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EDITORIAL

Friedrich Waismann (1896—-1959) was one of the most gifted students and collabo-
rators of Moritz Schlick. Accepted as a discussion partner by Wittgenstein from
1927 on, he functioned as spokesman for the latter’s ideas in the Schlick Circle,
until Wittgenstein’s contact with this most faithful interpreter was broken off in
1935 and not renewed when exile took Waismann to Cambridge. Nonetheless, at
Oxford, where he went in 1939, and eventually became Reader in Philosophy of
Mathematics (changing later to Philosophy of Science), Waismann made impor-
tant and independent contributions to analytic philosophy and philosophy of sci-
ence (for example in relation to probability, causality and linguistic analysis). The
full extent of these only became evident later when the larger (unpublished) part
of his writings could be studied. His first posthumous work The Principles of Lin-
guistic Philosophy (1965, 2nd edn.1997; German 1976) and his earlier Einfiihrung
in das mathematische Denken (1936) have recently proved of fresh interest to the
scientific community. This late flowering and new understanding of Waismann’s
position is connected with the fact that he somewhat unfairly fell under the shadow
of Wittgenstein, his mentor and predecessor.

Central to this Yearbook about a life and work familiar to few are unpublished
and unknown works on causality and probability. These are commented on in the
volume of a conference in Vienna which took place at the beginning of October
2010, which will also include a publication of new or previously scattered material
and an overview of Waismann’s life. In this regard I am grateful to Brian McGuin-
ness who proposed this volume and served as chairman of the related conference.

The general part of this volume contains a publication of Otto Neurath’s un-
published programme of an Encyclopedia of the World War in German and Eng-
lish which was found in Moscow archives only recently. In addition, three review
essays on the history of philosophy of science, on Ernst Mach literature, and on
French studies in the Vienna Circle complement this part together with several
reviews and an obituary on Stephen Toulmin by his colleague and collaborator
Allan Janik.

Vienna, February 2011 Friedrich Stadler
(University of Vienna and
Institute Vienna Circle)



BRrIAN McGUINNESS

WAISMANN: THE WANDERING SCHOLAR

Stuart Hampshire’s excellent memoir of Waismann in the Proceedings of the Brit-
ish Academy and Anthony Quinton’s introduction to Philosophical Papers give
(among other things) an affectionate portrait of an unworldly scholar alternately
seeking to conform to British ways and then shunning them. The idioms and the
pronunciation both slightly wrong his English itself witnessed to a profounder
alienation. But it was an alienation much more seated in his character and life than
that of most of the refugees that so illuminated British university life in the 30’s
and 40’s, of whom some indeed became remarkably assimilated.

Waismann was even born a foreigner, in the Vienna of 1896, his father, a
hardware manufacturer in a small way, being of Russian nationality. The boy’s
later schooldays fell into the period of the First World War and it is natural to
suppose that this is what led to his leaving the Gymnasium and studying at home,
thus avoiding also the higher fees that a foreigner had to pay. It was only after the
collapse of Russia that he took his Matura, as an external applicant and, at the
age of 21, entered the University of Vienna, where he counted as a Nationaler or
foreigner, coming, in theory, from Odessa, his father’s birthplace, and once again
paying higher fees.

Waismann completed the obligatory courses of lectures in reasonable time,
with some philosophy (Reininger), but mostly mathematics (Hahn among others)
and physics (Thirring). (Karl Menger, a contemporary, was to comment on what
a good grasp of mathematics Waismann had.) In 1922, at just this point, Schlick
was called to Vienna, and struck by his teaching Waismann decided to devote
himself to problems of logic and theory of knowledge. There can be no doubt
that the fascination of Schlick’s personality, the personal modesty and politeness,
allied to an effortless clarity and self-assuredness in his judgements, which many
felt and which Menger describes, had their influence on Waismann, whose later
career shows that his penchant for admiration was exceptionally well developed.
Curiously or significantly something similar was true of Schlick himself, who had
a succession of idols—Max Planck, Einstein, Hilbert, Russell and finally Wittgen-
stein. In respect of the last-named Waismann was to follow in his footsteps.

Perhaps unwisely Waismann deferred the writing of his dissertation and en-
gaged himself instead to write a major work. So he described it in 1937, but no
trace of it remains, except a publisher’s letter of 1925 referring to a contract for
a book on Phenomenology and Space. The theme is related to parts of Schlick’s
Allgemeine Erkenntnislehre, a second edition of which appeared in that same year.
But Schlick, in this edition, avoids polemic, whereas Waismann seems to have

B.F. McGuinness (ed.), Friedrich Waismann — Causality and Logical Positivism,
Vienna Circle Institute Yearbook 15, DOI 10.1007/978-94-007-1751-0_1,
© Springer Science+Business Media B.V. 2011



10 Brian McGuinness

revelled in it. Menger describes a good talk by him in a seminar of Schlick’s
where he sarcastically criticized a paper on geometry by Oscar Becker, a pupil of
Husserl’s. Why the work from which this talk no doubt came would not serve as
a dissertation is not clear, and this suggests that the underlying motive was that
reluctance of Waismann’s to face examinations which his friends and mentors
noticed and tried unsuccessfully to overcome.

Without a doctorate Waismann was unable to obtain even a modest academic
position (we shall see shortly what solution Schlick found for him). He did not
come from a moneyed family like Feigl; nor could he obtain a position in com-
merce like Felix Kaufmann, nor fall back on religious teaching in the Jewish com-
munity like Josef Schéchter.

He was thus preparing for himself the life that he lived for 12 or 15 years,
that of the penniless scholar, dependent on private tuition or part-time jobs, but
all the more proud of his scientific work for that. Intellectual rigour and theoreti-
cal truth were the chief motives of such a life. There were a number who lived it
in the Vienna of his day or in central Europe generally: you would find them also
in emigration in Tel-Aviv. In England something similar might be true of writers,
not so much of men of ideas, and so the discussion of ideas, and specifically of
philosophy had perhaps less of passion about it there.

There is no need to recount here how Schlick already an admirer of the Trac-
tatus, came to know Wittgenstein and introduced him to the 7afelrunde, as even
Wittgenstein called it, meaning of course not the Schlick circle as a whole but
a smaller group consisting of Carnap, Feigl, Feigl’s future wife, known as die
Kasperle, and Waismann. It was in this group that Wittgenstein dictated to Schlick
his letter to Ramsey about identity (Carnap typed it and Waismann kept a car-
bon copy): to them too, rather than talking about philosophy, he preferred to read
from Rabindranath Tagore. Wittgenstein typically had a different relation with
each member of this little circle. He soon fell out with Carnap, probably not solely
because of the latter’s taking parapsychology seriously (after all Schlick did the
same). Wittgenstein showed perhaps too much interest in die Kasperle, and in time
Feigl too dropped out, though not before he and Waismann had induced Wittgen-
stein to attend a lecture or lectures by Brouwer. Waismann remained the faithful
discussion partner and amanuensis for both Schlick and Wittgenstein.

This relationship was to dominate Waismann’s life for at least ten years. He
made his own every position of the master’s and would defend even the indefen-
sible (it was thought) at meetings of the Schlick Circle. Private pupils would even
hear Wittgenstein’s tones in his voice. He wrote for circulation a summary of the
philosophy of the Tractatus (as modified prior to 1931) called Thesen and he gave
a whole series of expositions of Wittgenstein’s philosophy at meetings of the Cir-
cle. (It was the predominant theme of their discussions between 1929 and 1931, a
fact more evident in minute books than in later memoirs by the participants.)

Waismann had intended to present his account of Wittgenstein’s philosophy in
book form as the first volume of Schriften zur wissenschaftlichen Weltauffassung
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due to appear as early as 1929 with the title Logik, Sprache, Philosophie. Schlick
indeed wrote a preface for it, now published in the Reclam edition of a later version
of the book. It had indeed many versions, for Waismann worked on it throughout
the first half of the thirties, at first on the basis of notes and conversations, then in
collaboration with Wittgenstein, and then again on his own with complete discre-
tion as to the use of material supplied by Wittgenstein. Family members recall
that when Wittgenstein was in Vienna, Waismann was lost to his family. On one
occasion, to be sure, Schlick got the impression that Wittgenstein had changed his
mind and now meant to write the book himself, but in general down to 1937 the
plan remained, as far as Waismann knew, that the task of presenting to the world
this body of thought would be Waismann’s, though once or twice a practically
complete version was withdrawn for correction or amplification by Wittgenstein.

In the first half of the 30’s Waismann wrote a number of articles, reprinted
in Philosophical Papers, and composed his FEinfiihrung in das mathematische
Denken. In all of these the influence of Wittgenstein is strong: nonetheless they
are substantial works and it is once again puzzling that they were not presented for
a doctorate until after Schlick’s death.

Waismann was also extremely active didactically during these years; conduct-
ing Schlick’s pro-seminar entirely on his own to the general satisfaction. His for-
mal position was that of librarian, a very poorly paid post, so that he was obliged
to give private lessons to earn a living. He himself spoke of giving assistance to
foreign scholar and students attracted to Vienna by Schlick. We know also of tui-
tion given to a nephew of Wittgenstein’s, and a private seminar organized by the
wife of a wealthy businessman.

In 1935 there came a threat to this position as librarian—it was a fictitious
employment and Waismann had held already held it for longer than the period
allowed. In 1936 the ministry excluded him for any form of employment in the
faculty. How far this was due to bureaucratic impatience with a flagrant irregular-
ity, and how far to ideological hostility to the Vienna Circle and its rejection of
metaphysics is hard to say. We know that the authoritarian government had closed
down the Ernst Mach Society: on the other hand Waismann when he came to Eng-
land mentioned only formal grounds for the termination of his employment.

Schlick, concerned for Waismann and affronted for himself, protested that the
limitations on how he might use this librarian’s position were unacceptable. But
a far worse blow was to follow, with the assassination of Schlick by a deluded
former student on 22 June 1936. The depth of Waismann’s feelings is apparent in
his moving preface to the collected papers of Schlick, edited by him in the follow-
ing year. During that year he conducted his pro-seminar as before and assisted the
other professors in guiding the orphaned pupils of Schlick.

It was clear however that this could not long continue. His position in the
faculty was gone in any case and the demand for private teaching would hardly
continue in the absence of Schlick. Public comment on the death of Schlick had
shown in any case that public feeling was not on the side of his style of philosophy.
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The year did however see Waismann finally promoted Doctor of Philosophy on the
basis of the works already mentioned. Robert Reininger managed in six months
what Schlick had not contrived to bring about in many years.

It now fell to Waismann to complete and publish his work as the only testimo-
ny now possible to “our philosophy”, as he called it, that of Schlick, Wittgenstein
and himself. He judged, rightly, that Wittgenstein himself would never publish
and only overlooked the possibility of posthumous publication by others. (It is
ironical to reflect that those editors are the successors of Waismann.) The German
text was given to Springer and then, for political reasons, to a Dutch publishing
house. In the end proofs and manuscript were lost in the war. Carnap advised him
to get it set up in type straightaway. (Carnap feared, though he did not say as much
to Waismann, a further intervention by Wittgenstcin. It is perhaps also significant
that he thought the contribution of the rest of the Circle other than Schlick and
Wittgenstein - understated in the book.)

By this time (mid-1937) Waismann clearly had to look abroad for employ-
ment and in the autumn he went to Cambridge to give talks for a term on the theory
that this would serve as a launching pad, enabling him with good luck to find a
post somewhere outside Austria (or of course Germany). The invitation in 1937
was perhaps indirectly connected with the fact that Wittgenstein had gone away.
The little money that he had received for his university lectures until 1936 was
now freed and the application of it to refugees seemed a natural one. Karl Popper
in fact was the first intended recipient, but he was offered a post in New Zealand—
the launching pad was not needed for him. Various well wishers, including Hayek
suggested the diversion to Waismann. The small university contribution was sup-
plemented, as in so many cases, by the Society for the Protection of Science and
Learning.

Waismann made his bow in Cambridge (Wittgenstein was not there) to a
mixed reception, since his thoughts (being much based on Wittgenstein’s) seemed
familiar and his English was not as fluent as it later became (though always with
engaging idiolexemes). The manuscripts of his lectures are even touching: they
contain corrections of the English in G. E. Moore’s hand and (only approximate)
indications of English pronunciation in Waismann’s. Here as elsewhere we see
that in Waismann’s reception in England there was much not to complain about.
The worsening situation in Austria made him want to remain, and prolongation for
a term was approved. With the annexation of Austria during that term, Waismann
became in truth a refugee. His mind was bent on remaining where he was and
bringing over his wife and child. Again with help from the SPSL they eventually
came, under the condition (it was of a type necessary at the time) that his wife
would help Mrs Braithwaite with an expected child. With all good will it was not
a situation to which she, or Mrs Braithwaite, were well-suited.

Shortly after Waismann’s arrival in Cambridge Wittgenstein returned. He had
been in England from 1929 to 1936, but not, except in an extended sense, as a
refugee: if anything he was fleeing himself and his family. Then at the end of his
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Fellowship, his seven years up, as it were, he went, like some Flying Dutchman,
to Norway and had, for all we know, no intention of coming back to England at
all. His return at this point seems to have been motivated by the need to make
some disposition as to his papers. His thoughts alternated between placing them in
Trinity Library for future generations or alternatively digesting them into a book
and published it. He had indeed at the end of 1936 and 1937 respectively dictated
drafts of the first two parts—separated by later editorial policy. Then, as he had
in fact done after the completion of the Tractatus, Wittgenstein meant to take up
some other occupation.

With the annexation of Austria his liberty of action was considerably abridged:
he too had become perforce a refugee, though he passionately rejected the name.
He had been visiting Ireland and thought of staying there, but it became clear that
in reality he had best hopes for employment (academic employment at that) and
citizenship in England. Even the publication of his book became now advisable
rather than a mere option. The idea of returning to Austria and suffering with his
family only engaged him briefly: he could help them better from outside. (In fact
they in the end escaped relatively intact, though this was in advance far from evi-
dent.) Previously, when lectureships had been advertised in Cambridge, he had not
applied. Now he offered his services gratis, thus releasing for Waismann—and this
is a point crucial for judging his attitude—the few funds available. In the event,
funds were found for both of them—for the academic year 1938-9 only. In the
Easter Term of 1938 Wittgenstein gave a small class, unpaid.

He met with Waismann already in the Lent Term of that year and even showed
him some of his work, but both men were desperate and preoccupied, and the
relation did not flourish. In the past they had worked together, Wittgenstein had
found tutorial work for Waismann, Waismann had checked the safe custody of
Wittgenstein’s manuscripts in Vienna, but now, “The man became fat”, said Witt-
genstein in his dismissive way, no doubt with a grain of truth, for Waismann at this
juncture did have too high expectations—for want perhaps of anything else. (The
SPSL had many similar cases.) Braithwaite, who saw the egoism and lack of sense
of reality, tried to persuade Waismann to go to Oxford, where his views would
be new, but Waismann insisted on the possibilities at Cambridge—some lecturer
might be appointed to succeed Moore and Waismann could apply for the post thus
left vacant, and so on. Actually the professorship went to Wittgenstein himself (no
one foresaw this before the beginning of 1939) and so no lectureship was vacated,
even supposing Waismann might have obtained one.

Waismann thought his relative lack of success at Cambridge was due to Witt-
genstein’s influence—that Wittgenstein had forbidden his pupils to go to Wais-
mann, and had cut him in the street: Braithwaite thought there was some paranoia
here. In the relevant period Wittgenstein was in no position to help Waismann—
both of them were at risk of drowning together and as far as friends or foundations
in England were concerned Wittgenstein was plying them with requests for his old
Professor in Berlin and for other cases that his family or connexions brought him.
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He was also constantly travelling in the campaign to save his family. Of an actual
disservice to Waismann or any influence on appointing bodies there can have been
no question, for Wittgenstein was not on any of them.

It is natural to suppose that the issue of the publication of Waismann’s summa
created a difficult atmosphere between the two men. For many reasons, includ-
ing the necessity to establish his name in the English-speaking world, Waismann
wished to publish this in translation and C. K. Ogden accepted it for his series (the
very series in which the Tractatus had appeared). In these years 1937-9 Waismann
perhaps too much cried up the value of this book (now called Principles of Lin-
guistic Philosophy—the new edition is to be preferred) perhaps not so much from
vanity as from a need to present himself in the most favourable light in letters ap-
plying for posts or for help towards obtaining one. In the preface, however, which
escaped the book’s posthumous editors, he speaks very explicitly of the book’s
dependence on ideas and material that Wittgenstein had put at his disposal.

This of course Wittgenstein was not to know. The book and its translation was
being discussed in Cambridge at the time and perhaps helped to provoke Wittgen-
stein’s bitter reference in his preface to mangled accounts of his ideas that were in
circulation. (This remark was written in autumn 1938.) Waismann several times
told Ogden that the book was nearly ready but in the middle of the War he aban-
doned it: he had long been complaining about the inadequacy of the translation
and Neurath for one supposed this to be the reason. Wittgenstein’s easily inferred
hostility and a growing aversion from some (though some only) of Wittgenstein’s
ideas may also have played a role. At all events its publication was posthumous
and, though some of the corrections to the galleys (a stage it reached in 1939) are
considerably later, there is no indication that Waismann himself seriously contem-
plated reviving the book.

Waismann met the general Cambridge situation with some petulance—lie
would lecture only to mathematicians (this is strangely misrepresented by Tur-
ing’s biographer) or he would not lecture at all (which made things difficult for
his sponsors). In the end he decided to accept an offer from Oxford, and he went
there as the war broke out. It was risky for an enemy alien to travel in those very
days, but for once Waismann’s lack of a sense of reality stood him in good stead.
At exactly the same time Wittgenstein took up the chair at Cambridge, a post lie
probably would not have sought but for the political situation.

The war was a time of deep unhappiness for Wittgenstein—his family at risk,
the death of his friend Skinner, his total rejection of the British wartime attitude.
There was a breakthrough only in January 1944 when he went to Swansea (the
Welsh were more tolerable than the English!) and again began writing. Waismann
fared no better—his lectures were a success at Oxford, but he thought his col-
leagues fell below his intellectual standards and wrote bitter little epigrams about
them. Yet he was handled with the utmost consideration (at one time colleagues
there—probably in fact just Henry Price—arranged for him to be supported for a
while by private subscription, given anonymously though the SPSL). What Witt-
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genstein said of himself at the beginning of the First World War was perhaps true
of both these very different characters, “I feel profoundly German”. The serious-
ness of England, the point of it, escaped them, though to be sure there were some
excuses for this. In Waismann’s case there was even internment.

One difference between the two men was, as we have seen, on the issue of
the parentage of ideas: Wittgenstein all the more fiercely defensive of his priority
because he was reluctant to publish, Waismann more concerned to publish to the
world an ideal philosophy which he never considered his own. The one was in-
terested only in originality, the other only in the truth: philosophy is a subject that
favours just such a tension, a subject where the Kuhnian model functions. Yet in
another respect the two men were alike—in passionate affirmation of intellectual
standards (even if these differed). Wittgenstein never thought of accommodating
or reserving his judgements on such matters to allow for external factors. Nor did
Waismann—the present writer has seen him welcome an eminent Polish logician
to Oxford by castigating the errors of the Polish school. The two were Germans,
after all, and we should form our expectations of them in that light: there is indeed
perhaps something to be learnt from it. (That they were also Austrians, of different
kinds, does not detract from this fact.).

Waismann had considerable success after the war, developing themes like the
open texture of concepts, language strata, alternative logics, where he (as Ryle
said of himself) had “learned much from Wittgenstein”—but could develop it in-
dependently. It is heartening to think of Herbert Hart bicycling out to Keble to
hear lectures that have left their mark on the philosophy of law, and there were
other examples. But Ryle, Berlin, Hampshire—Waismann’s later literary execu-
tors—when they came back from the war had little success in overcoming his
sense of isolation from institutional Oxford. There was a positive side to this, since
his need for human contact led him to befriend individuals young or old who also
stood a little outside it. But against many—Carnap, Polish logicians, above all
Wittgenstein—a resentment remained: as the day closed he must gird himself to
carry on alone the battle for “our philosophy”. In a notable meeting of an Oxford
essay society (the Socratic Club) in 1947 he renounced positivism and developed
the theme that clarity was riot enough. It was the supposed positivism of the Trac-
tatus and the early Vienna Circle that he was rejecting. Actually his own position
was not so different from Wittgenstein’s at the time. Gordon Baker has shown that
when Waismann came to sum up his thoughts in “How I see Philosophy” (1956),
he was using unselfconsciously, perhaps unconsciously, notes taken down in con-
versations with Wittgenstein twenty years before.

Ein tief Gemiit bestimmt sich selbst zum Leid: perhaps these two men were
of a temperament to suffer in any case, but Wittgenstein was additionally scarred
by two wars, one spent in the dangers and grim choices of combat, the second
in anxiety; Waismann by an accumulation of personal tragedy which finally left
practically no member of his family alive—or even dead in the course of nature.
In early 1938 all of this, or the threat of it, hung over their meetings, in a country
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and amongst people with no such preoccupations, and it makes prickliness and a
degree of Teilnahmslosigkeit (the characteristic Wittgensteinian term for lack of
concern for another’s problems) more than intelligible.

Contingent factors operate: others—younger men—made better exiles. Pop-
per is an example: from his first salary in Canterbury he sent subscriptions to SPSL
for his wife and himself. A fine gesture, and already English in style (for those
times): one sees him on his way to becoming Sir Karl. Wittgenstein gave too, of
course, but with careful consideration of how it was to be used, of what was best
for the intended beneficiary in all his awkward particularity. In general he insisted,
as ever, on preserving and following his own individual judgement. Waismann,
who in fact contributed much by his very singularity, still thought at the end of
finding some country better suited to him, and the only one that seemed serious
enough (though he could not in fact go there) was Germany.

The above account is based, apart from slight personal acquaintance, on useful
talks with friends of Waismann's, the late Karl Menger for the Vienna period,
Stuart Hampshire and the late Isaiah Berlin for Oxford and others, but also on
researches in the university archives of Vienna, Oxford, and Cambridge, in the
records of the Society for the Protection of Science and Learning, kept in the Bod-
leian Library, Oxford, as are Waismann's own papers, and in Carnap’s corre-
spondence with Waismann, Schlick and Neurath, held in the library of the Univer-
sity of Pittsburgh.
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TRIBUTES TO AND IMPRESSIONS OF FRIEDRICH WAISMANN

WaIsMANN’S BiG Book

BRrIAN McGUINNESS

As late as 1948, when he was making his report to the Literae Humaniores Faculty
Board on the work he had done as University Lecturer since 1945, Friedrich Wais-
mann listed three text books that he had ready for publication (one of them being
the essays on causality printed in the present volume) and one book—as it might
be “real book”—which he referred to as “Philosophy and Grammar”. That was his
final title for a work he had been preparing since 1929 and which was originally
to be called “Logik Sprache Philosophie”. In 1948 that work will have consisted
physically in a heavily corrected set of galley proofs, printed for Routledge and
Kegan Paul (the publishers of Wittgenstein’s Tractatus Logico-Philosophicus).
The print was set up in the unhappy year of 1939, the copy reaching the publisher
on 25 July of that year. At that time (precisely in December 1938) he gave the
work what he called the new title “Philosophy and Language”. A German type-
script of the whole had been sent to Holland and was meant to be published there
under the title “Sprache und Philosophie”. The English version was set up in metal
type, as the galleys show and one set of galleys seems to have been returned to
the publisher for corrections to be made, but the project was abandoned at that
point, presumably because the author thought better of it. To be sure the difficulty
of obtaining paper and the uncertainty of sales in wartime may also have played a
role. The relevant correspondence has still to be found in the publisher’s records.
Once the metal was broken up the work would of course have to be re-set anew if
it was to appear.

The two versions did eventually reach publication after Waismann’s death,
the English one as The Principles of Linguistic Philosophy edited by Rom Harrré
in 1965 (2™ edition by Gordon Baker in 1997), the German typescript was re-
constructed from Waismann’s Nachlass and published under the old title Logik
Sprache Philosophie by Gordon Baker and the present writer in 1976. That Ger-
man title can now be seen to be a mistake: Waismann in 1938 (and later) wished
the reference to logic to be dropped. It was from the study of ordinary language,
not formalized languages, that enlightenment was to be sought. Here he diverged
from former colleagues such as Carnap, whom indeed he criticized fiercely dur-
ing his Oxford teaching. The English title is also open to criticism. The book is
not systematic enough to give principles, but, more important, it does not concern
itself with one form of philosophy, namely linguistic philosophy. Its message is

B.F. McGuinness (ed.), Friedrich Waismann — Causality and Logical Positivism,
Vienna Circle Institute Yearbook 15, DOI 10.1007/978-94-007-1751-0_2,
© Springer Science+Business Media B.V. 2011
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precisely that a correct study of language will give us the clue to all philosophy,
not just to one part or interpretation of it.

The descriptive note that Waismann sent to Routledge and Kegan Paul to ap-
pear in their catalogue, and no doubt in some form in the book itself was as fol-
lows:

Philosophy and Language
By Friedrich Waismann

The subject of this book is the connection between philosophy and language. Starting from
certain problems of classical philosophy we come to recognize that these puzzles arise out
of a confusion as to the use of language, and disappear as soon as we get clear about the
meaning of the words in which they are expressed. This, however, is a merely negative
result. In the positive part of the book an attempt is mad to give a rough draft of the logical
grammar of our ordinary language. This problem involves difficulties which do not occur in
formalized languages. The method adopted in this book is to illuminate the use of everyday
language by the help of artificially constructed models which are clear-cut, transparent and
free from the confusing mental mist which enshrouds out ordinary language. As a result of
the construction of such models and their systematic variation our ordinary language is set
off against a background of languages of different structures; and some light is thrown upon
the circumstances which incline our grammar to follow certain paths.

Among the subjects dealt with are: Problems of Communication. “Public” and “pri-

vate” languages. Is only structure communicable? Meaning-and-Verificattonn. Incorrigible
knowledge. The problem of non-Aristotelian logic. An inquiry into the logical structure of

problems and discoveries. Thepositionof- metaphystes:

The author was allowed to use unpublished ideas of Dr. L. Wittgenstein and the whole
of this book is deeply influenced by these ideas.

