simple; according to the equipartition theorem, the probability
of a given motion is proportional to exp(-U/RT), where U is
the energy of the motion. Now the rate of work of an electron
moving in a constant magnetic field B is, according to Lorentz,
W=Q(E+VxB). V, where Q is the charge of the moving particle,
V its velocity and E the electric field. This magnitude reduces to
QEV, which means that the energy and, therefore, the probabil-
ity remains unaffected by a magnetic field. (Given the proper
context, this result strongly supports the ideas and experimen-
tal findings of the late Felix Ehrenhaft.)

Occasionally it is impossible to survey all the interesting
consequences, and thus to discover the absurd results of a the-
ory. This may be due to a deficiency in the existing mathemat-
ical methods; it may also be due to the ignorance of those who
defend the theory. Under such circumstances, the most com-
mon procedure is to use an older theory up to a certain point
(which is often quite arbitrary) and to add the new theory for
calculating refinements. Seen from a methodological point of
view the procedure is a veritable nightmare. Let us explain it
using the relativistic calculation of the path of Mercury as an
example.

The perihelion of Mercury moves along at a rate of about
5600” per century. Of this value, 5026” are geometric, having to
do with the movement of the reference system, while 531” are
dynamical, due to perturbations in the solar system. Of these
perturbations all but the famous 43” are accounted for by clas-
sical mechanics. This is how the situation is usually explained.

The explanation shows that the premise from which we
derive the 43” is not the general theory of relativity plus suit-
able initial conditions. The premise contains classical physics
in addition to whatever relativistic assumptions are being
made. Furthermore, the relativistic calculation, the so-called

London, 1965, Chapter 34.6. For a somewhat clearer account cf. R. Becker,
Theorie der Elektrizitdt, Leipzig, 1949, p. 132.
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unsophisticated authors get the impression that “all evidence
points with merciless definiteness in the ... direction ... [that]
all the processes involving ... unknown interactions conform
to the fundamental quantum law.!

A striking example of qualitative failure is the status of
classical mechanics and electrodynamics after Boltzmann’s
equipartition theorem. According to this theorem energy is
equally distributed over all degrees of freedom of a (mechan-
ical or electrodynamic) system. Both atoms (which had to
be elastic to rebound from the walls of a container and from
each other) and the electromagnetic field had infinitely many
degrees of freedom which meant that solids and the electro-
magnetic fields should have acted as insatiable sinks of energy.
Yet “[a]s so often in the history of science, the conflict between
simple and generally known facts and current theoretical
ideas was recognized only slowly”.?2

Another example of modern physics is quite instructive,
for it might have led to an entirely different development of
our knowledge concerning the microcosm. Ehrenfest proved
a theorem according to which the classical electron theory of
Lorentz taken in conjunction with the equipartition theorem
excludes induced magnetism.?® The reasoning is exceedingly

exception characterizing the beginning of the so-called scientific revolution”
(G. Radnitzky, “Theorienpluralismus Theorienmonismus”, in Diemer Meisen-
heim (ed.), Der Methoden- und Theorien-pluralismus in den Wissenschaften,
1971, p. 164) but is typical of scientific change at all times.

A {Chapter 5, 21} Rosenfeld in Observation and Interpretation, London,
1957, p. 44.

22 {Chapter 5, 22} K. Gottfried, V. F. Weisskopf, Concepts of Particle
Physics, Vol. 1, Oxford and New York, 1984, p. 6.

 {Chapter 5, 23} The difficulty was realized by Bohr in his doctoral
thesis, cf. Niels Bohr, Collected Works, Vol. I, Amsterdam, 1972, pp. 158, 381.
He pointed out that the velocity changes due to the changes in the external
field would equalize after the field was established, so that no magnetic ef-
fects could arise. Cf. also Heilbron and T. S. Kuhn, “The Genesis of the Bohr
Atom”, Historical Studies in the Physical Sciences, No. 1, 1969, p. 221. The ar-
gument in the text is taken from The Feynman Lectures, Vol. 2, California and
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seen object
in infinity

real
object
at focus

The usual procedure is to forget the difficulties, never to talk
about them, and to proceed as if the theory were without fault.
This attitude is very common today.

Thus the classical electrodynamics of Maxwell and Lorentz
implies that the motion of a free particle is self-accelerated.
Considering the self-energy of the electron one obtains di-
vergent expressions for point-charges while charges of finite
extension can be made to agree with relativity only by adding
untestable stresses and pressures inside the electron.!” The
problem reappears in the quantum theory, though it is here
partially covered up by “renormalization”. This procedure
consists in crossing out the results of certain calculations and
replacing them by a description of what is actually observed.
Thus one admits, implicitly, that the theory is in trouble while
formulating it in a manner suggesting that a new principle
has been discovered.?® Small wonder when philosophically

1% {Chapter 5, 19} Cf. W. Heider, The Quantum Theory of Radiation, Ox-
ford, 1954, p. 31.

% {Chapter 5, 20} Renormalization has in the meantime become the ba-
sis of quantum field theory and has led to predictions of surprising accuracy
(report with literature in A. Pais, Inward Bound, Oxford, 1986). This shows
that a point of view which, looked at from afar, appears to be hopelessly
wrong may contain excellent ingredients and that its excellence may remain
unrevealed to those guided by strict methodological rules. Always remem-
ber that my examples do not criticize science; they criticize those who want
to subject it to their simpleminded rules by showing the disasters such rules
would create. Each of the examples of footnotes 3-17 can be used as a basis
for case studies of the kind to be carried out in Chapters 6-12 (Galileo and
the Copernican Revolution). This shows that the case of Galileo is not “an
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the theory and tries to forget its shortcomings. An example is
the attitude towards Kepler’s rule according to which an ob-
ject viewed through a lens is perceived at the point at which
the rays travelling from the lens towards the eye intersect.!’

