science, 
allegedly because the reiterated crises of causality 
prove it to be incompetent single-handed, actually 
because it is considered infra dig. of God Almighty to 
create a world which He disallowed Himself to tamper 
with ever after. In this case the weak spots seized 
upon are obvious . Neither in the theory of evolution 
nor in the mind-matter problem has science been able 
to adumbrate the causal linkage satisfactorily even to 
its most ardent disciples. And so vis viva, elan vital, 
entelechy, wholeness, directed mutations, quantum 
mechanics of free will, etc. stepped in. As a curiosity, 
let me mention a neat volume 1 printed on much better 
paper and in much more handsome form than British 
authors were used to at that time. After a sound 
and scholarly report on modern physics, the author 
happily embarks on the teleology, the purposiveness, 
of the interior of the atom and interprets in this manner 
all its activities, the movements of the electrons, the 
emission and absorption of radiation, etc. ,  

And hopes to please by this peculiar whim 
The God who fashioned it and gave it him.2 

1 Zeno Bucher, Die Jnnenwelt der Atome (Lucerne: Josef Stocker, 
1946). z From Kenneth Hare, The Puritan. 
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But let me return to our general topic. I was trying 
to set forth the intrinsic causes for the natural enmity 
between science and religion. The fights that sprang 
from it in the past are too well known to call for further 
comment. Moreover, they are not what concerns us 
here. However deplorable, they still manifested mutual 
interest. Scientists on the one side, and metaphysicians, 
both of the official and of the learned type, on the other, 
were still aware that their endeavours to secure insight 
referred after all to the same object-man and his 
world . A clearance of the widely diverging opinions 
was still felt a necessity. It has not been attained. The 
comparative truce we witness today, at least among 
cultured people, was not reached by setting in harmony 
with one another the two kinds of outlook, the strictly 
scientific and the metaphysical, but rather by a resolve 
to ignore each other, little short of contempt ... In a 
treatise on physics or biology, albeit a popular one, to 
digress to the metaphysical aspect of the subject is 
considered impertinent, and if a scientist dare, he is 
liable to have his fingers rapped and be left to guess 
whether it is for offending science or the particular 
brand of metaphysics to which the critic is devoted. 
It is pathetically amusing to observe how on the one 
side only scientific information is taken seriously, 
while the other side ranges science among man's 
worldly activities, whose findings are less momentous 
and have, as a matter of course, to give way when at 
variance with the superior insight gained in a different 
fashion, by pure thought or by revelation. One regrets 
to see mankind strive towards the same goal along two 
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different and difficult winding paths, with blinkers and 
separating walls, and with little attempt to join all 
forces and to achieve, if not a full understanding of 
nature and the human situation, at least the soothing 
recognition of the intrinsic unity of our search. This is 
regrettable, I say, and would be a sad spectacle any­
how, because it obviously reduces the range of what 
could be attained if all the thinking power at our dis­
posal were pooled without bias. However, the loss 
might perhaps be endured if the metaphor I used were 
really appropriate, that is to say, if it were actually two 
different crowds who follow two paths. But this is not 
so. Many of us are not decided which one to follow. 
With regret, nay with despair, many find that they 
have to shut themselves off alternately from the one 
and from the other kind of outlook. It is certainly not 
in general the case that by acquiring a good all-round 
scientific education you so completely satisfy the in­
nate longing for a religious or philosophical stabiliza­
tion, in face of the vicissitudes of everyday life, as to 
feel quite happy without anything more. What does 
happen often is that science suffices to jeopardize 
popular religious convictions, but not to replace them 
by anything else. This produces the grotesque pheno­
menon of scientifically trained, highly competent minds 
with an unbelievably childlike-undeveloped or atro­
phied-philosophical outlook. 

If you live in fairly comfortable and secure con­
ditions, and take them to be human life's general 
pattern, which, thanks to inevitable progress, wherein 
you believe, is about to spread and to become universal, 
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you seem to get along quite well without any philo­
sophical outlook ; if not indefinitely, at least until you 
grow old and decrepit and begin to face death as a 
reality. But while the early stages of the rapid 
material advancement which came in the wake of 
modern science appeared to inaugurate an era of peace, 
security and progress, this state of affairs now no longer 
prevails . Matters have sadly changed. Many people, 
indeed entire populations, have been thrown out of 
their comfort and safety, have suffered inordinate 
bereavements, and look into a dim future for them­
selves and for those of their children who have not 
perished. The very survival, let alone the continued 
progress, of man is no longer regarded as certain . 
Personal misery, buried hopes, impending disaster, 
and distrust of the prudence and honesty of the wordly 
rulers are apt to make men crave for even a vague hope, 
whether rigorously provable or not, that the ' world ' or 
' life '  of experience be embedded in a context of higher, 
if as yet inscrutable, significance. But there is the wall, 
separating the ' two paths ' ,  that of the heart and that 
of pure reason. We look back along the wall: could we 
not pull it down, has it always been there? As we scan 
its windings over hills and vales back in history we 
behold a land far, far, away at a space of over two 
thousand years back, where the wall flattens and dis­
appears and the path was not yet split, but was only 
one. Some of us deem it worth while to walk back and see 
what can be learnt from the alluring primeval unity. 

Dropping the metaphor, it is my opinion that the 
philosophy of the ancient Greeks attracts us at this 
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moment, because never before or  since, anywhere in  the 
world, has anything like their highly advanced and 
articulated system of knowledge and speculation been 
established without the fateful division which has 
hampered us for centuries and has become unendurable 
in our days. There were, of course, widely diverging 
opinions, combating one another with no less fervour, 
and occasionally with no more honourable means­
such as unacknowledged borrowing and destruction of 
writings-than elsewhere and at other periods. But 
there was no limitation as to the subjects on which a 
learned man would be allowed by other learned men to 
give his opinion. It was still agreed that the true 
subject was essentially one, and that important con­
clusions reached about any part of it could, and as a 
rule would, bear on almost every other part. The idea 
of delimitation in water-tight compartments had not 
yet sprung up. A man could easily find himself 
blamed, conversely, for shutting his eyes to such inter­
connexion-as were the early atomists for being silent 
on the consequences in ethics, of the universal neces­
sity which tlrey assumed and for failing to explain how 
the motions of the atoms and those observed in the 
skies had originally been set up. To put it dramatically : 
one can imagine a scholar of the young School of 
Athens paying a holiday visit to Abdera (with due 
caution to keep it secret from his Master) ,  and on being 
received by the wise, far-travelled and world-famous 
old gentleman Democritus, asking him questions on 
the atoms, on the shape of the earth, on moral conduct, 
God, and the immortality of the soul-without being 
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repudiated on any of these points. Can you easily 
imagine such a motley conversation between a student 
and his teacher in our days? Yet, in all probability, 
quite a few young people have a similar-we should 
say quaint--collection of inquiries on their minds, and 
would like to discuss all of them with the one person of 
their confidence. 

So much for the first of the two points that I an­
nounced my intention of submitting as clues to the 
renascent interest in ancient thought. Let me now 
put forward the second point, namely, the present 
crisis of the fundamental sciences. 

Most of us believe that an ideally accomplished 
science of the happenings in space and time would 
be able to reduce them in principle to events that 
are completely accessible and understandable to (an 
ideally accomplished) physics. But it was from physics 
that, in the early years of the century, the first shocks 
-quantum theory and the theory of relativity­
started to set the foundations of science trembling. 
During the great classical period of the nineteenth 
century, however remote might seem the realization 
of the task of actually describing in terms of physics 
the growth of a plant or the physiological processes 
in the brain of a human thinker or of a swallow 
building its nest, the language in which the account 
ought eventually to be drawn up was believed to be de­
ciphered, namely : corpuscles, the ultimate constituents 
of matter, move under their mutual interaction, which 
is not instantaneous, but transmitted by a ubiquitous 
medium that one may or may not choose to call ether ; 
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the very terms ' movement ' and ' transmission ' imply 
that the measure and the scene of all this are time and 
space ; these have no other property or task than to be 
the stage, as it were, on which we image the corpuscles 
moving and their interaction being transmitted. Now, 
on the one hand, the relativistic theory of gravitation 
goes to show that the distinction between ' actor ' and 
' stage ' is not expedient. Matter and the (field- or 
wave-like) propagation of something transmitting the 
interaction ought better to be regarded as the shape of 
space-time itself, which ought not to be looked upon 
as being conceptually prior to what was hitherto called 
its content ; no more than, say, the corners of a triangle 
are prior to the triangle. Quantum theory, on the other 
hand, tells us that what was formerly considered as the 
most obvious and fundamental property of the cor­
puscles, so much so that it was hardly ever mentioned, 
namely their being identifiable individuals, has only a 
limited significance. Only when a corpuscle is moving 
with sufficient speed in a region not too crowded with 
corpuscles of the same kind does its identity remain 
(nearly) unambiguous. Otherwise it becomes blurred. 
And by this assertion we do not mean to indicate 
merely our practical inability to follow the movement 
of the particle in question ; the very notion of absolute 
identity is believed to be inadmissible. At the same 
time we are told that the interaction, whenever it has 
-as it frequently has-the form of waves of short 
wave-length and low intensity, itself assumes the form 
of fairly well identifiable particles-in the teeth of the 
aforesaid description as waves. The particles which 
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represent the interaction in the course of its propaga­
tion are, in every particular case, different in kind 
from tl).ose that interact ; yet they have the same claim 
to be called particles. To round off the picture, particles 
of any kind exhibit the character of waves which 
becomes the more pronounced the slower they move 
and the denser they crowd, with the corresponding loss 
of individuality. 

The argument for whose sake I have inserted this 
brief report would be reinforced by mentioning the 
'pulling down of the frontier between observer and 
observed ' which many consider an even more momen­
tous revolution of thought, while to my mind it seems 
a much overrated provisional aspect without profound 
significance. Anyhow, my point is this. The modem 
development, which those who have bro.ught it to the 
fore are yet far from really understanding, has intruded 
into the relatively simple scheme of physics which 
towards the end of the nineteenth century looked 
fairly stabilized. This intrusion has, in a way, over­
thrown what had been built on the foundations laid in 
the seventeenth century, mainly by Galileo, Huygens 
and Newton. The very foundations were shaken. Not 
that we are not everywhere still under the spell of this 
great period. We are all the time using its basic con­
ceptions, though in a form their authors would hardly 
recognize. And at the same time we are aware that we 
are at the end of our tether. It is, then, natural to 
recall that the thinkers who started to mould modem 
science did not begin from scratch. Though they had 
little to borrow from the earlier centuries of our era, 



18 N A T U R E  AND THE GREE K S  

they very truly revived and continued ancient science 
and philosophy. From this source, awe-inspiring both 
by its remoteness in time and by its genuine grandeur, 
pre-conceived ideas and unwarranted assumptions may 
have been taken over by the fathers of modern science, 
and would, by their authority, soon be perpetuated. 
Had the highly flexible and open-minded spirit that 
pervaded antiquity continued, such points would have 
continued to be debated and could have been corrected. 
A prejudice is more easily detected in the primitive, 
ingenuous form in which it first arises than as the 
sophisticated, ossified dogma it is apt to become later. 
Science does appear to be baffled by ingrained habits 
of thought, some of which seem to be very difficult to 
find out, while others have already been discovered. 
The theory of relativity has done away with Newton's 
concepts of absolute space and time, in other words of 
absolute motionlessness and.absolute simultaneity, and 
it has ousted the time-honoured couple 'force and mat­
ter ' at least from its dominating position. Quantum 
theory, while extending atomism almost limitlessly, 
has at the same time plunged it into a crisis that is 
severer than most people are prepared to admit. On 
the whole the present crisis in modern basic science 
points to the necessity of revising its foundations down 
to very early layers. 

This, then, is a further incentive for us to return 
once again to an .assiduous study of Greek thought. 
There is not only, as was pointed out earlier in this 
chapter, the hope of unearthing obliterated wisdom, 
but also of discovering inveterate error at the source, 
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where it is easier to recognize. By the serious attempt 
to put ourselves back into the intellectual situation of 
the ancient thinkers, far less experienced as regards 
the actual behaviour of nature, but also very often 
much less biased, we may regain from them their 
freedom of thought-albeit possibly in order to use it, 
aided by our superior knowledge of facts, for correcting 
early mistakes of theirs that may still be baffling us. 

Let me conclude this chapter by some quotations. 
The first bears closely on what has just been said. It is 
translated from Theodor Gomperz's Griechische Den­
ker.1 To meet the possible objection that no practical 
advantage can spring from studying ancient opinion, 
which has been long superseded by better insight based 
on vastly superior information, a series of arguments is 
brought to the fore that ends with the following notable 
paragraph :  

It is of even greater importance to recall an indirect kind 
of application or utilization that must be regarded as 
highly momentous. Nearly our entire intellectual educa­
tion originates from the Greeks. A thorough knowledge of 
these origins is the indispensable prerequisite for freeing 
ourselves from their overwhelming influence. To ignore the 
past is here not merely undesirable, but simply impossible. 
You need not know of the doctrines and writings of the 
great masters of antiquity, of Plato and Aristotle, you need 
never have heard their names, none the less you are under 
the spell of their authority. Not only has their influence 
been passed on by those who took over from them in 
ancient and in modern times; our entire thinking, the 
logical categories in which it moves, the linguistic patterns 
it uses (being therefore dominated by them)-all this is in 
no small degree an artefact and is, in the main, the product 

i Vol. 1, p. 419 (3rd ed. 1911). 
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of the great thinkers of  antiquity. We must, indeed, in­
vestigate this process of becoming in all thoroughness, lest 
we mistake for primitive what is the result of growth and 
development, and for natural what is actually artificial. 

The following lines are taken from the Preface of 
John Burnet's Early Greek Philosophy : ' . • .  it is an 
adequate description of science to say that it is 
"thinking about the world in the Greek way". That is 
why science has never existed except among peoples 
who came under the influence of Greece. '  This is the 
most concise justification a scientist could wish for, to 
excuse his propensity for ' wasting his time ' in studies 
of this kind. 

And an excuse seems to be needed. Ernst Mach, the 
physicist colleague of Gomperz at the University of 
Vienna, and eminent historian ( ! } of physics, had, a 
few decades earlier, spoken of the ' scarce and poor 
remnants of ancient science'.1 He continues thus : 

Our culture has gradually acquired full independence, 
soaring far above that of antiquity. It is following an 
entirely new trend. It centres around mathematical and 
scientific enlightenment. The traces of ancient ideas, still 
lingering in philosophy, jurisprudence, art and science 
constitute impediments rather than assets, and will come 
to be untenable in the long run in face of the development 
of our own views. 

For all its supercilious crudeness, Mach's view has 
a relevant point in common with what I have quoted 
from Gomperz, namely the plea for our having to 
overcome the Greeks. But while Gomperz supports a 
non-trivial turn by obviously true arguments, Mach 

1 Popular Lectures, 3rd ed., essay no. xvn (J. A. Barth, 1903). 
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clinches the trivial side by gross exaggeration. In 
other passages of the same paper he recommends a 
quaint method of getting beyond antiquity, namely 
to neglect and ignore it. In this, for all I know, he had 
little success-fortunately, for the mistakes of the 
great, promulgated along with the discoveries of their 
genius, are apt to work serious havoc. 
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C H A P T E R  II 

T H E  C OM P E T I T I O N, R E A S O N  v. S E N S E S  

The short passage from Burnet and the longer one 
quoted from Gomperz at the end of the last chapter 
form the selected ' text ',  as it were, of this little book. 
We shall return to them later, when we shall try to 
answer the question : what is, then, that Greek way of 
thinking about the world? What are those peculiar 
traits, in our present scientific world view, that 
originated from the Greeks, whose special inventions 
they were, that are thus not necessary but artificial, 
being only historically produced and thus capable of 
change or modification, and which we, by ingrained 
habit, are liable to regard as natural and inalienable, 
as the only possible way of looking at the world? 

However, at the moment we shall not yet enter on 
this main question. Rather, by way of preparing the 
answer, I wish to introduce the reader to parts of 
ancient Greek thought which I consider relevant in our 
context. In this I shall not adopt a chronological 
arrangement. For I am neither willing nor competent 
to write a brief history of Greek philosophy, there being 
so many good, modern and attractive ones (parti­
cularly Bertrand Russell's and Benjamin Farrington's)  
at the disposal of the reader. Instead of following the 
order in time let us be guided by the intrinsic connexion 
of the subjects. This will bring together various 
thinkers ' ideas on the same problem rather than the 
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attitude of a single philosopher, or of a group of sages, 
towards the most various questions. It is the ideas we 
wish to reconstruct here, not the separate persons or 
minds. So we shall choose two or three leading ideas or 
motives of thought, which arose at an early stage, kept 
minds alert during the centuries of antiquity, and are 
in intimate connexion, if not identical, with problems 
enjoying the full vigour of agitated dispute up to the 
present moment. Grouping the tenets of ancient 
thinkers around these leading ideas, we shall feel their 
intellectual joys and grievances nearer to our own than 
is sometimes suspected. 

A widely discussed question, given great prominence 
in the natural philosophy of the ancients from the very 
beginning down through the centuries, deals with the 
reliability of the senses. This, anyhow, is the heading 
under which the problem is often reviewed in modern 
scholarly treatises. It arose from observing that the 
senses occasionally ' deceive ' us-as when a straight 
bar, half immersed obliquely in water, appears broken 
-and from noticing that the same object affects dif­
ferent persons differently-the current instance in 
antiquity being honey tasting bitter to the jaundiced. 
Until not very long ago some scientists used to be 
content with the distinction between what they chose 
to call the ' secondary ' qualities of matter, colour, 
taste, smell, etc. ,  and its ' primary ' qualities, extension 
and motion. This distinction was no doubt a late 
descendent of the old controversy, an attempted 
settlement : the primary qualities were thought to be 
the extract, the true and unshakable, distilled by 
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reason from the direct yield of our sense data. This 
view is, of course, no longer acceptable, since we have 
learnt from the theory of relativity (if we did not know 
it before) that space and time, and the shape and 
motion of matter in space and time, are an elaborate 
hypothetical construction of the mind, not at all un­
shakable, much less so than the direct sensates, which, 
if anything, deserve the epithet ' primary ' .  

But the reliability of the senses is only the preamble 
to much deeper questions, which are very much alive 
today and of which some of the ancient thinkers were 
fully aware. Is our attempted world picture based on 
sense perceptions alone? What role does reason play in 
its construction? Does it perhaps ultimately and truly 
rest upon pure reason alone? 

Amid the triumphant march of experimental dis­
coveries in the nineteenth century any philosophical 
view with a strong leaning towards ' pure reason ' 
received very bad marks, certainly from the leading 
scientists. This is no longer so. The late Sir Arthur 
Eddington became more and more affectionately at­
tached to the pure reason theory. Though few would 
follow him to the extreme, his exposition was admired 
for being ingenious and fruitful. Max Born found it 
necessary after all to write a pamphlet in refutation. 
Sir Edmund Whittaker was, to say the least, very much 
taken with Eddington's claim that some ostensibly 
purely empirical constants can be inferred from pure 
reason, for instance, the total number of elementary 
particles in the universe. Disregarding details and 
taking a wider view of Eddington's endeavour, which 
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sprung from a strong confidence in the reasonable­
ness and simplicity of nature, we find his ideas by no 
means isolated. Even Einstein's marvellous theory of 
gravitation, based on sound experimental evidence and 
firmly clinched by new observational facts which he 
had predicted, could only be discovered by a genius 
with a strong feeling for the simplicity and beauty of 
ideas. The attempts to generalize his great successful 
conception, so as to embrace electromagnetism and the 
interaction of nuclear particles, are informed by the hope 
of ' guessing ' to a large measure the way in which nature 
really works, of getting the clue from the principle of 
simplicity and beauty. In fact traces of this attitude 
pervade the work in modern theoretical physics-may­
be too much so, but this is not the place for criticism. 

The extreme viewpoints in respect of the attempt to 
construct a priori from reason the actual behaviour of 
nature can be represented in recent times by the names 
of Eddington at the one end and of, let me say, Ernst 
Mach at the other. The full range of possible attitudes 
within these limits and the full vigour of clinging to one 
view, defending it and attacking, nay ridiculing, the 
rejected alternative has notable representatives among 
the great thinkers of antiquity. We really do not know 
whether we should be astonished that they, with their 
infinitely inferior knowledge of the actual laws of nature, 
could have developed all the diversity of opinion about 
their foundation and the hot-headed zeal in defending 
the personally favoured one, or should rather wonder 
that the controversy has not yet subsided, quenched by 
the far-reaching insight we have gained since. 
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Parmenides, who flourished in Elea, Italy, around 
480 B.c. (which is roughly a decade before Socrates was 
born in Athens, and a little more than a decade before 
the birth of Democritus in Abdera), is one of the first 
to develop an extremely anti-sensual, aprioristically 
conceived view of the world. His world contained very 
little, so little in fact and that little in so flat contra­
diction of observed facts that he was induced to give, 
along with his ' true ' conception of it, an attractive 
description of (as we should say) ' the world as it really 
is ' , with sky, sun, moon and stars and certainly many 
other things. But this, he said, was only our belief, it 
was all due to the deception of the senses. In truth 
there were not many things in the world but only One 
Thing. And this One Thing is (I beg your pardon) the 
thing that is, in contradistinction to the thing that is 
not. This latter, from pure logic, is not-and thus there 
is only the One Thing, first mentioned. Moreover, 
there can be no place in space nor any moment in time 
where or when the One is not-for being the thing that 
is, it can nowhere and never have the contradictory 
predication that it be not. Hence it is ubiquitous and 
eternal. There can be no change and no movement, 
since there is no empty space into which the One could 
move where it is not already. All we believe to witness 
to the contrary is deception. 

The reader will notice that we are faced with a 
religion-recited, by the way, in fine Greek verse­
rather than with a scientific world-view. But at the 
time such a distinction would not appear. Religion or 
piety towards the gods would, for Parmenides, doubt-
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less belong to the apparent world of ' belief ' .  His 
' truth : was the purest monism ever conceived. He 
became the father of a school (the Eleatics) and had an 
enormous influence on the generations to come. Plato 
took the Eleatic objections to his ' theory of forms ' 
very seriously. In the dialogue he named after our sage 
and dated back before his own birth (to the time when 
Socrates was a young man) Plato expounds these 
objections but hardly attempts to refute them. 

Let me fill in a detail which is perhaps more than a 
detail. From my above brief characterization, in 
which I followed the usual rendering, it might seem 
that Parmenides' dogmatism referred to the material 
world, which he replaced by something else according 
to his liking and in flat contradiction to observation. 
But his monism was deeper than that. In one of the 
texts quoted by Diels1, Parmenides fragment 5 

"for the same is the thinking and the being" 

follows immediately (with an implication of similarity 
of meaning) on a quotation from Aristophanes "think­
ing has the same power as doing". Again in the first 
line of fr. 6 we read : 

both the saying and the thinking is a thing that is; 
and in fr. 8, lines 34 f. , 

One and the same is the thinking and that for whose sake 
the thought is there. 

(I have followed Diels' interpretation and waived 
Burnet's objection, that the definite article would be 

1 Diels, Die Fragmente der Vorsokratiker (Berlin, 1903), 1st ed. 



2 8  N A T U R E  AND T H E  G R E E K S  

required to make the Greek infinitives which I have 
rendered by ' the thinking ' and ' the being ' the subjects 
of the sentence. In Burnet's translation fr. 5 loses the 
akinness to Aristophanes' statement, while the line from 
fr. 8 becomes flatly tautological in Burnet's rendering : 
' The thing that can be thought and that for the sake of 
which the thought exists is the same. ' )  

Let me add a remark of Plotinus (quoted by Diels 
for fr. 5) in which he says that Parmenides ' united into 
one the thing that is and reason, and would not put the 
thing that is in the sensates. Saying " for the same is 
the thinking and the being ", he also says that the latter 
is motionless, even though in joining the thinking he 
deprives it of all bodylike motion. ' [ . . . El> -rav-ro uvvij­
'}'fV ov icai vovv icai -ro ov ovic EV -roi<; aia871-roi<; E-rl8E-ro. ' TO 
yap av-ro VOf'V ECJTlv 7"€ icai flvai ' Mywv icai aiclv71-rov Myn 
-rov-ro, ical-rot 7rpoCJTt8Ei<; -ro vo£iv awµa-rtic�v nii.aav iclv71aw 

'I:. � ' ' ' � ]  £r;;atpwv a7T av-rov. 
From this repeated emphasis on the identity of the 

ov (the thing that is) and the vo£iv (thinking) or v671µa 
(thought),  and from the way his assertions were 
referred to by thinkers of antiquity, we must infer that 
Parmenides' motionless, eternal One was not meant to 
be a whimsical, distorted and inadequate mental image 
of the real world around us, as if its true nature were 
that of a homogeneous, unstirring fluid, filling for ever 
the whole of space without boundaries-a simplified, 
hyperspherical Einstein-universe, as the modern 
physicist would be inclined to call it. His attitude is 
that he does not take the material world around us as 
a granted reality. The true reality he puts into thought, 
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into the subject of cognizance as we should say. The 
world around us is a product of the sensates, an image 
created by the sense perception in the thinking subject 
' by way of belief ' .  That he deems it well worth con­
sideration and description, the poet-philosopher shows 
by the second half of his poem, which is entirely 
devoted to it. But what the senses yield to us is not 
the world as it really is, not the ' thing in itself ' as Kant 
put it. The latter resides in the subject, in the fact that 
it is a subject, capable of thinking, capable of some 
mental process at least-of permanently willing, as 
Schopenhauer had it. I have no doubt that this is our 
philosopher's eternal, motionless One. It remains in­
trinsically unaffected, unchanged by the passing show 
that the senses display to it-the same as Schopen­
hauer asserted of the Will, which he tried to explain 
was Kant's ' thing in itself ' .  We are faced with a 
poetical attempt-poetical not only as regards the 
metrical form-at a union of the Mind (or if you like 
the Soul), the World and the Godhead. Confronted 
with the intensely perceived oneness and changeless­
ness of the Mind, the apparent kaleidoscopic character 
of the World had to give way and be regarded as a 
mere illusion. Clearly this results in an impossible 
distortion, which is remedied, as it were, by the second 
part of Parmenides' poem. 