Waismann later deleted in pencil two of the items, as if he meant to abandon the
verification principle and the attack on metaphysics as central points. This would
be of a piece with his avowed reluctance, from 1946 on, to be identified as a logi-
cal positivist. Probably nothing in the text we have was in fact changed.

Otto Neurath, to whom this notice or Anzeige was also sent, did not conceal
his surprise at the respect and gratitude shown to Wittgenstein. Had not Waismann
complained bitterly about the Figendiinkel—self-satisfiedness—and the hostility
to science that had marred his stay in Cambridge? But the notice is enough to
acquit Waismann from the charge of intended plagiarism, which some of Wittgen-
stein’s fiercer friends brought against him. At the same time there was bound to be
an awkwardness inherent in thanking for assistance once willingly given but now
to all appearance begrudged. This unresolved problem may be what perpetually
delayed publication.
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THE ExiLE AND His FAMILY

Max and Hedi Lieberman of Orinda, California, kindly answered a letter of mine
(BMcG) when this book was being planned. Max writes on behalf of them both.
Hedi, as will appear was a niece of Waismann's wife.

Since we received your letter in September of this year, a number of developments
occurred which caused us to be side-tracked and defer our reply until now ... My
wife and I are most anxious to do what we can to facilitate your publication of any
additional material about the life and work of Friedrich Waismann (FW).

In preparation for this reply, we recently attempted to re-read, after so many
years, the personal letters which FW. over the years. had addressed to my wife.
Because the letters were so heartrending, we stopped after reading part of the cor-
respondence, with the intention, however, of completing, as soon as possible, the
remaining correspondence. In what we have reread so far, there does not appear
to be too much biographical material which would be helpful to your inquiry.
For example, in the correspondence that we have re-read—and, according to our
recollection, this is also true of the remaining correspondence—FW makes no
mention of his relationship to LW. Nevertheless, we thought it might be useful if
we responded to your questions as numbered by you.

1. We know that FW was born in Vienna, but that his father came from
Odessa. I do not know whether the term “nationality,” as you use it, means or
includes citizenship. I presume that the Soviet Union did not extend Russian citi-
zenship to émigrés. I also question whether the Waismann family ever acquired
Austrian citizenship. If my assumptions are correct, the Waismann family was
“stateless” in post-war Austria, but that should not have prevented FW from com-
pleting his studies at the gymnasium and taking his Matura. My own conclusion
is therefore that his lack of Austrian citizenship was not the reason for his leaving
the gymnasium. It is, however, possible that, since tuition fees for foreign citizens
(or non-citizens) were higher, the continued study at the gymnasium was too cost-
ly for the Waismann family. Also, as you pointed out, FW, inherently, resisted the
“bureaucratic aspect” of the public education system and may well have preferred
the “externist” route to the Matura. We do not know what sort of home tuition, if
any, was available for him.

2. Waismann's university career. Again, we cannot throw any light on the
questions you raised in this paragraph. Incidentally, I did not enter the University
until the 1932 Fall semester and did not start attending the MS lectures, seminars
and proseminars, until the summer semester of 1933.

After MS’s assassination, Professor Reininger accommodated a colleague of
mine and me in accepting our respective dissertations and guiding us through the
final examinations. We always respected Professor Reininger who, though operat-
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ing in a very conventional frame, took on the students of MS after MS’s death. I
was even more impressed when I learned from your letter how generous Reininger
was to FW).

3. Waismann s position in the faculty You are, no doubt, aware that, during
the 19356 period, Austria was under a so-called “authoritarian government” with
Schuschnigg, instead of Dollfuss, being then in office. That regime was hostile to
the thinking which MS and FW represented. I believe that both this ideological
hostility and bureaucratic fury at FW’s conduct in ignoring academic procedures
accounted for the action of the Ministry of Education. The ideological hostility of
the regime was also manifested, among other things, by the Government’s action
in closing down the Ernst Mach Verein. If my assumption that FW lacked Austrian
citizenship is correct, it would be surprising that the Government permitted FW’s
employment—and a fictitious employment at that—as a University librarian.

4. Waismann after Schlicks death. FW was married long before MS’s as-
sassination. You are, however, correct in your observation that, after MS’s assas-
sination, FW had a hard struggle in earning a living for his family. His wife had
the benefit of a small pension from a bank which was granted to her by way of
compensation for severance when she retired from the bank several years earlier.
There was also Dr. Steinhart, the wife of a wealthy businessman, who arranged for
FW to conduct a private seminar for a fee which was raised by set fees payable by
those attending the seminar. The first seminar—which my colleague and I attended
for a while—was devoted to a discussion of LW’s Tractatus. I do not recall how
long these seminars continued.

5. Waismann and Wittgenstein My wife, who was Mrs. Waismann’s niece,
recalls that FW’s life virtually revolved around his meetings with LW. Whenever
LW visited Vienna, FW, she recalls, was lost to his family during LW’s stay in
Vienna. being fully absorbed in his meetings with LW. While in Vienna, neither I
nor my wife was aware of the break between FW and LW, but there is no question
in our minds that the break must have been a devastating blow to FW. It was only
after she arrived at the Waismann household in February of 1939 that my wife
learned of the break in the relationship between FW and LW.

My wife and I, not yet married, emigrated independently, and on different
dates, to England and, thereafter, to the United States. As you may know, FW and
his wife had arranged for my wife to obtain a temporary entry visa to England on
the ground that she would stay there only a short time to await the issuance of her
immigration visa to the U. S. This temporary visa enabled my wife to emigrate to
England in February 1939 and join the FW household where she assisted her aunt
in taking care of the Braithwaite child and her own child (incidentally, I was able
to emigrate to England a month earlier on the same type of temporary visa).

On the several occasions when I saw my wife in London—as indicated above,
we were not then married—she mentioned some of the conversations that took
place in the FW household. Based upon my impressions from these reported con-
versations, Professor Braithwaite’s observation that FW was not taking a realistic
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view of things may have been quite correct. Granted that, in those years, life for a
refugee in England was very difficult, especially in view of the tight restrictions on
employment and the lack of employment opportunities, I was nevertheless struck
by the fact that, after having experienced the deterioration of the political and in-
tellectual environment in Austria under the authoritarian Government, FW did not
appreciate the British scene, including its intellectual freedom and vibrancy or the
British political system, including the debates in Parliament.

Unfortunately, we cannot provide any factual input on what lay behind the
break between FW and LW. We believe that LW was rather petty in his sensitivity
on the point as to whether FW had given LW adequate recognition of his author-
ship of certain ideas. We also believe that your hypothesis, according to which LW
opposed FW’s plan to act in opposition to LW, must be correct. My wife recalls,
however, that even after her arrival in Cambridge, FW actively worked with two
graduate students on the English translation of his book. One of these students
was well versed in translating German publications into English while the other
was very knowledgeable in the field of logic and philosophy. My wife also recalls
that the three men had considerable difficulty in attempting to translate the book,
especially in areas where FW used an example from German literature in illustrat-
ing a point and it became necessary to match the point illustrated by the use of a
comparable example in English. In any event, the break between the two men is,
in itself, a tragedy which, in the long run, probably hurt LW as well—although not
to the extent of the devastating blow suffered by FW

The atmosphere between the FW household and the Braithwaite household
was rather uncomfortable. Mrs. Waismann also resented Mrs. Braithwaite’s non-
chalant attitude toward her child to which she devoted scant or, at best, the most
superficial attention.

6. Waismann in Oxford As regards the Oxford years, FW, in his 1943 letters
to my wife, described, in stark terms, the tragedy which ended in his wife’s death
in 1943 and the pain he endured during the years preceding. In the meantime, we
have re-read the remaining correspondence including the 1945 and 1947 letters.
In a letter, which FW wrote in April, 1945, he reported, with some satisfaction,
his achievements in attracting and developing a following of devoted students, in
charting a new course of studies, described as “multi-layered language structures”
—a field both interesting to him and recognized as very important by others—
and attaining, at last, a position of respect and prestige in university circles. This
favourable situation was marred, however, by FW’s feeling that the University
treated him rather shabbily in setting his salary at a much lower level than that
paid to native Englishmen. In addition, he complained that it was very difficult
for him to form deeper contacts with the people among whom he moved. He at-
tributed the lack of more intimate personal relationships to the English scene and
the character of the English people. In a letter written in June, 1945, he is, again,
complaining bitterly about the difficulty of forming meaningful human relation-
ships in England, a difficulty which was experienced with the same intensity by
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his son Tommy, who had no friends among his fellow pupils. As a result of this,
both he and his son were condemned to lead isolated lives; indeed FW questioned
whether he and his son could ever be “happy” and have meaningful relations with
other people in England. Another source of constant irritation was the climate and
the “air” in Oxford, both of which, he claimed, were poor and made it difficult for
his son and him—who was especially sensitive to climatic influences—to lead
healthy lives in Oxford. Finally, he deplored the extremely bleak economic condi-
tions prevailing in England at the end of the war when food rations were extremely
short, with virtually no provision for certain essential foods which were necessary
for children growing up, such as Tommy; when everything was run down in the
country and the future looked equally bleak. In short, this was not, in his opinion,
a country or an environment suitable for raising children. Based upon all of these
negative factors affecting life in Oxford and in England, generally, FW seriously
considered leaving England altogether and seeking a position at a University in
the United States. As a basis for decision, he listed all the pros and cons of a move
to the United States: The principal factor in favour of staying in Oxford was that
his teaching obligation there was very low (just one two-hour seminar per week);
in addition, he was rather independent and the whole arrangement in Oxford gave
him plenty of free time for thinking—which is exactly what he needed to carry
on his work and which he, therefore, considered to be a vital factor; by contrast,
the teaching load at American Universities was considerably higher—closer to
ten hours per week—and he was afraid that professors and lecturers in the United
States might not be accorded the same type of independence and freedom that he
was privileged to enjoy in Oxford. Perhaps the negative factors which appeared to
have weighed most against a continued stay in Oxford were the bleak economic
situation in England and the lack of meaningful interaction with other people.
Clearly, it was an agonizing decision which he faced, but psychologically and
emotionally he seemed to be inclined to leave England. After rereading his 1945
letters and his bitter experience during the war years, I can better understand why
he turned “against England” and never saw or appreciated the positive side of the
country and its people. It was easier for me to see and appreciate the positive side
as I never intended to stay there permanently and, therefore, was never exposed to
the hardships and frustrations of finding employment which refugees encountered
in attempting to find employment or otherwise adjust to British society.

In view of the bitterness expressed in his 1945 letters, it is somewhat sur-
prising that he was able to inspire and develop a following of devoted students
and friends during the Oxford years. We were touched by this and we were also
touched, as you were, by his magnanimity in relinquishing his post to the Chinese
American logician.

7. Waismann and America We had no knowledge of FW’s visits to the U.S.
as he never contacted us at any time during his visits. The reason may well have
been that we, unfortunately, did not correspond with him after 1947. In fact, the
1947 letters were the last ones we received from him. Bear in mind please, that FW
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never wrote to us about the death of his son. We found out about Tommy’s death
through a friend of my wife’s who lived in Leeds and sent us newspaper clippings
which reported about the severe conflict between FW and his son and about his
suicide.

Most likely FW visited the United States—if he did so—in order to explore
the possibility of finding an academic position and settling there. FW had asked
us to give him our opinion as to what the scene was like in American Universities
and what his prospects might be if he attempted to pursue a teaching career in the
United States. He also asked us to contact a married couple in Berkeley, both of
whom came from Vienna and held teaching positions in the psychology depart-
ment of the University of California at Berkeley. I had been discharged from the
Army in 1946 and was in law school in 1947. Unfortunately, we did not have any
experience or contacts which would have enabled us to give FW a meaningful
opinion.

A WAISMANN MEMOIR

J. R. Lucas

I owe a great debt to Waismann. He was a philosopher. In the sterile atmosphere
of Linguistic Analysis in mid-century Oxford he exhaled an air of philosophical
interest, sensitive to but not confined to the niceties of linguistic usage, and taking
account of real philosophical issues. I started going to his lectures as an under-
graduate, and was able to have one or two tutorials with him in his house down
the Abingdon Road. As a graduate I went also to his seminars, usually given on
Tuesdays (if I remember right) from 5 to 7 in Room 303 in the New Bodleian. He
would read from a closely worked manuscript, obviously written for the occasion,
bringing out points with great subtlety but also with literary sensitivity. He once
told me that he had originally intended to read classics at the university, but the
first lecture on Horace was all about textual cruces and not, as he had expected,
about Horace’s poetry at all; and so he switched to mathematics. For me that was
a great bonus. He was able to communicate the insights from mathematical logic
that underlay the Logical Positivism of the Vienna Circle. In one tutorial he said
that the Axiom of Reducibility could not do as an axiom because ... and started to
sketch out a proof he had devised. To my shame I never tried to master it. I think
it gave an interpretation that was clearly not analytic. But even to not understand
was an extraordinary breath of fresh air in an Oxford philosophical world that
was resolutely non-numerate. Many of Waismann’s lectures expounded bits of
mathematical logic of great value to me, and not otherwise accessible—a lot of
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set theory, Cantor’s transfinite arithmetic, relations—all of which were very rel-
evant to philosophical issues, and often provided a firm basis on which to assess
ordinary linguistic usage. But Waismann did not confine himself to logic. Again
and again he would convey a sense of there being more to it than what he had so
far said. The would-have-been student of Latin poetry was enlarging our vision.
Waismann gave the impression of being a lonely man. After a tutorial he told me
how he and his wife used to drift, I think on a raft of logs, down the Danube from
Vienna in the summer, with a sense of that being a life long lost. The Oxford envi-
ronment did not suit him. I once had him to dinner at Merton, but High Table food
and Common Room port were no joy for a diabetic. Far better to be in Vienna and
go each morning to a coffee shop, read the newspapers, and discuss philosophy
with friends. Not that all philosophers were friends. He never discussed relations
with other members of the Vienna Circle with me, but in seminars any mention
of Carnap would trigger a diatribe against him—chiefly for being like a dogmatic
Lutheran preacher, laying down a rigid law with no feeling for any finer points. |
ought to have tried harder to befriend him. When I read in the papers that his son
had committed suicide, I hesitated to write and express sympathy, as showing un-
due familiarity from an undergraduate to a don. But my father said it would be all
right to write, and I did. Waismann showed me a picture of his son, but I never got
close to him, although I was a would-be philosopher, and he, as one contemporary
remarked, had more philosophy in his little finger than the whole of the rest of
Oxford. And, in spite of his reserve, he was not only a philosopher, but an infec-
tious one. We caught it.

OXFORD MEMORIES OF FRIEDRICH WAISMANN

Frank CIoFFI

My acquaintance with Friedrich Waismann came about through his being my tu-
tor for two terms and through his membership of the Voltaire society of which he
became an honorary fellow (and to which he read his paper on the rival roles of
vision and proof in philosophy). I also had some informal discussions with him on
solipsism and on religion.

For my tutorials I presented myself to his home in Abingdon road where a boy
in his early teens opened the door to me. This was his son who was later to die
by his own hand thus producing another of the many tragedies with which Wais-
mann’s life was peppered.

On one occasion my assignment was to read some chapters of Infeld and
Einstein’s The Evolution of Physics and comment. Due to the manifold distrac-
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tions of undergraduate life I had not gotten round to it and came with no essay
and completely unprepared. What to do? Our fallen nature took this opportunity
to manifest itself. I explained that having little mathematical background I could
not construe the equations in the text and so had made no headway. Waismann
gave me a look of disappointment and told me that he was aware of my lack of
mathematics and so had assigned me a text in continuous prose without a single
equation. I did not have the option of pretending that I had consulted the wrong
text (‘Oh was that the book you meant?”) since he had lent me his own copy.

It is characteristic of the perverse asymmetry of reminiscence that though I
have no recollection of which particular varieties of whoopee lured me away from
my task and my obligation to him. I still wince at my recollection of his reproach
and exposure of my deviousness.

In any case I was able to overcome this inauspicious beginning and found my
discussions with Waismann the most profitable of my undergraduate years.

Two other occasions occur to me. In one essay I used the expression ‘structure
of a fact’. Waismann rose from his chair and began making stabbing movements
with one hand. ‘T am Brutus stabbing Cesar. What is the structure of this fact? Are
the angles at which my blade entered his body part of it?’ I never used the expres-
sion again.

He once challenged me to provide a definition of ‘game’. He demolished all
my attempts in ways, which have become familiar to us. But I am glad to have had
it from the horse’s mouth as it were.

Waismann’s connection with the Voltaire Society came about in a roundabout
way. Harold Solomon who was president of the society and a great admirer of
Waismann related sadly one day that he had been to a matinée at the Scala—a
Bob Hope film—and was dismayed to see Dr. Waismann filing out after the film. I
understood his feelings. There was something incongruous in a mind of such dis-
tinction finding distraction in the antics of Bob Hope. We felt he must be starved
of genial social contacts.

It then occurred to us that were he to attend Voltaire Society meetings this
might provide the distraction he sought at the cinema. And so we created the post
of honorary fellow and offered him it. The Voltaire society had been recently
founded but already had a membership, which we felt drew on the brightest, and
the best. Among our members were Anthony Kenny, John Searle, Nigel Lawson,
Robin Farquharson, Charles Taylor, John Gross, Patrick Seale, Jim Griffin and
Father Colombo.

The reasoning, which led us to feel that the opportunity for intellectual ex-
changes with our members would wean Waismann from Bob Hope films, can’t
have been very strict. Nevertheless his appointment was a success. He came regu-
larly and seemed to enjoy himself though he did not intervene often in the discus-
sion.

One occasion which comes to mind is that in which we were addressed by
Hans Eysenck on the topic of political leadership. Eysenck argued that politicians
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should have academic backgrounds in the social sciences and required to demon-
strate their selective proficiencies in science, economics, sociology, political sci-
ence and other fields of knowledge relevant to intelligent legislation. I thought this
idea a prime specimen of scientism and am sure that Waismann thought so to. But
when during the interval I introduced them their exchange was disappointingly
cordial. It was left to the junior members of the society to point out the drawbacks
in Eysenck’s proposal.

One memorable informal discussion I had with him was at a dinner given in
celebration of Bertrand Russell’s birthday at Bertorelli’s in June 1954. (Russell
was the patron of the society) The topic addressed by the speakers was religious
faith. Father Colombo, who translated Wittgenstein’s Tractatus into Italian and
who held the position of advocatus Dei in the society had responded to some
remarks of Ayer.

Father Colombo referred to Voltaire’s reply to Pascal’s question apropos of his
famous wager. Given that we are mistaken in crediting our post mortem survival
since we will not discover our error what do we lose by believing?

Voltaire’s reply was that we lose the truth. Father Colombo said that he agreed
with Voltaire. I saw Waismann nodding vigorous agreement. At some point I ap-
proached Waismann and quoted some verse on the topic which took Pascal’s view
rather than Voltaire’s:

“This immortality the horse I’ll put my dough on please,
Some think his chest is weak of course

And some don’t like his knees

But there’s pots to gain

As you’re aware

If he wins according to plan

And there is nought to lose

For we shan’t be there

If he proves an also ran.’

Waismann smiled his disagreement and went on to make some observations about
the evolution of religious beliefs. He thought this development was characterised
by what he called ‘etherealisation’. Sacred events initially conceived as determi-
nate and picturable become less determinate, less locatable in space and time. I
was left unsure what his own view was. Whether he felt that this was a face-saving
device or an inevitable and natural progression.

What most struck and gratified me about that occasion was how much Wais-
mann seemed to be incongruously enjoying himself in the midst of moderately
raucous undergraduates. Harold Solomon’s intuition proved correct. Waismann
had been lonely and his reclusiveness was not unbreachable and would respond to
friendly overtures.

The most absorbing and influential exchange that I had with Waismann oc-
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curred in my last undergraduate year. He was no longer formally my tutor but I
would drop him a note from time to time soliciting his view of questions which
were troubling me. He would respond by inviting me to tea at the Eastgate. This
was particularly welcome since my G I Bill financing had expired and tea may
have been my only meal that day. (My compulsory fasting was short-lived as Alan
Bullock learned of my predicament and arranged a college sinecure for me.)

My talks with Waismann incited, at an interval of several decades, my paper
‘Congenital transcendentalism and the loneliness which is the truth about things’
and the sections on solipsism in my ‘Wittgenstein and the riddle of life’.

The issue I asked Waismann to address was what we were to make of those
utterances, which claim a special place for the speaker or find the place he occu-
pies problematic and mysterious. One of the examples I produced was that made
famous by Sartre, which he found in a novel that says of its heroine: ‘It suddenly
flashed into her mind that she was she’ on which Sartre comments, ‘She feels
sure that she is someone different from the others but each of the others has the
same feeling of being different from everyone else’. Wittgenstein’s Tractatus pro-
nouncement ‘What solipsism means is true but it cannot be said.” falls in the same
class.

Cyril Connolly writes ‘in a flash it came to me that my name and myself were
something apart, something that none of the other boys were or could be, Cyril
Vernon Connolly, a kind of divine ‘I Am that I Am.” This could be just playful-
ness. It reminded Waismann of something said by Jean-Paul Richter. What Wais-
mann had in mind may have been this: ‘I can never forget ... the birth of my
self-consciousness; ... ‘I am I’ flashed like lightning from the skies.” From Truths
from My Own Life by Jean Paul Richter. Often the egological utterances fall short
of an explicit claim as to the absolute singularity of the self but merely insist on
its mysteriousness and problematicallity. Wittgenstein’s friend ‘Con’ Drury writes:
the more psychology we read the more we feel that this essential ‘I’ eludes us. We
cannot put into words the mystery which we feel in the notion of the self.”

What concerned me in particular was the sense of revelation, which accom-
panies this genre of experience, where it is nevertheless impossible to say what
it is that has been revealed. E.g. ‘She was she’. It is not as if Sally Beauchamp I
discovered what Sally Beauchamp II had been up to. It is a matter purely of aspect
change. But what is remarkable is the sense of epiphany, which accompanies it.
What problem do utterances like this raise and how should they be dealt with
Were they due to misunderstanding of the role of the first person in communica-
tion?

It seemed to me that there were three views we could take of these epiphanies.
1— That they were manifestations of what Peter Hacker called ‘a thoroughgoing

muddle’ and that only attention to the proper function of the indexicality of

the first person singular, which is a degenerate referring expression, could
extricate us from that muddle.
2— That their appearance of momentousness, of seeming to be saying something,
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was not illusory but that they set us the task of fathoming their ontological

significance. Consider Powell’s revelation “I was me”. Why should we not

treat it as a metaphysical apercu and say that Powell had become aware of
himself as a transcendental ego “constituting in the sphere of his ownness ...
everything that was objective for him, ...”

3— That though they appeared to be saying something with ontological import, we
are to treat this appearance as illusory. Nevertheless however illusory their
penultimacy is acknowledged to be, the sense of being on the brink of an
ultimate revelation—perhaps only to be revealed post mortem—will recur
throughout our lives.

Isn’t this the way it is with utterances like Wittgenstein’s ‘Mine is the one and only

world’? We acknowledge the cogency of the demonstration of the illegitimacy of a

purely inner and subject-referring use for ‘I  but the intermittent sense that there

is something anomalous and eventually to be revealed about personal existence,
persists.

I wondered what Waismann would say of those utterances, which treat self-
hood as a mystery or a revelation or a matter of ineffable singularity rather than as
a logico-linguistic puzzle?

In his very first remark Waismann showed that he had recognized my problem
perfectly. He said that in his own case such selfhood epiphanies took the form ‘I
HAVE BEEN CHOSEN’. This must be understood as empty of content. It is not
like claiming to have won the lottery. It is rather like Wittgenstein’s ‘I am safe
whatever happens’ which he gave as an example of nonsense and ‘a misuse of
language’. How could misunderstanding the role of the distinctive role of the first
person pronoun produce phenomena like these?

John Updike’s response to the ‘unthinkable truth’ that each if us feels them-
selves to be the center of the universe—one among many and yet the hub around
which everything revolves—was to ‘scream or call on God,’ As a diagnosis of this
state, ‘You can stop screaming Updike. The first person pronoun is a degenerate
referring expression’ seems inadequate.

Ryle thought he could explain the non-parallelism between the notion of ‘I’
and that of ‘you’ without ‘construing the elusive residuum as any kind of ultimate
mystery’ (The Concept of Mind, p. 196). Such an account bypasses the sense of
revelation, which accompanies the illusion that one has glimpsed a referent for ‘I’
It leaves no scope for what Wittgenstein called the ‘deep mysteriousness of the
‘I”. Is this a fault?

Isn’t the most philosophically astute response that one can make to utterances
such as ‘When anything is seen it is always | who see it’? (Blue Book, p. 61) Or ‘1
have been chosen’. (Waismann), ‘I know what you mean’.

How close are the views expressed in my dealings with egological epiphanies
to the views I imputed to Waismann many years ago? I am not sure. Though I am
certain that he would have derided the view that expressions of absolute singular-
ity and the like arose through semantic confusions I am not sure whether he would
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have gone so far as to see them as primal phenomena which it was a mistake to
treat as explainable.

I have not been able find in his published work pronouncements that would
permit me to settle the question so that I have nothing to go on but an impression
of accord which is half a century old and may have been no more than his desire
to be amenable.

GRAVESIDE ADDRESS BY GILBERT RYLE

Gilbert Ryle was one of Waismann's chief supporters at Oxford. In the Grabrede
here printed, which is very characteristic of its author as well as true to its subject,
he speaks of Waismann s love of truth, a rarer trait than one might think. This was
what Waismann missed in some of his colleagues, which made him inwardly criti-
cal of them. Perhaps it also lay behind the severity with which he would speak of
other thinkers whose views diverged from what he now thought was correct: the
very names of Wittgenstein and Carnap, for example, were not pronounced with-
out obvious disapproval. The positive side of this is that all his pupils learnt that
philosophy was not a game. (There is much relativism nowadays that he would
have deplored.)