The rule implies that an object situated at the focus will
be seen infinitely far away. “But on the contrary,” writes Bar-
row, Newton’s teacher and predecessor at Cambridge, com-
menting on this prediction,'® “we are assured by experience
that [a point situated close to the focus] appears variously dis-
tant, according to the different situations of the eye.... And it
does almost never seem further off than it would be if it were
beheld with the naked eye; but, on the contrary, it does some-
times appear much nearer.... All which does seem repugnant
to our principles.” “But for me,” Barrow continues, “neither this
nor any other difficulty shall have so great an influence on me,
as to make me renounce that which I know to be manifestly
agreeable to reason”

Barrow mentions the qualitative difficulties, adding that he
will not abandon the theory. This is not the usual procedure.

17 {Chapter 5, 17} Johannes Kepler, Ad Vitellionem Paralipomena, Jo-
hannes Kepler, Gesammelte Werke, Vol. 2, Munich, 1939, p. 72. For a detailed
discussion of Kepler’s rule and its influence see Vasco Ronchi, Optics: The Sci-
ence of Vision, New York, 1957, Chapters 43ff. Cf. also Chapters 9-11 below.

'8 {Chapter 5, 18} Lectiones XVIII Cantabrigiae in Scholio publicis habitae
in quibus Opticorum Phenomenon genuinae Rationes investigantur ac exponen-
tur, London, 1669, p. 125. The passage is used by Berkeley in his attack on the
traditional, “objectivistic” optics (An Essay Towards a New Theory of Vision,
Works, Vol. 1, ed. Frazer, London, 1901 , pp. 137ff).
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satisfactory foundation for continuity than did 19th- and 20th-
century mathematicians who had to invoke “intuition”. Using
Parmenides’ arguments Aristotle constructed a theory of space
and motion that anticipated some very deep-lying properties
of quantum mechanics and evaded the difficulties of the more
customary (and less sophisticated) interpretation of a contin-
uum as consisting of indivisible elements.!® Parmenides’ the-
ory clashes with most modern methodological principles - but
this is no reason to disregard it.

A more specific example of a theory with qualitative de-
fects is Newton’s theory of colours. According to this theory,
light consists of rays of different refrangibility which can be
separated, reunited, refracted, but which are never changed in
their internal constitution, and which have a very small lateral
extension in space. Considering that the surface of mirrors is
much rougher than the lateral extension of the rays, the ray
theory is found to be inconsistent with the existence of mir-
ror images (as is admitted by Newton himself): if light consists
of rays, then a mirror should behave like a rough surface, i.e.
it should look to us like a wall. Newton retained his theory,
eliminating the difficulty with the help of an ad hoc hypothe-
sis: “the reflection of a ray is effected, not by a single point of
the reflecting body, but by some power of the body which is
evenly diffused all over its surface”.!®

In Newton’s case the qualitative discrepancy between the-
ory and fact was removed by an ad hoc hypothesis. In other
cases not even this very flimsy manoeuvre is used: one retains

'3 {Chapter 5, 15} For Aristotle cf. the essay quoted in Chapter 4, foot-
note 3. Modern attempts to get continuity out of collections of indivisible
elements are reported in A. Gruenbaum, “A Consistent Conception of the
Extended Linear Continuum as an Aggregate of Unextended Elements”, Phi-
losophy of Science, No. 19, 1952, pp. 283ff. Cf. also W. Salmon (ed.), Zeno’s
Paradoxes, New York, 1970.

16 {Chapter 5, 16} Sir Isaac Newton, Optics, Book 2, part 3, proposition 8,
New York, 1952, p. 266. For a discussion of this aspect of Newton’s method
cf. my essay, “Classical Empiricism”, Philosophical Papers, Vol. 2, Chapter 2.
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Preface

In 1970 Imre Lakatos, one of the best friends I ever had, cor-
nered me at a party. “Paul,” he said, “you have such strange
ideas. Why don’t you write them down? I shall write a reply,
we publish the whole thing and I promise you - we shall have
lots of fun” I liked the suggestion and started working. The
manuscript of my part of the book was finished in 1972 and I
sent it to London. There it disappeared under rather mysteri-
ous circumstances. Imre Lakatos, who loved dramatic gestures,
notified Interpol and, indeed, Interpol found my manuscript
and returned it to me. I reread it and made some final changes.
In February 1974, only a few weeks after I had finished my
revision, I was informed of Imre’s death. I published my part
of our common enterprise without his response. A year later I
published a second volume, Science in a Free Society, containing
additional material and replies to criticism.

This history explains the form of the book. It is not a system-
atic treatise; it is a letter to a friend and addresses his idiosyn-
crasies. For example, Imre Lakatos was a rationalist, hence ra-
tionalism plays a large role in the book. He also admired Pop-
per and therefore Popper occurs much more frequently than
his “objective importance” would warrant. Imre Lakatos, some-
what jokingly, called me an anarchist and I had no objection to
putting on the anarchist’s mask. Finally, Imre Lakatos loved
to embarrass serious opponents with jokes and irony and so I,
too, occasionally wrote in a rather ironical vein. An example
is the end of Chapter 1: “anything goes” is not a “principle” I
hold - I do not think that “principles” can be used and fruit-
fully discussed outside the concrete research situation they are



supposed to affect - but the terrified exclamation of a ratio-
nalist who takes a closer look at history. Reading the many
thorough, serious, longwinded and thoroughly misguided crit-
icisms I received after publication of the first English edition
I often recalled my exchanges with Imre; how we would both
have laughed had we been able to read these effusions together.