It is true that this second part implies a grave in­
consistency, which could not, however, be removed by 
any interpretation. If reality is abrogated from the 
material world of the senses, is the latter then a µT, av, 

a thing that actually does not exist? And is then the 
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second part a fairy tale, all about things that are not? 
But, at least, it is said to deal with human beliefs 
(36gai} ; they are in the inind (voet'v}, which is identi­
fied with existence (efvm} ; have they then not a 
certain existence as phenomena of the mind? These 
are questions we cannot answer, contradictions we 
cannot remove. We must be content to remember that 
he who touches for the first time at a deep, hidden 
truth that is contrary to universally accepted opinion 
usually overstates it in a way that is likely to involve 
him in logical contradictions. 

We now tum to consider briefly the views of some­
one who represents the other extreme in the scale of 
possible attitudes towards the question, whether the 
direct sensual information or the reasoning human 
mind is the chief source of truth and has thus the 
fuller, or even the only claim to reality, properly 
speaking. As an outstanding example of pure sen­
sualism we adduce the great sophist Protagoras, who 
was born around 492 B.c. in Abdera (which a genera­
tion later, around 460 B.c., was to give birth to the 
great Democritus) .  Protagoras regarded the sense per­
ceptions as the only things that really existed, the only 
material from which our world-picture is made up. 
In principle all of them have to pass for equally true, 
even when modified or distorted by fever, disease, in­
toxication or madness. The stock example in antiquity 
was the bitter taste that honey has for the jaundiced, 
while to other persons it seemed sweet. Protagoras 
would have nothing of ' seeming ' or illusion in either 
case, though it was, he said, our duty to try and cure 
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people possessed of similar anomalies. He was not a 
scientist (any more than Parmenides was), though he 
did have profound interest in the Ionian enlightenment 
(of which we shall have to speak later). According to 
B. Farrington the efforts of Protagoras were centred 
upon standing up for human rights in general, upon 
promoting a more equitable social system, equal 
citizen rights for all human beings-true democracy, 
in short. In this, of course, he did not succeed, since 
ancient culture continued till its downfall to rest upon 
an economic and social system which depended vitally 
on the inequality of human beings. His best known 
saying, that ' man is the measure of all things ',  is usually 
taken to ref er to his sensual theory of knowledge, but 
might well embrace a plainly human attitud� towards 
the political and social question : human affairs to be 
ordered by laws and customs suited to the nature of 
man, and unprejudiced by tradition or superstition of 
any kind. His attitude to traditional religion is pre­
served in the following words which are as cautious as 
they are witty : ' With regard to the gods, I cannot know 
either that they are or that they are not, or what they 
are like in figure, for there are many things that hinder 
sure knowledge, the obscurity of the subject and the 
shortness of human life. '  

The most advanced epistemological attitude I en­
countered in any thinker of antiquity is clearly and 
pregnantly expressed in at least one of the fragments of 
Democritus . We shall have to come back to him as the 
great atomist. Suffice it for the moment to say that he 
certainly believed in the expediency of the material 
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world-view to  which he  had been led, believed i t  as 
firmly as any physicist of our times : the rigid, im­
mutable little corpuscles that move in empty space 
along straight lines, collide, rebound, etc. ,  etc. and thus 
produce all the immense variety of what is observed in 
the material world. He believed in this reduction of the 
unspeakably rich manifold of goings-on to purely 
geometrical images, and he was right in his belief. 
Theoretical physics was at that time so far ahead of 
experiment (which was hardly known) as never before 
or after-not to speak of our own days, which see it 
scramble along in the rear. Yet Democritus at the same 
time realized that the naked intellectual construction 
which in his world-picture had supplanted the actual 
world of light and colour, sound and fragrance, sweet­
ness, bitterness and beauty, was actually based on 
nothing but the sense perceptions themselves which 
had ostensibly vanished from it. In fragment D 125, 
taken from Galen and discovered only about fifty 
years ago, he introduces the intellect (8,&vo,a) in a 
contest with the senses (aluO�un�) . The former says : 
' Ostensibly there is colour, ostensibly sweetness, 
ostensibly bitterness, actually only atoms and the 
void ' ;  to which the senses retort : ' Poor intellect, do 
you hope to defeat us while from us you borrow your 
evidence? Your victory is your def eat. '  You simply 
cannot put it more briefly and clearly. 

Numerous other fragments of this great thinker 
might be typical places from Kant's work : that we 
cognize nothing as it really is, that we truly know 
nothing, truth is hidden deep in the dark, and so on. 
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Scepticism alone is a cheap and barren affair. 
Scepticism in a man who has come nearer to the truth 
than anyone before, and yet clearly recognizes the 
narrow limits of his own mental construction, is great 
and fruitful, and does not reduce but doubles the value 
of the discoveries. 
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CHAPTER III 

T H E  P Y T H A G O R E A N S  

From men like Parmenides or Protagoras we can infer 
little or nothing as to the scientific efficacy of such 
extreme viewpoints as they held, for they were not 
scientists. The prototype of a school of thinkers with 
strongly scientific orientation and at the same time 
with a well-marked bias, bordering on religious pre­
judice, towards reducing the edifice of nature to pure 
reason were the Pythagoreans. Their main seat was 
southern Italy, the towns of Croton, Sybaris, Tarentum 
around the bay between the ' heel ' and the ' toe ' of the 
peninsula. The adherents formed something very much 
like a religious order with quaint rites as to food and 
other things, bound to secrecy towards outsiders, at 
least on parts of the teaching.1 The founder, Pytha­
goras, who flourished in the second half of the sixth 
century B . c . ,  must have been one of the most remark­
able persons of antiquity, around whom legends of 
supernatural power sprouted : that he could remember 
all the previous lives in his metempsychoses (migration 

1 Various ancient authors comment on a great scandal which 
Hippasus caused by divulging the existence of the pentagon-dodeca­
hedron, or, as others say, a certain ' incommensurability ' (d.\oyla) and 
' asymmetry ' .  He was expelled from the Order. Other punishments 
are mentioned : his grave was prepared for him as for a defunct ; he 
was (by the avenging godhead) drowned on the high sea. 

Another big scandal in antiquity is connected with the rumour that 
Plato purchased at a high price, from a Pythagorean who was in need 
of money, three manuscript rolls, in order to use them for himself 
without divulging his sources. 
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of the soul) ; that someone on an accidental shifting of 
his garment had noticed that his thigh was of pure gold. 
He seems to have left not a line in writing. His word 
was gospel to his pupils, as is evidenced by the well­
known avToS' €cpa ( ' the Master said so ') ,  which would 
settle any dispute among them and clinch the infallible 
truth. It is also said that they were awed to pronounce 
his name but spoke of him as ' yonder man ' ( eKe"ivos 
av�p).  But it is sometimes not easy for us to decide 
whether a particular doctrine goes back to him, or from 
whom it originated, on account of the above-mentioned 
character and attitude of the community. 

Their aprioristic outlook was visibly taken over by 
Plato and the Academy, who were deeply impressed 
and strongly influenced by the South Italian school. 
Indeed, from the point of view of the history of ideas, we 
might very well call the Athenian school a branch of the 
Pythagoreans. That they did not formally adhere to the 
' Order ' is of little relevance, and of still less is their 
anxiety to veil rather than to emphasize their depend­
ence with a view to enhancing their own originality. But 
our best information on the Pythagoreans we owe, as 
we owe so much other information, to the sincere and 
honest reports of Aristotle, even though he mostly dis­
agrees with their views and blames them for unfounded 
aprioristic bias, to which he himself was so liable. 

The basic doctrine of the Pythagoreans, we are told, 
was that things are numbers, though some reports try 
to weaken the paradox, saying ' are like numbers ',  
analogous to numbers. We are far from knowing what 
was really meant by this assertion. It very likely 
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originated, as a sweeping generalization of truly 
imposing boldness and grandeur, from Pythagoras' 
famous discovery of the integral or rational sub­
divisions (for instance !, f, !) of a string, producing 
musical intervals which, when composed in the harmony 
of a song, may move us to tears, speaking as it were, 
directly to the soul. (A beautiful simile of the relation 
between soul and body originated in the School, pro­
bably from Philolaus : the soul is called the harmony 
of the body, related to it as are to a musical instrument 
the sounds it produces. )  

According to  Aristotle the ' things ' (that were 
numbers) were in the first place sensual, material 
objects ; for instance, after Empedocles had developed 
his theory of the four elements, they too ' became ' 
numbers ; but also such ' things ' as Soul, Justice, 
Opportunity had, or ' were ' ,  their numbers. In the 
allotment some simple properties of number-theory 
were relevant. For instance, square numbers ( 4, 9, 16, 
25, . . .  ) had to d� with Justice, which was more parti­
cularly identified with the first of them, namely with 4. 
Here the underlying idea must have been the possi­
bility of splitting the number into two equal, factors 
(compare words like ' equity ', ' equitable ' ) .  A square 
number of dots can be arranged in a square, as for 
example in ninepins. In the same way the Pythagoreans 
spoke of triangular numbers, such as 3, 6, 10, . . . . 
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The number is  obtained by multiplying the number of 
dots along one side ( n) by the following one ( n + I )  and 
dividing the product (which is always even) by two, 

thus 
n (n

2
+ I }

. (This is most easily seen by juxtaposing 

a second triangle upside down and shifting the figure 
to form a rectangle. 

In modern theory the ' square of the orbital moment of 
momentum ' is n (n + l }h2, not n2h2, n being an integer. 
This remark is only to illustrate the fact that the 
distinction of triangular numbers was not a mere 
illusion, they do quite often make their appearance in 
mathematics . )  

The triangular number 10 enjoyed singular respect, 
possibly because it was the fourth, and thus the one 
pointing to justice. 

The amount of arrant nonsense that is bound to be 
produced along such lines we illustrate from Aristotle's 
faithful-and not sneering-report. The primary pro­
perty of a number is the Odd or the Even. (So far so 
good. The mathematician is familiar with the funda­
mental distinction between odd and even prime 
numbers, even though the latter class contains only 
the one number 2. )  But then the Odd is supposed to 
determine the limited or finite character of a thing, the 
Even is made responsible for the unlimited or infinite 
character of some things. It symbolizes infinite ( I ) 
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divisibility, because an even number can be  divided 
into two equal parts. Another commentator finds a 
defectiveness or incompleteness (pointing to the in­
finite) of the even number in the fact that when you 
divide it in two 

. . .  I . . .  
an empty field remains in the middle that has no 
master and no number (MEQ"ITOTOS- Ka� avapdJµ,os-) .  

The four elements (fire, water, earth, air) seem to 
have been thought of as built up of four of the five 
regular bodies, while the fifth, the dodecahedron, was 
reserved as a receptacle for the whole universe, 
probably because it was so near to a sphere and was 
bounded by pentagons ; this figure itself played a 
mystical role and so did the figure enhanced by its five 
diagonals ( 5 + 5 = 10) which form the well-known penta­
gram. One of the early Pythagoreans, Petron, con­
tended that there were altogether 183 worlds, arranged 
in a triangle-:-though, by the way, this is not a tri­
angular number. Is it very irreverent to remember on 
this occasion that we were recently told by an eminent 
scientist that the total number of elementary particles 
in the world was 16 x 17 x 2256, where 256 is the square 
of the square of the square of 2?  

The later Pythagoreans believed in  the transmigra­
tion of the soul in a very literal sense. It is usually said 
that Pythagoras himself did. Xenophanes, in a couple 
of distichs, tells us this anecdote about the master : 
when he passed a little dog which was being cruelly 
beaten, he was touched by pity and addressed the 
tormentor thus : ' Stop beating him ; for it is the soul of 
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a friend, whom I recognized on hearing his voice. '  This 
on the part of Xenophanes was probably meant to 
ridicule the great man for his foolish belief. We cannot 
help feeling differently about it today. Supposing the 
story to be true, one might surmise a much simpler 
meaning for his words, just this : Stop, for I hear the 
voice of a tormented friend, calling for my help. ( ' Our 
friend the dog ' became a standing phrase with Charles 
Sherrington. )  

Let me return for a moment to the general idea, 
mentioned at the outset, the idea that numbers are at 
the back of everything. I said that it obviously started 
from the acoustical discoveries about the lengths of 
vibrating strings . But to do it justice ( in spite of its 
crazy offshoots ) one must not forget that this was the 
time and the place of the first great discoveries in 
mathematics and geometry, which were usually con­
nected with some actual or imagined application to 
material objects . Now the essence of mathematical 
thought is that from the material setting it abstracts 
numbers (lengths, angles and other quantities) and 
deals with them and their relations as such. It is in the 
nature of such a procedure that the relations, patterns, 
formulae, geometrical figures . . .  arrived at in this way 
very often turn out quite unexpectedly to apply to 
material settings widely different from those from 
which they were originally abstracted. The mathe­
matical pattern or formula all of a sudden brings order 
into a domain for which it was not intended and which 
was never thought of when the mathematical pattern 
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was derived. Su<;h experiences are very impressive and 
very apt to create the belief in the mystical power of 
mathematics. ' Mathematics ' appears to be at the 
bottom of everything, since we find it unexpectedly 
where we have not put it in. The fact must have struck 
young adepts again and again ; it returns as a momen­
tous event in the progress of physical science, as when 
-to give at least one famous example-Hamilton 
discovered that the motion of a general mechanical 
system was governed by exactly the same laws as a 
ray of light propagated in an inhomogeneous medium. 
Science has now become sophisticated, it has learned 
to be cautious in such cases, and not to take for granted 
an intrinsic cognateness where there may be only a 
formal analogy, resulting from the very nature of 
mathematical thought. But in the infancy of the 
sciences, rash conclusions, of the mystical nature 
characterized above, must not astonish us. 

An amusing, if irrelevant, modern case of a pattern 
applying to an entirely different setting is the so-called 
transition curve in road-planning. The bend that con­
nects two straight parts of the road ought not to be 
simply a circle. For this would mean that a motorist 
has to jerk the steering wheel suddenly as he enters 
the circle from the straight. The condition for an ideal 
transition curve presents itself : it ought to require a 
uniform rate of turning of the steering wheel in the 
first half, and the same uniform rate of turning it back 
in the second half of the transition. The mathematical 
formulation of this condition leads you to demand that 
the curvature must be proportional to the length of the 
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curve. It turns out that this is a curve of very special 
character which was known long before the advent of 
motor cars, namely Cornu's spiral. Its sole application, 
as far as I know, had been a simple, special problem in 
optics, namely the interference pattern behind a slit 
illuminated by a point source ; this problem had led to 
the theoretical discovery of Cornu's spiral. 

A very simple problem, known to every schoolboy, is 
that of intercalating between two given lengths (or 
numbers) p and q a third, x, such that p has to x the 
same ratio as x to q. 

p : x = x : q. (1 )  

The quantity x i s  then called the ' geometrical mean ' of 
p and q. For instance, if q were 9 times p, x would have 
to be 3 times p and thus one-third of q. From this you 
see by an easy generalization that the square of x 
equals the product pq, 

x2 =pq. (2) 

(This could also be inferred from the general rule of 
proportions that the product of the ' inner ' members 
equals the product of the ' outer ' members. )  The 
Greeks would interpret this formula geometrically as 
the ' quadrature of the rectangle ', x being the side of 
the square whose area is the same as that of the rect­
angle with sides p and q. They knew algebraic formulae 
and equations only in geometric interpretation, since 
as a rule there was no number to fit in with the formula. 
For instance if you take q to be 2p, 3p, 5p, . . .  (and p, 
for simplicity just 1 ), then x is what we call ,J2, ,J3, 
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.j5, . . .  , but to  them these were not numbers, they had 
not invented them yet. Any geometrical construction 
realizing the above formula is thus a geometrical 
extraction of the square root. 

The simplest way is to plot p and q along a straight 
line, then erect a perpendicular at the point where they 
join, (N), and cut it (at C) by a circle, drawn from the 
centre 0 (the middle point of p + q) passing through 
the end points A and B of p + q 

A 0 N 
B 

+ - - - - - p - - - - - + - q - +  

Fig. I .  

The proportion (1 )  then follows from the fact that ABC 
is a rectangular triangle, C being the ' angle in the semi­
circle ' ;  which makes the three triangles ABC, ACN, 
CNB geometrically similar. Two more ' geometrical 
means ' are exhibited in our triangles, namely-putting 
p + q = c, the hypotenuse-

q : b = b : c, 
p :  a = a : c, 

It follows that 

thus b2 = qc, 
thus a2 =pc. 

a2 + b2 = (p + q)c = c2, 
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which is the simplest proof of the so-called Pythagorean 
theorem. 

The proportion ( 1 )  might well have occurred to the 
Pythagoreans in an entirely different setting. If p, q, x 
are lengths which you delimit on the same string by 
supports, or just by pressure of the finger as the 
violinist does, then x produces a tone ' in the middle ' 
of those produced with p and q ;  the musical intervals 
from p to x and from x to q are the same. This may 
easily lead one to the problem of dividing a given 
musical interval into more than two equal steps. At 
first sight this seems to lead away from harmony, since 
even if the original ratio p : q was rational, the inter­
calated steps would not be. Yet precisely this way of 
intercalation is followed in the equal-tempered piano­
tuning, with twelve steps. It is a compromise, condemn­
able from the point of view of pure harmony, but hardly 
avoidable in an instrument with prefabricated tones. 

Archytas (known also by his friendship with Plato in 
Tarentum around the middle of the fourth century) 
solved geometrically the next case, of finding two 
geometrical means (ovo 1-daas ava Aoyov EvpEiv), or 
dividing a musical interval into three equal steps . This, 
on the other hand, also amounts to finding geometri­
cally the third root of the given ratio q/p. In the 
latter form-extracting a third root-it was known as 
the Delian problem ; Apollo's priests on the isle of Delos 
had once charged an oracle petitioner to double the 
size of their altar stone. Now this stone was a cube, and 
a cube of double the volume would have to have an 
edge {/ 2 times the given one. 
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In modern symbols the problem reads 

p : x = x : y = y : q, (8) 
from which you deduce in the above way 

x2 =py, xy =pq. (4) 
Multiplying member by member and cancelling the 
factor y :  

(5) 

Archytas' solution amounts to repeating the con­
struction indicated above, 

.. - - - - - - - x  - - - - - - .. 
.. - - - - - - q - - - - - - - - - +  

Fig. 2. 

but using the second type of proportion mentioned 
above, which here amounts to 

p : x = x : y and x :  y = y : q. 
However, this is only the final outcome of Archytas' 
construction, which is a very elaborate one in space, 
using intersections of a sphere, a cone and a cylinder­
so complicated indeed that in my (first) edition of 
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Diels's Presocratics the figure that purported to 
illustrate the text was entirely wrong. Indeed, the 
above apparently simple figure cannot be constructed 
directly with compass and ruler from the given data, 
p and q. The reason is that with a ruler you. can only 
draw straight lines (curves of the first order}, with a 
compass only a circle, which is a particular curve of the 
second order ; but, to extract a third root, a given curve 
of at least the third order has to be available. Archytas 
supplies it most ingeniously by those curves of inter­
section. His method of solution is not, as one might 
believe, an over-complication, but a great feat, which 
he achieved about half a century before Euclid. 

The last point in Pythagorean teaching that we are 
going to consider here is their cosmology. It is of parti­
cular interest to us because it discloses the unexpected 
efficiency of an outlook, so encumbered with unfounded, 
preconceived ideals of perfection, beauty and simplicity. 

The Pythagoreans knew that the earth was a sphere, 
and they were probably the first to know that. The 
inference was most likely drawn from its circular 
shadow on the moon at lunar eclipses, which they inter­
preted more or less correctly (see below). Their model 
of the planetary system and the stars is schematically 
and summarily indicated by the following figure. 

C. F. Unmhabitable Earth Moon Sun Planets 

0 x r"{A o 0 0 0  
I 

Antichthon Antichthon Inhabitable 

Fig. 3. 

Fixed 
stars 
0 0  

0 
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The spherical earth revolves in twenty-four hours 
around a fixed centre, C.F. (the central fire, not the sun ! ) ,  
to which centre it turns always the same hemisphere­
as the moon does to us-which is not habitable, because 
it is too hot. Nine spheres, all centred on C.F., are 
imagined carrying, as it were, ( 1 )  the earth, (2) the 
moon, (3) the sun, (4-8) the planets, (9) the fixed stars, 
around the centre, each revolving at a rate peculiar to 
it. (Thus the lining-up along a straight line as in our 
figure is purely schematic ; it would never arise.) There 
is still a tenth sphere, or at least a tenth body, the 
antichthon or counter-earth, of which it is not quite 
clear whether it was in permanent conjunction or 
opposition to the earth with respect to the central fire. 
(Our figure pictures both alternatives. )  At any rate 
those three--earth, central fire, counter-earth-were 
supposed to be always on a straight line-naturally, 
since the antichthon was never seen ; it was a gratuitous 
invention. It may have been invented for the sake of 
the holy number ten, but was also made responsible for 
such eclipses of the moon as came to pass when both 
sun and moon were visible at opposite points very near 
the horizon. This is possible because, on account of the 
refraction of the rays in the atmosphere, we see a star 
setting when it has actually been already for a few 
minutes below the horizon. Since this was not known, 
such eclipses may have presented a difficulty, which 
contributed to the need both for the invention of the 
antichthon and for the assumption that not only the 
moon but also the sun, the planets and the fixed stars 
were illuminated by the central fire and that eclipses of 
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the moon were produced by the shadow of the earth or 
the antichthon in the light of the central fire. 

At first sight this model appears to be so wrong that 
it seems hardly worth devoting any thought to it. But 
let us consider it carefully and remember that nothing 
was known about the dimensions of (a) the earth and 
(b) the orbits. The then known part of the earth, the 
Mediterranean region, actually does swing on a circle 
in twenty-four hours round an invisible centre, to 
which it always turns the same side. This, precisely, 
causes the rapid diurnal motion shared by all the 
celestial bodies. To recognize it as a merely apparent 
motion is in itself a great achievement. The point that 
was wrong about the motion of the earth-that in 
addition to the rotation it was allotted a revolution of 
the same period-was wrong only as regards the period 
and the centre of the revolution. These mistakes, crude 
as they appear to us, weigh little against the specta­
cular recognition that the earth is allotted the role of 
one of the planets, just as the sun and moon and the 
five that we call planets . This is an admirable feat of 
self-liberation from the prejudice that man and his 
abode needs must be in the centre of the universe­
the first step towards our present outlook, which 
reduces our globe to one of the planets of one of the 
stars in one of the galaxies of the uni verse. It is known 
that this step, after having been completed Ly Ari­
starchus of Samos in about 280 B.c. ,  was then soon 
taken back and the prejudice restored, to last-at least 
officially in some quarters-till early in the nineteenth 
century. 
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One may ask why this central fire was invented 
at all. The trouble of explaining those exceptional 
eclipses, with both sun and moon visible, would hardly 
have sufficed.1 That the moon has no light of its own, 
but is illuminated from another source, is very early 
knowledge. Now, the two most impressive phenomena 
in the skies, the sun and the moon, are very much alike 
in their diurnal motions, in shape and in size ; the latter is 
due to the coincidence that the moon is about as many 
times nearer to us as it is smaller. This necessarily 
induces one to put the two on the same footing, to trans­
fer what is known about the moon to the sun, and thus 
to consider them both illuminated from the same source, 
which is just the hypothetical central fire. But since it 
was not seen, there was no other place to put it but 
' under our feet ' ,  covered to our eyes by our own planet. 