We are here to say “goodbye” to Friedrich Waismann. He was our colleague and
friend. But above all we learned from him. We think through him and he thinks
through us. He was exiled from his own homeland; he lost his wife; he lost his son.
He was buoyed up by no personal hopes; he was drawn on by no personal ambi-
tions. But he kept his courage and he continued to search.

He cut himself loose from the comfortable half-truths in which our minds love
to repose. He cut himself loose from those harsher half-truths to which our minds
swing in the impatience of mere revolt. For Waismann a half-truth, whether con-
servative or revolutionary, was a distorting mirror. Vision begins when distortions
repel and no longer attract the eye.

I quote his own words: —“A philosophy is there to be lived out. What goes
into the word dies: what goes into the work lives.” Friedrich Waismann is dead;
his work is alive.

The quotation from Waismann's own work is from the close of “How I See Philoso-
phy” printed in the volume with the same title (Macmillan 1968).
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WAaISMANN’S LECTURES ON CAUSALITY: AN INTRODUCTION!

Waismann’s writings can be divided into three periods.? The first corresponds to
his early work in Vienna under the aegis of Schlick, thus mainly to his collabora-
tion with Wittgenstein on the first drafts of Logik, Sprache, Philosophie,® out of
which came not only the book itself many years later but also transcriptions of
conversations with Schlick and Wittgenstein* and numerous dictations reworked
by Waismann, now published under the title The Voice of Wittgenstein. The Vi-
enna Circle.> Waismann also did at that stage independent work, albeit largely
influenced by Wittgenstein, on probability and identity.® The second period runs
roughly from the moment relations with Wittgenstein were severed — towards the
end of 1934 — to his arrival in Oxford, where he started lecturing in Michaelmas
Term 1939. During this period, Waismann published his only book, Einfiihrung in
das mathematische Denken’ but, while he completed his Logik, Sprache und Phi-
losophie and even had it translated in English, plans for publication did not mate-
rialize and he chose instead to publish parts of it in Erkenntnis and Synthese.® The
third period, extending until his death in 1959, saw the publication of a number
of papers that established his reputation in England, collected since in How [ see
Philosophy® — a volume which contains Waismann’s only published piece on cau-
sality, ‘The Decline and Fall of Causality’ (hereafter DFC).!° Although usually
perceived as one of logical positivists, Waismann clearly distanced himself from
them in his last writings; the summary of his 1947 lecture at the Socratic Club on
‘The Limits of Positivism’ being evidence to this. He was also at pains to distance
himself from Wittgenstein, as one can see for example from the posthumous piece

1 References are to the page numbers of this edition of the typescript ‘Causality’. This is
M 13 in Schulte’s Catalogue (Schulte 1979).

2 (Quinton 1977, xi-xii), (Schulte 1979, 109), (McGuinness & Schulte 1994, ix).

3 The manuscript Logik, Sprache, Philosophie and an English translation were destroyed
during the war. A reconstructed version was published as (Waismann 1976). An Eng-
lish version had already appeared in 1965 which is now in its second edition (Wais-
mann 1997). For details of this story, see (Baker 1997).

(Wittgenstein 1979).

(Wittgenstein & Waismann 2003).

These papers are collected in (Waismann 1977).
(Waismann 1936).

Some of which are collected in (Waismann 1979).
(Waismann 1968).

0 (Waismann 1968, 208-256). References for ‘The Decline and Fall of Causality’ are,
however, to this new edition.

— O 00 3 N L b~

B.F. McGuinness (ed.), Friedrich Waismann — Causality and Logical Positivism,
Vienna Circle Institute Yearbook 15, DOI 10.1007/978-94-007-1751-0_3,
© Springer Science+Business Media B.V. 2011
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‘The Linguistic Technique’,'" written largely in reaction to Philosophical Investi-

gations.

Waismann’s lectures in post-war Oxford were a source of intellectual stimula-
tion for philosophers as diverse as Michael Dummett, Stuart Hampshire, Herbert
Hart, John Lucas, and Anthony Quinton. Among his posthumous papers from that
period now at the Bodleian Library, his lectures notes on the philosophy of math-
ematics, mainly from the 1950s, were published in 1982,'2 and a long typescript
from the early 1940s entitled ‘Willensfreiheit’ appeared in 1983,'* with an English
translation in 1994 under the title ‘Will and Motive’."* The typescript on ‘Causal-
ity’, which is the last substantial piece in Waismann papers that has remained
unpublished, can be seen as a companion to ‘Will and Motive’, although internal
evidence suggests that it dates from the late 1940s, perhaps even the early 1950s.
Indeed, they each approach the problem of determinism from one of its two tradi-
tional angles: ‘Causality’ deals with the topics of causality, induction, and deter-
minism in physics but ends on short chapters on motives and desires as causes of
our actions, while ‘Will and Motive’ begins by a rejection of the problem of deter-
minism, opening the door to his theory of action. It looks almost as if the purpose
of ‘Causality’ was to clear the field for the examination of issues covered in ‘Will
and Motive’. Although in earlier phases Waismann’s thought was moving within a
frame largely provided by Wittgenstein and Schlick, in these two pieces he seems
to have set his own agenda. This is not to say that his mentors had nothing to say
on these issues or that Waismann did not weave in some of his earlier ideas taken
from them, but simply that he seems to have recomposed his philosophy around a
theme, determinism, that was not central to their concerns.

Although Waismann’s lectures on causality were steadily attended, his
thoughts on this topic had in the end little influence. This is partly caused by the
fact the typescript on ‘Causality’ remained unpublished and also by the fact that
his sole paper on the topic, ‘The Decline and Fall of Causality’, has been perceived
as presenting a form of ‘eliminativism’, i.e., the view that causes have been evacu-
ated from modern science and that one should therefore do away with talk about
them. Indeed, Waismann believed that “causality has definitely come to an end”
and even claimed that the year 1927 saw its obsequies (DFC, 53)."° This view had

11 (Waismann 1977, 150-165).

12 (Waismann 1982).

13 (Waismann 1983).

14 (Waismann, Schéchter & Schlick 1994, 53-137).

15 Waismann is referring here to meetings at Como and Brussels in the Autumn of 1927
were physicist such as Heisenberg, Bohr, and Einstein discussed the new interpretation
of quantum mechanics that had emerged in the previous months, when Heisenberg
presented his uncertainty principles and, in its wake, Bohr introduced his comple-
mentarity principle. These two had discussed complementarity in Copenhagen, hence
the name usually associated with that interpretation. The meetings of 1927 are indeed
usually considered as a turning point as adversaries of the ‘Copenhagen interpretation’
never since regained the upper hand. The story is told in many places, e.g., in (Bohr
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prominent supporters, from Russell, who called the law of causality a “relic of a
bygone age surviving, like the monarchy, only because it is erroneously supposed
to do no harm”,'® to Quine, for whom “the notion of cause has no firm place in
science”,'” but it has become increasingly unpopular since the 1950s and it is now
virtually without supporters. Russell himself had moved away from it by the time
he wrote Human Knowledge. It Scope and Limits."* With his lecture notes, we are
now able better to understand Waismann’s views on causality, to see how they fit
within their epoch and to which extent they may or may not contribute to modern
discussions of the topic. He had distanced himself in ‘The Limits of Positivism’
as well as in ‘How I see Philosophy’" from the crude anti-metaphysical agenda
of the Viennese positivists. In his lectures notes, he points out that Hume did not
wish to deny causation, but to analyze it (p. 94) and this point, to which I shall
come back, obviously applies to his own work. For this reason, his thoughts on
causality (and determinism) cannot be reduced to an inquiry into their evanescent
role in modern physics and his notes contain contributions to the metaphysics of
causation although, for obvious reasons, these do not display the level of sophisti-
cation which we would expect today, nor do they cover all aspects of the question.
For example, J. L. Mackie’s claim that a cause is an insufficient but necessary part
of an unnecessary but sufficient condition or the claim that statements such as
‘A caused B’ are entailed by counterfactuals of the sort ‘If 4 had not occurred, B
would not have occurred’ have considerably renewed the discussion since the late
1960s, but he could not have foreseen them.?

The typescript on ‘Causality’ has 12 sections of unequal length and it can
be divided into three parts. In sections (1)-(4), Waismann summarizes the views
of Hume and Mill on causality and induction.?! Using these as a starting point,
he then examines in sections (5)-(8) the situation in modern physics in order to
conclude to the disappearance of causality and that the problem of determinism
is a ‘pseudo-problem’. These sections are written for the non-scientific reader and
their content can usefully be supplemented with that of the equally clear and non-
technical ‘The Decline and Fall of Causality’. So far, Waismann dealt only with
the view that causal relations are established through the observation of regulari-
ties. In sections (9)-(11), he examines the thesis that one could discover causal
relations through an ‘understanding’ of the relation between the cause and the ef-

1958, 38f.).

16 (Russell 1917, 173).

17 (Quine 1976, 242).

18 In that book, Russell introduced the notion of ‘causal lines’, through which he believed
to be able to show that “laws of the form ‘A causes B’ may preserve a certain validity”
(Russell 1948, 316).

19 (Waismann 1968, 1-38).

20 See, respectively, (Mackie 1974) and the essays collected in (Sosa 1975).

21 As can be expected, Waismann’s brief mentions of Kant’s view that the law of causal-
ity is a condition of possibility of experience are dismissive (p. 154) (DFC, 59-60).
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fect. This leads him to further criticisms of views by A. C. Ewing and of Wolfgang
Kohler’s claim that he can perceive the cause of his states of mind. The lecture
notes conclude with a critique, in section (12) of Russell’s claim that a desire is a
“causal law of our action”.

We speak variously of 4 causing B: ‘Smoking causes lung cancer’, ‘The extra
weight caused the shelve to collapse’, ‘The repeated blows to the head caused
death’, ‘“The flood caused the famine’ or ‘Mr. Baldwin’s speech causes adjourn-
ment of House’.2 What does it meant to say that A causes B? What is this ‘causal’
relation between 4 and B? Waismann assumed throughout without argument that
causation is a relation between two? events and not, e.g., facts or tropes.?* He also
argued for a coarse-grained notion of events:? if events are too finely individuated,
then it becomes impossible to talk of causes.? The position he defends throughout
is a ‘regularity account’ according to which there is only a succession or chain of
events that we may perceive but no such thing as a cause as a ‘linkage’ or ‘bond’
between events that could be either perceived or understood (pp. 157 & 163). We
can only base our judgements about causation upon observation of regular succes-
sion between types of events. It should be clear from the outset that, although Wa-
ismann discusses in these lecture notes topics as varied as Heisenberg’s uncertain-
ty principle in quantum mechanics and Kdhler’s notion of ‘insight’, his purpose is
clearly not to give a full discussion in each case but to provide an overall view of
a ‘regularity account’ of his own and the prima facie case for its soundness.

Belief in the causal nexus was shaken by David Hume’s celebrated critique in A
Treatise on Human Nature, Book 1, part I11.7 As Waismann recalls (pp. 93-94),
Hume found four characteristic points in the ordinary notion of causality, which
he wishes to analyse: cause and effect are contiguous in space and time, the cause
precedes the effect, the effect follows the cause with regularity, and there is a nec-
essary connexion between the cause and the effect; this last being the sole target
of his critique. This alleged necessary connexion is indeed not logical, since ‘A
causes B’ would then be of the same nature as ‘p follows from ¢’, in which case it
would be self-contradictory to assert p and deny g; however, affirming 4 and deny-
ing B does not imply a contradiction (p. 95). (The point is also made by Hume in

22 This last example, a newspaper headline, is taken from (Collingwood 1940, 290).

23 That causation is a binary relation is an assumption that has been criticized. For exam-
ple, see (Hitchcock 1996).

24 For a defence of causation as a relation between facts, see, e.g, (Mellor 1995).

25 His position is thus in the same ball park as, e.g., Davidson’s in ‘Causal Relations’
(Davidson 1980, 149-162).

26 See the remarks on p. 109 and in section 6, especially pp. 139f. on the necessary vague-
ness of the ordinary concept of ‘cause’.

27 Alternatively, in An Inquiry into Human Understanding, section 4.
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his examination of the maxim that ‘whatever begins to exist must have a cause of
existence’, which is discussed at length by Waismann (pp. 96-98).) Nor can this
necessary connexion be found in experience since we can only observe the suc-
cession of events, not the connexion itself.?® As is well known, Hume assumed that
the idea of a necessary connexion must therefore rest on a psychological mecha-
nism: ‘habit’ is at work.

That ‘4 causes B’ always is thus neither logical nor verifiable save for a finite
number of cases. Therefore, how could we derive a general law, covering a poten-
tially infinite number of cases, from a finite number of cases? This is the problem
of induction as uncovered by Hume, “the problem of justifying an inference from
the past to the future” (p. 102).” Again, there is no contradiction to be inferred
from supposing false generalisations such as ‘All swans are white’, so they are
not logical and they are never completely verified either. They could always turn
out in the future to be false, they are not certain. Can we prove that such empiri-
cal generalisations will hold good, i.e., that a law which has been fulfilled in all
past experiences will be fulfilled in the future? In other words is there any ground
for our belief in induction? Again, logic is powerless here, since to suppose that a
law will not be fulfilled in the future is not self-contradictory (p. 109). An appeal
to a ‘principle of causality’ such as ‘equal antecedents always bring about equal
consequents’ or ‘same cause, same effect’ is circular since such principles are in
turn supported merely by induction (p. 110). In other words, “we can never use
experience to prove the inductive principle without begging the question” (p. 111).

Waismann’s clear and concise statement of Hume’s views on causality and
induction, summarized here,*® does not make use of secondary literature and it
is likely to mislead readers into thinking that it is merely a presentation of basic,
uncontroversial material. On the contrary, it is heavily oriented and rather original,
as Waismann weaves in his own views. Indeed, Waismann presents empirical gen-
eralizations as ‘hypotheses’ and argues for their scientific usefulness by quoting
a well-known passage from Hertz’s Principles of Mechanics (p. 106), which he
interprets as meaning that hypotheses are rules:

Another way of stating the same thing is to say that the hypotheses are rules which govern
our expectation of future experience, or rules for forming particular statements about unob-
served future events. (p. 106)

This is reminiscent of Wittgenstein, Schlick and Ramsey.*! Waismann never men-
tions Ramsey, but the parallels with his notion of ‘variable hypotheticals’ are more
than striking:

28 Some arguments to the contrary are discussed in sections (9)-(10).

29 Of course, reference to the future is not essential (p. 111), but useful for expository
purposes.

30 For Waismann’s own summary, see p. 115.

31 Wittgenstein had indeed interpreted hypotheses are ‘rules for the formation of expecta-
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Variable hypotheticals or causal laws form the system with which the speaker meet the
future. [...] Variable hypotheticals are not judgments but rules for judging ‘If I meet a f; |
shall regard it as a y’. (Ramsey 1990, 149)

Waismann even shares with Ramsey a form of behaviourism about beliefs, which
he interprets as “patterns of behaviour” (p. 114). In everyday life, our actions are
by instinct based on induction, they are not based on “discursive, argumentative
thought” (p. 114).

Furthermore, Waismann rejects attempts at portraying the principle of induc-
tion as a statement about regularity or uniformity in nature or even the ‘rationality
of the universe’, as being metaphysical statements that “say more than we can
assert in good conscience” (p. 118) and variants of the principle in Keynes, Broad
and Nicod, as well as Russell’s attempt at justifying it on “intrinsic evidence”, as
being, once more, circular (pp. 115-117). Waismann’s way out is to point out that
the principle of induction has hitherto been understood as a ‘factual statement’ and
this is why attempts at justifying it on the basis of experience are circular. In his
account (pp. 117f.), it denotes a procedure:

The principle of induction is neither factual nor an a priori statement, neither synthetic nor
analytic, because it is not a proposition at all. In actual fact it is a rule of procedure that
codifies our activity of generalizing. (I deliberately say “codifies” and not “guides” because
we act according to it even before it has been formulated.)

[...]1tis never used as a substantial premise in scientific reasoning: it is not a premise from
which we draw conclusions, but the scheme in accordance with which we actually proceed
when making generalizations. (p. 118)

In short, as a ‘rule’ or ‘scheme’, the principle of induction is not a proposition —
again a point reminiscent of Wittgenstein —*2 therefore it does not assert anything
and it is for this very reason that it needs no justification. That justifications of
induction by an appeal to experience, regularity in nature, or success in practice
are all circular was already urged in the early 1950s by Peter Strawson in his influ-
ential Introduction to Logical Theory.>* But Waismann did not just argue this point

tions’ in the early 1930s. See (Marion 1998, chap. 4 & 5). Schlick explicitly referred
to Wittgenstein when introducing that notion in ‘Causality in Contemporary Physics’
(Schlick 1979, 188). The idea is found in Waismann’s ‘Hypotheses’ in (Waismann
1977, 38-59) and it is clear that he got it from Wittgenstein, at the time of their col-
laboration on Logik, Sprache, Philosophie.

32 In the Tractatus Logico-Philosophicus, Wittgenstein wrote that “The law of causality
is not a law but the form of a law” and that “in physics there are causal laws, laws of the
causal form” (Wittgenstein 1922, 6.32 & 6.321) and this may be taken to mean that the
law of causality is not a proposition. (See (McGuinness 1969) for a discussion.) These
passages of the Tractatus are also cited later on by Waismann, who concludes indeed
that Wittgenstein held that “the law of causality would not assert anything” (p. 144).

33 (Strawson 1952, chap. 9, Part II).
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with much clarity; his position is original, inasmuch as he brings into the bargain
new ideas about the nature of the principle of induction.

Concerning Hume, Waismann makes three noticeable points of exegesis.
First, he insists that “Hume has been accused of denying causation whereas in fact
he was concerned only with analysing it” (p. 94) (DFC, 209). To my knowledge,
this point was first made by William James’ student, Dickinson Miller.** Secondly,
Waismann quotes a letter from Hume to John Stewart to prove that Hume never
wanted to assert that events are uncaused (p. 98).% Finally, Waismann is able,
as an upshot of his discussion in sections (1)-(2), and in particular of the above
claims, to conclude that Hume was not a sceptic (p. 113). This claim is of course
not new — albeit still a matter of controversy — but, coupled with his analysis
of scientific hypotheses as ‘rules for the formation of expectations’ and of the
principle of induction as a ‘rule of procedure’, Waismann’s defence is original.*®
Following Hume, Waismann claimed that “we must accept the inductive principle
as a sort of blind instinct or automatic device acting on our mind, and forego all
argumentative proof for our expectations about the future” (p. 112). That a proof
is lacking should not be a problem. It would be “spurious” (p. 113) and this is a
“pseudo-question” (p. 120). Precisely for this reason, Hume’s arguments do not
imply scepticism. It is only because the ordinary notion of causality contains the
idea of a necessary connexion that we were drawn into these spurious problems,
removing it does not lead to scepticism but to a better understanding of science:

In fact, the credit of natural science is not impaired by the lack of such a proof. The only test
that is required in science is the test of success in prediction. We are entitled to have faith
in our procedure just so long as it does the work which it is meant to do. That is, as long as
it enables us to predict future experience and so to gain control over our environment. Of
course, the fact that a certain form of procedure has always been successful in practice af-
fords no logical guarantee that it will continue to do so. But then it is a mistake to demand
a guarantee where it is logically impossible to obtain one. This is not scepticism; for the
fact that we are unable to offer a logical guarantee for an empirical generalization in no way
entails that it is irrational for us to believe it. On the contrary, what is irrational is to look for
a guarantee where none can be forthcoming; ... (p. 113)

Hume’s analysis is nevertheless incomplete in Waismann’s eyes, because his
account does not allow one to distinguish causal sequences from mere regular
sequences. This is why Mill’s methods for inductive reasoning and the canons

34 Unless, of course, these lecture notes were written before Miller published this remark:
“He was not intending to mutilate our idea [of causation] or deprive it of any of its fea-
tures, not to modify but to analyse it” (Miller 1945, 593). I would like to thank David
Raynor for pointing it out to me.

35 This letter is quoted in Norman Kemp Smith’s well-known commentary (Kemp Smith
1949, 411-413).

36 It has, e.g., nothing to do with Kemp Smith’s grounds for making the same point
(Kemp Smith 1949, 446-449).
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they embody provide, according to Waismann, a definition: “we speak of a causal
connection, whenever this connection can be established by means of any of the
methods enumerated by Mill” (p. 60). Section (4) contains a lengthy defence of
Mill against some objections. Waismann is thus far from ‘eliminating’ causation
altogether. However, his conclusion is that it has a limited role in modern physics.

Moving to physics, Waismann’s arguments in section (5) are broadly along the
line of Russell’s 1912 paper ‘On the Notion of Cause’.*” First, he points out that ‘4
causes B’ implies that reality can be sliced into a temporal succession of discrete
events but, since reality is in fact continuous, he concludes that the traditional no-
tion of causality runs into allegedly insuperable difficulties (pp. 129-131). Amaz-
ingly, in speaking here of cause and effect in terms of “series of processes” (pp.
130 & 131), Waismann thus comes very close to but falls short of stating Russell’s
later concept of ‘causal lines’, which is in turn the ancestor to Wesley Salmon’s
‘causal processes’.® At any rate, Waismann’s point is merely that it is the concep-
tion of causality as a relation between two discrete events which is not used in
science (p. 131), a point hardly contested, but he does not enquire about the pos-
sibility that ‘causal processes’ may be used instead, because he insists that ‘cause’
and ‘effect’ are not to be contiguous if one is merely earlier than the other (as they
are, e.g., in Russell’s ‘causal lines’)*, and thus that the traditional notion cannot
be reframed in these terms (pp. 131-132).

Secondly, he argues that the notion of causality has been replaced by the no-
tion of ‘functional relation’ or ‘functional dependence’, a point for which Russell
is famous, and which was taken for granted among logical positivists. Indeed,
through an elegant discussion of planetary motion, Waismann shows that physics
deals with differential equations within which nothing is recognizably a ‘cause’ or
an ‘effect’:

[...] a mathematical function, generally speaking, is simply a law governing the interde-
pendence of variable quantities. [...] Physical laws are nothing but statements concerning
the way in which certain quantities depend on others when some of these are permitted to
vary [...] The task of the physicist is to determine the exact or approximate nature of this
functional dependence. (p. 133)

This last argument is also supported by a discussion of Fourier’s theory of heat
(pp. 135-137). It could have been given support by other cases, e.g., the Lorentz
transformations, but all this only shows that the traditional notion of ‘cause’ does
not appear in the fundamental equations of modern physics. If ‘eliminativism’ is

37 (Russell 1917, chap. 9).
38 (Russell 1948, 316-317 & 453-460); (Salmon 1984) & (Salmon 1998).
39 (Russell 1948, 316).
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taken to be the claim that for this very reason the notion of causality should be
completely banned from our vocabulary, then it is open to the objection that the
notion of ‘cause’ plays too central a role in the analysis of a host of other concepts,
e.g., ‘disposition’, ‘warrant’, ‘action’, ‘responsibility’ to be eliminated. Further-
more, other notions such as ‘law’ or ‘event’ are here clearly in the same boat as
‘cause’ and philosophers of science may not wish to do away with all or even some
of them. For example, Nancy Cartwright favours causes, not laws.*

At all events, one must delineate Waismann’s position with care: as already
pointed out, he merely intended to analyse our ordinary notion of causality (and
enquire into its scope), not to deny it. He agreed with Hume that the element of
necessary connexion has only a psychological basis, i.e., a psychological mecha-
nism makes us expect an invariable conjunction of two events in our direct experi-
ence. It is only this last notion that he has found missing in modern physics and
this is not a conclusion that has been much contested. It is not the same to declare
that causality has no explanatory role to play in our theories about, say, physics
or biology. Waismann does not wish to ban the idiom; he is merely an anti-realist
about causes, as the above discussion of the principle of induction and law of cau-
sality should have made clear. He argues therefore in section (6) that the ordinary
conception of causality that he has, following Hume, analysed, has “relevance to
practical life” (p. 140) and that ‘My hunger passed away because I had a good
meal’ is “a perfectly good description of a causal nexus” (p. 140). One feature
that makes it so relevant is that ‘cause’, ‘effect’, and ‘event’ are vague terms and
they should remain so, as attempts to make them precise will lead to difficulties
(p. 141). Another concept causality must be introduced if vagueness is to be elimi-
nated:

In general, when you want to make your concepts precise, you must change the whole
way of concept-formation. This you do when you pass to science. What is important to
understand is that, when you study physics, you learn a new method of describing things.
I might as well say that there are two languages, the language of science and the language
of every-day life, and to each of them there corresponds a particular scheme of causality.
That is, it is a mistake to suppose that there is just one idea of causality, which is analysed
by philosophers. (p. 141)

Waismann is here not very far from Nancy Cartwright’s view that there are various
irreducible concepts of causality, each one with their own purpose.*! Although he
offers only the beginnings of a theory, he argues in this section in terms of his own
doctrine of ‘language strata’:*?

40 (Cartwright 1983), (Cartwright 1997).

41 (Cartwright 1997).

42 This is the doctrine presented in eponymous papers that are reprinted in (Waismann
1968, chap. IV). The idea that the concept of causality is ‘stratified’, so to speak, is
neither to be found in these papers nor in ‘The Decline and Fall of Causality’; it is thus
an original contribution from these lecture notes. In ‘The Decline and Fall of Causal-
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What we must understand is that there are two distinct language strata, and that the word
“causality” accordingly undergoes an inflection of significance. You can only apply the
term “causality” with reference to a language fit to represent things and processes; what you
mean by causality will depend on the stratum of the language you use. (p. 141)

Now the point which I want to make is that the idea of causality is tied up with a certain way
of describing things. And as there are different ways of describing thing — or, what comes
to the same, different languages — the idea of causality adapts itself to the particular type of
language. Thus scientific language has its own conception of causality, different from the
idea we meet in common speech.