The new edition merges parts of Against Method with ex-
cerpts from Science in a Free Society. I have omitted material no
longer of interest, added a chapter on the trial of Galileo and
a chapter on the notion of reality that seems to be required by
the fact that knowledge is part of a complex historical process,
eliminated mistakes, shortened the argument wherever possi-
ble and freed it from some of its earlier idiosyncrasies. Again
I want to make two points: first, that science can stand on its
own feet and does not need any help from rationalists, secu-
lar humanists, Marxists and similar religious movements; and,
secondly, that non-scientific cultures, procedures and assump-
tions can also stand on their own feet and should be allowed to
do so, if this is the wish of their representatives. Science must
be protected from ideologies; and societies, especially demo-
cratic societies, must be protected from science. This does not
mean that scientists cannot profit from a philosophical edu-
cation and that humanity has not and never will profit from
the sciences. However, the profits should not be imposed; they
should be examined and freely accepted by the parties of the
exchange. In a democracy scientific institutions, research pro-
grammes, and suggestions must therefore be subjected to pub-
lic control, there must be a separation of state and science just
as there is a separation between state and religious institutions,
and science should be taught as one view among many and not
as the one and only road to truth and reality. There is nothing in
the nature of science that excludes such institutional arrange-
ments or shows that they are liable to lead to disaster.

None of the ideas that underlie my argument is new. My
interpretation of scientific knowledge, for example, was a trivi-

and rather trivial answer: the substance that underlies every-
thing that is is Being. But this trivial answer had surprising
consequences. For example, we can assert that (first principle)
Being is and that (second principle) Not Being is not. Now con-
sider change and assume it to be fundamental. Then change
can only go from Being to Not Being. But according to the sec-
ond principle Not Being is not, which means that there is no
fundamental change. Next consider difference and assume it
to be fundamental. Then the difference can only be between
Being and Not Being. But (second principle) Not Being is not
and therefore there exist no differences in Being - it is a sin-
gle, unchanging, continuous block. Parmenides knew of course
that people, himself included, perceive and accept change and
difference; but as his argument had shown that the perceived
processes could not be fundamental he had to regard them as
merely apparent, or deceptive. This is indeed what he said -
thus anticipating all those scientists who contrasted the “real”
world of science with the everyday world of qualities and emo-
tions, declared the latter to be “mere appearance” and tried to
base their arguments on “objective” experiments and mathe-
matics exclusively. He also anticipated a popular interpretation
of the theory of relativity which sees all events and transitions
as already prearranged in a four-dimensional continuum, the
only change being the (deceptive) journey of consciousness
along its world line.!* Be that as it may, he was the first to
propose a conservation law (Being is), to draw a boundary line
between reality and appearance (and thus to create what later
thinkers called a “theory of knowledge”) and to give a more

!* {Chapter 5, 14} A vivid description of the Parmenidean flavour of the
theory of relativity is given by H. Weyl, Philosophy of Mathematics and Nat-
ural Science, Princeton, 1949, p. 116. Einstein himself wrote: “For us who are
convinced physicists the distinction between past, present and future has no
other meaning than that of an illusion, though a tenacious one.” Correspon-
dence avec Michele Besso, Paris, 1979, p. 312. Cf. also p. 292. In a word: the
events of a human life are “illusions, though tenacious ones”.
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The second case, the case of qualitative failures, is less fa-
miliar, but of much greater interest. In this case a theory is in-
consistent not with a recondite fact, that can be unearthed with
the help of complex equipment and is known to experts only,
but with circumstances which are easily noticed and which are
familiar to everyone.

The first and, to my mind, the most important example of
an inconsistency of this kind is Parmenides’ theory of the un-
changing and homogeneous One. This theory illustrates a de-
sire that has propelled the Western sciences from their incep-
tion up to the present time - the desire to find a unity behind
the many events that surround us. Today the unity sought is a
theory rich enough to produce all the accepted facts and laws;
at the time of Parmenides the unity sought was a substance.
Thales had proposed water,!® Heraclitus fire, Anaximander a
substance which he called the apeiron and which could pro-
duce all four elements without being identical with a single
one of them. Parmenides gave what seems to be an obvious

flection of light, the perihelial movement or line shift were unknown, the
gravitation equations would still be convincing because they avoid the iner-
tial system (the phantom which affects everything but is not itself affected).
It is really strange that human beings are normally deaf to the strongest ar-
guments while they are always inclined to overestimate measuring accuracies”
(my italics). How is this conflict (between Feigl’s testimony and Einstein’s
writings) to be explained? It cannot be explained by a change in Einstein’s
attitude. His disrespectful attitude towards observation and experiment was
there from the very beginning, as we have seen. It might be explained ei-
ther by a mistake on Feigl’s part, or else as another instance of Einstein’s
“opportunism” - cf. text to footnote 6 of the Introduction.

On the last page (p. 91) of his Uber die Spezielle und allgemeine
Relativitiitstheorie, Brunswick, 1922, Einstein writes: “If the red shift of the
spectral lines caused by the gravitational potential did not exist, then the
general theory of relativity would be untenable” Does this conflict with Ein-
stein’s cavalier attitude towards observation as described above? It does not.
The passage speaks of the red shift not of observations of it.

' {Chapter 5, 13} The following account is highly speculative. Details in
Vols 1 and 2 of W. K. C. Guthrie, A History of Greek Philosophy, Cambridge,
1962 and 1965, as well as in Chapters 1, 2 and 3 of my Farewell to Reason.
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ality for physicists like Mach, Boltzmann, Einstein and Bohr.
But the ideas of these great thinkers were distorted beyond
recognition by the rodents of neopositivism and the competing
rodents of the church of “critical” rationalism. Lakatos was, af-
ter Kuhn, one of the few thinkers who noticed the discrepancy
and tried to eliminate it by means of a complex and very in-
teresting theory of rationality. I don’t think he has succeeded
in this. But the attempt was worth the effort; it has led to in-
teresting results in the history of science and to new insights
into the limits of reason. I therefore dedicate also this second,
already much more lonely version of our common work to his
memory.