This model, though perhaps wrongly, is ascribed to 
Philolaus (second half of the fifth century) .  A glance at 
its further development goes to show that even gross 
mistakes, made under the bias of preconceived ideas 
about perfection and simplicity, can be relatively in­
nocuous ; nay, the more arbitrary and unfounded such 
an assumption is, the less mental damage will it do, for 
experience will eliminate it the more rapidly. As has 
once been said, a wrong theory is better than none at all. 

In the present case, first the travels of Carthaginian 
merchants, extending beyond the ' pillars of Hercules ', 
and a little later Alexander's expedition to India 
disclosed nothing about the central fire or the antich-

1 It is, by the way, not sure that such an eclipse ever has been 
observed. 
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thon, or about the earth getting less habitable beyond 
the limits of the Mediterranean culture. So all this had 
to be dropped. With the fictitious centre (the central 
fire) gone, it was natural to abandon the idea of the 
earth's diurnal revolution and to replace it by a pure 
rotation around its own axis. There is dissension among 
the historians of ancient philosophy in deciding to 
whom the ' new doctrine of the rotation of the earth ' 
is due ; some say to Ecphantus, one of the youngest 
Pythagoreans, others are inclined to regard him only as 
a personage in a dialogue of Heraclides Ponticus (a 
native of Heracles on the Black Sea, who attended the 
schools of Plato and Aristotle) and to ascribe this ' new 
doctrine ' (which, by the way, Aristotle mentions but 
rejects) to Heraclides. But it is perhaps more relevant 
to emphasize that there is no question of a new doc­
trine ; the rotation of the earth was already contained 
in Philolaus' system : a body that revolves around a 
centre and keeps turning always the same side towards 
it-as the moon does with respect to the earth-must 
not be said to have no rotation, but to rotate with a 
period exactly equal to its period of revolution. This is 
not a sophisticated scientific description, nor is the 
equality of periods in the case of the moon (and others 
similar to it) a haphazard coincidence ; it is due to tidal 
friction either in a previously existing oceanic or atmo­
spheric cover on the moon or in the bulk of its body.1 

1 The tidal friction on the earth produces a (very slow) retardation 
of its rotation. The reaction on the moon is bound to be a (very slow) 
recession from the earth together with a corresponding increase in the 
moon's period of revolution. From this, one is inclined to conclude 
that there must be even now some weak agent at work to maintain 
the exact equality of the two periods of the moon. 
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Now as  we  stated above, Philolaus' system did 
ascribe to the earth, with respect to the central fire, 
exactly this kind of motion, a rotation and a revolution 
with the same period. To drop the latter does not 
amount to the discovery of the former, since it was 
already discovered. We are rather inclined to call it 
a step in the wrong direction, for revolution there is, 
albeit around another centre. 

But the aforesaid Heraclides, who was in intimate 
contact with the later Pythagoreans, has to be credited, 
so it seems, with the most momentous step towards 
recognizing the actual situation. The striking changes 
of brightness of the inner planets, Mercury and Venus, 
had been noticed. Heraclides correctly attributed 
them to their changing distance from the earth. Hence 
they could not move in circles around the latter. The 
further fact that in their main or average motion they 
follow the sun's course probably helped to prompt the 
correct view that those two anyhow move in circles 
around the sun. Similar considerations would soon 
apply to Mars which also exhibits considerable changes 
in brightness. Eventually, as is well known, Aristar­
chus of Samos established (about 280 B.c. )  the helio­
centric system, only about one century and a half after 
Philolaus. Its soundness was not recognized by many, 
and about another 150 years later it was overthrown 
by the authority of the great Hipparchus ' President of 
the University of Alexandria ',  as he would be called in 
our days. 

It is an amazing fact, not a little disconcerting to the 
sober scientist of today, that the Pythagoreans with all 
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their prejudices and preconceived ideas about beauty 
and simplicity made better headway, at any rate in 
this one important direction, towards an understanding 
of the structure of the universe-better than the sober 
school of Ionian ' physiologoi ', of whom we shall have 
to speak presently, and better than the atomists who 
succeeded them spiritually. For reasons that will 
appear soon scientists are very much inclined to regard 
the Ionians (Thales, Anaximander, etc. )  and, above 
all, the great atomist Democritus as their spiritual 
ancestors. Yet even the last-named clung to the idea 
of a flat, tambourine-shaped earth, which was perpet­
uated among the atomists by Epicurus and lasted 
down to the poet Lucretius, in the first century B.c.  
Disgust at the unfounded, weird phantasies and the 
arrogant mysticism of the Pythagoreans may have 
contributed to cause a clear thinker like Democritus to 
reject all their teaching that gave the impression of 
arbitrary, artificial construction; Yet their power of 
observation, trained in those early, simple acoustical 
experiments about vibrating strings, must have en­
abled them to recognize through the fog of their pre­
judices, something so near the truth that it served as 
a good foundation from which the heliocentric view 
rapidly sprang. Sad to say, it was equally rapidly dis­
carded under the influence of the Alexandrian school, 
who believed themselves to be sober scientists, free of 
prejudice, guided only by facts. 

I have not mentioned in this brief survey the an­
atomical and physiological discoveries of Alcmaeon of 
Croton. He was a younger contemporary of Pythagoras ; 
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he discovered the main sensual nerves and followed 
their course to the brain, which he recognized as 
the central organ corresponding to the activity of the 
mind. Up to then-and, in spite of his discovery, for a 
long time after-the heart (�Top, KapSla ), the diaphragm 
(r/>plves} and breathing ('ITVevµa, Lat. anima > animus) 
were deemed to be connected with the mind or the 
soul, as is evidenced by the expressions that were used 
metaphorically to indicate them. Vestiges of these 
metaphors are to be found in all modern languages. 
But let this suffice for our present purpose. The reader 
can easily find elsewhere more competent information 
on the medical achievements of antiquity. 
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C H A P T E R  IV 

T H E  I O N I A N  E N L I G H T E NM E N T  

Turning now t o  the philosophers usually classed to­
gether under the name of the Milesian School (Thales, 
Anaximander, Anaximenes) and, in the next chapter, 
to some more or less connected with them (Heraclitus, 
Xenophanes }, then to the atomists (Leucippus, Demo­
critus}, let me point out two things. First, the order in 
regard to the preceding chapter is not chronological ; 
the floruit of the three Ionian ' physiologoi ' (Thales, 
Anaximander, Anaximenes) is approximately dated at 
585, 565, 545 B.c. respectively, as against Pythagoras 
532 B.c. Secondly, I wish to point out the double role 
that this whole group plays in our present context. 
They are a group of definitely scientific outlook and 
aims, just as the Pythagoreans were, but opposed to 
them as regards the competition ' Reason v. Senses ', 
explained in our second chapter. They take the world 
as given to us by our stnses and try to explain it, not 
bothering about the precepts of reason any more than 
the man in the street does, from whose way of thinking 
theirs is a direct descendant. Indeed it frequently 
starts from problems or analogies of handicraft and 
serves practical applications in navigation, mapping, 
triangulation. On the other hand let me remind the 
reader about our main problem, which will be to find 
out the special and somewhat artificial features of 
present-day science that are supposed (Gomperz, 
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Burnet) to  originate from Greek philosophy. We shall 
submit and discuss two such features, namely the 
assumption that the world can be understood, and the 
simplifying provisional device of excluding the person of 
the ' understander ' (the subject of cognizance) from the 
rational world-picture that is to be constructed. The 
first definitely originated from the three Ionian 
' physiologoi ', or from Thales, if you like. The second, 
the exclusion of the subject, has become an ingrained 
habit of old. It became inherent in any attempt to 
form a picture of the objective world such as the 
lonians made. So little was one aware of the fact that 
this exclusion was a special device, that one tried to 
trace the subject within the material world-picture in 
the form of a soul, whether a material one, made of 
particularly fine, volatile and mobile matter, or a 
ghostlike substance that interacts with matter. These 
naive constructions went down through the centuries 
and are far from extinct today. Though we cannot 
trace the ' exclusion ' as a definite step, decided upon 
consciously (which it probably never was), we do find 
in the fragments of Heraclitus.(floruit about 500 B.c.) 
remarkable evidence of his being aware of it.  And the 
fragment of Democritus which we have already quoted 
at the end of Chapter II shows him worried about the 
fact that his atomistic model of the world is devoid of 
all the subjective qualities, the sensorial data, from 
which it was built. 

The movement called the Ionian enlightenment 
began in that very remarkable sixth century B.c. ; 
indeed, it so happened that in this century also in the 
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Far East spiritual trends of tremendous consequence 
were started, connected with the names of Gautama 
Buddha (born about 560 B.c. ), Laotse and his younger 
contemporary Confucius (born 551 B.c. ) . The Ionian 
group sprang up, ostensibly out of nothing, in the nar­
row fringe called Ionia, the west coast of Asia Minor 
and the islands in front of it. The particularly favour­
able geographical and historical conditions obtaining 
there and then have often been depicted in more 
splendid rhetoric than I have at my disposal ; the 
situation was favourable to the development of free, 
sober, intelligent thought. Let me mention three 

points. 
The region (like southern Italy in the time of 

Pythagoras) did not belong to a big powerful state or 
empire, such as is usually found hostile to free thinking. 
It consisted politically of many small, self-governed and 
well-to-do city- or island-states, either republics or 
tyrannies. In either case they seem to have been ruled 
or governed quite frequently by the best brains, which 
has at all times been a rather exceptional event. 

Secondly, the lonians, inhabiting islands and the 
very broken coast of the mainland, were a seafaring 
people, interposed between East and West. Their 
flourishing trade mediated the exchange of goods 
between the coasts of Asia Minor, Phoenicia and Egypt 
on the one side and Greece, southern Italy and 
southern France on the other. Mercantile exchange has 
always and everywhere been, and still is, the principal 
vehicle for an exchange of ideas. Since the persons 
between whom this exchange first takes place are not 
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closet-scholars, poets or  teachers of  philosophy, but 
sailors and merchants, it is bound to take its start from 
practical problems. Manufacturing devices, new 
techniques in handicraft, means of transport, aids to 
navigation, methods of laying out harbours, of erecting 
piers and warehouses, harnessing water supply, and so 
on, will be among the first things one people learns 
from the other. The rapid development of technical 
skill, which results in an intelligent people from a vital 
process of this kind, stirs the minds of theorizing 
thinkers, who will often be called upon for help in 
carrying out some newly learned art. If they apply 
themselves to abstract problems about the physical 
constitution of the world, their whole way of thinking 
will show traces of the practical origin from which it 
started. This is precisely what we find in the Ionian 
philosophers. 

As a third favourable circumstance it has been 
pointed out that these communities, to put it briefly, 
were not priest-ridden. There was not, as in Babylonia 
and Egypt, a hereditary privileged priestly caste of the 
kind that, if they are not themselves the rulers, usually 
side with them in opposing the development of new 
ideas, since they have an instinctive feeling that any 
change in outlook might eventually tum against them­
selves and their privileges. So much for the conditions 
that favoured the rise of a new era of independent 
thought in Ionia. 

Many a schoolboy or young student may have come 
across, in his text-book or elsewhere, a brief survey of 
Thales, Anaximander, etc. On reading how one taught 
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that everything was water, another that everything 
was air, a third that everything was fire, and on 
learning about such queer ideas as fiery channels with 
windows in them (the celestial bodies), the streams up 
and down the atmosphere, etc. ,  he may well have been 
bored and have wondered why he was asked to be 
interested in such naive old stuff which we know is 
completely beside the point. What is then the great 
thing that happened at that time in the history of ideas, 
what makes us call this event the Birth of Science and 
speak of Thales of Miletus as the first scientist in the 
world (Burnet) ?  

The grand idea that informed these men was that 
the world around them was something �hat could be 
understood, if one only took the trouble to observe it 
properly ; that it was not the playground of gods and 
ghosts and spirits who acted on the spur of the moment 
and more or less arbitrarily, who were moved by 
passions, by wrath and love and desire for revenge, who 
vented their hatred, and could be propitiated by pious 
offerings. These men had freed themselves of super­
stition, they would have none of all this. They saw the 
world as a rather complicated mechanism, acting 
according to eternal innate laws, which they were 
curious to find out. This is, of course, the fundamental 
attitude of science up to this day. To us it has become 
flesh of our flesh, so much so that we have forgotten 
that somebody had to find it out, make it a programme, 
and embark on it. Curiosity is the stimulus. The first 
requirement of a scientist is to be curious. He must 
be capable of being astonished and eager to find 
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out. Plato, Aristotle and Epicurus emphasize the 
import of being astonished (Oavµa{Eiv) .  And this is 
not trivial when it refers to general questions about the 
world as a whole ; for, indeed, it is given us only once, 
we have no other one to compare it with. 

We call this the first step, which was of paramount 
importance, quite irrespective of the adequacy of the 
explanations actually offered. I believe it is correct to 
say that it was a complete novelty. The Babylonians 
and Egyptians knew, of course, a lot about the regula­
rities in the orbits of the heavenly bodies, particularly 
about eclipses. But they regarded them as religious 
secrets and were far from seeking natural explanations. 
And they were certainly very far from contemplating 
an exhaustive description of the world in terms of such 
regularities. In Homer's poems the incessant inter­
ference of the gods with natural events, the repelling 
human sacrifices reported in the Iliad illustrate what 
was said above in general terms. But to recognize the 
Ionians' outstanding discovery in creating for the first 
time a truly scientific outlook, we need not contrast 
them with those who had preceded them. So little did 
the Ionians succeed in uprooting superstition, that in 
all the time to come, down to our own days, there is no 
epoch that was not riddled with superstition. In this 
I am not referring to popular belief, but to the wavering 
attitude even of truly great men, such as Arthur 
Schopenhauer, Sir Oliver Lodge, Rainer Maria Rilke, to 
name just a few. The Ionians' attitude lived on with 
the atomists (Leucippus, Democritus, Epicurus, 
Lucretius)  and with the scientific schools of Alexandria 
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though in different ways ; for, unhappily, natural 
philosophy and scientific research had separated in the 
last three centuries a.c. ,  much as in modem times. 
After this the scientific outlook gradually died away, 
when in the first centuries of our era the world became 
increasingly interested in ethics and in strange brands 
of metaphysics, and did not care for science. Not before 
the seventeenth century did the scientific outlook 
regain momentum. 

The second step, of almost equal moment, can also 
be traced back to Thales. It is the recognition that all 
matter of which the world consists has, with all its 
infinite variety, yet so much in common, that it must 
be intrinsically the same stuff. We may well call this 
Proust's hypothesis in the embryonic stage. It was the 
first move towards an understanding of the world, thus 
towards implementing what we have called the first 
step, the conviction that it can be understood. From 
our present outlook we must say that this move 
touched the most essential point and was amazingly 
adequate. Thales ventured to regard water ( v3wp) as 
the basic stuff. But we had better not associate this 
naively with our ' H20 ', rather with liquid or fluid 
(Ta vypa) in general. He may have observed that all 
life appeared to originate in the liquid or in the moist. 
In deeming the most familiar liquid (water) the one 
material of which everything was composed, he im­
plicitly asserted that the physical state of aggregation 
(solid, fluid, gaseous) was a secondary affair, not very 
essential. We cannot expect him to be satisfied-as 
would befit a modem mind-by just saying : we shall 
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just give it  a name, call i t  matter (v..\71), and investi­
gate its properties. A new discovery is usually over­
stated and very often formulated into a hypothesis 
with too much detail that wears off later. This comes 
from our intense desire of ' finding out ',  from the 
urge of scientific curiosity, which is so essential for 
finding out anything, as. we said above. A rather 
interesting detail, reported by several doxographers as 
Thales' opinion, is that the land floats on the water 
' like a piece of wood ' ;  which must mean with a con­
siderable part of it immersed. This recalls on the one 
hand the old myth about the isle of Delos wandering 
around erratically until Leto there gave birth to twins, 
Apollo and Artemis ; but it is also amazingly akin to the 
modern theory of isostasy, according to which the 
continents do float on a liquid, though not exactly on 
the water of the oceans, but on a heavier molten sub­
stance below them. 

In point of fact, Thales' ' overstatement ' or ' rashness ' 
in forming his general hypothesis was soon corrected 
by his disciple and associate (em'ipos) Anaximander, 
who was younger by roughly twenty years. He denied 
that the universal world material was identical with 
any known stuff and invented a name for it, calling it 
the Boundless (a?Teipov). Much ado there was in anti­
quity about this interesting term, as if it were anything 
but a newly invented name. I shall not dwell upon it, 
but shall follow the trend of essential physical ideas by 
indicating what I would call the third momentous step in 
their development. It is due to Anaximenes, the 
associate and disciple of Anaximander, roughly another 
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twenty years younger (died about 526 B.c . ) .  He 
recognized that the most obvious transformations of 
matter were ' rarefaction and condensation '. He 
explicitly maintained that every kind of matter could 
be transformed into the solid, fluid or gaseous state in 
suitable circumstances. As the basic substance he chose 
to regard the air, thus treading again firmer ground 
than his master. Indeed, had he said ' dissociated 
hydrogen gas ' (which he could hardly be expected 
to say), he would not be far from our present view. 
Anyhow from the air, he said, lighter bodies (viz. the 
fire and the lighter, purer element on the top of the 
atmosphere) were formed by further rarefaction, while 
mist, clouds, water, and the solid earth resulted from 
successive steps of condensation. These assertions are 
as adequate and correct as they could at all be formu­
lated with the knowledge and within the conceptions 
of the time. Take note that it is not a question of only 
small changes of volume. On the transition from the 
ordinary gaseous state to the solid or liquid state the 
density increases by a factor of between one and two 
thousand. For instance a cu hie inch of water vapour at 
atmospheric pressure, when condensed, shrinks to a 
drop of water of little more than a tenth of an inch in 
diameter. Anaximenes' view, that liquid water and 
even a firm, solid stone are formed by the condensation 
of a basic gaseous substance (though it seems to amount 
to the same as the opposite view of Thales), is yet both 
bolder and much more akin to our present view. For 
we do consider a gas to be in the simplest, most primi­
tive, ' non-aggregated ' state, from which the relatively 
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complicated formation of liquids and solids results by 
the intervening of agents that play a subordinate part 
in the gas . That Anaximenes did not indulge in abstract 
phantasies, but was eager to apply his theory to con­
crete facts, can be seen from the amazingly correct 
insight he attained in some cases. Thus he tells us, con­
cerning the difference between hail and snow (both 
consisting of water in the solid state, i .e .  of ice}, that 
hail is formed when the water falling down from the 
clouds (i .e. raindrops) freezes, while snow results from 
moist clouds themselves taking to the solid state. 
A modern text-book of meteorology will tell you nearly 
the same. The stars (let me mention this by the way 
and out of order) do not give us heat, he said, because 
they are so far away. 

But by far the most important point about the 
rarefaction-condensation theory is that it was the 
stepping"stone to atomism which actually followed 
very soon in its wake. This point deserves attention, 
for to us modern people it is not obvious, we are too 
sophisticated. We are familiar with the idea of the 
continuum, or we believe ourselves to be. We are not 
familiar with the enormous difficulty this concept 
presents to the mind, unless we have studied very 
modern mathematics (Dirichlet, Dedekind, Cantor). 
The Greeks hit on these difficulties, became fully aware 
of them, were profoundly shaken by them. This can be 
seen from their embarrassment because ' no number ' 
corresponds to the diagonal of a square with side I (we 
say, it is .J2) ; it can be seen from Zeno's (the Eleatic's) 
well-known paradoxes about Achilles and the tortoise, 
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and about the arrow in flight, as well as from some other 
paradoxes about sand, and from the recurring questions 
about the line consisting of points-and, if so, of how 
many? That we (those of us who are not mathema­
ticians) have learned to shirk these difficulties, and 
have unlearned how to understand the Greek mind on 
this point, is, I believe, largely due to the decimal 
notation. At some time in our schooldays we are made 
to swallow the lump that one may contemplate 
decimal fractions whose figures run to infinity, and that 
such a one represents a number even when no simple 
recurrence of the figures can be indicated. The lump is 
lubricated by our having learnt a little earlier that 
quite simple numbers, as e.g. t (one-seventh), have no 
finite decimal fractions corresponding to them, but 
infinite ones, with recurrence : 

t = O·l42857 I 142857 I 142857 I . . . . 

The enormous difference between this case and, say, 

.J2 = 1 ·4142135624 . . .  , 

appears when we reflect that the .J2 would conserve its 
character whatever ' basis ' we chose 1 instead of our 
conventional basis 10, whereas with the basis 7 we, of 
course, get for t the ' septimal fraction ' 

t = O· l .  

Anyhow, after we  have swallowed the lump, we  feel 
that we are now in a position to ascribe a definite 
number to any point on the straight line between zero 

1 The square root of 2 in septimal fractions reads : l ·2620346 . . . .  
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and one, or  indeed between zero and infinity, or  indeed 
between minus infinity and plus infinity, if a point zero 
is marked on it. We feel in possession and in control of 
the continuum. 

In addition we know india-rubber. We know that we 
can stretch a string of india-rubber within large limits, 
or even a rubber surface, when blowing up a child's 
balloon. We have no difficulty in imagining that we 
can do a similar thing with a solid rubber body. And 
so we have no difficulty in reconciling a continuous 
model of matter with even very considerable changes 
of its shape and volume, though indeed quite a few 
physicists in the nineteenth century found some diffi­
culty in doing so. 

The Greeks, for the reasons just mentioned, had not 
this facility. They were bound to interpret the volume 
changes sooner or later in the way that the bodies con­
sist of discrete particles, which themselves do not 
change, but recede from each other or come closer 
together, leaving more or less empty space between 
them. That was their, and that is our, atomic theory. 
It might seem that a deficiency-the lack of knowledge 
about the continuum-just happened to lead them the 
right way. Fifty years ago one could still have accepted 
this conclusion, in spite of its intrinsic improbability. 
The latest phase of modern physics, inaugurated in 
1900 by Planck's discovery of the quantum of action, 
points in the opposite direction. While accepting the 
atomism of ordinary matter from the Greeks, we seem 
still to have made an improper use of our familiarity 
with the continuum. We have used this concept for 
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energy : but Planck's work has cast doubt on its ade­
quacy. We still use it for space and time ; it will hardly 
ever be dropped in abstract geometry ; but it may very 
well tum out to be out of place for physical space and 
physical time. So much for the development of physical 
ideas by the Milesian school, which is, I believe, their 
most important contribution to Western thought. 

A well-known statement about them is that they 
deemed all matter to be alive. Aristotle, dealing with 
the soul, tells us that some people considered it mixed 
up with ' the whole ', and that in this way Thales 
thought everything to be full of gods ; that he attri­
buted some moving power to the soul and ascribed a 
soul even to the stone, because it moved the iron. (This 
refers, of course, to the loadstone. )  This and the similar 
property imparted to amber (�lektron) when electrified 
by rubbing are given elsewhere as the reasons why 
Thales ascribed a soul even to the inanimate ( := soul­
less) .  Again, it is said that he regarded God as the 
intellect (or mind) of the universe and thought the 
whole to be animate (endowed with soul) and full of 
deities. The name of ' hylozoists ' (hyle, matter ; zo-os, 
alive) for the Milesian school was invented in later 
antiquity to indicate their view on this point, which 
must have seemed rather odd and childish then . For 
Plato and Aristotle had stipulated a clear distinction 
between the alive and the inanimate : the alive is what 
moves itself, e.g. man, a cat or a bird, the sun, moon 
and the planets. Some modem views approach closely 
to what the hylozoists meant and felt. Schopenhauer 
extended his fundamental notion of ' Will ' to every-



66 NATURE AND T H E  G R E E K S  

thing, he ascribed will to the falling stone and to the 
growing plant as well as to the spontaneous motions of 
animals and man. (He regarded conscious cognizance 
and intellect as a secondary, accessory phenomenon, 
a view with which this is not the place to quarrel. )  The 
great psycho-physiologist G. Th. Fechner entertained, 
albeit in his hours of leisure, ideas about the ' souls ' of 
the plants, the planets, the planetary system, that are 
interesting to read and were meant to convey a little 
more than just diverting day-dreams. Finally, let me 
quote from Sir Charles Sherrington's Gifford Lectures 
1937-8, published in 1940 as Man on his Nature. 
A discussion of many pages on the physical ( energetical) 
aspect of material events, and of the doings of 
organisms in particular, is summarized by pointing out 
the historical position of our present outlook thus : 
' . . .  in the Middle Ages, and after them . . .  , as with 
Aristotle before, there was the difficulty of the animate 
and the inanimate and the finding of the boundary 
between them. Today's scheme makes plain why that 
difficulty was, and dissolves it. There is no boundary . '1 
If Thales could read this, he would say : ' This is just 
what I held two hundred years before Aristotle. '  

The idea that organic and inorganic nature form an 
inseparable union did not remain a barren philosophical 
statement with the Milesians, as it did, for example, 
with Schopenhauer, whose chief mistake was that he 
opposed (or, perhaps better, he ignored) evolution, 
though biological evolution was, in Lamarck's version, 
established at his time and had a great influence on 

1 1st ed., p. 302. 
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some contemporary philosophers . In  the Milesian 
school one immediately drew the consequences, taking 
it for granted that life must originate from lifeless 
matter somehow, and obviously in a gradual way. We 
mentioned above that Thales decided on water as the 
primordial substance probably because he thought 
he witnessed life originating spontaneously in the wet 
or moist. In this he was, of course, mistaken. But 
his disciple Anaximander, pondering on the origin 
and development of living beings, arrived at remark­
ably correct conclusions, and, what is more, by 
remarkably sound observation and inference. From 
the helplessness of newborn land-animals, including 
human babies, he concluded that this cannot have been 
the earliest form of life .  Fishes, however, usually give 
no further attention to the progeny that proceeds from 
their spawn. Their young ones have to get on alone, 
and-we may add-they can manage more easily, 
because gravity is compensated in the water. Life must 
therefore have come out of the water. Our own an­
cestors were fishes . All this coincides so remarkably 
with modern findings, and is so intrinsically sound, that 
one regrets the romantic details that are added. 
Certain fishes, perhaps a kind of shark (yaAEos-), were 
believed-in contrast to what we said just before-to 
nurse their young ones with particular tenderness, in­
deed to keep them in (or even to take them back into) 
their wombs until they had reached a stage where they 
were fully capable of supporting themselves . Anaxi­
mander is said to have maintained that such a type of 
child-loving fish were our ancestors, in whose wombs 
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we developed until we were able to get out on the land 
and survive there for a certain time. Reading this 
romantic and illogical story one cannot help remem­
bering that most of our reports, if not all, are by writers 
who heartily disagreed with Anaximander's theory, 
which had been ridiculed rather unfairly by the great 
Plato. They were therefore hardly disposed to under­
stand it. Might it be that Anaximander pointed out, 
very consistently, an intermediate stage between fish 
and land animals-namely the Amphibia (the class to 
which the frogs belong) which spawn in the water, 
begin their lives in the water, then after a considerable 
metamorphosis come out on the land to live there for a 
while? Somebody who found it all too ridiculous, that 
a fish should gradually develop into a man, could easily 
distort this into that ' explanatory ' story, which makes 
man grow inside a fish. It bears quite a family likeness 
to other romantic fictions on natural history with which 
the Socrates-Plato circle used to amuse themselves. 
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C H A P T E R  V 

T H E  R E L I G I O N  O F  X E N O PHANE S. 