To put it slightly differently: the idea of causality is a function of language, and it var-
ies when you pass to a language of a new logical stratum. (p. 143)

Waismann’s discussion on quantum mechanics moves away from causality
to determinism, which he defines along lines broadly similar to Laplace’s well-
known formulation (pp. 137-138, 145-146 & 146-147) (DFC, 57 & 64-65), only
to point out that there is already something wrong with it, since our measurements
are never infinitely precise and errors compound very rapidly (pp. 146-147).* This
point is presented in greater detail in “The Decline and Fall of Causality’ (DFC,
65-68), where Waismann shows that very point from an example (the movement
of a ball on a round board):

Even in classical mechanics the causal scheme does not always work, not under all circum-
stances. Whether it works or not hinges on one condition — that measurements can be made
with unlimited accuracy. Causality stands and falls with this requirement. (DFC, 67)

Applications of the traditional conception of causality assume indeed that

[...] it is possible to measure precisely the state of a physical system and that there is no
limit to the finiteness of our operations of measuring. Only if this condition is fulfilled, may
we speak of causal laws enabling us to predict exactly the entire future of a physical system
once its initial state is known to us. (p. 147)

Moving to quantum physics, section (8) contains an elegant presentation of Hei-
senberg’s uncertainty principle (p. 148) and the related complementarity principle
by Bohr (pp. 150-151). Although Waismann argues here against determinism, his

ity’, another approach is proposed instead: “while causality is thus indispensable for
an interpretation of an experiment, it does not follow that it must also apply to the
hidden reality which manifests itself in the experiment. The existence of causality on
the macroscopic level together with acausality on the microscopic presents an inner
tension which could be only be released when it was shown that ordinary mechanics is
included within quantum mechanics as a limited case” (DFC, 72).

43 For a clear statement of this critique, see (Born 1958). The argument is also known
through G. E. M. Anscombe (Anscombe 1981, 139).
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position contains important nuances, since his claim is only that it is limited in its
application:

So far as experience is concerned we can only say that some domains of happenings have
actually been subjected to laws of a causal type, other ones have not. (p. 145)

Yet the most recent theories, adopted by physicists, almost against their will, to explain fact
experimentally observed lead, not so much to a complete surrender of determinism in phys-
ics, as to the view that it is not complete nor universal, and that in fact it has limits. (p. 146)

The claim can be taken to mean that some theories are deterministic, while others
are not or that theories might be partly deterministic and partly not.* Waismann
actually argues succinctly that this is the case for quantum mechanics:

The new physics is neither a causal, deterministic theory in the old sense, nor a completely
indeterministic theory [...] (p. 152)

[...] what is deterministic is the mathematical law for the propagation of certain waves;
what is indeterministic is that what is really fixed by the wave is not the position of the
electron, but only the probability of its position. (p. 153)

Of course, Waismann refers here to the ‘uncertainty’ phenomena first uncovered
by Heisenberg.* If Ap denotes the range of values for the position of the particle
and A g for velocity or momentum, then:

Ap-Ag = 4h—n
where £ is Planck’s constant (p. 148). Roughly put, when trying to determine posi-
tion with more precision, one looses information about velocity, and vice-versa. It
might be useful here the supplement Waismann’s comments with his lengthy dis-
cussion of the uncertainty principle in ‘The Decline and Fall of Causality’ (DFC,
69-82). These analyses led him to conclude that “there is no escape from the un-
certainty principle” (DFC, 82) and thus that “there can be no determinism” here
(p. 152). According to the lectures, the upshot is that

[...] there is a limit to the finiteness of our powers of observation and the smallness of the
accompanying disturbance — a limit which is inherent in the nature of things and can never
be surpassed by an improved technique or increased skill on the part of the observer. There
is thus an essential indeterminacy in the quantum theory, of a kind that has no analogue in
the classical theory. This indeterminacy can be said to have its basis in the wave properties
of matter, and is therefore unavoidable. (p. 149)

44 See (Earman 1986) for a thorough study of deterministic claims for a number of physi-
cal theories.
45 (Heisenberg 1927).
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A common error about indeterminism is to refer to Ap and Ag, above, as er-
rors of observation while it is in fact inherent to the mathematical formalism of the
theory. In fact, Waismann makes neither of these claims but argues instead that the
limit is “inherent in the nature of things”, i.e., that “nature itself is indeterminate”

(p. 154):

[...] in throwing dice we cannot predict the result of any throw; what we can predict is only
the probability of throwing a certain number. We are prevented from predicting the result,
because we have insufficient information as to all the minute factors which are of relevance
in the matter. But we might still imagine an experimenter who has such subtle methods of
observation at his disposal and at the same time such mathematical skill that he can predict
with certainty the result of a particular cast. In this case the impossibility of predicting is
only a technical one which, at least in thought, can be overcome. Not so in the case of the
electron. For here we are prevented by the very laws of nature from predicting its future be-
haviour. The impossibility is not due to some lack of information on the part of the observer
or to some lamentable inefficiency on the part of the calculator or to some limitations of
human beings, but to the very order of things. (p. 154)

This jump to an ontological conclusion is certainly striking and in need of further
support, but one should note that it is in line with Waismann anti-realism about
causality: not only does he hold that the principle of induction is merely a ‘rule of
procedure’, he also infers from quantum mechanics, as our best scientific theory
about the world,* to the ontological thesis that the ‘order’ or ‘nature of things’ is
non-deterministic. In short, when it exists, causality is not to be found ‘out there’
but in our theories, as a satisfactory explanation of observed regularities.*” This is
the opposite from a viewpoint such as Cartwright’s, who is a realist about causes
but somewhat anti-realist about laws.*® In connections with this, it is worth not-
ing that Waismann also makes a few interesting points about laws: a brief survey
of the etymology of the word ‘law’ and of the origins of the expression ‘laws of
nature’ (pp. 138-139) (DFC, 62-64) leads him to the conclusion that it brings about

46 There is, however, no discussion of the logic of quantum mechanics in the lectures on
causality, as opposed to some lengthy concluding remarks in ‘The Decline and Fall of
Causality’ (DFC, 88-90). This is in line with the sort of holism advocated by Quine and
furthered by Putnam in ‘Is Logic Empirical?’ (Putnam 1979, chap. 10) and proponents
of quantum logic.

47 Again, this is not far from Ramsey: “But may there not be something which might be
called real connections of universals? I cannot deny it, for I can understand nothing by
such phrase; what we call causal laws I find nothing of the sort” (Ramsey 1990, 160).
It is interesting to note in this context that Waismann’s anti-realism in these matters
goes as far as the suggestion that “quantum physics [...] presents a strong case against
traditional logic” (DFC, 90).

48 (Cartwright 1983, 74 & 86). Cartwright has argued since for the introduction of ‘ca-
pacities’, so that causal claims are not seen anymore as ‘reports about regularities’, as
Waismann continued to do, but as ‘ascriptions of capacities’ (Cartwright 1989, 3) and
thus “it is not laws that are fundamental, but rather the capacities” (Cartwright 1989,
181).
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misleading connotations of ‘coercion’ and ‘prescription’, “as if the planets, if left
for themselves, would have chosen to run off in quite different directions and only
these tiresome laws of Kepler’s compel them to remain in orderly orbits” (p. 139).
Instead, ‘laws of nature’ are merely descriptive (p. 139) and, furthermore, “no law
is absolutely exact” (DFC, 86).

To come back to Waismann’s discussion of quantum mechanics. It is, of
course, always possible to re-establish determinism through the introduction of
hidden variables or parameters. Although the possibility that quantum mechan-
ics is ‘incomplete’ was argued forcefully already in the 1930s with help of the
Einstein-Podolsky-Rosen Paradox, hidden variable theories were only really taken
seriously when David Bohm introduced was is now known as ‘Bohmian mechan-
ics’, in the wake of de Broglie’s ‘pilot wave’ model.* Against the very possibility
of an hidden variable theory, Waismann points out a theorem by von Neumann®
that shows that the system of quantum mechanics is (mathematically) complete
in the sense that “it permits no addition that would render it deterministic”, be-
cause any such addition “will necessarily lead to internal contradictions” (p. 154)
(DFC, 86). For Waismann, “the crack in the wall of determinism is definitive”
(p- 154). As a comment on von Neumann, this is fine but insufficient by today’s
standards, as some assumptions necessary to derive von Neumann’s theorem have
been called into doubt. Nevertheless, Waismann stands on solid ground as hid-
den variables theories suffered instead repeated setbacks with the Kochen-Specker
Theorem’' and with a key theorem about Bell’s inequalities that shows that hidden
variable theories will make predictions that are at variance with those of quantum
mechanics,* a result which was eventually followed by experiments that con-
firmed quantum mechanics.™

49 See (Bohm 1952), (Bohm 1957). For as recent discussion, see (Albert 1992).

50 (von Neumann 1955, chap. 4, sec.2).

51 (Kochen & Specker 1967).

52 (Bell 1966).

53 (Aspect, Dalibard & Roger 1982). Of course, convinced ‘Bohmists’ will argue that
the issue is still not settled. But it would be dishonest to insinuate that the ball is in
the camp of defenders of quantum mechanics and the ‘Copenhagen interpretation’.
Furthermore, Bohmians are nevertheless keen to point out that Bohmian mechanics is
supposed to make the same predictions as quantum mechanics, re-establishing deter-
minism at the price of a more complicated mathematical structure (alas, of lesser inter-
est for physicists for that very reason) and the introduction of newer entities, e.g., the
‘guiding wave’. Waismann’s Gedankenexperiment (p. 159), quoted below, is a good
reason to believe that he would have dismiss Bohmian mechanics for similar reasons
(basically an application of Ockham’s Razor): if there were no empirical tests to distin-
guish it from quantum mechanics, then statements concerning extraneous entities such
as ‘hidden variables’ would be meaningless.
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In the last sections, (9) to (12), Waismann turns away from modern physics and
the issue of determinism, towards the philosophy of mind and action. So far, he
had discussed only the view that causal relations are established through the ob-
servation of regularities. He now examines the thesis, which goes against his own
‘regularity account’, that one could discover causal relations through an ‘under-
standing’ of the relation between the cause and the effect. This view is found in
A. C. Ewing’s ‘A Defence of Causality’.** Ewing’s case rests around four claims:
first, cause and effect do not just happen to follow each other with regularity, they
are somewhat intrinsically connected; this point being linked with the idea that
one may actually perceive this connexion. Secondly, the cause is (at least part of)
the reason for the effect. Thirdly, the cause is said to produce the effect. Fourthly,
causality involves necessity. Against this ‘efficacy account’, Waismann makes a
number of related points.

The idea that the cause ‘produces’ the effect, i.e., the idea of ‘efficient causa-
tion’ is very sharply dismissed. Waismann even claims that it has its sources in
children’s and so-called primitive people’s animistic conception of causality (pp.
161-162). Instead of serving us a fallacy of ‘poisoning the well’, he could have
referred to a philosophical pedigree, starting with Maine de Biran. More seriously,
Waismann points out, quoting Hume, that ‘to cause’ and ‘to produce’ are syn-
onymous and cannot be used to define each other in a non-circular way (p. 156).
But this conception of ‘efficient causality’, ‘productive power’ (p. 158) or ‘active
power’ (p. 159) comes in for further criticism. One should note that the view here
is not completely unrelated with recent views about ‘causal powers’ or ‘capaci-
ties’.> Here, Waismann remains close to logical positivism, finding the view sim-
ply unintelligible. First, it appears to be modelled on our own voluntary agency:
against this, Waismann quotes Mill and Hamilton on the case of paralysis to the
effect that “if observation cannot even show us the manner in which the will acts
upon the limbs or our mind, it can still less discover any quality in an event which
makes it produce another one” (p. 157). Furthermore, this ‘productive power’ or
‘quality’ cannot be derived from observation by reasoning, because this would
render quantum mechanics self-contradictory:

[...]if the existence of such a productive power can be inferred from our sense experiences,
on purely logical grounds, then it would be a self-contradiction to say that the motion of the
second billiard-ball is caused by the first, that is, regularly preceded by it, without being
actively produced by it. Present day physics, having dispensed with the idea of efficient
causality, would, if this account were right, be self-contradictory — a very strange conse-
quence. The existence of an active power in an event which produces the effect can neither
be produced in, nor logically inferred from, observation. (pp. 158-159)

Waismann also provides an interesting Gedankenexperiment:

54 (Ewing 1933, 98f.).
55 (Harré & Madden 1975), (Cartwright 1987).
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Suppose there was a region of the world, say A, in which everything held good that Ewing
[...] tells us — that is, in which the events were “intrinsically” connected with each other,
so that the cause “actively produced” the effect; imagine another region of the world B in
which the events merely follow each other, without being connected in this way; and imag-
ine that the observable laws are the same in A as in B. What then, I ask, could be the differ-
ence between these two regions of the world, as far as their causal structure is concerned?
Or how can we tell whether this world of ours is more like the part A or the part B? There
is no way which we can tell; for there is no conceivable observation which is relevant to
establishing the existence of such a relation. (p. 159)

The point of this Gedankenexperiment is the dismissal of claims such as ‘there is
an inward activity in the events’ (such that the cause ‘produces’ the effect) as “nei-
ther true nor false, since we ourselves cannot tell what the supposed difference is
to be” (p. 160). Such claims are simply “devoid of meaning” (p. 160).

Moving to the Geisteswissenschaften, Waismann quotes Georg Simmel (p.
159) on the issue of singular causation: perhaps it would explain the impossibility
of finding laws in that domain (p. 160).°¢ To Waismann, singular causation could
not apply to the physical world unless one would postulate ‘inward activity’ or
‘connexion’ and this is unsatisfactory for the reasons just expressed. Against this,
one could claim to have an ‘insight’ into the causal nexus. This is further coun-
tered by pointing out that this ‘insight’ is either a case of logical reasoning, as in
‘If I cut a man’s leg off, then he will have only one left’, or something that rests
on observation of regularities (pp. 162-164). There are only events following each
other and no ‘glue’ or ‘link’, that would hold events together and which could be
experienced (p. 164).

But one could further argue that there is room for singular causation in the
domain of psychology: one can have an immediate awareness, an ‘insight’, into
the connexion between cause and effect, thus one would have no need to wait until
one has observed regularity. Here, Waismann quotes (pp. 165-166) and criticizes
at length (the whole of section 10) Wolfgang Kohler, who adduced an number
of examples in support of this point.’” One such example is that of hearing an
alto singing at the concert-hall and realizing that one’s feeling of admiration was
caused by the hearing of the alfo’s voice. One is thus immediately aware of a
causal connexion between the voice and the feeling of admiration. Waismann’s
point is that in all these cases, Kohler “confuses the object of a wish, of a feeling of
alarm, etc., with the cause of the wish, the feeling of alarm, etc.” (p. 166). It may
be that consciousness exhibits directionality or intentionality (Waismann quotes
p. 166 a famous passage by Brentano)®® but the object of which one is conscious
can hardly be said to be a ‘cause’. In admiring the alto’s voice, one is immediately

56 (Simmel 1977, 106f.).
57 (Kohler 1930, chap. 10).
58 (Brentano 1973, 88f.).
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aware of what it is that one is admiring, but this does not mean that one is aware of
the cause of the admiration. The two are simply not logically related:

The first statement — that [Kohler] knows that his admiration is directed towards the alto
voice — in no way entails the second statement, that the admiration depends upon that
voice. There is no logical connection between the two: the one may be true, and the other
false. For example, if Kohler had happened to take a dose of mescal just before he went to
the concert, he may have been in the disposition to admire anything he came across in the
concert-hall that night. In such a case we should judge that the cause of his admiration was
the mescal, and not the singing; though, even in this case, the singing was the object of his
admiration. (p. 169)

Kohler always slips in his discussion between ‘object’ and ‘cause’, and Waismann
concludes that his “whole philosophy of causation rests on a somewhat slipshod
manner of expression” (p. 170), a very interesting critique indeed.*

Discussion of a further example by Kohler brings out key distinctions be-
tween ‘cause’, ‘reasons’ and ‘motive’. Here, Waismann is moving into territory
covered by the typescript ‘Will and Motive’ and his discussion is limited to mak-
ing a few important points against confusing these notions; points related to the
central thread of the lectures, i.e., his defence of the ‘regularity account’. Koéhler
relates an evening at the restaurant:

After sitting for half an hour in a restaurant, full of smoke and of talk all around d me, I feel
‘nervous’ and ready to go. My ‘nervousness’ refers to those properties of my environment.
I know this, not only because in past experiences I may have discovered the rule that under
such conditions I shall feel uneasy after a time. I experience myself directly as disturbed
and confused by these surroundings.*

Kohler claims that in this case he has an insight into the cause of his action (leav-
ing the restaurant), namely his uneasiness in this situation and the dislike of smoke
and talk. As Waismann points out, however, this is not the cause but the motive
for his going: “the real cause may be some excitement growing on his nerves, but
he need not be aware of this cause” (p. 174). The uneasiness and dislike of smoke
and talk are to be invoked instead as the motive for his action, supposing that he
had been asked, and not to be confused with the cause. Waismann provides here
reasons of a general nature to avoid such a confusion. He argues in two steps. In
section (10), he argues for the distinction between ‘cause’ and ‘ground’ or ‘reason’
and in section (11), he distinguishes between ‘reasons’ and ‘motives’. The distinc-

59 It is a pity that Waismann did not take also into account here Michotte’s experiments
that supposedly show that his subjects perceived causal connexions (even in cases
where there isn’t one). The “slipshod manner of expression” is all over the place in the
subjects’ own description of their perceptions. See (Michotte 1963).

60 (Kohler 1930, 273).
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tion between ‘cause’ and ‘motive’ should be transparent from the discussion of
Koéhler’s example:

[...] all his argument amounts to is that the motive is not discovered by induction: we are
immediately aware of it. But this is precisely on of the differences between motive and
cause. (p. 174)

To distinguish ‘cause’ from ‘ground’, Waismann makes three points. Here,
Waismann is heavily indebted to Wittgenstein’s discussion in the Blue Book, to
which he keeps very close.®! First, a causal explanation will appeal to processes
situated in time, while a logical explanation will refer to timeless entities such as
rules (p. 171). Secondly, contrary to causes, reasons cannot be discovered by ob-
servation (pp. 171-172). Here, Waismann appeals without reference to a version of
what is known from Wittgenstein as the ‘rule-following argument’:%?

Let us imagine that someone writes on a board the numbers 0, 1, 4, 9, 16 in this order. We,
watching him, may suppose that, in doing this, he is following a definite rule, e.g., that he
is writings down the squares of the integers in order. Have we now found out this rule by
observation? Not at all: our supposed rule is merely a hypothesis, which would account for
the numbers he has actually written down. But the figures written down are always subsum-
able under an infinite number of mathematical laws. How are we now to tell which rule
he in fact followed? By making him continue the figures? But even if he wrote a thousand
figures, he still might have been obeying any one of an infinite number of rules. (p. 172)

However, should the man tells that he has been following the rule y = x* for the
values 0, 1, 2, 3, 4, we would then have the ‘ground’ for his writing down these
figures and this is distinct from the ‘cause’:

So we must distinguish between ground and cause, for we learn of both in different ways.
The cause for his writing down certain figures may lie in the fact that he was taught so in
school and that this teaching has created a disposition, e.g. left definite traces in his nervous
system and his brain; the ground for his procedure is the rule which he states when asked
for the ground. (p. 172)

Thirdly, contrary to grounds, causes cannot be appealed to in order to justify
an action (p. 173). In the above example, the appeal to the rule y = x? justifies the
man’s actions, but should he had made a mistake, giving the cause of his mistake
would hardly count as a justification of it.

Waismann further distinguishes between ‘reason’ and ‘motive’ on similar
grounds in the short section (11): a reason justifies an action, but a motive does
not; motives “have no justifying power” (p. 178). In the above case of the man

61 Waismann even lifts silently at p. 174 a sentence from the Blue Book (Wittgenstein
1958, 15).
62 (Wittgenstein 1953, §§ 198-242).
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writing the series ‘0, 1, 4, 9, 16’ on the board, the rule y = x? provides the ground
but this has nothing to do with his motive to do so (p. 178).

Waismann also provides a central point in his discussion of the ambiguities
of the words ‘why’ and ‘because’ (pp. 174f.). In the sentence ‘I believe this math-
ematical proposition because I have just seen its demonstration’, one is not refer-
ring to the cause of one’s belief but to its ground. Similarly, in ‘I made an effort
because I decided to do so and so’, one is referring to one’s motive and not to
the cause of one’s action.®* Waismann would say that in both cases the relation is
‘intrinsic’ as opposed to ‘extrinsic’ when ‘because-’ refers to a causal connexion.
Wittgenstein would have spoken here of, respectively, ‘internal’ and ‘external’
relation.® What is meant here is that the motive is fully determined by one’s ex-
pression of one’s motive, not by some relation to be found by observation. The
point is of importance since it is the source of our view that, although they might
be wrong, motives are not to be doubted in the sense that, as in the above case,

[ ...] there is no sense in questioning the motive given. It would be preposterous to appeal to
some inductive evidence in the past to confirm that I made the effort because I had decided
to do so. (p. 175)

In making thus essential distinctions between, on the one hand, ‘motive’ and,
on the other hand, ‘cause’ and ‘ground’, Waismann has set the stage to his ‘Will
and Motive’ but he also undermined attempts at refuting the ‘regularity account’
by showing how the rival ‘efficacy account’ cannot be supported by an appeal to
singular causation coupled with a confusion between these notions.

In the final section (12), Waismann looks at Russell’s account of desire as a
“causal law of our actions”®, an account that he finds “unnatural and perverted”
(pp- 159 & 163). Waismann’s main critique of Russell’s account, which is taken
from Wittgenstein,® is that Russell sees the connexion between a desire and its
object as

[...] established by experience and, note, afterwards, after we have observed what it is that
will bring a certain restlessness or discomfort to an end. (p. 181)

This view leads to absurd consequences. As Wittgenstein would put it:

If T wanted to eat an apple, and someone punched me in the stomach, taking away my ap-
petite, then it was this punch that I originally wanted. (Wittgenstein 1975, § 22)

63 Here, Waismann stands apart from the sort of theory set forth by Davidson in ‘Action,
Reasons and Causes’ (Davidson 1980, 3-19). and closer to Collingwood (Collingwood
1940, 285-337). On Wittgenstein’s conception, see (Schroder 2001).

64 (Wittgenstein 1975, § 21).

65 (Russell 1921, lecture 3).

66 (Wittgenstein 1975, §§ 21-22).
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Russell’s mistake is to see relation between the desire and its object as ‘experi-
ential’, while it should be ‘semantic’ (p. 183). (Again, Wittgenstein would have
said ‘internal’.) Waismann’s discussion might appear at first sight unrelated to the
rest of the lectures but this is not quite the case. Not that Russell should be seen
as also providing support for the rival ‘efficacy account’, but because his account
brings about further confusions about a central point Waismann had been trying to
make in the previous sections concerning the distinction between ‘cause’ and ‘mo-
tive’. Here too, the object of one’s desire wish, expectation, etc. is “determined,
fully determined by the expression” of the desire (p. 182); “desire is tied up with
language” (p. 183). This is a key point, which is further defended by Waismann
against the obvious counter-example of children and animals in the very last pages
(pp. 183-184). Again, Waismann is moving here into territory covered by ‘Will
and Motive’ and does not provide a full discussion.
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FRrRIEDRICH WAISMANN

THE DECLINE AND FALL OF CAUSALITY

1. The year 1927 is a landmark in the evolution of physics—the year which
saw the obsequies of the notion of causality. To avoid misconceptions, it should
not be thought that the concept fell a victim to the unbridled antipathy of certain
physicists or their indulgence in fancies. The truth is that men of science came,
very reluctantly and almost against their will, to recognize the impossibility of
giving a coherent causal description of the happenings on the atomic scale, though
some of them—curiously enough, amongst them Planck, Einstein, de Broglie,
Schrédinger—could never bring themselves to accept wholeheartedly so drastic a
renunciation of classical ideals.

‘But how can one find out such a thing? You mean physicists have not yet
discovered the true causes?’ No; I mean causality has definitely come to an end:
atomic science has penetrated to a depth where an entirely new orientation is
called for. As Niels Bohr put it: ‘In the general problem of quantum theory, one is
faced not with a modification of the theories describable in terms of usual physical
concepts, but with an essential failure of the pictures in space and time on which
the description of natural phenomena has hitherto been based.”!

The vast shift of perspective and, what goes with it, the change in our whole
intellectual climate—that is the subject we must contemplate if we wish to reach a
deeper understanding of the new outlook. In dealing with a matter of such dimen-
sions, it is always good to choose a historical approach. This I shall do. I shall first
touch upon the classical conception of causality as it gradually took shape in the
work of Newton and his predecessors in the seventeenth century, and then discuss
some of the reasons which led to its abandonment.

Attempts made by philosophers to clarify the notions of cause and effect, to
formulate more precisely the content of the law of causality and, if possible, to
throw light on the sort of validity which one may claim for it were not too success-
ful. A much clearer picture of causality emerges from science.

2. Man has learnt mechanics from the stars. Indeed, the first great feat of the
dawning age of science was the construction of celestial mechanics. Given New-
ton’s laws of motion and the inverse square law, the problem of planetary motion
can be condensed into a set of differential equations. Their solution has the follow-
ing property: given the configuration of the solar system (the positions and veloci-
ties of the planets) at some initial time, the configuration at any other time can be
calculated with any degree of accuracy without further recourse to observation.
In other words, the solar system is such that its initial state determines its entire

1 Atomic Theory and the Description of Nature, Cambridge, 1934.
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future; and ‘determines’ here means: makes computable on the basis of laws stated
in precise mathematical form.