Earlier material relating to the problems in this book is now
collected in my Philosophical Papers.' Farewell to Reason® con-
tains historical material, especially from the early history of
rationalism in the West and applications to the problems of to-

day.

Berkley, September 1987

! {Preface, 1} 2 vols, Cambridge, 1981.
% {Preface, 2} London, 1987.



Preface to the Third Edition

Many things have happened since I first published Against
Method (AM for short). There have been dramatic political,
social and ecological changes. Freedom has increased - but it
has brought hunger, insecurity, nationalistic tensions, wars
and straightforward murder. World leaders have met to deal
with the deterioration of our resources; as is their habit, they
have made speeches and signed agreements. The agreements
are far from satisfactory; some of them are a sham. However,
at least verbally, the environment has become a world-wide
concern. Physicians, developmental agents, priests working
with the poor and disadvantaged have realized that these
people know more about their condition than a belief in the
universal excellence of science or organized religion had
assumed and they have changed their actions and their ideas
accordingly (liberation theology; primary environmental care,
etc.). Many intellectuals have adapted what they have learned
at universities and special schools to make their knowledge
more efficient and more humane.

On a more academic level historians (of science, of culture)
have started approaching the past in its own terms. Already
in 1933, in his inaugural lecture at the Colléege de France,
Lucien Febvre had ridiculed writers who, “sitting at their
desks, behind mountains of paper, having closed and covered
their windows”, made profound judgements about the life
of landholders, peasants and farmhands. In a narrow field
historians of science tried to reconstruct the distant and the
more immediate past without distorting it by modern beliefs
about truth (fact) and rationality. Philosophers then concluded

it'! that provide confirmations of a precision unheard of only
twenty years ago and unimagined by Einstein. In most of these
cases we are dealing with quantitative problems which can be
resolved by discovering a better set of numbers but which do
not force us to make qualitative adjustments.'

! {Chapter 5, 11} Tests outside the planetary system (cosmology, black
holes, pulsars) are needed to examine alternatives that agree with Ein-
steinian relativity inside the solar system. There now exists a considerable
number of such alternatives and special steps have been taken to classify
them and to elucidate their similarities and differences. Cf. the introduction
to C. M. Will, op. cit.

12 {Chapter 5, 12} The situation just described shows how silly it would
be to approach science from a naive-falsificationist perspective. Yet this is
precisely what some philosophers have been trying to do. Thus Herbert Feigl
(Minnesota Studies, Vol. 5, 1971, p. 7) and Karl Popper (Objective Knowledge,
p. 78) have tried to turn Einstein into a naive falsificationist. Feigl writes: “If
Einstein relied on ‘beauty’, ‘harmony’, ‘symmetry’, ‘elegance’ in construct-
ing ... his general theory of relativity, it must nevertheless be remembered
that he also said (in a lecture in Prague in 1920 - I was present then as a very
young student): ‘If the observations of the red shift in the spectra of mas-
sive stars don’t come out quantitatively in accordance with the principles
of general relativity, then my theory will be dust and ashes’” Popper writes:
“Einstein ... said that if the red shift effect ... was not observed in the case of
white dwarfs, his theory of general relativity would be refuted.”

Popper gives no source for his story, and he most likely has it from
Feigl. But Feigl’s story and Popper’s repetition conflict with the numerous
occasions where Einstein emphasizes the “reason of the matter” (“die Ver-
nunft der Sache”) over and above “verification of little effects” and this not
only in casual remarks during a lecture, but in writing. Cf. the quotation in
footnote 7 above, which deals with difficulties of the special theory of relativ-
ity and precedes the talk at which Feigl was present. Cf. also the letters to M.
Besso and K. Seelig as quoted in G. Holton, “Influences on Einstein’s Early
Work”, Organon, No. 3, 1966, p. 242, and K. Seelig, Albert Einstein, Zurich,
1960, p. 271. In 1952 Born wrote to Einstein (Born-Einstein Letters, New York,
1971, p. 190, dealing with Freundlich’s analysis of the bending of light near
the sun and the red shift): “It really looks as if your formula is not quite cor-
rect. It looks even worse in the case of the red shift [the crucial case referred
to by Feigl and Popper]; this is much smaller than the theoretical value to-
wards the centre of the sun’s disk, and much larger at the edges. ... Could this
be a hint of non-linearity?” Einstein (letter of 12 May 1952, op. cit., p. 192)
replied. “Freundlich ... does not move me in the slightest. Even if the de-
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tivity, though surprisingly successful in a series of occasionally
rather dramatic tests,® had a rough time in areas of celestial
mechanics different from the advance of the perihelion of Mer-
cury.’ In the sixties the arguments and observations of Dicke
and others seemed to endanger even this prediction. The prob-
lem is still unresolved.’” On the other hand there exist numer-
ous new tests, both inside the planetary system and outside of

many years, but he could not find the trouble. It was only in 1955, twenty-five
years after Miller had finished his experiments, that a satisfactory account
of Miller’s results was found. Cf. R. S. Shankland, “Conversations with Ein-
stein”, Am. Journ. Phys., Vol. 31, 1963, pp. 47-57, especially p. 51, as well as
footnotes 19 and 34; cf. also the inconclusive discussion at the “Conference
on the Michelson-Morley Experiment”, Astrophysical Journal, Vol. 68, 1928,
pp. 341 ff.