H E R A C L I T U S  O F  E P H E S U S  

The two great men of whom I wish to tell in this section 
have this in common, that they both give you the 
impression of walkers-alone-deep original thinkers, 
influenced by others, but not pledged to any ' school ' .  
The most probable period for Xenophanes' life is the 
century after about 565 B.c. At the age of ninety-two 
he describes himself as having wandered through the 
Greek countries (including, of course, Magna Graecia) 
for the last sixty-seven years. He was a poet, and the 
fragments of his fine verse that have come down to us 
make one deeply regret that his, as well as Empedocles' 
and Parmenides', hexameters and elegiacs were mostly 
lost, while the war-songs of the Iliad were preserved. 
Even so,  what is extant of all these philosophical 
poems would in my opinion make a more interesting, 
a worthier and a more suitable subject for our school 
reading than the Wrath of Achilles (if you think what 
it is about).1 According to Wilamowitz, Xenophanes 
' upheld the only real monotheism that has ever existed 
upon earth ' .  

He was the same who discovered and correctly 
interpreted fossils in the rocks of south Italy-in the 
sixth century B.c. I I wish to quote here some of his 

1 I do not wish it to be inferred that I regard the Iliad as nothing 
but a war-song whose loss would not have been deeply deplorable. 
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famous fragments that give us  an idea of the attitude 
of the advanced thinkers of that period towards 
religion and superstition. To make room for a scientific 
view of the world, it was, of course, necessary first to 
clear away the ideas of Jove raising thunder and 
throwing thunderbolts, of Apollo causing a pestilence 
to vent his anger, etc. 

Xenophanes remarks (fr. 1 1 )1 that Homer and 
Hesiod ascribe to the gods all things that are a shame 
and disgrace among mortals, imposture, stealing and 
adultery and deceiving one another with great in­
genuity. And (fr. 14) : ' Mortals deem that the gods are 
begotten as they are and have clothes like theirs and 
a voice and form. '  

Let me stop for a moment to ask : How could the 
general Greek public accept such a low idea of the gods? 
The answer is, I think, that to them it did not seem low 
at all. On the contrary, it testified to the gods' power 
and freedom and independence that they were allowed 
to do things blamelessly which we are blamed for, 
because we are poor little mortals only. They shaped 
their gods in the image of the great and rich and mighty 
and powerful and influential people among them, who 
most likely then as now could afford to evade the law 
and indulge in crime and shameful deeds, on the 
strength of their power and wealth. 

In several fragments Xenophanes dethrones the gods 
in a couple of lines by ridiculing them as being patently 
nothing but the product of human imagination. 

1 The numbering of the fragments follows Diels' first edition 
throughout. 
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(Fr. 15)  Yes, and if the oxen or horses or lions had hands 
and could paint with their hands, and produce works of art 
as men do, horses would paint the forms of the gods like 
horses, and oxen like oxen and make their bodies in the 
image of their several kinds. 

(Fr. 16)  The Ethiopians make their gods black and snub­
nosed ; the Thracians say theirs have blue eyes and red hair. 

Then a few short fragments, giving us his own idea 
about the godhead-clearly in the singular : 

(Fr. 23) One god, the greatest among gods and men, 
neither in form like unto mortals nor in thought. 

(Fr. 24) He sees all over, thinks all over, and hears all 
over. 

(Fr. 25) But without toil he swayeth all things by the 
thought of his mind. 

(Fr. 26) And he abideth ever in the selfsame place, 
moving not at all ; nor does it befit him to go about now 
hither, now thither. 

And then his, to me, particularly impressive 
agnosticism : 

(Fr. 34) There never was nor will be a man who has 
certain knowledge about the gods and about all the things 
I speak of. Even if he should chance to say the complete 
truth, yet he himself knows not that it is so. It is all nought 
but chancing opinion. 

Let us turn to a slightly later thinker, Heraclitus of 
Ephesus . He was a little younger (flourished around 
500 B.c. ) ; probably not a disciple of Xenophanes, but 
acquainted with his writings and influenced by him and 
by the older Ionians. He already passed for ' obscure ' 
in antiquity and was, I daresay, for this reason seized 
upon by Zeno, the founder of the Stoic school, and by 
the later Stoics, including Seneca. The few extant 
fragments bear witness to this. The details of his 
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physical world-picture are of little interest. The general 
trend of ideas was that of Ionian enlightenment, with 
a strong agnostic tinge, akin to Xenophanes . Some 
plain and characteristic statements are : 

(Fr. 30) This world, the same for all of us, none of the 
gods nor of the humans has made ; it has always been and 
is and will be, an ever living fire, flaring up in parts, in parts 
dying down. 

(Fr. 27) There awaits men when they die such things as 
they look not for nor dream of. 

As an example of the obscure fragments (the transla­
tion is Burnet's ) : 

(Fr. 26) Man kindles a light for himself in the night­
time, when he has died but is alive. The sleeper, whose 
vision has been put out, lights up from the dead ; he that is 
awake lights up from the sleeping. 

A group of fragments seem to me to point to very 
deep epistemological insight, namely this : since all 
knowledge is based on sense perceptions, these must be, 
a priori, equally valued, whether they occur in waking 
or dream or hallucip.ation, whether in a person of sound 
mind or not so. What makes the difference and enables 
us to build up a reliable world-picture from them is 
that this world can be so constructed as to be in com­
mon to all of us, or rather to all waking, sane persons. 
(You must not forget that at the time it was much 
more usual to think of apparitions in dreams as some­
thing real ; Greek mythology is full of that sort of 
thing. ) Those fragments read : 

(Fr. 2) It is therefore necessary to follow the common. 
But while reason (Aoyos) is common, the majority live as 
though they had a private insight of their own. 
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(Fr. 78) We must not act and speak like sleepers. 
(Explanation : for then (in our sleep) too we believe that we 
act and speak. ) 

And mainly : 

(Fr. 1 14 )  Those who speak with a sound mind (evv v6ip) 
must hold fast to what is common to all, just the same as 
a city holds on to her law, nay much more strongly so ; for 
all the laws of men are fed by the one divine law. This 
prevails as much as it will and suffices for all things with 
a net surplus. 

(Fr. 89) The waking have one common world, but the 
sleeping turn aside each into a world of his own. 

What impresses me particularly is the great emphasis 
on holding fast to what is common-viz. to escape 
insanity, to escape being an ' idiot ' (from Wtos-, private, 
one's own). He was not a socialist-if anything an 
aristocrat, maybe a ' fascist ' .  

I believe this interpretation to  be  right. Nowhere 
could I find a reasonable explanation for this ' common' 
in a man like him. He says once something like this : 
one man of genius weighs more than ten thousand of 
the crowd. He reminds one sometimes quite strongly 
of Nietzsche-the great ' fascist ' I All good things are 
brought about by strife and struggle.  

To sum up, the meaning is ,  I think, that we form 
the ideas of a real world around us from the fact that 
part of our sensations and experiences overlap, as it 
were ; this overlapping part-that is the real world. 

Generally speaking one ought not, I think, to be 
altogether too astonished to find occasionally very deep 
philosophical thought in the earliest records of human 
thinking about the world ; to find ideas which to form 
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or to  grasp costs us  nowadays some effort and labour of 
abstraction. One may think this infancy of human 
thought is, figuratively, ' still nearer to Nature ' .  The 
rational picture of the world was not yet attained, the 
construction of ' the real world around us ' not yet 
achieved. At any rate we do have many instances of 
such early deep thought in the old religious writings of 
many peoples, the Indians, the Jews, the Persians. 

In comparing these early periods of deep philoso­
phical awareness, I cannot help remembering a word of 
P. Deussen, the great Sanskritist and interesting philo­
sopher, who said : ' It is a great pity that children in the 
first two years of their life cannot talk, for if they 
could, they probably would talk Kantian philosophy. ' 
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C H A P T E R  VI 

T H E  ATOM I S T S  

Is the ancient atomic theory, which i s  attached to the 
names of Leucippus and Democritus (born around 
460 B.c . ) , the true forerunner of the modern one? This 
question has often been asked and very different 
opinions about it are on record. Gomperz, Cournot, 
Bertrand Russell, J. Burnet say : Yes. Benjamin 
Farrington says that it is, ' in a way ', and that the two 
have a lot in common. Charles Sherrington says : No, 
pointing to the purely qualitative character of ancient 
atomism and to the fact that its basic idea, embodied 
in the word ' atom ' (uncuttable or indivisible), has 
made this very name a misnomer. I am not aware that 
the negative verdict has ever passed the lips of a clas­
sical scholar. And when it comes from a scientist, he 
always shows by some remark that he regards chemistry 
-not physics-as the proper domain of the notions of 
atoms and molecules . He will mention the name of 
Dalton (born 1766) and omit, in this context, the name 
of Gassendi (born 1592). It was the latter who 
definitively reintroduced atomism into modern science, 
and he came to it after studying the fairly substantial 
extant writings of Epicurus (born around 341 B.c.) ,  
who had taken up the theory of Democritus, of which 
only scarce original fragments have come down to us. 
It is noteworthy that in chemistry, after the momentous 
development that had followed the discoveries of 
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Lavoisier and Dalton, a strong movement ( ' energcti­
cists ' ) , headed by Wilhelm Ostwald, supported by the 
views of Ernst Mach, arose towards the end of the 
nineteenth century in favour of abandoning atomism. 
It was said that it was not needed in chemistry and 
ought to be dropped as an unproved and unprovable 
hypothesis .  The question as to the origin of ancient 
atomism and as to its connexion with modern theory is 
of much more than purely historical interest. We shall 
return to it. First, I shall briefly indicate the main 
features of Democritus' views. They are these : 

( i ) The atoms are invisibly small. They are all of the 
same stuff or nature (cf>vuis), but there is an enormous 
multitude of different shapes and sizes, and that is their 
only characteristic property. For they are imperme­
able and act on each other by direct contact, pushing 
and turning each other ; and thus the most various 
forms of aggregation and interlacing of atoms of the 
same and of different kinds produce the infinite variety 
of material bodies, as we observe them, in their mani­
fold interaction with each other. The space outside 
them is empty-a view that seems natural to us, but 
was subject to infinite controversy in antiquity, because 
many philosophers concluded that the µ� av, the thing 
that is not, could not possibly be, that is to say there 
cannot be empty space I 

(ii) The atoms are in perpetual motion, and we may 
take it that this motion was regarded as irregularly or 
disorderly distributed in all directions, since nothing 
else is thinkable if the atoms are to be in perpetual 
motion even in bodies that are at rest or move with 
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slow speed. Democritus states explicitly that in empty 
space there is no above and below, in front or behind, 
no direction privileged-empty space is isotropic, wc 
should say. 

(iii) Their continual motion persists by itself, it does 
not come to rest ; this was taken for granted. This 
discovery, by guess, of the law of inertia must be 
regarded as a great feat, since it is patently contra­
dicted by experience. It was reinstated 2000 years 
later by Galileo, who arrived at it by ingenious 
generalization on carefully conducted experiments 
about pendulums and balls rolling down an inclined 
groove. At the time of Democritus it did not seem at 
all acceptable ; it gave great difficulty to Aristotle, who 
regarded only the circular motion of the celestial bodies 
as a natural one that could persist without change 
indefinitely. In modern terms we should say that the 
atoms were endowed with inertial mass, which made 
them continue their motion in empty space and impart 
it to other atoms which they hit. 

(iv) Weight or gravity was not regarded as a primitive 
property of the atoms. It was explained in a manner 
that in itself is quite ingenious, namely by a general 
whirl-motion which makes the bigger, more massive 
atoms tend towards the centre where the rotational 
speed is smaller, the lighter ones being thereby pushed 
or thrown away from the centre, into the heavens. 
Reading the description one is reminded of what 
happens in a centrifuge, though this, of course, is quite 
the opposite, the specifically heavier bodies being 
thrust outward, the lighter ones tending towards the 
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centre. On the other hand if  Democritus had ever 
made himself a cup of tea and stirred it round with a 
spoon, he would have found the tea leaves gathering in 
the centre of the cup, an excellent example to illustrate 
his whirl-theory. (The true ground of this is again just 
the opposite, the whirl being stronger in the middle 
than in the outer parts where it is retarded by the 
walls . )  What amazes me most is this : one would think 
that this idea of gravity being due to a continual whirl 
would automatically suggest a world-model of spherical 
symmetry, and thus a spherical earth. But that was 
not the case, Democritus rather inconsistently kept to 
the form of a tambourine ; he continued to regard the 
daily revolutions of the celestial bodies as real-and let 
the tambourine-earth reside on an air-cushion. Perhaps 
he was so disgusted by silly talk of the Pythagoreans 
and Eleatics that he did not wish to accept anything 
from them. 

(v) But, to my view, the gravest defeat the theory 
suffered, which condemned it to become a ' sleeping 
beauty ' for so many centuries, was due to its extension 
to the soul ; the soul was considered as composed of 
material atoms, particularly fine ones with particularly 
high mobility, probably spread all over the body and 
attending its functions . This was sad, because it was 
bound to repel the finest and deepest thinkers in the 
following centuries . We must be careful not to take 
Democritus to task too severely. It was thoughtless­
ness in a man whose deep understanding of the theory 
of knowledge I shall prove presently. He took over, 
and implemented along the lines of the atomic theory, 
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the old misconception, firmly anchored in the language 
up to the present day, that the soul is breath. All the 
old words for soul originally meant air or breath : ifro'Xfl, 
7TVevµ,a, spiritus, anima, (Sanskr.) athman (modern : 
expire, animate, inanimate, psychology, etc.) .  Well, 
this breath was air, _ and air was composed of atoms­
and so the soul was composed of atoms. It is a con­
donable short-cut to the central metaphysical problem, 
which really is unsolved up to the present day-see the 
masterful discussion in Charles Sherrington's Man on 
his Nature. 

It has a terrible consequence, which has haunted the 
thinkers of many centuries and in slightly changed 
form still puzzles us today. The world-model consisting 
of atoms and empty space implements the basic 
postulate of Nature being understandable, provided that 
at any moment the subsequent motion of the atoms is 
uniquely determined by their present configuration 
and state of motion. Then the situation reached at any 
moment engenders of necessity the following one, and 
this the next following one, and so on for ever. The 
whole going-on is strictly determined at the outset, 
and so we cannot see how it should embrace also the 
behaviour of living beings including ourselves, who are 
aware of being able to choose to a large extent the 
motions of our body by free decision of our mind. If 
then this mind or soul is itself composed of atoms 
moving in the same necessitous way, there seems to be 
no room for ethics or moral behaviour. We are com­
pelled by the laws of physics to do at every moment 
just exactly the thing we do ; what is the good of 
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deliberating whether it is right or  wrong? Where is  
room for the moral law if  the natural law overpowers 
and entirely frustrates it? 

The antinomy is as unsolved today as it was twenty­
three centuries ago. Still we are able to analyse 
Democritus' assumption into one very creditable and 
one very absurd constituent. He admitted 

(a) that the behaviour of all the atoms inside a living 
body was determined by the physical laws of Nature, 
and 

(b) that some of them went to compose what we call 
mind or soul. 

I consider it very much to his credit that he held 
unswervingly on to (a), even though it implies an 
antinomy, with or without (b). Indeed, if you admit 
(a), the motion of your body is predetermined and you 
fail to account for your sensation that you move it at 
will, whatever you may think about the mind. 

The truly absurd feature is (b). 
Unfortunately Democritus' successors, Epicurus and 

his disciples, finding their minds not strong enough to 
face the antinomy, abandoned the creditable assump­
tion (a) and clung to the absurd blunder (b). 

The difference between the two men, Democritus 
and Epicurus, was that Democritus was still modestly 
aware that he knew nothing, while Epicurus was very 
sure that he knew very little short of everything. 

Epicurus added to the system another piece of 
nonsense conscientiously echoed by all his followers, 
including, of course, Lucretius Carus. Epicurus was a 
sensualist of the purest breeding. Where the senses give 
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us  conclusive evidence, we  must follow it. Where they 
do not we are allowed to make any reasonable hypo­
thesis to explain what we see. Unfortunately he in­
cluded in the things about which the senses give us 
conclusive, indubitable evidence, the size of the sun, 
the moon and the stars. Speaking in particular about 
the sun, he argued (a) that its circumference is sharp, 
not blurred, and (b) that we feel its heat. He argued 
further that, if a big terrestrial fire is still near enough 
for us to discern its contours clearly and to feel any­
thing of its heat, then we also discern its actual size, 
' we see it just as big as it is ' ! Conclusion : the sun (and 
the moon and the stars) are just as big as we see them, 
neither bigger nor smaller. 

The main nonsense is, of course, the expression ' as 
big as we see them ' .  It is astonishing that even 
modern philologists, when they report on this, are not 
shaken by this meaningless expression, but only by 
Epicurus' saying yes to it. He does not distinguish 
between angular size and linear size-living in Athens 
nearly three centuries after Thales, who measured the 
distance of ships by triangulation, as we do. 

But let us take his words at the face value. What can 
he have meant ? How big, then, do we see the sun? 
And how far is it thus away if it is as big as we see it? 

The angular size is 1/2 of a degree. From this you 
easily make out, that if it were 10 miles away, it would 
have to have a diameter of roughly 1/10 of a mile or 
500 feet. I do not think anybody could hold that the 
sun gives the immediate impression of being even as 
big as a cathedral . But let us grant him ten or fifteen 
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times the size, which would give a diameter of a mile 
and a half and a distance of 150 miles. That would 
mean that when you saw the sun in the morning in 
Athens on the eastern horizon, it was actually rising 
from the coast of Asia Minor. Think of it : 

Syracuse Athens Samos Babylon 

Fig. 4. 

Did he think it passed horizontally over the 
Mediterranean? With his ignorance of angular size that 
is quite possible. 

At any rate I think this shows that after Democritus 
the colours of physics were flown by philosophers who 
had no real interest in science and who, by the great 
influence they had as philosophers, wrecked it, in spite 
of the brilliant specialized work that was going on in 
Alexandria and elsewhere. It had little influence on 
the attitude of the population at large, including even 
such men as Cicero, Seneca or Plutarch. 

Let us now return to the historical questions raised 
at the beginning of this chapter of which I said that 
they have much more than only historical interest. We 
are facing here one of the most fascinating cases in the 
history of ideas. The astonishing point is this. From 
the lives and writings of Gassendi and Descartes, who 
introduced atomism into modern science, we know as 
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an actual historical fact that, in doing so, they were 
fully aware of taking up the theory of the ancient 
philosophers whose scripts they had diligently studied. 
Furthermore, and more importantly, all the basic 
features of the ancient theory have survived in the 
modern one up to this day, greatly enhanced and 
widely elaborated but unchanged, if we apply the 
standard of the natural philosopher, not the myopic 
perspective of the specialist. On the other hand we 
know that not a scrap of the wide experimental 
evidence that a modern physicist adduces in support of 
those basic features was known either to Democritus 
or to Gassendi. 

Whenever this kind of thing happens one has to 
envisage two possibilities. The first is that the early 
thinkers made a lucky guess which later proved to be 
correct. The second is that the thought pattern in 
question is not so exclusively based on the recently dis­
covered evidence as the modern thinkers believe, but 
on the co-operation of much simpler facts, known 
before, and on the a priori structure, or at least the 
natural inclination, of the human intellect. If the 
likelihood of the second alternative can be proved, it is 
of paramount importance. It need not, of course, even 
if it were certain, induce us to abandon the idea-in our 
case atomism-as a mere fiction of our mind. But it 
will give us deeper insight into the origin and nature of 
our thought picture. These considerations urge us to 
find out, if possible, how were the ancient philosophers 
led to their conception of immutable atoms and the 
void? 
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For all I know there is  no extant evidence to guide 
us. Today, if we state our own or another person's 
scientific beliefs, we feel bound to add why we or they 
hold them or held them. The mere fact that N.N. 
believed this or that, without motivation, seems un­
interesting to us. This was not a very common practice 
in antiquity. Particularly the so-called doxographoi 
are usually quite content to tell us e.g. ' Democritus 
held . . .  '. But it is noteworthy in our present context 
that Democritus himself regarded his insight as a 
creation of the intellect. This can be seen from fr. 125, 
quoted below in extenso, and also (fr. 11) from his 
distinction between two kinds of vehicle for obtaining 
knowledge, the genuine and the dark. The latter are 
the senses. They let us down when we try to penetrate 
into small regions of space. Then the genuine method 
of obtaining knowledge based on a refined organ of 
thought comes to our aid. That this refers inter alia to 
the atomic theory is obvious, though in the extant 
fragment it is not mentioned explicitly. 

What then guided his refined organ of thought so as 
to produce the concept of atoms'/ 

Democritus was intensely interested in geometry, not 
as a mere enthusiast like PlatQ ; he was a geometer of 
distinction . The theorem that the volume of a pyramid 
or a cone is one-third of the product of its base and 
height is to his credit. To him who knows the calculus 
this is a commonplace, but I have met good mathe­
maticians who had some trouble in remembering the 
elementary proof they had learnt as schoolboys. 
Democritus can hardly have arrived at the theorem 
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without using, at one step at least, a substitute for the 
calculus (so does the schoolboy, viz. the principle of 
Cavalieri-at least in Austria} . Democritus had deep 
insight into the meaning and into the difficulties of 
infinitesimals. This is proved by an interesting paradox 
which he obviously met on thinking up that proof. Let 
a cone be cut in two by a plane parallel to its base ; are 
the two circles, produced by the cut on the two parts 
(the smaller cone above and the cone-stump below},  
equal or unequal ? If unequal, then, since this would 
hold for any such cut, the ascending part of the cone's 
surface would not be smooth but covered with in­
dentations ; if you say equal, then for the same reason, 
would it not mean that all these parallel sections are 
equal and thus that the cone is a cylinder? 