This, in essence, is the scheme as it emerged from the Principia. In Einstein’s
words, ‘Newton’s theory of gravitation is probably the greatest stride ever made
in the effort towards the causal nexus of natural phenomena.’? It should be noticed
that this scheme departs from the pre-scientific idea of causation. The popular
view is openly animistic: the cause brings forth the effect, produces it. On a more
enlightened level—say, on that of Hume or J. S. Mill—we meet with the idea that
two events, C and E, are related as cause and effect if they fulfil certain conditions,
namely if (1) they are contiguous in space and time (2) C precedes E, and (3) C
is unfailingly followed by E. A fourth trait that seems to cling to the idea, neces-
sity or compulsion, was submitted to a destructive analysis by Hume: he did not
‘deny’ causation as one so often hears it said, he tried to purge the concept from
extraneous elements. Now what our example shows is that this notion, whether the
naive or the purged one, does not apply here: it would be most arbitrary to pick
out one configuration of the solar system and call it the ‘cause’, and another such
configuration and call it the ‘effect’. Indeed; in the symbolic language evolved in
science these terms drop out altogether. What takes their place? The concepts of
functional dependence. We find phenomena. so correlated in nature that, when
one measurable quantity, characterizing a certain physical state (say, the Earth’s
distance from the sun), varies, this corresponds to a change of another (say, the
Earth’s acceleration towards the sun), according to a simple mathematical rule.
The one quantity (acceleration) is then said to depend upon, or to be a ‘function’
of, the other (distance). A well-known example is the way the pitch of a note (ex-
pressed by the frequency of a vibrating string) varies with the length of the string,
is a function of it.”* It should be noticed that, if one variable quantity is a function
of another, this does not imply the existence of any causal relation between the
two, but merely a correspondence between the values they may take. Thus the
pressure of a gas contained in a closed vessel depends on its temperature and its
volume. This dependence is expressed in the law

pv=RT,

where p denotes the pressure, v the volume, T the temperature, while R is a con-
stant. This equation may be solved for any of the three variables as a function of
the two other ones,

p=RT~» or v=RT/pp or T=pv/R,
without suggesting that a change in volume or temperature is the ‘cause’ of a

change in pressure, or vice versa.
The knowledge of such laws enables us to derive, and thus predict, the future

2 Sidelights on Relativity: 1, Ether and Relativity. 11, Geometry and Experience (trans. G.
B. Jeffrey and W. Perrett), London, 1922.

3 Adiscovery ascribed to Pythagoras.
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from the present, generally the unknown from the known.* For, to return to the
solar system, information about its present state can similarly be used to calculate
the condition in which it was at any past moment of its history, the reason being
that the equations of dynamics are insensitive to a change in the direction of time
—i.e. remain invariant under a change from ¢ to —+.

It would lead us too far to relate in detail how a system of dynamics was built
up capable of accounting for the phenomena in the heavens and on earth. The
decisive step was the introduction of the quantitative method through the work
of Galileo. On its basis, a rational formulating of the laws of nature became pos-
sible, culminating in Newton’s Principia. With the rise of the quantitative method,
causality began to take on a new aspect. Briefly, the question ‘why’ came to be su-
perseded by the question ‘how’. Indeed, when Galileo turned to inquire zow bod-
ies fall and not why they fall,’ this must have looked to his contemporaries rather
trivial, a side-stepping of the deeper issues involved. Yet it was this ‘side-stepping’
more than anything else that started science on its career.

One may, of course, still think of gravity as the true cause underlying free fall
and all the rest: but then gravity, or force in general, is not an event, while only
events are supposed to stand in causal relationship. What the scientist has in mind
when he expresses himself in some such way is that Newton’s law of attraction
is part of the formulae which govern planetary motion. However, and this is the
point, in these formulae there does not occur anything that answers to the popular
idea of cause and effect. They describe what happens under given conditions, they
do not state the cause (read: the reason) why things happen in the way they do.
I do not mean to say that there is no causal nexus: there is, only not in the sense
envisioned by philosophers, namely as a relation between two events: this scheme,
lacking the right sort of flexibility, must be dropped. The point had not escaped
Newton when he declined to go in search for a cause of gravity (‘hypotheses non
fingo’, General Scholium of the Principia).

Extending the result to other domains, we may say: the laws of classical phys-
ics are such that, if the state of an isolated system defined at a certain point of
time is known, it can be computed for any other instant so that the whole course
of events can be plotted in advance. That is the essence of determinism. Physicists
were successful in establishing laws of such a type also outside celestial mechan-
ics, though for certain limited fields only—e.g. for the phenomena of heat conduc-

4 ‘The most direct, and in a sense the most important, problem which our conscious
knowledge of nature should enable us to solve is the anticipation of future events,
so that we may arrange our present affairs in accordance with such anticipations.” H.
Hertz, Introduction to tM Principles of Mechanics (translated by D. E. Jones), London,
1899.

5 ‘It does not seem expedient to me now to investigate what may be the cause of ac-
celeration’ (Discorsi, translated as Dialogue concerning the two chief World Systems,
Chicago, 1953, third day), his main concern being to find a law according to which it
takes place.
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tion or those of electromagnetism in free space. For cases of the latter sort—where
processes are supposed to take place in a continuum and propagate by nearby ac-
tion in contrast with Newton’s gravitation presumed to act instantaneously across
empty space—the principle of causality must be reformulated, e.g. as follows.
What takes place at a certain point at a given time depends entirely upon what has
been happening in the immediate neighbourhood ‘just before’. (That is a crude
way of putting it: technically speaking, ordinary differential equations have to
be replaced by partial ones and initial by boundary conditions—a further step
towards the shaping of the concept of causality.) However, it would be wrong to
close our eyes to the fact that the situation is different in other fields: there are, for
example, no similarly precise laws in biology—no one could have foreseen the
exact ways of evolution; and even in the science of inanimate nature, for so long
considered the stronghold of determinism, there are kinds of phenomena—e.g.
Brownian movement, turbulent flow—which resist causal analysis.

What, then, are we to think of the dictum ‘Every event has a cause’, i.e. is de-
termined by laws—often referred to as the ‘Law of Causation’? For some ranges
of facts it seems true, for others doubtful. Actual evidence is far too meagre to
substantiate such a sweeping statement. Even in those cases which may seem most
favourable to such an interpretation, the validity of a law can never be established
with mathematical precision. Nonetheless belief in a universe governed by laws
which allow of no breaks was steadily growing until it became almost an article of
faith. Thus according to Helmholtz, ‘The causal law bears the character of a purely
logical law even in that the consequences derived from it do not really concern
experience itself but the understanding thereof, and that therefore it could never
be refuted by any possible experience.’® On this view, it is nothing but the demand
to understand. In another passage, however, he is more outspoken, declaring that
‘the final aim of all natural science is to resolve itself into mechanics’, at a time
when the very idea of mechanics was still closely linked to that of an iron chain
of relentless necessity. ‘The great abstract law of mechanical causality’, wrote the
biologist E. Haeckel,” ‘now rules the entire universe as it does the mind of man’,
and so on. This was written one year before the discovery of quanta which was to
knock over all our ideas on the subject.

3. Before turning to the new ideas, a word on the rise of the notion of causality.
Strange as it sounds, belief in a firm Causal Order of Things has not always held
sway in the dominion of science. It rather is the result of a long historical develop-
ment which began with Kepler and Galileo and reached its height with Laplace.
Growing out of the new science, that conviction may, in its career, have absorbed
into its meaning traces of an earlier outlook, which still deeply colour its mean-
ing.® Be that as it may, in Newton’s time, at any rate, determinism had yet to prove

6  Physiologische Optik, 111, translated as Helmholtz's Treatise on Physiological Optics,
New York, 1924.

7  The Riddle of the Universe, London, 1929.

8  See section 5.
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its worth. Nothing is more characteristic of this than the attitude taken up towards
a problem which then began to arouse the interest of mathematicians and astrono-
mers alike—is our solar system stable? Will Saturn wander off into space as a
consequence of its slowing down and receding from the sun, or will it remain a
member of our system? Will the acceleration of Jupiter cause it to come nearer and
nearer to the sun in ever narrowing spirals until it crashes into the sun? And is a
similar fate in store for our moon—to come smashing down to earth? Or will these
heavenly bodies reverse their present trends before that happens? In other words,
will the perturbations increase with time, piling up to disastrous dimensions, or
will their effects merely oscillate between certain definite limits? Such questions
are part of the problem of the stability of the solar system. Newton himself was of
the opinion that divine intervention may be necessary from time to time to put the
solar system back to order and save it from destruction, either through collisions
of its members or by the planets scattering into space’—an echo, perhaps, of the
medieval view that God participates in the day-to-day running of the universe?
Even Euler had his doubts: there were too many forces involved, with interactions
too complicated to subject them to mathematical analysis. Newton and Euler rep-
resent, between them, the temper of an age when the idea of causal determination
had not yet attained the rank of an undisputed principle, and when scientists did
not wriggle away in horror at the suggestion of God’s possible intervention in the
universe. It was only later when Laplace came to attack the ‘grand problem’, that
belief in an unbroken causal chain was vindicated. He was able to show that not-
withstanding perturbations and fluctuations in the planets’ motions caused by their
interaction the solar system will retain its inner structure. In particular, the length
of the Earth’s year is invariable—a fact of obvious significance for the continu-
ance of organic life on this planet.'

With Laplace the principle of causality began to take on its present form,
in which it was to reign supreme for more than 150 years. In the solar system
everything operates with clockwork precision. There are no hidden conditions,
and hence no possibilities of surprise. As with the sun and its family, so with any
self-contained physical system. Determinism, with its belief in a gap-less chain
of causes, came to be regarded not so much as a heuristic principle, a lodestar in
the light of which certain domains of fact can be ordered, as an inherent feature of
nature herself. Any account that failed to conform to these standards—e.g. in biol-
ogy—was deemed unsatisfactory and dismissed as ‘unscientific’ (see Haeckel).

It was this success that led Laplace to proclaim determinism in a most rigor-

9  Newton’s reason for holding such a view is the existence of ‘some inconsiderable ir-
regularities’ in the otherwise concentric orbits of the planets, ‘which may have arisen
from the mutual actions of comets and planets upon one another, and which will be apt
to increase, till this system wants a reformation.” (Opticks, Query 31.)

10 Proved by him in 1773. It may be remarked, in passing, that his solution holds only of
a strictly mechanical system (the ‘ideal’ case), leaving out of account such things as
tidal friction (partly dissipating into heat), light pressure, and so on.
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ous and uncompromising form. In his Philosophical Essay on Probabilities'" he
says, in words justly celebrated for their verve and vision: “We may regard the
present state of the universe as the effect of its past and the cause of its future. An
intelligence which at a given moment knew all the forces that animate nature, and
the respective positions of the beings that compose it, and further possessing the
scope to analyse these data, could condense into a single formula the movement
of the greatest bodies of the universe and that of the least atom: for such an intel-
ligence nothing could be uncertain, and past and future alike would be before its
eyes.” You see, the problem of the solar system all over again, only magnified to
comprise the whole universe! The world an immense machine moving with ab-
solute precision. The essence of this view is that all events in nature are predeter-
mined by law, and that this determinism permits of no flaws in the chain of causes.

It was, however, for Lamettrie to carry this view to its utmost logical conse-
quence, declaring (in his book L homme machine)'? that man is a machine. Every
atom in the world obeys laws, whether it is part of a lifeless substance or of a liv-
ing organism. Every atom of the human body must therefore move according to
the same mechanical laws which govern the motion of the planets: its behaviour is
uniquely determined by the configuration and state of motion of all the other atoms
in the universe. But if so, there cannot be such a thing as freedom of choice: what
a man will do, the words he will utter, even how he will feel and think, all this is
the necessary outcome of the events preceding it. Man, then, acts like a machine,
a clock, following the same blind mechanical necessity as everything else. A for-
midable argument. The idea of complete and unbroken determinism has always
bewitched thinkers since the time of Democritus. Everyone, of course, feels that
there is something wrong with it: human behaviour is not as exactly foreseeable as
a lunar or solar eclipse. Yet that does not answer the argument. Indeed, if one holds
on to the Laplacian program, according to which the fate of every single atom is
predetermined, there seems no way out from the conclusion that every limb of our
body must move with necessity in the way it does, and that our persuasion of being
able to move our limbs freely as we please must be due to some illusion. Given
the premisses, the conclusion seems unavoidable. No one can act against the laws
of nature: and to act in accordance with them wouldn’t be acting—I would not be
the doer of my deeds. Nature would rather act through me, and I, a mere onlooker,
would passively follow the movements of my own mouth when I speak, of my
own hand when I write, ... That is the dilemma. Theorists were haunted by it for
centuries. It took scientists a long time to find out what was wrong with it. In fact,
it was not before the rise of a non-causal mode of thinking, expressed in the un-
certainty principle, that the ground was cut from beneath this outlook: at least one
weak link of the underlying view of nature was laid bare and disposed of. (Some
disagree, e.g. Schrodinger.)

11 Translated by Truscott and Emsey, New York, 1902.
12 Critical edition by A. Vartarian, Princeton, 1960.
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4. Now for a more philosophical point. What is regarded as a rational expla-
nation, as ‘satisfactory’, ‘natural’, ‘acceptable’ and what not is, in part, tied to the
whole climate of opinion of a time and apt to change with it, and in part, and this
seems to me the more important aspect, tied to something unhistorical: the ration-
ality of a certain way of looking at the world. To illustrate what I mean, predilec-
tion for mechanical explanation, quite foreign to Aristotle but typical of the period
from Newton'? to Einstein, or belief in the continuity of nature as expressed in the
adage natura non facit saltus '*—these represent not so much objective truths as
attitudes of mind which, for a time, hold thought in a firm position. Another such
attitude, only much more deep-rooted and hence much more difficult to dislodge,
is belief in an immutable causal order. Above all, however, the scientist is guided
in his research by a deep faith in the comprehensibility of nature, by the conviction
that notwithstanding the kaleidoscopic character of phenomena, there lies some
simple and clear pattern that can be fully comprehended—a faith not arrived at on
the strength of evidence but prior to it and, in this sense, not rational.'® As Planck
says: ‘Faith points the way and sharpens the senses.’

When a ‘new attitude became firmly established, men sought to make it seem
objective and necessary by giving it a philosophical setting ... The people who are
under the influence of a ‘Weltanschauung’ want to fix it, to make it seem not so
much a particular attitude as a necessary fact. They then endeavour, by expressing
it in a metaphysics, to give it a universal validity.’!® This is one of the great roles
played by metaphysics in history, though not the only one. To put it differently,
an attitude has a propensity to crystallize into a metaphysics, just as, conversely, a
metaphysics is, in part anyhow, an intellectualization of certain attitudes.

A conspicuous instance of this process is Kant. He was writing at a time when
the ideas of Newton had gained currency and the principle of causality began to
dominate the scientific scene. Curiously enough, the same laws which, not so long
ago, because they failed to conform to their standards of satisfactoriness, were
spurned by the schoolmen as absurd, at the most as superficial, evading the real
issue, were now hailed as rational, transparent to the mind like geometry, and,
like geometry, they were raised to the Olympian heights of the a priori. The idea
of causality (which after all was not yet so firmly implanted in Newton’s mind)
was now given the status of a category or of a rigid scheme without which an
understanding of reality would be impossible. The Law of Causation came thus
to be turned into a presupposition for the possibility of experience so that it can-

13 ‘I wish we could derive the rest of the phenomena of nature by the same kind of rea-
soning from mechanical principles.” (Preface to the 1st ed. of Principia.)

14 According to Buffon, all classifications in biology are an ‘error in metaphysics’, in so
far as we see discontinuous species, genera, etc. in nature where, in actual fact, there is
only a great chain of beings.

15 ‘The eternal mystery of the world is its comprehensibility.” (Einstein, ‘Physics and
Reality’, J. Franklin Institute, vol. 221, pp. 349-382).

16 T. E. Hulme, Speculations, London, 1924.
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not be criticized on the basis of experience.'” In the Critigue of Pure Reason Kant
said that whenever something happens it ‘presupposes something upon which it
follows according to a rule’. Between cause and effect, moreover, there exists a
‘necessary connection’, and as this has no empirically verifiable meaning (Hume),
Kant concluded that its origin must be sought in the nature of our intellect which
impresses its own mark on the things.!® In the Critique the principle of inertia,
of action and reaction, and of conservation of matter is claimed to have a priori
validity, while in the Metaphysical Foundations even the law of gravitation, and
in the Opus Postumum the whole body of principles of Newtonian mechanics is
presented as a priori truths independent of experience.

It should be noticed that Kant published these ideas in 1781 (first ed. of the
Critique), that is 8 years after Laplace had shown the solar system to be governed
by laws which leave no loop-hole for supernatural interference. Kant, who took a
deep interest in astronomy (and even made a contribution to it), must have been
aware of Laplace’s work and the stir it made at the time. This may illustrate what
I have been saying—that new ways of thinking evolved in science, when they
have become firmly established, tend to harden into metaphysics so that they are
regarded as necessary, as a sort of inescapable grooves within which thought is
bound to run. The historical tracing of the rise of such ideas is then a means of
loosening up such a cramped attitude and regaining intellectual freedom.

It was only C. Maxwell who raised a warning voice against the taken-for-
granted manner in which determinism was accepted by his contemporaries. ‘The
promotion of natural knowledge’, he wrote, ‘may tend to remove that prejudice in
favour of determinism which seems to arise from assuming that the physical sci-
ence of the future is a mere magnified image of that of the past’. Prophetic words,
but of course unheeded at the time.

5. As shown in the foregoing, the idea of causation, at first pretty vague and
shot through with animistic elements, became narrowed down and refined into
a differential law, expressing the idea that the course of natural phenomena is
uniquely determined by certain conditions. This by no means exhausts the account
of the matter. To mention only one question, if laws of any degree of complexity
are permitted it is always possible (as shown by Fourier') to subsume a given
sequence of events, however irregular, under a mathematical law.?’ The principle
of causality would, in this case, become devoid of factual content and turn into a
triviality. But physics is not trivial. Two ways offer themselves to escape that con-

17 Cf. Helmholtz.

18 ‘The understanding does not draw its laws from nature but prescribes them to nature.’
(Prolegomena, § 36.)

19 Théorie Analytique de la Chaleur, translated as The Analytical Theory of Heat, New
York, 1955.

20 Mathematically speaking, any curve, however haphazard and bizarre—provided it is
continuous within a certain interval or has only a finite number of discontinuities—can
always be covered by a formula (Fourier series).
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sequence. One, suggested already by Maxwell, is to demand that the run of events
should be completely independent of place and time, that is, such that a causal
connection is universally valid. Against this it may be said that the ‘constants of
nature’ (e.g. the constant of gravitation) need perhaps not be absolutely constant
but may slowly change with the age of the universe, and with them the laws of na-
ture, in which case a historical element would enter into their formulation. In point
of fact, several recent cosmological theories envisage just such a state of things.
It seems therefore wiser not to commit ourselves to a definition which rules out
such possibilities from the start. The other possible way is to demand that a law
should be (a) simple and (b) such that it can serve as a basis for making predic-
tions. The queer and rather surprising thing is that the traits (a) and (b) seem to go
together—a fact often adduced as a sign of a ‘rationality’ of nature. Without going
into this point, perhaps only this much may be said. As there are no precise rules
for determining what is and what is not ‘simple”’ (the concept of simplicity being
half aesthetic, half pragmatic), the notion of causality, so far as it is based on it,
seems also to lack precision so that it is not possible to state exactly what is and
what is not subject to causal laws—a discouraging result as ‘we shall certainly not
be prepared to formulate the difference between chaos and order by saying that the
former is accessible to an eminent mathematician only, the latter to a mediocre.’?!
Now for another aspect. It is true that the terms ‘cause’ and ‘effect’, and the
observation of the regularity with which they follow each other, are very useful in
practical life and in the infancy of science. Thus it is often cited as an instance of a
causal relation that a body, when deprived of support, falls to the ground. Here we
have apparently all the characteristic traits of causality as enumerated by Hume or
Mill: the causing event is ‘depriving the body of its support’, the effect ‘falling to
the ground’, and the two are connected by regularity. As J. S. Mill says, ‘The Law
of Causation, the recognition of which is the main pillar of inductive science, is
but the familiar truth, that invariability of succession is found by observation to
obtain between every fact in nature and some other fact which has preceded it.>
But to say such a thing does not penetrate to the heart of the matter. What is
overlooked here is that science, instead of establishing connections between facts
as such, rather analyses them. This analysis consists in decomposing (in thought)
the unique course of actual events into elements which are simpler, recurrent and
capable of measurement. The “uniform’ relations of which philosophers are so
fond are to be found not between the events themselves, but rather between the
elements into which they have been dissected. To give an example, the astronomer
decomposes the acceleration of our moon into a part due to the attraction of the
earth and into a part due to that of the sun; and he does so despite the fact that none
of these partial accelerations has ever been the subject of observation: they are

21 M. Schlick, ‘Die Kausalitdt in der gegenwirtigen Physik’, Ges. Aufsdtze, Vienna,
1938.
22 A System of Logic, Bk. 111, chap. v.
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theoretical constructions. What can be observed is the phenomenon as a whole.
Yet it is only when it is so dissected into components that clear and simple laws
emerge. The event as such is without interest to the scientist. There is no science
which deals with an event such as ‘the sun rising above a sea of purple’. Far from
aiming at producing a faithful and detailed copy of reality, science is an endeavour
to comprehend it. And this it does, firstly by analysing it into component parts,
then seeking for laws to connect them and finally reconstructing reality out of
these elements—or, in short, by analysis and synthesis. One tries therefore in vain
to set up laws which, as Mill puts it, connect ‘every fact in nature’ with ‘some
other fact which has preceded it’. This is not and has never been the program of
the natural sciences. At best, it is a beginning towards describing the methods of
research.

It will by now, I hope, have become clear what is wrong with the accounts
of causality offered by most philosophical writers. Science is concerned with the
relations holding between the simplified elements into which the facts of obser-
vation are dissected. It is when these elements are represented by quantities that
functional dependencies between them may be recognized leading to the discov-
ery of physical laws. The law of nature thus takes the place of the relation between
cause and effect and makes it redundant to analyse this relation more precisely.
At the same time the difficulties encountered prevent the concept of determinism
from assuming sharp outlines.

The expression ‘law of nature’ is, in its use, intimately linked to that of ‘expla-
nation’. In the history of it we shall find stored up—Ilike layers of rock deposited
one on top of the other—different senses, reflecting differing modes of thought
some of which have survived to the present day and still live on as overtones of
the expression or as half-conscious associations. The idea of a law of nature is es-
sentially modern in origin and belongs to a whole cluster of ideas which came to
be expressed at about the same time—indicating an important change in human
thought when the need was felt to have names or words to stand fo; various activi-
ties and ways of looking at things. Such words as ‘arrange’, ‘classify’, ‘organize’,
‘category’, ‘method’, ‘system’, ‘systematic’, ‘regular’ appeared with their modern
meaning in language. Only two of them are earlier than the seventeenth and most
of them are not found till the eighteenth century. Thus ‘arrange’ was a military
term like ‘array’, and ‘regular’ was used only of monastic orders until the close of
the sixteenth century.

The Latin /ex was first applied to material phenomena by Bacon. Later in the
seventeenth century ‘law’ came to be used in the same sense, though it did then not
quite mean what it does today. The laws of nature were conceived of at that time as
commands of God. It is not without significance that the expression is found first
in the hands of theologians—of those, for instance, who followed the teachings
of John Calvin. This protestant leader was working towards a conception of God
as the Absolute Ruler of the universe, governing it by laws decided upon at the
beginning of creation. This theological use has left traces upon our language—we
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still speak today of nature ‘obeying’ laws, although we no longer think of them as
being imposed upon nature by the will of the Divine Legislator.

It was only by a slow and not always smooth process of emancipation that the
idea threw off its more obvious theological associations and acquired a new sig-
nificance. Galileo, for instance, called his quantitative rules ‘principles’, ‘ratios’
or ‘proportions’. His ‘principle of inertia’, restricted to terrestrial objects, is, apart
from this difference, the same as Newton’s ‘first law of motion’, Newton using
the term ‘law of nature’ freely as it had become current at his time, though not
unopposed by some, such as Robert Boyle, who thought the term ‘an improper
and figurative expresssion’. When an arrow is shot from a bow, he wrote, ‘none
will say that it moves by a law, but by an external impulse’. Thus, ‘law of nature’
was at first construed as a command of God and then as something inherent in
nature. ‘Nature is constrained by the rational order of her law which lives infused
in her’—this dictum of Leonardo da Vinci marks, perhaps, the point where the one
conception turns into the other.

The change of meaning is itself indicative of the more rational view of life
which was beginning to dominate men’s minds. It was the time when the miracu-
lous was falling into disrepute and Hobbes protested against the element of the
supernatural in the medieval ‘romances’—the same time when the word ‘roman-
tic’ made its appearance as a derogatory term to brand what is false, hollow and
unnatural.”® Hobbes’ writing is characteristic of the Age of Reason which rose in
the later part of the seventeenth century (the time of Newton’s manhood). Intel-
lectually, men’s minds seem to have been influenced above all by that conception
of impersonal law and order governing the universe—a conception scarcely enter-
tained in the preceding century. Poets and philosophers alike were delighted by the
perfect order in which, in their view, the cosmos was arranged. The appreciation
of nature’s regularity, rather trite to us, was for those men a source of poetic inspi-
ration—anyhow filled them with enthusiasm. (‘Enthusiastic’ like ‘fanatic’, which
originally meant ‘possessed by a god or demon’, underwent a similar inflection of
sense about the middle of the seventeenth century.) For us, breathing in a differ-
ent air it is almost impossible to recapture that mood, yet it forms the background
against which the rise of the term ‘law of nature’ in its modern sense must be seen.
It is but one term of a whole group whose more or less parallel changes of meaning
curiously reflect that movement of thought.

The great watchword of the time, however, was Reason. It must have exerted
a deep fascination as it was turning up time and again in the writings of the pe-
riod—occupying, e.g., the central place in the systems of Spinoza, and generally
in the philosophy of the rationalists. In Spinoza particularly, we seem to catch a
note of that majestic harmony of celestial mechanics which was just growing up
towards the end of his life. Indeed, the program of this school of thought was to
apply the mathematical mode of reasoning to al// problems, whether metaphysi-

23 See, for instance, L. P. Smith, Four Words (S.P.E. Tract 17).
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cal, moral or scientific—to exalt the powers of reason and rational method at the
expense of blind faith, revelation and Fancy, just as this power was glorified by
Milton—

whence the soul
Reason receives, and Reason is her being (Paradise Lost, V).

The cult of Reason suggested belief in the rationality of being and thus created the
atmosphere in which science could thrive. Withhout such belief there would be no
science, though it need not be expressed in words. Those who did give expression
to it, the rationalist thinkers, paid only lip-service to the spirit—today their sys-
tems are petrified and belong to the curios of history, while the faith that prompted
them lives on in science, opening ever new horizons.