Kaufmann’s experiment was analysed by Max Planck and found to
be not decisive: what had stopped Ehrenfest, Poincaré and Lorentz did not
stop Planck. Why? My conjecture is that Planck’s firm belief in an objective
reality and his assumption that Einstein’s theory was about such a reality
made him a little more critical. Details in Chapter 6 of Elie Zahar, Einstein’s
Revolution, La Salle, III., 1989.

8 {Chapter 5, 8} Such as the test of the effects of gravity upon light
that was carried out in 1919 by Eddington and Crommelin and evaluated by
Eddington. For a colourful description of the event and its impact, cf. C. M.
Will, Was Einstein Right?, New York, 1986, pp. 75ff.

? {Chapter 5, 9} Chazy, op. cit., p. 230.

1 {Chapter 5, 10} Repeating considerations by Newcomb (reported, for
example, in Chazy, op. cit., pp. 204ff), Dicke pointed out that an oblateness of
the sun would add classical terms to Mercury’s motion and reduce the excess
(compared with Newton’s theory) advance of its perihelion. Measurements
by Dicke and Goldenberg then found a difference of 52 km between the equa-
torial and polar diameter of the sun and a corresponding reduction of three
seconds of arc for Mercury - a sizeable deviation from the relativistic value.
This led to a considerable controversy concerning the accuracy of the Dicke-
Goldenberg experiment and to an increase in the number of non-Einsteinian
theories of gravitation. Technical details in C. M. Will, Theory and Experiment
in Gravitational Physics, Cambridge, 1981, pp. 176ff, a popular survey includ-
ing later developments in Was Einstein Right?, Chapter 5. Note how a new
theory (Einstein’s theory of gravitation) which is theoretically plausible and
well confirmed can be endangered by exploiting its “refuted” predecessor
and carrying out appropriate experiments. Cf. also R. H. Dicke, op. cit.
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that the various forms of rationalism that had offered their
services had not only produced chimaeras but would have
damaged the sciences had they been adopted as guides. Here
Kuhn’s masterpiece played a decisive role.! It led to new
ideas. Unfortunately it also encouraged lots of trash. Kuhn’s
main terms (“paradigm”, “revolution”, “normal science”,
“prescience”, “anomaly”, “puzzle-solving”, etc.) turned up in
various forms of pseudoscience while his general approach
confused many writers: finding that science had been freed
from the fetters of a dogmatic logic and epistemology they
tried to tie it down again, this time with sociological ropes.
That trend lasted well into the early seventies. By contrast
there are now historians and sociologists who concentrate
on particulars and allow generalities only to the extent that
they are supported by sociohistorical connections. “Nature”,
says Bruno Latour, referring to “science in the making” is
“the consequence of [a] settlement” of “controversies”.? Or, as
I wrote in the first edition of AM: “Creation of a thing, and
creation plus full understanding of a correct idea of the thing,
are very often parts of one and the same indivisible process and
cannot be separated without bringing the process to a stop.”®
Examples of the new approach are Andrew Pickering,
Constructing Quarks, Peter Galison, How Experiments End,
Martin Rudwick, The Great Devonian Controversy, Arthur Fine,
The Shaky Game and others.* There are studies of the various
traditions (religious, stylistic, patronage, etc.) that influenced
scientists and shaped their research;> they show the need for

! {Preface to the Third Edition, 1} The Structure of Scientific Revolutions,
Chicago, 1962.

? {Preface to the Third Edition, 2} Science in Action, Milton Keynes, 1987,
pp- 4 and 98f.

3 {Preface to the Third Edition, 3} London, 1975, p. 26, repeated on p. 17
of the present edition - original emphasis.

* {Preface to the Third Edition, 4} All Chicago University Press.

> {Preface to the Third Edition, 5} An example is Mario Biagioli, Galileo
Courtier, forthcoming.



a far more complex account of scientific knowledge than that
which had emerged from positivism and similar philosophies.
On a more general level we have the older work of Michal
Polanyi and then Putnam, van Fraassen, Cartwright, Marcello
Pera® and, yes, Imre Lakatos, who was sufficiently optimistic
to believe that history herself - a lady he took very seriously -
offered simple rules of theory evaluation.

In sociology the attention to detail has led to a situation
where the problem is no longer why and how “science”
changes but how it keeps together. Philosophers, philosophers
of biology especially, suspected for some time that there is
not one entity “science” with clearly defined principles but
that science contains a great variety of (high-level theoretical,
phenomenological, experimental) approaches and that even a
particular science such as physics is but a scattered collection
of subjects (elasticity, hydrodynamics, rheology, thermody-
namics, etc., etc.) each one containing contrary tendencies
(example: Prandtl vs Helmholtz, Kelvin, Lamb, Rayleigh;
Truesdell vs Prandtl; Birkhoff vs “physical commonsense”;
Kinsman illustrating all trends - in hydrodynamics). For some
authors this is not only a fact; it is also desirable.” Here
again I contributed, in a small way, in Chapters 3, 4 and
11 of AM,® in section 6 of my contribution to Lakatos and
Musgrave’s Criticism and the Growth of Knowledge (criticism
of the uniformity of paradigms in Kuhn)® and already in 1962,
in my contribution to the Delaware Studies for the Philosophy
of Science.'

¢ {Preface to the Third Edition, 6} Science and Rhetoric, forthcoming,

7 {Preface to the Third Edition, 7} J. Dupré, “The Disunity of Science”,
Mind, 92, 1983.

8 {Preface to the Third Edition, 8} Present edition. Taken over una-
mended from first edition.

® {Preface to the Third Edition, 9} I. Lakaros and A. Musgrave (eds),
Criticism and the Growth of Knowledge, Cambridge, 1965.