From this and from the extant titles of two other 
scripts ( '  On a difference of opinion or on the contact of 
a circle and a sphere ' ;  ' On irrational lines and solids ' }  
one gains the impression that he  eventually arrived at 
a clear distinction between, on the one hand, the geo­
metrical concepts of a body, a surface or a line of well­
defined properties (as e.g. a pyramid, a square surface 
or a circular line}, and, on the other hand, the more or 
less imperfect realizations of these concepts by or on 
a physical body. (Plato, a century later, reckoned the 
first category among his ' ideas ' ;  nay they were, so I 
believe, his prototypes thereof ; thus the thing got 
muddled up with metaphysics . }  

Now grasp this together with the fact that Demo­
critus not only knew the opinions of the Ionian 
philosophers, but may be said to have continued their 
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tradition ; moreover that the last of them, Anaximenes, 
as we said in Chapter 1v, successfully and in full 
agreement with our modern views, maintained that all 
the momentous changes observed in matter were only 
apparent, actually due to rarefaction and condensa­
tion. But is it meaningful to say that the material 
itself remains unchanged, if actually every bit of it, 
however small, becomes thinned out or compressed? 
The geometer Democritus was well able to conceive of 
this ' however small ' .  The obvious way out is to think 
of any physical body as actually composed of in­
numerable small bodies, which remain always un­
changed, while rarefaction is produced when they 
recede from each other, condensation, when they 
crowd more closely together into a small volume. To 
allow them to do this, within limits, it is a necessary 
requirement that the space between them be void, i .e. 
contain nothing at all. At the same time the integrity 
of pure geometrical statements could be saved by 
diverting the paradoxes and challenges from the geo­
metrical concepts to their imperfect physical realiza­
tions . The surface of a real cone or, for that matter, of 
any real body, was actually not smooth, since it was 
formed by the top layer of atoms and thus was riddled 
with small holes with prominences between them. It 
could also be granted to Protagoras (who had put 
forward challenges of this kind) that a real sphere 
resting on a real plane had not just one point of contact 
with it, but a whole small region of ' near ' contact. All 
this would not hamper the exactness of pure geometry. 
That this was Democritus' view may be inferred from 
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a remark of Simplicius, who tells us that, according to 
Democritus, his physically indivisible atoms were in a 
mathematical sense divisible ad infinitum. 

During the last fifty years we have obtained experi­
mental evidence of the ' real existence of discrete cor­
puscles ' .  There is a wid<? range of most interesting 
observations that we cannot summarize here and that 
the atomists at the end of the nineteenth century did 
not anticipate in their most intemperate dreams. We 
can see with our own eyes the recorded linear traces of 
the paths of single elementary particles in the Wilson 
cloud-chamber and in photographic emulsions. We 
have instruments (Geiger counters) which respond with 
an audible click to a single cosmic ray particle that 
enters the instrument ; moreover the latter may be so 
devised that at every click an ordinary commercial 
electricity meter is advanced by one, so that it counts 
the number of particles that have arrived within a 
given time. Such counts performed by different 
methods and under varied conditions are in full agree­
ment with each other as well as with the atomic 
theories developed long before this direct evidence was 
available. The great atomists from Democritus down 
to Dalton, Maxwell and Boltzmann would have gone 
into raptures at these palpable proofs of their belief. 

But at the same time modern atomic theory has 
been plunged into a crisis. There is no doubt that the 
simple particle theory is too naive. This is not alto­
gether too astonishing, from the above speculations 
about its origin . If these are correct, then atomism was 
forged as a weapon to overcome the difficulties of the 
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mathematical continuum, of  which, a s  we  have seen, 
Democritus was fully aware. To him atomism was a 
means for bridging the gulf between the real bodies of 
physics and the idealized geometrical shapes of pure 
mathematics. But not only to Democritus. In a way 
atomism has performed this task all through its long 
history, the task of facilitating our thinking about 
palpable bodies . A piece of matter is resolved in our 
thought into an innumerably great, yet finite number 
of constituents. We can imagine our counting them, 
while we are unable to tell the number of points on a 
straight line of 1 cm. length. We can count, in our 
thought, the number of mutual impacts within a given 
time. When hydrogen and chlorine unite to form 
hydrochloric acid, we can, in our mind, pair off the 
atoms of the two kinds and think that every pair 
unites to form a new little body, a molecule of the com­
pound. This counting, this pairing off, this whole 
manner of thinking has played a prominent role in 
discovering the most important physical theorems. It 
would seem impossible under the aspect that matter is  
a continuous structureless jelly. Thus atomism has 
proved infinitely fruitful. Yet the more one thinks of it, 
the less can one help wondering to what extent it is a 
true theory. Is it really founded exclusively on the 
actual objective structure of ' the real world around 
us ' ?  Is it not in an important way conditioned by the 
nature of human understanding-what Kant would 
have called ' a  priori ' ?  It behoves us, so I believe, to 
preserve an extremely open mind towards the palpable 
proofs of the existence of individual single particles, 
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without detriment to our deep admiration for the 
genius of those experimenters who have furnished us 
with this wealth of knowledge. They are increasing it 
from day to day and are thereby helping to turn the 
scales with respect to the sad fact, that our theoretical 
understanding thereof is, I venture to say, diminishing 
at almost the same rate. 

Let me conclude this chapter by quoting some 
agnostic and sceptic fragments of Democritus, which 
have impressed me most. The translations follow Cyril 
Bailey. 

( D .  fr. 6) A man must learn on this principle that he is 
far removed from the truth. 

(D. fr. 7)  We know nothing truly about anything, but 
for each of us his opinion is an influx (i .e .  is conveyed to 
him by an influx of ' idols ' 1 from without) .  

( D .  fr. 8 )  To learn truly what each thing is, is a matter 
of uncertainty. 

( D .  fr. 9 )  In truth we know nothing unerringly, but 
only as it changes according to the disposition of our body, 
and of the th i ngs that enter into it and impinge on it. 

(D. fr. 1 17)  We know nothing truly, for the truth lies 
hidden in the depth. 

And now the famous dialogue between the intellect 
and the senses : 

(D .  fr. 1 25 )  (Intellect : )  Sweet is by convention and bitter 
by convention, hot by convention, cold by convention, 
colour by convention ; in truth there are but atoms and the 
void . 

(The Senses : )  Wretched mind , from us you are taking 
the evidence by which you would overthrow us? Your 
victory is your own fall.  

1 Gk.  �illw.\ov, picture. 
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C H A P T E R  VII 

W H A T  A R E  T H E  S P E C I A L  F E A T U R E S ?  

Let m e  now, at last, approach the answer to the 
question which was put at the outset. 

Remember the lines of Burnet's preface-that science 
is a Greek invention ; that science has never existed 
except among peoples who came under Greek influence. 
Later in the same book he says : ' The founder of the 
Milesian School and therefore [ ! ]  the first man of 
science was Thales. ' 2  Gomperz says (I  quoted him 
extensively) that our whole modern way of thinking is 
based on Greek thinking ; it is therefore something 
special, something that has grown historically over 
many centuries, not the general, the only possible way 
of thinking about Nature. He sets much store on our 
becoming aware of this, of recognizing the peculiarities 
as such, possibly freeing us from their wellnigh 
irresistible spell. 

What are they then? What are the peculiar, special 
traits of our scientific world-picture? 

About one of these fundamental features there can 
be no doubt. It is the hypothesis that the display of 
Nature can be understood. I have touched on this point 
repeatedly. It is the non-spiritistic, the non-super­
stitious, the non-magical outlook. A lot more could be 
said about it. One would in this context have to dis­
cuss the questions : what does comprehensibility really 

• Early Greek Philo.�ophy, p. 40. 
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mean, and in what sense, if any, does science give 
explanations? David Hume's (1711-76} great dis­
covery that the relation between cause and effect is not 
directly observable and enunciates nothing but the 
regular succession-this fundamental epistemological 
discovery has led the great physicists, Gustav Kirchhof 
( 1824-87} and Ernst Mach {1838-1916}, and others to 
maintain that natural science does not vouchsafe any 
explanations, that it aims only at, and is unable to 
attain to anything but, a complete and (Mach) econo­
mical description of the observed facts. This view, in 
the more elaborate form of philosophical positivism, 
has been enthusiastically embraced by modern 
physicists . It has great consistency ; it is very difficult, 
if not impossible, to refute, rather like solipsism, but is 
very much more reasonable than the latter. Though the 
positivist view ostensibly contradicts the ' under­
standability of Nature ' ,  it is certainly not a return to 
the superstitious and magical outlook of yore ; quite 
the contrary, from physics it expels the notion of force, 
the most dangerous relic of animism in this science. 
It is a salutary antidote against the rashness with which 
scientists are prone to believe that they have under­
stood a phenomenon, when they have really only 
grasped the facts by describing them. Yet even from 
the positivists' point of view one ought not, so I believe, 
to declare that science conveys no understanding. For 
even if it be true (as they maintain) that in principle 
we only observe and register facts and put them into 
a convenient mnemotechnical arrangement, there are 
factual relations between our findings in the various, 
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widely distant domains of knowledge, and again 
between them and the most fundamental general 
notions (as the natural integers 1 ,  2, 3, 4, . . .  ) , relations 
so striking and interesting, that for our eventual 
grasping and registering them the term ' understanding ' 
seems very appropriate. The most outstanding ex­
amples, to my mind, are the mechanical theory of heat, 
which amounts to a reduction to pure numbers ; and 
similarly I would call Darwin's theory of evolution an 
instance of our gaining true insight. The same can be 
said about genetics, based on the discoveries of Mendel 
and de Vries, while in physics quantum theory has 
reached a promising outlook, but has not yet attained to 
full comprehensibility, though it is successful and helpful 
in many ways, even in genetics and biology in general. 

There is, however, so . I  believe1 a second feature, 
much less clearly and openly displayed, but of equally 
fundamental importance. It is this, that science in its 
attempt to describe and understand Nature simplifies 
this very difficult problem. The scientist subconsciously, 
almost inadvertently, simplifies his problem of under­
standing Nature by disregarding or cutting out of the 
picture to be constructed, himself, his own personality, 
the subject of cognizance. 

Inadvertently the thinker steps back into the role of 
an external observer. This facilitates the task very 
much. But it leaves gaps, enormous lacunae, leads to 
paradoxes and antinomies whenever, unaware of this 
initial renunciation, one tries to find oneself in the 
picture or to put oneself, one's own thinking and 
sensing mind, back into the picture. 
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This momentous step--cutting out oneself, stepping 
back into the position of an observer who has nothing 
to do with the whole performance-has received other 
names, making it appear quite harmless, natural, in­
evitable. It might be called just objectivation, looking 
upon the world as an object. The moment you do that, 
you have virtually ruled yourself out. A frequently 
used expression is ' the hypothesis of a real world 
around us ' (Hypothese der realen Aussenwelt) .  Why, 
only a fool would forgo it I Quite right, only a fool. 
None the less it is a definite trait, a definite feature of our 
way of understanding Nature-and it has consequences. 

The clearest vestiges of this idea that I could find in 
ancient Greek writing are those fragments of Heraclitus 
that we have been discussing and analysing just before. 
For it is this ' world in common ',  this gvvov or icoivov 

of Heraclitus, that we are constructing ; we are hypo­
statizing the world as an object, making the assump­
tion of a real world around 1:1s-as the most popular 
phrase runs-made up of the overlapping parts of our 
several consciousnesses . And in doing so, everyone 
willy-nilly takes himself-the subject of cognizance, 
the thing that says ' cogito ergo sum ' -out of the world, 
removes himself from it into the position of an external 
observer, who does not himself belong to the party. 
The ' sum ' becomes ' est ' .  

Is that really so,  must it  be so,  and why is it so? For 
we are not aware of it. I'll say presently why we are 
not aware of it. First let me say why it is so. 

Well, the ' real world around us ' and ' we ourselves ', 
i .e .  our minds, are made up of the same building 
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material, the two consist of the same bricks, as i t  were, 
only arranged in a different order-sense perceptions, 
memory images, imagination, thought. It needs, of 
course,  some reflexion, but one easily falls in with the 
fact that matter is composed of these clements and 
nothing else. Moreover, imagination and thought take 
an increasingly important part (as against crude sensc­
perception), as science, knowledge of nature, pro­
gresses. 

What happens is this . We can think of these-let me 
call them elements-either as constituting mind, every­
one's own mind, or as constituting the material world. 
But we cannot, or can only with great difficulty, think 
both things at the same time. To get from the mind­
aspect to the matter-aspect or vice versa, we have, as 

it were, to take the elements asunder and to put them 
together again in an entirely different order. For 
example-it is not easy to give examples, but I'll try­
my mind at this moment is constituted by all I sense 
around me : my own body, you all sitting in front of 
me and very kindly listening to me, the aide-memoire 
in front of me, and, above all, the ideas I wish to 
explain to you, the suitable framing of them into 
words . But now envisage any one of the material 
objects around us, for example my arm and hand. As a 
material object it is composed, not only of my own 
direct sensations of it, but also of the imagined sensa­
tions I would have in turning it round, moving it, 
looking at it from all different angles ; in addition it is 
composed of the perceptions I imagine you to have of 
it, and also, if you think of it purely scientifically, of all 
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you could verify and would actually find, if you took it 
and dissected it, to convince yourself of its intrinsic 
nature and composition . And so on. There is no end to 
enumerating all the potential percepts and sensations 
on my and on your side that are included in my 
speaking of this arm as of an objective feature of the 
' real world around us ' .  

The following simile i s  not very good, but i t  i s  the 
best I can think of :  a child is given an elaborate box of 
bricks of various sizes and shapes and colours . It can 
build from them a house, or a tower, or a chur<;h, or the 
Chinese wall, etc. But it cannot build two of them at 
the same time, because it is, at least partly, the same 
bricks it needs in every case. 

This is the reason why I believe it to be true that I 
actually do cut out my mind when I construct the real 
world around me. And I am not aware of this cutting 
out. And t,hen I am very astonished that the scientific 
picture of the real world around me is very deficient . 
It gives a lot of factual information, puts all our 
experience in a magnificently consistent order, but it 
is ghastly silent about all and sundry that is really near 
to our heart, that really matters to us. It cannot tell 
us a word about red and blue, bitter and sweet, physical 
pain and physical delight ; it knows nothing of beauti­
ful and ugly, good or bad, God and eternity. Science 
sometimes pretends to answer questions in these 
domains, but the answers are very often so silly that 
we are not inclined to take them seriously. 

So, in brief, we do not belong to this material world 
that science constructs for us. We are not in it, we are 
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outside. We are only spectators. The reason why we 
believe that we are in it, that we belong to the picture, 
is that our bodies are in the picture. Our bodies belong 
to it. Not only my own body, but those of my friends, 
also of my dog and cat and horse, and of all the other 
people and animals. And this is my only means of 
communicating with them. 

Moreover, my body is implied in quite a few of the 
more interesting changes-movements, etc.-that go 
on in this material world, and is implied in such a way 
that I feel myself partly the author of these goings-on. 
But then comes the impasse, this very embarrassing 
discovery of science, that I am not needed as an 
author. Within the scientific world-picture all these 
happenings take care of themselves, they are amply 
accounted for by direct energetic interplay. Even the 
human body's movements ' are its own ' as Sherrington 
put it. The scientific world-picture vouchsafes a very 
complete understanding of all that happens-it makes 
it just a little too understandable. It allows you to 
imagine the total display as that of a mechanical clock­
work, which for all that science knows could go on 
just the same as it does, without there being conscious­
ness, will, endeavour, pain and delight and responsi­
bility connected with it-though they actually are. 
And the reason for this disconcerting situation is just 
this, that, for the purpose of constructing the picture 
of the external world , we have used the greatly 
simplifying device of cutting our own personality out, 
removing it ; hence it is gone, it has evaporated, it is 
ostensibly not needed. 
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In particular, and most importantly, this is the 
reason why the scientific world-view contains of itself 
no ethical values, no aesthetical values, not a word 
about our own ultimate scope or destination, and no 
God, if you please. Whence came I, whither go I ?  

Science cannot tell u s  a word about why music 
delights us, of why and how an old song can move us 
to tears. 

Science, we believe, can, in principle, describe in full 
detail all that happens in the latter case in our sen­
sorium and ' motorium ' from the moment the waves of 
compression and dilation reach our ear to the moment 
when certain glands secrete a salty fluid that emerges 
from our eyes. But of the f celings of delight and 
sorrow that accompany the process science is com­
pletely ignorant-and therefore reticent. 

Science is reticent too when it is a question of the 
great Unity-the One of Parmenides-of which we all 
somehow form part, to which we belong. The most 
popular name for it in our time is God-with a 
capital ' G ' . Science is, very usually, branded as being 
atheistic. After what we said, this is not astonishing. 
If its world-picture does not even contain blue, yellow, 
bitter, sweet-beauty, delight and sorrow-, if per­
sonality is cut out of it by agreement, how should it 
contain the most sublime idea that presents itself to 
human mind? 

The world is big and great and beautiful . My 
scientific knowledge of the events in it comprises 
hundreds of millions of years. Yet in another way it is 
ostensibly contained in a poor seventy or eighty or 
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ninety years granted to me-a tiny spot in  im­
measurable time, nay even in the finite millions and 
milliards of years that I have learnt to measure and to 
assess. Whence come I and whither go I? That is the 
great unfathomable question, the same for every one 
of us. Science has no answer to it. Yet science repre­
sents the level best we have been able to ascertain in 
the way of safe and incontrovertible knowledge. 

However, our life as something like human beings 
has lasted, at the most, only about half a million years. 
From all that we know, we may anticipate, even on 
this particular globe, quite a few million years to come. 
And from all this we feel that any thought we attain 
to during this time will not have been thought in vain. 
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SCIE NCE AND HUMANISM 

0 0  

Physics in our time 



To 

my companion 
through thirty years 



P R E F A C E  

These are four public lectures which were delivered 
under the auspices of the Dublin Institute for 
Advanced Studies at University College Dublin in 
February, 1 950 under the title 'Science as a Consti­
tuent of Humanism' . Neither this nor the abbreviated 
title chosen here ad·equately covers the whole, but 
rather the first sections only. In the remaining 
part, from p. 1 1  onward, I intend to depict the 
present situation in physics as it has gradually 
developed in the current century ; to depict _it from 
the point of view expressed in the title and in the 
earlier part, thus giving, as it were, an example of 
how I am looking on scientific effort : as forming 
part of man's endeavour to grasp the human 
situation . 

My thanks are due to the Cambridge University 
Press for the rapid production of this booklet and 
to Miss Mary Houston from the Dublin Institute for 
designing the figures and reading the proofs . 

March 1951 E.S. 

105 





S C I E N C E A N D  H U M A N I S M  

T H E  S P I R I T U A L B E A R I N G  O F  

S C I E N C E  O N  L I F E  

What is the value of scientific research ? Everybody 
knows that in our days more than ever before a man 
or a woman who wishes to make a genuine contribu­
tion to the advancement of science has to specialize : 
which means to intensify one's endeavour to learn 
all that is known within a certain narrow domain 
and then to try and increase this knowledge by one's 
own work-by studies, experiments, and thinking. 
Being engaged in such specialized activity one 
naturally at times stops to think what it is good for. 
Has the promotion of knowledge within a narrow 
domain any value in itself ? Has the sum total of 
achievements in all the several branches of one 

science-say of physics, or chemistry, or botany, or 
zoology-any value in itself-or perhaps the sum 
total of the achievements of all the sciences together 
-and what value has it ? 

A great many people, particularly those not deeply 
interested in science, are incl ined to answer this 
question by pointing to the practical consequences of 
scientific achievements in transforming technology, 
industry, engineering, etc. , in fact in changing our 
whole way of life beyond recognition in the course 
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of less than two centuries, with further and even 
more rapid changes to be expected in the time to 
come. 

Few scientists will agree with this utilitarian ap­
praisal of their endeavour. Questions of values are, 
of course, the most delicate ones ; it is hardly possible 
to offer incontrovertible arguments. But let me 
give you the three principal ones by which I should 
try to oppose this opinion. 

Firstly, I consider natural science to be very much 
on the same line as the other kinds of learning--or 
Wissenschaft, to use the German expression--culti­
vated at our universities and other centres for the 
advancement of knowledge. Consider the study or 
research in history or languages, philosophy, geo­
graphy--or history of music, painting; sculpture , 
architecture-or in archaeology and pre-history ; 
nobody would like to associate with these activities, 
as their principal aim, the practical improvement of 
the conditions of human society, although improve­
ment does result from them quite frequently. I cannot 
see that science has, in this respect, a different standing. 

On the other hand (and this is my second argu­
ment) , there are natural sciences which have ob­
viously no practical bearing at all on the l ife of the 
human society : astrophysics, cosmology , and some 
branches of geophysics . Take, for instance, seismo­
logy. We know enough about earthquakes to know 
that there is very little chance of foretell ing them, 
in the way of warning people to leave their houses, 
as we warn trawlers to return '"hen a storm is 
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drawing near. All that seismology could do is to 
warn prospective settlers of certain danger zones ; 
but those, I am afraid, are mostly known by sad 
experience without the aid of science, yet they are 
often densely populated, the need for fertile soil 
being more pressing. 

Thirdly, I consider it extremely doubtful whether 
the happiness of the human race has been enhanced 
by the technical and industrial developments that 
followed in the wake of rapidly progressing natural 
science . I cannot here enter into details, and I will 
not speak of the future development-the surface of 
the earth ·getting infected with artificial radio­
activity, with the gruesome consequences for our 
race, depicted by Aldous Huxley in his horribly 
interesting recent novel (Ape and Essence) . But con­
sider only the 'marvellous reduction of size' of the 
world by the fantastic modern means of traffic. All 
distances have been reduced to almost nothing, when 
measured not in miles but in hours of quickest trans­
port. But when measured in the costs of even the 
cheapest transport they have been doubled or trebled 
even in the last 1 0  or 20 years . The result is that 
many families and groups of close friends have been 
scattered over the globe as never before. In many 
cases they are not rich enough ever to meet again, 
in others they do so under terrible sacrifices for a 
short time ending in a heart-rending farewell . Does 
that make for human happiness ? These are a few 
striking examples ; one could enlarge on the topic 
for hours . 

107 



S C I E N C E  A N D  H U M A N I S M  

But let us turn to less gloomy aspects of human 
activities. You may ask-you are bound to ask me 
now : What, then, is in your opinion the value of 
natural science ? I answer : Its scope, aim and value 
is the same as that of any other branch of human 
knowledge. Nay, none of them alone, only the 
union of all of them, has any scope or value at all , 
and that is simply enough described : it is to obey the 
command of the Delphic deity, rv&e1 aeCXVT6v, get to 
know yourself. Or, to put it in the brief, impressive 
rhetoric of Plotinus (Enn. VI, 4, 1 4) : i)µeis Se, T{VES Se 
fiµeis ; 'And we, who are we anyhow ?' He continues : 
'Perhaps we were there already before this creation 
came into existence, human beings of another type, 
or even some sort of gods, pure souls and mind 
united with the whole universe, parts of the intel­
ligible world, not separated and cut off, but at one 
with the whole . '  

I am born into an  environment-I know not 
whence I came nor whither I go nor who I am. 
This is my situation as yours, every single one of 
you. The fact that everyone always was in this 
same situation, and always will be, tells me nothing. 
Our burning question as to the whence and whither 
-all we can ourselves observe about it is the present 
environment. That is why we are eager to find out 
about it as much as we can. That is science, learning, 
knowledge, that is the true source of every spiritual 
endeavour of man. We try to find out as much as we 
can about the spatial and temporal surrounding of 
the place in which we find ourselves put by birth. 
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And as we try, we delight i n  it, we find it extremely 
interesting. (May that not be the end for which we 
are there ?) 

It seems plain and self-evident, yet it needs to be 
said : the isolated knowledge obtained by a group of 
specialists in a narrow field has i:c itself no value 
whatsoever, but only in its synthesis with all the 
rest of knowledge and only inasmuch as it really 
contributes in this synthesis something toward 
answering the demand Tlves 5� 'fiµeis ; ('who are 
we ?') 

Jose Ortega y Gasset, the great Spanish philoso­
pher, who is now after many years of exile back in 
Madrid (though he is, I believe, just as little a 
fascist as a sozialdemokrat, but just an ordinary 
reasonable person),  published in the twenties of this 
century a series of articles, which were later col­
lected in a delightful volume under the title of La 
rebelion de las masas-the rebellion of the masses. 
It has, by the way, nothing to do with social or other 
revolutions, the rebelion is meant purely meta­
phorically. The Age of Machinery has resulted in 
sending the numbers of the populations and the 
volume of their needs up to enormous heights, un­
precedented and unforeseeable. The daily life of 
every one of us becomes more and more entangled 
with the necessity of coping with these numbers . 
Whatever we need or desire, a loaf of bread or a 
pound of butter, a bus-lift or a theatre-ticket, a 
quiet holiday resort or the permit to travel abroad, a 
room to live in or a job to live on . . .  there are 
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always many, many others having the same need or 
desire. The new situations and developments that 
have turned up as the result of this unparalleled 
soaring of the numbers form the subject of Ortega's 
book. 

It contains extremely interesting observations. 
Just. to give you an example--though it does not con­
cern us at the moment--one chapter-heading reads 
El major peligro, el estado : the greatest danger-the 
state. He there declares the increasing power' of the 
state in curtailing individual freedom-under the 
pretext of protecting us, but far beyond necessity-to 
be the greatest danger to the future develop­
ment of culture (kultur ) . But the chapter I wish to 
speak of here is the preceding one ; it is entitled La 
barbarie del 'especialismo' : the barbarism of speciali­
zation. At first sight it seems paradoxical and it may 
shock you. He makes bold to picture the specialized 
scientist as the typical representative of the brute 
ignorant rabble--the hombre masa (mass- man)­
who endanger the survival of true civilization. I can 
only pick out a few passages from the delightful 
description he gives of this 'type of scientist without 
precedent in history' .  