I shall not endeavour to trace the origins of the idea of a law of nature as that
would mean to go back to the Greeks and even to their predecessors in the East—
a job for which I don’t feel qualified. What I have in mind was no more than to
cast a sidelight on its chequered career. For in the light of that history we begin
to understand why words like ‘law’ or ‘cause’ tend to change their meaning with
every context and let us see each time other facets. The idea of fate or destiny
standing above men and gods, as we find with the Greek tragedians, the aesthetic
conception of mathematical harmony as expressed in the Pythagorean ‘cosmos’,
the biblical idea of God as the law-giver of the universe associated with that of
rationality—these are some of the sources which have contributed to deepen the
term with their significations. Growing out of its long history, the word has ab-
sorbed into its meaning ideas and modes of thinking inherited from many different
ages, races and civilizations. Part of its meaning has been shaped by the Pythago-
rean brotherhoods who led a life of mathematical and religious contemplation.
It has travelled from Babylon to the Holy Land where it was in the hands of the
priests, and from there to Rome, to the Stoics, taking up some of the teachings of
Democritus. Then, at the time of the Renaissance, it came to the northern countries
until, with Newton’s Principia, it became the cornerstone of science. In the course
of this Odyssey, the term underwent a series of strange transformations until, with
the birth of modern science, it definitely took shape in the form of a mathematical
equation. Yet, in the interpretation given to the modern formulae by physicists and
philosophers, much of the older signification is still alive or at least dormant—Iike
the pagan gods who, masked as demons were living on into the Christian era.

6. To return to Laplace: if there were a being that had the power—. If—! It all
seemed a question of efficiency. In principle, it was thought, all the information as
regards the particles in the universe could be gathered; in principle, the equations
for them could be written down; in principle, they could be solved; in principle the
entire future could be foreseen. That to accomplish such a task far surpasses our
faculties seemed no objection as this was entirely due to our limitations. If, faced
with a system of enormous mechanical complexity—such as a roulette wheel—
we resort to probability laws, we avail ourselves of a makeshift device that only
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reflects our ignorance but could, in principle, be dispensed with. We are in the
position of a millionaire who, instead of insisting on a detailed account of the state
of his finances acquiesces in being given a rough estimate.

Laplace’s calculator represents the high-water mark of the tide of determin-
ism as it was rising steadily since the beginnings of modern science. However,
the words in which he proclaims the triumph of determinism at the same time
reveals its weakness (though this was not noticed for a long time). For what is
requisite for his program is detailed, i.e. complete and precise information as to
the state of all the particles in the universe at a given instant of time. Hence the
question arises: is this possible? Disregarding completeness for the moment and
considering precision, it was of course always recognized that absolute precision
is out of reach, only this was minimized: the accuracy of any measurement, It was
supposed—rather light-heartedly as it would seem now—could be increased to
any degree by improved technique. Irrespective of whether absolute precision will
ever be attainable with our blunt instruments, we can at any rate go on refining our
measuring methods, it was assumed, and proportionally our predictions concern-
ing the future will become more and more reliable. That there is no limit to this
approach, this was, ultimately, the tacit assumption underlying classical physics,
and one so brilliantly vindicated by the successes in astronomy.

6

Fig. 1

To come from the heavens down to earth, is it really quite certain that mechan-
ics permits accurate prediction under all conditions?** Let me consider a simple

24 Doubts as to that were first raised by R. V. Mises (Probability, Statistics, and Truth)
2nd ed., London, 1957, and even before in an article in Die Naturwisssenschaften,
1922.
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case to throw light on the question.”® Suppose an elastic ball moves freely on a
surface, say, a round board at the edge of which it is elastically reflected. Both
ball and surface are supposed to be perfectly smooth and elastic so that no friction
occurs. Once set in motion, the ball will, under the idealized assumption, move on
for ever, rebounding from the wall, thus providing us with a sort of perpetual bil-
liards. Given the initial conditions (position and velocity), what will be the track
described by the ball? There are two widely different possibilities: the ball may
describe a closed track of finite length so that the motion will be a periodic one,
or it may start on a zigzag path never to return to a position occupied once before.
(Figures 1 and 2). What sort of track will be followed depends on the initial state.
What is peculiar about this case is that small causes will have big effects. Indeed,
the slightest change in the initial state, say, in position or direction of motion may

Fig. 2

be enough to turn a closed path into an open one. Can we in this case really predict
the path with certainty? Only under one condition: that position and direction at
the start are known with complete accuracy. The least error in these data would
foil any attempt on our part at predicting the future. The simplest case of a peri-
odic motion is that the ball just rolls across the board from end to end, traversing a
diameter. What will happen if the ball starts not exactly in the line of the diameter
but turns aside from it by a very small angle ¢? In this case, the ball will arrive
at the point 2’ instead of at 2. (Fig. 3.) Suppose the line 1-2’ subtends an angle a
at the centre of the circle, then the sort of track described by the ball will depend

25 For a similar example cf. M. Born, Physics in My Generation, London, 1956.
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upon the ratio o/2z: if this ratio is a rational number, say, p/q, the ball will, having
been reflected at the wall exactly ¢ times, return to its original place, while in the
opposite case (that the ratio is irrational), it will never return. Suppose now that
we do not know precisely the initial angle of divergence, allowing for a latitude
A¢; then we cannot decide to what category the track will belong, whether it will
be an open or a closed one. Conditions may even be such that the uncertainty 4¢,
however small at the beginning, may increase with time (Fig. 4) so that, if we
only wait long enough, the ball may at a given moment be found anywhere on the
board. In such a case, we should know absolutely nothing about its position, and
determinism has turned into complete indeterminism.

Fig. 3

To avoid such a consequence one has to demand mathematical precision regard-
ing the initial state. That, however, raises a serious question—namely, is there any
sense in speaking of such a thing? Suppose the distance of the ball’s surface to
the wall is measured at a given instant, does it make sense to say that it amounts
to two centimeters? Owing to the coarse-grainedness of matter, the ball’s surface
is not a mathematical surface, any more than that of the wall. Seen from close by,
such a surface dissolves into a cloud of molecules, blurred and ever-changing. The
same is true for a measuring rod—the particles at its ends perform a wild, irregu-
lar dance, blurring its length. In view of this, one comes to recognize how utterly
Utopian the idea of absolute precision is.

The point of our example will now be seen. Even in classical mechanics
the causal scheme does not always work, not under all circumstances. Whether
it works or not hinges on one condition pthat measurements can be made with
unlimited accuracy. Causality stands and falls with this requirement. Should for
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some reason or other its fulfilment be impossible, we should be prevented from
making predictions, and the principle of causality, so far as its criterion is predict-
ability, would break down: though not ‘false’ in the current sense, it would become
inapplicable since its presupposition is unrealized.

Fig. 4

A last point: it should not be concluded that the example discussed provides
a case of acausal motion. One would rather be inclined to say that there exist cir-
cumstances (such as a slight unevenness on the ground or the surface of the ball)
which are too small to be detected in ordinary observation but which none the less
determine the path in the normal causal way. Taking into account such ‘hidden
parameters’, there may still be a gleam of hope of maintaining the idea of deter-
minism. In the initial phase, anyhow, the course can be predicted, and it is only for
the more distant future that it becomes uncertain. Thus the case presents a curious
half-way house, showing not so much the fall as the decline of causality—the
point, that is, where the principle begins to lose its applicability. The uncertainties
we shall meet on the atomic level are of a much more radical sort, with the conse-
quence that we shall be forced to give up entirely the idea of deterministic laws in
favour of statistical ones.

To sum up: determinism is an idealization rather than a statement of fact,
valid only under the assumption that unlimited accuracy is within our reach, an
assumption which in view of the atomic structure of our measuring instruments is
anything but realistic. It is chiefly in astronomy, the foremost domain of precision,
that we can at least approach the classical ideal.

7. The story of the mechanical conception of nature, with its stress on me-
chanical models, stands in marked contrast with that of the causal conception.
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Both have come to an end, though in different ways: for while the former was
never really refuted in a strict sense but, suffering decline, was allowed to die
quietly of sheer inanition, the end of causality came dramatically, with a bang, not
a whimper. I am speaking of Heisenberg’s uncertainty principle.

First a remark. As we descend to the atomic level, we are entering a strange
world, stranger than anything out of the Arabian nights. Indeed, we should not
expect, in a field which lies so far outside the reach of our senses, to find the same
sort of relations and laws as those which hold in our large-scale world. Of course,
all new experience makes its appearance within the frame of our perceptions, and
is describable with the words of plain language: otherwise communication would
break down. But it would be an illusion to think that the behaviour of the things
in the world around us and their properties can be extrapolated into the atomic do-
main. On the contrary, as we cross the boundary we must be prepared to find that
our common notions and ideas desert us: and that’s exactly what has happened in
quantum theory.

To return to a point mentioned previously, Newton’s scheme of mechanics is
an idealization characterised by the fact that it draws a picture of nature, if only
a quite schematic one without filling in the details,? that is independent of the
means of observing. Indeed, classical physics may be described as that idealiza-
tion in which we can study natural phenomena without referring to ourselves.
This assumption, however deeply rooted in our whole way of thinking, indeed in
the forms of our language, is no longer true of the two great achievements of this
century, relativity and quantum mechanics. In both cases, the whole aspect was
changed with the recognition of the part played by the observer. In particular in
the case of quantum mechanics, the widening of the horizon and the emergence of
new ranges of fact have shaken the presuppositions on which classical physics was
built, leading to a revision not only of our customary concepts (‘particle’, ‘path’,
‘wave’, etc.) but even of the demands deemed indispensable for rational explana-
tion. That it was an idealization became clear only as soon as one came across phe-
nomena which defy any account in terms of classical theory. Thus arose the need
to analyse the conditions underlying the shaping of our concepts—a circumstance
of significance far beyond the special theory under consideration.

The difficulty for the non-scientist, or philosopher, is to free himself of the
bondage of the customary outlook. A much deeper insight into the phenomena of
nature has in fact been gained as a result of such emancipation, but at the cost of a
far-reaching renunciation with regard to describing and comprehending the behav-
iour of atomic particles within the compass of our ordinary notions. Thus it is not
possible to trace the motion of such a tiny object in space and time; it is not pos-
sible to order the events on this scale in such a way that they form causal chains;
it is not even possible to arrange them in a coherent manner within the frame of

26 These are the laws of force, stated by Newton only for the case of gravitation. It is
these laws which put content into the otherwise empty frame of Newtonian mechanics.
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space and time; after all, the only forms in which we can visualize them. The usual
demands for visualization and causal order are unfulfillable.

Owing to lack of time to go into all that, I shall confine myself to one example,
just to illustrate the sort of situation we are here confronted with. The ideal of a
complete scientific description, it was thought, consists in this: to describe precise-
ly what happens at any point in space at any instant of time. It may be called the
Laplacian ideal. It reigned supreme from the beginnings of modern science in the
seventeenth century till 1927. At this time, however, it became clear that the idea
of such a continuous description is incompatible with experimental facts. Though
it is very tempting to think that, if we could only have kept a particle under steady
observation we could have traced its path, we shall see before long why this is not
possible. We are forced to give up the whole space-time picture of events on the
atomic scale—and with it the demand for visualization—and resign ourselves to
an unpicturable state of affairs. This situation has important consequences. One of
them—as stressed before—concerns causality. If the idea of an unbroken descrip-
tion has to be abandoned the principle of causality cannot be maintained either:
for this principle is in science chained to the possibility of such a description. If
a continuous description is no longer possible the very foundation of the causal
principle melts away; indeed, the principle assumes continuous description as a
necessary condition: the breakdown of the latter, therefore, entails the breakdown
of the former. So much for the general background against which the fall of causal-
ity must be judged.

Let us now see in a bit more detail why such a description is not possible.
When we want to ‘see’ a particle (an electron, proton, nucleon, ...) we must illumi-
nate it. Ordinary light will not do: its wave-length being about a hundred million
times larger?”’ than an electron, it will simply pass around it. We shall therefore
have to use radiation of extremely short wave-length (hard X-rays, y-rays). The
shorter the wave-length, the more energetic the radiation, according to the Ein-
stein law £ = hv. To observe a particle means, then, to shoot at it with high-energy
photons which, after they have hit the target, rebound from it with diminished
energy (Compton effect) and are reflected into the eye of the observer, or onto a
photographic plate. So far so good. But now for the crucial point: the disturbance
suffered by our particle in its collision with a photon, it may be thought, is calcu-
lable and so predictable. Strangely enough, this is not so: the collision process is
unsurveyable in its finer details. Try as we may, each time we attempt to ‘see’ the
electron it gets a kick—and is somewhere else. While ordinary objects such as we
handle in daily life can be observed without disturbing them, the situation on this
scale is entirely different. Observing an electron is, unavoidably, interfering with
it. In the act of observation it is pushed by a photon, and this must alter its veloc-
ity. The situation is sometimes described by saying that such a minute object, if

27 The dimensions of an electron are of the order of 107'® cm, the wave-length of visible
light lies between 4,000 and 8,000 A, 1 A=10"% cm (1 Angstrom unit).
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observed, i.e. interfered with, is taking a zigzag course, being tossed about under
the impact of the photons like a boat in a heaving sea. In reality, it is far worse:
for we cannot even speak of ‘the same’ particle. Suppose we observe an atomic
object and an instant later a similar one near-by, then we can’t even be sure that
it is ‘the same’. Owing to the interaction between the object and the process of
observing, which cannot be controlled, it is not possible to follow its course con-
tinuously. Two observations, even if following one another very shortly, should
rather be regarded as disconnected events, and it is not possible to combine them
unambiguously into a single comprehensive picture. Nor is there any way of tell-
ing what ‘happens’ between one observation and the next. In other words, any
picture of what is ‘really’ going on contains gaps which cannot be filled in. That
is why any attempt at tracing the path of an atomic particle is doomed to fail. As
a consequence, the question as to whether a particle, really and truly, is the same
is not only undecidable but devoid of meaning. (The reader is referred to the mys-
tifying experiment in which electrons pass an opaque screen with two holes in it
and where one can’t tell afterwards through which of them an electron has gone:
not only is the question undecidable, it is meaningless on account of the fact that
the electrons, in passing, suffer diffraction, i.e. behave like waves and thus are lost
in the wave pattern.) All the evidence points to the need to revise drastically the
notion of particles in the classical sense—itself taken over from common experi-
ence. such as motes in a sunbeam, specks of dust—to give up the idea of a precise
path along with identifiability, permanence (i.e. continuous existence in space)—
in short, the attributes of thinghood. An electron, in contrast (say) to the pen before
me, is not objectifiable in a manner independent of the way it is observed: any ob-
servation is made at the expense of breaking the connection between the past and
the future, owing to the uncontrollable disturbance it creates. This circumstance,
the unavoidable interference with the run of events together with its unsurveyabil-
ity, introduces an element of uncertainty into any possible observation and thus
blocks the way to a causal analysis. Moreover, the interaction between the object
and the device used in observing it frustrates any clear line being drawn between
a property of the object—e.g. the location of an electron—and the agency through
which it is observed. Owing to the arbitrariness of this distinction, atomic particles
can no longer be described in the same way as ordinary objects of sense percep-
tion.”

Summarizing, it may be said: a new class of facts connected with the existence
of the quantum of action imposes upon us not only, as in relativity, a certain limita-
tion of the concepts hitherto employed, but a radical renunciation in regard of any
attempt to describe, or pictorially represent, what is going on in the atomic world
within the framework of space, time and causality. To use Heisenberg’s words,
‘Atoms ... possess geometrical qualities in no higher degree than colour, taste, ...

28 Itis not even feasible to speak of a definite number of particles within a given volume
of space.
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The atom of modern physics can only be symbolized by a partial differential equa-
tion in an abstract multi-dimensional space ... Every type of visual conception we
might wish to design is, eo ipso, faulty.’®

Strange consequences, you may think, but after all only to be expected when
one attempts to look at the unlookable.

8. Before going into the reasons which have forced physicists to forgo the
ideal of determinism, one point should be made perfectly clear. All our knowledge
concerning the inner structure of atoms is ultimately derived from experiments
in which atoms emit energy or collide with one another. In any such experiment
causality is already presupposed so far as the large-scale apparatus is concerned.
If this were not so, physicists could not even understand their experiments nor
draw any conclusions from them. Thus the blackening of a photographic plate, or
a flash on a scintillation screen is the effect of a particle impinging on it. In other
words, we assume the existence of causal chains which lead from an event on the
atomic scale to the effect observed in experiment. What Kant did not and could not
foresee was that, while causality is thus indispensable for an interpretation of an
experiment, it does not follow that it must also apply to the hidden reality which
manifests itself in the experiment. The existence of causality on the macroscopic
level together with acausality on the microscopic presents an inner tension which
could only be released when it was shown that ordinary mechanics is included
within quantum mechanics as a limiting case.

After this preliminary remark, let us turn to the main question. In which way
does the manner in which phenomena are observed enter the picture of the physi-
cal world? Suppose we let a particle fly through a small hole in a diaphragm be-
hind which a photographic plate or a scintillation screen registers its arrival, then
we can make sure of its location with as much accuracy as we please. Such an
experiment, however, tells us nothing about the velocity of the particle, or its mo-
mentum. If we want to find out the latter we have to make use of some movable
part of the apparatus—say, a screen that can freely swing round a hinge. A particle
shot at it will, owing to the law of conservation of momentum, transmit its impulse
to this part of the apparatus, thus permitting us to infer from the observed motion
the particle’s momentum. In this case, we know next to nothing about its location:
the particle may have hit the screen anywhere, and this introduces an unavoidable
latitude into the result of the experiment. Let us call such experiments complemen-
tary as what we learn from the one cannot be learnt from the other. Such experi-
ments stand in a relation of mutual exclusion to one another: no experiment can
be devised that would inform us accurately both of location and momentum. The
study of this relationship has led to the formulation of what must be regarded as
one of the dominating principles of atomic physics—the uncertainty relation.

To say that all measurement is imprecise is a platitude. The fact brought to
light by Heisenberg, however, goes much further than that: not only is there no

29 Philosophic Problems in Nuclear Science, London, 1952.
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absolute precision but a definite limit to it, depending on the experimental situa-
tion. More precisely, if one devises an experiment to trace the motion of an atomic
particle by measuring its initial position and velocity it turns out that these two
measurements stand in a relation of mutual exclusion. Any experiment that aims at
measuring both will—owing to the unavoidable interaction of the object with the
measuring instrument—only lead to a blurring of the results. The essentially new
aspect of the matter is that the latitudes left in determining the two quantities are
coupled according to the rule

(uncertainty as to position) X (uncertainty as to momentum) = const.
In symbols
Ax . Ap = h

where 4 is Planck’s constant (h=6.625 X 10" erg sec). /4, though exceedingly
small, is not zero, with the consequence that the two uncertainties cannot dwindle
to nil: the ideal of absolute precision is strictly unattainable. Indeed, the smaller
Ax, i.e. the better we succeed in measuring the particle’s position, the larger 4p, i.e.
the less accurate will be the momentum, and vice versa. Precise information about
the one implies fotal ignorance of the other. (If 4x— 0, Ap — .) It is as if we had
purchased knowledge of the one at the price of uncertainty as to the other, com-
plete knowledge at the price, of complete ignorance. Hence the name “uncertainty
relation’, ‘relation of indeterminacy’ (Unschdrferelation).

The departure from classical theory jumps to the eye: while in the latter it has
always been taken for granted—if tacitly—that the inaccuracies involved in meas-
urement are (1) negligible and (2) independent of one another, the new principle
asserts that they are related in the way described. Its significance lies in this: that
Planck’s quantum of action sets a limit to the possible accuracy of any measure-
ment, depending on the experimental arrangement, a limit which, in favourable
circumstances, can be reached but never surpassed (or ‘underpassed’, as I should
rather have said). It thus introduces a new and fundamental feature into the picture
of the physical world, connected with the existence of an indivisible quantum 4
which, from the classical standpoint, really is an irrational element. There seems
to be some sort of connection between two kinds of discontinuity in nature—the
quantum of action and the atomic structure of matter, though one cannot yet clear-
ly see what the relation is.

As the breakdown of causality is an immediate consequence of the principle,
it is of importance to understand clearly what it amounts to. But first an objection.
Is the principle not in conflict with the notorious fact that position and velocity of
an ordinary object can be measured without ado? That this is possible is due to the
extreme smallness of Planck’s constant. Writing mv instead of p, we may re-state
the principle in the form

Ax . Av =h/m.

This shows that, as the mass m increases, the right-hand side of the relation tends
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to zero. For heavy bodies, 4/m is too small to have an appreciable effect: hence the
impression that there is no limit to the possible accuracy of measurement. Given
a body weighing one gramme, we can in principle fix its position within 2 X 1013
cm (a distance of the order of the dimensions of an electron) and its velocity within
2 X 10713 cm/sec—or 6 microns per century. But replace the body by an electron,
and you have an altogether different situation. Suppose the electron’s position is
to be determined within 10 cm (wave-length of ultraviolet rays), then the un-
certainty in speed will be 500 km/sec. Considering that such an accuracy is not
much to boast of—it would be like locating a grain of shot within a margin of 100
km—Ilet us try to do better and fix the position within 10'° cm, then the indetermi-
nacy in speed will be 50,000 km/sec. Conversely, if the velocity is to be measured
accurately, say, within a micron per second, the electron may be found anywhere
within a distance of 50 km—its location will be quite ‘unsharp’. So much to il-
lustrate the Heisenberg relation.

To guard against misconceptions, it should perhaps be stressed that it is not
because our instruments are too blunt that these quantities, position and momen-
tum, cannot be measured simultaneously: this would still be a contingent feature.
The root lies deeper: even if the particle is in no way physically interfered with
by our observing it so that its physical state is not altered we are still prevented
from acquiring information about it which goes beyond the limits laid down by the
uncertainty relation. As the same relation can also be derived on the basis of very
general ideas—e.g. when one thinks of a particle as a wave-group—it certainly
can have nothing to do with the bluntness of our instruments.

But this only raises another and more radical question. Is there any sense in
ascribing such properties to a particle? If one says, ‘It is not possible to measure
exactly both position and momentum’, this is a misleading way of putting the
principle: for it now looks as if the particle, before it had been observed, did in
fact possess some definite properties which, however, are disturbed by the act
of observation. God, if I may say so, looks down and sees where the particle is
and how it moves: He knows, while we—owing to a conspiracy of nature?—are
kept in the dark: a situation reminiscent of views held before relativity. The earth,
it was thought at the time, like a ship, sails through an ether-sea, carrying with
it the physicists and their instruments. However, the instant an interferometer is
placed in position to ascertain the earth’s motion something strange happens: the
arms of the instrument experience a shortening in the line of motion so that the
attempt is baffled. There is motion, there is contraction, only the two things are so
precisely adjusted that they cancel out—that despite motion the effect is nil. So
in our case: the object Aas position and momentum, unfortunately, however—. Is
nature really so spiteful? But here we are falling just into the sort of error we have
to avoid, namely, conceiving of such objects in analogy with the things around
us. In imputing current physical properties to them, we are treating them as if
they were just grains of sand, only smaller: which is a mistake. At least we can-
not do so without sinning against the first commandment in science: never make
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statements that cannot be checked.*® Great care should therefore be taken over the
manner of formulating the Heisenberg relation. A more correct expression would
be to say: there is no physical law in which reference is made to the exact posi-
tion and momentum of a particle. Each of these quantities can be determined with
any degree of accuracy, only not under the same experimental conditions—it is
just the point that their study requires mutually exclusive arrangements. We can
thus obtain ‘contrasting pictures, each referring to an essential aspect of empirical
evidence’.?! The mistake, then, is to ascribe to an atomic object properties such as
position and momentum independent of observation—as if such properties were
inherent in the atom itself, regardless whether it is observed or not. In taking such
an attitude, one fails to see that, in contrast to ordinary physics, such terms have
meaning only insofar as the attributes they refer to can be observed in experiment.
In speaking of location or velocity of an atom one must, therefore, not lose sight
of the whole experimental situation of which they form part: divorced from it they
no longer have a physical meaning.

This mistake, however, is only the consequence of another and still deeper
one—that we think in the categories of ordinary language and use, along with it,
the forms of pictorial visualization. Following this habit of thought, we are natu-
rally tempted to apply common notions, such as space and time, motion and path,
thing and property, cause and effect in an uncritical way to a domain, far beyond
the range of ordinary experience, to which they are not adapted. Or, looked upon
the other side, a description of atomic events cannot be squeezed into the ready-
made moulds of ordinary language, fitted as they are for describing our familiar
world. What is needed is the shaping of a set of new concepts, permitting us to deal
with what is entirely outside the compass of ordinary language. The latter, hav-
ing been moulded under the influence of certain features which the outside world
constantly presents to its users, bears still the stamp of them, in the vocabulary and
the logical forms which have gone into its shaping. Classical physics is essentially
an extension—and refinement—of the ways of thinking, observing and describ-
ing which we all employ in every-day life. Therefore it has not given rise to the
sort of philosophic questions which are apt to confound the student of quantum
theory. The novel thing about the latter is this: the phenomena studied in this part
of physics present features which cannot be accounted for within the framework of
classical concepts. To give a rational account of them, it was first of all necessary
to become aware of certain presuppositions underlying the application of these
concepts so that they may be modified and, if possible, adjusted to the new condi-
tions. But the moulding of a system of concepts means nothing less than the crea-
tion of a new language, a new mode of thinking. (Uncommon sense, not common
sense is required for such a feat.) It is the recognition of the inadequacy of ordinary

30 Thus the orbits of the electrons within the atom in Bohr’s first theory have about as
much claim to reality as the hell-circles of Dante.
31 N. Bohr, Atomic Physics and Human Knowledge, New York, 1958.
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concepts and ordinary language which may be of some interest to the philosopher.