19 fPreface to the Third Edition, 10} “How to be a Good Empiricist”,
Delaware Studies, Vol. 2, 1963.

10

main it could be said that there “exist numerous discrepancies
between observation and theory”.> Bohr’s atomic model was
introduced, and retained, in the face of precise and unshake-
able contrary evidence.® The special theory of relativity was
retained despite Kaufmann’s unambiguous results of 1906, and
despite D. C. Miller’s experiment.” The general theory of rela-

a survey and quantitative results of various methods of calculation. The qual-
itative approach is briefly described on pp. 126f. Thus it took more than two
hundred years before one of the many difficulties of this rather successful
theory was finally resolved.

5 {Chapter 5, 5} Brower-Clemence, Method of Celestial Mechanics, New
York, 1961. Also R. H. Dicke, “Remarks on the Observational Basis of General
Relativity”, in H. Y. Chiu and W. F. Hoffman (eds), Gravitation and Relativity,
New York, 1964, pp. 1-16. For a more detailed discussion of some of the diffi-
culties of classical celestial mechanics, cf. J. Chazy, La Théorie de la relativité
la Méchanique céleste, Vol. 1, Chapters 4 and 5, Paris, 1928.

8 {Chapter 5, 6} Cf. Max Jammer, The Conceptual Development of Quan-
tum Mechanics, New York, 1966, section 22. For an analysis cf. section 3c/
2 of Lakatos, “Falsification and the Methodology of Scientific Research Pro-
grammes”, in Lakatos-Musgrave (eds), Criticism and the Growth of Knowl-
edge, Cambridge, 1970.

7 {Chapter 5, 7} W. Kaufmann, “Uber die Konstitution des Elektrons”,
Ann. Phys., No. 19, 1906, p. 487. Kaufmann stated his conclusion quite un-
ambiguously, and in italics: “The results of the measurements are not com-
patible with the fundamental assumption of Lorentz and Einstein.” Lorentz’s
reaction: “.. it seems very likely that we shall have to relinquish this idea al-
together” (Theory of Electrons, second edition, p. 213). Ehrenfest: “Kaufmann
demonstrates that Lorentz’s deformable electron is ruled out by the measure-
ments” (“Zur Stabilitdtsfrage bei den Bucherer-Langevin Elektronen”, Phys.
Zs., Vol. 7, 1906, p. 302). Poincaré’s reluctance to accept the “new mechanics”
of Lorentz can be explained, at least in part, by the outcome of Kaufmann’s
experiment. Cf. Science and Method, New York 1960, Book III, Chapter 2, sec-
tion v, where Kaufmann’s experiment is discussed, the conclusion being that
the “principle of relativity ... cannot have the fundamental importance one
was inclined to ascribe to it”. Cf. also St. Goldberg, “Poincaré’s Silence and
Einstein’s Relativity”, British Journal for the History of Science, Vol. 5, 1970,
pp. 73ff, and the literature given there. Einstein alone regarded the results
as “improbable because their basic assumptions, from which the mass of the
moving electron is deduced, are not suggested by theoretical systems which
encompass wider complexes of phenomena” (Jahrbuch der Radioaktivitidt
und Elektrizitdt, Vol. 4, 1907, p. 349). Miller’s work was studied by Lorentz for
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“surely false”.? “There is no limit to my astonishment,” he writes
in a later work,®> “when I reflect that Aristarchus and Coperni-
cus were able to make reason so conquer sense that, in defi-
ance of the latter, the former became mistress of their belief”
Newton’s theory of gravitation was beset, from the very be-
ginning, by difficulties serious enough to provide material for
refutation.* Even quite recently and in the non-relativistic do-

2 {Chapter 5, 2} Galileo Galilei, The Assayer, quoted in S.~Drake and
C. D. O’Malley (eds), The Controversy on the Comets of 1618, London, 1960,
p- 185. The “surely false” refers to the condemnation by Church authorities.
But as will be explained in the course of the book and especially in Chap-
ter 13, the condemnation was based in part on the “philosophical absurdity”
of the idea of a moving earth, i.e. on its empirical failures and its theoretical
inadequacy. See also the next quotation and footnote. “As to the system of
Ptolemy”, Writes Galileo on this point (184), “neither Tycho, nor other as-
tronomers, nor even Copernicus could clearly refute it, inasmuch as a most
important argument taken from the movement of Mars and Venus always
stood in their way.” The “most important argument” and Galileo’s resolution
are discussed in Chapters 9 and 10.

* {Chapter 5, 3} Galileo Galilei, Dialogue Concerning the Two Chief
World Systems, Berkeley, 1953, p. 328.