H e  i s  a person who, of all the things that a truly educated 
person ought to know of, is familiar only with one particular 
science, nay even of this science only that small portion 
is known to him in which he himself is engaged in research . 
He reaches the point where he proclaims it a virtue not to 
take any notice of all that remains outside the narrow domain 
he himself cultivates , and denounces as dil.ettantist the curiosity 
that aims at the synthesis of all knowledge. 
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It comes to pass that he, secluded in the narrowness of his 
field of vision, actually succeeds in discovering new facts md 
in promoting his science (which he hardly knows) and pro­
moting along with it the integrated human thought-which 
he with full determination ignores . How has anything like 
this been possible, and how does it continue to be possible ? 
For we must strongly underline the inordinateness .of this 
u ndeniable fact : experimental science has been ad vanced to 
a cons iderable extent by the work of fabulously mediocre and 
even less than mediocre persons . 

I shall not c0ntinue the quotation , but I strongly 
recommend you to get hold of the book and continue 
for yourself. In the twenty-odd years that have 
passed since the first publication, 1 have noticed very 
prom is ing traces of opposition to the deplorable 
state of affa irs denounced by Ortega. Not tha t we 

can avoid specialization altogether ; that is imposs ible 
if we want to get on. Yet the awareness that speciali­
zation is not a virtue but an unavoidable ev i l  is 
gaining ground, the awareness that all special ized 
research has real value only i n  the context of the 
in tegrated totality of knowledge . The voices become 
fainter and fainter that ac�use a man of d iletta ntism 
who dares to th ink and speak and write on topics 
that require more than the special trai n ing for 
wh ich he is ' l icensed ' or 'qual ified ' .  And any loud 
barking at such attempts comes from very special 
quarters of two types- either very scientific or very 
unscientific quarters-and the reasons for the bark­
ing are in both cases translucent . 

In a n  article on 'The German Universities' (pub­
lished on 1 1  December 1 949 in The Observer) 
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Robf..irt Birley, Headmaster of Eton, quoted some 
lines from the report of the Commission for 
University Reform in Germany-quoted them very 
emphatically, an emphasis that I fully endorse. The 
following is said in this report : 

Each lecturer in a technical university should possess the 
following abilities : 

(a) To see the limits of his subject matter. In his teaching 
to make the students aware of these limits , and to show them 
that beyond these limits forces come into play which are no 
longer entirely rational, but arise out of life and human 
society itself. 

(b) To show in every subject the way that leads beyond its 
own narrow confines to broader horizons of its own. Etc. 

I won't say that these formulations are peculiarly 
original, but who would expect originality of a com­
mittee or commission or board or that sort of thing ? 
-mankind en masse is always very commonplace . 
Yet one is glad and thankful to find this sort of atti­
tude prevailing. The only criticism-if it be a criti­
cism-is that one can see no earthly reason why 
these demands should be restricted to the teachers 
at technical universities in Germany. I believe they 
apply to any teacher at any university, nay, at any 
school in the world ; I should formulate the demand 
thus : 

Never lose sight of the role your particular subject 
has within the great performance of the tragi­
comedy of human life ; keep in touch with life--not 
so much with practical life as with the ideal back­
ground of life,  which is ever so much more impor­
tant ; and, Keep life in touch with you. If you cannot 
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-in the long run-tell everyone what you have 
been doing, your doing has been worthless . 

T H E  P R A C T I C A L A C H I E V E M E N T S  O F  S C I E N C E  

T E N D I N G  T O  O B L I T E R A T E  I T S  T R U E  I M P O R T 

I regard the public lectures which the statute of the 
Institute pres�ribes for us to deliver every year as one 
of the means for establishing and keeping up this 
contact in our small domain .  Indeed I consider this 
to be their exclusive scope. The task is not very easy. 
For one has to have some kind of background to 
start from, and, as you know, scientific education is 
fabulously neglected, not only in this or that country 
-though, indeed , in some more than in others. 
This is an evil that is inherited., passed on from 
generation to generation.  The majority of educated 
persons are not interested in science, and are not 
aware that scientific knowledge forms part of the 
idealistic background of human life. Many believe 
-in their complete ignorance of what science really 
is-that it has mainly the ancillary task of inventing 
new machinery, or helping to invent it, for im­
proving our conditions of life.  They are prepared to 
leave this task to the specialists , as they leave the 
repairing of their pipes to the plumber. If persons 
with this outlook decide upon the curriculum of our 
children, the result is necessarily such as I have just 
described it. 

There are, of course, historical reasons why this 
attitude still prevails. The bearing of science on the 
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idealistic background of life has always been great­
apart perhaps from the Dark Ages, when science 
practically did not exist in Europe. But it must be 
confessed that there has been a lull also in more 
recent times, which could easily deceive one into 
under-rating the idealistic task of science. J place 
the lull about in the second half of the nineteenth 
century. This was a period of enormous explosion­
like development of science, and along with it of a 
fabulous, explosion-l ike development of industry and 
engineering which had such a tremendous influence 
on the material features of human life that most 
people forgot any other connections . Nay, worse 
than that ! The fabulous material development led 
to a materialistic outlook, allegedly derived from the 
new scientific discoveries . These occurrences have, 
I think, contributed to the deliberate neglect of 
science in many quarters during the half century 
that followed-the one that is just drawing to a 
close. For there always is a certain time-lag between 
the views held by learned men and the views held 
by the general public about the views of those 
learned men. I do not think that fifty years is an 
excessive estimate for the average length of that 
time-lag. 

Be that as it may, the fifty years that have just 
gone by-the first half of the twentieth century­
have seen a development of science in general ,  and 
of physics in particular, unsurpassed in transforming 
our Western outlook on what has often been called 
the Human Situation. I have little doubt that it 
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will take another fifty years or so before the edu­
cated section of the general public will have become 
aware of thi's change. Of course, I am not so much 
of an idealistic dreamer as to hope substantially 
to accelerate this process by a couple of public 
lectures. But, on the other hand, this process of 
assimilation is not automatic. We have to labour for 
it. In this labour I take my share, trusting that 
others will take theirs. It is part of our task in 
life .  

A R A D I C A L  C H A N G E  I N  O U R  I D E A S  

O F  M A T T E R 

We shall now, at last, come down to some special 
topics. What I have said hitherto may seem pretty 
long, if you consider it a mere introduction. But I 
hope it is of some interest in itself-and I could not 
avoid it. I had to make clear the situation. None of 
the new discoveries about which I may tell you is 
frightfully exciting in itself. What is exciting, novel, 
revolutionary, is the general attitude we are com­
pelled to adopt on any attempt to synthesize them all .  

Let us go in medias res. There is the problem of 
matter. What is matter ? How are we to picture 
matter in our mind ? 

The first form of the question is ludicrous . (How 
should we say what matter is---or, if it comes to that, 
what electricity is-both being phenomena given to 
us once only ?) The second form already betrays the 
whole change of attitude : matter is an image in our 
mind-mind is thus prior to matter (notwith-
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standing the strange empirical dependence of my 
mental processes on the physical data of a certain 
portion of matter, viz. my brain) . 

During the second half of the nineteenth century 
matter seemed to be the permanent thing to which 
we could cling. There was a piece of matter that had 
never been created (as far as the physicist knew) and 
could never be destroyed !  You could hold on to it and 
feel that it would not dwindle away under your fingers. 

Moreover this matter, the physicist asserted, was 
with regard to its demeanour, its motion, subject to 
rigid laws-every bit of it was. It moved according 
to the forces which neighbouring parts of matter, 
according to their relative situations, exerted on it. 
You could foretell the behaviour, it was rigidly 
determined in all the future by the initial conditions. 

This was all quite pleasing, anyhow in physical 
science, in so far as external inanimate matter comes 
into play. When applied to the matter that con­
stitutes our own body or the bodies of our friends, or 
even that of our cat or our dog, a well-known 
difficulty arises with regard to the apparent freedom 
of living beings to move their limbs at their own 
will . We shall enter on this question later (see p.  58 ff.) 
At the moment I wish to try and explain the radical 
change in our ideas about matter that has taken 
place in the course of the last half-century. It came 
about gradually, inadvertently, without anybody 
aiming at such a change. \Ve believed we moved 
still within the old 'materialistic' frame of ideas , 
when it turned out that we had left it. 
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Our conceptions of matter have turned out to be 
'much less materialistic' than they were in the 
second half of the nineteenth century. They are still 
very imperfect, very hazy, they lack clearness in 
v anuus respects ; but this can be said, that matter 
has ceased to be the simple palpable coarse thing in 
space that you can follow as it moves along, every 
bit of it, and a�r.ertain the precise laws governing its 
motion. 

Matt.er is constituted of particles, separated by 
comparatively large distances ; it is embedded in 
empty space. This notion goes back to Leucippus and 
Democritus, who lived in Abdera in the fifth 
century B.C.  This conception of particles and empty 
space ( cho1.101 Kai KEV6v) is retained today (with a 
modification that is just the thing i wish to explain 
now )-and not only that, there is complete historical 
continuity ; that is to say, whenever the idea was 
taken up again it was in full awareness of the fact 
that one was taking up the concepts of the ancient 
philosophers . Moreover it experienced the greatest 
thinkable triumphs in actual experiment, such as 
the ancient philosophers would hardly have hoped 
for in their boldest dreams. For instance, 0. Stern 
succeeded in determining the distribution of velocities 
among the atoms in a jet  of silver vapour by the 
simplest and most natural means, of which figure 1 
gives a rough schematical sketch. The outer circle 
(carrying the letters A, B ,  C) represents the cross­
section of a closed cylindrical box, exhausted to 
perfect vacuum. The point S marks the cross-section 
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of an incandescent silver wire, which extends along 
the axis of the cylinder and continually evaporates 
silver atoms, that fly along straight lines, roughly 
speaking, in radial directions. However, the cylin­
drical shield Sh (smaller circle) , disposed concentri­
cally around S, lets them pass only at the opening 0, 

Figure 1 

which represents a narrow slit parallel to the wire S. 
Without anything more, they pass on straight to A, 
where they are caught and, after a time, form a 
precipitate in the form of a narrow black line (parallel 
to the wire S and the slit O) . But in Stern's experi­
ment the whole apparatus is rotated, as on a potter's 
wheel, with high speed around the axis S (the sense 
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of the rotation shown by the arrow) . This has the 
effect that the flying atoms-which are, of course, 
not affected by the rotation-are not precipitated at 
A but at points 'behind' A, the farther behind, the 
slower they are, because they allow the collecting 
surface to turn through a bigger angle before they 
reach it. Thus the slowest atoms form a line at C, 
the quickest at B .  After a time one obtains a broad 
band whose cross-section is schematically indicated 
in our figure. By measuring its varying thickness 
and taking into account the dimensions of the appara­
tus and its speed of rotation, one can determine the 
actual velocity of the atoms, more particularly the 
relative numbers of atoms flying with various 
velocities-the so-called velocity distribution . I must 
still explain the fan-like spreading of the paths of 
the atoms and their curvature shown in the figure, 
both in apparent contradiction to what I said about 
the flying atoms not being affected by the rotation 
of the apparatus. I have taken the liberty to draw 
these lines though they are not the 'actual' po t h "  of 
the atoms, but what their paths would appr ;; ; t o  be 
to an observer sharing the rotation of the apparatus 
(just as we share the rotation of the earth) . It is 
essential to make oneself clear that these 'relative 
paths' remain the same during the rotation . Hence 
we may continue the rotation as long as we please, 
for a substantial deposit to develop. 

These important experiments confirmed quantita­
tively Maxwell's theory of gases, many years after 
this theory had been expounded. Today they have 

1 1 9 



S C I E N C E  A N D  H U M A N I S M  

been eclipsed, and all but forgotten, by far more 
impressive investigations. 

The effect of a single fast particle can be observed 
as it impinges on a fluorescent screen and causes a 
faint flash of light, a scintillation. (If you have a 
watch with luminous figures, take it into a dark 
room and observe it with a moderately strong mag­
nifying glass : you will then observe the scintillations 
caused by the impact of single He-ions, a-particles, 
as they are called in this context. ) In a Wilson cloud 
chamber you can observe the paths of single particles, 
a-particles, electrons, mesons, . . .  , their traces can 
be photographed and you can determine their 
curvature in a magnetic field ; cosmic ray particles 
passing through a photographic emulsion produce 
nuclear disintegrations there, and both the primary 
and the secondary particles (if they are charged, as 
they usually are) trace their paths in the emulsion, 
so that the paths become visible when the plate is 
developed by the ordinary photographic procedure. 
I could give you more examples (but these will 
suffice) of the very direct way in which the old 
hypothesis of the particle structure of matter has 
been confirmed far beyond the keenest expectation 
of previous centuries. 

Still less expected is the modification which our 
ideas about the nature of all these particles under­
went during the same time-had to undergo willy­
nilly-in consequence of other experiments and of 
theoretical considerations. 

Democritus and all who followed on his path up 
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to the end of the nineteenth century, though they 
had never traced the effect of an individual atom 
(and probably did not hope ever to be able to) , were 
yet convinced that the atoms are individuals, identi­
fiable, small bodies j ust like the coarse palpable 
objects in our environment . It seems almost ludicrous 
that precisely in the same years or decades which let 
us succeed in tracing single, individual atoms and 
particles, and that in various ways, we have yet been 
compelled to dismiss the idea that such a particle is 
an indiv idual entity which in principle retains its 
' sameness' for ever. Quite the contrary, we are now 
obliged to assert that the ultim ate constituents of 
matter have no 'sameness' at all .  'Vhen you observe 
a particle of a certain type, say an electron , now and 
here, this is to be regarded in principle as. an isolated 
event . Even if you do observe a similar particle a 
very short time later at a spot very near to the first, 
and even if you have every reason to assume a causal 
connection between the first and the second obser­
vation , there is no true, unambiguous meaning in 
the assertion that it i.; the same particle you have 
observed in the two cases. The circumstances may be 
such that they render it highly convenient and 
desirable to express oneself so, but it is only an 
abbreviation of speech ; for there are other cases where 
the 'sameness' becomes entirely meaningless ; and 
there is no sharp boundary, no clear-cut distinction 
between them, there is a gradual transition over 
intermediate cases . And I beg to emphasize this and 
I beg you to believe it : It is not a question of our 
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being able to ascertain the identity i n  some instances 
and not being able to do so in others . It is beyond 
doubt that the question of 'sameness ' ,  of identity, 
really and truly has no meaning. 

F O R M , N O T  S U B S T A N C E ,  T H F.  
F U N D A M E N T A L  C O N C E P T  

The situation i s  rather disconcerting. You will ask : 
What are these particles then , if  they are not 
individuals ? And you may point to another kind of 
gradual transition, namely that between an ultimate 
particle and a palpable body in our environment, to 
which we do attrihute individual sameness. A number 
of particles constitute an atom . Several atoms go to 
compose a molecule. Molecules there are of various 
sizes , small ones and big ones, but without there 
being any limit beyond which we call it a big mole­
cule. In fact there is no upper limit to the size of a 
molecule, it may contain hundreds of thousands of 
atoms. It may be a virus or a gene, visible under the 
microscope . Finally we may observe that any pal­
pable object in our environment is composed of 
molecules, which are composed of atoms, which are 
composed of ultimate particles . . .  and if the latter 
lack individual ity, how does, say, my wrist-watch 
come by individuality ? Where is the l imit ? How 
does individuality arise at all in objects composed of 
non-individuals ? 

It is useful to consider this question in some detail ,  
for it will give us the clue to what a particle or an 
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atom really is-what there is permanent i n  it m 

spite of i ts lack of individuality. On my writing­
table at home I have an iron letter-weight in the 
shape of a Great Dane, lying with his paws crossed 
in front of him. I have known it for many years . I 
saw it on my father's writing-desk when my nose 
would hardly reach up to it. Many years later, when 
my father died, I took the Great Dane, because I 
liked it, and I used it. It accompanied me to many 
places, until it stayed behind in Graz in 1 938, when 
I had to leave in something of a hurry. But a friend 
of mine knew that I liked it so she took it and kept 
it for me. And three years ago, when my wife 
visited Austria, she brought it to me, and there it is 
again on my desk. 

I am quite sure it is the same dog, the dog that I 
first saw more than fifty years ago on my father's 
desk. But why am I sure of it ? That is quite obvious. 
It is clearly the peculiar form or shape (German : 
Gestalt) that raises the identity beyond doubt, not 
the material content. Had the material been melted 
and cast into the shape of a man, the identity would 
be much more difficult to establish. And what is 
more : even if the material identity were established 
beyond doubt, it would be of very restricted interest. 
I should probably not care very much about the 
identity or not of that mass of iron, and should 
declare that my souvenir had been destroyed.  

I consider this a good analogy, and perhaps more 
than an analogy, for pointing out what the particles 
or atoms really are. For we can see in this example 
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a s  i n  many others how i n  palpable bodies, composed 
of many atoms, individuality arises out of the struc­
ture of their composition, out of shape or form, or 
organization, as we might call it in other cases. The 
identity of the material, if there is any, plays a 

subordinate role .  You may see this particularly well 
in cases when you speak of 'sameness' though the 
material has definitely changed. A man returns after 
twenty years of absence to the cottage where he 
spent his childhood. He is profoundly moved by 
finding the place unchanged. The same little stream 
flows through the same meadows, with the corn­
flowers and poppies and willow trees he knew so 
well, the white-and-brown cows and the ducks on 
the pond, as before, and the collie dog coming forth 
with a friendly bark and wagging his tail to him. 
And so on. The shape and the organization of the 
whole place have remained the same, in spite of the 
entire 'change of material' in many of the items 
mentioned, including, by the way, our traveller 's  
own bodily self ! Indeed, the body he wore as a 
child has in the most l iteral sense 'gone with the 
wind' . Gone, and yet not gone .  For, if I am allowed 
to continue my novelistic snapshot, our traveller 
will now settle down, marry, and have a small son, 
who is the very image of his father as old photographs 
show him at the same tender age . 

Let us now return to our ultimate particles and to 
small organisations of particles as a toms or small 
molecules. The old idea about them was that their 
individuality was based on the identity of matter in 
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them. This seems to be a gratuitous and almost 
mystical addition that is in sharp contrast to what 
we have just found to constitute the individuality of 
macroscopic bodies, which is quite independent of 
such a crude materialistic hypothesis and does not 
need its support. The new idea is that what is perma­
nent in these ultimate particles or small aggregates 
is their shape and organization. The habit of everyday 
language deceives us and seems to require, when­
ever we hear the word 'shape' or 'form' pronounced, 
that it must be the shape or form of something, 
that a material substratum is required to take on a 
shape . Scientifically this habit goes back to Aristotle, 
his causa materialis and causa formalis. But when 
you come to the ultimate particles constituting 
matter, there seems to be no point in thinking of 
them again as consisting of some material. They are, 
as it were, pure shape, nothing but shape ; what 
turns up again and again in successive observations 
is this shape, not an individual speck of material. 

T H E  N A T U R E  O F  O U R  ' M O D E L S ' 

In this we must, of course, take shape (or Gestalt) 
in a much wider sense than as geometrical shape. 
Indeed there is no observation concerned with the geo­
metrical shape of a particle or even of an atom. It is 
true that in thinking about the atom, in drafting 
theories to meet the observed facts, we do very often 
draw geometrical pictures on the black-board, or on 
a piece of paper, or more often just only in our mind, 
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the details of the picture being given by a mathe­
matical formula with much greater precision and in 
a much handier fashion than pencil or pen could ever 
give.  That is true. But the geometrical shapes dis­
played in these pictures are not anything that could 
be directly observed in the real atoms. The pictures 
are only a mental help, a tool of thought, an inter­
mediary means, from which to deduce, out of the 
results of experiments that have been made, a 
reasonable expectation about the results of new 
experiments that we are planning. We plan them 
for the purpose of seeing whether they confirm the 
expectations-thus ,...-hether the expectations were 
reasonable, and thus whether the pictures or models 
we use are adequate. Notice that we prefer to say 
adequate, not true. For in order that a description 
be capable of being true, it must be capable of being 
compared directly with actual facts . That is usually 
not the case with our models . 

But we do use them, as I said, to deduce observable 
features from them. It is these that constitute the 
permanent shape or form or organization of the 
material object, and they have usually nothing to do 
with 'tiny specks of material, constituting the object' . 

Take for instance the atom of iron. A very inter­
esting and highly complicated part of its organization 
can be displayed again and again, whenever you like 
and with unalterable permanence, in the following 
manner. You bring a small amount of iron (or of an 
iron salt) into the electric arc and take a photograph 
of its spectrum, produced by a powerful optical 
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grating. You find tens of thousands of sharp spectral 
lines, that is to say tens of thousands of definite 
wave-lengths contained in the light that an iron atom 
emits at these high temperatures . And they are 
always the same, exactly the same, so much so that 
as is well known, you can tell from the spectrum of 
a star that it contains certain chemical elements. 
While you are unable to find out anything about the 
geometrical shape of an atom-·even with the most 
powerful microscope-you are able to discover its 
typical permanent organization, displayed in its spec­
trum, at a distance of thousands of light-years ! 

You may say the typical line spectrum of an ele­
ment like iron is a macroscopic property, a property 
of the glowing vapour, it has nothing to do with its 
coarse-grained structure (its being composed of single 
atoms)-and nobody has yet observed the light 
emitted by a single, a truly isolated, atom: That is 
t?'Ue. But, of course, I must remind you that the theory 
of matter, as it is accepted at present, does ascribe 
the emission of all these various monochromatic 
beams of light to the single atom ; the geometrical­
mechanical-electrical constitution of the single atom 
is deemed responsible for every single wave-length 
we observe in the glowing vapour. To confirm this, 
the physicist most emphatically points to the fact that 
these line spectra are only observed in the rarefied 
vaporous state where the atoms are so far apart from 
each other that they do not disturb each other. 
Glowing solid or liquid iron emits a continuous spec­
trum, much the same as every other solid or liquid 
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at the same temperature-the sharp lines have 
entirely disappeared, or, better, they are entirely 
blurred, owing to the mutual disturbance of neigh­
bouring atoms. 

Would you then say-so you might ask me­
would you then say that we are to regard the observed 
line spectra (which, broadly speaking, conform to the 
theory) as part of the circumstantial evidence, that 
the iron atoms of our theoretical description actually 
exist and that they constitute the vapour in the way 
the theory of gases maintains it-small specks of 
matter (of that peculiar constitution that makes them 
emit the spectral lines)-small specks of something, 
wide apart, embedded in the nothing, flying hither 
and thither, occasionally colliding with the walls, etc. , 
etc . ? Is that a true picture of glowing iron vapour ? 

I keep to what I said earlier in a more general 
context : it is certainly an adequate picture ; but as 
regards its truth the appropriate question to ask is not 
whether it is true or not, but whether it is at all 
capable of being either true or false .  Probably it is 
not . Probably we cannot ask for more than just 
adequate pictures capable of synthesizing in a com­
prehensible way all observed facts and giving a 
reasonable expectation on new ones we are out for. 

Very similar declarations have been made again 
and again by competent physicists a long time ago, 
all through the nineteenth century and in the early 
days of our own. They were aware that the desire 
for having a clear picture necessarily led one to en­
cumber it with unwarranted details . It is, so to speak, 
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' infinitely improbable' that those gratuitous additions 
should, by good luck, turn out to be 'correct' .  L. 
Boltzmann strongly emphasized the point ; let me be 
quite precise, he would say, childishly precise about 
my model, even though I know that I cannot guess 
from the ever incomplete circumstantial evidence of 
experiments what nature really is like. But without 
an absolutely precise model thinking itself becomes 
imprecise, and the consequences to be derived from 
the model become ambiguous. 

Yet the attitude at that time-except perhaps i n  
a very few philosophically foremost minds-was 
different from what it is now, it was still a little 
too naive. VVhile asserting that any model we may 
conceive is sure to be deficient and would surely be 
modified sooner or later, one still had at the back of 
one's mind the thought that a true model exists­
exists so to speak in the Platonic realm of ideas­
that we approach to it gradually, without perhaps 
ever reaching it , owing to human imperfections . 

This atti tude has now been abandoned . The failures 
we have experienced no longer refer to details, they 
are of a more general kind. We have become fully 
aware of a situation that may perhaps be summarized 
as follows. As our mental eye penetrates into smaller 
and smaller distances and shorter and shorter times, 
we find nature behaving so entirely differently from 
what we observe in visible and palpable bodies of our 
surrounding that no model shaped after our large­
scale experiences can ever be 'true' .  A completely 
satisfactory model of this type is not only practically 
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inaccessible, but not even thinkable . Or, to b e  pre­
cise, we can, of course, think it, but however we 
think it, it is wrong ; not perhaps quite as meaning­
less as a 'triangular circle' ,  but much more so than 
a 'winged lion' . 