The state of affairs sharply formulated in the Heisenberg principle has two
consequences. The first concerns the mode of being of atomic particles. Here it
must be said that they are never completely objectifiable, i.e. as completely de-
scribable in classical terms as objects on the ordinary scale are: their description
always contains an uncertainty which is in part objective, due to the uncertainty
relation, in part subjective, due to our incomplete knowledge. (The latter can in
some circumstances be reduced to nought.) As Heisenberg says: ‘they form a
world of potentialities or possibilities rather than one of things and facts.”*?

The other consequence closely connected with the first one is that it is impos-
sible to predict the result of an observation with certainty; what can be predicted
is only the probability of any such result. And that means that causality ceases to
operate on this level. Not that this amounts to a ‘refutation’ of the causal principle
in a strictly logical sense of the world. However, it cuts the ground from beneath
the Laplacian program, removing the presupposition on which it rests, namely,
that the state of the particles in the universe can, even in principle, ever be known
with sufficient accuracy. Indeed, what has turned out is that the present is unknow-
able (not completely knowable) so that from the data available no conclusive in-
ferences can be drawn with regard to the future. Whether one should speak here of
a breakdown of causality or rather of the category of substance is a matter of taste.

9- I do not share the view that mathematics is such a terrific obstacle that it
must be avoided at any price. In fact, it is the only means of making the situation
really clear. In what follows, I shall confine myself to quite simple elementary
mathematics such as any schoolboy will be able to follow.

Wave mechanics, the work of de Broglie and Schrodinger, has been mod-
elled after Einstein’s theory of light quanta (‘needle radiation’). The uncertainty
principle may be illustrated first for photons so that whatever we can learn about
their behaviour will, within the frame of this article, equally well apply to that of
material particles. Einstein’s theory (light possessing an atomic structure) is not
exactly a revival of Newton’s corpuscular hypothesis. For photons are not corpus-
cles which move according to Newton’s law of motion. How, then, do they move?
The answer to this question holds a surprise: ‘the path of a photon’ is an expression
which has no physical meaning. We say, for instance, that the sun emits photons
and that, if a screen is placed in their way, they will not hit the ground. Moreover,
we can, by using the laws of wave optics (superposition of waves), calculate the
amplitudes in a given experimental setting; as the amplitudes are related to the
average number of photons we can find out, for any region in space, the average
number of photons which are present there. All this we can do, except one thing:
describe the path of a single photon on its way from the sun to the Earth.

Let us see why this is not possible. We are accustomed to speak loosely of a
light ray in empty space and picture it as a straight line—a precise line without

32 Physics and Philosophy: The Revolution in Modern Science, New York, 1958.
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thickness. However, if we want to give substance to this idea we run into dif-
ficulties. How should such a ray be produced? A straight line, in geometry, is
determined, say, by a point and its direction. If we wish to produce a light ray
which travels along a straight line we have first of all to make sure that it passes
through some definite point in space. This we can do by letting light pass through
a small hole in a screen. The smaller the hole, the more precisely marked will be
the point through which the ray has to pass. However, if we make the hole very
small, e.g. so small that its width is but the wavelength of the light used, diffraction
occurs: the light having passed the hole bends round, producing on the far side of
the screen a characteristic pattern of light and dark rings. This shows that light,
considered as a shower of photons, does not continue in its original direction (if
it had one), but suffers deflection. Result: we have fixed a point, but at the price
of making the direction indeterminate; i.e. we have succeeded in making photons
pass fairly precisely through a point in space but failed to let them have a definite
direction.

Let’s try again, this time by making the direction definite. To this end, we may
use two screens, each with a hole in it, and let light pass through the holes. Then
the direction of the beam between the two holes will be pretty precise. If, however,
the holes become very small diffraction will take place with its undesired conse-
quences and thus foil our plan. To avoid this, we have to make sure that the holes
are large in comparison with the wavelength. In this case, however, the beam of
light will be of appreciable thickness. Result: we have fixed the direction of the
ray, but at the price of leaving the point poorly defined; we have failed again.

We are thus faced with a dilemma. If we succeed in making light pass through
a well-defined point it will be scattered; and if we succeed in giving it a precise
direction it will no longer pass through a point. We can’t have it both ways. What
is at the bottom of this dilemma? The answer is: the physical existence of such a
precise rectilinear ray is at variance with wave optics. If the laws of wave optics
hold—as, in fact, they do—there cannot be such a thing as a ‘precise path’ of a
light ray or a photon; or more correctly, one may speak of such a path, in a loose
sense though, meaning a ray of some thickness, small for us, yet large compared
with a wavelength.
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screen wall

Fig. 5

Let us now consider a bit more in detail what happens in an experiment of
the sort just described. Imagine a screen with a hole in it. Let Ax denote its width.
Suppose (monochromatic) light passes the hole in a direction perpendicular to the
screen (Figure 5). According to a simple calculation—which you find in any text-
book—only part of the incoming light moves on in the original direction; another
part is deflected. The bulk of the latter is bent aside by a certain angle a (‘the first
diffraction maximum’). The fact that concentric light and dark fringes appear on
the wall opposite or on a photographic film placed there allows us to assert that
photons have passed through; precisely at what spot they passed remains so far un-
known. The width Ax, therefore, represents the latitude allowed to the location of
a photon on its flight through the screen, or, as one usually says, the ‘uncertainty’
of its position. As a swarm of photons passes through, some of them will undergo
deflection—in the diagram upwards or downwards as the case may be—while oth-
ers continue in their line of motion. To be deflected means to acquire an additional
momentum in the direction parallel to the screen, the total momentum remaining
constant. If p denotes the original momentum, and Ap the newly acquired one, a
glance at Figure 5 shows that p, 4p and a are related, roughly, by the equation

sin o= Ap/p
or
Ap = p sin a. (1)

On the other hand, wave theory asserts that the three quantities 4x, a and A (the
wave-length) are connected by

Ax - sina= A (2)

Before going on, let us see what the last equation means. A is constant for a given
sort of light. The meaning of (2) is that the product of the two factors on the left-
hand side is constant: the smaller Ax, the larger will be sin a, and therefore a. That
is to say, the better you succeed in reducing the hole to a point, the stronger will be
the scattering. If Ax = A, sin a = 1, and o = 90°: when the width shrinks to just one
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wavelength, the direction of the light moving behind the hole becomes completely
uncertain: a photon may now fly on to any place, and light will be scattered in all
directions. To avoid this, to hold a photon (so far as possible) in its track, you have
to keep down the second factor of the product: but if so, 4x will go up.

We can now see why any attempt at producing such a ray is doomed to failure.
Indeed, what is it we are trying to do? To send light through a point-like hole (4x =
0) and, at the same time, preserve its direction (o = 0). The fulfilment of these con-
ditions, however, is incompatible with equation (2) according to which the product
of the deviations must be finite. The impossibility of producing such a light ray
is therefore due to the wave nature of light and not to any shortcomings of the
experimenter. The best we can do, by way of approach, is to reduce both 4x and
o, for example, by putting Ax = sin o = VA. Suppose the experiment is performed
with ultraviolet light (A= 10~° cm), then equation (2) leads, roughly, to Ax=3 X 1073
cm and o=3 degree: that is, to a beam 30 microns thick and of so little scattering
that, if you ‘aim’ with it at a spot 1 metre away you may be 3 millimetres beside
the mark. The shorter the wave-length, the better the approximation to the ‘ideal’
case of a ray without thickness. Whatever the technique used, the actual path will
always be unsharp.®

To turn to a more general question, is it possible to observe a photon that
has (a) a definite position (b) a definite momentum? Let us look once more at
our experiment. If there were no such thing as diffraction, if photons were small
hard pellets obeying Newton’s laws of motion, all would be well. A photon would
simply fly through the hole with unchanged velocity till it hit the wall behind. By
making the hole smaller and smaller, we should succeed in forcing the photon to
traverse an almost precise straight line. As it is, photons represent only one aspect
of light, its wave nature being the other. Wave nature means diffraction, diffraction
means change of momentum, and so departure from classical ideas is unavoidable.

To see how the two things, position and momentum, are related let us go back
to our two equations. From (2) follows

sin o = MAx;
if this is substituted in (1) we obtain
Ap = p MAx
or
Ax - Ap = p\ (3)
p, the momentum of a photon, is by definition
p=hv/c. @)

As frequency v and wave-length A stand in the simple relation

33 That’s why it is not possible to give a physical meaning to the phrase ‘the precise path
of a photon’.
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vA = ¢ (¢ = velocity of light)
we have
v=c/h
If this is written in the place of v in (4), we obtain
p =hc/he = h/\;
substitution of this expression in (3) yields
Ax - Ap=h (5)

That is the celebrated Heisenberg relation. What does it mean? It means that it is
impossible to get hold of a photon which possesses (a) a sharply defined position
(b) a sharply defined momentum. For in this ‘ideal’ case we should have 4x=0 and
Ap=0, and therefore Ax - 4Ap = 0, in contradiction to (5).

As momentum is related to space as energy is to time (energy being the fourth
component of the energy-momentum vector), the uncertainty relation can also be
transferred to energy and time:

At-AE=h (6)

Generally speaking, two variables, a kinematic and a dynamic one, are always
linked together by a law such that the accuracy in the one restricts the possible
accuracy in the other.

One more point: a photon, for all we know, may describe a precise path; it’s
only when we try to observe it that the difficulty arises. As Heisenberg says, ‘Natu-
ral science does not simply describe and explain nature; it is a part in the interplay
between nature and ourselves; it describes nature as exposed to our method of
questioning,”3*

10. What has been said of photons, applies word for word to electrons, or for
that matter to any material particles. For exactly the same sort of experiment can
be carried out with particles. Suppose a shower of electrons falls on a thin crystal;
the atoms in the crystal act as a lattice of diffracting centres. If electrons behave
like waves, similar effects are to be expected. In fact, when the experiment was
performed by Davisson and Germer (in 1927, only three years after de Broglie
had introduced the idea of matter waves), light and dark rings appeared on a pho-
tographic plate where it had been hit by the electrons after their passage through
the crystal. Just as in the case of the photons, we can reason: the blackening of the
plate shows that electrons have impinged on it, the arrangement of the dark spots
in the form of concentric rings, i.e. of a diffraction pattern, that the impinging
electrons do not continue in their original direction before the crystal was placed in
their way—as they ought to do if they were to obey Newton’s first law of motion.
Only a certain part of them do so; another part is deflected towards the first ring, a
smaller percentage towards the second ring, and so on. In other words, some parti-

34 Loc. cit.



The Decline and Fall of Causality 81

cles are not deflected at all, some are to a certain degree, some to a higher degree,
and so on. Can this curious behaviour, perhaps, be explained by assuming that the
electrons, as they fly past the atoms in the crystal, interact with them? To take the
parallel case of the photons, can their behaviour be explained by supposing that
they interact with the rim of the hole? What such interaction could, at most, ex-
plain is that those near the rim are deflected: but then we should expect a gradual
falling off of the intensity of light on the far side of the screen, not periodic zones
of light and darkness. The inevitable conclusion is that diffraction is due to the
wave nature of light, and that photons do not obey Newton’s laws. As with pho-
tons, so with material particles: they do not move according to classical laws—the
phenomenon of diffraction rather points to a sort of wave pattern underlying their
behaviour.

Applying the same sort of mathematical analysis to atomic particles, we are
led to the relation

Ax - Ap = h,

which expresses the uncertainty principle for such particles. Although this result
is obtained from an analysis of the processes involved in measuring, it is neither
limited to the special circumstances of the experiment nor is its content a purely
negative one. Indeed, the very fact that it sets a limit to the accuracy of any par-
ticle description and renders it incomplete points to what is complementary to it,
a wave description. Both modes of description would be contradictory within the
framework of classical concepts, while the conflict is evaded by what Bohr calls
the complementarity principle. As this touches on an important point a few words
may be added.

There is a trend to explain physical reality in terms of particles: this was the
ideal of classical physics since the times of Descartes or even Democritus. Op-
posed to it is a trend to account for the phenomena in terms of waves only: that was
Schrdédinger’s original conception to which he still seems attracted. However, the
curious thing is that none of these descriptions exhausts the possibilities presented
in experiment: each of them leaves out something that can only be supplied by
the other. A complete description, or as this is impossible, a maximum description
must take into account both aspects. ‘By playing with both pictures (particle and
wave), by going from one picture to the other and back again, we finally get the
right impression of the strange kind of reality behind our atomic experiments.’*
That this reality should be such that two different and mutually exclusive sets of
concepts are needed to describe it is certainly a surprising and at the same time a
very remarkable result. There is nothing absurd in the notion of a wave-particle
duality: it appears so only when one attempts to combine both aspects into a single
comprehensive picture. From the new vantage point classical physics must ap-
pear one-sided—treating matter as composed of particles and light as composed

35 W. Heisenberg, loc. cit.
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of waves, whereas each of them presents both aspects: only there is no conflict
between these aspects since they never manifest themselves in the same experi-
mental setting.

11. The uncertainty principle marks the final break with the past. It does not
merely state that, though there may be causal laws governing atomic events, they
are at present unknown: it flatly denies the existence of such laws. This is the
Copenhagen interpretation (Bohr and Heisenberg), accepted today by the great
majority of physicists. In view of such far-reaching consequences for our whole
world picture, it is understandable that a wave of doubt should have been cre-
ated by the principle when it was first formulated. Many were the attempts to get
round it. To mention only one, Einstein, always a non-believer, suggested an in-
genious thought experiment to outwit the uncertainty relations. In a discussion (at
the Solvay Congress in Brussels, 1930) at which Bohr was present, he pointed out
a possible way to determine time and change in energy of an atomic event without
any uncertainty. Consider, he said, a box capable of holding radiant energy (e.g.
lined with perfect mirrors). Weigh the box. Now release one photon from it (by
means of a clockwork inside the box that works a shutter), at a moment fixed with
as much precision as you want. Weigh the box again. The change in mass tells you
the energy lost, according to the formula E=mc?. In this way, concluded Einstein,
one could, in principle at least, measure the energy of the photon emitted and the
time of its escape with any desired degree of accuracy, in contradiction to the Hei-
senberg relation. Bohr spent a sleepless night over the argument. The next morn-
ing, however, submitting the conditions of the experiment to a searching analysis,
he was able to clear up the discrepancy. It would lead us too far to go into details
here. Only so much may perhaps be said: Einstein had failed to apply his own
theory of general relativity to the case in point. The box, hung e.g. on a spring-
balance, moves in recoil from the escaping photon, upwards or downwards as the
case may be; its position is changed in the gravitational field of the earth, and this,
according to general relativity, changes the rate of the clock rigidly connected with
the box: in the case of a downward movement, the rate will be accelerated, in the
opposite case decelerated. This gives rise to an uncertainty in regard to the exact
time of the photon’s flight. On the other hand, there will also be an uncertainty in
measuring the weight of the box, and therefore the change in energy. Calculation
shows that the two uncertainties, referring to time and energy, stand in exactly
the relation as is demanded by the uncertainty principle. Einstein was defeated,
not convinced. And if a man of his imagination did not succeed, who will? There
seems to be no escape from the uncertainty principle.*®

12. Let us pause for a moment and see where we have got to. We had to give
up many things thought indispensable for a rational explanation—the postulate
of continuity of description and consequently a tracing of the motion of atomic
particles, thus foregoing to connect their past and future behaviour; next, a sharp

36 The reader will find many other examples discussed in Bohr’s Gifford Lectures.
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distinction being made between the phenomena and the means chosen for their ob-
servation, based on the impossibility of getting to know their detailed interaction;
further, permanence, individual existence and recognizibility of such particles
along with ascribing well-defined states to them, i.e. renouncing the demands for
visualization by the use of space-time pictures; and finally, a causal understanding
of the phenomena. We had to give up so much: what do we stand to gain?

With regard to the experiment with photons which pass through a hole, it was
pointed out that any attempt at tracing their course in detail must end in failure,
with the consequence that the behaviour of a single photon is unpredictable. The
same goes for electrons, protons, ... Are we, then, to give up physical science
altogether as a bad job? Far from it. Though it is perfectly true that we cannot fol-
low the behaviour of a single particle on its journey in space and time, we may try
something else. Suppose, for example, we shoot an electron from a sort of gun,
aiming always in the same direction, say, at a spot on a photographic plate where
its impact is recorded. Let us repeat the experiment a large number of times, it
will then be found on inspection that the points of impact lie scattered about—a
fact which defies the time-honoured rule ‘same cause, same effect’. Indeed, if
exactly the same experiment is repeated (supposing this is possible), the result
will each time be different, showing fluctuations. My present point, however, is
this: although each electron hits the target in a different place, these places are
arranged in an orderly way, within concentric circles forming a perfectly regular
pattern. Order is thus born out of randomness. For the result can be explained by
saying: light rings appear where many electrons impinge on the plate, dark ones
where none or only few fall. What cannot be predicted of one individual electron,
namely where it will arrive, can be predicted of a large number of them, and very
accurately. If we, then, cease to care for the fate of a single particle and turn instead
to that of a crowd we regain the apparently lost faculty to formulate laws to predict
the future. Suppose that a million electrons are sent in the same direction, quantum
mechanics allows us to foretell how many of them are likely to hit the centre, what
fraction to fall on the first ring, the second ring, and so on; predictions the more
accurately confirmed, the larger the crowd.

What emerges is a statistical theory unconcerned with individuals and taking
account only of large assemblages. Its structure is such that statements derived
from it, when translated into terms of observation, describe the average behaviour,
or the probability with which an electron will be found at a certain place: where it
will in fact be, thereof the laws keep silent.?’

In Laplace’s view, nature is predetermined, a gigantic clockwork, each atom
describing a path according to unswerving mechanical necessity. In the modern
view, the universe may still be a machine—a misleading metaphor—a machine,
however, more in the nature of a roulette wheel than of a clock. The behaviour of a

37 This view—that underlying the regularity we observe there is complete randomness
on the atomic scale—was first expounded by F. Exner, an experimental physicist in
Vienna, in 1919.
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wheel, though unpredictable in detail, on the average exhibits a marked regularity.
That is the aspect stressed in the study of quantum phenomena. While with La-
place chance was nothing but the name of ignorance, it now forms a fundamental
and irreducible element in any description of nature.

Let me illustrate this with an example. If we have before us, say, a milligram
of radium comprising a vast number of atoms, within 1,600 years half of it will
have disintegrated. Supposing now it were possible to pick out one single atom, no
one can tell whether it will erupt within the next 10 seconds or go on existing in its
present state for the next 10,000 years. There is absolutely no clue to foretell what
will happen. And that is not due to our human ignorance: it is objectively uncertain
when the atom will disintegrate. Natural law sets down merely statistical decrees.
Like in the case of men and women in London over the age of 60 who are going
to die within the next year, only laws of a statistical kind can be formulated. (Are
we, then, to look upon nature from the viewpoint of an Insurance Company? Not
exactly: for while the question as to why a single atom behaves in the way it does
is unanswerable, the parallel question with regard to a human being permits of a
wide range of answers—one of the reasons why physics cannot and should not-
serve as a model for the social sciences.)

After reading this account you may be inclined to say: surely there must be
some difference in the state of two such atoms; since the one is just on the point of
undergoing disintegration while the other is not, they cannot be alike. So you turn
the Law of Causation into a definition: you choose to call two states ‘the same’
if they are followed by the same consequents, while in the contrary case they are
the same only in appearance, not in reality. Very well; but this distinction is of use
only under one condition—that it can be substantiated by really finding out what
the difference in question is. Otherwise it is an empty verbal distinction. Now one
of the queer things brought to light by atomic physics is that two atoms may be
wholly and exactly alike—I don’t mean approximately alike as two eggs or two
raindrops but alike as two whole numbers, i.e. absolutely indistinguishable. And
this bars the way to turning the Law of Causation into a mere definition. The fact
remains that of two atoms in all respects perfectly alike the one is doomed, the
other is not. All one can say is that an atom erupts whenever it likes to: and if it
does, this is, quite literally, an uncaused event.

But may it not be that there are still some undiscovered laws which, if taken
into account, would permit us to foretell the precise instant of eruption? Surely
we are not omniscient? Such an assumption can be disproved by a number of
arguments. To mention only one: it is known that the nucleus is surrounded by a
‘mountain of potential’ sloping down at the inside, and an a-particle is imprisoned
within this ‘crater’. To get out of it, it must have sufficient energy to climb over
the mountain wall. However, it is found that its energy is scarcely half that value.
According to classical laws, therefore, it could never escape. Quantum theory, on
the other hand, provides us with means to calculate with what probability such a
particle, considered as a wave, may escape, even if its energy is too small to sur-
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mount the wall—a result well-confirmed by experiment.’® Now if there were de-
terministic laws permitting us to make precise predictions, an a-particle could not
also be regarded as a wave (‘representing probability’) and these laws could not
agree so closely with the results obtained from probability considerations. In addi-
tion, there are other reasons equally strong to dispose of such a possibility. When
all is said and done, radium disintegration goes on spontaneously undetermined by
causes—a reminder of how remote we here are from the world of ordinary experi-
ence.

To sum up the case of causality: in the world as we perceive it there is not
only no sufficient evidence in support of it, but, what is worse, there cannot be
any. For what appears on this level as the causal order of the world can always be
regarded as the result of a huge number of elementary processes which come into
play here, and their levelling influence—irrespective of the question whether the
‘true laws’, those governing the behaviour of photons, electrons, ... are, or are not,
of a causal type. Each particle may behave in a haphazard way, straying hither and
thither as chance would have it, and yet, owing to the enormous number involved,
the irregularities will in the end be smoothed out, presenting a perfectly regular
picture. The common experience ‘same cause, same effect’, so often taken for the
principle of causality, has in fact little to do with the deeper problem. Considering
that two states which go under the name of ‘the same cause’ are, from a strict point
of view, alike only in appearance, while the true states, determined by the particles
involved, their arrangement in space and state of motion, hardly ever really agree,
one comes to see how little weight such an observation carries. Indeed, any large-
scale observation informs us only of the mean value of the quantities involved
while leaving the details undetermined.

To add one point as regards the inaccuracy to be expected in any such law—
if we check a statement, say, about Brownian movement and observe under the
microscope just n granules we shall find it inaccurate within a margin of \n. That
is to say, if we meet with 100 particles we must be prepared to find fluctuations
about the value predicted by theory of about 10—which is 10% of the whole. If
the number is much larger, say, 10% the departure to be expected will be of the
order 10%, that is one hundredth of 1%. This illustrates how the degree of accuracy
tends to increase with the total number of grains of pollen, molecules or atoms by
whose interplay the effect is brought about. To give an idea of the order of number
involved in a large-scale observation, 32 grams of oxygen contain 6 X 10> O,
molecules representing a mechanical system with 2 X3 X6 X 10% =36 X 10* free
parameters (neglecting the inner structure of the O-atoms). A causal analysis of the
behaviour of such a system requires twice as many data, in contrast to gas theory
that makes use only of two, pressure and temperature. On account of this, the latter
is only capable of making probability assertions to be tested by means of statistical

38 This theory was developed by the Russian physicist G. Gamow, who lives in the U.S.,
and independently by Condon and Gurney.
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methods. That these assertions are almost causal, i.e. have probabilities very close
to 0 or 1, does in no way change the situation. As in any large-scale observation
10?* or more molecules are involved there is extremely little departure from, and
hence extremely high accuracy of, any law empirically found and tested. But no
law is absolutely exact. For this reason, recourse to ordinary experience will never
be able to prove the existence of strictly causal laws.

It is only when we descend to the atomic level that the question of causality
can be put to the test; and here all the facts speak decidedly against it. The only
theory known at present capable of connecting and unifying an enormously wide
range of phenomena, quantum theory, is in sharp logical contradiction with it. It
goes without saying that this theory, on account of the openness of experience,
may have to be revised in the future: will it perhaps be so revised as to lead back to
determinism? If anyone cherishes such hopes I am afraid I will disappoint him. For
according to a theorem proved by von Neumann®® such wishes are unfulfillable.
What von Neumann has proved is this: given quantum mechanics in its present
shape, it is not possible to modify, complete or extend it—say, by introducing hid-
den parameters—such as to transform it into a deterministic theory; for any such
extension would render the theory so modified self-contradictory. Hence only two
courses are open to us—either to abolish quantum theory in its entirety and start
afresh from scratch, or retain the present foundation while radically renouncing a
return to determinism. But there is no room for tinkering with the theory. In view
of its undeniable great successes, it is difficult to believe that it should be entirely
false. And if it is on the right track causality does not stand a chance.

As for the renunciation of deterministic ideals, let me remind you of some
precedents in the history of science. While Kepler laboured all his life to find the
key to the riddle of the universe—why the planets are arranged at just the distances
from the sun as they are—Newton’s celestial mechanics not only left the question
unanswered but eliminated it from science. Again, it should be remembered that
classical mechanics was achieved at the price of foregoing the search for a cause of
uniform motion. Until the time of Galileo it was believed that a body could move
with constant speed only if it was pushed by force; the turning point came when it
was realized that uniform motion, like rest, is a state that demands no explanation.
Similarly, the physicists succeeding Maxwell, after many unsuccessful attempts to
find a mechanical substructure for his theory, had to resign themselves to the fact
that the field concepts can not be further reduced to mechanical terms.*’ Today, it
seems, we are passing through a similar period of readjustment of thought as that

39  Mathematical Foundation of Quantum Mechanics.

40 First expressed by H. Hertz. In contrast with this, Lord Kelvin avowed in 1884: ‘I am
never content until I have constructed a mechanical model of the object I am studying.
If I succeed in making one, I understand; otherwise I do not. Hence I cannot grasp the
electromagnetic theory of light. I wish to understand light as fully as possible, without
introducing things that I understand still less.” The mood of renunciation is clearly
perceptible in such utterances.
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in which Galileo was laying the groundwork of modern science. In particular,
just as people at that time had to accustom themselves to the idea that uniform
motion has no cause—which, at least at the time, entailed a certain renunciation
as regards the demands for a causal understanding—so today we have to shift to
a position from which things emerge in a new perspective. Modern physics has
led to the insight that causal analysis is, after all, only one way of understanding
nature alongside of which e.g. invariance, equivalence, symmetry, but also com-
plementarity, take their place as categories of rational explanation. I mean, just as
Kepler’s search for a fourth law, in the light of our present knowledge, was illusory
and had to be re-interpreted as a historical question concerning the evolution of
the planetary system, so the demand for a ‘direct representation of physical real-
ity in space and time’ may well prove just as ill-starred—with all due respect for
Einstein.