* {Chapter 5, 4} According to Newton the “mutual actions of comets
and planets upon one another” give rise to “some inconsiderable irregular-
ities ... which will be apt to increase, till the system wants a reformation”,
Opticks, New York, 1952, p. 402. What Newton means is that gravitation dis-
turbs the planets in a way that is likely to blow the planetary system apart.
Babylonian data as used by Ptolemy shows that the planetary system has
remained stable for a long time. Newton concluded that it was being periodi-
cally “reformed” by divine interventions: God acts as a stabilizing force in the
planetary system (and in the world as a whole, which is constantly losing mo-
tion through processes such as inelastic collisions). One of the “irregularities”
considered by Newton, the great inequality of Jupiter and Saturn (Principia,
transl. Motte, ed. Cajori, Berkeley, 1934, p. 397) was shown by Laplace to
be a periodic disturbance with a large period. Then Poincaré found that the
series developments customary in the calculations often diverged after they
had shown some convergence while Bruhns discovered that no quantitative
methods other than series expansions could resolve the n-body problem. This
was the end of the purely quantitative period in celestial mechanics (details
in J. Moser, Annals of Mathnnatical Studies, Vol. 77, 1973, Princeton). See also
M. Ryabov, An Elementary Survey of Celestial Mechanics, New York, 1961, for
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Unity further disappears when we pay attention not only
to breaks on the theoretical level, but to experiment and, espe-
cially, to modern laboratory science. As Ian Hacking has shown
in his pathbreaking essay Representing and Intervening'! and
as emerges from Pickering’s Science as Practice and Culture,'?
terms such as “experiment” and “observation” cover complex
processes containing many strands. “Facts” come from negotia-
tions between different parties and the final product - the pub-
lished report - is influenced by physical events, dataprocessors,
compromises, exhaustion, lack of money, national pride and so
on. Some microstudies of laboratory science resemble the “New
Journalism” of Jimmy Breslin, Guy Talese, Tom Wolfe and oth-
ers; researchers no longer sit back and read the papers in a cer-
tain field; they are not content with silent visits to laboratories
either - they walk right in, engage scientists in conversation
and make things happen (Kuhn and his collaborators started
the procedure in their interviews for the history of quantum
mechanics). At any rate - we are a long way from the old (Pla-
tonic) idea of science as a system of statements growing with
experiment and observation and kept in order by lasting ratio-
nal standards.

AM is still partly proposition oriented; however, I also had
my sane moments. My discussion of incommensurability, for
example, does not “reduce the difference to one of theory” as
Pickering writes.! It includes art forms, perceptions (a large
part of Chapter 16 is about the transition from Greek geomet-
ric art and poetry to the classical period), stages of child de-
velopment and asserts “that the views of scientists and espe-
cially their views on basic matters are often as different from
each other as are the ideologies of different cultures”.!* In this

! {Preface to the Third Edition, 11} Cambridge, 1983.

12 {Preface to the Third Edition, 12} A. Pickering (ed.), Science as Practice
and Culture, Chicago, 1992.

13 {Preface to the Third Edition, 13} ibid., p. 10.

14 {Preface to the Third Edition, 14} AM, first edition, p. 274.

11



connection I examined the practical aspects of logic, the way,
that is, in which ideas are related to each other in ongoing re-
search rather than in the finished products (if there ever are
such products). My discussion of the many events that consti-
tute what is being observed!® and especially my discussion of
Galileo’s telescopic discoveries!® agree with the requirements
of the new laboratory sociology except that Galileo’s “labora-
tory” was rather small by comparison. This case shows, inci-
dentally, that like the older philosophies of science the new
microsociology is not a universal account but a description of
prominent aspects of a special period. It does not matter. A uni-
versal description of science at any rate can at most offer a list
of events.!” It was different in antiquity.

It is clear that the new situation requires a new philoso-
phy and, above all, new terms. Yet some of the foremost re-
searchers in the area are still asking themselves whether a par-
ticular piece of research produces a “discovery”, or an “inven-
tion”, or to what extent a (temporary) result is “objective”. The
problem arose in quantum mechanics; it is also a problem for
classical science. Shall we continue using outmoded terms to
describe novel insight or would it not be better to start using a
new language? And wouldn’t poets and journalists be of great
help in finding such a language?

Secondly, the new situation again raises the question of
“science” vs democracy. For me this was the most important
question. “My main reason for writing the book”, I say in the
Introduction to the Chinese Edition,'® “was humanitarian, not

15 {Preface to the Third Edition, 15} ibid., pp. 149ff. Reprinted in the
present edition.

16 fPreface to the Third Edition, 16} Chapter 8 to 10 of the present edi-
tion.

!7 {Preface to the Third Edition, 17} Cf. ~my contribution to the 1992
Erasmus Symposium, “Has the Scientific View of the World a Special Status
Compared With Other Views?”, forthcoming.

18 {Preface to the Third Edition, 18} Contained in the present edition.
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No theory ever agrees with all the facts in its domain, yet it is
not always the theory that is to blame. Facts are constituted
by older ideologies, and a clash between facts and theories
may be proof of progress. It is also a first step in our attempt
to find the principles implicit in familiar observational
notions.

Considering now the invention, elaboration and the use of
theories which are inconsistent, not just with other theories,
but even with experiments, facts, observations, we may start by
pointing out that no single theory ever agrees with all the known
facts in its domain. And the trouble is not created by rumours,
or by the result of sloppy procedure. It is created by experi-
ments and measurements of the highest precision and reliabil-
ity.

It will be convenient, at this place, to distinguish two differ-
ent kinds of disagreement between theory and fact: numerical
disagreement, and qualitative failures.

The first case is quite familiar: a theory makes a certain nu-
merical prediction and the value that is actually obtained dif-
fers from the prediction made by more than the margin of error.
Precision instruments are usually involved here. Numerical dis-
agreements abound in science. They give rise to an “ocean of
anomalies” that surrounds every single theory.!

Thus the Copernican view at the time of Galileo was incon-
sistent with facts so plain and obvious that Galileo had to call it

! {Chapter 5, 1} For the “ocean” and various ways of dealing with it,
cf. my “Reply to Criticism”, Boston Studies, Vol. 2, 1965, pp. 224ff.
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between a hated reality and welcome fantasies, science and the
arts, careful description and unrestrained self-expression? The
argument for proliferation shows that this need not happen. It
is possible to retain what one might call the freedom of artistic
creation and to use it to the full, not just as a road of escape but
as a necessary means for discovering and perhaps even chang-
ing the features of the world we live in. This coincidence of the
part (individual man) with the whole (the world we live in),
of the purely subjective and arbitrary with the objective and
lawful, is one of the most important arguments in favour of
a pluralistic methodology. For details the reader is advised to
consult Mill’s magnificent essay On Liberty.'®