C O N T I N U O U S  D E S C R I P T I O N  A N D  

C A U S A L I T Y  

I shall try to b e  a little clearer about this. From our 
experiences on a large scale, from our notion of 

2 

1 

Figure 2 

geometry and of mechanics-particularly the mecha­
nics of the celestial bodies-physicists had distilled 
the one clear-cut demand that a truly clear and 
complete description of any physical happening has 
to fulfil :  it ought to inform you precisely of what 
happens at any point in space at any moment of 
time-of course, within the spatial domain and the 
period of time covered by the physical events you 
wish to describe. We may call this demand the 
postulate ef continuity ef the description. It is this 
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postulate of continuity that appears to b e  unfulfill­
able ! There are, as it were, gaps in our picture. 

This is intimately connected with what I called 
earlier the lack of individuality of a particle, or even 
of an atom. If I observe a particle here and now, 
and observe a similar one a moment later at a place 
very near the former place, not only cannot I be sure 
whether it is 'the same' , but this statement has no 
absolute meaning. This seems to be absurd. For we 
are so used to thinking that at every moment between 
the two observations the first particle must have been 
somewhere, it must have followed a path, whether we 
know it or not. And similarly the second particle 
must have come from somewhere, it must have been 
somewhere at the moment of our first observation. 
So in principle it must be decided, or decidable,  
whether these

. 
two paths are the same or not-and 

thus whether it is the same particle. In other words 
we assume-following a habit of thought that applies 
to palpable objects-that we could have kept our 
particle under continuous observation, thereby ascer­
taining its identity. 

This habit of thought we must dismiss . We must 
not admit the possibility ef continuous observation. 
Observations are to be regar"ded as discrete, discon­
nected events . Between them there are gaps which 
we cannot fill in. There are cases where we should 
upset everything if we admitted the possibility of 
continuous observation. That is why I said it is better 
to regard a particle not as a permanent entity but as 
an instantaneous event. Sometimes these events 
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form chains that give the illusion of permanent 
beings-but only in particular circumstances and 
only for an extremely short period of time in every 
single case. 

Let us go back to the more general statement I 
made before, namely that the classical physicist's 
na'ive ideal cannot be fulfilled, his demand that in 
principle information about every point in space at 
every moment of time should at least be thinkable. 
That this ideal breaks down has a very momentous 
consequence. For in the times when this ideal 

Figure 3 

of continuity of description was not doubted ,  the 
physicists had used it to formulate the principle of 
causality for the purposes of their science in a very 
clear and precise fashion-the only one in which they 
could use it, the ordinary enouncements being much 
too ambiguous and imprecise . It includes in this 
form, the principle of 'close action' (or the absence 
of actio in distans) and runs as follows : The exact 
physical situation at any point P at a given moment 
t is unambiguously determined by the exact physical 
situation within a certain surrounding of P at any 
previous time, say t-T. If T is large, that is, if that 
previous time lies far back, it may be necessary to 
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know the previous situation for a wide domain 
around P. But the 'domain of influence' becomes 
smaller and smaller as T becomes smaller, and be­
comes infinitesimal as T becomes infinitesimal. Or, 
in plain, though less precise, words : what happens 
anywhere at a given moment depends only and 
unambiguously on what has been going on in the 
immediate neighbourhood 'just a moment earlier' . 
Classical physics rested entirely on this principle. 
The mathematical instrument to implement it was 
in all cases a iystem of partial differential equations 
-so-called field equations. 

Obviously, if the ideal of continuous, 'gap-less' ,  
description breaks down, this precise formulation of 
the principle of causality breaks down. And vve must 
not be astonished to meet in this order of ideas with 
new, unprecedented difficulties as regards causation. 
We even meet (as you know) with the statement 
that there are gaps or flaws in strict causation. 
Whether this is the last word or not it is difficult to 
say. Some people believe that the question is by no 
manner of means settled (among them, by the way, 
is Albert Einstein) . I shall tell you a little later about 
the 'emergency exit ' ,  used at present to escape fr.om 
the delicate situation. For the moment I wish to 
attach some further remarks to the classical ideal of 
continuous description. 

T H E  I N T R I C A C Y  O F  T H E  C O N T I N U U M  

However painful its loss may be, by losing it we 
probably lose something that is very well worth 
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losing. It seems simple to us, because the idea of the 
continuum seems simple to us . We have somehow 
lost sight of the difficulties it implies. That is due to 
a suitable conditioning in early childhood. Such an 
idea as 'all the numbers between 0 and 1 '  or ' all the 
numbers between 1 and 2' has become quite familiar 
to us. We just think of them geometrically as 
the distance of any point like P or Q from 0 (see 
fig. 4) . 

Among the points like Q there is also the y 2 
( =  1 .4 14  . . .  ) .  We are told that such a number as 
y 2 worried Pythagoras and his school almost to 
exhaustion . Being used to such queer numbers from 

p Q 

0 2 

Figure 4 

early childhood, we must be careful not to form a 
low idea of the mathematical intuition of these 
ancient sages . Their worry was highly creditable . 
They were aware of the fact that no fraction can be 
indicated of which the square is exactly 2. You can 
indicate close approximations, as for instance ��, 

h 2811 • 288 h' h . 2 w ose square, iii' IS very near to 144, w IC IS • 
You can get closer by contemplating fractions with 
larger numbers than 1 7  and 1 2, but you will never 
get exactly 2.  

The idea of a continuous range, so familiar to 
mathematicians in our days, is something quite 
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exorbitant, an enormous extrapolation of what is 
really accessible to us. The idea that you should really 
indicate the exact values of any physical quantity­
temperature, density, potential , field strength, or 
whatever it might be-for all the points of a con­
t inuous range, sav between zero and 1 ,  is a bold 

q 

0 1 
Figure 5 

extrapolation. \Ve never do anything else than deter­
mine the quantity approximately for a very limited 
number of points and then 'draw a smooth curve 
through them' .  This serves us well for many practical 
purposes, but from the epistemological point of view, 
from the point of view of the theory of knowledge, 
it is totally different from a supposed exact continual 
description . I might add that even in classical physics 
there were quantities-as, for instance, temperature 
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or density-which avowedly did not admit of an 
exact continuous description. But this was due to 
the conception these terms represent-they have, 
even in classical physics, only a statistical meaning. 
H6wever I shall not go into details about this at the 
moment, it would create confusion. 

0 
Figure 6 

The demand for continuous description was en­
couraged by the fact that the mathematician claims 
to be able to indicate simple continuous descriptions 
of some of his simple mental constructions. For 
example, take again the range 0 -+  1 ,  call the variable 
in this range x ,  we claim to have an unambiguous 
idea of, say x2 or y x. 
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Thecurves are pieces ofparabolas (mirror images of 
each other) . We claim to have full knowledge of 
every point of such a curve, or rather, given the 
horizontal distance (abscissa) we are able to indicate 
the height (ordinate) wzih any requiredprecision . But 
behold the words 'given' and 'with any required 
precision'.  The first means 'we can give the answer, 
when it comes to it'-we cannot possibly have all the 
answers in store for you in advance. The second 
means 'even so, we cannot as a rule give you an 
absolutely precise answer. ' You must tell us the pre­
cision you require, e.g. up to 1 000 decimal places . 

t­
o 1 

' 

Figure 7 

r 1  -i 
1 

Then we can give you the answer-if you leave us 
time. 

Physical dependences can always be approximated 
by this simple kind of functions (the mathematician 
calls them 'analytical' ,  which means something like 
'they can be analysed').  But to assume that physical 
dependence is of this simple type, is a bold epistemo­
logical step, and probably an inadmissible step. 

However, the chief conceptual difficulty is the 
enormous number of 'answers' that are required, 
due to the enormous number of points contained in 
even the smallest continuous range. This quantity­
the number of points between 0 and 1 ,  for example 
-is so fabulously great that it is hardly diminished 
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even if yvu take 'nearly all of them' away. Allow 
me to illut;trate this by an impressive example. 

Envisagt: again the line o�L I wish to describe 
a certain set of points that is left over, when you take 
some of them away, bar them, exclude them, make 
them inaccessible--or whatever you wish to call it. 
I shall use the word 'take away' .  

First take away the whole middle third including 
its left border point, thus the points from l to i (but 
you leave i) . Of the remaining two thirds you again 
take away the 'middle thirds' ,  including their left 
border points, but leaving their right border points. 
\Vith the remaining 'four ninths' you proceed in the 
same way. And so on . 

If you actually try to continue for only a few steps 
you will soon get the impression that 'nothing is left 
over' . Indeed at every step we take away a third of 
the remaining length. Now supposing the Income 
Tax Inspector charged you first 6s. 8d. in the £, and 
of the remainder again 6s. 8d. in the £,  and so on, ad 
infinitum,  you agree you would not retain much. 

We shall now analyse our case, and you will be 
astonished how many of our numbers or points are 
left. I regret that this needs a little preparation . A 
number between zero and one can be represented by 
a decadic fraction , as 

0·470802 . . . 
and you know this means 

4 7 0 8 
1 0  + 1 02 + 1 03 + 1 0' + . . . . 

That we habitually use here the number 1 0  is a pure 
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accident, due to the fact that we have 1 0  fingers. 
\Ve can use any other number, 8 ,  12, 3, 2 . . . .  We 
need, of course, different figure-symbols for all the 
numbers up to the chosen 'basis ' .  In our decadic 
system we need ten, O, 1 ,  2, . . . 9. If we used 1 2  
a s  our basis, w e  should have to invent single symbols 
for 1 0  and 1 1 .  If we used the basis 8, the symbols 
for 8 and 9 would become supernumerary. 

Non-decadic fractions have not altogether been 
ousted by the decimal system. Dyadic fractions, that 
is those which use the basis 2, are quite popular, 
particularly with the British . When I asked my 
tailor the other day how much material I should get 
him for the flannel trousers I had just ordered, he 
answered-to my amazement-1 i yards . This is 
easily seen to be the dyadic fraction 

1 ·0 1 1 ,  
meamng 

0 I I 
l + 2 + 4 + 3 ·  

In the same way some stock exchanges quote shares 
not in shillings and pence but in dyadic fractions of a 

pound, for example £:!, which in dyadic notation 
would read 

meanmg 
0·  1 1 0 1 ' 

l I 0 I 
2 + 4 + 0 +  1 6 " 

Notice that in a dyadic fraction only two symbols, 
viz .  0 and 1 ,  occur. 

For our present purpose we first need triadic 
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fractions, which have the basis 3 and use only the 
symbols 0, 1 ,  2. Here, for instance, the notation 

means 
0·201 2 . . .  

2 0 1 2 
3 + 9 + 21 + a 1  + . . . · 

(By adding dots we intentionally admit fractions that 
run to infinity, as for example the square root of 2) . 
Now let us return to the problem of describing the 
'almost vanishing' set or

' 
numbers that is left over 

in the construction illustrated by our figure. A little 
careful thinking will shew you that the points we 
have taken away are all those which in triadic repre­
sentation contain a figure 1 somewhere. Indeed, by 
first cutting out the middle third we cut out all the 
numbers whose triadic fraction begins thus : 

O· l . . . . 
At the second step we cut out all those whose triadic 
fraction begins 

either 0·0 1 . . .  or 0·2 1 . .  . .  
And so on.-This consideration shews that there is 
something left, namely all those whose triadic fractions 
contai n  no 1 ,  but only 0 and 2, as for instance 

0·22000202 . . .  
(where the dots stand for any sequence of Os and 2s 
only) . Among them are, of course, the right border 
points (as 0 ·2 = � or 0·22 = � + ; = ;) of the 
excluded intervals ; we had decided to let those 
border points stand. But there are a lot more, for 
instance the periodic dyadic fraction 0·26, meaning 
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0·20202020 . . . ad infinitum. This i s  the infinite 
series 

2 2 2 2 
3 + 33 + 35 + 37 + · · · · 

To find its value, think you multiply it by the square 
of ?>,  which is 9 .  Then the first term gives !/, that 
is, 6, while the remaining terms give the same series 
again.  Hence eight times our series is 6, and our 
number is � or f. 

Still, recalling again that the intervals we have 
'taken away' tend to cover the whole interval between 
0 and 1 ,  one is inclined to think that, compared with 
the original set (containing all numbers between 0 
and 1 ) ,  the remaining set must be 'exceedingly 
scarce' . But now comes the amazing turn : in a cer­
tain sense the remaining set is still just as vast as the 
original one. Indeed we can associate their respective 
members in pairs, by monogamously mating, as it 
were, each number of the original set with a definite 
number of the remaining set, without any number 
being left over on either side (the mathematician 
calls this a 'one-to-one correspondence') .  This is so 
perplexing that, I am sure, many a reader will at 
first think he must have misunderstood the words, 
though I have taken pains to set them as unam­
biguously as possible. 

How is this done ? Well, the 'remaining set' is  
represented by all the triadic fractions contain ing 
only Os and 2s ; we gave the general example 

0 ·22000202 . . .  
(the dots standing for any sequence of Os and 2s 
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only) . Associate with this triadic fraction the dyadic 
fraction 

0· 1 1 000 1 0 1 . . .  
obtained from the former by replacing every figure 
2 by the figure 1 .  Vice versa you can, from any 
dyadic fraction, by changing its t s  into 2s, obtain the 
triadic representation of a definite number in what ,.,.e 
called 'the remaining set ' .  Since now any member 
of the original set, that is, any number between 0 
and 1 ,  is represented by one and only one1 definite 
dyadic fraction , there is actually a perfect one-to-one 
mating between the members of the two sets. 

[It may be use ful to illustrate the 'mating' by 
examples . For instance the dyadic number that my 
tailor used 3 0 1 1 

-- = - + - + - = 0·0 1 1 
8 2 4 8 

would lead to the triadic counterpart 

0 2 2 8 0·022 = 3 + 9 + 27  = 27 ; 
that is to say, -i of the original set corresponds to ;; 
in the remaining set. Inversely, take our triadic 
0 .26, meani ng, as we made out. f.  The correspon­
ding dyadic O . i o  means the infinite series 

1 l l 1 1 
2 + 23 + � + 27 + 29 +  . . . . 

If you multiply this by the square of 2, which is 4, 
you get : 2 +  the same series. In other words, three 

1 \.Ye have tacitly disregarded such trivial duplications as are 
instanced, in the decimal system, by 0 . 1  = o.o9 or 0.8 = 0 .79 .  
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times our series equals 2, the series equals f ;  that is 
to say, the number ! of the 'remaining set' corre­
sponds (or 'is mated') to the number i in the 
original set. J 

The remarkable fact about our 'remaining set' is 
that, though it covers no measurable interval, yet it 
has still the vast extension of any continuous range . 
This  astonishing combination of properties is, in 
mathematical language, expressed by saying that 
our set has still the 'potency' of the continuum, 
although it is 'of measure zero ' .  

I have brought this case before you, in order to 
make you feel that there is something mysterious 
about the continuum and that we must not be all 
too astonished at the apparent failure of our attempts 
to use it for a precise description of nature . 

T H E  M A K E S H I F T  O F  W A V E M E C H A N I C S  

Nov; I shall try to give you an idea of the way in 
which physicists at present endeavour to overcome 
this failure . One might term it an ' emergency exit' , 
though it was not intended as such, but as a new 
theory. I mean, of course, wave mechanics . (Edding­
ton ca lled it ' not a physical theory but a dodge­
and a very good dodge too ' .) 

The situation is about as follows. The observed 
facts (about particles and light and all sorts of 
radiation and their mutual interaction) appear to 
be repugnant to the classical ideal of a continuous 
description in space and time. (Let me explain 
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myself to the physicist by hinting at one example : 
Bohr's famous theory of spectral lines in 1 9 1 3  had to 
assume that the atom makes a sudden transition 
from one state into another state, and that in doing 
so it emits a train of light waves several feet long, 
containing hundreds of thousands of waves and 
requiring for its formation a considerable time. No 
information about the atom during this transition 
can be offered. ) 

So the facts of observation are irreconcilable with 
a continuous description in space and time ; it just 
seems impossible, at least in many cases. On the 
other hand, from an incomplete description-from a 
picture with gaps in space and time-one cannot draw 
clear and unambiguous conclusions ; it leads to hazy, 
arbitrary, unclear thinking-and that is the thing 
we must avoid at all costs ! What is to be done ? The 
method adopted at present may seem amazing to 
you.  It amounts to this : we do give a complete 
description, continuous in space and time without 
leaving any gaps, conforming to the classical ideal­
a description of something. But we do not claim that 
this ' something' is the observed or observable facts ; 
and still less do we claim that we thus describe what 
nature (matter, radiation, etc.) really is. In fact we 
use this picture (the so-called wave picture) in full 
knowledge that it is neither. 

There is no gap in this picture of wave mechanics, 
also no gap as regards causation. The wave picture 
conforms with the classical demand for complete 
determinism, the mathematical method used is that 
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of field-equations, though sometimes they are a 
highly generalized type of field-equations . 

But what is the use of such a description, which, 
as I said, is not believed to describe observable facts 
or what nature really is like ? Well, it is believed to 
give us information about observed facts and their 
mutual dependence. There is an optimistic view, 
viz . that it gives us all the information obtainable 
about observable facts and their interdependence. 
But this view--which may or may not be correct­
is optimistic only inasmuch as it may flatter our 
pride to possess in principle all obtainable informa­
tion. It is pessimistic in another respect, we might 
say epistemologi�ally pessimistic. For the information 
we get as regards the causal dependence ef observable 

facts is incomplete. (The cloven hoof must show up 
somewhere ! ) The gaps, eliminated from the wave 
picture, have withdrawn to the connection between 
the wave picture and the observable facts . The latter 
are not in one-to-one correspondence with the for'."' 
mer. Plenty of ambiguity remains, and, as I said, 
some optimistic pessimists or pessimistic optimists 
believe that this ambiguity is essential, it cannot be 
helped . 

This is the logical.'situation at present. I believe I 
have depicted it correctly, though I am quite aware 
that without examples the whole discussion has 
remained a little bloodless-just purely logical . I am 
also afraid  that I have given you too unfavourable an 
impression of the wave theory of matter. I ought to 
amend both points. The wave theory is not of yester-
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day and not of 25  years ago. It made its first 
appearance as the wave theory of light (Huygens 
1 690) . For the better part of 1 00 years1 light waves 
were regarded as an incontrovertible reality, as 
something of whicl:i the real existence had been 
proved beyond all doubt by experiments on the 
diffraction and interference of light. I do not think 
that even today many physicists--certainly not ex­
perimentalists-are ready to endorse the statement 

l 
• 

Figure 8 

that 'light waves do not really exist, they are only 
waves of knowledge' (free quotation from Jeans) . 

If you observe a narrow luminous source L, a 
glowing Wollaston wire, a few thousandths of a 
millimetre thick, by a microscope whose objective 
lens is covered by a screen with a couple of parallel 
slits, you find (in the image plane conjugate to L) 
a system of coloured fringes which conform exactly 
and quantitively to the idea that light of a given 
colour is a wave motion of a certain small wave-

1 Not the immediately following hundred years. Newton's author­
i ty eclipsed Huygens' theory for about a century. 
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length, " shortest for violet, about twice as long for 
red light. This is one out of dozens of experiments 
that clinch the same view. Why, then, has this reality 
of the waves become doubtful ? For two reasons : 

(a) Similar experiments have been performed with 
beams of cathode rays (instead of light) ; and cathode 
rays--so it is said-manifestly consist of single elec­
trons, which yield 'tracks'  in the Wilson cloud 
chamber. 

L 1 

I 
2 

Figure 9 

(b) There are reasons to assume that light itself 
also consists of single particles-.--called photons (from 
the Greek cp&s = light) . 

Against this one may argue that nevertheless in 
both cases the concept of waves is unavoidable, if you 
wish to account for the interference fringes. And 
one may also argue that the particles are not identi­
fiable obj ects, they might be regarded as explosion like 
events withi n  the wave-front-just the events by 
which the wave-front manifests itself to observation . 
These events-so one might say-are to a certain 
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extent fortuitous, and that i s  why there i s  no strict 
causal connection between observations. 

Let me explain in some detail why the phenomena, 
both in the case of light and in the case of cathode 
rays, cannot possibly be understood by the concept of 
single, individual, permanently existing corpuscles. 
This will also afford an example of what I call the 
'gaps' in our description and of what I call the 'lack 
of individuality' of the particles. For the sake of 

Figure 1 0  

argument we simplify the experimental arrange­
ment to the utmost . We consider a small, almost 
point-like source which emits corpuscles in all 
directions, and a screen with two small holes, with 
shutters, so that we can open first only the one, then 
only the other, then both . Behind the screen we 
have a photographic plate which collects the cor­
puscles that emerge from the openings .  After the 
plate has been developed, it shows, let me assume, 
the marks of the single corpuscles that have hit it, 
each rendering a grain of silver-bromide developable, 
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so that it shows as a black speck after developing. 
(This is very near the truth.)  

Now let us first open only one hole. You might 
expect that after exposing for some time we get a 
close cluster around one spot. This is not so. Appar­
ently the particles are deflected from their straight 

Figure 1 1  
The lines indicate the places where there are few or no 
spots , while midway between any two lines the spots would 
be m ost frequent. The two straight lines in the middle are 
parallel to the slits. 

path at the opening. You get a fairly wide spreading 
of black specks,  though they are densest in the middle, 
becoming rarer at greater angles. If you open the 
second hole alone, you clearly get a similar pattern, 
only around a different centre. 

Now let us open both holes at the same time and 
expose the plate j ust as IOng as before. What would 

149 



S C I E N C E  A N D  H U M A N I S M  

you expect-if the idea was correct, that single in­
dividual particles fly from the source to one of the 
holes, are deflected there, then continue along an­
other straight line until they are caught by the 
plate ? Clearly you would expect to get the two 
former patterns superposed. Thus in the region where 
the two fans overlap, if near a given point of the 
pattern you had, say, 25 spots per unit area in the 
first experiment and 1 6  more in the second, you 
would expect to find 25 + 1 6  = 41 in the third 
experiment.  This is not so. Keeping to these numbers 
(and disregarding chance-fluctuations, for the sake of 
argument) , you may find anything between 8 1  and 
only 1 spot, this depending on the precise place on 
the plate. It is decided by the difference of its dis­
tances from the holes. The result is that in the 
overlapping part we get dark fringes separated by 
fringes of scarcity. 
(N.B .  The numbers 1 and 8 1  are obtained as 

(v'25 ± v'l 6)2 = (5 ± 4)2 = 8/ . ) 
If one wanted to keep up the idea of single individual 
particles flying continuously and i ndependently 
either through one or through the other slit one 
would have to assume something quite ridiculous, 
namely that in some places on the plate the particles 
destroy each other to a large extent, while at other 
places they 'produce offspring' . This is not only 
ridiculous but can be refuted by experiment. (Making 
the source extremely weak and exposing for a very 
long time. This does not change the pattern !) The 
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only other alternative is to assume that a particle 
flying through the opening No. 1 is influenced also 
by the opening No. 2, and that in an extremely 
mysterious fashion .  

"vVe m ust, so i t  seems, give up the idea o f  tracing 
back to the source the history of a particle that mani­
fests itself on the plate by reducing a grain of 
silver-bromide. We cannot tell where the particle was 
before it hit the plate. We cannot tell through which 
opening it has come. This is one of the typical gaps 
in the description of observable events, and very 
characteristic of the lack of individuality in the 
particle. We must think in terms of spherical waves 
emitted by the source, parts of each wave-front 
passing through both openings, and producing our 
interference pattern on the plate-but this pattern 
manifests itself to observation in the form of single 
particles . 

T H E  A L L E G E D  B R E A K - D O W N  O F  T H E  

B A R R I E R  B E T W E E N  S U B J E C T  A N D  O B J E C T  

It cannot be denied that the new physical aspect of 
nature of which I have tried to give you some id.ea 
by this example is very much more complicated than 
the old way which I called 'the classical ideal of 
uninterrupted, continuous description' .  The very 
serious question arises naturally : Is this new and 
unfamiliar way of looking at things, which is at 
variance with the habits of everyday thinking-is it 
deeply rooted in the facts of observation, so that it 
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has come to stay and will never by got rid of again ; 
or is this new aspect perhaps the mark, not of ob­
j ective nature,· but of the setting of the human 
mind, of the stage that our understanding of nature 
has reached at present ? 

This is an extremely difficult question to answer, 
because it is not even absolutely clear what this 
antithesis means : objective nature and human mind. 
For on the one hand I undoubtedly form part of 
nature, while on the other hand obj ective nature is 
known to me as a phenomenon of my mind only. 
Another point that we must keep in mind in pon­
dering this question is this : that one is very easily 
deceived into regarding an acquired habit of thought 
as a peremptory postulate imposed by our mind on 
any theory of the physical world. The famous instance 
of this is Kant, who, as you know, termed space and 
time, as he knew them, the form of our mental 
intuition (Anschauung)-space being the form of 
external, time that of internal, intuition. Through­
out the nineteenth century most philosophers followed 
him in this. I will not say that Kant's idea was 
completely wrong, but it was certainly too rigid and 
needed modification when new possibilities came to 
light, e.g.  that space may be (and probably is) closed 
in itself, yet without boundaries ; and that two events 
may happen in such a way that either of them may 
be regarded as the earlier one (this was the most 
amazing novel aspect in Einstein's ' Restricted' Theory 
of Relativity) . 