13. It is hardly to be expected that the revolutionary change in our concepts
thus inaugurated will remain confined to the study of quantum phenomena. For
one thing, the notions of space and time will probably have to go into the melting
pot. For the uncertainty relations reveal an unsuspected connection between geo-
metrical and dynamic properties of elementary particles, i.e. between momentum
and energy on the one hand and the possibility of locating them in the frame of
space and time on the other. Our intuitive ideas, appropriate as they are for ordi-
nary experience, cannot, it seems, be transferred to the atomic realm. The conti-
nuity of space and time stands indeed in strange contrast to the discontinuity of
matter, energy and action which has become so prominent a feature of our picture
of the world.

Even logic, to all appearance a priori par excellence, is not unaffected by the
general drift, and new ideas based on Bohr’s principle of complementarity begin
to take shape.*! To conclude with a few words on this situation. Suppose that the
momentum of an electron has been determined with a high degree of accuracy,
then its location will be indeterminate. Suppose, however, that someone none the
less asserts that the particle is, at that instant, in a certain place—is his assertion
true or false? If it were true this would mean that the electron can certainly be
found in the place specified, if false that it cannot possibly be found there. To
insist that it must be either true or false, even if it may be imposssible for us to
decide the issue only brings us into conflict with the Heisenberg relation (com-
plete knowledge of momentum entails total ignorance as to location). On the other
hand, to say that the assertion is neither true nor false is incompatible with the law
of excluded middle. So what?

What we have before us is a conflict between logic and physics. If logic is
right quantum theory must be wrong, and if quantum theory is right (in particular
the uncertainty relation), then classical logic must be wrong (in particular the law

41 G. Birkhoff and J. v. Neumann, ‘The Logic of Quantum Mechanics’ (4dnnals of Math-
ematics 37 (1936); C. F. v. Weizsécker, ‘Komplementaritit und Logik’ (Die Naturwis-
senschaften, 1955). Even Heisenberg has given his blessing to this enterprise.
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of excluded middle). According to the Copenhagen interpretation, the assertion is
undecidable, neither true nor false. Let us consider once more what the law of ex-
cluded middle really boils down to. Guided by it, we should have to say that only
one alternative holds—that our particle is here, in this place, or is not here, namely
somewhere else; and that this is true on purely logical grounds. If so, we are con-
strained to ascribe a definite position to the particle, whereas quantum theory says
that this whole idea must be discarded. That is, roughly, the clash between logic
and physics.

It wouldn’t be surprising if someone, turning over the situation in his mind,
were to say, ‘Even if there is no possible experiment to decide the issue the asser-
tion taken in itself must be true or false. It certainly is understandable and hence
meaningful: if it is neither true nor false what can it be?’ In such an argument,
however, due regard is not paid to the fact that an assertion concerning the elec-
tron’s location has physical meaning only insofar as it is connected with a certain
experimental arrangement. But the point is that, once the momentum is measured
in experiment, this destroys the possibility of making, at the same time, another
arrangement for determining the location and thus does away with the very pre-
condition under which the assertion makes sense. Indeed, one gets into hopeless
difficulties when one ascribes properties to particles independent of the means of
observation. To put it in another way, the trouble with insisting that the assertion
‘must be true or false, only we don’t know which’ is that it creates the impression
that the electron did occupy a quite definite place, unfortunately one not determi-
nable in experiment—whereas what one really ought to have said is that the whole
idea of describing an electron in particle terms breaks down here. In saying, ‘But
a particle must be somewhere’ one is overstepping the bounds laid down by the
complementarity principle, i.e. one is trying to stretch one aspect beyond the limits
of its application to the exclusion of the other. To uphold the law of excluded mid-
dle is, in this case, tantamount to disregarding the wave aspect, while the real point
is the inadequacy of anyone mode of description which at best tells only half the
story.

14. To mention just one feature of the sort of logic—some call it ‘complemen-
tarity logic’#—that is emerging from the discussion, in atomic theory we meet
with statements which exclude one another, such as a description of momentum
and of position—°‘complementary’ statements as we may call them. What is char-
acteristic of them is that there is an embargo against using them in the same con-
text. This feature is not an entirely new one, for it has a parallel in the case of
classical logic: giving the content of a proposition p, we can do two things with it,
assert it or deny it; though the result of each operation makes perfectly good sense,
this no longer holds good of their conjunction. Any two such propositions behave
like complementary statements in quantum theory. It is this feature of ordinary
logic which is generalized in complementarity logic. Given a statement s, there

42 So von Weizsicker, loc. cit.
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will be other statements (in general infinitely many)

* ok o %k
8.%,08,%, 8%, ...

which are complementary to the given one. (For example, s being the statement of
the momentum of a particle, complementary statements will be: that the particle is
at a distance of 1 cm, 2 cm, 3 cm, ..., say, from the zero point of a certain scale.)
To a given statement s there is, then, a set of statements complementary to it such
that, when s is decided in experiment (is true or false), any member s* of that set
is undecided (neither true nor false). And just as in ordinary logic the joining of p
and not p is taboo, so is in the new logic the combining of s and s* into a conjunc-
tion. But while in ordinary logic it is only in exceptional cases that the conjunc-
tion of two meaningful statements is meaningless, in the new logic that holds to a
much wider extent. In this due recognition is paid to the peculiar logical situation
encountered before in connection with the law of excluded middle. Indeed, clas-
sical logic is tied to the presupposition that alternatives, at least in principle, are
decidable and that statements—so far as they assert or deny something—can be
divided into the two classes ‘true’ and ‘false’. Once the assumption underlying this
dichotomy is shaken it will be difficult to keep up that law. But that is exactly the
situation that confronts us in quantum theory. For here it is a law of nature which,
given the precise momentum, prevents us from deciding issues as to the location:
undecidability is a direct consequence of the uncertainty relation. It is of course
perfectly true that in describing experimental evidence we have to make use of
plain language and common logic. Our present concern, however, is in the logical
relations within that theory, and here ordinary language can no longer serve as
guide.

To mention another difference, while in ordinary logic the statements s and ‘s
is true’ (or not s and ‘s is false’) are equivalent, i.e. have always the same truth-
value, in the new logic they are not. Indeed the truth or falsity of s entails the truth
or falsity of ‘s is true’ but not conversely. For if the assertion ‘s is true’ is false
it does not follow that s is false—it may be undecided. Supposing, on the other
hand, that the foregoing assertion is true, then s is true. For this reason the classi-
cal equivalences hold good only for the case of truth, not of falsity, thus revealing
a curious asymmetry between these concepts. It is because s and ‘s is true’ are on
a different logical level and therefore not translations of one another that Frege’s
method of defining connectives like ‘and’, ‘or’, ‘if” in terms of truth-tables is no
longer usable in the new field. It would lead us too far to explain how these terms
can be defined. Only so much can be said: in the system of Birkhoff and von Neu-
mann the formula

aVa

is always valid. Considering, however, that the symbols which occur in it are de-
fined in a different way and take on a different sense, it will be seen that it is no
longer the expression of the law of excluded middle. The difference comes out
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when it is noticed that, while a V & is always true, ‘a is true or 4 is true’ is not: in
this sense the classical law breaks down. What emerges is a nonfunctional (and
hence non-tautologous) logic in which all the classical rules are formally pre-
served except the two distributive laws. However, the interpretation given to the
formalism has to be changed so that, in fact, we have a new logic embodying new
ways of thought.

The philosophical lesson to be drawn from this development is that even logic
is not exempt from the pressure of facts. Needless to say that logic does not de-
scribe the real world and can therefore not be refuted: but it may be well- or
not well-adapted to prevailing conditions. What underlies ordinary logic, the di-
chotomy of statements, no doubt reflects the character of certain deep-seated fea-
tures of our world, in particular the fact that issues, on the whole, are decidable.*
However, on closer scrutiny of these principles, including their application in the
realm of science, their limitation became manifest. Brought face to face with the
sort of facts revealed in the study of quantum phenomena, these principles prove
ill-adapted and have to be modified. The account given is in contrast with views
commonly held on logic, according to which it has nothing to fear from discover-
ies regarding the actual world. The underlying idea seems to be that physics, being
based on experiment, may any day be overthrown by new facts coming to light,
while logic, being of infinite hardness, cannot—so that, in the case of a collision,
physics will get all the bumps. To use Brouwer’s words, ‘Admittedly, the appli-
cation of the logical principles to natural phenomena sometimes gave the wrong
results, but in that case the blame was always laid at the door of the axioms of
the conceptual system, never at the door of logic.”** Quantum physics, I submit,
presents a strong case against traditional logic, and belief in it as the only possible
one has become a form of provincialism.

Lastly, what about the assertion—put forward, for instance, by the distin-
guished physicist P. Jordan* —that the gaps in the causal chains open the way to
moral freedom? I think it is a mistake; but time does not permit me to go into the
question.

43 Not always: counter-factuals (‘If Hitler had been liquidated at the time before Munich,
then etc.’) are as a rule undecidable, neither true nor false, at best plausible.
44 ‘Mathematik, Wissenschaft und Sprache’ (Monatshefie f. Math. u. Phys. 1929).

45 Science and the Course of History, New Haven, 1955.
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(1) HuME’s ANAaLYSIS OF CAUSAL CONNECTION.

The problem of causality is one of the central topics of Hume’s philosophy. There
are several reasons for its importance: (1) Of all the relations it is the only one in
virtue of which we can pass beyond the immediate impression of the senses or an
idea of the memory and thus step outside the realm of the given. The only relation
“that can be trac’d beyond our senses, and informs us of existences and objects,
which we do not see or feel, is causation.”* (2) It is a relation which underlies
our belief in an external world. To quote another passage from the Treatise: “We
readily suppose an object may continue individually the same, tho’ several times
absent and present to the senses; and ascribe to it an identity, notwithstanding the
interruption of the perception, whenever we conclude, that if we had kept our eye
or hand constantly upon it, it would have convey’d an invariable and uninter-
rupted perception. But this conclusion beyond the impressions of our senses can
be founded only on the connexion of cause and effect; nor can we otherwise have
any security, that the object is not chang’d upon us, however much the new object
may resemble that which was formerly present to the senses.” The problem of a
permanent and continuous world can, therefore, not be dealt with until the nature
of the causal relation has been cleared up. (3) Causation was invoked by Leibniz,
Locke and Berkeley to pass from the world or sense to a transcendent reality, to
infer the existence of God, and so on. Locke argued: There is at least one existence
of which I am intuitively certain, namely my own. “(...) man knows by an intui-
tive certainty, that bare nothing can no more produce any real being, than it can
be equal to two right angles”.? In other words, the existence of the self requires a
cause. This cause must be eternal, since otherwise it would have had a beginning
and thus require yet another, and so on ad infinitum. Therefore the cause can only
be an eternal being, God. Berkeley followed this pattern of reasoning with the
only difference that he asked for a cause of our sense-impressions. As there is no
matter from which they can come he concluded that they must come from God.
The possibility of metaphysics as a science is thus closely tied up with an analysis
of causation.

Now when we attempt to analyse the ordinary idea of causality, we find in it
the following four characteristic points:

(1) Cause and effect are contiguous in space and time.

(2) The cause precedes the effect.

(3) There is a constant regularity such that, whenever the cause occurs, the

effect occurs too.

1 David Hume: 4 Treatise of Human Nature, Book I, Part I1I, Section 2. —All quotations
taken from L. A. Selby-Bigge’s edition, Oxford 1888.

2 Ibid.

3 John Locke: An Essay in Human Understanding, Book IV, Chapter 10, § 3.—Quota-
tion taken from The Works of John Locke in Nine Volumes. 12th ed. London 1824, vol.
II.
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Up till now nothing has been mentioned that would not be admitted by anyone
as involved in the idea of causation. Indeed, in looking for the possible causes of a
given event E, we may safely exclude all events happening long before E, and all
events happening at a great distance from E; and events occurring after E would
never be called causes of E—evidence that the principle “The cause precedes the
effect” must be regarded as part of the definition of the terms “cause” and “effect”.
Assuming these conditions in their most rigorous form one arrives at the idea that
no event can be regarded as the cause of E in a proper sense, unless it occurred
in the immediate spatial and temporal neighbourhood of E. So the causal relation
between two events C and E seems to imply their contiguity in space and time.
Action-at-a-distance (temporal as well as spatial distance) is thereby ruled out. In
cases in which it does seem that there is a time-gap between cause and effect—
e.g., between an infection and the outbreak of the disease—a closer investigation
reveals the existence of a chain of events which link C with E, such as the entry of
germs into the blood, their spread through the organism, the production of chemi-
cal poisons, or toxins, the effect of these on the cells of the body resulting in the
specified symptoms of the disease, and so on. And even “when in any particular
instance we cannot discover this connection, we still presume it to exist.”* We
feel absolutely convinced that nothing can happen that has, so to speak, a delayed
action effect—that may happen to-day, without producing any effect whatsoever,
and then suddenly will “burst into effect”, say, in a year’s time. Such a relation,
though conceivable from a purely logical point of view, would not fit into the
scheme of causality as we actually conceive it, and thus we may safely conclude
that it lies in the nature of causality, or rather of our conception of it, that C and E
should be contiguous in space and time, and that C should precede E. Moreover,
everyone would agree that causation implies a certain regularity, expressed by the
rule: whenever C, then E.

(4) In addition to this, popular opinion assumes that the antecedent, the cause,

brings on the consequent, the effect, compulsorily, i.e. that the cause is nec-

essarily followed by the effect. There seems then to exist a sort of “tie” that

connects, or unites, cause and effect.
It is this fourth point, the assumption of a necessary connection between the events,
against which Hume’s criticism is directed. Hume has been accused of denying
causation, whereas in fact he was concerned only with analysing it. He confined
himself to discussing the analytic question, What is it that we are asserting when
we assert that one event is causally connected with another? Just as Berkeley did
not deny the existence of chairs and tables in the every-day sense, but only tried to
make clear what we mean when we speak of their existence, in like manner Hume
set himself the task of clarifying the idea of causation and cleansing it from certain
ingredients which faulty reasoning had added to it.

4 Hume, Treatise, 1, 111, 2.
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I shall now give a brief outline of Hume’s analysis. According to a popular
view there is an element of necessitation present in causal relation. Now this al-
leged necessity can be neither of a logical nor of an experiential character.

Suppose first it was of a logical character; this would mean that the relation-
ship between cause and effect was of the same nature as that which holds between
the premise and the conclusion in an inference. Now where one statement p entails
another one ¢, it must be self-contradictory to assert p and deny ¢; for instance,
if I say “That is red”, pointing to some red object, this entails “that is coloured”;
if I were to assert the former and deny the latter, i.e. if [ were to say “That is red
and not coloured”, I should be saying something that is self-contradictory. In other
words, if p entails g, the conjunction p and not ¢ (in symbols, p - ~g) must be
meaningless (self-contradictory). Now in order to see whether cause and effect
are logically related in the way in which ground and consequence are, we need
only apply our criterion and ask whether it is self-contradictory or not to assert
that the event C has occurred without having been followed by the event E. Now
is it self-contradictory (meaningless) to consider a situation in which the impact of
one billiard-ball is not followed by a motion of the second, but, say, by a change in
colour of both or by a rise in temperature? Clearly such a situation has never been
observed; but at the same time we notice that there is not the slightest difficulty
in portraying such a happening down to the last detail; so we can imagine such a
case; it is, then, not self-contradictory to consider such a possibility. From the first
appearance of an event we can never infer logically what effect will result from
it. Therefore the relation of cause and effect is utterly different from the relation
of ground and consequence in a logical inference. I cannot by any strain of the
imagination conceive what it would be like to see a thing that is red and not col-
oured; in fact, I do not even know what I should imagine, for there is nothing to be
imagined; whereas the rule that C is always followed by E can be denied without
self-contradiction.

To express the same thing in Hume’s own words:

We are apt to imagine that we could discover these effects by the mere operation of our
reason, without experience. We fancy, that were we brought on a sudden into this world,
we could at first have inferred that one Billiard-ball would communicate motion to another
upon impulse; and that we needed not to have waited for the event, in order to pronounce
with certainty concerning it. (...) But to convince us that all the laws of nature, and all
the operations of bodies without exception, are known only by experience, the following
reflections may, perhaps, suffice. Were any object presented to us, and were we required to
pronounce concerning the effect which will result from it, without consulting past observa-
tion; after what manner, I beseech you, must the mind proceed in this operation? It must
invent or imagine some event which it ascribes to the object as its effect; and it is plain that
this invention must be entirely arbitrary. The mind can never possibly find the effect in the
supposed cause, by the most accurate scrutiny and examination. For the effect is totally
different from the cause, and consequently can never be discovered in it. Motion in the
second Billiard-ball is a quite distinct event from motion in the first; nor is there anything
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in the one to suggest the smallest hint of the other. A stone or piece of metal raised into the
air, and left without any support, immediately falls: but to consider the matter a priori, is
there anything we discover in this situation which can beget the idea of a downward, rather
than an upward, or any other motion, in the stone or metal? (...) When I see, for instance, a
Billiard-ball moving in a straight line towards another; even suppose motion in the second
ball should by accident be suggested to me as the result of their contact or impulse; may I
not conceive, that a hundred different events might as well follow from that cause? May
not both these balls remain at absolute rest? May not the first ball return in a straight line,
or leap off from the second in any line or direction? All these suppositions are consistent
and conceivable. Why then should we give the preference to one, which is no more consist-
ent or conceivable than the rest? All our reasonings a priori will never be able to show us
any foundation for this preference. In a word, then, every effect is a distinct event from its
cause. It could not, therefore, be discovered in the cause; and the first invention, or concep-
tion of it, a priori, must be entirely arbitrary.’

In other words: the causal relation is not a logical relation. One event follows
another, but it never follows from another—if this latter expression is taken in its
logical sense.

Hume actually puts the argument still more forcibly by examining the propo-
sition “that whatever begins to exist must have a cause of existence”.® (Remember
this was one of the sources of metaphysical speculation for Locke and Berkeley.)
It is commonly taken for granted in all reasonings. But if we examine the maxim
more closely, we shall discover in it no mark of intuitive certainty; nor is it demon-
strably certain. It has not that intuitive certainty which we ascribe to a proposition
of arithmetic, or geometry, or to a proposition such as “What is red cannot be
green at the same time.” “All certainty,” says Hume, “arises from the comparison
of ideas, and from the discovery of such relations as are unalterable, so long as the
ideas continue the same. These relations are resemblance, propositions in quantity
and number, degrees of any quality, and contrariety; none of which are imply’d
in this proposition, Whatever has a beginning has also a cause of existence. That
proposition therefore is not intuitively certain.”” Nor is it capable of demonstra-
tion. The question at issue is whether anything that begins to exist must owe its
existence to some cause. In order to prove this, it would be necessary to show
that it is impossible for anything to come into existence without some productive
principle. But this impossibility cannot be proved. Any attempt to prove that there
must be a cause begs the question. It is

easy for us to conceive any object to be non-existent this moment, and existent the next,
without conjoining to it the distinct idea of a cause or productive principle. The separation,

5  David Hume: An Enquiry Concerning Human Understanding, Sect. IV, Part I, § 24f—
Text and Chapter numbering follow L. A. Selby-Bigge’s edition of Hume s Enquiries
Concerning the Human Understanding and an Enquiry Concerning the Principles of
Morals, Oxford 1894.

6  Treatise, 1, 111, 3.

7 Ibid.
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therefore, of the idea of a cause from that of a beginning of existence, is plainly possible for
the imagination, and consequently the actual separation of these objects is so far possible,
that it implies no contradiction nor absurdity; and is therefore incapable of being refuted by
any reasoning from mere ideas; without which ’tis impossible to demonstrate the necessity
of a cause.?

It is on this basis that Hume rejects various arguments for the necessity of a
cause. The first which he assigns to Hobbes is that, since time and space are homo-
geneous, the occurrence of an event—say of a flash of lightning—at some definite
place at some definite time must be due to a cause peculiar to that place and time,
which determines and fixes the existence; for otherwise the event would have to
remain in eternal suspense, and the object could never begin to be, for want of
something to fix its beginning. But there is no more difficulty in supposing the
time and place to be fixed without a cause, than to suppose the existence to be de-
termined without a cause. There are two different questions involved here: the first
is whether the object shall exist or not; the second where and when it shall begin to
exist; if the absence of a cause is intuitively absurd in the first case, it must be so
in the other; both suppositions are on the same footing, and must stand or fall by
the same reasoning.

The second argument, attributed to Dr Clarke, labours under another diffi-
culty. “Every thing, ’tis said, must have a cause; for if any thing wanted a cause,
it wou’d produce itself; that is, exist before it existed; which is impossible. But
this reasoning is plainly inconclusive; because it supposes, that in our denial of a
cause we still grant what we expressly deny, viz. that there must be a cause, which
therefore is taken to be the object itself; and that, no doubt, is an evident contradic-
tion.”° Whereas to say that anything “comes into existence, without a cause, is not
to affirm, that ’tis itself its own cause; but on the contrary in excluding all external
causes, excludes a fortiori the thing itself which is created. An object, that exists
absolutely without any cause, certainly is not its own cause; and when you assert,
that the one follows from the other, you suppose the very point in question, and
take it for granted, that ’tis utterly impossible any thing can ever begin to exist
without a cause, but that upon the conclusion of one productive principle, we must
still have recourse to another.”!?

A third argument, ascribed to Locke, is that “whatever is produc’d without
any cause, is produc’d by nothing; or in other words, has nothing for its cause.
But nothing can never be a cause, no more than it can be something, or equal to
two right angles.”"! The weakness of this argument is obvious. If “we exclude all

8 Ibid.
9 Ibid.
10 Ibid.

11 Ibid.
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causes we really do exclude them, and neither suppose nothing nor the object itself
to be the causes of its existence.” 2

A fourth argument is that every effect must have a cause, because it is implied
in the very idea of effect. In other words, “every effect necessarily pre-supposes
a cause; effect being a relative term, of which cause is the correlative. But this
does not prove that every being must be preceded by a cause; no more than it fol-
lows, because every husband must have a wife, that therefore every man must be
marry’d.”!?

The result, then, is that the general maxim “Whatever begins to exist must
have a cause of existence”, so often taken as an expression of an “absolute and
metaphysical necessity”, is not self-evident. Like all other propositions concern-
ing matters of fact, it has an entertainable opposite, and however little we may
incline to accept this opposite as credible, it is not to be ruled out as being in itself
inconceivable, The maxim is also not demonstrable from truths more ultimate than
itself. Hume’s commentators have, as a rule, assumed that Hume questions the va-
lidity of the maxim. This is a complete misunderstanding. Neither in the Treatise
nor elsewhere does Hume raise the question as to the fruth of the maxim. His dis-
cussion concerns solely the grounds upon which our belief in it really rests. That
is, he tries to get clear about the epistemological status of the maxim—whether it
is a part of a body of a priori knowledge, or whether, if'it is true, its truth is due to
experience. And all he tries to establish is that the maxim cannot be regarded as a
self-evident, or logical, or necessary, or rational truth, i.e. as a statement the oppo-
site of which is self-contradictory. I have to add, however, that this does not mean
that Hume entertained doubts as to the validity of the maxim. On the contrary, he
expressly disavowed any such interpretation in a letter to John Stewart (1754):
“(...) I never asserted so absurd a Proposition as that anything might arise without
a Cause: 1 only maintain’d, that our Certainty of the Falsehood of that Proposition
proceeded neither from Intuition nor Demonstration; but from another Source.”'*
This, then, should settle the dispute.

There is, then, no logical necessity inherent in the statement that a thing that
begins to exist must owe its existence to some cause. “Every demonstration, which
has been produced for the necessity or a cause, is fallacious and sophisticated.”"
Nor is there such a necessity inherent in the statement that a particular event E is
caused by another particular event C. Thus we may summarise the result so far
found by saying that the relation of cause and effect is not a logical relation. This
was the first part of Hume’s analysis of the idea of causation.

12 Ibid.

13 Ibid.

14 1.Y.T. Greig (ed.): The Letters of David Hume. Oxford 1932, vol.I, p. 187.
15 Treatise, 1, 111, 3.
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Having thus ruled out the proposal that the necessity, claimed for the causal
relation, is of a Jogical nature, we must now turn to the next question as to whether
this necessity can be found in experience.

When we look about us towards external objects, and consider the operation of causes, we
are never able, in a single instance, to discover any power or necessary connexion; any
quality, which binds the effect to the cause, and renders the one an infallible consequence
of the other. We only find, that the one does actually, in fact, follow the other. The impulse
of one billiard-ball is attended with motion in the second. This is the whole that appears to
the outward senses. (...) In reality, there is no part of matter, that does ever, by its sensible
qualities, discover any power or energy, or gives us ground to imagine, that it could pro-
duce any thing, or be followed by any other object, which we could denominate its effect.
Solidity, extension, motion: these qualities are all complete in themselves, and never point
out any other event which may result from them. The scenes of the universe are continually
shifting, and one object follows another in an uninterrupted succession; but the power or
force, which actuates the whole machine, is entirely concealed from us, and never discov-
ers itself in any of the sensible qualities of body. We know, that, in fact, heat is a constant
attendant of flame; but what is the connexion between them, we have no room so much as
to conjecture or imagine.'

“All events seem entirely loose and separate. One event follows another; but
we never can observe any tye between them. They seem conjoined, but never
connected.”"’ “The first time a man saw the communication of motion by impulse,
as by the shock of two billiard-balls, he could not pronounce that the one event
was connected: but only that it was conjoined with the other.”'® “But were the
power or energy of any cause discoverable by the mind, we could foresee the
effect, even without experience; and might, at first, pronounce with certainty con-
cerning it, by mere dint of thought and reasoning.”!® In reality, we are not able to
deduce, however subtle our reasoning, what effect will result from a given cause.

Let an object be presented to a man of ever so strong natural reason and abilities; if that
object be entirely new to him, he will