3 {Chapter 4, 13} Cf. my account of this essay in Vol. 1, Chapter 8
and Vol. 2, Chapter 4 of my Philosophical Papers. Cf. also Appendix 1 of the
present essay.
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intellectual. I wanted to support people, not to ‘advance knowl-
edge.”” Now if science is no longer a unit, if different parts of
it proceed in radically different ways and if connections be-
tween these ways are tied to particular research episodes, then
scientific projects have to be taken individually. This is what
government agencies started doing some time ago. In the late
sixties “the idea of a comprehensive science policy was grad-
ually abandoned. It was realized that science was not one but
many enterprises and that there could be no single policy for
the support of all of them”.!” Government agencies no longer
finance “science”, they finance particular projects. But then the
word “scientific” can no longer exclude “unscientific” projects -
we have to look at matters in detail. Are the new philosophers
and sociologists prepared to consider this consequence of their
research?

There have been many other changes. Medical researchers
and technologists have not only invented useful instruments
(such as those employing the principles of fibre optics which
in many contexts replace the more dangerous methods of X-
ray diagnostic) but have become more open towards new (or
older) ideas. Only twenty years ago the idea that the mind af-
fects physical well-being, though supported by experience, was
rather unpopular - today it is mainstream. Malpractice suits
have made physicians more careful, sometimes too careful for
the good of their patient, but they have also forced them to
consult alternative opinions. (In Switzerland a belligerent plu-
rality of views is almost part of culture - and I used it when ar-
ranging public confrontations between hardheaded scientists

e {Preface to the Third Edition, 19} J. Ben-David, Scientific Growth,
Berkeley, 1991, p. 525.
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and “alternative” thinkers.??) However, here as elsewhere, sim-
ple philosophies, whether of a dogmatic or a more liberal kind,
have their limits. There are no general solutions. An increased
liberalism in the definition of “fact” can have grave repercus-
sions,?! while the idea that truth is concealed and even per-
verted bi the processes that are meant to establish it makes ex-
cellent sense.?? I therefore again warn the reader that I don’t
have the intention of replacing “old and dogmatic” principles
by “new and more libertarian ones”. For example, I am neither
a populist for whom an appeal to “the people” is the basis of
all knowledge, nor a relativist for whom there are no “truths as
such” but only truths for this or that group and/or individual.
All T say is that non-experts often know more than experts and
should therefore be consulted and that prophets of truth (includ-
ing those who use arguments) more often than not are carried
along by a vision that clashes with the very events the vision is
supposed to be exploring. There exists ample evidence for both
parts of this assertion.

A case I already mentioned is development: professionals
dealing with the ecological, social and medical parts of devel-
opmental aid have by now realized that the imposition of “ra-
tional” or “scientific” procedures, though occasionally benefi-
cial (removal of some parasites and infectious diseases), can
lead to serious material and spiritual problems. They did not
abandon what they had learned in their universities, however;
they combined this knowledge with local beliefs and customs
and thereby established a much needed link with the problems

» Preface to the Third Edition, 20} Cf. the series edited by Christian
Thomas and myself and published by the Verlag der Fachvereine, Zurich,
1983-87.

A {Preface to the Third Edition, 21} Cf. Peter W. Huber, Galileo’s Revenge,
New York, 1991.

22 {Preface to the Third Edition, 22} For a fictional account, cf. Tom
Wolfe’s The Bonfire of the Vanities, New York, 1987.
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Western medicine. Nor can one expect that the customary sci-
entific approach will eventually find an answer. In the case of
herbal medicine the approach consists of two steps.!? First, the
herbal concoction is analysed into its chemical constituents.
Then the specific effects of each constituent are determined and
the total effect on a particular organ explained on their basis.
This neglects the possibility that the herb, taken in its entirety,
changes the state of the whole organism and that it is this new
state of the whole organism rather than a specific part of the
herbal concoction, a “magic bullet”, as it were, that cures the
diseased organ. Here as elsewhere knowledge is obtained from
a multiplicity of views rather than from the determined appli-
cation of a preferred ideology. And we realize that prolifera-
tion may have to be enforced by non-scientific agencies whose
power is sufficient to overcome the most powerful scientific in-
stitutions. Examples are the Church, the State, a political party,
public discontent, or money: the best single entity to get a mod-
ern scientist away from what his “scientific conscience” tells
him to pursue is still the dollar (or, more recently, the Swiss
franc).

Pluralism of theories and metaphysical views is not only
important for methodology, it is also an essential part of a hu-
manitarian outlook. Progressive educators have always tried to
develop the individuality of their pupils and to bring to fruition
the particular, and sometimes quite unique, talents and beliefs
of a child. Such an education, however, has very often seemed
to be a futile exercise in day-dreaming. For is it not necessary to
prepare the young for life as it actually is? Does this not mean
that they must learn one particular set of views to the exclusion
of everything else? And, if a trace of their imagination is still
to remain, will it not find its proper application in the arts or
in a thin domain of dreams that has but little to do with the
world we live in? Will this procedure not finally lead to a split

12 {Chapter 4, 12} Cf. M. B. Krieg, Green Medicine, New York, 1964.
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material and intellectual superiority of the West and traces it
back to science. Science is imported, taught, and pushes aside
all traditional elements. Scientific chauvinism triumphs: “What
is compatible with science should live, what is not compatible
with science, should die”.1° “Science” in this context means not
just a specific method, but all the results the method has so far
produced. Things incompatible with the results must be elimi-
nated. Old style doctors, for example, must either be removed
from medical practice, or they must be re-educated. Herbal
medicine, acupuncture, moxibustion and the underlying phi-
losophy are a thing of the past, no longer to be taken seriously.
This was the attitude up to about 1954 when the condemna