But let us return to our question, however poorly 
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it may be formulated : Is the impossibility of a con­
tinuous, gapless, uninterrupted description in space 
and time really founded in incontrovertible facts ? 
The current opinion among physicists is, that this 
is the case . .  Bohr and Heisenberg have put forward 
a very ingenious theory about it, which is so easy 
to explain that it has entered most popular treatises 
on the subj ect-I should say, unfortunately ; for its 
philosophical implication is usually misunderstood . 
I am going to argue against it, but first I must 
summarize it briefly. 

It runs as follows. We cannot make any factual 
statement about a given natural object (or physical 
system) without 'getting in touch' with it. This 
'touch' is a real physical interaction. Even if it 
consists only in 'looking at the object' ,  the latter 
must be hit by light-rays and reflect them into the 
eye, or into some instrum ent of observation. This 
means that the obj ect is interfered with by observing 
it. You cannot obtain any knowledge about an object 
while leaving it strictly isolated. The theory goes on 
to assert that this disturbance is neither irrelevant 
nor completely surveyable. Thus after any number 
of painstaking observations the object is left in a state 
of which some features (the last observed ones) are 
known, but others (those interfered with by the last 
observation) are not known , or not accurately known. 
This state of affairs is offered as the explanation why 
no complete, gapless description of a physical object 
is possible .  

But obviously these inferences, even when granted , 
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tell me so far only that such a description cannot be 
actually accomplished , but they do not convince _me 
that I should not be able to form in my mind a 
complete, gapless model, from which everything I 
can observe can be correctly inferred or foreseen, to 
the degree of certainty which the incompleteness of 
my observations allows. The situation might he such 
as in the beginning of a game of whist. By the rules 
of the game I can only have knowledge of one 
quarter of all the 52 cards. Still I know that each 
of the other players also has a certain lot of 1 3  cards , 
which will not change during the game ; that no­
body else can have a queen of hearts (because I have 
it) ; that there are exactly 6 clubs among the cards 
I do not know (because I happen to have 7)-and so 
on. 

I say this interpretation suggests itself : that there 
is a fully determined physical obj ect in existence, 
but I can never know all about it. However, this 
would be a complete misunderstanding of what Bohr 
and Heisenberg and those who follow them actually 
mean. They mean that the object has no existence 
independent of the observing subject. They mean 
that recent discoveries in physics have pushed for­
ward to the mysterious boundary between the subject 
and the object, which thereby has turned out not 
to be a sharp boundary at all . We are to understand 
that we never observe an object without its being 
modified or tinged by our own activity in observing 
it. "\Ve are to understand that under the impact of 
our refined methods of observation , and of thinking 
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about the results of our experiments, that mysterious 
boundary between the subject and the object has 
broken down. 

The opinion of what may be called our two fore­
most quantum theorists deserves, of ct Jurse, careful 
attention ; and the further fact that several other 
prominent'scientists do not reject their opinion, but 
seem rather satisfied with it, adds to its claim to 
be thoroughly weighed. But in doing so, I cannot 
suppress certain objections. 

I do not think I am prejudiced arainst the impor­
tance that science has from the pmely human point 
of view. I had expressed by the original title of these 
lectures, and I have explained in the introductory 
passages, that I consider science an integrating 
part of our endeavour to answer the one great 
philosophical question which embraces all others, the 
one that Plotinus expressed by his brief : Tives Be fiµeis ; 
-who are we ? And more than that : I consider this 
not only one of the tasks, but the task, of science, the 
only one that really counts. 

But with all that, I cannot believe (and this is my 
first objection)-! cannot believe that the deep 
philosophical enquiry into the relation between sub­
j ect and object and into the true meaning of the 
disti nction between them depends on the quantita­
tive results of physical and chem ical measurements 
with weighing scales, spectroscopes, microscopes, 
telescopes, with Geiger-Muller-counters , \Vilson­
chambers, photographic plates, arrangemen ts for 
measuring the radioactive decay, and whatnot . It is 
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not very easy to say why I do not believe it.  I feel a 
certain incongruity between the applied means an d 
the problem to be solved. I do not feel quite so 
diffident with regard to other sciences, in particular 
biology, and quite especially genetics and the facts 
about evolution . But we shall not tal k about this 
here and now. 

On the other hand (and this is my second objection), 
the mere contention that every observ ation depends 
on both the subj ect and the obj ect, which are inex­
tricably interwoven-this contention is hardly new, 
it is almost as old as science itself. Though but scarce 
reports and quotations of the two great men from 
Abdera, Protagoras and Democritus, have come down 
to us across the twenty-four centuries that separate 
us from them, we can tell that they both in their 
way maintained that all our sensations, perceptions, 
and observations have a strong personal, subjective 
tinge and do not convey the nature of the thing­
in-itself (the difference between them was that 
Protagoras dispensed with the thing-in-itself, to him 
our sensations were the only truth, while Democritus 
thought differently) . Since then the question has 
turned up whenever there was science ; we might 
follow it through the centuries, speaking of Des­
cartes' ,  Leibnitz ' ,  Kant's attitudes towards it .  \Ve 
shall not do this . But I must mention one point ,  in 
order not to be accused of inj ustice towards the 
quantu m physicists of our d ays.  I said their state­
ment that in perception and observation subj ect and 
obj ect are inextricably interwoven is h ardly new. 
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But they could make a case that something about it 
is new. I think it is true that in previous centuries, 
when discussing this question, one mostly had in 
mind two things, viz. (a) a direct physical impression 
caused by the object in the subject , and (b) the state 
of the subject that receives the impression. As 
against this, in the present order of ideas the direct 
physical, causal, influence between the two is re­
garded as mutual. It is said that there is also an 
unavoidable and uncontrollable impression from the 
side of the subject onto the object. This aspect is new, 
and , I should say, more adequate anyhow. For 
physical action always is inter-action , it always is 
mutual . What remains doubtful to me is only just 
this : whether it is adequate to term one of the two 
physically interacti ng systems the 'subj ect' .  For the 
observing mind is not a physical system , it cannot 
interact with any physical system. And it might be 
better to reserve the term 'subject' for the observing 
mind.  

A T O M S  O R  Q U A N T A-T H E  C O U N T E R - S P E L L  

O :F  O L D  S T A N D I N G ,  T O  E S C A P E  T H E  

I N T R I C A C Y  O F  T H E  C O N T I N U U M  

B e  th is as it may, it seems worth our while to try to 
exa m i ne the matter from various angles. A point of 
view t hat I have previously touched on in these 
lectures and that does suggest itself is this, that our 
present d i fficulties in physical science are bound up 
with the n otorious conceptional intricacy inherent 
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i n  the idea of the continuum . But this does not tell 
you much. How are they bound up ? What precisely 
is the mutual relationship ? 

If you envisage the development of physics in the 
last half-century, you get the impression that the 
discontinuous aspect of nature has been forced upon 
us very much against our wz1l. We seemed to feel 
quite happy with the continuum. Max Planck was 
seriously frightened by the idea of a discontinuous 
exchange of energy, which he had introduced ( 1 900) 
in order to explain the distribution of energy in 
black-body-radiation. He made strong efforts to 
weaken the hypothesis, and, if possible, to get away 
from it, but in vain. Twenty-five years later the 
inventors of wave mechanics indulged for some time 
in the fond hope that they had paved the way of 
return to a classical continuous description, but again 
the hope was deceptive. Nature herself seemed to 
reject continuous description, and this refusal seemed 
to have nothing to do with the mathematicians' 
aporza in dealing with the continuum. 

This is the impression you get from the last 50 years. 
But quantum theory dates 24 centuries further 
back, to Leucippus and Democritus. They invented 
the first discontinuity-isolated atoms embedded in 
empty space. Our notion of the elementary particle 
has historically descended from their notion of the 
atom and is conceptionally derived from their notion 
of the atom ; we have simply held on to it . And these 
parti'cles have now turned out to be quanta of 
energy, because-as Einstein discovered in 1 905-
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mass and energy are the same thing. So the idea of 
discontinuity is very old.  How did it arise ? I wish 
to establish that it originated precisely from the 
intricacy of the continuum, so to speak as a weapon 
in defence against it. 

How did the ancient atomists come by the idea of 
atomism of matter ? This question gains now a more 
than merely historical interest, it becomes episte­
mologically relevant. The question is sometimes 
asked in the following form-in a mood of utter 
amazement : How did those thinkers, with an ex­
tremely scanty knowledge of the laws of physics, 
indeed in complete ignorance of all the relevant 
experimental facts-how did they hit on the correct 
theory of the composition of material bodies ? Occa­
sionally you find people so bewildered by this 'lucky 
strike' that they actually declare it to be a chance­
event and refuse to give the ancient atomists any 
credit for it. They declare that their atomic theory 
has been a completely unfounded guess which might 
just as well have turned out a mistake. Needless to 
say, it is always a scientist, never a classical scholar, 
who reaches this strange conclusion. 

I reject it. But then I must answer the question. 
That is not very difficult. The atomists and their 
ideas did not emerge suddenly out of nothing, they 
were preceded by the great development that began 
with Thales of Miletus (floruit 585 B.C.) more than 
a century earlier ; they continue the awe-inspiring 
line of Ionian physiologoi. Their immediate prede­
cessor in this line was Anaximenes, whose principal 
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doctrine consisted i n  underlining the all-importance 
of 'rarefaction and condensation ' .  From a careful 
consideration of everyday experience he abstracted 
the thesis that every piece of matter can take on the 
solid, the liquid,  the gaseous and the 'fiery' state ; 
that the changes between these states do not imply 
a change of nature, but are brought about geometri­
cally, as it were, by the spreading of the same amount 
of matter over a larger and larger volume (rare­
faction) , or-in the opposite transitions-by its being 
reduced or compressed i nto a smaller and smaller 
volume . This idea is so absolutely to the point that a 
modern i ntroduction into physical science could take 
it over without any relevant change. Moreover it is 
certai nly not an unfounded guess , but the outcome 
of careful observation. 

If you try to assimilate Anaximenes' i dea, you 
naturally come to think that the change of properties 
of matter, say on rarefaction, must be caused by its 
parts receding at greater distances from each other. 
But it is extremely difficult to accomplish this in 
your imagination, if you think of matter as forming 
a gapless continuum. What should recede from 
what ? The mathematicians of the same epoch con­
sidered a geometrical line as consisting of poi nts . 
That is perhaps all right if you leave it alone. But 
if it is a material line and you begin to stretch it­
would not its points recede from each other and 
leave gaps between them ? For the stretching cannot 
produce new points and the same set of points cannot 
go to cover a greater interval . 
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From these difficulties, which reside in the mys­
terious character of the continuum, the easiest escape 
is the one taken by the atomists, namely to regard 
matter as consisting from the outset of isolated 
'points' or rather of small particles, which recede 
from each other on rarefaction and approach to 
closer distances on condensation, while remaining 
themselves unchanged. The latter is an important 
by-product. Without it, the contention that in these 
processes matter stays intrinsically unchanged would 
remain very hazy. The atomist can tell what it 
means : the particles remain unchanged ; only their 
gPometrical constellation changes. 

It would thus seem that physical science in its 
present form-in which it is the direct offspring, the 
uninterrupted continuation, of ancient science-was 
from its very beginning ushered in by the desire to 
avoid the haziness inherent in the conception of the 
continuum, the precarious side of which was then 
more felt than in modern times, until quite recently. 
Our helplessness vis-a-vis the continuum, reflected 
in the present difficulties of quantum theory, is not 
a late arrival, it stood godmother to the birth of 
science-an evil godmother, if you please, like the 
thirteenth fairy in the tale of the Sleeping Beauty. 
Her evil spell had for a long time been stemmed by 
the genial invention of atomism. This explains why 
atomism has proved so successful and durable and 
indispensable. It was not a happy guess by thinkers 
who 'really did not know anything about it'-it was 
the powerful counter-spell which naturally cannot 
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b e  dispensed with as long as the difficulty it i s  to 
. . 

exorcise survives. 
By this I will not say that atomism will ever go by 

the board. Its i nvaluable findings-especially the 
statistical theory of heat-certainly never will. No­
body can tell the future. Atomism finds itself facing 
a serious crisis. Atoms--our modern atoms, the 
ultimate particles-must no longer be regarded as 
identifiable individuals . This is a stronger deviation 
from the original idea of an atom than anybody 
had ever contemplated. We must be prepared for 
anything. 

W O U L D  P H Y S I C A L  I N D E T E R M I N A C Y  G I V E  

F R E E  W I L L  A C H A N C E ? 

On p. 1 2  I briefly touched upon that old crux, the 
apparent contradiction between the deterministic 
view about material events and what is called in 
Latin liberum arbitrium indifferentiae, in modern 
language free wilJ . I suppose you all know what I 
mean : since my mental life is obviously bound up 
very closely with the physiological goings on ill my 
body, more especially in my brain,  then, if the latter 
are strictly and uniquely determined by physical and 
chemical natural laws, what about my inalienable 
feeling that I take decisions to act in this or that 
way, what about my feeling responsibility for the 
decision I actually do take ? Is not everything I do 
mechanically determined in advance by the material 
state of affairs in my brain,  including modifications 
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caused by external bodies, and is not my feeling of 
liberty and responsibility deceptive ? 

This does strike us as a true aporia, which occurred 
for the first time to Democritus, who realised it fully 
-but left it alone ; very wisely, I think. He fully 
realised it. While he adhered to his ' atoms and the 
void'  as the only reasonable way of understanding 
objective nature, we have some definite utterances 
of his preserved, to the effect that he also realised 
that this whole picture of the atoms and the void 
was formed by the human mind on the evidence of 
sense perceptions, and nothing else ; and other utter­
ances where he states, almost in the words of Kant, 
that we know nothing about what any thing really is in 
itself, the ultimate truth remaining deeply in the dark. 

Epicurus took over Democritus' physical theories 
(by the way, without acknowledgement) ; however, 
less wise, and very keen on conveying to his disciples 
a fair and sound and incontrovertible moral attitude, 
he tampered with physics and invented his famous 
(or ill-famed) swerves-strongly reminiscent of 
modern ideas about ' uncertainty' .. of physical events. 
I will not enter on details here ; suffice it to say that 
he broke away from physical determinism in a rather 
childish way, which was not based on any experience 
and therefore had no consequences. 

The problem itself never left us. It turned up 
very prominently--or at least a problem of closely 
similar logical structure turned up-with St Augus­
tine of Hippo, as a theological apon"a. The part of 
the Law of Nature is taken by the omniscient and 
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almighty God . But since to him who believes i n  God 
the Law of Nature is obviously His law, I think I am 
right in calling it very much the same problem. 

As everybody knows, St. Augustine's great diffi­
culty was precisely this : God being omniscient and 
almighty, I cannot do a thing without His knowing 
and willing-not only consenting, but determining 
it. How, then , could I be responsible for it ? I 
suppose the religious attitude to thi!> form of the 
question eventually has to be that we are here con­
fronted with a deep mystery into which we cannot 
penetrate, but which we certainly must not try to 
solve by denying responsibility. 'vVe must not try , I 
say ; or we had better not try, for we fail pitiably. The 
feeling of responsibility is congenital, nobody can 
discard it. 

But let us turn to the original form of the quest ion 
and to the part physical determinism plays in it . 
Naturally the so-called 'crisis of causality ' in the 
physics of our day seemed to raise strong hope of 
releasing us from this paradox or aporia . 

Could perhaps the declared indeterminacy allow 
free will to step into the gap in the way that free will 
determines those events which the Law of Nature 
leaves undetermined ? This hope is ,  at first sight, 
obvious and understandable. 

In this crude form the attempt was made, and the 
idea, to a certain extent, worked out by the German 
physicist Pascual Jordan. I believe it to be both 
physically and morally an impossible solution . As 
regards the first : according to our present view the 
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quantum laws, though they leave the single event 
undetermined, predict a quite definite statistics of 
events when the same situation occurs again and 
aga in .  If these statistics are interfered with by any 
agent, this agent violates the laws of quantum 
mechanics just as objectionably as if it interfered 
-in pre-quantum physics-with a strictly causal 
mechanical law. Now we know that there is no 
statz:5tics in the reaction of the sam e person to pre­
cisely the same moral situation-the rule is that the 
same individual in the same si tuation acts again 
precisely in the same manner. (Mind you, in pre­
cisely the same situation ; this does not mean that a 
cri minal or addict cannot be converted or healed by 
persuas ion and example or whatnot--by strong 
external i nfl uence ; but this, of course, means that 
the situation is changed.)  The inference is that 
Jordan 's assumption-the direct stepping in of free 
will  to fil l  the gap of indeterminacy-does amount 
to a n  interference with the laws of nature, even in 
their form accepted in  quantum theory. But at that 
price, of course, we can have everything . This is not 
a solution of the dilemma. 

The moral objection was strongly emphasized by 
the G erman philosopher Ernst Cassirer (who died in 
1 945 in Nm.v York as an exile from Nazi Germany) . 
Cassirer's extended criticism of Jordan's ideas is based 
on a thorough familiarity with the situation in 
physics . I shall try to summarize it briefly ; I would 
say, it amounts to this. Free will in man includes as 
its most relevant part man's ethical behaviour. Sup-
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posing the physical events i n  space and time actually 
are to a large extent not strictly determined but 
subject to pure chance, as most physicists in our time 
believe, then this haphazard side of the goings-on in 
the material world is certainly (says Cassirer) the very 
last to be invoked as the physical correlate ef man's 
ethical behaviour. For this is anything but hap­
hazard, it is intensely determined by motives ranging 
from the lowest to the most sublime sort, from greed 
and spite to genuine love of the fellow creature or 
sincere religious devotion . Cassirer's lucid discussion 
makes one feel so strongly the absurdity of basing 
free will, including ethics, on physical haphazard 
that the previous difficulty, the antagonism between 
free will and determinism, dwindles and almost 
vanishes under the mighty blows Cassirer deals to 
the opposite view. 'Even the reduced extent of pre­
dictabil ity' (Cassirer adds) 'stil l granted by Quantum 
Mechanics, would amply suffice to destroy ethical 
freedom, if the concept and true meaning of the 
latter were irreconcilable with predictability' .  In­
deed, one begins to wonder whether the supposed 
paradox is really so shocking, and whether physical 
determinism is not perhaps quite a suitable correlate 
to the mental phenomenon of will, which is not 
always easy to predict 'from outside' ,  but usually 
extremely determined 'from inside ' .  To my mind 
this is the most valuable outcome of the whole con­
troversy : the scale is turned in favour of a possible 
reconciliation of free will with physical determinism, 
when we realise how inadequate a basis physical 
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haphazard provirles for ethics. One could enlarge on 
this point. Innumerable passages could be adduced 
from poets and novelists to clinch it. In John Gals­
worthy's novel The Dark Flower (Part I, 1}, second 
paragraph) the scattered thoughts of a young lad at 
night hit on this : 'But that was it-you never could 
think what things would be like if they weren't 
just what andwhere they were. You never knewwhat 
was coming, either ; and yet, when it came, it seemed 
as if nothing else ever could have come. That was 
queer-you could do anything you liked until you'd 
done it, but when you had done it then you knew, 
of course, that you must always have had to . ' 
There is a famous passage in Wallenstein's Tod 
(II .3) : 

Des Menschen Taten und Gedanken, wisst I 
Sind niclit wie Meeres blindbewegte Wellen . 
Die innre Welt, sein Mikrokosmus, ist 
Der tiefe Schacht, aus dem sie ewig quellen . 
Sie sind notwendig, wie des Baumes Frucht ; 
Sie kann der Zufall gaukelnd nicht verwandeln . 
Hab' ich des Menschen Kem erst untersucht, 
So weiss ich auch sein Wollen und sein Handeln. 

Be ye aware : man's thinking and man's deeds 
Are not like the ocean's blindly surging spray. 
His inner world, his microcosmus, feeds 
The profound shaft from which they pour to the day. 
They are needful as its fruit is in a tree, 
Unalterable by blindly juggling chance. 
Once into a man's deep core I probing see, 
His will and act I'll tell you in advance. 

It is true that in their context these lines refer to 
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\Vallenstein's devout beli ef i n  astrology, which we 
are not inclined to share. But is not the very lure of 
astrology, the irresistible attraction it has for scores 
of centuries exerted on men's minds, witness to the 
fact that we are not prepared to regard our fate as 
the outcome of pure chance, even though, or rather 
just because, it largely depends on our taking the 
right decision in the right moment ? (We usually lack 
the full information needed for this purpose ; and 
that is where astrology comes in ! ) 

T H E  B A R  T O  P R E D I C T I O N ,  A C C O R D I N G  

T O  N I E L S  B O H R  

But let u s  return to our subject proper. A much 
more serious and interesting attempt to explain the 
difficulty away was founded by Bohr and Heisenberg 
on th e idea , mentioned above , that there is an un­
ayo idahle and uncontrollable mutual interaction 
bel\veen the observer and the observed physical 
object . Their ratiocination is briefly as follows . The 
alleged paradox consists in th is , that according to 
the mechan istic v iew, by procuring an exact know­
J edge of the configuration and velocities of all the 
elementary particles in a man's body , including his 
bra in ,  one could predict his vol untary actions­
which thereby cease to be what he believes them to 
be, namely voluntary . The fact that we cannot 
actually procure this detailed knowledge is no great 
h elp. Even the theoretical predictabil ity shocks us. 

To this Bohr answers that the knowledge cannot 
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even be procured in principle, not even in theory, 
because such accurate observation would involve so 
strong an interference with 'the object' (the man's 
body) as to dissociate it into single particles-in fact 
kill him so efficiently that not even a corpse would 
be left for burial. At any rate, no prediction of be­
haviour would result , before the 'object' is far beyond 
the state of exhibiting any voluntary behaviour. 

The emphasis is of course on the phrase ' in prin­
ciple' .  That the said knowledge cannot actually be 
procured, not even for the simplest living organism, 
let alone a higher animal like man, is clear also 
without quantum theory and uncertainty relation. 

Bo_hr's consideration is no doubt interesting. Yet, 
I should say, we are more convicted by it than con­
vinced, as in some mathematical proofs : you must 
grant A and B ,  then follows C and D, and so on , you 
cannot object to any single step ; finally follows the 
interesting result Z. You have to accept it, but you 
cannot see how it really comes about, the proof gives 
no hint of that. In the present case I would say : 
Bohr's considerations show you that th� present views 
in physics-mainly on account of the lack of strict 
causality (or on account of the uncertainty relation) 
-bar the objectionable predictability in principle. 
But you cannot see how this comes about. In view of 
the close relation Bohr's reasoning has to the lack of 
observable strict causality, you even incline to sus­
pect that it is only Jordan's suggestion over again, 
but in a more careful disguise, so as to be shielded 
from Cassirer's arguments . 
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One can make a case for this being so .  Indeed, I 
think I must accuse Bohr-though in actual fact he 
is one of the kindliest persons I ever came to know­
of an unnecessary cruelty for his proposing to kill 
his victim by observation. I cannot see what purpose 
it should serve.  It will never, according to quantum 
mechanics, yield us the full set of configuration and 
velocities of all the particles, because according to our 
present views this is impossible. The equivalent of 
this complete knowledge in classical physics is in 
quantum physics a so-called maximum observation, 
which yields the maximum knowledge that can be 
obtained, nay, that has any meaning. Nothing in 
the views accepted at present precludes that we should 
obtain this maximum knowledge ef a living body. We 
must admit the possibility in principle, even though 
we know perfectly well that practically it cannot be 
achieved. This state of affairs is exactly the same as 
with complete knowledge in classical physics. Fur­
thermore, precisely as in classical physics, you can 
from a maximum observation, yielding maximum 
knowledge now, deduce, in principle, maximum 
knowledge at any later time. (You must, of course, 
procure maximum knowledge also about all agents 
that act on your object in the meantime ; but that is, 
in principle, possible and is again absolutely analo­
gous to the case of classical mechanistic physics.) 
The fundamental difference is only this, that the 
said maximum knowledge at that later time may 
leave you in doubt about very conspicuous features 
of the actual observable behaviour of your obj ect at 
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that later time-the more so, the longer the time 
that has elapsed. 

It would thus appear that Bohr's considerations 
adduce a physical unpredictability of the behaviour 
of a living body again precisely from the lack of strict 
causation, maintained by quantum theory. Whether 
or no this physical indeterminacy plays any relevant 
role in organic life, we must, I think, sternly refuse 
to make it the physical counterpart of voluntary 
actions of Ii ving beings, for the reasons outlined 
before. 

The net result is that quantum physics has nothing 
to do with the free-will problem. If there is such a 
problem, it is not furthered a whit by the latest 
development in physics. To quote Ernst Cassirer 
again : 'Thus it is clear . . . that a possible change in 
the physical concept of causality can have no im­
mediate bearing on ethics' .  
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